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ABSTRACT
Fish have long been critical to all Cambodians. It is a major source of nutritious food in
the daily diet, a primary source of income and has strong cultural and religious
significance. Fish matter a great deal to the millions of people who live on the banks of the
country’s rivers, particularly those living in and around the Tonle Sap Great Lake.
Cambodians are considered one of the highest per capita consumers of freshwater fish in
the world (a recent estimate of 52.4 kg per person per year from household surveys, being
equal to 81.5% of the total animal protein intake).
There is an abundance of small-sized/low value fish harvested using dai “bag-net” and
many of other fishing gears in a short period during the peak fishing season (December–
March) along the Tonle Sap and Mekong rivers, and their major tributaries. These fish are
typically landed in many (isolated) locations and in a poor condition or severely damaged
from the capture methods. During the peak season, thousands of people travel to the Tonle
Sap, the Mekong and other waterways to trade rice for fish, to fish themselves, or to buy
small-sized/low value fish to produce fermented fish paste. Fermented fish paste is an
excellent food for the elderly or small children. Fish paste is one of several fermented fish
products, which is preferable and kept for use in all Cambodian houses. Small-sized/low
value fish paste is divided into two kinds, boneless and bony fish paste, produced by
different fermented technologies. It is bought and used by different classes of people. The
bony small-sized fish paste, which can also be called low-valued fish paste, is mostly
consumed by the poor who have limited income.
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This paper provides a clear understanding of the processing techniques of fermented smallsized/low value fish in Cambodia's Mekong basin. The paper will address five specific
topics: (1) document both traditional and modern existing technologies of fermentation
process of small size fish paste; (2) recommend best management practices of fermentation
techniques of small-sized/low-value fish; (3) identify problems and issues relating to
small-sized fish fermenting practices and value-added product development; (4) analyze
economic aspects of small-sized fish paste production; and (5) recommend maximizing the
utilization of small-sized or low-value fish paste for human consumption through
appropriate value added product development. The data for the paper is based on
interviews with 100 micro-, small-, medium- and large-scale small-size fish fermenting
operators in five provinces of Kandal, Kampong Chhnang, Battambang, Siem Reap, and
Phnom Penh located in the four major river branches of the Cambodia's Mekong River
basin, with a distance of over 500 km, using standard semi-open questionnaires.
INTRODUCTION
Cambodia is traditionally a fish-eating country. Most of Cambodian people prefer
freshwater fish rather than marine and raised fish, especially for people who live around
fresh water body and those living in the upland areas. Moreover, the fresh water fish is an
important supply for traditional food such as fish paste, fermented fish, smoked fish, salted
fish, and fish-sauce and is a source of protein, wealth and livelihood opportunities for
millions. More than 102 million people in the Tonle Sap area alone depend on fishing for
their livelihoods (Van Zalinge et al., 2001a).
Hortle et al (2005) stated that thousands of tons of small-size or low-marketed value fish
are caught each year in the Cambodia Mekong basin. It is estimated that at least 16,000
tons was caught by using only one commercial type of fishing gear–bag net or Dai
fisheries in the 2004-2005 season. About 50% of total catch in the Tonle Sap is Trey Riel
(Cirrhinus siamensis and C. cryptopogon) (Hortle et al., 2004) and contributes 22% of the
total inland fish catch in 2004. So et al (2007) reported that more than 95 percent of total
dai fish catch is low value or small-sized fish. The most dominant species is trey riel
(Cirrhinus spp., 52%), followed by trey slak russey (Paralaubuca typus, 20%), trey
khnorng veng (Labiobarbus spp., 12%), and trey bandol ampeou (Corica laciniata, 5%).
Small-sized fish are also used for producing fish and other animal meal and for human
consumption (So et al, 2005). Prahoc is fermented fish paste and is produced from small
low-value fish such as trey riel (Hortle, et al., 2004). Prahoc is a very popular food
ingredient in Cambodia. Production methods are different based on locality and tradition.
In Cambodia small-size fish processing has been practiced in 4 forms: large-, medium-,
small-, and micro-scales of fish processing.
The overall objective in this research was to study the methodologies of fermented smallsized fish processing technologies in Cambodia. The specific objectives of the research are
as follows:
1. To review existing methodologies/technologies of small-sized fish paste
(Prohoc) processing.
2. To identify the best management practices of Prohoc production in fermented
small-sized fish processing practices.
3. To identify problems relating to small-sized fish paste processing practices and
value-added product development
4. To analyze economic aspect of fermented small-sized fish (Prohoc) production.
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METHODS AND MATERIALS
1.1 Study site selection
The selection of the study areas were based on: 1) location of fermented small-sized fish
paste processing, and 2) potential for the development of fermented small-sized fish paste.
Five provinces/cities located along the Tonle Sap River were selected for study areas and
these provinces/cities include (see figure 1):
• Phnom Penh city, the studies were conducted on Russey Keo Khan, Chrang
Chomres1 and Kilometre N09 Sangkat, N0 3, N0 4, and Chrang Chomres Village.
• Kandal Province conducted on Pongnea Leu, Poung Mongkul District, Prek
Pnoav, Kompong Lourng, and Pongnea Leu commue, Phoum Thmei, Dourng,
Son Vor, Kandal, and Kruos Village,
• Kampong Chhnang Province conducted on Kampong Chhnang District, Psar
Chhnang, and Psar Ler commue, Kandal, Dey Dorl, Choung Kors, Kampong
Brasath, and Preak Reang Village.
• Battambang province conducted on Ek Phnom District, Prek Norin commue, Prek
Ta Chraeng Village.
• Siem Reap Province conducted on Siem Reap District, Siem Reap and Chorng
Khneas Commue, A Raagn, Pou Bonteay Chey, Pou,Chorng Khneas.
See Figure 1
1.2 Sample justification and sampling method and size description
The fisheries administration cantonment officers were contacted because they know all the
addresses of fermented small-sized fish paste producers/households in the provinces and
cities. The sampled producers/households were selected from a discussion with the
fisheries administration cantonment. This sampling method was used because outsiders do
not know the producers/households in the areas. A hundred producers/households were
selected from five provinces/cities located along the Bassac River, and Tonle Sap Great
Lake. The samples were selected purposively. There are 20 producers/households selected
in each province/city of Phnom Penh, Kandal, Kampong Chhnang, Battambang and Siem
Reap for the interviews.
1.3 Data collection
1.3.1 Secondary data
The secondary data was obtained from related relevant institutions such as: Department of
Agro-industries, Department of Fisheries (Ministry of Agriculture Forestry and Fisheries),
Ministry of Industry Mines and Energy, books, journal, Ministry of Commerce and reports
from each district of target study area related to background information on the study
areas.
1.3.2 Primary data
The primary data were collected through the following:
a) Questionnaire survey
This was the main source to collect primary data in this research. For this purpose, a
questionnaire was designed to acquire data from sampled producers/households. To test
the suitability of the questionnaire, a pilot survey was conducted in the first week of actual
field work. Some modifications were made after the pilot survey (see appendix 1).
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b) Interview of fish processors
Formal and informal discussions were conducted with officials and producers/households
from different scale producers. 100 fish processors were interviewed with questionnaires
to collect primary data on techniques of fish processing and market of fish processing as
well as economic analysis of fish processing (see appendix 1). About 20 fish processors in
each of the five provinces Phnom Penh, Kandal, Kampong Chhnang, Battambang and
Siem Reap were selected for the interviews.
c) Observation
Observation was conducted to see and monitor characteristic features of
producers/households, workers, fresh fish, types of machines, place of fermented, and fish
paste product. This was done to know about characteristics of fish processors. The largescale fish processors have a huge place and modern equipment to produce fish paste with
big volume of products. The purpose of the production is targeted for domestic and export
sale; but the micro-scale fish producer has a small place and traditional equipment to
produce with the aim of the producing consumption for the family.
1.4 Data analysis
The research has two kinds of data: quantitative and qualitative data. The data was
entered in Microsoft Excel and SPSS program. Data interpretation was analyzed with data
description, cross tabulation, and multiple responses. Moreover, economic efficiency
analysis was used to compare the ability of each fish processors in different scale. These
formulas were detailed as following:
• Gross margin or Net profit analysis: This was used to determine the costs and
return involved in Prahoc production.
• Fundamental formulas for a specific time period, usually on year, are listed here.
NP or GM = TR – TC
• Net profit (NP) or Gross Margin (GM) =Total Revenues (TR) minus Total Costs
(TC) for one year. TR= Q x P
• Total Revenues (TR) or Income = Total number (quantity) of items sold times the
price (P) of each item sold throughout the year. TC or Expend = TFC + TVC
• TC = Total Fixed Cost (TFC) + Total Variable Costs (TVC).
• TFC = Annual costs that do not vary during the year or Summation of all fixed
cost.
• TVC = Costs that will vary with production levels or Summation of all variable
cost. Net income = GM or NP – TFC
• Profit (II) = Gross Margin (GM) - Total Fixed Cost (TFC): E.E = TR/TC
• Economic Efficiency = Total Revenue (TR) divided by Total Cost (TC)
RESULTS
1.5 Document small size fish processing practices
The techniques of fish processing are different with different location and scale. In
Cambodia, there are four scales of fish processing practices identified based on interviews
with fish processors and Fisheries Cantonment Officers in target area of the study. There
are two kinds of prahok products that those fish processors produced such as boneless and
bony prahok. The fish processing is practiced with two kinds of fermented fish processing
techniques: traditional and modern. Those techniques use different facilities and quality
products.
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Traditional techniques:
a. Small-scale: This processing is common practice for Cambodian people who prefer
processed fish products like fish paste, fermented fish, fish sauce, sun dried and salteddried fish, smoked fish, and steamed fish. This processing is very well-adapted to the
irregularity of seasonal fish catch. Because the period of catch is a very short period, it
is necessary to process fish quickly and the private families/laborers have a basic role
in this processing. Although the final product has low quality, it is a way of handling
the large amount of fish during the peak period. In general, small-scale fish processing
is an activity of households who produce for family consumption. These are people
living near the river, fishing lots, lakes and also people who live in upland areas. Few
family fisheries producers are registered businesses. These producers produce lowvalue, locally purchased fish sauces, pastes, and dried fish.
b. Medium-scale: Fish processing usually is done by households, which operate by using
family labor, their relatives, and some hired laborers during the peak period. Their
location is usually near the fishing lots, fishing villages and landing places. Generally,
they make dry salted fish, smoked fish, Pho-ork (fermented fish), etc. Since there is a
market for sun-dried fish for animal feed, its production has expanded in the last few
years and it is exported to Vietnam.
c. Large-scale: Generally, processing is operated by fisheries enterprises and fish sauce
factories. Usually, they employ 40-60 workers (most of them are women) who are
involved in the activities of transforming the raw material into dry salted fish products,
ordinary fish pastes and boneless fish pasted (high value).
Modern Processing Technology
a) Small-scale: The annual fish input is less than one ton. Production is done using a
boiling process usually by a household. The sauce is used for home consumption and
exchanged for food and other basic supplies. No license is required.
b) Medium-scale: The annual fish input is less than 50 tons. Sauce is made using a
boiling process mainly for commercial purposes. Lower investment in equipment, raw
materials and labor compared to large-scale production. A license to run the business is
also required and is issued by either provincial or central government institutions (DoF
and MIME).
c) Largecale: The annual fish input is always more than 50 tons. Sauce is produced for
commercial purposes by hydrolysis process, and production involves large investment
and relatively high operational costs. Operation requires a license from MIME.
Experiences in fish processing practices include:
a) Experience of small-sized fish processing practice in Phnom Penh and Kandal
Fish processors in Phnom Penh and Kandal produce bony prahok. There are many steps to
make such prahok based on their experiences and tradition. Each step is described as
following (see Figure 2):
• Fish preparation: Fish used for processing are fresh fish that are bought from dai or
fishers nearby. Fish species for processing are white fish species. Trei reil, are 7095%, and Kaek, Achkok, Reuseiy and Kanhchhrouk are 5-30% of the total amount of
fish processed.
• Fish beheading: Producers used machine to behead fish. Fish were stirred by
beheading machine until almost scales are removed for about 10 minutes per sample.
There are two types of beheading machine: small machine that can store 300 kilograms
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and large machine that can 700 kilograms of fresh fish. If producers take low-quality
fish for processing, it is easy to lose some fish weight. It is a good beheading when the
fish become white with no head or scales. Micro-scale beheading of fish does not use a
machine – it is done by hand with the use of a knife. Fish is cut one by one. Sometimes
farmers have bought mini-processing machines for fish (screened fish) to make Prahoc.
Screening: Beheaded and scaled fish will now flow through a screening machine.
There are two types of screening machines: one that is used with pub and one that is
used to dip with a container from beheading machine. From fish-dipping or shoveling
stage to screening stage takes about 30 minutes. Producers spray water on the fish, on
screening machine, and in this process fish heads are selected by workers. When
screening is finished, fish are put in packets or basket or boat plank to drop in water
about 2-3 hours. In the case of huge packets or baskets of fresh fish, producers will
immediately load the screened fish in the boat. In the case of little fresh fish, producers
keep the screened fish in the water.
Fish ripening: Fish were ripened on patio about one cycle or 12-24 hours. This results
in good-quality, good-smell Prahoc. This stage does not use any salt.
Fish salting: Swelled fish is blended with salt. Producers blend 1 ton of fish with 200
kilograms of salt. Then it is ripened for one cycle or from 12-24 hours.
Storing: Fish are tripped to flow out wild water after that were added with some salt to
store in jar/tank/vat. Two kinds of salt are used: white and grey, using a ratio of 1:2.
Salt fish are pressed together for tight storage. Salt covers the jar/tank/vat with a
thickness of 3-5 centimeters from insects or dust. This step could use about 200
kilograms more. Good-quality Prahoc is stored for 6-12 months. But when there is a
high consumer demand, producers mix old Prahoc with new Prahoc to sell more.

See Figure 2
b) Experience of small-sized fish processing practices in Kampong Chhange
It is the same for fish processors in Phnom Penh and Kandal. Those fish processors
produce bony prahok. There are many steps to make prahok based on their experiences
and tradition and each step is described as following (see Figure 3):
• Fish preparation: Fish used are fresh small-sized fish that is bought from dai or
fishermen in the river. They are white fish varieties: Trei reil are 70-95%, and Kaek,
Achkok, Reuseiy and Kanhchhrouk have only 5-30% of the total amount.
• Fish beheading: Fish are beheaded by machine. Beheading machines have stirred fish
until no scales are left for about 10-20 minutes per 300-700 kilogram. There are two
types of beheading machines: small machine could store amount 300 kilograms and
large machine could store amount 700 kilograms of fresh fish. If producers take lowquality fish for processing, it is easy to lose some fish weight. It is a good beheading
when the fish become white with no head or scales. Micro-scale beheading of fish does
not use a machine – it is done by hand with the use of a knife. Fish is cut one by one.
Sometimes farmers have bought mini-processing machines for fish (screened fish) to
make Prahoc.
• Screening: Beheaded and scaled fish will now flow through a screening machine.
There are two types of screening machines: one that is used with pub and one that is
used to dip with a container from beheading machine. From fish-dipping or shoveling
stage to screening stage takes about 30 minutes. Producers spray water on the fish, on
screening machine, and in this process fish heads are selected by workers. When
screening is finished, fish are put in packets or basket or boat plank to drop in water
about 2-3 hours. In the case of huge packets or baskets of fresh fish, producers will
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immediately load the screened fish in the boat. In the case of little fresh fish, producers
keep the screened fish in the water.
Fish salting: Dropped fish are mixed with salt. Most of salted fish in Kampong
Chhnang province are mixed with a large amount of salt to become hard fish. Salting is
done only one time in the process. 1 ton of fish needs 100 kilograms of salt. But fish
must not become swollen. Fish salting is one method to make Vietnam’s mum. Since
most producers on the boat are Khmer-Viet, most mum are exported to Vietnam by
boat.
Storing: Mum fish is stored in the boat. One boat can store about 15-20 tons. In peak
season, storage of fish in the boat sometimes is often only for one day and then it is
exported. Otherwise, producers sometimes store fish for one or two weeks.

See Figure 3
c) Experience of small-sized fish processing practices in Battangbang
Fish processors in Battangbang also produce bony prahok and there are many steps to
make such prahok. Each step is detailed as following (see Figure 4)
• Fish preparation: In general fish used for processing are kind of salty fish in the river.
Small-sized or white fish sometimes are taken from Kampong Chhnang province.
Salty fish in the river are beheaded and mixed with a little of salt. Sometimes, those
small-sized or white fish are un-clean and low-quality. Trei Khomphlean and white
fish such as Trei reil, Kaek, Achkok, Reuseiy and Kanhchhrouk are used for smallsized fish processing in Battambang province. Trei reil (70-95%) are used more than
Kaek, Achkok, Reuseiy and Kanhchhrouk are (5-30%) (Table 4.18). There are two
kinds of raw material used for making Prahoc: fish and salt.
• Fish salting: Fish were salted in the river (called salty fish). More salt is often added to
(1 ton salt is used for about 60-100 kilograms salty fish). Salted fish are put in jar/vat
immediately in peak season of fish. Sometimes, fish were put on the concrete and kept
about 3-4 hours flowing out of wild water. Sometimes, fish are very unclean. It needs
to be washed again with machine and mixed again with salt. Doing like this does not
damage the fish meat but gives it a good smell and longer shelf life.
• Storing: Fish are covered with flow-out wild water after it has salt has been added to
store in jar/tank/vat. This step uses two kinds of salt: white and grey using a ratio of
1:2. Salty fish are pressed together for tight storage. 3-5 centimeters of salt is used to
cover the jar/tank/wool box from flies or dust. 200 kilograms or more or salt may be
needed.
See Figure 4
d) Experience of small size fish processing practices in Seam Riep
Fish processors in Seam Riep produce boneless prahok. There are many steps to make
prahok, however, some steps are different from fish processors in Phnom Penh, Kandal,
and Bantanbang. Each steps is detailed as following (see Figure 5)
• Fish preparation: Almost all small-sized fish used for processing in Siem Reap are Trei
Khomphlean and this kind of fish makes a good boneless Prahoc. Trei Khomphlean
boneless Prahoc is the best taste for Cambodians. The fish preparation in this province
is different from other provinces. Trei Khomphlean is used for processing fresh fish.
• Fish scales are scraped and cleaned: Fish are washed and scales are scraped off by
using cheesecloth opposite each other in the river until the scales are off and the fish
are white. Washing and scale-scraping takes a short time but produces large and clean
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quantities. The fish are then was soaked to make hard fish. Doing this makes it easier
to slice. In general, soaking is done in casks for large fish quantities.
Fish slicing: Fish are soaked in water in casks until they are hard enough. At that time
these fishes are sliced one by one. Fish slicing is from head to end of fish’s tail using
only one knife. This slicing is done one side at a time side by skinning only the
backbone. Knives are used with wooden board to make unbroken fish meat.
Washing, sun drying and ripening of fish slice: Fish slices are washed with clean water
to clean out the stomach for clean and good-quality fish. Fish slice have been dried to
trip the water during 1-2 hours to reduce moisture. And then producers take fish slice
to soak in water in jar/tank until it floats. This soaking is covered to avoid any
flies/dust. This ripening/soaking takes 4-12 hours.
Fish salting: Fish that float up are put on a shelf. Duration of about 1-2 hours fishes
were salted with a ratio of 1:0.3 (1 kilogram of fish to 0.3 grams of salt). Proper saltmixing is very important towards good-quality Prahoc. Jar/tank/cask storage is for 1
day for full salting.
Decanting of brine and sun-drying of fish slice: Brine is decanted from the fish slice
container. This brine is used to make other products. The fish slices are then dried in
the shade on the shelf for about 2 hours to make it partially dry.
Fish salting II: When the fish slices are partially dried, they are pounded with
mortar/large foot-powered mortar-and-pestle and mixed with more salt. Salt used with
pounding is about 35 kilograms per 100 kilograms of fish slices. But some producers
pound fish slices with brine.
Storing: Salted fishes are stored in jar/tank/wool box with salt cover pressed together
for tight storage. After that producers used bamboo strip/stone/sack to cover or pressed
on it and then they are poured to immerse in 10 kilograms of salt mixed with 20 liters
of pure/cooked water, and then covered using a wooden board/stone to press on it.

See Figure 5
1.6 Evaluate small-sized fish processing practices
1.6.1 Consider some points of good quality of fish processing
Table 1 showed some points to be considered for good-quality fermented fish processing.
Good-quality prohoc has white color, good smell, a lot of trei riel in fresh fish, hard meat
of prohoc fish, soft-meat prohoc, prohoc from which the water has been drained, quality of
prohoc or good texture, consumer preference, high price selling, good washing of fish
prohoc, good taste, good head-cutting of fish prohoc, meltable in soup, prohoc meat is not
dry, free of any artificial chemical, dark brown color, kinds of fish to make prohoc. Good
smell is primary among the main points of identified good quality of prohoc production,
followed by white color, and then a lot of trei riel in prohoc production, hard meat of
prohoc fish, soft meat prohoc, good washing of fish prohoc and dark brown color.
See Table 1
1.6.2 Characteristic of fish processing scale
According to the case study, there are 4 scales of fermented fish processing and each scale
has a different characteristic (see Table 2). Small-sized fish processing scales were
characterized according to the total amount of prohoc produced per year. Table 3 shows
the fish processors in study area who are involved in producing fermented fish product.
Small-scale prohoc processors were common and dominant, followed by micro-scale
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processor and middle-scale ones. Large scale processors who could produce more than
1,000 tons of small-sized fish prohoc for export markets were found only in Battambang
province.
See Table 2
See Table 3
1.6.3 Fish processing products
Table 4 showed trends of the fermented fish products in each surveyed province for the last
five years. In total, the five provinces produced 7,138 tons in 2008. The total production
increased from 3,969 tons in 2004, representing almost a 2-time increase. Battambang
province produced the highest amount of prohoc. This was followed by Siem Reap
province. These are the two most popular prohoc-producing provinces.
See Table 4
1.6.4 Economic analysis of fermented fish processors
Table 5 shows the economic analysis of fermented fish processors in study area based on
each scale which those fish processors practiced. The most economically-efficient prohoc
processing scale was the medium-scale, i.e. being an average economic efficiency of 1.6
followed by large-scale (1.4). Micro-scale prohoc processing had the lowest economic
efficiency (0.93).
See Table 5
1.6.5 Problems encountered in the fish processing practices
Fish processors encountered some problems in the practices of fermented fish processing.
Those problems are detailed in Table 6. There were two main problems which were
encountered by most of the prohoc producers in Cambodia: (1) high price of salt, and (2)
high and increasing price of inland small-sized fish. Two other problems relate to technical
problems: (1) unclean beheaded fish, and (2) rancidness. Low price of small-sized fish
prohoc was also the other problem due to the dependency on export markets.
See Table 6
1.7 Compare traditional and modern processing practices – best management
practices of prahok production
Two different practices of fermented fish processing - bony and boneless prahok - are rated
to compare with both techniques of fish processing:
2.3.1 Boneless prahok (Prahoc Sach in Khmer)
Traditional processing technique
a. Fish from fish catching place: Fish are covered to prevent water from getting into the
boat which could affect fish quality and the products of fish. Fish should be:
- Put in shade and kept for only a short time (less than 4 hours).
- Put in clean plastic box and kept in clean place far from pedestrians areas.
b. Hygienic equipment: To protect from contamination, clean equipment must be used.
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c. Fish preparation: In general, all kinds of fish were used for Prahoc product. But Trei
Khomphlean is the best one for boneless fish-paste processing.
d. Fish cleaning: Microorganisms were reduced by washing before soaking in water in a
jar. Unclean or recycled water must not be used so that there will be no microorganisms
with fish meat. Fish are dried in the sun for 1-2 hours to reduce moisture from fish meat.
Fish are soaked in water until they float. Soaking time is about 4-12 hours.
e. Fish salting practice:
Step 1: Soaked fish are dried in the shade for about 1 hour to salty fish (100
kilograms of fish with 30 kilograms of salt).
Step 2: Jar was used to keep Prahoc to ripen for 1 day. The salt was absorbed well
from fish slice.
Step 3: Soaked fish in step 2 are drained of brine. This brine could be used for
other products. Then salted fish slices are dried on a shelf for about 2
hours.
Step 4: Fish re-salting: 100 kilograms of fish use 35 kilograms of salt. Salting is
done by using large foot-powered mortar-and-pestle or large hand-operated
mortar and pestle to absorb well.
Step 5: Salt is spread out on the surface of Prahoc, after that bamboo strip are pined
and then brine poured on it (the bamboo is immersed in brine). Brine is 5
kilograms of salt mixed with 20 liters of water. At the end, cloth or plastic
are used to cover it with wooden board and stone. Prahoc should be tightly
stored.
f. Prahoc storage: Jar or any containers should be clean and dried in the sun. Storage
containers are inscribed with processing date, Prahoc type (bone or boneless Prahoc),
and kinds of fish. Containers must be kept in a clean place.
2.3.2 Bony prahok (Prahoc Cha-eung in Khmer)
Traditional processing technique
The fish are first beheaded by hand, and washed by feet/bamboo stick. Sometimes fish are
scaled and eviscerated depending on the number, quality of fish, and the weather. They are
then washed in fresh water for about 20 minutes to remove blood and other adherent
materials. After that fish are ripened for 8-24 hours to allow it to develop its characteristic
flavor and texture. The basic method of Prahoc production is a salting process with two
steps. The first salting step takes one day to drain out wild water from fish meat. In this
step, the amount of salt is 1 gram per kilogram. After draining, the fish are stuffed in the
salting cup/tank. By the end of the process, the fish are filled with brine, ground salt
remaining at the bottom and the top covering the fish to avoid exposing the fish to the air.
Fermentation is performed by mixing the fish and salt thoroughly. Total amount of salt
used is 30-35% of fish weight.
Modern processing technique
First, the fish are beheaded, scaled, eviscerated, rinsed well in fresh water, and screened by
machine. After that fish are ripened for 8-24 hours to allow it to develop its characteristic
flavor, consistency and appearance. Salting process is the basic method of Prahoc
production with two steps. The first salting step takes one day to drain out wild water from
fish meat. In this step, the amount of salt is 100-150 kilograms per ton. After draining, the
fish are arranged in the salting tank. By the end of the process, the fish are filled with
brine (about 3 kilograms of salt with 20 liters of water) with ground salt remaining at the
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bottom and the top covering the fish to avoid exposing the fish to the air. Fermentation is
accomplished by mixing the fish and salt thoroughly. Total amount of salt used is 30-40%
of fish weight.
In addition, Table 7 shows comparison between traditional and modern technique and how
they vary as to period of time, the quantity of Prahoc, the types of machine, and the labor
for processing.
Table 7
DISCUSSIONS
4.1 Prahoc production
In this present study, the methods of Prahoc production are different according to locality
and tradition. For the production of prahoc in Phnom Penh and Kandal province, the fish
used are fresh. Fish was beheaded by machine in large-, medium- and small-scales. The
micro-scale used knife for beheading. After beheading fish is washed and screened. Then
kept for ripening for 12-24 hours and mixed with salt (one kilogram of salt for three
kilograms of fish) and stored for 24 hours for salty fish to be drained of wild water. After
12-24 hours, the salted fish is removed for storage in jar or tank. The salted fish is stored
in the jar or tank for over three months and it becomes fermented fish paste or the final
product Prahoc. In the Prahoc production in Kampong Chhnang province, the fish goes
through a beheading machine for removal of scales, guts, and gills. After beheading, fish
are washed in river and screened. Then it is mixed with salt ratio of 1:5 and stored for
selling to middlemen or retailers or processing in other provinces. This prohoc can be
called “salty fish” or “semi-production of prohoc”. For the Prahoc production in
Battambang province, the first producers bought salty fish, mixing with salt again, keeping
for ripening 12-24 hours for the draining of blood and wild fish. The salty fish is stored in
a vat/jar/tank. After storage, producers sell prohoc to retailers or keep it for sale
themselves. In Siem Riep province, there are two kinds of Prahoc production including
Prahoc Sach (Fish paste without bone) and Prahoc Cha-eung (Fish paste with bone). For
Prahoc Sach, fresh fish are taken, scraped of their scales and cleaned. After that, fish was
soaked in water for the fish to harden, and then sliced by knife. Fish slices are washed to
remove fish blood, kept for swelling for 12 to 24 hours to remove fish blood and wild
water, water drained and then dried for a moment. Then fish was mixed with salt in 1:5
(one time of salt and five times of fish) and ripening for 12-24 hours. The salty fish dries
for 1-3 days depending on sunlight. After sun-drying, it is kept to ferment for over three
months, then pounding salty fish and brine until fish slice and salt are exhausted. The
exhausted fish slice is stored in jars or vats for when the retailers or middlemen need to sell
or when vendors order. This process is similar to that described by Ynizal (1998) in
processing of fish paste with salt only. First, rebon fish is washed, drained and fried, until
half-dried. During drying, impurities, such as small fish, mussel shells and coral, are
removed. After that, semi-dried rebon is sifted to separate sand and other undesirable
materials. The rebon is then left overnight at ambient temperature and pounded the next
day. During the first pounding, salt is added (around half of the total salt required during
processing). Total amount of salt used in fish paste processing is 2-5% of rebon weight
which should be added as solution. Pounded rebon is sun-dried and subsequently kept in a
container at ambient temperature for 2-3 days. The stored rebon is then pounded for a
second time, while the remaining salt is added. After that, the pounded rebon is sun-dried
and kept at ambient temperature for 2-3 days until soft. It is then ground by many passes
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through a meat grinder until fine. Fine rebon is formed in cubes or cylinders of 1 kg
weight and subsequently fermented for a week or more at ambient temperature.
On the other hand, Prahoc cha-eung producers bought salty fish from other places such
Kampong Chhnang and in the river basin. Salty fish was bought from beheaders and
mixed with salt again, kept for 12-24 hours, stored over three months so that the salty fish
becomes prohoc. According to Bunhak, et al. (2003), these are salted and fermented
products from small- to medium-size fish. Production methods vary according to locality
and tradition. For fermentation, the fish is dressed, possibly headed, and partly or wholly
eviscerated and mixed with salt. After a few days, further treatment like filleting and
packaging might be done. In order to increase shelf life, sometimes carbon hydrate or salt
are added to lower the pH. Main production areas in Cambodia are the banks of Tonle Sap
River. According to Dara and Saroeun (2006), they reported that fresh fish 10 Kg used salt
gain grind 3 kg in fish processing and weight of fish processing remain 5 Kg for fish paste
with bone and 7 kg for fish paste without bone.
Fermented fish paste is a concentrated form of fermented fish, separately itemized in some
surveys. It is not paste as commonly understood, but products where fermentation has
digested the fish to the point where the form of the fish is no longer discernible.
Fermented fish paste is typically made from small fish such as the common small cyprinids
(Cirrhinus spp.). Preprocessing varies by species, some are used whole, some are headed,
and cleaned and fatty species (Cirrhinus spp. in particular) are kneaded or pounded to
remove fat. Fish are mixed with salt, after some time liquid is decanted and may be used
as fish sauce. The mixture is fermented, typically for three months to one year (Hortle,
2007). In Lao PDR and Thailand, a small amount of rice or rice bran may be added late in
fermentation. Inland fish paste has highly variable protein contents of 7.9-24%
(Phithakpol et al., 1995; and Suntornratana, 2002) also provided a figure of 24% for a fish
paste from northeast Thailand. As the proportion of different quality fish pastes
throughout the LMB is not known, a mid-range figure of 14% protein was assumed. This
would imply a dilution during processing of 0.70 (14%/19%), which after applying the
preprocessing factor gives an overall conversion factor of 1.4 (Ahmed et al., 1998) and 0.8
(Sjorslev, 2000).
4.2 Good Practice of Prahoc production
In the present study, good prahoc production is in Phnom Penh, Kandal and Siem Reap
Province. In Siem Reap province, producers used traditional technique for prohoc
production called Prohoc Sach that had a higher price than other provinces. Producers in
Phnom Penh city and Kandal province are similar because the producers utilized
techniques that utilize a machine for beheading, washing and screening. Modern or
industrial producers are mostly wealthy people. By and large, they produce dried fish,
steamed fish, and fish sauce. They have bigger housed, warehoused, motorbiked, and even
card for transporting processed fish and distributing to the market (Dara and Saroeun,
2006).
The traditional processing technologies can be classified into three scales such as small-,
middle-, and large-scale (Hap Navy, 2001). Generally most of traditional processed
products are supplied for domestic consumption. In contrast, the modern processing
technologies products are supplied for both domestic and export markets. The quality of
fermented fish is assessed subjectively by visual and/or organoleptic inspection. The main
quality parameterd are texture, color, odour and fragility (Kofi, 1992). The shelf life of
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fermented fish is an important quality characteristic. At high moisture content or low salt
levels, insects tend to lay eggs on the product which eventually develop into maggots and
destroy the fish (Kofi, 1992). The producers in this province used modern technique if
compared with prohoc producers in Siem Reap who used traditional technique. Similarly
to Bunhak, et al. (2003), who reported that best practices principle have six points: (1)
Credibility and trustworthy relationship: even the smallest entrepreneur feels that someone
who himself is running a company, or is part of one, can give better advise about business
development than a government employee who only knows the business environment in
theory. In addition, often business-sensitive data are dealt with when it comes to analyzing
and optimizing business processes. Even in developed countries a situation where an
employee of the government, which collects tax and fees, advising a company on business
internal matters is extremely uncommon; (2) Expertise: An expert-employee of a BDS
provider from the private sector is likely to be an expert in his field; if not yet, he will
become one. Expertise is also one of the key comparative advantages and thus an asset of
a BDS provider so, very likely, there is an organizational interest to further develop and
keep expertise where it is needed; (3) Profit ensures sustainability: BDS providers who
make profit stay in business and continue to provide services; (4) Competition leads to
better quality: Ultimately there will be a variety of BDS providers competing for the same
clients. This competition will increase the quality of BDS provision by individual
providers or sanction the ones that provide bad quality services; (5) Strengthening the
private sector: Supporting private BDS providers mean support the establishment or
development of private enterprises in another sectors; and (6) Absence of misguided
technology dissemination programs: In many cases, public sector programs for promoting
mechanization or agro-industries have resulted in an attitude of “we know best what is
good for the farmers” and in the implementation of centrally-planned machinery
dissemination programs. All those programs known to the author from the region ended
up in complete failure leaving machines and tools rotting away unused because they were
not suitable for the agro-ecological conditions or are just not economical under the local
conditions. Instead, being interested in good customer relationships and in their reputation,
they will likely advise their clients properly on what technology to choose. In contrast,
these practices relate to dressing, washing, salting/fermentation, drying, and waste disposal
of the fish, as well as the use of poor quality salt and curing containers. It was certain
processing practices constitute health hazards to consumers, producers and the
environment (Kofi, 1992).
4.3 Problems relating to Prahoc production
In the present study, producers encountered some problems such as high price of salt, price
competition for fresh fish, unclean beheaded fish, rancidness, low price of Prahoc,
authorities taking money from producers, lack of capital to turn over, salting is not good in
the river, difficulty to determine market price of final production, addible water before
weight, and the company blends the price of SSF. Liu (1996) identified the following
problems and constraints that hinder the development of agro-industries: absence of
entrepreneurship, lack of credit, government intervention, underdeveloped market, lack of
qualified labor, and technology problems. Similarly, the following are the constraints for
micro- and small-enterprise development in Cambodia presented in ILO report on microand small-enterprise development for poverty alleviation in Cambodia, 2000: low income
and purchasing power, poor national and local roads, competition from imports and poor
product quality, lack of good information on domestic and foreign markets and on
domestic and foreign sources of technology and equipment, shortage of working capital
and low household propensities to save, high cost and limited availability of power, high
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informal road taxes, and low level of education and technical skills. According to Paris
(2002), the following constraints exist for the agro-industry in Cambodia: lack of
knowledge of simple processing techniques for easy and cheap processing of agricultural
commodities; non-existing reasonable grading and packaging material; lack of
transportation means and infrastructures accessing rural areas in all seasons; lack of market
information and quality control causing the large gap between the farm-gate prices and
terminal market prices; non-existing of wholesale markets and distribution centers for the
agricultural products; and lack of micro-financial credit for developing agro-processing
activities. Producers are sole owners, rarely registered, and do not rely on any credit or
investment capital. Micro agro-processing enterprises are typically occupying only 1-2
family members. This present study, similar to Lytour (2003), found that the weakness of
fish processing is high cost of water and electricity; poor support industries: packaging
materials and processing machinery; lack of quality control; lack of good information on
domestic and foreign markets and on domestic and foreign sources of technology and
equipment; shortage of working capital and low household propensities to save; low level
of education and technical skills; high informal taxes; poor research and development
infrastructure; and lack of trained human resource in agro-processing.
According to Dara and Saroeun (2006), the high price of salt was due to heavy rainfalls,
flooding and low salt production. However, the price of fish remained stable and cheap, the
people could not afford to process fish. It affected people’s livelihoods at that time,
especially the poorer families in rural areas who were depending on fish processing for
main-income generation. It also affected poor families who are always processing
fermented fish for whole-year consumption especially during farming season.
4.4 Economic analysis
Micro-scale Prahoc production in Phnom Penh city, Kandal, Kampong Chhnang, and
Battambang provinces was not profitable. The exception were producers in Siem Reap
who got profits because of the price, kinds of Prahoc (boneless), and quality. Producers
made Prahoc for their own consumption because they thought that Prahoc in the markets is
not good to eat because some producers used chemical to prolong shelf life and there is no
sanitation during processing. These points made family-scale or micro-scale produced
Prahoc for their own use during busy seasons or in soup. When family-scale and selfproduced, it is free of chemicals and is hygienic.
According to Dara and Saroeun (2006), two kilograms of fresh fish can produce the final
product of 1 kg of bony Prahoc, and 1 kilogram of boneless Prahoc is made from 3 kg of
fresh fish. One kilogram of fresh small fish could be sold to producers very cheaply at
Riel500-1,000, salt at Riel500iel, and labor input at Riel100-200 riel of fresh fish to be
processed. At that time, the price of 1 kg of bony Prahoc was about Riel2,500 and 1 kg of
boneless Prahoc was Riel5,000.
On the other hand, small-, medium- and large-scales productions are profitable in the
provinces along Tonle Sap great lake and Basin River. According to small-scale fish
producers, they mostly can process dried fish, salted fish, and some kind fermented fish of
around 15-30 kg and get daily income at about Riel7000-15000. The earned money is
spent on food, clothes, children’s education, and so on. For small-scale fish producers,
most workers are poor women and children, who are neighbors of producers in the village.
For laborers working with family-scale and medium-scale fish producers, they are paid
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daily based on the amount of fish processed. They normally can earn around Riel30005000 per day. Payment is based on the outcome of work (Dara and Saroeun, 2006).
Fish paste producers reported that fish for producing fish paste has decreased sharply in
quantity, compared to prior to the reforms. The fish price has increased from Riel350-500
to Riel800 -1500 per kg after reforms and salt has also increased in price. Prahoc sold for
Riel5000-12000 to several provinces.
Small and medium enterprises have been considered by scholars to have an important role
in economic growth, employment-generation and income-generation. In East Asia
particularly, Harvie and Lee (2002) claimed that SMEs have played and are increasingly
playing an important role in economy development. According to Iqbal and Urata (2002)
in Japan, SMEs have played a significant role in keeping their share of employment fairly
stable during the bubble economy. While in Korea, the role of SMEs has experienced a
dramatic transformation in the last 25 years, and they have been important generators of
income and employment despite the general perception that Korea’s economy is heavily
dominated by large conglomerates. Like Korea, Taiwan’s SMEs shared substantially in
the country’s rapid economic growth of the past quarter century (Iqbal, and Urat, 2002). In
Indonesia, the contribution of SMEs to the Indonesian economy in terms of employment
generation is significant (Mitsuhiro, 2003).
CONCLUSIONS
Most producers in the province used traditional technique as the method to produce
fermented fish paste in Cambodia. Also, modern technique is used for fermented fish paste
production. In Phnom Penh city and Kandal province, existing Prahoc production are
similar: fish selection, beheading, washing, screening, ripening, mixing with salt, fish
fermentation, adding a little of salt, storage in jar or tank for three months. In Kampong
Chhnang, Prahoc production includes fish selection, beheading, washing, screening, fish
mixing and storage in jar or tank or boat according to place of producers. Prahoc
production in Battambang province was a process continuing from Kampong Chhnang
province. The processing was as follows: producers bought salty fish from middleman or
producers in River Lake. Prahoc production in Battambang province is selection of salty
fish, mixing with salt again, ripening for 12-24 hours, storage in jar or vat or tank
according to available equipment or materials. In Siem Reap province, there are two kinds
of Prahoc production: Prahoc Cha-eung and Prahoc Sach. The processing of Prahoc Chaeung is the same as Prahoc production in Battambang province. On the other hand, Prahoc
Sach is the traditional processing in this province: fish selection, washing, slicing, ripening
for 12-24 hours or overnight, washing fish again, mixing with salt again, keeping or storing
overnight, sun-drying for 1-3 days, pounding salty fish, storage in vat for three months and
getting final production or fermented fish paste (Prahoc).
Good Prahoc production practice is in Siem Reap, Kandal province and Phnom Penh city.
Prahoc Sach in Siem Reap is the best Prahoc in Cambodia. This province made Prahoc by
traditional methodologies because producers used knife for slicing fish and pounding with
salt brine. On the other hand, processing in Phnom Penh and Kandal province is good
Prahoc production, but the processing is modern technique because producers utilized
machine for beheading, washing, and screening fish. To sum up, producers in Kandal
province and Phnom Penh city used the labor force for mixing salt and the machine for
beheading, washing and screening fish. In contrast, Prahoc production in Kampong
Chhnang and Battambang province are not so good because producers did not drain water
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in the fish and ripening fish before it becomes salty fish. When producers did not drain
wild water out and ripen fish before mixing with salt, it made Prahoc production become
rancid.
In Prahoc production in the province along the Tonle Sap great lake and Basin River, there
are some problems encountered by the Prahoc producers such as high price of salt, price
competition, unclean beheaded fish, rancidness, low price of Prahoc, police taking money,
lack of capital turnover, salting is not good in the river, difficulty to determine market price
of final production, addible water before weight, and the company blends the price of SSF
as revealed by respondents. Most of the producers have a large household size and in
essence, involving them in family labor, thereby increasing their production and profit at
the end of the whole processing activity.
Micro-scale of Prahoc production in Phnom Penh city, Kandal, Kampong Chhnang, and
Battambang provinces yielded negative profit. The exception were producers in Siem
Reap who got suitable profit because of the price, kinds of Prahoc (boneless), and quality.
On the other hand, small-, medium- and large-scales got suitable profit for running
business. In conclusion, this study indicates that Prahoc production may be profitable.
Based on the result obtained in the study, the following recommendations were made: 1)
There is a need for community-based programs towards ensuring the availability of raw
materials; 2) Improved processing technologies should be embarked upon by providing the
producers with training either by government or some concerned Non-Governmental
Organizations; and 3) increased shelf life and improvement of presentation of fish paste.
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Figure 1 Map showing survey locations in the Cambodia's Mekong River basin. Modified from So (2005).
KD = Kandal province, PP = Phnom Penh, CHN = Kampong Chhnang province, BTB = Battambang
province, and SR = Siem Reap province.

17

Fresh fish

Beheading and
Washing

- Fish Head
- Other Fish

- Fish Head
- Fish guts
- Fish Fat
- Fish Scales

Remove

Separations

Fish Cleaning
Transfer Fish
Drain Blood Fish

Ripening (24hs)

Mixing

Drain Blood Fish

Salty Fish

Salt 1:3 (Salt 1 mix
with fish 3)

About 0.3
of salt with
During
Fermented
24hs
3 of fish

Keep in Tanks
Brine adding
Storage
Fermented three
months
Salty Sauce from
fermented fish

Prahoc Production

Figure 2: Processing chain in Phnom Penh city and Kandal Province

18

Fresh fish

Beheading and
Washing

- Fish Heads
- Other Fish

Remove

- Fish Heads
- Fish gutting
- Fish Fat
- Fish Scales

Fish Screening

Fish Cleaning
Transfer Fish
Salt Mixing

Salty Sauce from
fermented fish

Storage

Semi-Prohoc

Figure 3: Processing chain in Kampong Chhnang province

19

Salty Fish

Drain Blood Fish

Mixing

Salt 1:5 (Salt 1 mix
with fish 5)

Salt adding

During Fermented
24hs

Keep in Tanks

Salt 1:5 (Salt 1 mix
with fish 5)

Brine adding
Storage
Fermented three to six
months

Salty Sauce from
fermented fish
Prahoc Production

Figure 4: Processing of Prahoc in Battambang Province

20

Fresh fish

- Fish Scales
- Dirty Fish
- Bad smell Fish

- Fish bone
& heads

Removed
Scrape a Fish Scales
Soak Fish in Water
Removed
Fish Slice

- Fish Blood
- Fish Scales

- Fish Blood
- Wild water

Fish meat Washing

Drain

12 to 24hs

Keep Fish meat for Swelling

12 to 24hs

Mix Fish meat with Salt

5:1 (5Kg Fish,
1Kg Salt

Ripening

Drain
Fish Blood

Salty Water (0.5Kg
Salt, 1Kg Water)

1 to 2 days

Fish meat Salty drying

Pounding Salty Fish

Fermentation
3 Months
Prahoc Production

Salty Sauce from
fermented fish

Storage

Figure 5: Processing of Prahoc in Siem Reap province

21

Table 1: Main point show the good quality of fermented small-sized fish paste
Name of Province

Prahoc Quality

Total (%)

PP

KD

KChh

BB

SR

White color

20

11

10

20

19

80

Good smell

20

18

20

20

20

98

A lot of trei riel in fresh fish

19

13

9

.0

1

42

Hard meat of Prahoc fish

19

9

8

.0

3

39

Soft meat Prahoc

10

13

11

.0

20

54

.0

.0

.0

15

7

22

Quality of Prahoc or good texture

9

1

.0

.0

6

16

Consumer preference

.0

.0

.0

.0

4

4

High price selling

.0

.0

.0

.0

2

2

Good washing of fish Prahoc

.0

15

12

.0

7

34

Good taste

1

.0

3

.0

1

5

Good Head cutting of fish Prahoc

2

1

1

.0

.0

4

Meltable in soup

2

1

.0

.0

1

4

Kinds of fish to make Prahoc

2

4

8

10

.0

24

Un use artificial chemical

1

2

.0

.0

1

4

Dark brown color

1

13

9

.0

5

28

Prahoc meat is not dry

2

1

.0

.0

4

7

Prahoc from which the water has been
drained

Table 2: characteristic of fish processors scale
Scales

Quantity

Characteristic

Micro

< 1ton

Home consumption

Small

> 1-50 tons

Nearby markets, commercial purposes and no license

Medium

> 50-1000tons

Commercial purposes and license

Large

>1000tons

Export markets and license &trade mark

Table 3: Percentage of fermented small-sized fish paste production scales
Name of Provinces

Scales
Micro (%)

Small (%)

Medium (%)

Large (%)

Total (%)

Phnom Penh

1

16

3

0

20

Kandal

6

12

2

0

20

Kampong Chhnang

9

7

4

0

20

Battambang

1

16

1

2

20

Siem Reap

2

12

6

0

20

22

Table 4: Amount of Prahoc production from 2004-2008 (Ton)
Name of Province
2004
2005

2006

2007

2008

Phnom Penh

610

627

648

674

865

Kandal

269

292

322

354

488

Kampong Chhnang

885

810

770

785

830

Battambang

422

423

3731

3733

3535

Siem Reap

1783

1733

1664

1706

1420

Total

3969

3885

7135

7252

7138

Table 5: Economic analysis of fish processors in study area
Economic Efficiency
(Scales)
Provinces & city
Micro

Small

Medium

Large

Phnom Penh

0.67

1.1

1.67

1.48

Kandal

0.59

1.06

1.62

1.56

Kampong Chhnang

0.8

1.19

1.12

1.22

Battambang

0.72

1.36

1.37

1.39

Siem Reap

1.87

1.81

2.34

1.57

Table 6: Major problems and constrain in Prahoc production
Constrain in Prahoc production

Name of Province

Total

PP

KD

KChh

BB

SR

(%)

0

1

0

19

12

32

3

6

5

0

10

24

Low price of (Prahoc)

18

15

3

1

1

38

Price competition on fresh small fish

5

12

0

20

13

50

Addible water before weight

5

0

0

19

0

24

Unclean of beheaded fish

17

3

2

19

0

41

High price of salt

12

3

20

20

20

75

Lack of capital to turn over

2

0

9

20

0

31

The company blends the price of SSF

0

0

0

16

8

24

Rancidness

7

12

7

12

1

39

Salting is not good in the river

5

6

5

11

0

27

Police take money from producers
Difficult to determined market price of final
production

23

No.
1

Table 7: Different of modern and traditional Prahoc production
Processing Steps
Traditional Technique
Amount of fresh SSF most collective 20 T
per year

Modern Technique
2000 T

2
3
4

Period of behead per ton
Period of Cleaning per ton
Period of Screening per ton

About 20-30 days
About 20-30 days
No

About 60 minutes
About 30 minutes
About 1-2 hours

5
6
7
8

Period of ripening per ton (I)
Amount of salt per ton (I)
Period of draining per ton
Amount of salt per ton (II)

About 24 hours
About 100 Kilograms
About 4 hours
About 200-300kilograms

9
10

Quality of Prahoc in cup/vat/basket
Adding of brine

11
12
13

Period of fermentation per ton
Amount of workers per ton
Amount of Prahoc per year

The same
No or about 5 kilograms of salt:
30 liters of water
3-6 months
20-40 persons
5-10 T

About 24 hours
About 100 Kilograms
About No or 4 hours
About 200-300
kilograms
The same
About 5 kilograms of
salt: 30 liters of water
3-6 months
10-15 persons
1000T
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APPENDIX 1
Checklist for Fishery Officials (DoF)

Khan/Sangkat: ....................../........................
Name of the Respondent: ..............................
Date of Interview: ......../....../09
1. How many large, medium, small, and micro-scale of fish paste in this region?......................
2. In this region the method of fish paste processing is the same or different?
!1. The same

!2. Different

3. What are the reasons?...............................................................................................................
4. What are license, fee, and tax policies for different types of enterprises?
5. Do you think the policy environment is good for the growth of the enterprise or not?
!1. Yes (cont. Q.6)

!2. No (go to Q.7)

6. If yes, what are the reasons for your optimistic?......................................................................
7. If no, what are the reasons for the pessimistic?........................................................................
8. Please select the following in sequence according to their significance of influence on the growth
of the fish paste enterprise?
! Government policies ! People’s attitude
! Lack of capital

! Lack of information

! Low education level of the entrepreneur
! Competition

! Limits of small scale and size
9. Do you know how many tons of SSF fish paste do they product per year?...........................
10. Do you know how many profit do they get? ............................................
11. Do you have any documents for fish paste production? !1. Yes

!2. No
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Checklist for Workers

1. How long have you worked in this fish paste factory?.............................
2. Have you ever worked in fish paste factory before?

!1.Ever

!2.Never

3. How many members of your family involve in fish paste production?......................
4. In each/last year, do you know the quantity of fish paste do the employer product?..........
5. Do you know the quantity of materials in this factory? !1.Yes
6. Do you know the price of any materials?
7. Do you use any artificial chemical?

!2.No

!1.Yes !2.No

!1.Yes !2.No

8. Have you ever h, health problem in fish paste processing?

!1.Ever

!2.Never

9. What are diseases?...........................................................................................................
10. How do you think about the product here?....................................................................

Checklist for Consumers

1. How many members are there in your family?................
2. Do you like using locally produced or other provinces or your own produced?
!1.locally produced

!2.other provinces produced

!3.own produced

3. Why do you it?.............................................................
4. Usually, what kinds of SSF Prahoc would you like to use?..................................................
5. Why do you like to use this?..................................................................................................
6. Have you ever h, health problem in consuming SSF fish paste?

!1.Yes

!2.No

7. How do you think on the technique of SSF fish paste production?.......................................
8. How about the quality of the product?...................................................................................
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Questionnaire Survey on Small-sized fish (Prahoc) for Processor
(Micro-Scale)
I. General statement
Name of Interviewer................................... Date of Interview........../......../2009
1.1 Place of Interview:
Sthreet/home number................... Village....................................Commune....................................
District.................................... Province/City....................................
1.2 Interview information
Name of Interviewee.................................... Sex: (!)

!1.Male

!2.Female

Age........ Nationality.............................
1.3 Place of permanent residence
Sthreet/home number.......................Village...................................Commune....................................
District.................................... Province/City....................................
1.4 Household members of interviewee (SSF Prahoc processor)
1.Female.......................persons 2.Male........................persons
1.5 The number of laborers and children
1.Female...........persons 2.Male.............persons 3.Children...........persons
1.6 Main occupation of the household
1.6.1 What is the main job in your family? .....................................
1.6.2 What is the other job in your family? ....................................
!1.Agriculture !2.Fishman
5.Worker

!3.Fish processing

!6.Government official

!4.Private business (e.g: seller..) !
!7.Others (specify).............................
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1.7 Education
What is grade did you study?
!2.Senior high school

!1.University

school !5.Vocational training

! 3.Junior high school

!6.No education

!4.Primary

!7.Other

(specify)..............................
II. General Information on business
2A Information on initial SSF Prahoc making
2A.1 How long did you known the process technique?.................. year
2A.2 From whom could you know to produce fish paste?
!1.Parents

!2.Neighbor

!3.Relative !4.Own self

!5.Other (specify)......................

2A.6 What are the factors encourage you to make SSF Prahoc? ....................................
2A.7 What is your capital invested in this process? ....................................
2A.8 Who provide you this capital? ....................................
2B Management
2B.1 How many SSF Prahoc producers like you in this region?....................................
2B.2 Are producers increase or decrease in your province?

!1. Increase

!2.

Decrease
2B.3 why? ............................................................................................................
2B.4 What are the production scales of these SSF Prahoc producers?
1.Large-scale........... Kg or ton 3.Small-scale........... Kg or ton
2.Medium-scale........... Kg or ton

4.Micro-scale........... Kg or ton

2B.5 Who specialist here? ..................
2B.6 Are there raw materials enough or not in your process?

!1. Enough

2B.7 Do you have place for keep residual?

!2. No

!1. Yes

!2.Not enough

2B.8 How do you keep/discharge fish residual? .................................
2B.9 According to you experience, a kilogram of SSF can be made in how many kilograms of
Prahoc? .................................
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2B.10 And need how many kilograms of salt? .................................
2B.11 Beside make SSF Prahoc, do you produce fish sauce/tek Prahoc?

!1.Yes

2B.12 Does your production progress fully in a year?

!2.No

!1.Yes

!2.No

2B.13 If no, what are the reasons?............................................
2B.14 From year-to-year does your production increase or decrease? !1.Increase !2.Decrease
2B.15 What are the reasons?.........................................................
2B.16 Does your production technique change? !1.Yes

!2.No

2B.17 What are the factors for such changes?.......................................
2B.18 Does your business fact with any problems?

!1.Yes

!2.No

2B.19 And what are the impacts to your business?......................................
III. Production process and technique
3A Production process/cycle
3A.1 (Please, ask the interviewee the production process from beginning to end, with necessary
time of each process, and depict it). Describe detail about each step.
Please, describe the methods/ways of producing small-sized fish past (Prahoc)?
3A.2 Advantage of the above technique……….......………………......…………………………..
3A.3 Disadvantage of the above technique…………………….....………………………………..
3A.4 What are the differences between modern and traditional technique? ....................................
3B. Fish and other raw material collection
3B.1 Please tell the channel/place from which you acquire the supply of production material?
!1.Market

!2.Acquaintance and friends

!3.By self

!4.Others

(specify)...............
3B.2 What quality of small-sized fish do you use for fish paste?
!1.High (raw or spoilage, <20%, color )

!2.Medium (spoilage: 20-50%, color)

!3.Low (spoilage: >50%, color) Why?.............................................
3B.3 How do you check the quality of small-sized fish?.........................................
3B.4 Do you use any standard for small-sized fish?

!1.Yes

!2.No
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3B.5 If yes, which standard does you used?..........................................
3B.6 Do you face any problems to buy all the above raw materials?

!2. No

!1.Yes

3B.7 If yes, please describe (why)?.........................................................
3B.8 How do you decide to buy all the above raw materials (SSF Prahoc) with which price?......
3B.9 Why?............................................
3B.10 How far do you buy SSF for making Prahoc? ...................................
3B.11 How do you transport SSF? (car, truck,.) ...................................
3B.12 Transport by your own means or others?

!1.Own self

!2.Their self

3B.13 How much do you spend for transport?............................
3B.14 How long do you or others transport SSF to your place?...............................
3B.15 When the SSF have arrived how do you do with them?....................................
3C. Fish Cleaning
3C.1 What kind of water do you use for cleaning? ....................................
3C.2 Do you use Saju in this stage?

!1. Yes

!2. No

3C.3 Do you use Saju for what? ....................................
3C.4 In this stage do you have any problems?

!1. Yes

!2. No

3C.5 If yes, What are the problems? ....................................
3D. Ripening stage of the SSF Prahoc
3D.1 What kind of salt do you use? ....................................
3D.2 How much do you use in each stage?...................................
3D.3 Why? ....................................
3D.4 Do you use any artificial chemicals in the ripening stage?

!1. Yes

!2. No

3D.5 What kinds of artificial chemicals do you use? ....................................
3D.6 How many grams do you use? ....................................
3D.7 And how much?....................................
3D.8 Describe the purpose of artificial chemical do you used? ....................................
3D.9 In the ripening stage do you have any problems?

!1. Yes

!2. No
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3D.10 If yes, What are the problems? ....................................
3E. Storing of SSF Prahoc
3E.1 Where do you store your final product?
!1. Jar

!2. Bucket

!3. Box

!4. Packet

!5.Other(specify)...............
3E.2 Why?....................................................................................
3E.3 Do you use any artificial chemicals for storing?

!1.Yes

!2.No

3E.4 What is the name of the artificial chemicals?......................................
3E.5 Why do you use this artificial chemicals?.......................................
3F Product controlling
3F.1 Do workers use material in keeping product sanitation?

!1.Yes

!2. No

3F.2 If yes, what do they use?
!1. Glove

!2.Uniform

!3.Mask

!4.Other (specify)...................

3F.3 What are the main reasons for fish paste being non quality?
!1. Prolong time between one stage to another stage
!2. Insanitation during processing stage

!4.Non quality of raw material
!5.Too much salt

!3. Fermentation in long duration !6.Interfere from insects

!9.Other (Please specify)...........

3F.4 What are your problems/constrains in SSF Prahoc production?..............………………
V. Economic analysis
5.1 Expenditure on equipments
What kinds of equipments/materials do you use for making SSF Prahoc and their prices and life
span?
Items
Price (riel)
Quantity
Self live
1. Wood use for dry fish
2. Wooden box
3. Cups
4. Large foot-powered
5. Fish spear
6. Knife
7. Cutting board
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8. Basket
9. Wood
10. Stone
11. Mat
12.
Others>>>>>>>>>>>>>>>>>>>>>>
>>>>>>>>>>
5.2 Expenditure for raw materials per cycle/season
kinds
Quantity

Price

1 Small-sized fish buying
2 Salt
3 Saju
4 Others................................
5.3 Expenditure for others
Expenditure per cycle/season

Quantity

Unit cost (Riel)

Total cost (Riel)

1.Water
2.Electricity
3.Fuel
4.Materials
5.Materials repair
6.Other repair
7.Transportation
8.Phone
9.Rental cost
10.Other costs....................
5.4 Income
Income per cycle/season

Quantity

Unit cost (Riel)

Total cost (Riel)

1. Prahoc selling
2. Fat fish
3. Head fish
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5.5 How many tons of SSF Prahoc do you produce over the past four years from 2003 to 2008?
Please also specify the annual price.
VI. SSF producer perceptions
In the next few years, do you plan to:
a/ maintain your current business, why…………………………………………………….....……
b/ expand your current business, why………………………………………………….………...…
c/ reduce your current business, why…………………………………………………………… or
d/ stop/close your current business? Why………………………………………………..…………
VII. Future impacts
7.1 What types of change would you like to see in your SSF production business in the future?....
7.2 What are your requirements?.....................................................................
7.3 Would you like increasing your quality of products by quality analysis? !1. Yes

!2. No

7.4 Why?........................................................................................
7.5 For SSF Prahoc product, do you keep for eating?

!1. Yes

!2. No

7.6 If yes, how many kilogram per season/cycle?........................................
Thank you very much for your kind cooperation!!!

…………………………………………………………………………………
Questionnaire Survey on Small-sized fish (Prahoc) For Processor
(Large/Medium/ Small-Scale)
Name of Small-sized fish (Prahoc) Production....................................
I. General statement
Name of Interviewer................................... Date of Interview........../......../2009
1.1 Place of Interview:
Street/home

number...................

Village....................................Commune....................................

District.................................... Province/City....................................
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1.2 Interview information
Name of Interviewee.................................... Sex: (!)

!1.Male

!2.Female

Age........ Nationality.............................
1.3 Place of permanent residence
Street/home

number.......................Village...................................Commune....................................

District.................................... Province/City....................................
1.4 Household members of interviewee (SSF Prahoc processor)
1. Female.......................persons 2. Male........................persons
1.5 The number of laborers (15-56 years) and children
1.Female...........persons 2.Male.............persons 3.Children...........persons
1.6 Main occupation of the household
1.6.1 What is the main job in your family? .....................................
1.6.2 What is the other job in your family? ....................................
!1. Agriculture!2. Fishman !3.Fish processing !4. Private business (e.g. seller..) ! 5. Worker
!6. Government official

!7. Others (specify).............................

1.7 Education
What grade did you study?
!1. University

!2. Senior high school

Vocational training

! 3. Junior high school !4. Primary school !5.

!6. No education

!7. Other (specify)..............................

II. General Information on business
2A Information on initial SSF Prahoc making
2A.1 How long has your factory operated?.................. year
2A.2 From whom could you knew to produce fish paste?
!1. Parents

!2. Neighbor

!3. Relative

!4. Own self

!5.

Other

(specify)..........................
2A.3 Do you own or rent SSF Prahoc operating facility, equipment and location? If you rent how
much do you spend per month? (If your own go to 2A.6)
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!1.Own

!2.Rent from parents

........USD/month

from

!3.Rent

state........USD/month !4.Rent from private sector........USD/month

!5.

Other

(specify)...............................
2A.4 If you rent from parents / state/ private, how long do you contract? ............year
2A.5 From what year? ..................................
2A.6 What are the factors encourage you to make SSF Prahoc? ....................................
2A.7 Who provide you the capital (bank, relative..)? ................... (If your own go to 2B.1)
2A.8 If you borrow someone, do you pay interest rate?

!1.Yes

!2.No

2A.9 How much do you pay interest rate per month? ................... USD/month
2A.10 How much has you borrowed? ......................... USD
2B Management of the business
2B.1 How many SSF Prahoc producers like you in this region?....................................
2B.2 Is producer increase or decrease in your province? !1. Increase

!2. Decrease

2B.3 why? ............................................................................................................
2B.4 What are the production scales of these SSF Prahoc producers?
1.Large-scale........... Kg or ton 3.Small-scale........... Kg or ton
2.Medium-scale........... Kg or ton

4.Micro-scale........... Kg or ton

2B.5 What are the activities of each worker in production?
1.Male worker........................2.Female workers............................ 3.Children.................................
2B.6 What ethnic people work for your business? .................. What percent? .....................
2B.7 How much salary do they get per month? ..................USD/month
2B.8 Are laborers suppliers enough or not?

!1. Enough

!2. Not enough

2B.9 How many SSF Prahoc employed here per year? ..................
2B.10 Who specialist here? ..................
2B.11 Are there raw materials enough or not in you business?

!1. Enough

2B.12 Do you have place for keep residual?

!2. No

!1. Yes

!2.Not enough

2B.13 How do you keep/discharge fish residual? .................................
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2B.14 Do authority inspect on fish residual?

!1. Yes

!2. No

2B.15 What authority inspect on fish residual? .................................
2B.16 According to you experience, a kilogram of SSF can be made in how many kilograms of
Prahoc? .................................
2B.17 And need how many kilograms of salt? .................................
2B.18 Do you have license for your business?

!2.No (go to 2B.21)

!1.Yes

2B.19 From which ministry? .................................
2B.20 How much do you pay for the license per year? ........................ USD/year
2B.21 Do you pay other fees?

!1.Yes

!2.No

- Name of official fee: ..............................USD - Name of unofficial fees..............................USD
2B.22 Beside make SSF Prahoc, do you produce fish sauce/tek Prahoc?

!1.Yes

2B.23 Have you used to loss money in your business?

!2.No (go to 2B.27)

!1.Yes

!2.No

2B.24 Why? ...................................
2B.25 How much did you loss? ...................
2B.26 And in which year? ....................
2B.27 Is your business fully operated in a year? !1.Yes

!2.No

2B.28 If no, what are the reasons?............................................
2B.29 From year-to-year does your product increase or decrease? !1. Increase

!2.Decrease

2B.30 What are the reasons?.........................................................
2B.31 Does your production technique change? !1.Yes

!2.No (go to 2B.33)

2B.32 What factors do you want to changes?.......................................
2B.33 Does your business fact with any problems?

!1.Yes

!2.No (go to 2B.35)

2B.34 And what are the impacts to your business?......................................
2B.35 Do you encourage your consumers?

!1.Yes

!2.No (go to 3A.1)

2B.36 What are your opinions to encourage consumers to buy your SSF Prahoc?........................
III. Production process and technique
3A Production process/cycle

39

3A.1 (Please, ask the interviewee the production process from beginning to end, with necessary
time of each process, and depict it). Describe detail about each step.
3A.2 Advantage of the above technique……….......………………......…………………………..
3A.3 Disadvantage of the above technique…………………….....………………………………..
3A.4 What are the differences between modern and traditional technique? ....................................
3B. Fish and other raw material collection
3B.1 Please tell the channel/place from which you acquire the supply of production material?
!1. Market

!2. Acquaintance and friends

!3. By self

Others

!4.

(specify)...............
3B.2 What quality of small-sized fish do you use for fish paste?
!1. High (raw or spoilage, <20%, color )

!2. Medium (spoilage: 20-50%, color)

!3. Low (spoilage: >50%, color) Why?.............................................
3B.3 How do you check the quality of small-sized fish?.........................................
3B.4 Do you use any standard for small-sized fish?

!1.Yes

!2.No (go to 3B.6)

3B.5 If yes, which standard does you used?..........................................
3B.6 Do you face any problems to buy all the above raw materials? !1. Yes !2. No (go to 3B.8)
3B.7 If yes, please describe (why)?.........................................................
3B.8 How do you decide to buy all the above raw materials (SSF Prahoc) with which price?......
3B.9 Why?............................................
3B.10 How far do you buy SSF for making Prahoc? ...................................
3B.11 How do you transport SSF? (car, truck,.) ...................................
3B.12 Do you transport by your own means or others?

!1. Own self

!2. Their self

3B.13 How much do you spend for transport?............................
3B.14 How long does you or others transport SSF to your place?...............................
3B.15 When the SSF have arrived how do you do with them?....................................
3B.16 How many workers do you have per season?.............................................
3B.17 How do you pay for these workers?..........................................................
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3C. Fish Cleaning
3C.1 What kind of water do you use for cleaning? ....................................
3C.2 Do you use Saju in this stage?

!1. Yes

!2. No

3C.3 Do you use Saju for what? ....................................
3C.4 In this stage do you have any problems?

!1. Yes

!2. No

3C.5 If yes, What are the problems? ....................................
3D. Ripening stage of the SSF Prahoc
3D.1 What kind of salt do you use? ....................................
3D.2 How much do you use in each stage?...................................
3D.3 Why? ....................................
3D.4 Do you use any artificial chemicals in the ripening stage? !1. Yes !2. No (go to 3D.9)
3D.5 What kinds of artificial chemicals do you use? ....................................
3D.6 How many grams do you use? ....................................
3D.7 And how much?....................................
3D.8 Describe the purpose of artificial chemical do you used? ....................................
3D.9 In the ripening stage do you have any problems? !1. Yes !2. No (go to 3E.1)
3D.10 If yes, What are the problems? ....................................
3E. Storing of SSF Prahoc
3E.1 Where do you store your final product?
!1. Jar

!2. Bucket

!3. Box

!4. Packet

!5.Other(specify)...............
3E.2 Why?....................................................................................
3E.3 Do you use any artificial chemicals for storing?

!1.Yes

!2.No (go to 3F.1)

3E.4 What is the name of the artificial chemicals?......................................
3E.5 Why do you use this artificial chemicals?.......................................
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3F. Packaging of SSF Prahoc
3F.1 Do you do packaging with your product?

!2.No (go to 3G.1)

!1.Yes

3F.2 Do you do packaging with your own trade mark?

!1.Yes

!2.No

3F.3 If yes, What are they?..................................................
3F.4 Which one is the best selling? .....................................
3G Product controlling
3G.1 Do workers use material in keeping product sanitation? !1.Yes

!2. No (go to 3G.3)

3G.2 If yes, what do they use?
!1. Glove

!2.Uniform

!3.Mask

!4.Other (specify)...................

3G.3 What are the main reasons for fish paste being non quality?
!1. Prolong time between one stage to another stage
!2. Insanitation during processing stage

!4.Non quality of raw material
!5.Too much salt

!3. Fermentation in long duration !6.Interfere from insects

!7.Other (Please specify)............

3G.4 What are the key factors and techniques that you are using to make good quality of SSF
Prahoc for local and international markets?...........................………………………………
3G.5 What are your problems/constrains in SSF Prahoc production?..............………………
V. Economic analysis
5.1 Expenditure on equipments
What kinds of equipments/materials do you use for making SSF Prahoc and their prices and life
span?
Items
Price (riel)
Quantity
Self live
1.Wood/bomboo use for dry fish
2.Wooden box
3.Cups
4.Large foot-powered
5.Fish spear
6.Knife
7.Cutting board
8.Basket
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9.Wood/bomboo
10.Stone
11.Mat
12.Cutting machine
13.Cleaning machine
14.Pump machine
15.Sift/screen machine
16.Staire/elevator
17.Cord
18.Others>>>>>>>>>>>>>>>>>>>>
>>>>>>>>>>>>
5.2 Expenditure for raw materials per cycle/season
kinds
Quantity

Price

1 Small-sized fish buying
2 Salt
3 Saju
4 Others (chemicals).....
5.3 Expenditure for others
Expenditure per cycle/season

Quantity

Unit cost (Riel)

Total cost (Riel)

1.Workers’ salary
2.Food for workers
3.Water
4.Electricity
5.fuel
6.Materials
7.Car repair
8.Materials repair
9.Other repair
10.Transportation
11.Phone
12.Packaging
13.Policeman
14.Other fee (ro,..)
15.Rental cost
16.Other costs....................
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5.4 Income
Income per cycle/season

Quantity

Unit cost (Riel)

Total cost (Riel)

1. Prahoc selling
2. Fat fish
3. Head fish
5.5 How many tons of SSF Prahoc do you produce over the past four years from 2003 to 2008?
Please also specify the annual price.
VI. SSF producer perceptions
In the next few years, do you plan to:
a/ maintain your current business, why……………………………………………….....…………
b/ expand your current business, why……………………………………………………....………
c/ reduce your current business, why…………………………………………………………… or
d/ stop/close your current business? Why…………………………………………………..………
VII. Future impacts
7.1 What types of change would you like to see in your SSF production business in the future?....
7.2 What are your requirements?....................................................................
7.3 Would you like increasing your quality of products by quality analysis? !1. Yes

!2. No

7.4 Why?........................................................................................
7.5 For SSF Prahoc product, do you keep for eating?

!1. Yes

!2. No

7.6 If yes, how many kilogram per season/cycle?.........................................................
Work Calendar for family/business
How many days do you work per each month?
Work

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

SSF buying
LSF buying
Processing
Market sale
Unprocessing
work
Thank you very much for your kind cooperation!!!

44

!"#$%&#'()*"+,*!-.)&%/"-!&0'!&,%-)122341225)
TOPIC AREA
TECHNOLOGY ADOPTION & POLICY DEVELOPMENT

Feed Technology Adoption and Policy Development for Fisheries Management
Technology Adoption & Policy Development/Activity/07TAP01UC
Tessa Getchis
University of Connecticut- Avery Point
Prum Somany and Kao Sochivi
Inland Fisheries Research & Development Institute (Cambodia)
Le Xuan Sinh
Can Tho University (Vietnam)
ABSTRACT
The fisheries resources in Cambodia and Vietnam are declining due to the rapid increase in
population and illegal fishing activities. Many capture fisheries resources have been
overexploited. There is increasing competition and conflict between the use of low
value/trash fish for aquaculture feed and human consumption. The project entitled
“Development of Alternative to the Use of Freshwater Low Value Fish for Aquaculture in the
Lower Mekong Basin Cambodia and Vietnam: Implications for Livelihoods, Production and
Markets” has the purpose to balance social, economic and environmental/natural resource
needs between human consumption and aquaculture feed and will develop feed and feeding
strategies for snakehead fish species. The cost-effective and high performing AquaFish
Snakehead Formulated Feed (ASFF) was developed to bring less reliance on using small size
fish and have lower environmental impacts. The small size fish/trash fish could be replaced
by new AquaFish Snakehead Formulated Feed. Plant ingredients replace fishmeal and
enzyme and provide supplement to the diet for optimum growth and survival of snakehead.
However, this new developed technology cannot be transferred without making final testing
and adoption by the farm trials and farmers.
INTRODUCTION
The Mekong River is one of the most productive aquatic resources in the world. The Mekong
River is the main source of fisheries resources in Cambodia and Vietnam. Particularly in
Cambodia, the seasonal and permanent wetlands cover more than 30% of Cambodia. The
fisheries sector has for many years contributed significantly to the employment and
livelihoods of the poor, to food security, and to GDP and foreign exchange balance.
Cambodia’s fisheries provide full-time, part-time and seasonal employment for up to 6
million people and the fisheries sector contributes very significantly to domestic food
security, providing over 81.5% of the animal protein in the national diet and also forms a
critical source of essential vitamins and micro-nutrients.
In addition, the capture fisheries production in Cambodia is estimated to be worth around
US$200-300 million per year at the point of landing and fisheries harvesting, processing and
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trade contributes 8-12% of GDP. The value of fish exports has been estimated to be as high
as US$100 million per year ( SPFF 2010-2019).
Fish are also part of Cambodia’s cultural heritage. The complex and enduring linkage
between fisheries and many aspects of the region’s history, as shown by the archaeological
finds of fish processing and trade through the region and the incorporation of fish scenes into
the historic temples of the country, demonstrates the continuity of the importance of the
sector both domestically and throughout the South East Asia region. The aquatic
environment and the associated rich diversity of species also constitute a very important part
of both the national and global natural heritage.
However, the fisheries resources in Cambodia and Vietnam are faced with declining fisheries
resources due to the rapid increase of population and illegal fishing activities. Many capture
fisheries resources have been largely overexploited and, as a result, development of
aquaculture has been encouraged to provide the protein, income, employment and export
earnings to substitute the natural fisheries resources. In Cambodia, for example, freshwater
aquaculture production has increased rapidly over the last two decades, with an average
growth rate of 16.3 percent. In 2004, aquaculture represented 8.3 percent of total inland
fisheries production (So et al. 2005). In Vietnam, the annual growth of aquaculture has been
about 10-13 percent during the last decade. The Mekong Delta region of Vietnam often
contributes about 55-60% of the total aquatic production and more than 60% of total aquatic
production for export of the whole country (Sinh 2005). Such a development trend implies
that sufficient feed for aquaculture production will be available. One source of feed is low
value/trash fish (Low value/trash is defined as fish that have a low commercial value by
virtue of their low quality, small size or low consumer preference. They are either used for
human consumption (often processed or preserved) or used to feed livestock/fish, either
directly or through reduction to fish meal/oil (FAO-APFIC 2005)). There is a general lack of
accurate information on how much low value/trash fish is presently used in Cambodia and
Vietnam, but a conservative estimate of 25 percent for livestock and aquaculture feed has
been put forward (FAO-APFIC 2005). The uses of low value/trash fish are diverse and
include: (1) local consumption (e.g. fresh, dried); (2) direct feed (e.g. livestock, high value
species aquaculture); (3) fish meal production (e.g. poultry, aquaculture); and (4) value-added
products (e.g. fish sauce).
There is increasing demand and trade in the region for low value/trash fish for both
aquaculture and animal feeds. In Cambodia, for example, it has been estimated that at least 62
freshwater low value or small-sized fish species are used to feed inland aquaculture. These
fish species represent both adult species that are commonly used as food fish, and also
juveniles of commercially important fish species. Cage culture uses as much as 50 percent
low value/trash fish in the total feed (So et al. 2005). In Vietnam, at least 11 species of
freshwater, and increasingly a number of marine, low value/trash fish are used to feed inland
aquaculture. The price of low value/trash fish has tripled since 2001 and it is predicted to
continue to rise as aquaculture expands (FAO-APFIC 2005). The use of artificial fish based
feeds and/or fresh fish resources have further increased pressure on wild fish stocks.
Inevitably, a dangerous spiral has evolved where the demand for low value/trash fish for
aquaculture feed has supported increased fishing pressure on already degraded resources. It is
predicted that as aquaculture grows in the region it will be difficult to meet the demand for
low value/trash fish. There is a general concern that the rapid expansion of aquaculture may
ultimately be constrained by the dependence on low value/trash fish and fish meal, popularly
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referred to as the “fish meal trap”. The Asia-Pacific countries may need to increase imports of
fish meal from the global market for the aquaculture industry, or replace these with other feed
materials. There is a need to address the increasing demand for low value/trash fish by
aquaculture by improving feeds for aquaculture through changing over from direct feeding to
pellet feeding and reduction of fish meal content by substitution of suitable ingredients in
pellets.
There is also increasing conflict between the use of low value/trash fish for feed and for
human consumption. In some cases, such feeds are comprised of fish species traditionally
used as cheap food for people and this allocation of fish resources to aquaculture may result
in negative impacts of food security and livelihoods. It is the economics of the different uses
of low value/trash fish in different localities that direct the fish one way or the other. There
are also trade-offs between direct food benefit and the indirect employment and income
generation opportunities afforded by feeding to aquaculture. It has been argued that it would
be more efficient and ethical to divert more of the limited supply to human food, using valueadded products. Proponents of this suggest that using low value/trash fish as food for
domestic consumers is more appropriate than supplying fish meal plants for an export,
income oriented aquaculture industry, producing high-value commodities. On the other hand,
food security can also be increased by improving the income generation abilities of poor
people, and it can be argued that the large volume of people employed in both fishing and
aquaculture has a beneficial effect. This raises some important questions regarding the social,
economic and ecological costs and benefits of aquaculture, its sustainability and future trends.
In relation to the above mentioned challenging issues, the project entitled “Development of
Alternative to the Use of Freshwater Low Value Fish for Aquaculture in the Lower Mekong
Basin Cambodia and Vietnam: Implications for Livelihoods, Production and Markets” was
implemented with 5 investigations. The focus of this project is equally on the aquaculture of
carnivorous fish and the management of lower value/trash fish. Investigations 1, 2 and 5
addressed the uses and bio-ecological characteristics of low value/trash fish. Investigations 3
and 4 addressed alternative feeds for freshwater aquaculture and feed technology adoption.
Investigation IV is on the area of “Feed Technology Adoption and Policy Development”. The
objectives of this Investigation are to 1) apply the research results and disseminate
appropriate technology to the end-users of aquatic resources and aquaculture practitioners, 2)
train farmers in the project sites on farm made feeds and benefits of using alternative feed
technology, 3) improve feeding practices and promote adoption and change behavior over
alternative feeds, and 4) provide scientific-based strategy and information for policy makers
to develop policy on aquaculture and aquatic resource management.
METHODOLOGY
This is an activity type of investigation to disseminate information and technology to the end
users in form of workshops, conference organization, outreach documents and training
sessions. However, the information and technologies cannot be sent effectively to the farmers
unless we understand the problems encountered by farmers, what information/technologies
farmers need to overcome the problems, and what is the best way to educate them to solve the
problems. Therefore, The PRCA was conducted to understand the general characteristic of
the farmers in the project sites to develop effective communication channels. Seven
provinces, namely Prey Veng, Kandal, Kampong Cham, Kompong Chhnang, Pursat,
Battembang, and Siem Reap province were selected for the targeted project sites to transfer
the AquaFish Snakehead Formulated Feed.
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Two types of data were gathered, primary and secondary data. Primary data was collected
through interpersonal interview by using structured questionnaires which are designed to
understand the general characteristics of the respondents and the most effective
communication channels. Secondary data was collected by reviewing related literature
relevant to fish process technologies and existing practical aquaculture technologies which
have been successfully implemented by AIT Aquaculture Outreach Program and JICA
Aquaculture Development Program in Cambodia. The review aimed to use the technological
know-how and knowledge on local fermented feed made for small scale aquaculture
development practiced in Cambodia to transform into printed media for dissemination.
Orientation within the investigation team members was conducted to internalize the team
members to be aware of the project document and understand the requirements needed to
accomplish the process of project implementation.
An inception workshop was conducted at IFReDI to provide awareness to the government
fisheries officers, NGOs representatives, local communities, and other relevant stakeholders
on AquaFish CRSP Project implementation, especially, to the other relevant stakeholders
whose work related to the aquaculture development sector and to hold consultation with the
participants for their suggestions and recommendations.
A consultation meeting with different team members from the three investigations in IFReDI
was conducted to provide an opportunity to all members implementing the AquaFish CRSP
projects in IFReDI to be aware of the process and procedure and also the goals and objectives
of the whole project. The consultation established a link of each investigation in terms of its
activities, planning, and implementation.
An orientation meeting of all US PIs and HC PIs was conducted in Phnom Penh City. The
orientation brought all the US PIs and HC PIs to fully understand the process and procedure
of project implementation. Several issues were discussed during the orientation such as: the
activities plan, procedure, time frame, budgetary, and reporting system of each investigation.
It also set out the mechanism for improving communication within the project teams through
the use of Yahoo Messenger or Skype as a communication channel among the team members
(Photo 1).
RESULTS
The main objective of the investigation is to transfer information, technologies and knowhow from research results of the project to the fish farmer and end users of aquatic resources
users in both Cambodia and Vietnam. Investigation IV was implemented and achieved the
following result:
1.1 Institutional Capacity Building:
Conducted two trainings to build the capacity of the team members, 1) Training
on “Development of Questionnaires and Design”, and 2) Training on “Data
Encoding and Analysis”. The team members were provided on the job training to
design questionnaires and do pre-testing of data collection method as well as
encoding collected data into data form of SPSS computer program. These
trainings were designed to strengthening and improve the institutional capacity of
the Inland Fisheries Research and Development Institute staff to learn from the
data collection to data entries and analysis.
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1.2 Awareness Raising and Technology Transfer:
1.2.1 Awareness Raising: Investigation IV has carried out public awareness
activities in the form of Inception Workshop, Dissemination Workshop,
and Poster on Freshwater Small Size Fish Species in Lower Mekong Basin
Cambodia-Vietnam.
• Inception Workshop: Conducted inception workshop at IFReDI to
provide awareness on AquaFish CRSP project activities. More than 40
participants from both national and provincial government fisheries
officers, NGOs representatives, local communities, and other relevant
stakeholders participated (Photo 2&3). The workshop aimed to provide
awareness and hold consultation among the participants, particularly
the stakeholders whose work related to the aquaculture development
sector and to obtain their suggestions and recommendations.
• Dissemination Workshop: Organized workshop to disseminate the
research results of Investigation I &III to about sixty participants from
researchers, provincial fisheries staffs, fish farmers, NGOs, and
representatives from local community fisheries in all targeted project
sites. The workshop provided awareness raising on the important role
of small size fish in daily protein intake of local people and the
competition between the human being and the aquaculture industry in
Vietnam (Photo 4&5). The workshop also informed the diversity of
freshwater small size fish species in Lower Mekong Basin Cambodia
and Vietnam. Investigation III raised awareness on new alternative
snakehead formulated feed developed by AquaFish CRSP (Photo 6.
Feed Label).
• Poster: Published 5,000 copies of first series Poster on Freshwater
Small Size Fish Species in Lower Mekong River Cambodia-Vietnam
(Photo 7. Poster). The message in this Poster is to provide awareness to
the audiences on Freshwater Small Size Fish species diversity in the
lower Mekong River Cambodia and Vietnam.
1.2.2 Technology Transfer: Two forms of communication channel,
Interpersonal and Printed Media (Poster/Leaflet), were used to transfer
technology to the farmers and fishermen and other aquatic resources users
in the targeted project sites.
• Trainings: Organized training on Farmer Field School (FFS) to the
key fish farmers of the seven target provinces in Cambodia. The
training provided an opportunity for the fish farmers to see hands on
how to make traditional fish feed by the most successful fish culture
farmers in Kandal Province. Twenty-Six key fish farmers participated
in the training, among those participants, 11 were female.
Organized Training of Trainer (ToT) to 21 participants, (3 participants
from each province), from the seven targeted province project sites in
Cambodia. The training was designed to build the capacity of the
trainees to become a Trainer and also the Extension Worker in order to
train other farmers who are interested in adoption of alternative feed
for their fish culture. These 21 trainers/Extension Workers will play a
very important role in dissemination and transferring of AquaFish
Snakehead Formulated Feed developed by Investigation III to the fish
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•

1.2.3

farmers in Project phase 2 after this new Formulated Feed is confirmed
and adopted by pilot farmers.
Poster: The publication of the poster on AquaFish Snakehead
Formulated Feed has yet to be developed since the technology was not
confirmed by farm trials and farmer adoption pilot. The experiments
on farm trials and farmer adoption pilots will be conducted by
Investigation 2 & 3 in second phase.

Institutional Research Collaboration: This project “Development of
Alternative to the Use of Freshwater Low Value Fish for Aquaculture in
the Lower Mekong Basin Cambodia and Vietnam: Implications for
Livelihoods, Production and Markets” provided opportunities for
international travel to participate in international conferences and
workshops which provide an opportunity to not only built institutional and
staff capacity, but also establish networking and linkages between and
among the research institutes, universities, and development institutions
around the world.

DISCUSSION
The main goal of this investigation is for sustainable freshwater aquaculture development and
innovative fisheries management systems in the Lower Mekong basin region of Cambodia
and Vietnam. This main goal takes into account that the main driver of this project is the
continued expansion of aquaculture and its dependency on capture fisheries for low
value/trash fish for feed. It also takes into account that: capture and culture fisheries continue
to play an important role in the food security, poverty alleviation and economies of both
countries; the strong interdependency between capture fisheries and aquaculture;
management of these two sub-sectors cannot be carried out in isolation of each other; there is
increasing local and intra-regional trade for low value/trash fish products; and there is
increasing competition and conflict between the use of low value/trash fish for feed and
human consumption.
Balancing of social, economic and environmental/natural resource needed between human
consumption and aquaculture feeds are based on the development of feed and feeding
strategies for other fish species, further on-farm trials of feed formulations, policy and
technology for trade and value-added product development for low value/trash fish,
development of farm made feeds, improved management strategies for capture fisheries, and
policy development for sustainable aquaculture and capture fisheries.
Investigation IV was slowed by an underestimation of the time needed to develop the new
technology for snakehead formulated feed. The development of AquaFish Snakehead
Formulated Feed took a longer time than was our expectation. The Investigation III
developed cost-effective and high performing compounded feed that had less reliance on
using trash fish and which would have lower environmental impacts. The study was designed
to determine if trash fish could be replaced by the new AquaFish Snakehead Formulated Feed
in which other plant ingredients replaced fishmeal and enzyme or provide supplementation in
the diet for optimum growth and survival of snakehead. However, this new developed
technology cannot be transferred and publicized without making final tests, proving the
technology, and farm trials and farmers pilot adoption.
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The new AquaFish Snakehead Formulated Feed will be publicized for broader use by fish
farmers, aquaculture practitioners, and commercial uses through printed materials such as
poster, leaflet, trainings, and extension workers, as well as workshops to disseminate this new
technology to peer and relevant researchers to achieve the overall objective of transferring the
adoption of new feed technology to the end users.
CONCLUSSION
The project addressed a critical gap in terms of institutional capability of Inland Fisheries
Research and Development Institute (IFReDI) to implement information and communication
interventions targeted at specific users of fisheries resources who are causing fisheries
resources degradation problems that affect fisheries and aquaculture productivity,
profitability, and food security. The project has built not only institutional and staff capacity,
but also established networking and linkages between and among the research institutes,
universities, and development institutions around the world.
The project addressed urgent fisheries resources degradation problems which are related to
improper use of feed technology in aquaculture development and other agricultural activities
around the Great Lake, in particular, and in the Lower Mekong River Basin of Cambodia and
Vietnam, in general. More than 10,000 farmers are aware of freshwater small size fish
species diversity through the publication of the poster. The project provided awareness on the
importance of balancing use of freshwater small size fish in the Lower Mekong River Basin
in Cambodia and Vietnam. The project has established effective linkages between
researchers and communicators. The research results were applied to develop appropriate
technologies to disseminate technical information and provide awareness and better
understanding of the importance of low value fish, feed meal technology and feeding
practices to the fish farmers which significantly reduce dependence on capture trash fish for
feed and feeding in aquaculture activities.
The project will produce more impact and benefit to farmers and users of aquatic resources
after the new AquaFish Snakehead Formulated Feed has been tested, proven, and adopted by
farm trials and pilot farmer adoption in phase 2 of the project implementation. The adoption
of this new feed will lead to reduction in the utilization of small size fish for snakehead
culture in both Cambodia and Vietnam.
ANTICIPATED BENEFIT
Investigation IV provided direct and indirect benefit to different stakeholders such as: group
of fish feed producers, fish farmers, aquaculture specialists, extension workers, and the
people who live in Mekong Delta. Especially, women, children, and elders whom often
involved in fish made feeds and fish feeding practices.
More than 500 fisheries officers, NGOs representatives, local authorities, and other
stakeholders worked related to aquaculture, fish farmers, and fishermen in the lower Mekong
basin of Cambodia and Vietnam were aware and informed on the project implementation.
Moreover, 47 fish farmers in Cambodia were trained on farm made feeds, feeds and feeding
strategies and 21 key fish farmers were trained on training of trainers to become extension
workers. More than 10,000 farmers were aware and gained knowledge on species diversity
and composition of freshwater small size fish in Mekong River Basin of Cambodia and
Vietnam through poster. More fish farmers and aquatic resource users will receive relevant
information and appropriate technologies on AquaFish Snakehead Formulated Feed after the
technology has been tested and proven adoption in the second phase of the project. On the
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other hand, this investigation was not able to provide indirect impact and benefit yet to the
fish consumers in the Mekong Delta from lower fish price due to the fat that the technology
was not fully been tested and adopted by farmers. However, the technology will be widely
disseminated to fish farmers, aquaculture practitioners, feed makers, and other aquatic
resource users in the second phase of the project implementation.
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Photo 1. Project Team Members participated in Orientation Meeting in IFReDI, Cambodia

Photo 2. Inception Workshop to Lunching the Project Implementation in IFReDI, Cambodia.
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Photo 3. Fisheries Official, Community Fisheries, and NGOs Representatives Participating
in the Inception Workshop.

Photo 4. Dissemination Workshop in Cantho University, Vietnam
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Photo 5. Participants in the Dissemination Workshop in Cantho University, Vietnam

Photo 6. AquaFish CRSP Snakehead Formulated Feed Developed by Investigation III.
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Photo 7. Poster on Small Size Fish Species in the Lower Mekong River Basin CambodiaVietnam.
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ABSTRACT
The goal of this investigation was to establish a specialized, internet-based delivery system
for news and technical developments of interest to tilapia farmers. We developed the first
Tilapia Podcast as an additional means to disseminate tilapia culture information to the
scientific, business, government and farming communities of the world. The podcast has an
18-minute vocal track evaluating two popular tilapia culture reference texts, Lim and Webster
(2006) and El Sayed (2006). Recorded vocal analysis of the utility of these reference
materials is accompanied with a series of ~ 60 photographs of tilapia farming and cultivation
centers in the Philippines, along with a musical soundtrack. The podcast was circulated
internally and subjected to review with AquaFish CRSP and US Department of Commerce.
Following extensive editorial revisions the podcast was approved. The podcast was
subsequently launched at a workshop held at the Freshwater Aquaculture Center at the
Central Luzon State University in the Philippines. The workshop was well attended by 84
participants, including farmers, feed manufacturers, the press, students and government
officials. The workshop covered the concept of a podcast, a demonstration of podcasting, as
well as lectures and discussion on practical cost-containment feed reduction strategies shown
through on-farm trials to improve production efficiency of tilapia farming. The podcast was
met with considerable enthusiasm and was loaded on the computing facilities at FAC-CLSU
for access by the Luzon community. The podcast was uploaded on iTunes U (University) on
the North Carolina State University server, which is configured to collect data to quantify the
number of podcast uses or “hits”. Use of the podcast on the NCSU server has been excellent
with 76 downloads and 262 hits over a 7-month period. Collectively, we demonstrated that
podcasting is a viable, alternative extension tool for disseminating information to the
aquaculture community. The podcast approach is far thriftier, more easily updated, and more
efficient than the distribution of printed media. Podcasts are not only more economical and
easily updated than printed media, they are more far-reaching and vastly less consumptive of
natural resources than virtually any other available method of distribution of extension
information. With the continued growth of smart phones, MP3 players, and other devices in
the Philippines and the world we anticipate the Podcast will be a highly attractive to for
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dissemination of information on farming tilapia and other cultivars. Future activities will
establish a series of shorter podcasts that provide information on technologies and procedures
for farming tilapia more efficiently.
INTRODUCTION
Podcasting is an internet-based communication method that is increasing sharply in
popularity. Contrary to a popular misunderstanding, the use of podcasts is not restricted to
owners or users of iPods, and neither an iPod nor other MP3 player is actually necessary.
Podcasts are information broadcasts that can be retrieved and played using any computer or
other devices equipped with Internet access. With a podcast, freshly updated sound and/or
images and video can be distributed economically to Internet users worldwide, and the use of
this means of communication is very much on the rise. To our knowledge, the potential for
podcasting for the benefit of aquaculture farmers has only recently been adopted (University
of California - Davis and others) and none has been developed as an extension tool for
developing countries.
In the course of our studies, we have generated considerable technical information of
practical utility to farmers in the Philippines. For the most part these have been feeding
parameters and strategies that enable farmers to reduce production costs without any negative
impact on productivity (Bolivar et al. 2006). We have also developed a molecular method
that provides a rapid assessment of growth rate (Vera Cruz et al. 2006) that has the potential
to increase the pace of methods testing and practical technical advances that could help
farmers.
Our approach to extension work has involved active interfaces with farmers on a variety of
different levels. We have produced and distributed pamphlets, held training sessions and
hosted numerous workshops at the Freshwater Aquaculture Center at Central Luzon State
University (CLSU). We have also found that the active participation of farmers in
experimental field trials (Bolivar et al. 2006) assists dramatically in getting the news out,
particularly when excellent yields and lowered production costs are part of the equation;
farming methods established in this manner have been adopted quickly and broadly. In short,
we find tilapia farmers in Luzon, the Republic of the Philippines to be accepting and
appreciative of extension work from CLSU.
Our extension activities have also included the establishment of an internet-connected
computing center, which has drawn and retains the interest of both students and farmers. This
center is on campus at the Freshwater Aquaculture Center, and is visited routinely by
aquaculture farmers in that region. Use of this center by students, farmers, and faculty has
been heavy. Internet access is growing in the Philippines with about nine percent of citizens
currently wired for access. This rate is increasing rapidly, and it is supplemented by the
appearance of numerous campus computing centers and Internet cafes to which farmers have
access. Moreover, most Filipinos use wireless phone technology and many use MP3 players,
so it is becoming very much the case that podcasts can easily be uploaded and viewed around
Luzon Island. The goal of this investigation was to establish a specialized, internet-based
delivery system for news and technical developments of interest to tilapia farmers. Our shortterm goal was to develop and assimilate tilapia-related news into a podcast, in an objective
way that will keep farmers and the aquaculture community up to date. In the longer term, we
plan to deliver these announcements as well as practical technologies for tilapia farming as
serial “Podcasts” to which internet users and the farming community can subscribe at no cost.
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OBJECTIVES
1. To develop a tilapia podcast that summarizes tilapia-related publications and news
into an internet-friendly broadcast
2. To conduct a workshop and provide this Tilapia Podcast to the computing center at
CLSU on a trial basis, for access to and feedback from appropriate user groups
(aquaculture farmers, students, and faculty).
3. The workshop will also serve as a classical outreach activity for providing farmers with
the latest information and training on best management practices for pond-cultured
tilapia.
RESULTS AND DISCUSSION
This investigation began with a learning process to use standard but unfamiliar software and
hardware that are favored for the production of podcasts. Garage Band, a program that is
commonly used on Apple computers, was selected for our podcast production effort. As
proposed, the subject matter was selected to focus on matters of practical interest to
commercial tilapia farmers in Luzon, Philippines. It was also our intention for this podcast
to contain information that would be useful to aquaculture students and scientists,
particularly those at the Freshwater Aquaculture Center (FAC) at Central Luzon State
University.
Our initial podcast has an 18-minute vocal track evaluating two popular tilapia culture
reference texts, edited by Lim and Webster (2006) and El Sayed (2006). This podcast was
designed to contain oversight into these two texts, but with a lighthearted and loosely
structured photographic essay on the subject of tilapia farming in the Philippines. Recorded
vocal analysis of the utility of these reference materials is accompanied with a series of ~ 60
photographs of tilapia farming and cultivation centers in the Philippines, along with a
musical soundtrack.
Compliance of the podcast with copyright was a challenge. In order to remain compliant
with these laws, an effort was made to obtain permission to use commercially recorded
music for the soundtrack by sending draft podcasts along with requests to the holders of
four such copyrights. Two did not respond, one responded negatively, and a fourth
responded that they would be unable to respond.
Consequently, non-copyrighted music recorded by a fellow NOAA employee was used, for
which we thank Dr. Gary Wikfors, NOAA Biotechnology Branch. After extensive editorial
work, the finished podcast was circulated internally and subjected to formal review and
approved by the US Department of Commerce. It was also submitted to be considered for
review by the US Agency for International Development, but suitable review procedures
were not yet in place for this medium.
See http://web.mac.com/poptard/Site/Podcast/Podcast.html
Following the approval of this podcast by NOAA, it was uploaded to the North Carolina
State University (NCSU) iTunes U (University)server, which is configured to collect data
in order to quantify the number of podcast uses or “hits”. The link to that podcast follows.
http://deimos.apple.com/WebObjects/Core.woa/Browse/ncsu.edu.1784740579.01784740581

)

82)

!"#$%&#'()*"+,*!-.)&%/"-!&0'!&,%-)122341225)

A second podcast was assembled to address the nutritional value of tilapia, and about 35
hours of labor was invested. Regrettably, the portable computer on which it was stored was
stolen with the nutritional podcast on the hard drive at ~ 90% completion; future podcast
work will be backed up on a secure desktop machine.
A workshop for farmers and students was held in Luzon at the Freshwater Aquaculture
Center during the second week of January 2009. This workshop launched the Tilapia
Podcast and provided extension activities to promote students and fish farmers to use
online information in their tilapia culture work. The workshop also provided information
and presentations on alternative feeding strategies for farmers.
Figure 1. Tilapia Podcast Workshop, CLSU Freshwater Aquaculture Center, January 2009

The workshop was very well attended, with approximately 84 registered participants at the
Phil-Sino Center for Agricultural Technology at Central Luzon State University. Participants
included various members of the farming community, feed companies, government
representatives (local and regional), media, and university students, staff and faculty. An
apparent majority of the participants in the Tilapia Podcast Workshop held January 12-13,
2009 were initially unfamiliar with podcasting. A practical demonstration of methods for
producing podcasts was provided. Podcasting was presented as an internet-based sharing of
digitized information, similar to blogging or the use of YouTube. Blogs consist of written
words or text files, and YouTube is a medium for the presentation of video material, but
podcasts incorporate audio or sound files and have the option of using graphs, still
photographs, and animated visual files as well. They also differ in the sense that they are
available by free subscription. The advantages of podcasting as compared to other digital
media, and also as compared with the printing of brochures, journals, and books were
discussed at the workshop. Questions frequently arose about updating brochures not only to
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refresh their content, but also to produce them for distribution in alternative languages. Most
important among the numerous and positive reasons to venture into podcasting were the facts
that it is a very thrifty technology, CLSU is an internet-savvy environment, and the material
disseminated this way can be updated and distributed, repeatedly if necessary, at extremely
low cost. Overall, the workshop was met with considerable enthusiasm and the podcast was
loaded on computing facilities at CLSU. The activities were subsequently featured in two
articles, “Tilapia Podcast in the Web” and “Tilapia Feeding Strategies for More Income” by
Dr. Sosimo Ma. Pablico, published in the March and April 2009 issue of the Agriculture
Magazine of the Manila Bulletin (ISSN 0118-857-1).
Very few earlier attempts have been made at aquaculture-related podcasts. The University of
California published a series in early 1997, in the MP 3 or sound-only file format. By using
sound alone, the result of podcasting is in many ways comparable to the use of a recorded
lecture, or a radio production of a sound track containing educational information. These
lectures along with others are still available for free on the iTunes store website (URL) and
are a pioneering and valuable contribution. Podcasting, nevertheless, has broader potential
that these initial efforts did not exploit – in particular, podcasting is capable of including a
visual dimension in addition to sound. Our podcast, in contrast, included a visual
photographic essay along with vocal and music information.
Use of the podcast on the NCSU server has been excellent; figures supplied by system
administrators indicate that this podcast was downloaded 76 times, previewed 60 times,
and browsed 126 times over a 7-month period. The number of total hits on the podcast
over this period was 262 (Table 1).
Finally, information on three effective cost-containment feeding strategies, largely
demonstrated on-farm in Luzon, were provided and discussed. This included delayed
feeding, 67% subsatiation feeding, and alternate day feeding strategies that were shown to
reduce feed costs without negatively impacting yield (Bolivar et al. 2006). Farmers were
particularly interested in these alternative farm management practices and anticipate testing
them in the future. Future outreach activities will incorporate traditional extension fact sheets
and podcasts to demonstrate the alternative feeding strategies and procedures to implement
them.
Table 1. Quantification of Tilapia Podcast access from the North Carolina State University
server. Rows indicate the number of “hits” in each month from left to right, while columns
indicate the type of “hits” over the seven month period including browses, download
previews and downloaded tracks. There were 262 total hits over the seven-month period
from July 2009 – January 2010.

Period
July 2009
August 2009
September 2009
October 2009
November 2009
December 2009
January 2010
Total
)

Browse
13
6
3
5
34
23
42
126

Download
Preview
1
2
2
2
16
10
27
60

Download
Track
10
4
2
5
25
14
16
76

Total
24
12
7
12
75
47
85
262
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CONCLUSION
This investigation demonstrated the practical utility of podcasting as a means of
disseminating detailed technical information on aquaculture to appropriate user groups in
Luzon Island. A groundbreaking 18-minute podcast contrasted two excellent tilapia culture
reference texts, by Lim and Webster (2006) and by El Sayed (2006). This podcast was
deliberately configured with photographic images depicting tilapia culture in the Philippines,
in order to maintain a high level of familiarity and comfort for the farmers in that area. It was
launched at a well-organized workshop held at the Fisheries Aquaculture Center on the
Central Luzon State University campus, where it was enthusiastically received. 84
participants were in attendance, including farmers, aquaculture students, representatives of
the press, feed industry personnel, and government officials.
The community appeared to be highly receptive to this new mode of communication,
and is certain to welcome the additional podcasts that are scheduled to be prepared in
continuation activities.
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ABSTRACT
The ISTA 8 was successfully held in mid-October 2008. Almost 450 people
attended the conference and tradeshow. The Proceedings, co-published by the AquaFish
CRSP, included over 100 papers filling two volumes and 1500 pages. At the September
2009 World Aquaculture Meeting and 2010 WAS Meeting in San Diego student poster
presentations were judged. The criteria for judging included applicability to sustainable
aquaculture practices in developing countries, quality of the science, visual presentation of
research on the poster, and on oral discussions with the judges.
INTRODUCTION
The Eighth International Symposium on Tilapia in Aquaculture (ISTA8), cosponsored by the AquaFish CRSP, was held in Cairo, Egypt Oct 12-14, 2008. The event
recognized the birthplace of tilapia aquaculture and home of the Nile tilapia on the 25th
anniversary of the first ISTA held in Israel in 1983. The host for the ISTA was Central
Laboratory for Aquaculture Research, based at Abbassa, Egypt and part of the Ministry of
Agriculture. Another co-sponsor of the ISTA was the WorldFish Centre. The Cairo
Convention Center was the venue for the conference and provided excellent facilities for
simultaneous translations, concurrent sessions, and a trade show. The scope of the ISTA
symposia has closely matched the growth of tilapia farming into a global industry of the
second most commonly farmed fish in the world. From the first ISTA with several dozen
participants, the ISTA’s in Brazil, the Philippines, Mexico, and now Egypt have each
drawn between 600 and 900 attendees. Hundreds of thousands of jobs have been created
in the farming, processing, and selling of almost 3,000,000 mt of tilapia products per year.
This enormous quantity of fish has been produced in many of the world’s poorest
developing nations, providing high quality seafood to their own people as well as the most
highly developed markets. This fact was reflected in the diversity of attendees and
presentations from 40 different countries.
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Objectives:
1. To provide travel support for Dr. Gonzalez and four international contributors from
other Aquaculture & Fisheries CRSP countries to attend ISTA 8.
2. To employee a UAT student to assist with the compilation of papers submitted to
the ISTA 8 conference proceedings.
3. To publish and print the Proceedings of the 8th ISTA. To establish an ISTA website
for on-line submission of abstracts and papers and eventual e-archiving of paper
and presentations in PDF formats.
Travel support
Travel support to the conference was provided for Pablo Gonzalez, Mario
Hernandez and Vicente Camporredondo from Mexico, Charles Ngugi from Kenya, Khalid
Salie from South Africa, Pamila Ramotar from Guyana and Yang Yi from China. We
were pleased to be able to spread the support so that we were able to bring 7 people rather
than the five proposed (plus Fitzsimmons).
Proceedings completed
The technical sessions included 112 presentations with each presentation having a
paper also published in the proceedings. Papers on genetics, nutrition, fish health,
processing and food safety, best management practices, marketing and value added
products, certification programs, and regional reviews are included in the proceedings.
Copies of the ISTA 8 proceedings are available from the World Aquaculture Society online bookstore (www.was.org) or from the co-Chairman, Dr. Hussein El-Ghobashy
helghobashy46@yahoo.com at the Central Laboratory for Aquaculture in Egypt. Another
website has been set up with PDF’s versions of the all the papers, and some of the Power
Point presentations at http://ag.arizona.edu/ista/ISTA8 and
http://ag.arizona.edu/azaqua/ista/ISTA8/ProceedingsISTA8.txt .
Most of the papers are
in English with Arabic translations of the abstracts, and a few vice-versa. Keynote
addresses included Saad Nasser’s discussion of the state of aquaculture in Egypt, Yang
Yi’s presentation on advances in pond management, Jesse Chappel’s review of an
integrated tomato and tilapia production system, Kevin Fitzsimmons’ market review and
description of new products, and description of the VitaFish recirculation system in
Belgium by Jooste DeSmed. Other past and present CRSP participants included Remedios
Bolivar and three others from CLSU-Philippines, Charles Ngugi, Karen Veverica, Khalid
Salie, Chhorn Lim, Pablo Gonzalez, Mario Hernandez, and several Egyptians, in addition
to Yi and Fitzsimmons. One student at Universidad Autonoma de Tamaulipas and one
student at the University of Arizona were hired on the project to assist with organizing the
abstracts, send papers out for review, collate papers into sessions, and keep records on the
internet website. Two students were also employed in Egypt to prepare papers, provide
Arabic translations, work with the Website designers and managers, and eventually to help
with translations and social aspects at the ISTA 8 event itself.
Conference highlights
Other aspects of the conference included a Nile dinner cruise with tilapia on the
menu to go along with classic Egyptian entertainment and a farm tour to the Egyptian
Aquaculture Center, managed by Dr. Ishmail Radwan. The Center provided an extensive
tour covering hatchery, pond harvesting, and packing of fresh fish for Cairo and
Alexandria markets. Egypt has become the second largest tilapia producer after China.
Much of that growth has been attributed to training and support provided by the Pond
Dynamics/Aquaculture CRSP. One of the focal points of ISTA8 was the steps that are
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needed for Egypt to become a significant exporter of tilapia products. Several papers were
devoted to describing Best Management Practices, ISO and HACCP standards, and other
international criteria that Egyptian farmers and processors will need to implement in order
for other countries to accept Egyptian tilapia exports.
Many people also took advantage of open periods to visit the Pyramids of Giza, the
Sphinx, the Egyptian Museum, and Luxor where they could observe hieroglyphics of
tilapia held in ponds during the Early and Middle Kingdoms of Egyptian history. Lunch
and coffee breaks provided opportunities for discussions between delegates to compare
results and projects.
Reverend Jan Heijne Award
The Tilapia International Foundation presented their award recognizing exceptional
career service in support of poverty alleviation through tilapia aquaculture to Dr. Marc
Verdegem from Wageningen University during the Nile dinner cruise. Named for
Reverend Heinje, who organized and supported several tilapia farming projects in
developing countries with his congregation in the Netherlands, the award is presented at
each of the ISTA events. Following tradition, the Ambassador from the Netherlands to the
host country, Egypt in this case, presented the award. Dr. Verdegem has a distinguished
record of development projects in Africa and Asia along with publications of research
conducted in the field and at Wageningen.
Sponsors and Supporters
Egypt’s Central Laboratory of Aquaculture Research in the Department of
Agriculture and Land Reclamation was the ISTA host for the symposium. The American
Soybean Association provided travel support for two international speakers to attend
ISTA8. The World Fish Centre provided several local staff to assist planning and
implementation of the conference and provided travel support for several of their staff
scientists to attend and present. The World Aquaculture Society, American Tilapia
Association and Global Aquaculture Alliance (GAA) provided advertising and
announcement support. GAA also provided complimentary copies of their Global
Aquaculture Advocate magazine for inclusion in the conference bags. Intervet-ScheringPlough provided $10,000 in unrestricted support which was used to support coffee breaks
and lunches. An additional grant from the US-Department of Agriculture-Foreign
Agricultural Service for $25,000 supported participation from several scientists from SubSaharan countries. Another $20,000 was pledged from the Egyptian Science and
Technology Fund, but these funds were never delivered, despite many letters and personal
visits by Dr. El-Ghobashy.
Student Awards at WAS 2009 in Veracruz, Mexico
In September 2009, the student judging panel reviewed the criteria for the WAS
and AquaFish CRSP awards and incorporated these into the judging forms. Kevin
Fitzsimmons and Wilfrido Contreras served on the panel along with the other volunteers
recruited by the WAS Awards Committee. The posters were evaluated by at least three
judges and the results were tallied on the second day in order to make the awards at the
student reception held on the second evening of the WAS meetings. The winning students
were recognized at the student reception and awarded their checks and certificates.
(Figures 1-3).
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First Prize - $400
Sabas Jimenez Rojo
Instituto Tecnologico - Boca del Rio
Veracruz
MEXICO
Second Prize - $200
Ignacio Fernandez
IRTA, Centre de Sant Carles de la Rapita
Sant Carles de la Rapita
SPAIN
Second Prize - $200
Socorro Jimenez Valera
Departamento de AcuCentro de Investigacion
Ensenada, Baja California
MEXICO
Student Awards at WAS 2010 in San Diego, CA
Three awards were also determined at the San Diego meeting and certificates and checks
prepared. Only one of the students, Murni, from the University of Rhode Island was
present to collect materials and have photo taken. The other two winners are having their
certificates and checks mailed and will send photos with their major professors.

!

'(

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
ISTA 9
The next ISTA has already been scheduled and will take place in Shanghai, China
on April 22-25, 2011. Shanghai Ocean University (SOU) will host ISTA 9 at the same
time as the Ninth Asian Fisheries Society meetings. SOU has an entirely new campus
south of the Shanghai-Pudong International Airport in the master planned suburb of
Lingang-Shanghai. The Howard Johnson’s Hotel-Lingang will serve as one of the
conference hotels along with the JinJiang Inn. Additional economical housing will be
available in the graduate student dormitories on the SOU campus. Many of our past
sponsors have already agreed to co-sponsor the ISTA 9, along with additional support from
the Chinese aquaculture industry. In particular, Intervet-Schering Plough has already
committed to a $10,000 sponsorship. The conference websites are under construction at
http://www.9afaf.org/Index.html and http://ag.arizona.edu/azaqua/ista/ISTA9/ISTA9.htm
.
CONCLUSIONS
The ISTA 8 continued the successful series of symposia that have documented the
rapid growth of the tilapia industry in the developing world and of the considerable
contributions provided by Aquaculture CRSP scientists and students to achieving this feat.
The Student Poster Awards provided recognition for the considerable efforts of AquaFish
CRSP to support international students and the goal of developing sustainable aquaculture
technologies.
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TOPIC AREA
MARKETING, ECONOMIC RISK ASSESSMENT & TRADE

COMPETITION AND IMPACTS BETWEEN USES OF LOW VALUE FISH FOR
AQUACULTURE FEED VERSUS USES FOR HUMAN FOOD
Marketing, Economic Risk Assessment & Trade/Study/ 07MER01UC
Hap Navy
Inland Fisheries Research and Development Institute (IFReDI)
Robert S. Pomeroy
Connecticut University, USA
Dr Le Xuan Sinh
Cantho University
Vietnam

CAMBODIA - Country Report

LIST OF ABBREVIATIONS
FiA
IFReDI:
FGD:
KIP:
MRC
FWF:
JICA
CF
NGO
NIS
ADB
HH:
HVF:
LVF:
FWF
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PART 1
INTRODUCTION
1.1 Background
Cambodia is located in the south-western part of the Indo-China peninsular and lies between latitudes
10 to 15 north and longitudes 102 to 108 east. Cambodia covers a geographic area of 181,035 km2. It
borders on the Northwest with Thailand, the North with Laos, the East with Vietnam, and the South
with the Gulf of Thailand (Figure 1.1).
Agriculture is the major occupation for about 85% of the total population. Rice and fish are the basic
diet of the Cambodian people. Fish is the most important source of animal protein for the Cambodian
people, and especially for rural people, with an average of 81.5% of all animal protein and a per
capita consumption of 52.4kg/person/year. At least 1/3 of all Cambodians are reported to be
fishermen and fish sellers.
The fisheries sector contributes about 25 percent to the total agricultural production (speech of the
Minister of Agriculture, Forestry and Fisheries, July, 2009). Fish is a natural renewable resource and
very crucial to the livelihood of Cambodian people in term of food, income and safety net.
Furthermore, we can consider fish and other aquatic life as an essential staple food for Cambodians
after rice, and in addition, rural inhabitants could obtain fish easily and cheaply from nearby rivers,
ponds or lakes. It is noted that fishery production contributed around 25% to the country’s
agricultural production, while subsidiary crop production, animal production and forestry production
contributed 52.7, 15.5% and 6.9%, respectively (speech of Cambodian Prime Minister, National Fish
Day, July 2009). An average of fish consumption for the Cambodian people is reported 52.4
kg/person per year, which is around 75 percent of the animal protein contributing to the daily
livelihood of rural people.
Navy et al.1999 mentioned that the contribution of fish products in Cambodia encompass extensive
freshwater fisheries within floodplains, river, lakes, rice field fisheries, marine fisheries, and some
aquaculture activities. Fish constitutes about 75% of the animal protein intake for the Cambodian
households and most of it comes mainly from freshwater fisheries. It is thought to be most productive
inland fisheries of the world, contributing about 60% of the country commercial fisheries production
(Ahmed et al. 1998).
Navy and Kong (2008) reviewed catch over the last 10 years from the rice field fisheries and smallscale indigenous fisheries and found that all types of those fisheries are almost ignored in the data
collection efforts from the Department of Fisheries (recently, Fisheries Administration (FiA)).
However, an official estimation of the FiA showed that it jumped by 323% from 74,700 tons in 1991
to 231,000 tons in 1999. This was due to the inclusion of family or small-scale capture into the
national annual production figures of inland capture fisheries. The estimation is based on catch
assessment and related studies conducted by Zalinge et al., (2002). Those studies made a
comprehensive effort for a reliable estimation by combining data from different sources. This
estimation provides a range of total fish production/catch between 290-430,000 tons. Currently, this
figure is widely used by the researchers and policy makers, although the estimation still remains
indicative only. Much effort is still needed to reach a conclusive figure in order to assess
sustainability of inland fisheries. If it is true that the current catch of fish is higher than the previous
decades, this is likely to be due to increases in population dependent on fishing and increasing fishing
effort in the form of destructive and illegal fishing activities.
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Since the year 2000 when Cambodia adopted its fishery sector reforms, inland fisheries took off
rapidly. Freshwater aquaculture continued to grow over the past two decades and increased from
1,610 tons in 1984 to 20,760 tons in 2004 and 25,000 tons in 2005 to 50,000 tons in 2008. It
represented 8.3 percent of total inland catch production in 2004. (FiA, 2004). Pond and cage culture is
estimated to contribute around 5% and 80% of this, respectively. The most important species of fish
in terms of volume and value produced by inland aquaculture are Pangasius spp. and Channa spp.
(snakehead). However, as a result of inland cage and pond culture being heavily dependent on wild
indigenous fish both for seed and feed, the Government has recently banned the culture of snakehead.
In terms of environmental friendly, in 2005 the ban on snakehead culture was effective implemented.
Information regarding on how snakehead culture impacts on small fish/trash fish used for feeding was
not documented. It was found that during the period of the study of participatory impact assessment
on aquaculture policy that due to a good profit from snakehead culture there still remains snakehead
culture, especially in areas along the Mekong and around the Great Lake (Bun et al., 2008).
Furthermore, it is found that small fish/trash fish (small prolific species) are also used for cage
cultured fish species such as Wallago attu, Mystus wykrioides and Pangasius sp.
Besides feeding to caged fish, small prolific species/trash fish were also used as a fertilizer in farming
systems and as livestock feed. There is no available information regarding the quantity of small
fish/trash fish used during the period of opening season, and particularly small scale fishing activities.
During the peak catch of Dai Fishery (beg-net), thousand tones of small fish were exported to go to
Vietnam via waterway. Those huge amounts of fish reported to be used for feeding to cultured fish or
even for fertilizer and human food (fish pest). In addition, small prolific fish species is not only used
for fertilizer but also the most popular species for local processing in Cambodia.
!
1.2 Research objectives
The overall objective of the study is to better understand the current status and trend of small prolific
fish species/trash fish harvesting in the four targeted provinces. The specific objectives of the
investigation are as follow:
1. To describe and analyze the status and trend of supply and demand of low value/trash fish
in Cambodia.
2. To assess the impacts of utilization of low value/trash fish in aquaculture on food security
and livelihoods of households in Cambodia.
3. To support development of a policy framework addressing aquaculture/capture fisheries
interactions, the sustainable exploitation and use of low value/trash fish in the lower
Mekong basin of Cambodia, and human food security issues.
PART 2
!
RESEARCH METHODOLOGY
2.1 Scope of the study
The period of the study was conducted from May 2008 to December 2009 in four provinces namely
Kompong Chhnang, Kompong Cham, Kandal and Siem Reap (Appendix Figure 2.1). The study sites
covered in four provinces, 10 districts, 14 communes and 40 villages were selected for the data
71

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
collection. The study also focused on the fishing of inland wild fish, the farming of fish, the trade and
consumption of food fish. In total, 544 samples were interviewed in the four targeted provinces,
which included 48 fish farmers, 240 fishers, 28 key information persons, 60 fish traders and 160 fish
consumers.
!
2.2 Methods of data collection
The methods of data collection were based on two steps. First step, the research team focused on the
available secondary data from relevant agencies in order to better understand the real context. Second
step was based on the data collection at field level with targeted key stakeholders by using semistructure interview.
•
•
•
•

Secondary data collection was done using the available information and reports from relevant
institutions such as Inland Fisheries Research and Development Institute (IFReDI), Fisheries
Administration (FiA), Mekong River Commission (MRC), JICA and other related agencies.
Focus Group Discussions (FGDs) were conducted in 8 villages of 4 provinces. The total
participants were 80 persons, with female 30 (38%) and male 50 (62%).
Semi-structured interviews (KIPs) were made between the research team members and local
officers at village and district level of selected provinces and;
The interview with a targeted household was conducted by using a set of 5 questionnaires.
Pre-test was also used before interviewing in each target groups. There were 5 target groups of
households in this study with the sample size as follows: 467 fishers, 615 snakehead fish
farmers, 189 food fish traders in 3 level of markets, and 779 end consumers of food fish. The
samples were also considered by 3 scenarios (deep, medium, and shallow flood areas).

2.3 Methods of data analysis
All data and information collected were stored in Access Program files. Furthermore, data analyses
were conducted by using all three sources of collected data in each part of the results & discussion
(FGDs, KIPs, personal interviews). The descriptive analysis was used to describe the secondary data
and to present the characteristics of the target groups. Cross-tabulation was made to describe and to
compare the data within and between the groups. Comparative analysis was done to compare the
mean value between the groups.
!
PART 3
OVERVIEW OF FISHING, AQUACULTURE, AND DISTRIBUTION OF FISH
PRODUCTIONS
3.1 Characteristics of fish production
An official figure shows that the fisheries sector contributes about 25 percent to the total agricultural
production of the nation (speech of the Minister of Agriculture, Forestry and Fisheries, July, 2009).
Fish, a natural renewable resource, is very crucial to the livelihood of Cambodian people in term of
food, income and safety net. Furthermore, we can consider fish and other aquatic life stock as an
essential staple food for Cambodians after rice. In addition, rural inhabitants could fish get easily with
little effort and cheaply from nearby rivers, ponds or lakes. In addition to domestic supply, Cambodia
has a long history of exporting aquatic products. It should be noted that fishery production
contributed around 25% to the country’s agricultural production, while subsidiary crop production,
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animal production and forestry production contributed 52.7, 15.5% and 6.9%, respectively (speech of
Cambodian Prime Minister, National Fish Day, July 2009). The average fish consumption for the
Cambodian people is reported to be 52.4 kg/person per year, which is around 75 percent of the animal
protein contributing to the daily livelihood of rural people.
Due to natural geographical endowment, Cambodian fisheries sector is classified into two main
categories: marine and inland fisheries. An average estimation of capture fisheries catch during the
fishing season from 2001 to 2005, both inland capture and marine fisheries, averaged 36,460 tons
(74.45%) and 12,509 tones (25.54%), respectively (JICA, 2006). The recent official figure from FiA,
reported that inland capture fish production was 422,000 tons in 2006 including large and middle
scale fishing (fishing lot), family fishing and rice field fishing activities. The aquaculture statistic was
34,000 tons, fish culture 34,160 tons, and shrimp 40 tons (FiA, 2006). Sam Nouv et al. (2003)
reported that freshwater fish production based on capture from the Great Tonle Sap Lake is about
60%, whereas Zalinge (2004) reported a different number from Sam Nouv of only 45 percent from
the Great Lake.
3.2
Natural aquatic resources in the freshwater area
The Mekong River Basin supports one of the most diverse faunas and floras in the world, and has
more fish species than any other river basin in Asia (Bard, 2000). Wetlands of the Lower Mekong
Basin are a unique and internationally recognized natural habitat to over 1,200 species of fish and it is
reported that more than 500 species of fish have been found in the Cambodian Mekong River System
(Adreas Zurbrugg, 2004), including brackish water areas where many species have not been identified
and taxonomically described. Furthermore, among the 1,200 fish species, more than 300 fish species
were identified and compiled by Rainboth (1996) in Cambodian. Between 10- 20 percent of these fish
species are now considered locally endangered, including 57 globally threatened animal species listed
on the IUCN Red List (Fact, 2001). These include 23 endangered species of water birds, and a
significant number of freshwater turtles, crocodiles, dolphins and other rare fish.
FiA/WorldFish Centre-DFID (2005) mentioned that the floodplains and other freshwater resources of
Cambodia are immense in term of area coverage. However, these resources have decreased
significantly overtime. It is reported that floodplains and other freshwater resources were reduced
from 1.87 million ha between 1980- 1987 to 1.6 ha between 1992 and 1993 (Torrel et al. 2004). In
addition, the flooded forest area was reduced by more than half in size from 0.8 million hectares in
1985-1987 to 0.3 million hectares during the fishing season of 1992-1993. During the flood season,
the forest plain of some 11,000 km2 is inundated and the lake (Great Lake) has a mean depth
fluctuation between 8-10 m. Many migratory fish species migrate out from the temporary habitat
during the dry season toward the nearby flooded-plain around the Great Lake for spawning, rearing
and feeding.
Ahmed et al. (1998) noted that the areas of the various inland natural aquatic resources are created by
the seasonal flow down of Mekong River water regime. Besides an overall decline, there were
significant changes in area under different types of land and water resources which support fisheries
between 1985-87 and 1992-1993. The changes in area under each type of resources can be attributed
to loss of primary flooded forests (vital fish habitat). Kong et al. 2004 mentioned that the richness is
based on vast areas of inundated forest and grassland across the country, the central feature is the
Tonle Sap Great Lake, the largest freshwater lake in the South-East Asia. During the flood season the
Tonle Sap Lake expands from 2,500 km2 to 16,000 km2. In addition to this, thousands of square
kilometers of floodplain forest are submerged to become one of the most productive aquatic habitats
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in the world. Furthermore, the aquatic habitat supports 2,300 species of aquatic plants, 130 species of
mammals, over 500 species of aquatic birds and 500 species of freshwater fish. It is considered by
many to be the economic and cultural heart of Cambodia. The seasonal rhythm of the Mekong means
that the rivers, lakes, submerged areas and floodplains are incredibly rich in natural resources that
provide the Cambodian people with fish, fuel, materials, transportation and agriculture.
3.3 Fishing and protection of natural aquatic resources / wild fish
Capture fisheries are classified into three main categories: large-scale fishing (fishing lot), middle
scale, and small-scale fishing (family fishing including rice field fishing). In the last two decades,
many conflicts of interest occurred in the fisheries domain. Conflicts of interest have been predicated
on the competitive claims to the fisheries resources that have arisen from commercial interests; a
growing subsistence populace; illegal fishing practices; and demand for agriculture land, water and
fuel-wood. The problems and conflicts have occurred between fishing lot employees, local
authorities, police, military, and local communities and has been visible as protests, petitions, “fishin” arrests and detention for forced labor, and confiscation of gear and livestock.
In order to protect and conserve inland fisheries resources and in response to those conflicts that have
occurred in the Cambodian fisheries sector, the Prime Minister of Cambodia proclaimed on 24
October 2000 a fundamental change in fisheries policy. This new policy reduced by more than 53%
the commercial fishing lot areas and subsequently increased the community fishing areas for the rural
people living close to the water bodies. A new office for community fisheries development was set up
and a sub-decree regarding the Community Fisheries (CF) was drafted in the Department of Fisheries,
with the support of the Mekong River Commission. The government’s reform policy on
establishment of community based resources management is a new strategy in order to provide an
opportunity for rural society to manage and protect fisheries resources in their own vital area. The
conservation, management and development efforts are mainly targeted on the protection of all types
illegal activities and the destructive flooded forests, and control of other activities involved in
fisheries resources. With this they hope to reduce and solve the conflicts pertaining to fishing
grounds. It is also hoped that the fishing community will provide valuable contribution towards
further declines of fisheries resources in Cambodia.
In addition, in order to strengthen the conservation of fisheries resources, in 2008, FiA established
another department (Fisheries Conservation Department) which is working on the conservation effort
on both freshwater and marine resources. In the conservation effort, a total of 1845 large bodiedMekong fish species were tagged and released back to the river in order to study the migration pattern
and seasonal habitat (MRC, 2004). In 1999, the Mekong Fish Conservation Project was established in
cooperation between the Cambodian Department of Fisheries and the Mekong River Commission.
The overall purpose of this project focused on the Mekong endangered species (Giant Mekong
Catfish and Giant barb) in order to study their migration pattern by using a plastic tag and how to
conserve these species for future sustainable fisheries. The study was carried out in the Tonle Sap
River during the open season of the Dai Fishery at row No. 2 from October to March and other areas
at commercial fishing lots around the Tonle Sap Great Lake.
Based on the official data from Thailand, Lao PDR and Cambodia, the population of the Mekong
Catfish has declined rapidly. The total number of fish in the Mekong basin is believed to have
decreased by over 90% over the past 50 year and this downward population trend continues today
(Hogan, 2003). Compared with these other countries, Cambodia is one of the last places where giant
Catfish and giant barb are caught in appreciable numbers.
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3.4 Aquaculture practices in the freshwater bodies
3.4.1 Background information related fish aquaculture in Cambodia
Thouk and Viseth (2004) conducted a survey on characteristics of aquaculture by type and area of
practice in Cambodia. The extension of fish aquaculture is one of the vital activities in order to
contribute to improving the daily livelihood of the poor society. The extension of fish aquaculture
was introduced in 1998 by AIT in some deficit provinces as during that time wild fish was still
abundant and then by JICA and DFID/DANIDA. Recently, aquaculture extension is one of the
national policies among the National Rectangular Strategy Policies of the Government and has
become a national movement (prime minister’s recommendation). There are several different
freshwater aquaculture systems being practiced in Cambodia in over 20 provinces and city. In Table
1 is a summarization of freshwater aquaculture characteristics in the provinces.
3.4.2 Pond culture characteristic in Cambodia
So Nam, et al., (2005) conducted a survey to profile freshwater aquaculture improvement and
extension in Cambodia. They mentioned that although Cambodia has no tradition to culture fish in
earthen ponds in rural areas due to the difficulty of keeping water in fish pond during dry season,
small scale culture in pond has rapidly increased in number from 3,455 in 1997 to 11,509 in 2004,
which represents a 43% increase. In addition, Nam et al. mentioned that aquaculture of fish in ponds
has been promoted with varying success over the years. As a result of this, a number of lessons have
been learned by the organizations involved. It is apparent that aquaculture is not rapidly adopted in
areas where there is a significant wild fishery. Ponds are hand dug in most cases. The long dry season
and high evaporation generally means that ponds will not hold water all year. The majorities of
fishponds are rainfed and are filled by the end of August. Stocking occurs around August and fish are
harvested gradually through the succeeding months until a final drain harvest as the pond begins to
dry up. Ideally water is held until April when the pond can be harvested for Khmer New Year and
prices are at their best. Fertilization and feeding of ponds is generally low, this is simply a reflection
of the limited inputs that can be obtained from the farming system. Greenwater has been promoted by
putting cow dug or animal manure in the pond. Species that performed best are tilapia, silver carp,
mrigal, common carp, which are exotic species, while the indigenous species are silver barb, barbodes
gonionotus.
3.4.3 Cage culture characteristic in Cambodia
Nam et al. 2005 reported that cage culture originated in Cambodia as an activity integrated with the
fishery rather than agriculture and its history goes back to the 10th century. It increased to 4,493
cages in 2004 operated in the Mekong Basin, including the Tonle Sap Great Lake (42%), the Tonle
Sap River (17%), upper stretch the Mekong river (19%), lower stretch of the Mekong River (14%)
and Basac River (7%). Most abundant cultured species reported are Pangasius sp. Cage culture
represents about 70% of aquaculture production and the remaining 30% from pond culture. Cage
cultured fish sells to markets in Phnom Penh. Feeding of this species relies heavily on small wild fish
caught from the fishing lots, thus inputs to the system are relatively expensive. Pangasius sp. are also
produced more extensively in ponds fed with pig and kitchen manure and rice bran.
The fingerling supply for Pangasius culture relies heavily on wild fish captured from the rivers and
lake. Fishers know the times when the fry are most abundant and will fish for them. They store the
fish in holding cages or well boats feeding them until sale. The mortality of fish in this system is high
but sale price is still relatively low. This trade is officially illegal but not enforced. Hatchery
production sp. Pangasius is costly, requiring 3-4 year old brood stock and intensive inputs and is
currently confined to one or two large state/NGO support hatcheries. Hatchery fingerlings must be
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achieved. There also appears to be a consideration that hatchery produced fingerling are not as good
as those caught from the wild.
3.4.4 Rice-fish culture characteristic in Cambodia
Rice-fish culture is an extensive form of aquaculture where fish are released into flooded rice paddies.
This form of aquaculture requires the feeding of fish with collected feed such as termites, earth
worms, duck weed and rice bran. Rice-fish culture was introduced into Cambodia, particularly in Prey
Veng and Svay Rieng Province (Romeas Hek district) in 1994-95, and the number of rice-fish
farmers grew to 40 by 1995-96, but has decreased to only about 20 now due to drought conditions.
Recently, rice-fish culture has been introduced to Takeo Province where there are 25 rice-fish
farmers. Viseth (1996) reported that the main species grown are Pangasius spp., silver barb (Barbodes
gonionotus) along with other exotic species such as tilapia (Oreochromis niloticus), common carp
(Cyprinus carpio), and silver carp (Hypophthalmichthys molitrix). The majority of the stocking of
these species are tilapia (40-50%) and common carp (20%), and the minority is Pangasius spp. (5%).
In addition, Viseth and Nam (2008) reported that the aquaculture makes up only a small proportion of
total fisheries production, which is about 5% in 1999 (Figure 3.1). This may be due to the fact that the
supply of fish from capture fisheries is still sufficient. Overall, average aquaculture production was
found to be highest in fishing villages, compared to other village types. Different fish species were
farmed in different village types. Species such as Chdor (snakehead), Pra (pangasius sp.), Po
(pangasius sp.) and Ross (snakehead) are commonly raised in cage culture in and along the Great
Lake and Tonle Sap and Mekong rivers (recently there was a ban for snakehead culture). Prices
varied for different species, but were found to be broadly consistent between different village types,
although the average price of Ross species was relatively low in farming villages, possibly due to fish
being of smaller size. Most (97%) fish culture production was for sale, while the rest (3%) was for
household consumption.
3.4.5 Trade and distribution of inland fisheries products
Freshwater fish are distributed in various ways. In many locations around the Great Lake, Mekong
River, and along river systems, fish is sold to customers at the farm gate and also exported to
Thailand, Vietnam and European countries. This practice is more common among small-scale or
traditional producers who process for subsistence purposes and localized sales. In other cases, fish are
transported by ox-carts, motorbikes and small trucks to urban markets. In addition, cages are towed to
Phnom Penh from the Great Lake and Mekong areas so that fish can be marketed alive.
Several research studies have been conducted on the fish trade and distribution system of fish product
in Cambodia and the neighboring countries. The surveys are mainly focused on inland capture
fisheries rather than freshwater fish culture or marine fisheries products. Those surveys such as: 1)
Mohamed et al. (2006) conducted a survey on fish marketing infrastructure, distribution channels and
trade pattern of inland fisheries resources in Cambodia, 2) Kim Leang (2006) conducted a survey on
the importation of fish into Cambodia from neighboring countries, 3) Navy et al. (2000), studied the
economic analysis of fish production from Dai Fishery located in the Tonle Sap River in Phnom Penh
and Kandal province, 4) Chea Y. and Bruce M. (2003), conducted a survey on domestic fish trade by
focusing more on the fish marketing channel from the Tonle Sap Great Lake to fish markets in Phnom
Penh city. The survey identified the market structure and transaction of fish product from the Great
Lake to Phnom Penh city at two main landing sites. The study also examined the key actors and
transactions, market information and services, and the role of financing and credit. In the same year,
they also conducted a similar survey on fish marketing system from the Tonle Sap Great Lake to
Thailand, 5) Sok Vanna (2005) studied Fish Markets in Phnom Penh, Siem Reap and Sihanouk Ville,
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6) Keang Seng (2006) conducted a survey on Fish export and the livelihood of the poor, and 7) Touch
Seng Tana reviewed the Cambodia fisheries targeted on the pattern change in the fisheries, inland
fisheries production, marine fisheries production, preserved, processed and exported products, supply
chain and role of the middleman, export of fisheries products, and fishing lot system. Therefore,
through several surveys mentioned above showed that the network of fish marketing and distribution
are relatively well developed in inland fisheries. There are small and medium-scale fish traders in the
fisheries sector. Normally, the smaller traders collect fish from fishermen and sell it to wholesalers
who distribute it to different places. There is high domestic demand of fish and fish products, ranging
from live to processed forms such as fish paste, fermented fish, dry salted fish, steamed fish, smoked
fish, and fish-sauce etc. High-value species are usually sold to the traders for marketing in Phnom
Penh or exporting.
The main players of the fisheries marketing system comprise fishermen, collectors,
wholesalers/middlemen, and retailers. The fishermen play a role as workers, and are either part or full
time involved in small, medium or large-scale fishing. The wholesalers/distributors are the main
traders and providers of the capital to most of the fishermen in both medium and large-scale fishing.
The retailers are selling fish directly to the consumers. The fishermen, fishing lot owners, local
collectors and local fish processors interviewed report that they operated without any organized
information system regarding prices, market demand, or annual catch volumes
PART 4
FOCUS GROUP DISCUSSION AND KEY INFORMANTS INTERVIEWS
4.1 Status of capture and protection of wild fish in freshwater bodies
4.1.1 General status in the study areas
The focus group discussion (FGD), were conducted in 8 villages of 4 provinces, namely Kampong
Chhnang, Kampong Cham, Kandal, and Siem Reap provinces. Total participants were 80. Females
were 30 (38%) of the total participants. Those participants were from activities such as fishing,
aquaculture, fish trading and end users of low value/trash fish products, in order to represent the
fisheries activities in the province. The detailed information on selection of district, commune and
village for the FGD by province is in Appendix table 4.1.
The main occupation of local households in the selected study area in Kampong Chhnang province
are fishing (50%), including 20% of fish culture households, 10% of fish trading households, 20% of
rice farming, cash crop farmers, labor workers, small business. In Kampong Cham province, the
selected study areas were closed to the Mekong River and they were flooded some time during the
rainy season. The majority of the occupations of the people who live in these villages are fishing
activities and rice and other crop farming and livestock raising. In Kandal province, currently the
main occupations of local people are fishing, fish trading, fish culture, rice farming and other crops.
The number of household has increased compared to ten years ago. The percentage increases are
fishing households (70%), fish trading (40%), fish culture (30%), rice farming (50%) and other cash
crop (30%). Moreover, in Siem Reap province, the two selected villages are flooded villages in the
Great Lake Tonle Sap. About 95% of the total households are fishing and 30% do fish cage culture.
4.1.2 Status of Fishing Activities by Province
4.1.2.1 Kampong Chhnang Province
Over the last 10 years the number of fishers has decreased about 30% compared to before because of
fish resources degradation. Therefore, some of the respondents stopped their fishing activity and they
changed to other jobs such as daily labor, rice farming, and livestock raise.
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4.1.2.2 Kampong Cham Province
After 10 years, the number of fishers has decreased by about 60% in the study area because of a
decrease in fish catch. Therefore, they have to change to other work such as rice farming and raising
livestock. In contrast, in Antha Nel village, the number of fishers has increased by nearly 10% after
10 years because they do fishing for household consumption and support their family during free time
from rice farming activities. Main fish species catch by local household are Thynnichthys thynnoides
(Trey Linh), Henicorhynchus caudimaculatus (Real), Dangila spilpleura (Trey Ach Kock), Climbing
perch (Anabas testudineus) (Trey Kranh), Snakehead Murrel (Chana Striata) (Trey Phtouk/Ros),
Walking Catfish, Claria baatrachus (Trey Andeng), Mekong Giant barb Cyclocheilichthys
heteronema (Trey Chkkok), Belodontichthys truncates (Khlang Hai), Bronze featherback (Slat),
Small scale mud carp (Trey Krolong), Catlocarpio siamensis (Trey Kul Reang), Silver barb (Trey
Chhpin).
The fishers usually use bamboo trap (Loaun), cast net, net trap, hook long line, and gill net. But the
villagers said that currently fish have been decreasing in availability. Because of over fishing in the
area, some types of fish has decreased such as Mekong giant catfish Pangasianodon giga (Trey
Reach), Seven-line barb Probarbus jullieni (Trey Trosak) have decreased through use of illegal
fishing activities such as bombing, and electric-instruments.
4.1.2.3 Kandal Province
The current number of fishing households has increased about 70% compared to the last ten years.
The fish species were caught from rice fields, rivers and canal for the purpose of daily food
consumption and sold to the middlemen or market by using common fishing gears such as bamboo
trap, gill net and hook long line. In general, they do fishing activities from July to April, with 15 to 25
days per month. An average daily catch per household was 7 kg, which range from 0.5 to 20kg.
However, the fish catch of all the species are dramatically decreased from 40% to 80% depending on
the type of species (Table 1). Some species have disappeared, such as Narrow barred Tigerperch
(Kantrob Khla), Giant sword minnow (Dong Khteng), Blackfin Sharkminnow (Keat Srang),
Engraved catfish (Kaok), Bliunt face barb (Kambot Chramos), Mekong giant catfish (Trey Reach)
and Giant Barb (Kul Reang). There are some reasons for disappearance of this kind of fish species,
such as population growth, over fishing, use illegal fishing gears (i.e. Uy, mosquito net, electro
fishing gear), and use of pesticide for agricultural cultivation. The price of fish caught ranged from
1,500 to 12,000 Riel/Kg depending on species and period/month/seasonal.
4.1.2.4 Siem Reap Province
The result from FGD found that after 10 years the number of fishers in the selected villages have
increased by 8% to 10%, because of population growth (Appendix table 4.4). On the other hand, the
rice farmers also do fishing activities during their free time from rice farming. Before there were a lot
of fish in the fishing areas, but nowadays fish have decreased compared to the last 10 years. Main
fishing gears used by local fishers were bamboo trap, cast net, trap, net trap, hook long line, and gill
net.
Some fish species have recently disappeared including Giant Barb (Kul Reang), Malayan leaffish
Pristolepis faciata (Kantrop Khla), Laotian shad Tenualosa thibaudeaui (Kbok), Osteochilus schlegeli
(Lorlork Sor), Bala sharkminnow Balantiocheilos melanopterus (Kiet Srong), Amblyrrhynchichthys
truncates (Kambot Chramos), Mekong giant catfish Pangasianodon giga (Reach), because of the use
of illegal fishing gear. They confirmed that wild fish is getting less and less from day by day, so its
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price becomes higher and higher. They use illegal fishing equipment such as electric-line, small mesh
size net, and clearing/cutting flooded forest trees. This leads to lose of fish habitat and fish spawning
areas during fish reproduction. The main fish species caught by local household are listed in Table
4.5.
4.2 Status of Freshwater Aquaculture
4.2.1 Kampong Chhnang Province
There are no fish seed producers in this area. The number of fish farmer for Giant Snakehead culture
has decreased because the government banned culturing of Giant Snakehead fish and lack of fish seed
and feed supply for culture. The duration of fish culture is 5-12 months and generally they grow fish
one time a year. Fish grow-out in the area starts from September to June. Cultured fish species in this
area are Pangasus, Tilapia, and walking catfish. Fish farmers use rice brain, vegetable, trash fish, and
snail mixed for feeding them. Currently, the supply of trash fish for feeding has decreased because of
a decrease in fish caught from the natural resources. The reason for less fish supply is because they
use illegal fishing gears such as mosquito net, electro fishing and modern fishing gears to catch small
fish from the wild.
4.2.2 Kampong Cham
According to the result from the FGD, in the two selected villages in Kampong Cham province the
fish farmers nearly stopped doing fish culture. Therefore fish farmer numbers were decreased by
nearly 95%. The reason is because of high price of fish feed, low fish price when they sold fish and
they got very low profits. Moreover, they cannot grow giant snakehead fish because of being banned.
Before fish farmers could buy trash fish with lower price and catch fish by themselves to feed their
cultured fish. However, they cannot get enough profit for their livelihood. Now there are many
activities of overfishing on the low value fish through the use of illegal methods; therefore, the fish
products are not enough to support the farmers in order to culture fish. Many farmers have decided
not to do aquaculture and they have changed to do other activities like livestock raising and growing
rice.
4.2.3 Kandal Province
Currently, the number of fish culture households has increased about 30% compared to the last ten
years. However, in this study area, there are no households that work on hatchery or nursing activity.
There are two main and common fish species for freshwater aquaculture in the study area, Pangasius
sp. (Sutchi Catfish) and Trey Andeng (walking Catfish), because they are easy to feed and fish seed
is available. Fish farmers use different types of feed for fish feeding including freshwater trash fish,
marine trash fish, fish milk, and aquatic plants such as water spinach, duck weeds, algae etc. In
general, they catch freshwater trash fish and find aquatic plants by themselves. Moreover, they also
bought marine trash fish and fish milk from the market for fish feeding. Freshwater trash fish caught
have decreased because of less supply from the wild and its has a higher price compared to the past
period.
Currently, some species of freshwater fish are encouraged for aquaculture in the country by the
Government, such as Pangasius sp. (river catfish) and Walking Catfish (Andeng), because the fish
farmer can use rice brand and other aquatic resources for feeding. Moreover, these kinds of fish
species do not eat trash fish.
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4.2.4 Siem Reap
As results from FGD in the selected study area in Siem Reap province it was found that fish culture is
rapidly decreasing in nearly 10% of the villages of Phum 1,2,3,4,5,6,7, whereas there has been an
increase of 6% in the village of Chamkar Yuon. Fish farmers in these villages do not hatch fish either.
However, there is motivation from the Government to expend and develop culture fish in the country.
The main species for doing fish culture, including Pangasus sp. (river catfish), Silver barb, and
Walking Catfish (Andeng) etc., in order to reduce the use of small fish or trash fish as fish feeding for
getting benefits in short term. Moreover, these kinds of fish eat only plankton in the water, rice husk,
vegetable, and algae. Although the water quality is poor, the fish will still survive in the water.
However, trash fish from both marine and freshwater are sharply decreasing and fish farmers are
increasing in some areas and therefore the prices of trash fish or low value fish are increasing.
4.3 Perception on the Low Value Fish in the Study Area
The perceptions of the low value fish in the study area are the small size of the fish (i.e. around from
2 cm to 14 cm) and the specific species (Appendix table 4.6). These fish species are caught by gill
nets with mesh size of 2-8 square centimeters, small bamboo trap, Loeur, and hook long line.
Quantities of low valued fish depend on the season. The price of fish ranges from 300 - 3000 Riel/Kg,
which is dependent on the fish catch season (i.e. low and peak period season). Currently, the price of
low value fish is higher compared to before because of depletion of fish caught, population growth,
increasing traders, duck feeding and export.
Peak period of these fish species are between November to April for large scale fishing operation, but
for small scale or family fishing operation, they can operate the whole year depending on their
location and fishing ground. In the study area they do fishing from August to February (i.e. 7 months
per year).
4.4 Impacts of Use of Low Value Fish to Feed the Cultured Fish
Some factors that impact the use of low value fish to feed the culture fish are reported in Table 4.7.
The results from the FGD found that it has very bad impact on the natural aquatic resources and has
led to depletion and loss of fish from the natural resources. However, it has good impact on fish
aquaculture because fish grow faster in short time and have good taste. Regarding to the public water,
it has bad impact because it makes water pollution, dirty water and bad smell. For food of poor
people, it has a bad impact because of loss of food for them due to higher price of fish and they
cannot afford the fish. Moreover, it has also bad impact on job in the community and income of
fishers because of decrease in fish catch, have low daily income, and lack of food consumption for
poor household.
Although the low value fish is important for human food and the feeding of cultured fish and animals,
if there is overfishing or over-catch, there will be loss of fish production from the natural resources in
the near future. However, it is very useful for the farmers to feed their cultured fish; it provides more
nutrient and protein, and reduces disease for the cultured fish. It can make public water polluted
because of its lipid, and it will also have negative effect of increased human diseases. Moreover, this
kind of fish is very important for human food and helps to increase the local and poor household
livelihood through adding to their daily income and food consumption which they get from the
fishing of the low value fish. Some of the farmers hope that there will not be overfishing of this kind
of fish in order to keep providing the benefits.
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4.5 Trade and Consumption of Fish in the Study Area
The supply of fish from the natural resources for trading and consumption has decreased dramatically.
The amount of fish for consumption per household in the study area have also decreased because of
less fish supply, higher price of fish, and the fish caught are smaller. There are some main reasons for
the change of the price of fish because of low volume of fish caught per household, many traders in
the study area, and population growth. Moreover, increase in use of trash or low value fish for duck
feed and for export to neighboring countries.
Although the fish supply is less and smaller size, the quality of fish has not changed. However, some
fishers said that the fish quality was low because the fishers have low catch compared to before so
they have to keep fish with ice for a few days in order to get more quantities of fish and have a long
trip to bring them to sell. As the number of fishers has increased, fish became less available in the
natural resource, and the market demand was higher along with more and more consumers, so there
was difficulty to buy fish. Some time, fish traders need go to buy or collect the low value fish at the
fishing ground.
4.6 Trend of Natural Aquatic Resources and Alternative Solution
The trend of natural aquatic resources is decrease in trash fish supply from the natural sources and use
of trash fish has also decreased due to higher price. The change of low value fish supply is because of
the low fish volume caught per household in the study area. The size of fish is smaller now because of
overfishing. Moreover, the quality of fish were also low because of the need to go to fish far away
from home, keeping the fish for many days (around 2 to 3 days per trip). The price of fish has
increased because of less fish supply. However, the work of the fish traders is easier and better
because they go to buy fish at the fishing ground and they do not lend out money to fishers as before.
On the other hand, the result shows that there are some difficulties and alternative solutions for major
fishing and fish-related activities as shown in Table 4.8.
PART 5
NATURAL AQUATIC RESOURCES & FISHING ACTIVITIES
5.1 Description of Fishers in the Study Area
5.1.1 Gender, Age, Education and Fishing Experience
The study was conducted with a total sample of household of 240 in four provinces on fisher use of
natural aquatic resources and fishing activities. Of the total sample households interviewed, 68 (28%)
of are headed by females. This compares to earlier socio-economic studies in the Great Lake-Tonle
Sap and Mekong-Bassac Area: 1) Rab. M. A. H. Navy et al. (2006) which showed that about 15% of
the 410 sample households were headed by females, 2) the socioeconomic survey conducted during
1994-95 by staff of the Management of Freshwater Capture Fisheries of Cambodia Project (Ahmed et
al. 19998) which revealed that about 19% of the households in fishing dependent communes were
headed by females, and 3) a survey conducted during 1993-94 (NIS 1995) which similarly showed
that about 21% of the household in Cambodia were headed by females. As shown in Table 6.1, the
majority age of male respondents ranged from 31 to 40 years, and female respondents ranged from 41
to 50, and followed by age between 41 to 50 for male and 20 to 30 for female.
An average age of the selected sample household head in this study was 40 years, and ranged from 20
to 61 years and above. The majority age group of male and female-headed households was between
31-50 years, with 42% and 16%, respectively (Table 5.1). Overall, only 5% of households are age 61
and above. This shows that the sample fisher households have major age ranged from 31 to 50 years.
Regarding to education, Table 5.2 showed that males had higher education than females. Moreover,
the majority of male and female education was primary, followed by secondary for male and illiterate
81

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
for female. Males had higher number than female in high school, 11 (5%) and only 2 (1%),
respectively. Overall, the majority of fishers were illiterate or primary school, 180 (75%). This
implies that both female and male fishers generally had low education and the highest education was
only at high school.
Table 5.3 shows that in the province of Kampong Chhnang, Kampong Cham, and Kandal, fishers
with low education (literacy and primary) had higher average years of experience than fishers with a
high level of education (secondary and high school), between 18 to 21 year and 14 to 19 years,
respectively. In contrast, in Siem Reap province, fishers with a high level of education (high school)
had higher average years of experience in fishing activities (30 years). This may be because Siem
Reap province is the main province for inland fisheries at the Great Lake Tonle Sap and also it is a
tourism province, therefore fishers need and tend to have a higher education for multi-jobs and
livelihood activities, outside of fisheries as well.
Overall, fishers with education of literate or primary had higher average years of experience in fishing
activities (20 years), which ranged from 2 to 50 years, than fishers with education of secondary (15
years), which ranged from 3 to 40 years. Moreover, the average years of experience for females was
higher than males by one year, 20 years and 19 years, respectively, and ranged from 2 to 50 years. In
addition, the average years of fishing experience of females was higher at the high school level and
followed by an illiterate level. Females at the high school level were also found to have more
experience in fishing than other females at illiterate, primary and secondary levels (Table 5.4 and
Figure 5.1).
The average size of sample household involved in fishing activities was relatively lower for male
headed household (5.8 persons) compared with female headed household (6.2 persons), which ranged
from 2 to 13 for male headed and from 2 to 11 for female headed households. Overall, the average
for fisher household size was 6 persons, with a range from 2 to 13 persons. Furthermore, in Kompong
Chnnang province, the average size of household for female household was higher than other
provinces, (6.8 persons); whereas in Siem Reap province the average size of household for male
headed households was higher than other provinces (6.1 persons) (Table 5.5).
5.1.2 Labors Involved in Fisheries Activities
The labor involve in fisheries consists of two types of labor, family and hired labor.
5.1.2.1 Family Labor
Overall, an average of family labor per household involved in all activities in study area, such as
fishing, fish trading, fish culture, farming (rice, other crops and vegetables), animal raising, daily
working labor was about 3 persons, which ranged from 1 to 9 persons. Moreover, the average labor of
male was higher than that of female. The highest number of females involved in the family labor was
found in the Kampong Chhnang and Kandal provinces, 1.5 persons, which ranged from 1.5 to 6
persons. Whereas the lowest average number was in Kampong Cham and Siem Reap provinces, 1.3
persons, with ranged from 1.4 to 4 persons (Table 5.6).
The average number of family labor involved in fishing and aquaculture activities in the four
provinces is shown in Tables 5.6 and 5.7. In all provinces, the average number of male labor involved
in fishing activities was higher than female labor, 1.5 and 1.2 persons, respectively, which ranged
from 1 to 6 persons for male and 1 to 3 persons for female. Moreover, the average number of males
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was highest in Kampong Chhnang (1.9 persons), followed by Siem Reap province (1.7 persons). The
lowest average male labor was in Kampong Cham (1.1 persons). However, the average number of
female labor was found to be highest in the Kompong Chnnang and Kompong Cham provinces
(Table 5.7).
The average number of female family members involved in fish culture and related activities was
highest (1.8 persons) in Kampong Chhnang province compared to other provinces, followed by Siem
Reap province (1.7 persons) (Table 5.8). Overall, the average number of males (1.6 persons) involved
in aquaculture was higher than that of females (1.1 persons). At least one female was reported to be
necessarily involved in the aquaculture activities and the number of males involved was up to 7
persons (in Siem Reap province). It was found that in all provinces there was not much significant
difference in number of females involved in aquaculture related activities. The maximum number of
females involved in aquaculture was 2 persons, whereas the number of males ranged from 1 to 7
persons. In general, females take responsible for light work and males take care of heavy work of fish
aquaculture.
5.1.2.1 Hired Labor
In general, the average number of hired labor involved in fisheries, males (2.1 persons) was higher
than females (1.7 persons) in all provinces. In Kandal and Siem Reap provinces, the number of male
hired labor was higher compared to Kampong Chhnang province, whereas female hired labor was
found only in Siem Reap and Kampong Chhnang provinces. In Kampong Cham, there were no
female and male hired laborers involved in fishing and fishing related activities for the sample
households in the study areas (Table 5.9). This may be because of lack of available hired labor due to
they are busy with their own work and also there may have enough labor in their family. Therefore,
they just use family labor only for fisheries activities but they hired labor for other activity such as
agricultural cultivation and orchard, for example.
The number of working days per year involved in fishing activities by sex and province is shown in
Table 5.10. The average number of working days for females contributed to fishing activities was
high in Siem Reap and Kampong Chhnang provinces, with the number of working day per year of
258 days and 254.5 days, respectively. In all provinces, the number of working days involving
fisheries for males (234 days/year) was higher compared to females (222 days/year) and was also
found to be highest in Siem Reap (259 days/year). Moreover, the number of working days of fishing
related activities of females ranged between 10 to 365 days per year, whereas the working days of
males ranged from 2 to 365 days/year. This implies that, males have more time and are more involved
in fishing activities than females.
The percentage of working days by activity and priority by activities for future of family and hired
labor by type of fish related activities is shown in (Table 5.11). The results show that the family labor
had the highest percentage in fish trading, fishing, daily laborer and fish aquaculture. Moreover, hired
labor was higher in rice farming, followed by horticulture and fishing activities. Overall, family labor
are involved in all activities in the household, whereas hired labor is needed for only some activities
and by season, such as rice farming, fishing, and horticulture. Even though, the priority for hired labor
in the future was important in almost in all activities, whereas the majority was in rice farming,
fishing, fish trading and horticulture. This shows that those activities are very important for the
sample households in the study areas because these kinds of activities are usually important to the
local people in the rural area.
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5.2 Technical and Economic Information for Fisheries
5.2.1 Fishing Season
In general, small scale fisher households can fish all year round, including in the closed season and
the open season. Moreover, some household’s fish only during their free time from farming or
occasionally. The selected households were engaged in fishing in both open and closed seasons. The
majority of fishing activities was during all season or whole year, 590 (59%), followed by open
season 355 (36%), and a small percentage (5%) fishing in only closed season. Kampong Chhnang
province had the highest percentage during open season, followed by all seasons, 127 (55%) and 102
(44%), respectively (Table 5.12). This implies that small scale or family scale fishing activities are
operated in the whole year round because this type of fishing is for household consumption and sale
for additional household income for daily living. This concurs with an early socioeconomic study in
Great Lake-Tonle Sap and Mekong Basac Areas conducted during 2003 by staff of ADB-IFReDI TA
Project (Rab. M. A. H. Navy et al. 2006), which revealed that about (62%) of the households were
engaged in fishing during all season or whole year.
The average duration involved in fishing per year in all provinces was 6.3 month, which ranged from
1 to 12 months. However, the longest period was in Siem Reap province (7.8 months) and the lowest
period was in Kampong Chhnang province (5 months) (Table 5.13).
Rab. M. A. H. Navy et al. (2006) showed that almost all fishing households in fishing villages (95%)
fished for sale only or sale and household consumption. In farming villages, however, only 33% of
households fished for sale, although a further 27% of farming village households also fished for
household consumption only. In overall, in all type of villages, the main purposes of fishing activity
are for sale only and for sale and household consumption (Table 5.14).
5.2.2 Characteristics of Fishing Gears & Equipments
5.2.2.1 Fishing Gears
There are many types of fishing gear used by the sample households in the study area. In general,
small-scale or family-scale fishing use smaller gears than middle-scale and large-scale or commercial
fishing (known as fishing lot). There are restrictions on the type of gear that can be used for different
type of fishing activity and also in terms of number, length, and mesh size of gear.
The major type of fishing gears used by sample households in Kampong Chhnang, Kampong Cham,
Kandal, and Siem Reap province are shown in Table 5.15. The commonly used gears were gillnet
(Morng) (65%), Loub and Tru (bamboo trap) (10%), (Hook long line (Santuch ro norng) (8%),
Scooping net (Thnorng/Chnouk) (6%). The other type of gears included Loeur, Bor, Castnet
(Somnanh), Chayra, Sayeun, Loarn, Sein nets (Uorn), Sein nets (Uorn), Tom, River pelagic trawl
(Manh), Chork, Neam, Uornhum (Samrash), (11%). However, gillnet was the most common gear
used by the small scale fishers.
Table 5.16 shows the average value of gear per unit. The highest average value was Sein nets (Uorn)
(US$686), which ranged from US$20 to $2,500. The second highest value was Bor US$396.4 and
Chayra US$320. On the other hand, Krasom had lowest value, only US$1.4.
Table 5.17 shows the average working months per year by gear type and province. The average
working month per year of fishing gears depended on seasonal fishing activities and the characteristic
of fishing ground. Overall, the highest number of working month was with the major gears of Bor,
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Loeu, Trap, Scooping net, Gillnet (Morng), Chayra, Chnok, River pelagic trawl (Manh), and Sayeun,
which ranged from 2 to 12 months.
5.2.2.2 Boat and Engine Characteristics
Table 5.18 shows the highest number of fishing boats was 3 while the lowest was 1. The average
number of boats was 1. In terms of useful life of boats, the longest life was 20 years and the shortest
was 1.2 years. The average expected useful life of boats was (8.7 years). In terms of boat length, the
average boat length was 7.3 meters, which ranged from 1.2 to 13 meters. The shortest boat is the
rowboat made of palm tree, which belonged to the poor fishers and they used it for fish in the lake,
rice-field and shallow flooded areas. In terms of boat value, the average value of boat per unit was
US$ 290, which ranged from US$ 8 to 2,500.
Regarding to boat engine, the highest number of engine was found in Siem Reap (2) and lowest
number was (1) in Kampong Chhnang, Kampong Cham, Kandal and Siem Reap provinces. Overall,
the average number of engine boat were the same in all provinces, 1 engine per boat. In terms of
engine horsepower, the highest horsepower of engine was found in Siem Reap and Kandal (24 hp),
and the lowest horsepower found in Kampong Chhnang and Kandal (3hp). In term of expected life of
engine, there was the same average in the province of Kampong Cham, Kandal and Siem Reap (6
years) and the lowest expected was in Kampong Chhnang (5 years). Moreover, the highest value of
engine was found in Siem Reap (US$ 1,500) and Kampong Chhnang (1,000 US$), and the lowest
value was in Kampong Cham province (130US$) (Table 5.19). The value of engine were different
because of different brand, horsepower, and second hand or a new brand and also depended on
market distance as well.
5.2.3 Fishing Ground
The results of the survey found that there are four types of fishing ground and 76 fish species in the
study areas (see detail data in Appendix table 5.19). It is observed that the common fishing grounds
were Tonle Lake, ditch (74%), followed by river or canal (16%). The lowest percentage was the
flooded rice field (10%).
The distance from homestead to the fishing ground is reported in Table 5.20. Overall, Siem Reap
province had longest distance than other province (about 9 km) and followed by Kampong Chhnang
province (5 km). The nearest distance was in Kampong Cham province, only 1.6 km from home.
Moreover, the maximum distance from homestead to fishing ground in the study areas was 10 km in
Siem Reap province. This implies that fishers generally live near fishing ground and depended on the
fisheries resource in the local areas.
5.2.4 Fish Species
Fish species index distribution by fishing ground in the study areas is shown in Table 5.21. Based on
fish catch from the four types of fishing grounds found that 76 fish species were found in the study
areas. Species composition varied from species to species according to the characteristic of fishing
ground and biological adaptation of those species.
5.2.5 Fish Catch and Yield
The average annual production by gear type of the sample households in the study area was different
according to type of gear and fishing ground. The highest average production was Sien nets (Uorn),
because this type of gear is the big gear and it belongs to middle-scale fishing, 192,775 kg, which
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ranged from 200 to 765,000 kg. The second major average production was from gear of Loeur, 4,741
kg; Bamboo trap (Loub) 2,495 kg; and Sayeun 1,969 kg. Tru had only 135 kg (Table 5.22). More
detailed information on average annual production by gear type and province is in Table 5.23.
Table 5.24 shows the average annual production per household by province only. Of these four
provinces, the highest average annual production is found to be in Siem Reap province (17,161 kg).
This was followed by Kanndal (4,536 kg) and Kompong Chhnang (2,956kg). The lowest production
was in Kampong Cham province which had only (1,142 kg). Overall, the average annual production
was 6,449 kg, which ranged from 75 to 766,000 kg. This is because Siem Reap province is located
near the Great lake Tonle Sap and has better and higher potential access and fish compared to other
provinces in the study areas.
5.3 Distribution and Use of Fish Catch
The results showed that there was some difference in fish distribution between big fish and small or
low value fish (Table 5.25). Overall, the majority of distribution of fish caught was sold to middlemen
or fish trader and sold at market. Moreover, low value fish (30%) was used for own fish feeding and
sold to others for fish feeding. This implies that the main purpose of fishing activity was additional
household income, followed by fish feeding and for human food in both fresh and processed form.
The distribution of fish species composition of big size of fish is shown in Table 5.26 and small size
fish is reported in Table 5.27. It was found that around 40 fish species for big size fish and 52 for
small size fish species are reported in four types of fishing ground, namely flooded rice field, river or
canal, small lake/pond/ditch, and Tonle/Great Lake in the study areas.
5.4 Costs, Gross Return, Net Profits of Fishing Activities (not yet put in the main report)
According to the cost and profitability analysis of the sample households in the study area, it was
found that the average gross return of fisher was USD 2,078 per household per year, whereas the net
profit was USD 1,928 per household per year and USD 911 per person per year. This figure excluded
cost of salary or wage for labor. Of the total input costs of small-scale or family scale fishing
operation, the highest cost was spent on fishing gears, which contributed nearly 50% of total
production cost. Moreover, in all 4 provinces, Siem Reap had the highest input cost and gross return
(USD 283 and USD 3,237), followed by Kandal province (USD 130 and USD 2,646). Regarding to
the net profit per household and per capita per year, it was also highest (USD 2,954 and 1,231) in
Siem Reap province (Table 5.28). This implies that this province may be better than other provinces
in terms of fishing ground, ecological fisheries, skills of fishing operation, and marketing system.
5.5 Perception and impact of using low value fish for aquaculture
According to the results of focus group discussion (FGD) and key informants (KIP), it showed that
their perceptions on the characteristics of low value fish in the study referred to the small size of fish
(i.e. around from 2 cm to 14 cm), and to specific species, as shown in Table 4.6. These fish species
are generally caught by gillnets (fixed and flowed gillnets) with mesh size of 2-8 square centimeters,
small bamboo trap, loeur, and hook long line. Quantities of low value fish depends on the season of
fishing. The price of fish depends on the fish catch season (i.e. low and peak period season).
Currently, the price of low value fish is higher compared to before because of depleting of fish
caught, population growth, increasing traders, duck feeding and export.
Based on the results of the individual interviews, the average annual total fish production was 76%
from small size fish and only 24% from the big size of fish (Table 5.29). In practice, the small fish or
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low value fish is used in both human foods, especially for poor households who live in the upland
areas and long distance from fisheries water bodies, and for fish feeding, especially for snakehead
culture in the study area. Table 5.30 shows that the use of small or low value fish for aquaculture had
a bad impact on the natural aquatic resources (86%), public water (66%), the food of poor (87%), job
of community (70%), and income of fishers (70%), whereas it was good and very good for
aquaculture (73% and 9%) (Table 6.26).
The main impact on the natural aquatic resources was decrease small fish catch (51%), destroyed fish
in the natural fisheries (19%), and loose some fish species in the natural resources (19%). A good
reason for use of fish in aquaculture was make fish grow fast, high survival rate of fish culture,
growing in short time, and get high profits (81%). However, with the public water there was make
water dirty and bad smell lead to negative impact on wild fish and fish for human food and water
users – drinking and cooking (76%). Regarding to the food of poor was increase price of small fish
which make the poor user not be able to afford to buy (56%) and low fish catch and loose some kind
of small fish species from nature. Related to job in communities was since less fish catch per
household it leads to lack of fish food and loose job in the community (39%), get low income from
fish activity for supporting their family (20%), lead to increase illegal fishing activities in the
communities, and destroy fisheries resources and decrease fish stock 20%). Finally, for income of
fishers there was a strong effect to the fishers who use and have small gears or equipment for fishing,
so they need to spend more time in fishing, migrate out for finding job alternative (63%) (Table 5.31).
This implies that overall there are bad impacts of using small or low value fish for aquaculture,
therefore we should use other feed for fish aquaculture rather than use only small or low value fish for
feeding.
PART 6
SNAKEHEAD FISH CULTURE & USE OF LOW VALUE FISH
6.1 Description of snakehead farmers
Based on the interview with 48 farmer households found that 35 (73%) are headed by male, whereas
the family headed by female was 13 (27%). The average age of the head of household was 45 years,
which ranged from 20 to 61 years. The major age of male respondents ranged between 31 to 50 years,
21 (60%). The female headed family ranged from 41- 50 years, 7 (54%). Overall, the major age group
of male and female headed households ranged from 31-50 years, 30 (63%), and the lowest age was at
20 to 30 years olds (Table 6.1).
An overall, the major level of education was at primary and secondary school 32 (60%), whereas only
9 (17%) had illiterate education. Moreover, the highest education of male was finish high school, 12
(30%), while female highest education was secondary 3 (19%). However, male headed household had
higher education than female headed household (Table 6.2).
Table 6.3 shows percentage success of fish farming by year of experiences. The result found that the
highest successful rate of fish culture was 13 (27%). Moreover, the majority of sample farmers, 37
(77%), had successful rate from 60% to 80%, while 34 (71%) of them had experiences in snakehead
farming from 2 to10 years, whereas only 2 (4%) had successful rate of 20% and 40%. This implies
that most of them had success in snakehead culture in the study areas (Table 6.3).
In generally, the snakehead culture mainly used family labor. The average family labor was 3
persons, which ranged from 1 to 6 persons. Moreover, the hired labor was just used during harvesting
crop by season. The maximum hired labor include permanent and seasonal was from 3 to 10 persons.
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Overall, the members of family are used to assist in fish farming activities, however they still need to
hire a permanent and seasonal labor during fish harvesting time (Table 6.4).
6.2 Major technical-economic information on Snakehead Farming
6.2.1 Farm design
Generally, fish culture practices are categorized into four categories: pond culture, net in pond, net on
the river/canal, and cage. Table 6.5 and 6.6 show the major technical and economic information
regarding with fish farming activities. Moreover, farmers interviewed have generally practice fish
culture of one crop or one time per year, either in pond, net and cage cultures. The number of ponds,
net and cage fish culture is reported to range from 1 to 4 for each household.
Ponds (1) are reported to have an average size length 10.22 square meters, 5.46 square meters width
and 2.27 meters depth. The maximum length, width and depth were 100 square meters, 60 square
meters and 6.5 meters depth, respectively. The minimum length was 2 square meters, width was 1
square meters and 1.50 meter depth.
For net fish culture in pond (2), the average size of length, width and depth was 21.30 square meters,
11.50 square meters and 2.30 meters depth, respectively. The maximum length, width and depth were
reported to be 100 square meters, 60 square meters and 4.5 meters depth, respectively. The minimum
length was 3 square meters, width was 2 square meters and 1.50 meter depth.
For net fished-culture in river/canal (3), the average size of length, width and depth was 38.00 square
meters, 17.00 square meters and 2.75 meters depth, respectively. The maximum length, width and
depth were reported to be 70 square meters, 30 square meters and 3 meters depth, respectively. The
minimum length was 6 square meters, width was 4 square meters and 2.50 meter depth.
For cage fished-culture in river/canal (4), the average size of length, width and depth of 5.00 square
meters, 17.00 square meters and 3.00 meters depth, respectively. The maximum length, width and
depth were reported to be 5.00, 3.00 and 3 square meters depth, whereas the minimum length was
5.00 square meters, width was 3 square meters and 3 meter depth.
6.2.2 Seasonality of fish culture
Table 6.7 shows the seasonality of the daily fish farming. The interviews with fish farmers found that
the average day from stocking until harvesting period was generally around 332 days of the year. It
reported that the minimum days from stocking to harvesting time was around 150 days. The average
of fish harvesting is one time per year. Normally the minimum fish harvesting was 1 time per year,
whereas the maximum of fish harvesting could be varied around 8 times per crop/season.
6.2.3 Species and the Supply
It was found that only six species were reported cultured during the period from 2004 -2007 (Table
6.8). In 2004, it was reported that only three species Pangasianodon hypophthalmus, Channa
micropeltes and Pangasius larnaudiei were cultured. The highest contribution was channa
micropeltes with 87% and the lowest distribution was Pangasius larnaudiei with 2 percent. In 2005,
there were four fish species cultured. Channa micropeltes is still a preferred species with 75%,
whereas Hypsibarbus sp. contributed only 2%. On the other hand, in 2006 the number of fish species
increased compared to 2004 and 2005 and the culture of Pangasianodon hypophthalmus increased to
25%. The highest contribution was channa micropeltes, with 59%, and the lowest was Hypsibarbus
sp. and Pangasius conchophilus, with 2%. In addition, during 2007 and 2008, the percentage of
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Pangasianodon hypophthalmus was reported to have decreased, whereas the culture of snakehead
(Channa micropeltes) increased.
6.2.4 Source of fry or fingerling
The source of fry/fingerling supply to fish farming by percentage is presented in figure 6.1. It was
found that the highest fry/fingerling supply comes from trader with the percentage of 71% and from
nursery only 16 %. The source of fry/fingerling supplied is from wild collection, (67%), where
fry/fingerling from the hatcheries station contributed about 33%.
6.2.5 Feed and feeding
There are three types of feed sources which were usually supplied to the snakehead fish farming
practice in the study area (Figure 6.2). Home-made and freshwater trash fish feed was the common
feed and contributes more to the snakehead cultured. Other additional feeds were marine trash fish,
crabs and snails. The percentage of feed bought from fisher was highest, followed by freshwater trash
fish (home-made/house fishing). The quality of feed is shown in Table 7.11. The highest quality of
feed to snakehead culture contributes about 13.2%, whereas the lowest quality feed contributed
around 18%. It is reported that good feed commonly contributes about 69% of the total feed.
6.2.6 Water and fish health management
It was observed that four types of water sources are usually supplied to the snakehead culture in the
study areas (figure 6.3). Canal water was reported to be commonly used and contributed around 60%
to the total water supply, followed by water source from the river. Moreover, the water from lake and
rain fed contributed only 2%. From Figure 6.3, it shows that snakehead farmers in the study areas
commonly used canal and river water to supply their farming
Fish health management is highly dependent on medicine treatment, and there was small contribution
from traditional treatment (Table 6.9). It was reported that water supply was not treated during the
fish culture. For disease management, and especially during the disease occurrence, they usually use
very simple method to cure cultured fish by stopping to provide feed for 1 or 2 days or putting leaf of
trees and use medicines to cure the diseases. The use of medicine in order to cure the disease is
reported to be highly practiced by 95% of respondents. The use of traditional medicine, stop feeding,
and put some leaf of trees to cure disease of the fish was found to be the lowest rate in the study area
(2%).
It was observed that 10 common diseases are usually found in fish culture (Table 6.10). White
bodied-disease and wound bodied-disease are generally found, with a percentage of 29% and 14%,
respectively. This was followed by lice disease in gill, red gill and white body (7%). The occurrence
of those diseases is reported to happen every year in April (18%) and in December and January
(11%), while water level is getting shallow, there is high evaporation and more turbidity.
6.2.7 Production, yield and distribution of fish harvested
It was reported that there are three categories of harvested fish during the harvesting period (Table
6.11). The majority (grade 1) (1,857g/head) was about 1.8 kg, with the minimum 100g to maximum
4000g. The second grade ranged with an average number of weight (1,281g/head) around 1.2kg. The
lowest average number of weight was in grade 3 (845.1g/head) about 0.85g. With the total production
of fish per crop we found that the highest average number was in grade 2 (3,809g/crop), with the
minimum (113.40g/crop) to maximum (57,500g/crop). Within this, the lowest average number was in
grade 3 (2,023.41g/crop).
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The type of harvested fish distribution is shown in Table 6.12. Harvested fish were mainly distributed
to local collectors/retailers, local wholesalers, or own sell in local market. There was a small number
of harvested fish kept for household consumption. The average harvested fish were kept for
household consumption was about 14.67kg and the maximum fish kept for the household was up to
100kg. Moreover, it showed that snakehead fish farmers sold their cultured fish with the largest
number to local collectors/retailers with the average weight of 4465.24kg (around 4.5 tones) and
sometimes up to 11,499.80kg (11.5 tones). The second largest seller is local wholesaler/company,
with the average weight of 8289.33kg and maximum up to 43.000kg.
6.2.8 Costs, profit and net profits of snakehead cultures
Table 6.13 shows cost and profitability analysis per cage culture operation per year in the study areas.
Average gross return or total revenue per cage culture per year was USD 12,746. Total expense on
variable costs, such as water supply, fish feed, etc. per crop was USD 5,439. Moreover, total expense
on fixed cost including to depreciation cost on investment cost of cage, pond/net/cage, and including
taxes, rent, and fees per crop or year was USD 631. Total cost for cage culture was USD 6,070.
Hence, by subtracting gross return with total cost, family labor cost and management fee, the average
net profit for cage culture per crop or year was USD 5,887.
It was reported that the average capital used in fish culture is about 9367.08US$ and the capital can
be up to USD$90,000. Among these total capital costs, the average borrowed money was USD
2623.68 and the maximum can be up to USD 15,000. The duration of loan was about 6 months or up
to one year, with an average of interest rate of 4% and the maximum rate of interest up to 5% (Table
6.14).
The percentage of capital lent to fish farmers is shown in Figure 6.4 The source of capital from
relatives was higher than other sources, 57% of total source of capital. Money lender/trader was the
second biggest source for the fisher, which was contributed 15%, followed by private banks and other
sources (13%). The capital source from the state bank was lower than others (2.13%).
PART 7
FISH TRADERS IN THE LOCAL MARKET
7.1 Description of fish traders in the local markets
7.1.1 Gender, age, education and experience in trading fish
Table 7.1 shows the educational background of fish traders in Kampong Chhnang and Kampong
Cham provinces. Of the 16 fish traders in Kampong Chhnang province, around 60% were female fish
traders with education at secondary level, whereas only one female fish trader was illiterate. Male fish
traders where educated at primary level in this province (50%), and only 16.67% of male fish traders
were reported to study at high school level. There was no fish trader reported to study at vocational
and higher level. In Kampong Cham Province, most of female and male fish traders were educated at
primary school, with the percentage of 88.89% for female fish traders and 100% for male fish traders.
There was no female and male fish trader being educated at high school, vocational and higher levels.
Table 7.2 shows educational background of fish traders in Kandal and Siem Reap provinces. In
Kandal province, most of fish traders, 80% of female fish traders and 66.67% of male fish traders,
were educated at primary school level. Only 33.33% of male fish traders finished high school.10% of
female fish traders were illiterate and 10% more female fish traders were educated at secondary
school. In Siem Reap province, most female fish traders (57%) and 66.67% of male fish traders were
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educated at primary school, while only 28.57% of female fish traders and 22.22% of male fish traders
were educated at secondary school. Few female fish traders, 14.29%, were educated at higher levels.
Age distribution of fish traders in Kampong Chhnang and Kampong Cham provinces is shown in
Table 7.3. In Kampong Chhnang province, the female fish traders were 66% of the total, with age
group 18-40 years. The male fish traders contributed 33% with age group of 31-40, 41-50 and 51-60
years. In Kampong Cham province, the highest female and male fish traders with age group 31- 40
years contributed about 66.66%. It was observed in the two provinces that there was no fish trader
with age group 61 and above.
In Kandal and Siem Reap provinces, the age distribution of fish traders by sex and province is shown
in Table 7.4. In Kandal province, the highest number of fish traders was age group 31-40 years,
followed by age group 41-50 and 51-60 years. In Siem Reap province, the highest number of female
fish traders belonged to age group 31-40 and 51-60 years (33.33%); whereas male fish traders
belonged to age group 41- 50 years (60%). In both provinces, there was no fish trader belonging to
age group 61 and above.
7.1.2 Labor participating in trading fish
The average number of family and hired labor in fish trade by sex and province is shown in Table 7.5.
In general, average family labor which was used in fish trade in the four selected provinces was 2
persons. This ranged from 1 to 4 persons, in which average family female labor was 1 person (range
from 1 to 3 persons) and child was 1 person. Average number of hired labor was similar among the
provinces which was 3 to 4 persons and ranged from 1 to 9 persons. Average female hired labor was
2 persons (range from 1 to 4 persons). Amongst the four selected areas, the highest average time of
hired labor in fish trading was Kampong Chhnang province which was 19 times per year and the
lowest was Siem Reap province which was 6 times per year. The time of hired labor in fish trading
ranged from 1 to 99 times per year. Time of hired labor could be varied according to amount of fish
traded and peak season of fish catch. There was no hired labor in Kampong Cham province.
7.2 Traders’ marketing in purchasing fish
7.2.1 Priority and decision making in trading fish
Priority and decision making in fish trading in the four provinces is shown in Table 7.6. In Kompong
Cham province, the most important priority of fish trading was location of trading, followed by
trading time, payment, transportation, quality of fish, and amount of fish, with the average of 10,
9.88, 9.69, 9.63, 9.38 and 9.16, respectively. Low value fish was reported to be the lowest priority. In
Kompong Cham province, payment was the most important priority in fish trading, followed by
transportation, price, trading time, quality, and trading place. High value of fish which was 6, low
value of fish was 6, and amount of fish was 6.27, the lowest priority. In Kandal province, quality,
transportation, and amount of fish, with average of 8.85, 8.83, and 8.54, respectively, was most
prioritized, while low value fish, (5.67) was the lowest priority in fish trading. In Siem Reap province,
amount of fish, trading place, quality, trading time and transportation, (7.62, 7.50, 7.31, 7.25, and
7.06, respectively) was the highest priority, whereas payment, (6.37) was the lowest.
7.2.2 Network of fish supply
Network of fish supply system comprised fishermen, collectors, wholesalers/middlemen, and
retailers. Fishermen played role as workers and they were either part or full time involved in small,
medium or large-scale fishing. Wholesalers/distributors were the main traders and providers of capital
to most of fishermen in both medium and large-scale fishing. Retailers were fish sellers direct to
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consumers. Fishermen, fishing lot owners, local collectors and local fish processors were reported to
operate their business without any information system regarding to price, market demand, or annual
catch volume.
In the four provinces, fish product mainly came from fishing lots around Tonle Sap Great Lake and
partly from fishing village near Great Lake (fishers). Because the amount of fish from fishers was
few, fish collectors needed to collect fish in the village. Sometimes there was an agreement of
providing loan between traders and fishers to buy fishing materials. Fishermen who borrowed money
from fish traders or middlemen were obliged to sell their catch to this trader until the debt was fully
repaid.
The network of fish supply could be complicated due to the fact that sometimes fish collectors sold
fish directly to retail markets nearby and sometimes all collected fish was sent to traders at landing
sites for markets or even exported to neighboring countries.
7.2.3 Promotion in trading fish
Fish market and distribution network was reported to be relatively well developed in captured fish in
the fisheries sector. Small traders collected fish from fishermen and sold it to wholesalers who after
that distributed it to different places. There was high domestic demand of fish and fish products,
ranging from live to processed forms such as fish paste, fermented fish, dry salted fish, steamed fish,
smoked fish, and fish sauce, etc. High-value species were usually sold to traders for markets in
Phnom Penh or exported.
Fish trading in Cambodia was not well promoted by government although some key elements of
policies related to small scale aquaculture was encouraged for culturing high value species in order to
export to the international market. Government policy related to fisheries sector seemed to be ignored
on fish trading promotion, especially fish exporting to international market.
The government was constrained by a combination of formal and tactic control over taxation by
public and private institutions, as well as endemic ‘cultural’ patronism and gratuities, which hindered
transparency and accountability or management either for fisheries or trade. According to Yim et al.
(2003), there were a total of 27 taxes, 20% for Fisheries Administration and 80% for other
departments and informal institutions. Formal fee cost USD 10 per ton to Vietnam and USD 1.50 per
ton to Thailand, whereas informal taxes were estimated about 24% of total cost related to exportation
of fish which was equivalent to USD 19.80 per ton to Vietnam and USD 60 per ton to Thailand. Seng
(2006) mentioned that average operational cost was USD51.30 per ton (63.50%) to Vietnam and USD
90.30 per ton to Thailand.
With promotion of open trade development, The Royal government of Cambodia dismantled state
monopoly on exportation through KAMFIMEX in late 2001. Since then there were over 20
companies with exporting licenses (Yim et al., 2003). Nevertheless, some traders expressed concern
on lack of transparency shown in the allocation of licenses. Companies which were registered to
Ministry of Commerce allowed free trade in Cambodia.
7.2.4 Fish species preferred for trading
It was observed that fish trade were classified into two types, low and high value. It was found that 43
fish species were reported to be traded in the four provinces (Table 7.7). Amongst those fish species,
they were classified into 2 categories, low and high value. Although some fish species were
categorized into high value fish (big-sized fish species), they were also classified into low value fish
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due to its size (Channa micropeltes, Cyclocheilicththys enoplos, Barbodes sp. and Cirrhinus
microlepis). In general, small prolific species, barring Micronema micronema and Notopterus
notopterus, were classified into low value species.
The contribution of high value fish in the four provinces is shown in Table 7.7. In Kampong Chhnang
province, the highest contribution in fish trading was Micronema micronema, Boesemanio microlepis
and Channa striata (20%). Some species, such as Mystus nemurus, Cyclocheilicththys enoplos,
Channa micropeltes (big-sized fish), Chitala sp., Pangasius sp. and Macrognathus siamensis, were not
categorized as high value fish. In Kampong Cham province, the highest contribution in fish trading
was Channa micropeltes (46.15%), followed by Channa striata (15.38%). For other species, the
contribution was very low.
In Kandal province, Channa striata was the highest contribution in fish trading (54.55%), followed by
Cyclocheilicththys enoplos (18.18%) and Mystus nemurus and Channa micropeltes (9.09%). In Siem
Reap province, Micronema micronema was the highest contribution in fish trading (18.75%),
followed by Barbodes sp. and Pangasius sp. (12.5%).
The contribution of low value fish in the four provinces is shown in Table 7.8. In Kampong Chhnang
province, the highest contribution in fish trade was Osteochilus sp. (20%), followed by Mystus sp.
(13.33%), Henicorhynchus sp. (13.33%), and Dangila spilopleura (13.33%). The rest of the fish
species had a very low contribution in the trade. In Kampong Cham province, the highest percentage
of low value fish which was contributed to the fish trade was Dangila spilopleura (38.46%) and
Thynnichthys thynnoides (38.64%), followed by Mystus sp. (23.08%) and Micronema micronema
(7.69%). The rest was found in contribution of fish trading. In Kandal province, Henicorhynchus sp.
was the highest contribution in low value fish trade, with percentage of 27.27%; followed by Mystus
sp. (18.18%), Trychogaster sp (9%), Osteochilus sp. (9%), Rasbora sp. (9%), Dangila spilopleura
(9%) and Cyclocheilicththys lagleri (9%). In Siem Reap province, only 7 fish species were found to
be traded. The highest contribution of fish species in the trade was Henicorhynchus sp. (18.75%) and
Mystus sp. (18.75%), followed by Puntioplites sp. (12.50%) and Trychogaster sp. (12.50%).
7.3 Amount of fish traded and loss
Table 7.9 shows the average trading of fish and fish loss by provinces. The average volume of fish
bought per day was highest in Siem Reap, followed by Kampong Chhnang, Kandal, and Kampong
Cham provinces, respectively. In Siem Reap province, the average volume of fish bought per day was
427.1 kg, (range from 18 kg to 2,000 kg), with average total value of fish USD 384.8 (range from
USD 35 to 1,500). Average loss rate between buying and reselling was 4.8% (range from 2% to
15%). In Kampong Chhnang province, average volume of fish bought per day was 365.7 kg, which
ranged from 25 kg to 2,000 kg. The average total value of fish bought per day was USD 513.3, which
was from USD 25 to 2,000. The average loss rate between buying and reselling was 14.30%, which
ranged from 1% to 25%. In Kandal province, average volume of fish bought per day was 140.80 kg,
ranged from 10 kg to 1,000 kg, with average total value of fish USD 299.9 (range from USD 25 to
2,500). Average loss rate between buying and reselling was 6.2%, ranged from 1% to 20%. In
Kampong Cham province, average volume of fish bought per day was 82.9 kg, which ranged from 25
kg to 175 kg. The average total value of fish bought per day was USD 101, which ranged from USD
25 to 250. The average loss rate between buying and reselling was 1%.
7.4 Cost, profit and net profit of trading fish
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It was found that 10 common operational materials were used in fish trading. The highest expense on
operational materials was in Siem Reap province, with an average of USD 1,270 and up to
USD5,464. In Kampong Chhnang province, the average expense on operational materials was from
USD 1,355 to 4,451. In Kompong Cham province, the average expense for operational materials
ranged from USD 92 to 222. In Kandal province, average expense on operational materials was from
USD 428 to 1,287.
In general, fish trading was practiced year round in the four provinces. It was indicated that during the
closed season, traders might collect fish product from small scale fishing activities in their areas.
Amongst the four provinces, the number of trading months in Kampong Cham and Kampong
Chhnang was very similar (12 months/year and 11.8 months/year), followed by Kandal province
(11.5 months/year). However, in Siem Reap province, the average number of trading months was
only 10.8 months/year. Like trading months, the average working day or trading day in Kampong
Cham province was the highest at 29.1 days/month, compared to that in the other three provinces,
which was 28.5 days/month in Kandal, 27.1 days/month in Siem Reap, and 26.4 days/month in
Kampong Chhnang provinces. Apart from that, the average total working cost per day in Kampong
Chhang province was the highest which accounted for USD 441.9, followed by USD 289.2 in Kandal,
USD 159 in Siem Reap, and USD 98.5 in Kampong Cham provinces. The average cost per day in the
four provinces was related to amount of fish traded. Average total net income per day was the highest
in Kampong Chhnang province, accounting for USD 21.4, followed by Kandal, Siem Reap, and
Kampong Cham which was USD 10.8, USD 9, and USD 5.2, respectively.
7.5 Difficulties and solutions for fish trading
Results of the study show that there were many difficulties or problems that fish traders confront in
the business. One of those difficulties was lack of fish supply from fishers which could have negative
impact on their business. As a result, the price of fish was high, which was also one of many
difficulties encountered by fish traders. With this high price, fish traders might find it difficult to sell
their fish. Another difficulty was high input costs or expenses on trade operation, and the profit
received from selling fish was low.
In order to solve the problems mentioned above, some solutions were raised. One of which was
finding more fishers or fish suppliers to ensure sufficient amount of fish for the trade. Moreover, fish
price setting and fish marketing channel both needed to be improved. Input costs need to be reduced
by different ways or subsidized from the government and relevant agencies.
PART 8
CONSUMPTON OF FISH PRODUCTS BY TARGET GROUPS
8.1 Major economic characteristics of the survey households
8.1.1 Household size and gender
The total number of sampled fish users was 160 households. Of this total, 119 (74%) households were
female fish users and 41(26%) were male fish users (Table 8.1).
The average household size in the study areas was 5.1 persons, with the minimum number of 1 person
to the maximum number of 15 persons. The highest average household size was found in Kompong
Chhnang province (5.3 persons), in which 5.28 persons were female and 5.5 persons were male.
Following this, there was a similarity in the household size between Kandal and Kompong Cham
provinces (5.2 and 5.1 persons, respectively). On the other hand, in Siem Reap province, the average
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number of persons in each household was only 5 persons, in which 5.24 were female and 4.3 were
male (Table 8.2).
The average age of fish users was 45 years old. The major age group (124 (78%)) of fish users were
in groups 2, 3 and 4 (31 to 60 years). Male users with age group 31 to 40 years were the highest
number (29.3%) as compared to male users from other age groups. Female users with age group 41 to
50 years were the highest number (30.3%), compared to female users from other age groups (Table
8.3).
Average labor involved in aquaculture was 2 persons (range from 1-7 persons), with average
experience in fishing 21 years
8.1.2 Type of livelihoods, income level and proportion used of fish for food
In general, households in the study areas engaged in different livelihood activities for production and
income generation, including fishing, fish trader, fish aquaculture, farming, animal raising etc.
Overall, the average annual gross income of the sample household was US$3,331, US$1155, and
US$11,631, for fishing, aquaculture and fish trading activities, respectively. This means that fishers
could earn more annual gross income than other activities in the study areas (Table 8.4). Moreover,
the average annual gross income was highest for fishing (US$4,748) and fish trading (US$23,360) in
Siem Reap province and for aquaculture (US$2,164) in Kandal. Siem Reap province is located near
the Great Lake Tonle Sap and near to the Thailand border for supply and sale; whereas Kandal
province is located near to the Vietnam border and has better fish aquaculture technology and high
potential for aquaculture.
Overall, the average monthly expenditure for household living was US$139, with range from US$22
to 1,463 per month per household (Table 8.5). Of the total expenditure, the household spent 59% for
food consumption (range from 8% to 95%) and only 16% was spent for animal products. Moreover,
there was the highest expenditure in Siem Reap compared other provinces and the lowest was in
Kampong Chhnang province. This means that those who have more income will have high
expenditure.
8.2 Consumption of food fish in the study areas
In general, Cambodian people are aware of safe food. The results of the study showed that 100% of
sample households liked to eat wild fish. Table 8.6 shows the percentage of reasons for eating capture
fish by province. In the four selected study areas, most sample households, representing around
57.2%, liked to eat capture fish because it was delicious and easy to buy. Moreover, the price of
capture fish was low and they lived near fishing ground. Amongst the four provinces, Kandal
province had the highest percentage for this reason compared to the other three. Furthermore, around
27.5% of the sample households liked eating capture or wild fish due to the fact that this fish had no
any chemical substance, no harmful effect to user health, and had high protein for users. Of all the
selected provinces, the sample households in Kampong Chhnang seemed to be aware of negative
impact of culture fish and advantages of capture fish on their health. Additionally, approximately
13.1% of all sample households liked to eat capture fish because it was accessible as they could catch
it from nature by themselves. Compared to other provinces, sample households in Kandal province
had the highest percentage of people catching fish from nature by themselves. In contrast, 2.3% of
households did not like eating cultured fish because it was not delicious and had bad smell. Also, due
to chemical in cultured fish, it would affect to user health.
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Table 8.7 depicts reasons for eating freshwater fish, including big or high value fish and small or low
value fish. Overall, most of sample households, around 33.7%, ate freshwater fish because of its low
price and abundance compared to that of marine fish. After that, 30.9% of them liked eating it due to
its good taste and variety of types of product. About 14.7% ate freshwater fish just because it was
habit of local people, followed by providing high protein, good health, own fishing, never eating
marine fish, and unavailability of marine fish in the local areas, which equally represented 10.4% for
each.
Overall, the average amount of food fish consumed by households was 0.8 kg per day, which ranged
from 0.3 kg to 5.0 kg per day. This was equivalent to 23.6 kg per household per month or 4.7 kg per
capita per month and equal to 282.8 kg per household per year or 56.6 kg per capita per year. This
means that the amount of fish which was consumed depended on family size of the households.
Importantly, within all selected provinces, sample households in Siem Reap consumed most food
fish, while in Kampong Cham sample households used the least amount of food fish. This maybe due
to the fact that in Siem Reap province production of fish was high, compared to that in Kampong
Cham province (Table 8.8).
8.3 Consumers’ perception on food fish
8.3.1 Trend in the consumption of freshwater fish (FWF)
The trend in households’ consumption of food fish for the freshwater fish, was based on five-scale
ranking, meaning that 1 = strong decreased or decreased very much, …….., and 5 = strong increased
or increased very much (Table 7.9). For big size or high value freshwater fish (HVFWF),
Table 8.9 shows percentage trend in the household consumption of freshwater food fish. For big-sized
or high value freshwater fish, 54.6% (Mean = 2.7) of sample households reported that amount of fish
purchased per time was stable or unchanged. However, 66.3% (Mean = 2.4) said that amount of fish
catch or fish availability was decreased. Regarding to the size of fish, the highest number of
households, representing around 78.1% (Mean = 2.2), reported that it was decreased. This means that
high value freshwater fish is getting less now. Moreover, the quality of the fish remained stable
(59.8% and Mean = 3.0), but the price has increased (75.6% and Mean = 3.8), resulting from
decreasing supply of fish. Furthermore, the convenience of using or consuming fish stayed unchanged
(49.9% and Mean = 2.9). For small-sized or low value freshwater fish, 56.2% (Mean = 2.7) of fish
users revealed that amount of the fish purchased per time was stable, whereas its availability was
decreasing (62.4% and Mean = 2.2). In addition, there was a decrease in size and quality of fish
which was 71.5% (Mean = 2.2) and 60.7% (Mean = 2.9) of sample households, respectively.
Controversially, the price of small-sized or low value fish was increased with the sound of 76.2%
(Mean = 3.8) from the households. Furthermore, convenience of using low value fish was stable
which represented 49.8% (Mean = 2.9) of the sample households. Within all factors, the amount of
high and low value fish was decreasing (Mean = 2.4). Additionally, size of fish was smaller and
smaller (Mean = 2.2), and price of high and low value fish was affected (Mean = 3.8).
8.3.2 Difficulties in the consumption of food fish and suggestions
Difficulties in the consumption of food fish and solutions of the sample households are reported in
Table 8.10. The greatest difficulty the households encountered in consuming food fish was the lack of
money to buy fish because they had low income and the price of fish has increased (69.9%).
Moreover, it was the lack of fish supply in the markets and from catch which resulted from increased
illegal fishing activities, decreased fish from nature, and lost or destroyed flooded forest (15.8%).
Another difficulty was high cost on transportation for fish trading because they did not have their own
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transportation to bring fish to the markets (8.2%). Furthermore, currently some kinds of fish species
in the markets have disappeared (3.6%), and fishers got low income due to the fact that they received
low fish catch from nature (2.5%).
There were some suggestions raised by sample households. One of which was using other meat such
as pork, chicken, egg and culture fish instead of fish because price of capture or wild fish has
increased (58%). Additionally, it was to use smaller or low value fish to replace using big or high
value fish (20.5%). Moreover, fish price should be set and training on fish culture technique for
improving fish culture production and fish food should be provided (11.3%). More fishing ground
should be made available for fishing to increase their catch (10.2%).
Furthermore, regarding to policy or regulation, they requested:
• Government should have price setting for fish for food for poor people
• Government should give some subsidize on fishing cost to the poor fishers
• Government should provide training and extension on fish culture technique to improve and
increase fish culture activities and production.
PART 9
SUMMARY, CONCLUSION AND RECOMMENDATION
Low value fish is very important for human food, fish aquaculture and animal feed. It consists of high
calcium and good protein for human and animal. It is very important for poor people as well as for
Cambodian food products such as fish paste, smoked fish, and fermented fish, which can be used for
household consumption the whole year round. In this study, fishers went to fish almost every day or
during free time from the rice farming activities for daily food consumption and sold fish for
additional income for their household.
Overall, the main occupation of the local households in the selected study areas were fishing, fish
trading, fish culture, rice farming, and other crops. Currently, the number of fishers has decreased
about 30% to 50% in some areas like in Kampong Chhnang and Kampong Cham provinces, whereas
it was increased about 10% to 70% in Kandal and Siem Reap provinces in the last 10 years (1999).
Decreases are due to decrease in fish caught and degradation of fisheries resources. In contrast, for
increased number of fishers, this is due to population growth, no alternative job, and going fishing
during free time from agricultural cultivation for daily food consumption. Moreover, some fish
species have recently disappeared, including Giant Barb (Kul Reang), Malayan leaffish Pristolepis
faciata (Kantrop Khla), Laotian shad Tenualosa thibaudeaui (Kbok), Osteochilus schlegeli (Lorlork
Sor), Bala sharkminnow Balantiocheilos melanopterus (Kiet Srong), Amblyrrhynchichthys truncates
(Kambot Chramos), and Mekong giant catfish Pangasianodon giga (Reach), because of illegal
fishing gears usage.
Since the government has banned giant snakehead culture, the number of fish farmers has decreased
in some areas, but some places it still has increased. This is due to the fact that they moved to raise
fish of other species such as Pangasus Hypophthalmus (Catfish), Silver barb, Walking Catfish
(Andeng), and Tilapia. Currently, the trash or low value fish supply has decreased and its price has
increased compared to before. The reason of for less fish supply are use of illegal fishing gears such
as mosquito net, electro fishing, and modern gears to catch small fish from the wild.
The perceptions on the low value fish were on the small size of fish (i.e. around from 2 cm to 14 cm)
by specific species. They used gill nets with mesh size of 2-8 centimeters square, small bamboo trap,
Loeur, and hook long line. The price of fish ranged from 300 - 3000 Riel/Kg, which was dependent
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on the fish season. Moreover, the impacts of use of low value fish to feed the culture fish was
positive; however it was very bad for such factors as aquatic resources, the public water, job in the
local communities and poor households income.
In addition, the trend of natural aquatic resources was decreasing because of decline of amount of low
value fish supply from nature and of use of low value fish due to higher price. The change of low
value fish supply was because of low fish caught per household. Regarding to fish size, it was smaller
and smaller now because of overfishing. The quality of fish were also low because of having to go to
fish far away from home and keeping fish for around 2 to 3 days per trip. However, the price of the
fish was increased due to less fish supply. On the other hand, the result showed that there were some
difficulties and alternative solutions for major fishing and fish-related activities.
In fishing activities in the four selected study areas, there was family and hired labor. In Kampong
Chhnang and Kandal provinces, the average number of females engaged in family labor ws higher
than that of male. In contrast, in Kampong Cham and Siem Reap provinces, average number of male
involved in family labor was higher than that of female. In all provinces, the average number of male
family labor involved in fishing activities was higher than that of female. The average number of
male hired labor in fishing activity was higher than that of female. Moreover, in all provinces, the
number of working days involved in fishing activities for males was higher compared to females.
This implies that males have more time and are more involved in fishing activities than females.
Moreover, small scale or family scale fishing activities was mostly done year round because this type
of fishing was for household consumption and sale for additional income. Apart from that, fishing
gears used by fishers were mostly gill net (65%), bamboo trap (10%), Hook long line (8%), and
Scooping net (6%). The other types of gears included Loeur, Bor, Castnet, Chayra, Sayeun, Loarn,
Sein nets, Sein nets, Tom, River pelagic trawl, Chork, Neam, and Uornhum, (11%). The average
number of boat for each fisher household was 1, with the average length of 7.3 meters, expected life
of 8.7 years, and value of USD 290. Furthermore, there were four types of fishing grounds –
Tonle/lake, small lake/ditch, river/canal, and flooded rice field, and 52 fish species in the study areas.
The average annual production of fish by gear type was different by fishing ground and gear type,
with the highest average production of fish from Sien nets (Ourn), while the lowest was from bamboo
trap (Tru). Amongst the four provinces, the average annual production of fish was highest in Siem
Reap, followed by Kandal, Kampong Chhnang and Kampong Cham provinces. The purpose for
fishing was firstly for income, and secondly for fish feeding and household consumption. There was
different fish distribution between big-sized and small-sized or low value fish. While most fish caught
was sold to fish traders and directly to markets, few was used for own fish feeding and sold to other
fish raisers. Additionally, the highest cost in fishing activity was fishing gear, which contributed
nearly 50% of total production cost. On average, fishers engaging in fishing activities received USD
1,928 per year per household, equal to USD 911 per person, excluding salary or wage cost on labor.
Within the four provinces, Siem Reap was the province in which the input cost and gross return was
the highest. This was because this province had better fishing ground, ecological fisheries, fishing
skills, and marketing system compared to the other three provinces. Overall, there were negative
impacts on low value or small-sized fish and humans of using low value fish for aquaculture.
Snakehead culture in Cambodia mainly depended on family labor which was an average of 3 persons.
However, hired labor was still important when fish harvesting time arrived. Most fish farmers were
successful in snakehead culture. Pond culture, net in pond, net on the river/canal and cage were
categories of fish culture which was practiced one time per year in Cambodia. The average period for
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snakehead culture was 332 days. From 2004 to 2007, there were only six species which were
cultured. Amongst those species, Channa micropeltes shared the highest contribution. Fry/fingerling
supplied to fish farmers was mostly from wild collection (67%), and from hatcheries stations (33%).
Three types of feeding sources were used for snakehead fish farming such as home-made fish,
freshwater trash fish, and marine trash fish, crab and snail. Home-made and freshwater trash fish
shared the highest percentage in snakehead fish feed. There were four sources of water supply for
snakehead culture. Amongst the four, water from canal was mostly used, followed by water from
river, lake, and rain fed, respectively. When disease occurred on snakehead fish, modern treatment
using medicine was practiced, whereas traditional treatment was least practiced. Furthermore,
harvesting snakehead fish was categorized into three grades. Amongst the three, grade 2 (1,281
g/head) was the highest average number by weight, followed by grade 1 (1,857 g/head) and grade 3
(845.1 g/head). The harvested snakehead fish culture were mainly distributed to local
collectors/retailers, local wholesalers/company or directly to local markets, and kept for household
consumption, respectively. The average capital used in fish culture was around USD 9,367 and
average net profit per cage culture per year was USD 5,887.
Fish trading was also as important as fish culture and practiced year round in the four selected
provinces. Most of fish traders in the four provinces prioritized quality of fish, transportation and
trading places as important concerns. Fishing lots around Tonle Sap Great Lake were the main source
of fish supply. Amongst the four provinces, Siem Reap was the one which fish traders had fish in the
highest volume, compared to the others. Nonetheless, the highest average total value of fish bought
by fish traders per day was in Kampong Chhnang province. Furthermore, average loss rate of fish
between buying and reselling was least in Kampong Cham province. Additionally, Kampong Cham
was the leading province in the number of months and days in which fish was traded. However,
Kampong Chhnang was the only province in which fish traders could receive the highest working
cost and net income per day. In brief, fish traders played an important role in fish markets in
Cambodia. They were connectors of fish from fishers or water to consumers or markets. Besides this
job, fish traders could also be a dependable financial source to fishermen. Moreover, the fish market
and distribution network was relatively well developed in captured fish in fisheries sector.
As a whole, snakehead culture is profitable. However, it was competitive between using low value
fish for fish feed and for human food. Thus, not using low value fish for snakehead culture is the best
choice and if snakehead culture is still wanted to be continued, pellet should be used to replace the
use of low value fish. Furthermore, in order to improve aquaculture, fishing, trading and using of fish,
some recommendations are provided as followed:
• Other fish species with high productivities should be grown.
• Subsidize and support from the government, NGOs, and relevant agencies on relevant issues
such as input cost is needed.
• Training on fish culturing technology is needed to be provided.
• Alternative fish feed like pellet should be used to replace low value fish or fish-made feed.
• Fisheries resources management by creating more conservation places in the fishing ground at
the local communities, replanting flooded forest, and reducing or stopping clearing flooded
forest for agricultural cultivation should be improved.
• Financial organizations providing loan without or low interest rate is strongly needed.
• Fish marketing channel and fish price setting should be improved.
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Appendix Figure 1.1: Map of the Lower Mekong Basin Countries showing the
selected provinces in Cambodia.
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Appendix Figure 1.2: Map of Cambodia showing all provinces and water bodies in

Appendix Figure 2.1: Map of Cambodia showing the study areas in Kampong
Chhnang, Kampong Cham, Kandal, and Siem Reap provinces.
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Appendix Figure 3.1: Fish production from aquaculture sector from 1984- 2007 (Source: Viseth and
So Nam, 2008)

Figure 6.1: Percentage of fry/fingerling distributor
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Figure 6.2: Percentage of feed by types supply to snakehead fish culture

Figure 6.3: Type of water supply for snakehead fish culture in the study areas
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Figure 6.4: Percentage of capital source lends by fish farmer
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LIST OF TABLE - INVESTIGATION 1 - CAMBODIA
Table 3.1: Total freshwater fish production (including captured and cultured fish)
during 1991-2009.
Year

Captured fish

Cultured fish

(Capture & Aquaculture)

1991

74,700

6,700

81,400

1992

68,900

8,550

77,450

1993

67,900

7,400

75,300

1994

65,000

7,640

72,640

1995

72,500

8,779

81,279

1996

63,510

9,000

72,510

1997

73,000

11,534

84,534

1998

75,700

13,903

89,603

1999

231,000

14,938

245,938

2000

245,600

14,410

260,010

2001

385,000

13,857

398,857

2002

360,300

14,547

374,847

2003

308,750

18,410

327,160

2004

250,000

20,760

270,760

2005

324,000

25,915

349,915

2006

422,000

34,160

456,160

2007

294,340

275,000

569,340

2008

431,000

40,000

471,000

2009

465,000

50,000

515,000

Table 3.2: Aquatic resources in the Freshwater Area which support inland fisheries
in Cambodia.
Land and water resources
1. Permanent water (river, lake, pond, etc.)

Area (ha.)
1985-87
567,100

1992-93
411,100
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2. Flooded forest

795,400

370,700

3. Flooded secondary forest

28,200

259,800

4. Flooded grassland

80,800

84,900

5. Receding and floating rice-fields

17, 500

29,300

6. Seasonally flooded crop fields

366,800

529,900

12,200

1,400

1,868,000

1,687,100

7. Swamp
Total

Table 3.3: Aquatic species of floras and faunas in the Cambodian Mekong system.
Aquatic floras and faunas

Number of species

1. Aquatic plants

2,300

2. mammals

130

3. Aquatic birds (water-birds)

> 500

4. Freshwater fish

> 500

Table 3.4: Catch data Giant Mekong Catfish at Dai Fishery and Fishing Lot in
Cambodia, usually one of the 63 Tonle Sap River beg-net (1-15 A,B,C,D,E,F).
Date
25-10-99
19-11-99
21-11-99
23-11-99
24-10-00
25-10-00
28-10-00
28-10-00
31-10-00
5-11-00
9-10-00
10-11-00
16-11-00
26-11-00
6-12-00
24-10-01
27-10-01

Location
2A
2C
2C
2C
2B
4A
1B
1B
2D
2C
4A
1D
2C
2D
1C
2A
2A

Total Length
2.34 m
2.18 m
2.10 m
2.35 m
2.64 m
1.93 m
2.09 m

Total Weight
190 kg
176 kg
163 kg
200 kg
172 kg
180 kg
135 kg
185 kg
270 kg
170 kg
200 kg
160 kg
260 kg
270 kg
268 kg
116 kg
185 kg

Tag number
017
001
-

Comments
Sold
Sold, female
Sold, female
Sold
Sold, female
Sold 30,000 Riels
Sold 1,600 Riel/kg
Sold, female
Released
Released
Sold
Released, male
Released
Released
Released
Released
Released
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27-10-01
6-11-01
7-11-01
29-12-01
18-2-02
20-10-02
1-11-02
10-11-02
18-11-02
4-12-02
Dec 2002
24-1-03
24-1-03
11-3-03

2A
2A
2C
2C
13A
2B
4C
2A
2C
2A
TSL
TSL (lot 6)
TSL (lot 6)
PVP

2.01
2.20 m
1.83 m
1.40 m
0.81 m
2.10 m
1.29 m
2.56 m
2.55 m
2.05 m
1.84 m
1.10 m
-

153 kg
200 kg
120 kg
62 kg
15 kg
152 kg
25 kg
181 kg
88 kg
70 kg
70 kg
16 kg
170 kg

094
064
116
291
999
998
-

Released
Released
Released
Released
Released
Sold
Released
Released, died 12-11-02
Released
Released
Sold
Released
Released
Sold

Note: TSL: Tonle Sap Lake, PVP: Prey Veng Province
Table 3.5: Location and type of fish culture system.
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Provinces/City’s name
Phnom Penh
Kandal
Takeo
Kompong Speu
Svay Rieng
Prey Veng
Kompong Cham
Kratie
Stung Treng
Mondul Kiry
Ratanakiry
Preah Vihear
Kompong Thom
Siem Reap
Battambang
Pursat
Kompong Chnang
Pailin
Bantey Meanchey
Udor Meanchey

Type of fish culture
Cage and pond culture
Cage and pond culture
Cage, pond and rice-fish culture
Pond culture
Pond and rice-fish culture
Cage, pond and rice-fish culture
Cage and pond culture
Cage and pond culture
Cage culture
Non
Pond culture
Pond culture
Cage and pond culture
Cage and pond culture
Cage and pond culture
Cage and pond culture
Cage and pond culture
Pond culture
Pond culture
Pond culture

Table 4.1: Districts, communes, villages by each province in the study areas.
Provinces
Kg.
Chhnang
Kg. Cham

District
Boribo
Rolea Paear
Kong Meas
Kg. Seam

Commune
Chnok Tru
Teuk Haut
Peam Knong
Kien Chrey

Village
Chnok Tru
Prek Reang
Peam Knong
Intanel
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Kandal
Siem Reap

Saang
Ponhea Leu
Siem Reap
Soth Nikum

Prasat
Prek Taten
Chong Kneas
Kg. Khleang

Phum 2
Mongkul
Phum 1, 2, 3, 4, 5, 6, and 7
Chamkar Yourn

Table 4.2: Main species caught by household in the study area, Kampong Chhnang
province.
Fish species
English
Khmer
Striped snakehead
Trey Ros
Climbing perch
Kranh
Mud Carb
Trey Riel
Siamesaelongfin carp
Ach Kok
Silver barb
Chpin
Mystus
Kahn Chos
Corica laciniata,
Bandol Ampove
Mekong Giant barb,
Chkok
Small scale mud carb,
Proul
Moonlightgrourami,
Kam Pleanh
Giant snakehead,
Chdaur
Striped bony-lip carp,
Kros
Catopa,
Kantrob
Minnow/ Rasbora
Chang Va
White eye barb
SraKa kdam
Loach/ botia
Kanh Chrouk
Glassperch
Kanchanh chras
Sailfin shark carp
Kaek
Reddish sheatfish
Kes
Narrowbarredtigerperc Khla
h,

Production
(kg/day/hh.)
3.0
0.5
20.0
10.0
2.0
0.7
30.0
1.0
5.0
0.5
0.5
2.0
0.5
10.0
0.5
1.0
4.0
10.0
1.0
0.5

Fish caught change
After 10 years (%)
-60
-60
-50
-60
-60
-70
-70
-90
-60
-60
-90
-50
-50
-50
-60
-50
-50
-50
-50
-60

Table 4.3: Main fish species caught and average caught by local households in Kandal
province.
Name of fish species caught
English
Khmer
Striped snakehead
Ros
Climbing perch
Kranh
Walking catfish
Andeng
Bronze featherback
Slat
Silver barb
Chpin
Sickle fin barb
Chra Keng
Giant bony-lipcarb
Krum
Mekong Giant barb
Chakok
Small scale mud carb Proul

Production
(kg/day/hh.)
15.0
5.0
2.0
5.0
0.5
0.5
3.0
2.0
8.0

Fish caught
After 10 years (%)
-50
-70
-70
-50
-80
-80
-50
-80
-80
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Moonlightgrourami
Giant snakehead
Striped bony-lip carp
Catopa
Snail eating catfish
Spotted-ear catfish
Asian redtail catfish

Kam Pleanh
Chdaur
Kros
Kantrob
Pra
Por
Chhlang

20.0
1.0
5.0
15.0
20.0
1.0
10.0

-40
-50
-40
-50
-40
-40
-40

Table 4.4: Fishing activities status by selected villages in Siem Reap province.

Village of
Chamkar Yuon

Village of
Phum
1,2,3,4,5,6,7

Activities
Fishing
Fish Trading

Increase
+8%
+%

Fish farmer

+6%

Fishing

+10%

Decreae

Fish Trading

-10%

Fish farmer

-90%

Reason
Increase in population
No new trader come in
Got an extension on a new
technique and fish larvae from
local NGO (Neary Khmer
Organization)
Rice farmers also come down and
do fishing and increase in local
population
Increase price of fish and
gasoline expensive
- Lack of money to buy
fingerling, low price of fish
during harvesting time,
- Lack of technique and spent
much money for buying fish feed

Table 4.5: Main Species caught by households in the Siem Reap province.
Fish species caught
English
Khmer
Striped snakehead
Ros
Climbing perch
Kranh
Walking catfish
Andeng
Eel
Antoung
Silver barb
Chhpin
Sickle fin barb
Chrakeng
White eye barb
Sraka kdam
Mekong Giant barb
Chkok
Small scale mud carb
Prul
Moonlightgrourami
K.Pleanh
Giant snakehead
Chdaur
Striped bony-lip carp
Kros
Mystus sp.
Kahn Chos
Snail eating catfish
Pra

Production
(kg/day/hh.)
1.0
7.0
7.0
5.0
4.0
5.0
6.0
5.0
3.0
16.0
4.0
7.0
10.0
4.0

Fish caught
after10 yrs(%)
-60
-90
-50
-50
-50
-50
-50
-60
-90
-10
-70
-90
-50
-80
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Mud Carb
Asian redtail catfish
Fresh water shrimp
Reddish sheatfish
Gian featherback
Ompok hypophthalmus
Bronze featherback
Grenadier anchovy
Asiatic minnow
Snail eating catfish
Minnow/ Rasbora
Glassperch/ glassy
perchlet

Trey Riel
Chlang
Kampeus
Kes
Kray
Ta aon
Slat
Chugnlunhmon
Chunteas plouk
Pra Ke
Chang Va
Kanh chanhchras

15.0
7.0
20.0
1.0
1.0
5.0
5.0
0.5
0.5
1.0
5.0
1.0

-20
-50
-10
-50
-50
-80
-70
-50
-20
-40
-20
-30

Table 4.6: Main fish species and price per unit for low value fish in the study areas.
Fish species caught
Khmer
Scientific
Real
Henicorhynch!us siamensis
Linh
Thynnichthys thynnoides
Kahn Chos
Mystus regma
Kam Pleanh
Trichogaster microlepis
Kros!
Osteochilus lini
Chang Va
Rasbora myersi
Sraka Kdam
Cyclocheilichthy
lagleri/repasson
Kanchanh chras
Pseudambassis notatus
Kam Pream
Polynemus longipectoralis
(small)
Kaock
Arius caelatus
Chunh Chuok
Spotted algae eater
Day
Chongwa
Lobocheilos melanotaenia
Ronoung
Bandol Ampov
Clupeichthys assarnensis
Chuntus Pluk
Paralaubuca typus
Sleuk Reusey
Paralaubuca riveroi
Ach Kok
Labiobarbus siamensis
Chakok (small)
Cyclocheilichthys enoplos
Kaek (small)
Labeo chrysophekadion

Price per unit
(riel/kg)
(US$/kg)
500 – 3,000
0.12 – 0.73
500 – 2,500
0.12 – 0.61
800 – 3,000
0.20 – 0.73
800 – 3,000
0.20 – 0.73
500 – 3,000
0.12 – 0.73
800 – 3,000
0.20 – 0.73
600 – 1,000
0.15 – 0.24
300 – 500
1,000 –2,000

0.07 – 0.12
0.24 – 0.49

1,000 –3,000
500 – 1,500

0.24 – 0.73
0.12 – 0.37

500 – 2,500

0.12 – 0.61

2,000- 3,500
500 – 2,000
500 – 2,500
500 – 2500
1,500 – 3,000
1,000 – 3,000

0.49 – 0.85
0.12 – 0.49
0.12 – 0.61
0.12 – 0.61
0.37 – 0.73
0.24 – 0.73
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Table 4.7: The impacts of use of low value fish to feed the cultured fish and reason.
The factors affected
The natural aquatic
resources

Ranking

Reason

Very bad

Aquatic resources depletion, fish production decrease

The aquaculture

Good

The public water

Bad

The food of poor

Bad

The job of
community

Bad

The income of
fishers

Bad

For fish feeding, fast growth-out, saving time, good
taste
Water pollution, dirty water with bad smelling and
many grease of fish in the water
Loss of fish food for poor people, due to higher price
of fish, so they cannot affordable
Loss of job due to low fish catch and low income for
the poor households, lead to migrant out for seeking
job opportunities outside village
Daily households income was decreased, cannot
affordable

Table 4.8: Difficulties or risk & alternative solutions for major fish-related activities
Description
1. Difficulties
1.1

Fishing
- Lack of money
for buying fishing
gears/equipments

Fish trading

Aquaculture

Use of fish

- Lack of fish
- Snakehead
supply from fishers culture was
banned by the
government
High price of fish
- Lack of
technique and
method on fish
raising

- Have higher
price of fish

1.2

- High inputs cost
(i.e. fuel, food etc.)
- Low profits

1.3

- Low fish catch
for local household
- Storming during
raining season and
go to fish

- Have high input
costs
- Low profits

- The price of
feed is higher

- Low daily
income and
cannot
affordable

Need credits
without or low
interest rate

- Find more fishers
or fish suppliers

- Grow other
species with high
productivities

- Increasing and
developing fish
culture activities

2. Solutions
2.1

- Lack of fish
food for daily
consumption
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2.2

2.3

- Increase price of
fish
- Need subsidize or
helps and support
from the
government or
NGOs
- Improve fisheries
resources
management by
create more
conservation
places in the
fishing ground at
the local
communities,
replanting flooded
forest and reducing
cutting or stopping
clearing flooded
forest for
agricultural
cultivation
- Should be careful
with the natural
weather

- Increasing price
of fish and fine
more fish buyers
- Need to improve
fish marketing
channel and fish
price setting
- Need to reduce
input costs by
different ways or
subsidize from the
government

- To provide
training on fish
culturing
technology

- Reducing fish
export

-Use alternative
fish feeding
- Need fish feeds
suppliers and
helps or subsidies
from the
government/
NGOs/agencies

- Improve their
daily income by
create alternative
livelihoods for
the poor people livestock rearing
etc.

Table 5.1: Age distribution of the sample households by sex.
Age group
(year)
20 – 30
31 – 40
41 – 50
51 – 60
61 and above
Total

Male
No.
37
56
46
26
7
172

(%)
15.42
23.33
19.17
10.83
2.92
71.67

Female
No.
(%)
16
6.67
12
5.00
26
10.83
8
3.33
6
2.50
68
28.33

Total
No.
53
68
72
34
13
240

(%)
22.08
28.33
30.00
14.17
5.42
100.00

Table 5.2: Education distribution of the sample household by sex in all
provinces.
Male
Education level
Illiterate
Primary
Secondary
High school

No.
36
88
37
11

(%)
15.00
36.67
15.42
4.58

Female
No.
(%)
21
8.75
35
14.58
10
4.17
2
0.83

No.
57
123
47
13

Total
(%)
23.75
51.25
19.58
5.42
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Higher
Total

0
172

0.00
71.66

0
68

0.00
28.33

0
240

0.00
100.00

Table 5.3: Average, min, max year of fishing experience by education, sex and
province of sample households in the study area.
Experiences (number of year in fishing)
All
Female
Male
Education
Avg.
Min Max Avg. Min Max Avg.
Min
Kampong Chhnang (n=60)
Illiterate
22
12
30
20
10
35
21
10
Primary
19
4
30
21
5
50
21
4
Secondary
15
10
20
21
10
28
19
10
High school
0
0
0
0
0
0
0
0
Total
20
4
30
21
5
50
21
4
Kampong Cham (n=60)
Illiterate
21
10
30
20
10
30
21
10
Primary
13
13
13
18
6
30
18
6
Secondary
4
4
4
11
3
25
11
3
High school
18
2
30
18
2
Total
17
4
30
16
2
30
16
2
Kandal (n=60)
Illiterate
23
5
30
20
5
40
21
5
Primary
17
2
35
22
8
40
20
2
Secondary
18
8
25
16
5
30
17
5
High school
30
30
30
7
5
8
14
5
Total
20
2
35
19
5
40
19
2
Siem Reap (n=60)
Illiterate
18
5
30
18
4
30
18
4
Primary
20
8
33
24
7
40
22
7
Secondary
35
30
40
8
3
15
17
3
High school
50
50
50
20
20
20
30
20
Total
22
5
50
21
3
40
21
3

Max
35
50
28
0
50
30
30
25
30
30
40
40
30
30
40
30
40
40
50
50

Table 5.4: Average, min, max year of fishing experience by education and sex of
sample households in all province.
Education
Level
Illiterate
Primary
Secondary

Female
Average Min
21
5
19
2
19
4

Experiences (number of year in fishing)
Male
All
Max Average Min Max Average Min Max
30
20
4
40
20
4
40
35
21
5
50
20
2
50
40
14
3
30
15
3
40
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High school
Total

40
20

30
2

50
50

16
19

2
2

30
50

20
19

Sample households (n=240)
Male
Avg. Min Max Avg.
6.0
2
10
6.2
5.4
3
13
5.5
5.9
2
9
6.0
6.1
2
12
6.0
5.8
2
13
5.9

All
Min
2
3
2
2
2

2
2

50
50

Table 5.5: Average size of sample household by sex and province
Province
Kg. Chhnang
Kg. Cham
Kandal
Siem Reap
Total

Avg.
6.8
6.3
6.2
5.9
6.2

Female
Min
2
4
3
2
2

Max
11
10
10
10
11

Max
11
13
10
12
13

Table 5.6: Average, min, and max size of family labor involved in all activities of
sample household by province.
Province
Kg. Chhnang
Kg. Cham
Kandal
Siem Reap
Total

Avg.
1.5
1.3
1.5
1.3
1.4

Female
Min
0
0
0
0
0

Max
6.0
4.0
4.0
4.0
6.0

Avg
1.7
1.4
1.5
1.5
1.5

Male
Min
0
0
0
0
0

Max
4.0
4.0
6.0
4.0
6.0

Avg
3.2
2.7
3.0
2.8
2.9

All
Min
1
1
1
1
1

Max
8.0
7.0
9.0
8.0
9.0

Table 5.7: Average number of family labor involved in fishing activities by sex and
province.
Province
Kg. Chhnang
Kg. Cham
Kandal
Siem Reap
Total

Male
Average
Min
1.9
1
1.1
1
1.5
1
1.6
1
1.5
1

Max
6
3
4
3
6

Female
Average
Min
1.3
1
1.3
1
1.2
1
1.1
1
1.2
1

Max
3
2
3
2
3

Table 5.8: Average number of family labor involved in fish culture by sex and
province.
Male
Female
Province
Average
Min
Max
Average
Min
Kg. Chhnang
1.8
1
3
1.0
1
Kg. Cham
1.3
1
2
1.3
1
Kandal
1.1
1
2
1.0
1
Siem Reap
1.7
1
7
1.1
1
Total
1.6
1
7
1.1
1

Max
1
2
1
2
2

Table 5.9: Average size of hired labor involved in fishing activities by sex and
province.
Province

Avg.

Female
Min

Max

Avg.

Male
Min

Max
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Kg. Chhnang
Kg. Cham
Kandal
Siem Reap
Total

1.5
2.0
1.7

1
2
1

2
2
2

1.6
2.5
2.2
2.1

1
2
1
1

2
3
8
8

Table 5.10: Average number of working day per year of sample household
involved in fishing activity by sex and province.
Province
Kg. Chhnang
Kg. Cham
Kandal
Siem Reap
Total

Avg.
154.5
247.1
244.4
258.6
222.1

Female
Min
10
100
45
25
10

Max
360
340
360
365
365

Male
Min
2
24
20
75
2

Avg.
216.4
183.4
246.7
291.6
234.4

Max
365
360
360
365
365

Table 5.11: Average percentage of working day by activity for family and hired labor
and priority of work by activities for the future.
(%) of working day labor
Activities
1. Fishing
2. Fish trading
3. Hatch/Nursery
4. Fish aquaculture
5. Horticulture
6. Animal raising
7. Hire, paid works
8. Rice farming

Family labor
Avg.
Min Max
79.2
12
100
81.3
33
100
71.8
10
100
45.3
3
100
62.3
24
100
75.8
2
100
68.9
10
100

Hired labor
Avg.
Min Max
86.8
2.5
100
86.0

6

100

54.5
95.3

8
10

100
100

Ranked
(1=least,…10=most)
Priority in the future
Avg. Min Max
9.4
5
10
9.6
8
10
8.0
4
10
8.6
3
10
7.5
2
10
8.3
1
10
9.6
2
10

Table 5.12: Percentage of household fishing during each season by province.
Fishing season
Open season
Closed season
All season
Total

Kg. Chhnang
Kg. Cham
No.
(%) No. (%)
127 54.5
55 22.7
4
1.7
30 12.4
102 43.8 157 64.9
233 100.0 242 100.0

Kandal
No. (%)
116 43.1
6
2.2
147 54.6
269 100.0

Siem Reap
No.
(%)
57 22.7
10
4.0
184 73.3
251 100.0

All
No.
(%)
355 35.7
50
5.0
590 59.3
995 100.0

Note: Open season (October-May), Closed (June-September), All season (Whole year)

Table 5.13: Average duration involved in fishing activity of selected sample household
by province.
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Province
Kg. Chhnang
Kg.Cham
Kandal
Siem Reap
Total

Avg.
5.8
5.0
6.4
7.8
6.3

Min
1
1
2
1
1

Max
12
12
12
12
12

Table 5.14: Percentage of household on purpose of fishing activity by type of village –
fishing, fishing cum farming and farming in 2003.
Fishing cum
Fishing
farming
Farming All villages
Purpose of fishing - % of households by village type
Consumption only
0.00
29.63
27.41
19.01
Sale only
40.00
45.93
33.33
39.76
Sale and consumption
55.00
11.11
6.67
24.88
NA
5.00
13.33
31.85
16.35
Source: Rab. M. A. H. Navy et al. (2006)
Table 5.15: Average number of gear used by household by type and province.
Type of gear
Gillnet
bamboo trap
Hook long line
Scooping net

Kg. Chhnange
% of
hh.
Avg.
60.4
6.2
2.1
17.5
9.9
8.4
0.5
1.0

Loeur
Bor
Castnet\
Chayra

0.0
0.0
1.6
3.1

Sayeun
Loarn
Sein nets
Krasom
Tom
River pelagic
trawl
Chork
Neam
Brush park

0.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.5

1.0
1.0
300.
0

1.0

Kg. Cham
% of
hh. Avg.
35.6
4.2
19.2 11.5
10.2
4.9
0.0
0.6
0.0
2.3
0.0

2.0

2.8
2.8
1.7
0.0
1.7

3.0
46.0
1.0

0.6
0.0
0.0
0.0

2.0

1.3

30.0

Kandal
% of
hh.
Avg.
60.8 11.1
0.6
30.0
3.8
8.6
0.6
1.0
245.
8.2
4
0.0
1.9
1.0
2.5
1.3

Siem Reap
% of
hh.
Avg.
30.6
34.2
20.1
2.4
6.7
10.8
29.9
0.0
6.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

0.7
0.0
0.7
3.0
0.0

0.0
1.3
0.6
0.0

1.5
0.0
0.0
0.0

1.0
1.0

1.6

1,000.
0
1.0
255.0

12.0

All
% of
hh.
64.8
10.0
7.9
6.4

Avg.
10.9
10.2
8.0
1.0

2.1
1.2
1.5
1.5

228.0
1.6
1.1
1.1

1.1
0.8
0.6
0.6
0.5

187.9
46.0
1.0
255.0
30.0

0.5
0.3
0.2
0.2

8.7
1.0
1.0
1.0
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Note: Gillnet (Mong), Loub (bamboo trap), Hook long line (Santuch ro norng), Scooping net (Thnorng/Chnouk), Sein nets
(Uorn), River pelagic trawl (Manh), Brush park (Samrash).

Table 5.16: Average value of fishing gear per unit (US$) by gear type.
Value per unit
(US$)
Avg.
Min
36.8
0.2
11.1
0.0
195.6
2.0
396.4
47.5
163.8
1.0
57.5
45.0
175.2
1.3
1.4
0.4
320.0
125.0
11.3
3.8
686.3
20.0
36.3
15.0
250.0
250.0
10.7
0.1
200.0
200.0
20.5
0.4
13.5
2.0

Type of gear
Gillnet
Hook long line
Trap
Bor
Loeur
Chnok
Sayeun
Krasom
Chaira
Tom
Sein nets
Castnet
Neam
River pelagic trawl
Brush park
Loarn
Tru

Life of gear
(No. of year use)
Avg.
Min
Max
1.2
0.1
10
1.5
0.3
12
1.9
1.0
8
1.9
1.0
3
1.1
1.0
2
2.0
1.0
3
2.3
1.0
3
1.0
1.0
1
4.7
2.0
10
2.7
2.0
4
7.0
1.0
20
4.5
2.0
6
5.0
5.0
5
2.3
1.0
5
3.0
3.0
3
1.6
1.0
2
3.0
3.0
3

Max
1,340
80
1,375
1,000
500
70
950
4
1,100
25
2,500
113
250
20
200
75
25

Note: Gillnet (Mong), Loub (Loub with bamboo fence trap), Hook long line (Santuch ro norng), Scooping net
(Thnorng/Chnouk), Sein nets (Uorn), River pelagic trawl (Manh), Castnet (Somnanh), Brush park (Samrash).

Table 5.17: Average number of working month per year by type of gear and province.
Type of gear

Kg.
Cham
Avg.

Kg.
Chhnang
Avg.

Kandal
Avg.

Bor
Loeu
Trap
Scooping net
Gillnet
Chayra
Chnok
River pelagic
trawl
Sayeun
Hook long line
Castnet

5
5
5

4
4
4
4

4
5
6
5

6
4
5

7
10
8
6
6
5

4
3

Siem
Reap
Avg.
7
9
7

6
7
6

All province
Avg.
Min
Max
7
3
12
7
7
7
6
6
5

2
0
5
0
1
2

12
12
8
12
9
8

5
5
4
4

4
2
1
0

6
10
12
9
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Uorn
Krasom
Lorn
Neam
Tom
Tru
Brush park

3

2

9
3

4
3
3
2
2
2
2

3
2
2
2
2

1
1
2
2
1
2
2

9
5
4
2
3
2
2

Note: Trap (Loub with bamboo fence trap), Scooping net (Thnorng/Chnouk), Gillnet (Morng), River pelagic trawl
(Manh), Hook long line (Santuch ro norng), Castnet (Somnanh), Brush park (Samrash).

Table 5.18: Descriptive analysis of fishing boat in the study area.
Description
Number of boat
Expected life use of boat
Length of boat
Width
High
Value per unit

Unit
(No.)
(year)
(m)
(m)
(m)
(US$)

Avg.
1.1
8.7
7.3
1.3
0.6
290.8

Min
1.0
1.0
1.2
0.3
0.2
8.0

Max
3
20
13
3
7
2,500

Table 5.19: Number, horsepower, expected life and values of engine boat used by
sample households in the selected study areas.
Characteristic

Kg. Chhnang

Number of engine (no.)
Average
1
Min
1
Max
1
Horsepower (hp)
Average
9
Min
4
Max
24
Expected life of engine use (no. of year)
Average
5
Min
2

Province name
Kg. Cham
Kandal

Siem Reap

All

1
1
1

1
1
1

1
1
2

1
1
2

5
3
7

7
3
17

15
24

10
24

6
1

6
1

6
1

6
1

118

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
Max
Value per unit (US$)
Average
Min
Max

12

12

28

20

28

196
25
1,000

100
40
130

152
25
500

277
50
1,500

201
25
1,500

Table 5.20: Type of fishing ground by province in the study areas.
Fishing ground
Flooded rice
field
River/Canal
Small lake/Ditch
Tonle/Lake
Total

Kg. Chhnang
No.
(%)
0
3
15
56
74

Kg. Cham
No.
(%)

0.0
4.1
20.3
75.7
100.0

5
5
5
1
16

Kandal
No. (%)

31.3
31.3
31.3
6.3
100.0

1
3
19
20
43

Siem Reap
No.
(%)

2.3
7.0
44.2
46.5
100.0

16
26
41
13
96

16.7
27.1
42.7
13.5
100.0

All
No.

(%)

22
37
80
90
229

9.6
16.2
34.9
39.3
100.0

Table 5.21: Distance (meter) from fishing ground to the house by province.
Province name
Kg. Chhnang (n=60)
Kg. Cham (n=60)
Kandal (n=60)
Siem Reap (n=60)
All

Avg.
5,247.7
1,637.3
2,245.4
8,806.9
4,506.6

Min

Max
65,000
10,000
15,000
100,000
100,000

10
6
10
6
6

Table 5.22: Average annual production (kg/year) by type of gear.
Type of gear
Gillnet
Hook long line
Bamboo trap
Bor
Loeur
Chork
Sayeun
Krasom
Chaira
Tom
Sein nets
Castnet

Avg.
1,437
353
2,495
1,869
4,741
140
1,969
678
844
410
192,775
258

Min
8
18
20
450
375
100
100
450
450
90
200
30

Max
18,000
1,200
17,500
3,000
15,000
180
5,400
1,040
1,456
840
765,000
1,125
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Neam
River pelagic trawl
Brush park
Loarn
Tru

1,500
959
150
210
135

1,500
350
150
90
90

1,500
1,568
150
360
180

Note: Trap (Loub with bamboo fence trap), Scooping net (Thnorng/Chnouk), Gillnet (Morng), River pelagic trawl
(Manh), Hook long line (Santuch ro norng), Castnet (Somnanh), Brush park (Samrash).

Table 5.23: Average production per year by gear type and province.
Type of gear
Bor
Chaira
Chork
Krasom
Loeu
Lorn
Loub
Magnn
Morng
Neam
Santuoch
Sayeun
Somnagn
Thnorng
Tom
Tru
Sein nets (Uorn)
Brush park
(Samrash)

Kg.
Cham
(n=137)
Avg.
375
210
592
350
392
232
2,144
145
410
135
2,033

Kg.
Chnange
(n=151)
Avg.
906
365
1,153
397
810
503
22,500
-

-

Kandal
(n=127)
Avg.
750
140
5,077
450
2,045
1,500
448
163
1,500
-

Siem
Reap
(n=93)
Avg.
1,869
678
5,143
1,264
2,425
437
2,250
765,000

-

-

150

All Province
(n=508)
Avg.
Min
Max
1,869
450
3,000
844
450
1,456
140
100
180
678
450
1,040
4,741
375
15,000
210
90
360
2,495
20
17,500
959
350
1,568
1,437
8
18,000
1,500
1,500
1,500
353
18
1,200
1,969
100
5,400
258
30
1,125
12,000
1,500
22,500
410
90
840
135
90
180
192,775
200 765,000
150

150

150

Table 5.24: Average annual production (kg) per household by province.
Province
Kg. Chhnang
Kg.Cham
Kandal
Siem Reap
Total

Avg.
2,956
1,142
4,536
17,161
6,449

Min
240
75
100
350
75

Max
22,900
7,800
18,000
766,000
766,000

Table 5.25: Percentage distribution of fish caught from capture and aquaculture of big
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size and low value fish.
Type of fish used
1. For food (fresh and processed)
2. Use fish for feed fish culture of HH.
3. Sold to other for feeding their fish culture
4. Sold at the marked (%)
5. Sold to middlemen, traders (%)

Capture
Big fish
LVF
20.2
21.6
2.9
12.1
2.8
17.8
31.3
21.1
42.7
27.4

Aquaculture
Big fish
LVF
41.7
1.8
0.0
0.0
0.0
0.0
18.5
48.0
39.7
50.2
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Table 5.26: Big size of fish species distribution by fishing ground or ecological.

Name of fish species
No. Scientific name
Khmer
1 Clarias sp.
Andeng
2 Puntus sp.
Angkat prak
3 Ophisternon bengalense Antung
4 Danio sp.
Changwa
5 Channa micropeltes
Chhdaur
6 Cyclocheilichthys sp.
Chhkok
7 Macrognathus sp.
Chhlonh
8 Hypsibarbus sp.
Chhpin
9 Mystus nemurus
Chhlang
10 Puntioplites sp.
Chrakaing
11 Oxyeleotris marmorata
Damrey
12 Labeo chrysophekadion
Kaek
13 Catlocarpio siamensis
Kahao
14 Barbodes sp.
Kahe
15 Channa lucius
Kanh chorn chey
16 Pristolepis fasciata
Kantrawb
17 Parambassis wolffi
Kantrong Breng
18 Tenualosa thibaudeaui
Kbork
19 Micronema apogon sp.
Kes
20 Hampala dispar sp.
Khmann
21 Mastacembelus sp.
Kchoeung
22 Belodontichthys dinema
Klaing hay
23 Chitala sp.
Krai
24 Hemisilurus mekonginsis Kromorm
25 Wallago attu
Kror poat
26 Cirrhinus microlepis
Krawlang
Osteochilus
27 melanopleurus
Krum

Flooded
rice field
No. (%)
13
9.1
0.0
2
1.4
0.0
1
0.7
8
5.6
1
0.7
14
9.8
10
7.0
15 10.5
1
0.7
3
2.1
0.0
0.0
2
1.4
0.0
0.0
0.0
2
1.4
2
1.4
0.0
7
4.9
1
0.7
1
0.7
0.0
6
4.2
2

1.4

Fishing ground
Small
River/Canal lake/pond/ditch
No. (%)
No.
(%)
8 6.7
46
9.3
0.0
1
0.2
0.0
5
1.0
1 0.8
1
0.2
3 2.5
5
1.0
9 7.5
21
4.3
1 0.8
1
0.2
17 14.2
54
10.9
14 11.7
48
9.7
13 10.8
57
11.5
1 0.8
11
2.2
0.0
8
1.6
0.0
1
0.2
0.0
3
0.6
0.0
5
1.0
0.0
1
0.2
0.0
1
0.2
0.0
1
0.2
1 0.8
5
1.0
1 0.8
7
1.4
1 0.8
2
0.4
2 1.7
16
3.2
1 0.8
1
0.2
0.0
4
0.8
1 0.8
4
0.8
0.0
7
1.4
3

2.5

6

1.2

Tonle/Great
Lake
No.
(%)
9
2.9
1
0.3
0.0
0.0
4
1.3
47 15.1
0.0
47 15.1
33 10.6
49 15.8
2
0.6
21
6.8
0.0
0.0
0.0
0.0
1
0.3
0.0
5
1.6
2
0.6
3
1.0
4
1.3
3
1.0
0.0
1
0.3
0.0
21

6.8

Total
No.
67
1
7
2
9
38
3
85
72
85
13
11
1
3
7
1
1
1
8
10
3
25
3
5
5
13

(%)
8.9
0.1
0.9
0.3
1.2
5.0
0.4
11.2
9.5
11.2
1.7
1.5
0.1
0.4
0.9
0.1
0.1
0.1
1.1
1.3
0.4
3.3
0.4
0.7
0.7
1.7

11

1.5
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28
29
30
31
32
33
34
35
36
37
38
39
40

Poropuntius sp.
Zenarchopterus sp.
Pangasius larnaudiei
Pangasianodon sp.
Leptobarbus hoeveni
Boesemania microlepis
Cirrhinus sp.
Channa marulius
Wallago attu
Notopterus notopterus
Ompok sp.
Mystus filamentus
Probarbus sp.

Lolok saw
Phtoung
Po
Pra
Prorlung
Promah
Pruol
Rows
Sanday
Slat
Ta aun
Tanel
Trawsak

4
2
8
1
2
21
9
1
1

0.0
2.8
1.4
5.6
0.7
0.0
1.4
14.7
0.0
6.3
0.7
0.7
0.0

5
2
3
1
1
2
12
12
1
1

0.0
4.2
1.7
2.5
0.8
0.8
1.7
10.0
0.0
10.0
0.8
0.8
0.0

4
6
2
14
2
5
3
74
3
49
4
1

0.8
1.2
0.4
2.8
0.4
1.0
0.6
15.0
0.6
9.9
0.8
0.2
0.0

2
10
6
11
2
11
7
6
1
1

0.0
0.6
3.2
1.9
0.0
3.5
0.6
3.5
2.3
1.9
0.3
0.0
0.3

4
15
6
25
4
6
7
107
3
70
6
3
0

0.5
2.0
0.8
3.3
0.5
0.8
0.9
14.1
0.4
9.2
0.8
0.4
0.0

Table 5.27: Small or low value fish species distribution by fishing ground or ecological.

No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Flooded rice
Name of fish species
field
Scientific name
Khmer
No. (%)
Clarias sp.
Andaing
1
0.5
Puntus sp.
Angkat prak
3
1.4
Labiobarbus siamensis
Arch kok
16
7.3
Clupeoides sp.
Bondoul Ampov
0.0
Danio sp.
Changwa
6
2.8
Cyclocheilichthys sp.
Chhkok
1
0.5
Macrognathus sp.
Chhlonh
2
0.9
Hypsibarbus sp.
Chhpin
4
1.8
Coilia sp.
Chhon Luonluanh
0.0
Pangasius sp.
Chhwiet
0.0
Mystus nemurus
Chlang
3
1.4
Chorchuk daiy
2
0.9
Puntioplites sp.
Chrakaing
7
3.2
Parachela sp.
Chunteas Pluk
5
2.3

Fishing ground
Small
River/canal
lake/pond/ditch
Tonle/Great Lake
No.
(%)
No.
(%)
No.
(%)
2
1.0
4
0.7
0.0
2
1.0
7
1.2
2
0.5
11
5.5
47
7.8
26
5.9
0.0
0.0
1
0.2
5
2.5
8
1.3
6
1.4
3
1.5
8
1.3
4
0.9
2
1.0
8
1.3
0.0
4
2.0
12
2.0
6
1.4
1
0.5
0.0
2
0.5
0.0
2
0.3
10
2.3
2
1.0
9
1.5
4
0.9
1
0.5
4
0.7
1
0.2
9
4.5
20
3.3
14
3.2
6
3.0
10
1.7
37
8.5

Total
No.
(%)
7
0.5
14
1.0
100
6.9
1
0.1
25
1.7
16
1.1
12
0.8
26
1.8
3
0.2
12
0.8
18
1.2
8
0.5
50
3.4
58
4.0
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15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Macrochirichthys
macrochirus
Labeo chrysophekadion
Barbodes sp.
Trichogaster microlepis
Kryptopterus sp.
Mystus sp.
Parambassis sp.
Botia sp.
Trichogaster pectoralis
Pristolepis fasciata
Parambassis wolffi
Hampala dispar sp.
Mastacembelus sp.
Belodontichthys dinema

Dangkteng
Kaek
Kahe
Kam phleanh
Kamphliev
Kanchos
Kanh chanhcrash
Kanhchrouk
Kawnthor
Kantrob
Kantrong Breng
Khman
Kchoeung
Klainghay
Kompeos
Anabas testudineus
Kranh
Chitala sp.
Kray
Hemisilurus mekonginsis Kromorm
Wallago attu
Kror poat
Cirrhinus microlepis
Krorlang
Osteochilus sp.
Kros
Ksok
Leas
Thynnichthys thynnoides Linh
Poropuntius sp.
Lolok sor
Mixed small
40
fishes
41 Cirrhinus jullieni
Phka Char
42 Cirrhinus sp.
Phka kor
43 Zenarchopterus sp.
Phtong
44 Pangasianodon sp.
Pra
45 Leptobarbus hoeveni
Prolung

1
15
14
2
2
1
10
4
1
2
19
2
2
2
20
1
5
1
2
1
2
1

0.0
0.5
0.0
6.9
0.0
6.4
0.9
0.9
0.5
4.6
1.8
0.0
0.0
0.5
0.9
8.7
0.9
0.9
0.0
0.9
9.2
0.0
0.5
2.3
0.5
0.9
0.5
0.9
0.0
0.0
0.5

1
1
19
15
3
5
6
4
1

13
2
3
19
1
6
1

0.5
0.5
0.0
9.5
0.0
7.5
1.5
2.5
0.0
3.0
2.0
0.5
0.0
0.0
0.0
6.5
1.0
0.0
0.0
1.5
9.5
0.0
0.5
3.0
0.5
0.0
0.0
0.0
0.0
0.0
0.0

8
1
47
1
45
7
11
1
22
3
1
1
3
3
46
3
2
1
14
67
1
13
1
1
2
2
2

0.0
1.3
0.2
7.8
0.2
7.5
1.2
1.8
0.2
3.7
0.5
0.2
0.2
0.5
0.5
7.6
0.5
0.3
0.2
2.3
11.1
0.2
0.0
2.2
0.0
0.2
0.2
0.3
0.0
0.3
0.3

10
1
17
29
2
17
4
3
2
8

1
68
15
2

1
1

0.0
2.3
0.2
3.9
0.0
6.6
0.5
3.9
0.0
0.9
0.0
0.7
0.0
0.0
0.5
1.8
0.0
0.0
0.0
0.2
15.6
0.0
0.0
3.4
0.5

1
20
2
98
1
103
14
35
2
42
11
5
1
4
7
86
7
4
1
20
174
1
2
39
4

0.1
1.4
0.1
6.7
0.1
7.1
1.0
2.4
0.1
2.9
0.8
0.3
0.1
0.3
0.5
5.9
0.5
0.3
0.1
1.4
11.9
0.1
0.1
2.7
0.3

0.0
0.0
0.0
0.2
0.0
0.2

3
2
4
1
2
4

0.2
0.1
0.3
0.1
0.1
0.3
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46
47
48
49
50
51
52

Boesemania microlepis
Cirrhinus sp.
Henicorhynchus sp.
Notopterus notopterus
Paralaubuca sp.
Cyclocheilichthys sp.
Mystus filamentus

Proma
Pruol
Riel
Slat
Slak russey
Srorka kdam
Tanel

3
35
2
5
12
1

1.4
0.0
16.1
0.9
2.3
5.5
0.5

5
33
4
9
1

2.5
0.0
16.4
0.0
2.0
4.5
0.5

6
105
3
12
28

1.0
0.0
17.4
0.5
2.0
4.7
0.0

3
1
101
2
16
18

0.7
0.2
23.1
0.5
3.7
4.1
0.0

17
1
274
7
37
67
2

1.2
0.1
18.8
0.5
2.5
4.6
0.1
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Table 5.28: Cost, gross return and net profit of household per year and profit per
person per year.
Kg.
Kg.
Chhnang
Cham
Description
1. Total production cost (US$/year)
Fishing gears
25
16
Boats
50
14
Engines
46
23
Total costs
121
53
2. Gross return (US$/household/year)
1,845
796
3. Net profits (US$/hh./year)
1,724
743
4. Net profits per capita (US$/person/year)
655
594

Kandal

Siem Reap

All

62
37
31
130

165
56
62
283

67
40
44
150

2,646

3,237

2,078

2,516

2,954

1,928

1,152

1,231

911

Table 5.29: Average annual total fish production (kg) by size of fish and province.
Size of fish
Small fish
Big fish
Total production

Kg.
Chhnang
910
1941
2852

Province name
Kg.
Cham
Kandal
345
521
829
4359
1174
4880

All
Siem
Reap
1705
3791
5496

No.
853
2744
3597

(%)
76.3
23.7
100.0

Table 5.30: Impact of using small or low value fish to feed the culture fish by impact level.

Level of
impact
Very bad
Bad
Normal
Good
Very good
Total

Natural
aquatic
Public
resources Aquaculture
water
No. (%) No. (%) No. (%)
42 12.1
2
0.6 13
3.8
296 85.5
32
9.2 228 65.9
8
2.3
15
4.3 52 15.0
- 252
72.8
2
0.6
32
9.2
346 100.0 333 100.0 295 100.0

The food of
poor
No.
(%)
13
3.8
295
86.8
31
9.1
1
0.3
340
100.0

Job of
community
No. (%)
7
7.4
66 69.5
15 15.8
7
7.4

Income of
fishers
No.
(%)
4
1.2
232
69.7
13
3.9
83
24.9
1
0.3
333
100.0

95 100.0

Table 5.31: Impact of small or low value fish to the natural aquatic resources and reasons.
Reason of impact factors
1. Natural aquatic resources
Decrease small fish production due to catch small for feeding aquaculture
Decrease small fish from the natural, therefore lack of feeding for big fish in the
fish stock
Destroy fries fish in the natural fisheries resources, due to catch fries fish for
aquaculture
Make loosed some kind fish species in the natural or fisheries resources
Decreasing fish production from the wild fish

No.

(%)

177

51.3

11

3.2

65
64
24

18.8
18.6
7.0
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Increase illegal fishing activities, due to high price of small fish and market
demand
2. Aquaculture
Make fish grow fast, high living rate of fish, growing fast and get high profit.
Need a lot of small fish to make fish feed
Lose fish culture work in the future because difficult to find the small fish for
feeding
Increase price of small fish because less small fish in the natural resources
3. Public Water
Make the water dirty and bad smell lead to have negative impacts on wild fish
and fish food and water users
Make the natural water full of fat
Make the water have many disease and bacteria that cause itchy.
Bad and destroy water environment
4. Food of Poor
Increase price of small fish which make the poor user cannot affordable to buy
fish
Low fish catch and loosed some kind of small specie.
Increased illegal fishing activities, it was effect to the small-scale fishing
Make fisher migrant out to other place that long distance from home for seeking
job opportunity
5. Job in Community
Less fish catch per household lead to lack of fish food and loosed job in the
community
Good market for fish selling with high price since there was less fish products
Low fish catch, get low income for supporting their family
Increase illegal fishing, lead to destroy fisheries resources and loosed fish stock
in the natural
Effect to the fisher who use the small scale fishing
6. Income of Fishers
Decreased daily income of small scale and poor fishers because less fish to
catch.
Effect to the fishers who use and have small gear for fishing, need to spend
more time in fishing, migrant out for finding job because of decrease of fish
catch
Easy to sell fish catch with higher price compared to before (i.e. low catch but
get high price)

4

1.2

258
24

81.4
7.6

25
10

7.9
3.1

198
35
15
12

76.2
13.5
5.8
4.6

170
109
8

55.9
35.9
2.6

17

5.6

30
13
15

39.0
16.9
19.5

15
4

19.5
5.2

86

27.1

201

63.4

30

9.5

Table 6.1. Age distribution of the household heads by gender.
Age group
(year)
20 – 30
31 – 40
41 – 50
51 – 60
61 and above

Male
No.
6
11
9
7
1

(%)
17.6
32.4
26.5
20.6
2.9

Female
No.
(%)
1
7.7
2
15.4
7
53.9
3
23.1
0
0.00

Total
No.
7
13
16
10
1

(%)
14.9
27.7
34.0
21.3
2.1
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Total

34

100.0

13

100.0

47

100.0

Table 6.2: Average year of fishing experience in term of educational background of sample
Household.

Education level
Illiterate = 0
Primary = 1
Secondary = 2
High School = 3
Higher = 4
Total

Average year of experiences in fishing (no. year)
Male
Female
Total
No.
(%)
No.
(%)
No.
(%)
5
11.8
5
28.1
9
17.0
11
28.3
8
48.6
19
35.0
10
26.3
3
18.8
13
24.5
12
30.3
0
0.0
12
21.7
0
0.0
0
0.0
0
0.0
38
100.0
16
100.0
53
100.0

Table 6.3: Average Successful rate over 5 years of fish culture by year experience
Experience group (Year)
1 = 1 to 5
2 = 5 to 8
3 = 8 to 10
4 = 11 to 13
5 = 13 to 16
6 = 17 to 30

Successful rate (%)
60.88
62.81
62.86
55.00
70.00
67.14

Table 6.4: Type and number of labor used for fish farming
Type of labor
Family labor
Permanent hired labors
Seasonal hired labors

Average (%)
2.96
0.25
0.58

Min

Max
1
0
0

6
3
10

Table 6.5: Major technical and economic variable.
Indicator
Average no. of ponds, nets, cages for stocking
fish
Average area to culture per crop
Average time to prepare by type of culture
Average cost of preparation/crop

Unit

Crop 1

No.
m2, m3

1.25
1,047.27
6.96
105.25

USD

Table 6.6: Size (meter) by type of Fish Farming
Type of
farming
Pond

Length
Avg. Min Max
10.2
2
100

Avg.
5.5

Width
Min
1

Max
60

Avg.
2.3

Deep
Min Max
1.5
6.5
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Net in pond
Net in river
Cage

21.3
38.0
5.0

3
6
5

100
70
5

11.5
17.0
3.0

2
4
3

60
30
3

2.5
2.8
3.0

1.5
2.5
3.0

4.5
3.0
3.0

Table 6.7: Number of Pond, Net and Cage for Fish Farming
Type of farming
Number of ponds, nets, cages

Average

Min
1.27

Max
1

4

Table 6.8: Number of day and time of fish farming.
Type
Duration from stocking to harvesting of each crop (days)
Number of harvesting times/crop

Avg.
332
1.37

Min
150
1

Max
712
8

Table 6.9: Fish species cultured before 2008, and species will be stock for next crop
Species
Pangasianodon
hypophthalmus
Channa
micropeltes
Hypsibarbus sp.
Pangasius
conchophilus
Pangasius
larnaudiei
Leptobarbus
hoeveni

2004
No. (%)
5

2005
No.
(%)

2006
No.
(%)

2007
No.
(%)

Next-crop
No.
(%)

11.1

9

17.65

14

25.00

13

22.41

13

21.67

39 86.67

38

74.51

33

58.93

32

55.17

33

55.00

0

0

1

1.96

1

1.79

1

1.72

1

1.67

0

0

0

0

1

1.79

2

3.45

2

3.33

1

2.22

3

5.88

4

7.14

7

12.07

8

13.33

0

0

0

0

3

5.36

3

5.17

3

5.00

Table 6.10: The common disease usually found in fish culture in the study areas
The occurrence of common disease
Black abdominal disease
Body burned disease
Body wounded disease
Fin disease
Lice disease in gill
Red gill disease
Red hair disease
Swollen eyes disease
White body disease
White body

(%) of disease contribution
3.57
3.57
14.28
3.57
7.14
7.14
3.57
3.57
28.57
7.14
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Table 6.11: Average size and total products of fish harvested.
Description
Grade 1
Grade 2
Grade 3
Total product of fish harvested per crop
Grade 1
Grade 2
Grade 3
Other species

Average
1,857.29
1,280.83
845.10

Min.
100.00
80.00
70.00

Max.
4,000
3,000
2,000

2,162.66
3,809.94
2,023.41
7,450.00

5000
113.40
63.00
500.00

34,500
57,500
23,000
28,000

Table 6.12: Type of Distribution of Fish Harvested
Distribution of the harvested fish
1. Consumption (food, seed, process, given…)
2. Own sell in local market (hamlet, village, district.)
3. Local collectors/retailers
4. Local wholesalers/companies
5. Buyers from other provinces

Avg.(kg) Min(kg)
14.7
2205.5
4465.3
8289.3
1435.0

0.0
166.0
1.0
45.0
1370.0

Max (kg)
100.0
4245.0
11,499.8
43,000.0
1,500.0

Table 6.13: Cost and profitability analysis per cage culture operation crop or year in the study
Avg. cost/year
(US$)
12,746

Description
1. Gross return
A. Variable cost (VC)
Operation cost/crop or time
Water supplied/crop
Fish feed
Fish health management
Hired labors
Fingerlings
TVC
B. Fixed cost (FC)
Depreciation of:
Establishment cost of cage (10*6*2.5)
Pond/net/cage, sluice gates
Machinary (pump, griding,…
Others (boat, net, container)
Total depreciation
Taxes, rent & fees per year

105
109
4,542
203
479
755
5,439

2. Total costs (TVC+TFC)

269
71
78
79
497
134
631
6,070

3. Net profit (1-2)

6,676

TFC
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Family labor (8% of total cost)
Management fee (5%)
4. Net profit after subtracted from family labor cost

486
304
5,887

Table 6.14: Source of Capital for Fish Farming
Type of capital
Total capital
Borrowed money
Borrowed duration (month)
Interest rate (%/month)

Average
9367.08
2623.68
6.58
3.59

Min.
250
200
1
0

Max.
90,000
15,000
12
5

Table 7.1: Educational background of fish traders in Kampong Chhnang and Kampong Cham
Provinces.
Education
Illiterate
Primary
Secondary
High school
Vocation
Higher
Total

Kampong Chhnang
Female
Male
No.
(%)
No.
(%)
1
10
0
0.0
6
60
3
50.0
3
30
2
33.3
0
0
0
10

0
0
0
100

1
0
0
6

16.7
0.0
0.0
100.0

Kampong Cham
Female
Male
No.
(%)
No.
(%)
0
0.0
0
0.0
8
88.9
6
100.0
1
11.1
0
0.0
0
0
0
9

0.0
0.0
0.0
100.0

0
0
0
6

0.0
0.0
0.0
100.0

Table 7.2: Educational background of fish traders in Kandal and Siem Reap Provinces
Kandal
Education
Illiterate
Primary
Secondary
High school
Vocation
Higher
Total

Female
No.
(%)

No.

Siem Reap
Female
Male
No.
(%)
No.
(%)

Male
(%)

1

10

0

0

0

0

1

11.11

8
1
0
0
0
10

80
10
0
0
0
100

2
0
1
0
0
3

66.67
0
33.33
0
0
100

4
2
0
0
1
7

57.14
28.57
0
0
14.29
100

6
2
0
0
0
9

66.67
22.22
0
0
0
100

Table 7.3: Age distribution of fish traders by sex and province.
Age group
(year)
18 – 30

Kampong Chhnang
Kampong Cham
Female
Male
Female
Male
No.
(%)
No.
(%)
No.
(%)
No.
(%)
4
40
0
0
2 22.2
1
16.7
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31 – 40
41 – 50
51 – 60
61 and above
Total

3
3
0
0
10

30
30
0
0
100

2
2
2
0
6

33.3
33.3
33.3
0
100

6
0
1
0
9

66.7
0
11.1
0
100

4
1
0
0
6

66.7
16.7
0
0
100

Table 7.4: Age distribution of traders by sex and province
Kandal

Age group
(year)

Female
No.
(%)
0
0
4
40
3
30
3
30
0
0
10
100

18 – 30
31 – 40
41 – 50
51 – 60
61 and above
Total

Siem Reap

Male
No.
(%)
1
33.3
1
33.3
0
0
1
33.3
0
0
3
100

Female
No.
(%)
1
16.7
2
33.3
1
16.7
2
33.3
0
0
6
100

Male
No.
1
3
6
0
0
10

(%)
10
30
60
0
0
100

Table 7.5: Average of family and hired labor for fish trade by provinces
Family Labor
(N=60)

Province

Total
Kampong Chhnang
Kampong Cham
Kandal
Siem Reap

Female

2
2
2
2

Kid

1
1
1
1

Total

1
0
0
1

4
0
4
3

Hired Labor
(N=18)
Working
Female
(Time/Year)
2
19
0
0
0
12
2
6

Table 7.6: Priority and decision making in trading fish.
Description
1. Amount of
fish
2. High value
fish
3. Low value
fish
4. Quality
5. Size

Kampong Chhnang
Avg. Min. Max.

Priority
Kampong Cham
Kandal
Siem Reap
Avg. Min. Max. Avg. Min. Max. Avg. Min. Max.

9.19

6

10

6.27

4

9

8.54

7

10

7.62

6

8

1

10

6.00

2

10

6.92

1

10

6.62

4

8

7.88

3

10

6.00

3

7

5.67

1

9

6.62

2

9

9.38
8.31

7
4

10
10

9.93
8.67

9
6

10
10

8.85
7.77

5
5

10
10

7.31
6.87

5
5

9
8

8.69
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6. Place of
10.00 10
trading
7. Time of
9.88
9
trading
9.63
7
8. Price
5
9.Transportation 9.38
9.69
6
10. Payment
Note: (1: very little…10: most)

10

9.60

5

10

7.54

3

10

7.50

5

10

10

9.93

9

10

7.00

2

10

7.25

3

10

10
10
10

9.93
9.93
10.00

9
9
10

10
10
10

7.77
8.83
7.62

6
6
1

10
10
10

6.44
7.06
6.37

5
2
2

8
10
10

Table 7.7: Contribution of high value fish found in the four provinces.
Species
Micronema micronema
Boesemania microlepis
Mystus nemurus
Cyclocheilicththys enoplos
Channa striata
Channa micropeltes (big size)
Cirrhinus microlepis
Chitala sp.
Notopterus notopterus
Barbodes sp.
Pangasius sp.
Ompok bimaculatus
Macrognathus siamensis
Channa micropeltes (small size)
Hampala sp.

Kg. Chhnang
(%)
20.0
20.0
0.0
0.0
20.0
0.0
6.7
0.0
13.3
6.7
0.0
6.7
0.0
6.7
0.0

Kg. Cham
(%)
0.0
0.0
7.7
7.7
15.4
46.2
0.0
0.0
0.0
7.7
7.7
0.0
0.0
0.0
7.7

Kandal
(%)
0.0
0.0
9.1
18.2
54.6
9.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
9.1
0.0

Siem Reap
(%)
18.8
0.0
6.3
0.0
25.0
0.0
0.0
6.3
0.0
12.5
12.5
0.0
6.3
6.3
6.3

Table 7.8: Percentage contribution of low value fish found by provinces.
Species
Micronema micronema
Cyclocheilicththys enoplos
Macrognathus taeniagaster
Notopterus notopterus
Mystus sp.
Henicorhynchus sp.
Trychogaster sp.
Osteochilus sp.

Kg. Chhnang
(%)
0.0
0.0
6.7
6.7
13.3
13.3
6.7
20.0

Kg. Cham
(%)
7.7.9
0.0
0.0
0.0
23.1
7.7
0.0
0.0

Kandal
(%)
0.0
0.0
0.0
0.0
18.2
27.3
9.1
9.1

Siem Reap
(%)
0.0
6.3
0.0
0.0
18.8
18.8
12.5
0.0
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Barbodes sp.
Puntioplites sp.
Thynnichthys thynnoides
Zenarchopterus dunckeri
Rasbora sp.
Dangila spilopleura
Parambassis apogoniodes
Clupeichthys sp.
Systomus aurotaeniatus
Cyclocheilicththys lagleri

0.0
0.0
0.0
6.7
0.0
13.3
6.7
6.7
0.0
0.0

0.0
0.0
38.5
0.0
0.0
38.5
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
9.1
9.1
0.0
0.0
0.0
9.1

6.3
12.5
0.0
0.0
0.0
0.0
0.0
0.0
6.3
0.0

Table 7.9: Average trading fish and fish lost by provinces
Kg. Chhnang
Avg. Min. Max.

Description
Average volume
of fish
bought/kg/day
Average total
value of fish
bought/day
Average lost rate
between buying
& reselling (%)

Kg. Cham
Avg. Min. Max.

Avg.

Kandal
Min. Max.

Siem Reap
Avg. Min. Max.

365.7

25 2,000

82.9

25

175 140.8

10 1,000 427.1

18 2,000

513.3

25 2,000 101.0

25

250 299.9

25 2,500 384.8

35 1,500

14.3

1

25

1.0

1

1

6.2

1

20

4.8

2

Table 7.10: Month of trading per year, trading per month, average total work cost and average
total net income per day
Kampong Chhnang Kampong Cham
Avg. Min Max Avg. Min Max

Description
No. of trading
11.8
months/year
No. of trading
26.4
days/month
Average total
working
441.9
costs/day
Average total
21.4
net
income/day

Kandal
Avg. Min Max

Siem Reap
Avg. Min Max

8

12

12

12

12

11.5

6

12

10.8

6

12

4

30

29.1

27

30

28.5

25

30

27.1

15

30

10 2,250

98.5

23

2 2,500

159

5.2

3

2.5

75

350 289.2
7

10.8

2

50

9

1 1,548
2

20

Table 8.1: Gender of household distribution by province.
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Female
Male
All
No.
(%)
No.
(%)
No.
(%)
32
26.9
8
19.5
40
25.0
30
25.2
10
24.4
40
25.0
28
23.5
11
26.8
39
24.4
29
24.4
12
29.3
41
25.6
119 100.0
41
100.0 160 100.0

Province
Kampong Chhnang
Kampong Cham
Kandal
Siem Reap
Total

Table 8.2: Average size of household by sex and province.
Province
Kampong Chhnang
Kampong Cham
Kandal
Siem Reap
Grand Total

Female Male
Total
Avg.
Avg. Avg.
Min Max
5.28
5.5
5.3
2
10
5.07
5.0
5.1
2
11
5.14
5.3
5.2
1
10
5.24
4.3
5.0
2
15
5.18
5.0
5.1
1
15

Table 8.3: Age distribution of household by sex.
Female
Male
Age group
No.
(%)
No.
(%)
19 to 30
14
11.8
7
17.1
31 to 40
29
24.4
12
29.3
41 to 50
36
30.3
6
14.6
51 to 60
33
27.7
8
19.5
61 to and above
7
5.9
8
19.5
Total
119 100.0
41
100.0

Total
No.
(%)
21
13.1
41
25.6
42
26.3
41
25.6
15
9.4
160 100.0

Table 8.4: Annual gross income (US$) from fishing activities, aquaculture and trading.
Province
Kampong Chhnang
Kampong Cham
Kandal
Siem Reap
Total

Avg.
3,093
1,089
4,414
4,748
3,331

Fishing
Aquaculture
Trading
Min
Max
Avg. Min Max
Avg.
Min
Max
240 22,900
550
250 1,300 1,500 1,500 1,500
75
7,800
206
156
300 5,366
164 9,000
100 18,000 2,164
350 8,000
350 17,500 1,080
100 4,386 23,360 20,880 25,200
75 22,900 1,155
100 8,000 11,631
164 25,200

Table 8.5: Average total expenditure (US$) per month.
Province
Kampong Chhnang
Kampong Cham
Kandal
Siem Reap
Total

Avg.
98.4
130.4
161.7
165.9
139.1

Min
22.0
24.4
24.4
28.3
22.0

Max
185.4
962.2
1,463.4
804.9
1,463.4
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Table 8.6: Percentage of the reason for eating capture fish by province.
The reason

Kg.
Chhnang

Kg.
Cham

Kandal

49

52.5

68.7

58.6

57.2

44

36.4

9.1

20.2

27.5

7

10.1

20.2

15.2

13.1

0

1.0

2.0

6.1

2.3

Delicious, easy to buy, low price of fish
and they live near the fishing ground
Not contain chemical, no health affected
and have high protein for users
They can catch from the nature by
themselves
Because culture fish is not delicious,
have bad smell, and it will affect to
health because of contain of chemical

Siem
Reap

All

Table 8.7: The reason for eating freshwater fish, including big or high value fish and
small or low value fish.
The reasons
It has low price than marine fish and
abundance of FW fish in the study areas
Delicious and sweet taste and can make
many type of food
It has high protein, provide good health,
and own fishing
It is a habit of local people
Never eat marine fish, not available in the
local areas

Kg.
Chhnang

Kg.
Cham

Kandal

Siem
Reap

15.0

41.8

35.4

42.9

33.7

39.0

30.6

29.3

24.5

30.9

15.0

16.3

6.1

4.1

10.4

26.0

4.1

21.2

7.1

14.7

5.0

7.1

8.1

21.4

10.4

All

Table 8.8: Average amount of food fish consumed by household by province in the
study area.

Province

Kampong Chhnang
Kampong Cham
Kandal
Siem Reap
Total

Amount of food
fish used by
household per day
(Kg/day)
Avg. Min
0.8
0.3
0.6
0.3
0.7
0.3
1.0
0.3
0.8
0.3

Max
5.0
1.5
2.0
3.0
5.0

Month/
hh.
23.8
18.4
22.5
30.8
23.6

Amount of
food fish used
by household
(Kg)
Month/
Year/
Capita
hh.
4.8
285.7
3.7
221.1
4.5
269.8
6.2
369.2
4.7
282.8

Year/
Capita
57.1
44.2
54.0
73.8
56.6
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Table 8.9: Percentage of trend in the household consumption of freshwater food fish.
Stable/
UnStrong
Strong
Tendency
Sample decreased Decreased change Increased Increased
Big or High value freshwater fish
Amount purchased/time
361
1.7
33.5
54.6
9.7
0.6
Availability
347
5.0
66.3
17.3
10.7
0.6
Size of fish
361
3.3
78.1
10.5
7.8
0.3
Quality
361
0.3
22.4
59.8
15.8
1.7
Price
361
0.3
12.2
3.3
75.6
8.6
Convenience
337
0.6
28.5
49.9
20.8
0.3
Small or Low value freshwater fish
Amount purchased/time
361
1.9
31.6
56.2
8.6
0.6
Availability
346
6.9
62.4
18.8
11.0
0.6
Size of fish
361
5.5
71.5
15.2
7.8
0.3
Quality
361
21.1
60.7
16.1
2.2
0.3
Price
361
0.3
12.2
4.2
76.2
7.2
Convenience
327
0.8
27.5
49.8
21.7
0.3
Table 8.10: Percentage of difficulties or risks of and solutions for use of food fish of the
sample household.
Description
Difficulties
Lack of money to buy fish for household consumption, due to they have low
income and increased price of fish
Lack of fish supply in the market and from catch, due to increased illegal
fishing activities, decreased fish from the nature and lost or destroyed flooded
forest etc.
Fisher get low income, due to they get low fish catch from the nature
High cost on transportation for fish trading, due to they don’t have owned
transportation bring fish to the market
Currently, lost some kinds of fish species in the market
Solutions
Use other meat instead of fish from capture, like pork, chicken, egg and culture
fish, because price of capture fish increased
Use more small or low value fish instead of using big or high value fish and
depended on their afford
Should setting fish price and provide training on fish culture technique for
improving fish culture production and fish food
Should find more fishing ground for fishing to increase their catch for daily
fish food

(%)
69.9
15.8
2.5
8.2
3.6
58.0
20.5
11.3
10.2
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VIETNAM - Country Report
LIST OF ABBREVIATIONS
CTU:
FG:
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HH:
HVF:
KIP:
LVF:
LVFWF:
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Can Tho University
Focus Group
Fresh water fish
Household
High value fish
Key Informant Person
Low value fish
Low value fresh water fish
Mekong Delta
Participatory Rapid Appraisal
Part 1

INTRODUCTION
1.1. Background
In the Asia-Pacific region, many capture fisheries resources have been largely overexploited and, as
a result, development of aquaculture has been encouraged to provide the protein, income,
employment and export earnings for some countries. In Cambodia, for example, freshwater
aquaculture production has increased rapidly over the last two decades, with an average growth rate
of 16.3 percent. In 2004, aquaculture represented 8.3 percent of total inland fisheries production (So
et al. 2005). In Vietnam, the annual growth of aquaculture has been about 10-13 percent during the
last decade. The Mekong Delta region of Vietnam often contributes about 55-60% of the total
aquatic production and more than 60% of total aquatic production for export of the whole country
(Sinh 2005). Such a development trend implies that sufficient feed for aquaculture production will
be available. One source of feed is low value/trash fish (Low value/trash is defined as fish that have
a low commercial value by virtue of their low quality, small size or low consumer preference). They
are either used for human consumption (often processed or preserved) or used to feed livestock/fish,
either directly or through reduction to fish meal/oil (FAO-APFIC, 2005)). The uses of low
value/trash fish are diverse and include: (1) local consumption (e.g. fresh, dried); (2) direct feed (e.g.
livestock, high value species aquaculture); (3) fish meal/oil production (e.g. for poultry,
aquaculture); and (4) value added products (e.g. fish sauce, surimi, protein concentrates). The issues
related to low value/trash fish uses are underpinned by the rapid development of the aquaculture
industry and the increasing demand for fish by consumers, and competition between these two uses.
Given the strong interdependency between capture fisheries for low value/trash fish and
aquaculture, knowledge of and information on these two sub-sectors cannot be carried out in
isolation of each other.
There is in general a lack of accurate information on the supply and demand for low value/trash fish
for use in freshwater aquaculture in Cambodia and Vietnam. In Vietnam, for example, no data are
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available on the proportion of low value/trash fish used for feed production/direct feed for
aquaculture and livestock and for the production of fish sauce. In the Asia-Pacific region as a whole,
a conservative estimate of 25 percent for livestock and aquaculture feed has been put forward (FAOAPFIC, 2005). Data and information on low value/trash fish production (species, size) and uses are
patchy and often of poor quality. The exact portion of fish meal going to aquaculture compared with
that going to livestock feed is also unknown, although it is known that the share for aquaculture is
increasing.
Over the last decade, the price of low value/trash fish has risen considerably and it is predicted to
increase over the next few years due to increased demand for fish meal and fish oil to meet market
demands for aquaculture of carnivorous fish (and well as a source of affordable food). At the local
level, prices of low value/trash fish vary depending on species, seasons and abundance of other fish
and fishery products. Prices also fluctuate with the demand for fish meal in the livestock and
aquaculture industry and the availability of raw materials for fish meal production. Given that
aquaculture is predicted to grow while capture fisheries remain stable, it will become increasingly
more difficult to meet the demand for low value/trash fish.
There is an increasing conflict between the use of low value/trash fish for animals/fish and for
human consumption. Supplies of low value/trash fish are finite, and as indicated by a recent increase
in price, demand is outstripping supply. It has been argued that it would be more efficient and
ethical to divert more of the limited supply to human food, using value-added products, etc.
Proponents of this suggest that using low value/trash fish as food for poor domestic
consumers is more appropriate than supplying fish meal plants for an export income oriented
aquaculture industry, producing high value commodities. On the other hand, food security can also
be increased by improving the income generation abilities of poor people, and it can be argued that
the large number of people employed in both fishing and aquaculture has this beneficial effect, via
income generation, rather than direct food supply.
In general, the disposition of low value/trash fish is market driven and dependent upon local
economic mechanisms. Without external interventions (such as incentives and subsidies) it will be
the economics of the different uses of low value/trash fish in different localities that will divert the
fish one way or the other. For example, in Viet Nam, as the national demand for fish sauce is
predicted to double over the next 10 years, there appears to be direct competition for mixed low
value/trash fish between Pangasius feeds and those needed to make low-cost fish sauce. Traditional
small-scale pig rearing uses low value/trash fish but large-scale pig farming uses agro-industrial
formulated feed containing fish meal.
Low value/trash fish is important to the community and aquaculture, as well as the environment in
Cambodia and Vietnam. There is a need to better understand the supply and demand for low
value/trash fish in order to support the development of a policy and management framework to
address aquaculture and capture fisheries interactions. The Aquafish-CRSP project “Development
of alternatives to the use of freshwater low value fish for aquaculture in the lower Mekong
basin of Cambodia and Vietnam: implications for livelihoods, production and markets”
consisted of 5 Investigations. Investigations 1, 2 and 5 address the uses and bioecological
characteristics of low value/trash fish. Investigations 3 and 4 address alternative feeds for freshwater
aquaculture and feed technology adoption. This report focuses on Investigation 1 titled
“Competition and impacts between use of low value/trash fish for aquaculture feed versus use for
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human food”. In particular, it is a country report which focuses on the low value fish related issues
in the fresh water areas of the Mekong Delta of Vietnam.
1.2. Research objectives
The objective of Investigation 1 in the Mekong Delta of Vietnam is to describe and analyze the
status and trend of supply and demand of low value/trash fish, and to assess the impacts of
utilization of low value/trash fish in aquaculture on food security and livelihoods of households in
the lower Mekong basin of Vietnam. A second objective is to support development of a policy
framework addressing aquaculture/capture fisheries interactions, the sustainable exploitation and use
of low value/trash fish in the lower Mekong basin of Vietnam, and human food security issues.
Therefore, the combination of this report and the country report of Cambodia will provide all results
of the whole Investigation 1.
Part 2

RESEARCH METHODOLOGY
2.1. Scope of the study
This study was conducted from May 2008 to December 2009 in freshwater areas of 8 inland
provinces in the Mekong Delta, Vietnam. These are Long An, Tien Giang, Vinh Long, Dong Thap,
An Giang, Kien Giang, Hau Giang, and Can Tho (Figure 2.1). In each province, 2-3 districts were
selected for data collection, following the secondary data and discussions between the research team
and local officers. The study focused on the fishing of inland wild fish, the farming of snakehead
fish, the trade and consumption of food fish. Details of research activities are provided in Table 2.1.
2.2. Methods of data collection
• Literature reviews were based on the previous and related studies of Cantho University,
Research Institute for Aquaculture No. 2, and other institutions in the Mekong Delta, as well
as the available reports from sector managers and researchers at different levels.
• Secondary data collection was done using the available reports from sector managers and
researchers at national, regional and provincial level.
• Focus Group Discussions (FGs) were conducted in 6 villages (2 in deep flood area, 2 in
medium flood area, and 2 in shallow flood area).
• Semi-structured interviews (KIPs) were made between the research team members and the 20
local officers at village and district level of selected provinces.
• Household interviews were conducted using a set of 5 questionnaires which were designed
and pre-tested before interviewing each target group. There were 5 target groups of
households in this study with the sample size as follows: 467 fishers, 615 snakehead fish
farmers, 189 food fish traders in 3 level of markets, and 779 end consumers of food fish. The
samples were also considered by 3 scenarios (deep, medium, and shallow flood areas).
2.3. Methods of data analysis
The analyses are conducted using all of three sources of collected data for the results & discussion
(FGs, KIPs, personal interviews). The descriptive analysis was based on the secondary data and to
present the characteristics of the target groups. Cross-tabulation was made to describe and to
compare the data within and between the groups. Comparative analysis was done to compare the
mean value between the groups. The data were also considered by 3 scenarios (deep, medium, and
shallow flood areas).
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Multiple regression analysis was also applied in order to analyze the factors affecting to the
independent variables (Yi). Independent variables included the wild fish catch by fishers, the yield
of snakehead fish by farmers, the amount of fish traded by fish traders, as well as the amount of
food fish consumed by households. If Xn were independent variables which tentatively assumed to
influence the yield of fish, the general multiple regressions can be written as follows:
Yi = Ai + B1.X1 + B2.X2 + .…+ Bn.Xn
In the case of the amount of food fish traded by fish traders, the following function was applied:
LnY = a + b1ln X1 +b2lnX2 + b3 lnX3 + … + bn lnXk
Initial results of the study were presented in the final workshop which was organized on the 8th
December 2009 for comments from the local participants invited from 8 provinces and other related
institutions in the Mekong Delta.
Part 3

LITERATURE REVIEWS
3.1.
General situation of the study areas
Wetlands in the MKD are normally comprised of floodplains (inland wetlands), and coastal
wetlands. Traditionally, Melaleuca and aquatic resources as well as floating rice and grassland were
the major components of inland wetlands, while coastal wetlands are dominated by mangroves. All
of them are important because these types of lands strongly affect the natural resources as well as
living conditions of the local society, especially rural community in the region. In the MKD, inland
wetlands are considered flooding water areas. Every year, the Mekong river brings about 500 billion
m3 of fresh water with a rich level of organic matter (which contributes to soil quality) and provides
billions of fries of aquatic products to its lower basin (the Mekong Delta, Figure 2.1). Annual floods
influence 9 among 13 provinces of the delta equal to 1.4-1.9 million hectares with a water depth
varing from 1 to 4 meters for a period of 2-6 months/year. About half of the population of 18 million
people (about 75% are living in the rural areas) are annually affected by flooding water but the
effects of annual flooding water are said to be stronger in Kien Giang, An Giang, Dong Thap and
Long An provinces (Fishery Magazine, No.3, 1990; Ministry of Fisheries, 1997-2002 cited by Sinh,
2005).
Local people often settle along the roads, rivers or big man-made canals. An average household size
of 5-7 people implies about 2.5 million households, of which 75% are settled in the rural areas and
reliant on agro-ecosystem. Thanks to the economic reforms since the end of the 1980s, lands were
allocated to households and living standard of the community has improved. Average farm size is
generally small (1.0 –2.5 ha) with different types of land, of which rice field area is often the most
important component which covers 85-90% of the total farm size, approximately. There were about
86% of the total number of farm households cultivating rice (Sinh et al. 2000). Vietnamese,
especially the community living in the MKD, are said to be a “fish-eating” society. At the beginning
of the1990s, aquatic products per capita from the Delta was 30 kg/year, of which 21 kg is used for
consumption covering 60% of animal protein provided to the people in the delta. However, a large
portion of the total household income is used for food expenditure. For the whole delta, this was
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54.7% in 1992, while in the flood-prone areas it was 47.9% in 1998, and this figure was 63.8% for
the poor rural households. Living standards of the community are also at low levels with about 50%
of the total number of household heads having elementary level education while the quality of
public water bodies for farming and living activities is said to become worse. Unemployment and
underemployment are very common due to the impacts of flooding water and only about 40% of
family workforce is used. There has been a strong migration of young laborers to the industrial and
urban areas, raising the lack of laborers for farming activities, especially during the main seasons of
the crops (Sinh et al., 2000; and mass media in 2007-08).
3.2.
Wild fish stock and its role to the study areas
In the MKD, aquatic resources exist and develop based on the existence of wetland ecosystems.
There are 145 species of fish and 14 species of prawns living in the freshwater areas of the MKD of
which, 13 fish species and 3 prawn species are a high economic value species (Xuan et al. 1995).
Former Can Tho province (Hau Giang province and Can Tho city, now), for example, receive about
2 billion wild fish fingerlings and giant prawn post larvae, annually. Wild fish, therefore, are
important to the local community in terms of food security, job creation, and income, as well as
fries/fingerlings and feed for aquaculture. Dramatic degradation of these ecosystems has made
remarkable depletion of aquatic resources that leads to a lot of socio-economic problems and related
environmental issues in the region. Management and development of any resources cannot be
separated from the community affecting those resources. Understanding the characteristics of the
households settling in the flood-prone areas is useful for policy implications. Therefore, how to
improve the management and development of aquatic resources in association with the improvement
of living standards of the people becomes an essential need in the delta region.
Fresh water fish contribute a significant role to fish production of the MKD in term of not only the
marketable-size fish but also the provision of fish seed for fish farming activities. An annual
production of about 150,000-200,000 tons of freshwater wild fish is caught, of which MKD has
about 70%. At the end of the 1990s, fishing activities were conducted by about 70% of the total
number of farm households settling in the flood-prone areas of the delta. The figure was 58.3% for
the total number of households who conducted rice-fish system. About 73.3% of the total number
of households who had rice field but did not apply rice-fish system, and 66.7% of the group of
households who did not have rice field area (Sinh et al. 2000). In the medium and shallow flooded
areas, the number of households participating in fishing were about 40-50% and 20-25% of the total
number of households in 2006, respectively (Sinh et al. 2007).
Sinh et al. (2000) reported that the local people used many different fishing gears but the most
common ones were catch net and gill net (49.1%); hook and lines (27.1%); and some other types of
trapping fish. The types of fishing gears might also be different between three typical categories of
fishing grounds. Sinh et al (2007) reported that 18 types of fishing gears were used in the medium
and shallow flooded areas. Gill net was the most common one which was used by about 46.5% of
the total number of fishers. Due to the pressure of fishing effort, some new fishing gears have been
created with stronger damages to the natural aquatic resources such as electricity shock and
modified push/pull net. Electricity shocks have been applied from the end of 1990s and become very
common at the beginning of this decade (in 2000-2003 about 50% of the total number of fishing
households used this method). Because of better education and more strict regulations on the
protection of natural aquatic resources, this type of fishing gear has been reduced. However, the
information from PRAs revealed that 10-20% of the number of fishers still used this illegal fishing
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method in 2006. Mud chain (Con) was first used in 2003 and in association with small mesh size
set-net and trawl net become more common now. On the other hand, there was a reduction in use of
the method with tree branches, trawl nets and lift nets because of the regulations on the protection of
natural aquatic resources and water transportation. Due to the degradation of natural aquatic
resources and increase of fishing effort, as well as the fishing efficiency, local people estimated that
the production of wild fish caught per fishing household has decreased about 70-80% compared
with that of 10 years before. One exception was recommended, that is, to encourage people using
pull net to catch more golden snails in order to reduce the damage caused by this species, and also to
use them to feed the cultured fish.
According to Sinh et al (2007), the total catch of wild fish in 2006 was a mix of 31 different species.
Major fish species caught in the rice field were: climbing perch, sat buom (Trichogaster
trichopterus), snackhead, clarias catfish and silver barb. In the rivers/public canals, silverbarb,
climbing perch and sat buom were more common while snackhead and climbing perch regularly
caught in the non-aquaculture ponds and gardern ditches.
Note that the rice field provides important functions, not only water and natural food but also
breeding ground for many native fish species. Most wild fish grow in rice fields and population of
fish in nature is added by the fish that escaped from cultured areas due to many reasons including
the impacts of flooding water. When flooding water recedes, these fish try to find some refuges in
terms of small ponds and garden ditches (mostly used for trapping) or follow the water flows to
irrigation canals and rivers. Dry season, therefore, becomes very dangerous to wild fish in many
terms. Sinh et al. (2007) also estimated that about 14-15% of the wild fish stock in medium and
shallow flooded areas are migratory fish species. These migratory species may share about 20% in
the deep flooded areas, and they need free water flows to get in and run away from the rice field
while the refuges are important to the native fish species. Therefore, more and careful considerations
should be given to the construction and operation of irrigation systems in the delta.
Three major reasons for the reduction in wild fish catch were given by the local community (Sinh et
al. 2007): (1) Expansion and intensification of rice cultivation in terms of both area and number of
crops that led to the use of more herbicides/pesticides/fertilizers, especially those are used for killing
the golden snails was cited by 74.8% of the total number surveyed households who said the wild
fish production was decreased; (2) More fishing people, 61.7%; (3) Use of mass destructive fishing
devices such as electricity shocks, chemicals, catching of gravid broodstock and fries during
breeding time, 23.4%. Waste water from the factories/urban area and industrial zones were also
indicated for care at the presence and in the near future.
3.3.
Development of fresh water aquaculture in the Mekong Delta
The most common fish farming practices in fresh water areas of the Delta are: polyculture of
different fish species at low intensive level in pond/ rice-field, Pangasius catfish culture in pond, and
giant freshwater prawn in pond/ rice-field. Long et al. (2004) estimated the total production of
snakehead fish in the Mekong Delta in 2003 was about 5,800 tons but no statistics on the number of
farms and number of cages or cultured areas exist. Due to the lack of information on the farming of
snakehead fish, all of the information related to snakehead is provided in Part 5 of this report.
3.3.1. Low intensive fish farming practices
More and more available water bodies in flood-prone areas have been used by local households for
aquaculture in terms of both the ponds, garden ditches and flooded rice field. Most of aquaculture
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farming activities in the freshwater areas of MKD have been recently practised, starting from the
beginning of the 1990s, and then developed rapidly from 2000 after the release of policy that
encouraged the farmers to convert low economic efficient lands into aquaculture. Aquaculture has
not been applied much in the districts with higher level of lands or the places strongly impacted by
acid sulfate soils. Generally, local people have more experience with fish culture in ponds/garden
ditches than with rice-fish systems (8.6 years compared with 5.3 years, according to Sinh et al.
2000).
Sinh et al. (2007) explained the reasons for the local people in medium and shallow flooded areas in
Hau Giang and Kien Giang provinces and Can Tho city to practice aquaculture farming. The reasons
consist of: (1) improvement of the household income, 66.7% of fish farms; (2) aquaculture, not
intensive type, is easy to manage and takes not much time, 29.9%; (3) have good experience with
aquaculture, 20.5%; (4) more food for the household, 18.4%; (5) physical conditions are good for
aquaculture, 16.1%; and (6) to utilise available water bodies and natural feed, 16.1%. In addition,
the depletion of wild fish stock is also considered one of the reasons for practising aquaculture.
These are not much different with the reasons previously found by Sinh (1995) in the rural area of
Can Tho province.
Total aquaculture area and total area of water surface used for aquaculture of the households varied
very much depending on the farming systems. Average total area of water surface of rice fish
system was 1.9 ha/household which was common with 1 plot of rice field. Mono cultured ponds and
garden canals was the same in size (about 0.1 ha/household) and also common with 1 pond or
canal/household. The number of households who had 2 plots or ponds for aquaculture covered 1520% of the total number of aquaculture households. In contrast, the number of canals in a garden
was often more than one. Average depth of water in the pond was 1.4 m while that of other two
systems had the same water level of 1.1 m. In particular, water level on the platform of the rice field
was kept about 20-60 cm deep depending on the stages of rice on the field. Fish might be stocked 1
to 3 crops per year in the ponds or garden canals depending on the species. Snakehead and hybrid
catfish require about 4 months per crop, but other species need a longer stocking duration. Ponds
and canals were often prepared from March to July and the fish were harvested about 4 to 6 months
after being stocked. In the case of rice-fish system, fingerlings were stocked from May to July and
mainly harvested during the time of land preparation for Winter-Spring rice (from the end of
November to the end of December).
Multi-species stocking is a common characteristic of freshwater aquaculture in the Mekong Delta,
especially in the case of multi-purpose aquaculture. The higher level of aquaculture intensification,
the smaller the number of species is stocked, and the farmers tended to stock fish species which
have higher economic value. Pangasius catfish, hybrid catfish, tilapia and gouramy were popular for
aquaculture in ponds and canals while common carp, silver bar and silver carp were common with
rice-fish farming. Stocking density was high for intensive culture in pond (35.0 fish/m2), but lower
in garden and internal canals (9.2 fish/m2) and very low in the rice-fish system (0.9 fish/m2).
However, there was a high variation of stocking density within each aquaculture system because of
farmers’ ability to invest and also the fish species stocked.
Before stocking fish, the farmers removed the mudflat once per crop, and more than 70% of the total
number of farmers applied dry removal method. About one third of the number of fish farmers
nursed fingerling for 5-6 weeks before releasing them to the whole water body for aquaculture.
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About 30% of the total number of fish farmers did not exchange water, the remaining farmers
exchanged water by tides or pumping or both. Frequency of water exchange was about 8 days/time
with an average exchanged volume of 30-40%. Feed was used more for fish in the ponds or internal
canals but less in the case of rice-fish. In addition, 91-93% of the total amount of feed for
aquaculture was home-made feed.
Cultured fish were mainly harvested once at the end of crop, but the farmers might conduct partial
harvests (2 or more times) depending on the fish farming systems, species and purposes. Rice-fish
was the system in which fish was harvested mostly before the land preparation for Winter-Spring
rice. Therefore, the marketing of fish products was very important, relating to both the seasonality,
species and management, as well as to the efficiency of fish and also rice. Competition between
cultured fish and wild fish on the markets need to be carefully considered (Sinh et al, 1998).
Fish yield differed strongly between the systems and varied within each system. The impacts of
intensification in pond were proven by an average yield of 101.9 tones/ha, 4 times higher than that
of fish cultured in garden/internal canals. The yield of fish in rice-fish was well improved, that is,
1.56 tones/ha in 2006, double compared with that of about 12 years before (Sinh, 1995; and Sinh et
al. 2007).
Most of the fish production harvested from aquaculture systems was sold out. The highest
proportion of fish sold out was observed with pond culture (95%), the next one was rice-fish (91%).
Cultured fish were sold mainly through the traders/middlemen (51.2% of the fish farmers). Some
farmers also sold or gave their harvested fish to the neighbors or relatives for food. The remaining
harvested fish was used for household consumption, especially in the case of fish cultured in garden
and internal canals (33.3%). Wild fish with low economic value harvested from aquaculture
systems, particularly in the rice-fish system, was also used as feed (trash fish) for aquaculture
practices.
Production costs for aquaculture varied strongly depending on the type systems, species, stocking
density and cultured areas. Fish culture in ponds had the highest production costs, about 6 times
higher than that of fish cultured in garden and internal canals, and more than 10 times in comparison
with the costs for fish in rice-fish system. Generally, the total variable costs covered about 92.5% of
the total production costs for fish culture. Feed and seed were the two most important cost items for
pond culture and garden/internal culture. Payment for seed and pond/canal preparation were more
important for rice-fish system.
The gross income obtained from aquaculture depending on the yield, species, size and price of fish
at the harvest. The amount of gross income per ha per year was highest for pond culture, the next
was garden/canal culture, and followed by rice-fish system. However, wild fish contributed a larger
proportion in the case of rice-fish system (7.5% of the total gross income from fish component of
this system). In addition, the B/C ratio of garden/canal system ranked the first (3.62 times/year),
better than pond culture (2.2 times) and rice-fish system (1.97 times).
3.3.2. Farming of giant freshwater prawn (Macrobrachium rosenbergii)
Giant freshwater prawn (Macrobrachium rosenbergii) is a species with high economic value and
there are about 160,000 ha suitable for farming this species, especially in the flood-prone areas of
the delta (Ministry of Fisheries, 2005). However, by 2006, the whole delta had a total culture area of
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9,077 ha which helped bring about a total cultured prawn production of 9.514 tons (Sinh et al.,
2006). There are 4 major farming systems of giant freshwater prawn currently applied in the delta:
(1) rotation with rice in the rice field where has surrounding ditches; (2) rotation with rice in the rice
field where the flat form was removed to make a deeper water level; (3) mono culture of prawn in
the rice field where the flat form was removed and no rice crops are cultivated; and (4) culture
prawn in the small ponds or garden ditches.
Post larvae of freshwater prawn are often stocked from March or April and harvested after 6-7
months. Average survival rate of prawn at the harvest was 41.7%. System 3 had the highest survival
rate (49.0%). Average yield of prawn was 1.3 tons/ha/crop, system 3 had the highest yield of 1.6
tons/ha/crop and the lowest one was system 1 (0.9 tons/ha/crop). Average total cost of prawn
farming was VND 41.6 mil./ha/crop. Total net income obtained from the prawn was VND 58.2
mil./ha/crop, System 3 had the highest level of net income (VND 69.1 mil./ha/crop) and the lowest
one was system 4 (VND 44.2 mil. /ha/crop). In general, there was 72.8% of the total number of
prawn grow-out farms earned positive profit. Culturing prawn in pond/garden ditches had the
highest rate of farms with positive net income (92.0%), and the worst was the farming of prawn in
the rice field without cultivating rice (62.4%). The farming of giant freshwater prawn provided the
best results if it is rotated with rice, especially in the flooding areas where the advantages of water
depth and natural food are available. However, solutions for the supply of post larvae is said to be
the key for further development of farming this species.
3.3.3. Growing-out of Pangasius catfish (Pangasianodon hypophthalmus)
The Ministry of Agriculture and Rural Development approved the planning for culture and
consumption of stripped catfish in the Mekong delta in 2010, 2015 and the targets up to 2020
(Decision 102/2008/QD-BNN). Total cultured areas in three target times will be 8,600 ha, 11,000 ha
and 13,000 ha, respectively. Based on the increase of cultured areas by different times, fish
production will be 1.25, 1.65 and 1.85 million tons. However, the development of stripped catfish
industry is not subject to wishes. Its development has limits and could not avoid the decrease in
some periods. By the middle of 2009, cultured area of stripped catfish was only 5,300 ha and the
production was estimated lower than 1.2 million ton in 2009. The development of stripped catfish
industry was limited by many aspects which have close interrelation to not only technical and
environmental issues but also socio-economic and policy aspects.
Sinh and Hien (2008) carried out a survey from June 2007 to June 2008, covered 293 grow-out
farms in 9 provinces of the delta, including inland provinces (An Giang, Dong Thap, Can Tho, Vinh
Long and Hau Giang), and coastal provinces (Tien Giang, Ben Tre, Tra Vinh and Soc Trang). The
results show that the experience in grow-out of P. catfish was 3-5 years for hatchery owners, nursery
site managers and grow-out farmers, respectively. Fish farmers in inland areas had longer
experience than those in the coastal provinces (5 years compared with 3 years). The owners/farmers
combined the knowledge from experience and training courses (39.2% of the farmers) or only rely
on their own experience (48.8%).
The grow-out farms had an average fish culture area of 1.0 ha. The total number of farmers applying
2 and 1 crops/year was 51.2% and 29%, respectively. There was also 19.8% of the number of farms
stocking 3 crops for each 2 years. Farming two-crops per year was mainly in inland provinces
(67.7% of the number of farms). Grow-out farmers often bought fingerlings from middlemen
(45.7% of the total number of fingerlings stocked) and from nursery sites (38.5%). The number of
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crops per year and stocking density differed between inland and coastal areas. Average stocking
density in pond was 43.5 fingerlings/m2, with the survival rate of 76.2%. Inland provinces were
common with 2 crops per year and average stocking of 47.2 fish/m2. In the coastal provinces, one
crop per year was popular at a smaller stoking density (38.7 ps/m2). Average yield of fish in inland
provinces was 369.7 tones/ha/crops with the total costs of VND 4,241.5 mil./ha/crop and total net
income of VND 809.9 mil./ha/crop. These figures were all higher than those of coastal provinces
(280.9 tones/ha/crop, VND 3.256 mil./ha/crops, and VND 605.5 mil./ha/crop, respectively).
The fish yield in the grow-out farms was significantly affected by the depth of water, stocking
density, costs of chemicals/drugs, amount of feed (both commercial and man-made types), stocking
duration, and size of fish at the harvest. The feed costs covered 75-85% of the total variable costs
with FCR of about 1.6-1.7 for pellet feed and 2.3-2.5 for home-made feed. This implies that a huge
amount of low value fish was used for farming this species, and might cause socio-economic and
environmental problems. Stocking duration should be about 5-6 months to get the size of 1 kg/fish
and goes in hand with the contract to sell fish to the right buyers. It is better to apply the stocking
density recommended by the Ministry of Fisheries (15-20 fish/m2) with the size of fingerlings about
10-14 cm. Appropriate planning of hatcheries and grow-out areas are important while more and
better information as well as management practices need to be provided to the actors. It is also good
for further development of the industry if seasonality and training on reproduction and grow-out
activities with the application of clean fish (SQF 1000CM) in order to improve the quality of both
fingerlings and marketable fish.
Part 4

INLAND WILD FISH CAPTURE IN THE STUDY AREAS
4.1.
Status of fishing activities in the study area (Secondary data, FGs & KIP)
The results from secondary data and interviews of key informants at 20 villages showed major
information on the studied villages. The average natural land area of each village was about 3,232.5
ha with the population of about 10,000 persons, of which 59% was labor force. The agricultural
lands in the study sites covered about 82.9% of the total natural land of the villages while 44.7%
was covered by surrounding dykes or closed irrigation systems. The main occupations of the
community consisted of rice cultivation, wild fish capture and aquaculture, which were conducted
by 75.6%, 49.5% and 18.9% of the total number of households, respectively. Animal raising was not
really popular but important to some households with large scale stocking of animals (pigs, chicken
and ducks). Trading of fish had the participation of 2.7% of households. More diversified
occupations were observed in shallow flood areas. It should be considered that the ethnic rate in
population was 6.2%, especially Khmer and Cham groups. The average poverty rate was 13.3%,
while the rate of landless was 15.3%. These rates were higher in deep flood areas (15.8% and
18.9%, respectively) (Table 2.1).
4.2.
General description of the surveyed fishers
The interviewed households who participated in wild fish capture (fishing households) can be
categorized by fish-related activities into 2 groups (only-fishing or fishing & aquaculture); and also
by flood scenarios (deep, medium and shallow flood areas). Generally, the respondents had the same
average household size of the whole Mekong Delta (5.0 ± 1.7 persons) were 2.5 family members
were male. The households participating in wild fish capture (fishing households) had bigger
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average size than non-fishing ones (5.0 compared to 4.7). In addition, the households with both
fishing and aquaculture activities had bigger average size than only-fishing households (5.3 persons
compared to 4.9). They also had more male laborers participating in wild fish capture (3.2 male
labors compared to 2.6). In each household, there was about 2.8 persons participating in fishing, of
which 1.7 persons were male. Average fishing experience was 13.4 years, ranging from 1 to more
than 30 years depending on the age of the household heads, with no significant differences between
three flood scenarios. The only-fishing households had a longer fishing experience (14.3 years) than
the households who conducted both fishing and aquaculture (11.2 years) (Table 4.2 and 4.3).
4.3.
Fishing season, grounds and gears
There were three major fishing grounds in inland water bodies in the Mekong delta, consisting of
rice field, rivers or public canals, and ponds or garden ditches without aquaculture. One fishing gear
might be used in one or different fishing grounds. The survey results showed that fishing on the rice
field in flooding season was the most common (76.1% of the fishers), especially high in the medium
flood areas (81.3%). The next was fishing in rivers or public canals (41.1%) while fishing in the
ponds or garden ditches without aquaculture was very rare (4.4%).
Seasonality of fishing activities (the beginning and ending month) differed between the flood
scenarios and also between the fishing grounds or fishing gears. In general, the fishing season
started in the high flood areas when the flooding water reached the rice field (in July to 24.1% of the
fishers) and the fishing activities might last to December (41.4%). In the shallow flood areas, these
activities were conducted later but ended earlier than in other places
In the medium flood areas, the fishing activities were mainly conducted from July (46.0% of the
households) or August (45.2%) and stopped in November (34.6%) or December (63.0%). In shallow
flood areas the fishing duration was even shorter, almost from the end of August to the end of
November.
In this study, a total of 14 fishing gears were reported while the survey conducted by Sinh et al
(2007) provided a list of 18 fishing gears. In recent years, the management of natural aquatic
resources has been given more consideration. Some illegal fishing activities or gears were banned,
but not completely disappeared. There were still about 10-20% of the local fishers using fishing
gears which were not permitted.
The most common fishing gear was gill net (54.8% of fishers), because gill net is traditional fishing
gear, cheap and easy to use by the local people. So far this particular type of fishing gear has been
improved (such as three-layer gill net) for catching more species and higher productivity, even to
keep the same level of fish catch when the wild fish stock decreased. The next was trawl net which
was about 120 m long and 3-4 meters high on average (21.8% of fishers). This type of fishing gear
was redesigned from short trawl net and it required 3-4 persons to operate. Therefore, trawl net was
quite expensive and commonly used in deep flood areas such as Dong Thap and An Giang. This was
a dangerous gear to the wild fish stock when the fishers added electric shock device in order to catch
all sizes and all species of fish. The third common gear was small mesh size set net which was used
by 13.1% of the fishers. This type of fishing gears was also very dangerous because it helped the
fishers to catch all fish species with all sizes.
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In the deep flood areas the gill net has the highest frequency (52.1% of the fishers), following by
trawl net (25.3%) and small mesh size set net (7.2%). The same situation was in the shallow flood
areas: gill net (52.8%), trawl net (21.6%) and small mesh size set net (12.7%), but no trap by tree
branches was reported. In the medium flood areas the gill net also ranked the highest frequency
(56.0%), but followed by the small mesh size set net (21.3%) and the trawl net had a smaller
frequency (17.0 %) but the bag net was not observed.
4.4.
Fish catch and composition
The average production of all species of fish per household at the Delta level was 3,514.5 kg/year
but varied very much (± 7,200.6) by flood scenarios and fishing gears, as well as groups of fish
species. Fishing households in deep flood areas had the highest production (4,895.1
kg/household/year), the next was those in medium flood areas (3,181.1 kg/household/year), and
followed by the households in shallow flood areas (1,861.6 kg/household/year).
Golden snails contributed significantly to the fishing production overall average, some households
might catch more than 90 tons of golden snails per year. If golden snails were excluded, the average
fish production was 1,437.3 kg/household/year (± 1,662.4). The households participated in wild fish
capture in medium flood areas had the highest production of fish (1,525.4 kg/household/year),
followed by those in deep flood areas (1,476.7 kg/household/year) and the lowest production was
captured by the households in shallow flood areas (1,278.2 kg/household/year). These figures also
mean that more households captured golden snails in deep and medium areas, and they also had a
higher production of golden snails than those in shallow flood areas. This might be caused by the
impacts of the construction of dykes of irrigation systems in recent years.
If the people captured fish inside the surrounding dykes which were constructed to prevent the
floods, their fish production (excluding golden snails) was 1,277.8 kg/household/year (±1,343.8),
significantly smaller than that of the fishers who captured fish outside the dykes (1,425.4 ± 1722.8
kg/household/year). The highest wild fish catch was obtained by the fishers who conducted fishing
activities in both fishing grounds (3,933.3 ± 3,523.3 kg/household/year).
Some common fishing gears were selected for detailed analysis of fishing yield. The results showed
that trawl net had the highest yield (2,302 kg/net/year), followed by trawler boat (1,825.0
kg/net/year), and small mesh size set net (1,793.3 kg/net/year). Using the golden snail net, one
household might catch an average yield of 1,008.0 kg/year (maximum level was more than 90
tones/year). Note that the fish yield by fishing gears was also different by fishing grounds, flood
scenarios and fish species, as well as the design of net and number of fishing days per year.
A total of 36 wild aquatic species were caught in the study areas, including frogs and golden snails,
with some differences between flood scenarios, fishing grounds and fishing gears. In deep flood
areas, 26 species were reported, and the figures for medium and shallow flood areas were 18 and 21
species, respectively (Table 4.9). The most common 7 species reported by fishers were: climbing
perch (Anabas testudineus) with the highest frequency of appearance (79.2% of the fishers); the next
one was ca sat-gourami (Trichogaster. sp) (61.5%); ca chach (Macrognathus aculeatus) (57.4%);
Red mullet (Upenues spp) (21.6%); silver barb (14.1%); clarias catfish (13.7%); Jullien’mud carp
(Labiobarbus. sp) (12.2%).

149

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
Some fish species were said to become very rarely seen or disappeared within 3-5 years. These fish
were bronze featherback (Notopterus notopterus) (21.3% of the fishers), redtail tinfoil barb
(Barbonymus sp.) (20.6%); broadhead catfish (Clarias macrocephalus) (20.6%); Tripletail
(Pristolepis fasciatus) (15.5%); giant barb (Catlocarpio siamensis) (4.5%); and transerse bar barb
(Hampala macrolepidota) (2.6%). However, some new species or species those have recently
become more common such as golden snails, sucker fish, and pacu.

4.5. Distribution of wild fish products
If the caught wild fish were categorized into high value fish (HVF) and low value fish (LVF), there
were some differences in distribution between these 2 groups of products (Table 4.10). The three
most important purposes in using HVF were for direct retail sale in the local markets (41.8% of the
amount of HVF), sold to the local fish traders (26.8%), and used as food for the household (25.9%).
Therefore, to obtain more income was the main purpose of the fishers for HVF.
There were more ways for the households to distribute their low value fish catch. To be used as feed
for their own aquaculture was the most important purpose (26.6% of the fishers). The next were for
household consumption (20.7%), sold for feed in aquaculture of other households (17.9%), sold to
the local fish traders (15.3%), and direct sale as retailers in the local markets (15.3%). Therefore,
HVF were mainly used for the households in terms of both food for the people and feed for
aquaculture.
4.6.
Cost, revenue and profit of fishing activities
The average total annual costs of all surveyed households were VND 32.5 million/year, of which
8.6% was spent for fishing activities. The deeper water level of floods was associated with higher
level of total costs, as well as higher proportion of total costs spent for wild fish capture (VND 47.7
million and 9.0% in deep flood areas; VND 29.0 million and 7.9% in medium flood areas; and the
figures were VND 16.3 million and 7.4% in shallow flood scenarios, respectively) (Table 4.11).
The average annual net income of all surveyed households were VND 61.5 million/year, of which
24.6% was obtained from fishing activities. The deeper water level of floods the higher level of net
income of the households, as well as the more important contribution of fishing activities to total net
income (VND 63.2 million and 35.3% in deep flood areas; VND 48.7 million and 21.6% in medium
flood areas; and the figures were VND 72.3 million and 13.3% in shallow flood scenarios,
respectively). Therefore, fishing activities did not cost much but brought about significant gross
income and net income to the local community, especially in the deep flood scenario (Table 4.11).
Finally, each person in the study areas had an average net income of VND 1.1 million but varied
highly between the groups and within each group. Note that a higher level of net income and a
larger variation in total costs and gross income of the households in shallow flood areas were caused
by a higher level of diversification in livelihoods.
Among the households participating in fishing activities, the average fishing costs were VND 2.8
mil./household/year which brought about a high net income of VND18.0 million with the B:C ratio
of 14.2 times per year. There were no significant differences in total costs for fishing activities
between the two groups (only-fishing; and fishing & aquaculture households), but a high level of
significant difference in total gross income, net income and B:C ratio. The household with both wild
fish capture and aquaculture activities had a better net income and a higher B:C ratio than those of
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the only-fishing households (VND 19.4 mil./year compared to 13.5 mil./year; and 19.2 times/year
compared to 12.3 times/year, respectively) (Table 4.12).
4.7.
Impacts of using low value fish for aquaculture
The above analysis showed that low value fish (LVF) or trash fish contributed about 76% of the
total wild fish catch per year, and a significant proportion was used for aquaculture, especially
snakehead culture in the study areas. This might have some other effects. The scale of 1 to 5 (1 =
very bad, …., 5 = very good) was used to estimate the impacts of using LVF on different issues in
the study areas.
Using LVF for aquaculture had a good effect on the development of cultured fish species which
directly use LVF, especially the use of golden snails (63.6% of the respondents (Mean value = 3.6)).
This brought a reasonable income to the fishers (54.6%), about VND 100,000-300,000 per working
man-day (Mean value = 3.5), and created a lot of jobs for the local community (47.1%), especially
in the flooding season (Mean value = 3.4). These were major advantages of fishing activities which
contributed to improve the livelihoods and living standards of the local community following the
“living with floods” point of view (Le Xuan Sinh, 2005). However, using LVF for aquaculture also
had negative effects, especially on the wild fish stock (59.9% of the households, Mean value = 2.3).
There were 30.2% of the households worried about the reduction in the supply of LVF for the poor
people, and 8.8% of them said that over-fishing of wild fish led to the depletion of juveniles of some
high economic value species which were insufficient for aquaculture, e.g., giant fresh water prawn,
also a reduction in the biodiversity. Of course, the over-capture and uses of golden snails must be
considered a good thing and was encouraged by 13.0% of households (Table 4.13).
4.8.
Difficulties in fishing activities and suggestions
Many difficulties for wild fish capture were commented by the local people. The most serious three
problems were: (i) abnormal weather by rains/storms (37.8% of fishing households), followed by
(ii) lack of capital at the beginning for fishing gears or boat (31.8%), and associated with the
increase in fishing costs (4.3%); and (iii) depletion of wild fish stock caused by many reasons was
considered by 28.4% of them. In addition, the fishers faced with some people who sometimes stole
their fishing gears including trapped fish (10.7%). There was conflict between the fishers, especially
those who had different fishing gears and conducted wild fish capture in different fishing grounds
(Table 4.14).
The households who relied on fishing activities obtained loans with acceptable conditions for
production, especially to buy fishing gears (72.3% of the households). Strong recommendation for
better regulations on the illegal fishing gears were made by 18.2% of the respondents. They felt that
this should be done with more and appropriate regulations/encouragement that protect and recover
the natural aquatic resources (10.2%). It would be very useful if the government and development
agencies help to organize more training activities and to support more for the shifting of fishers into
other/better occupations. It is also good for both wild fish stock and soil quality when the closed
surrounding dykes in each local community should be managed more environmentally, especially
the operation of sluice gate systems for the entry and recession of annual floods in medium and
shallow flood scenarios (the time and duration to open or to close the gates) (Table 4.15).
Part 5
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SNAKEHEAD FISH CULTURE & USE OF LOW VALUE FISH
5.1.
Description of snakehead farms
Snakehead fish are easy to culture with simple methods. The ages of sampled farmers varied from
17 to 82 with the average of 44 (±11). However, experience in farming snakehead was fairly short,
mostly about 5-7 years. Some farmers had experience of about 30 years because they have cultured
giant snakehead in cages for a long time, especially in Chau Doc town (An Giang province) and
Hong Ngu district (Dong Thap province).
The educational level of fish farmers was very low, 46.4% of them had stopped going to school at
elementary/primary level, and 10.1% were illiterate. Therefore, their perception and knowledge for
snakehead culture was limited mainly to their own experience and the use of wild trash fish. About
0.6% of farmers with large farms had finished vocational college level education.
Snakehead farming practices were mainly carried out by small-scale farmers using family labor, up
to a maximum of 8 family labor. Male labor was dominant in fish farming activities (78.4% of
interviewees), but the participation of women in the farming these species was high in comparison
with other cultured fish species (21.6% of farmers). There was 9.8% of farmers using hired-labor,
and large-scale farms needed to hire more labor (maximum case was 18 hired labor). About 5.5% of
farmers hired temporary labor with an average of 8 persons/case, mainly for pond preparation and
fish harvesting (Table 5.1).
5.2.

Major technical-economic information on snakehead farming
5.2.1. Farm design
About 43.5-66.7% of farms had only one pond, cage or tank. This figure varied by farming type.
Earthen ponds had a large average culture area (621.4 m2/pond) meaning that the number of ponds
per farm was low. Because of limited area available for culture along rivers, fish cages were quite
small (38.4 m3/hapa) and the average total cultured area per cage farm was 64.0 m3. Farmers with
nylon or cement tanks (floating ponds) had small farms and high costs of construction, therefore,
64.5% of tank-based farms owned only one tank, with an average volume of just 21.0 m3. For farms
where fish were stocked in hapas, numbers of hapas were higher if located in ponds rather than in
rivers (Figures 5.1-5.3 and Table 5.2).
5.2.2. Seasonality of fish culture
Ca loc den or Common snakehead have a reasonable growth rate and are harvested about 4-5
months after stocking. Farmers can conduct 2 crops/year (51.2-53.1% of the farms), and 5.5% of
them practiced 3 crops/year. Giant snakehead require a longer time (about 8 months), therefore,
85.9% of giant snakehead farmers stocked this species for 1 crop/year. The seasonality in snakehead
culture is not clear, but the farmers often begin to stock fingerlings from March to May in Lunar
months (or May to July in Western calendar months) in order to utilize the trash fish in flooding
season, and food-size fish are usually harvested from July to November (Lunar months) or from
September to the next January (Western calendar).
5.2.3. Seedlings and sources of seeds
Giant snakehead fish were mainly cultured in cages on rivers (87.9% of the farms who practiced
cage culture). Common snakehead fish or Ca loc den consisted of several species such as
rectangular head and sharp head. The rectangular head fish were mostly stocked in river hapas
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(53.9%). Clean water and flows are suitable for these two kinds of snakehead fish. The sharp head
fish were stocked in all of the systems, but they were dominant in nylon tanks (88.7% of farmers
with tanks stocked sharp head fish), pond hapas (77.3%) and earthen ponds (64.4%). Three quarters
of farmers had to buy fingerlings (the lowest rate was 57.6% in the case of earth pond farms). The
remainder of fingerlings came from farmers who had to nurse the fry they bought from others
(20.3% overall, but the highest rate was observed with earthen pond farms at 33.3%), or were
produced by farmers who had induced snakehead to spawn by creating appropriate environmental
conditions and bought the seed for themselves to spawn (4.3% of all farmers in the sample produced
seed in this way, equaling to 9.1% of the pond farmers due to the suitability of ponds for this
activity). There was several farmers who caught wild seed for nursing, but the artificial seeds
dominated these farms (Figures 5.4-5.5).
The average stocking density of snakehead in ponds is 21.5/m2 (±45.2). The highest density (236.5
fingerlings/m3) was in nylon tanks, followed by cages (147.6 fingerlings/m3) and hapas placed in
ponds (109.0 fingerlings/m3). Water level in the nylon tanks was lower than other models, so water
exchange rate in this model was also higher than the others. Snakehead farming in cages and hapas
placed in the rivers with water current were stocked with higher densities than hapas placed in the
ponds (Table 5.3).
5.2.4. Feed and feeding
The amount of feed used for snakehead farming in cages and nylon tanks were 374.9 and 305.9
kg/m3/crop, respectively, due to higher stocking densities employed as compared to the other
systems. However, food conversion ratio in pond culture was lowest (FCR=4.17) due to the
availability of natural food in ponds. The FCR of snakehead cultured in cages was highest (4.58).
There were many types of feeds for snakehead farming including freshwater and marine trash fish,
head and bones of ca Tra (Pangasianodon hypophthalmus), field crabs, golden snail meat, and
pellets or home-made feeds (Table 5.4).
Freshwater trash fish was used by most households and comprised from 31.3 – 59.2% of total feeds
for snakeheads. Marine trash fish was used by 34.02 – 63.91% households. Farmers culturing
snakeheads in ponds and cages used a large amount of marine trash fish (over 60% of total feed).
Most households caught freshwater trash fish to feed their snakeheads. This amount took 9.5-34.8%
of total used freshwater trash fish.
Fresh water trash fish which farming households exploited by themselves were not enough, so they
also bought trash fish from local fishers (18.2 – 50.1%/total feed) or fish traders (16.2 – 55.6%). The
cost of trash fish ranged from VND 4,600 – 5,400/kg. Some households fed their fish with golden
snail meat. The experience from farmers showed that about 4 – 4.5 kg of golden snail meat could
help to obtain 1 kg of snakehead. In order to have 1.0 kg golden snail meat, 3 - 4 kg golden snails
(VND 500 /kg) were taken. This was a suitable solution on both economic and environment aspects
to replace trash fish. A large amount of Ca Tra catfish head and bones are released as by-products
from aquatic processing companies, but most of these are bought and used for P. catfish (Ca Tra) in
terms of home-made feed (Table 5.5).
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The mean water depth was 1.8 ± 0.8 m. The deepest and lowest water depths were in cages (2.8 m)
and nylon tanks (0.8 m), respectively. Farmers exchanged water every 5 days at the rate of 50% of
water volume. In nylon tanks, water was exchanged daily and the rate was up to 90%. In hapas
placed in rivers and cages, water current exchanged water constantly. 53.5% households exchanged
water by pumping, and of these, most practiced snakehead culture in nylon tanks. 32.9% households
(mainly pond farmers) exchanged water by tides, and 6.2% households with hapas in ponds did not
exchange the water (Table 5.6).
Most snakehead farms are located near big rivers or canals (83.3% households), so inlet water was
generally available. Some farms far from rivers, meaning that inlet water came from small irrigation
canals (14.6%) or paddy fields and garden canals (0.9% households). About 1.2% of households
used groundwater. 59.8% and 94.3% households did not treat inlet and outlet water, respectively. In
ponds, hapas placed in ponds, and nylon tank systems, 4.6% of farms used chemicals for water
treatment and 1.1% of farms used settlement ponds to treat effluents before discharge them into
public water bodies. However 38.0% and 2.2% of households respectively, used lime or salt, and
settlement ponds to treat inlet water. This was a way to limit fish pathogens spreading out during
cultured cycles.
The results showed that parasite infections on snakeheads were reported by 85.9% of farmers.
Snakeheads also got hemorrhage disease (55.9%), mucus loss/columnariss (11.8%), while gill
disease affected 8.5% and liver and kidney diseases 7.8%. According to fish farmers, it was very
difficult to treat liver and kidney diseases as well as hemorrhage disease. Presently, there are no
special medicines to treat liver and kidney diseases. Farmers just mixed antibiotic with feed for
treatment, but did not know the efficacy of their cure (Figure 5.6-5.7).
5.2.6. Production, yield and distribution of fish harvested
Survival rates of snakeheads in different culture systems were similar and ranged from 46.1-56.0%.
Highest and lowest survival rates were in cage culture (56.0%) and nylon tank system (46.1%).
Production of snakeheads cultured in ponds and cages was higher than that of other systems due to
large area or volume. However, fish yields from cages and nylon tanks were higher than those of
other systems thanks to high densities. The largest size of harvested fish in cages was for giant
snakehead (Channa micropeltes) (1.1 kg/fish), in comparison with Channa striatus (0.6 – 0.7
kg/fish) from other systems (Table 5.7).
After the harvest, snakehead were sold and transported in live and fresh forms to many buyers
including local middlemen (69.8%), traders from other provinces (17.7%), and local wholesalers
(7.7%). Some small farms (2.3%) sold their fish by themselves at local markets, and 1.8%
households consume their fish as fresh or fermented forms. In addition, some farmers in Hong Ngu
district of Dong Thap province and Tan Chau district of An Giang province, sold their snakeheads
directly or indirectly to Cambodia. The availability of freshwater fish is related to the flooding level
and this was considered for the distribution of snakehead fish (Figure 5.8-5.9 and Table 5.8).
5.2.7. Economic results of snakehead farming systems
Table 9 shows that total operating cost for snakehead farming in cages was highest out of all the
systems (2.3 million VND/m3/crop), while the costs of production in nylon tanks and ponds were
lower (VND 1.9 and 0.7 million/m3/crop, respectively). Some households caught trash fish to feed
their snakehead, so the amount of captured trash fish is also factored into total feed costs. Based on
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this accounting, gross return (VND 2.4 million), and profit (VND 0.2 million) per cubic meter were
highest for cages. Variable costs took high percentage to total operation cost and ranged from 97.0 –
98.3%. Gross profits from other systems were low. On average farmers returned a negative profit
(VND -30,600 /m3/crop) on hapas placed in ponds. The percentage of farmers who lost money was
high, and fluctuated from 40.9 – 61.7% of households interviewed. However, if the costs for selfexploitation of trash fish are not counted, the profits from all snakehead farming systems are higher,
and depend on amount of trash fish captured. The number of households having negative profits is
reduced if the cost of self-harvesting of trash fish is excluded, and ranges from 15.2 – 40.0%.
Benefit cost ratio (BCR = Total returns/total operating costs) was also higher. BCR per production
cycle was highest (92%) in cage culture and lowest in nylon tank culture (14%). In general, if
farmers had to supply all the inputs for snakehead culture, profit was low and percentage of
financial losses incurred was high. However, many households cultured snakeheads on a small
scale, using natural freshwater trash fish during the flood season, and available free labor. This
strategy allowed them to obtain high profits. Issues of economic efficiency and the risk of
exhausting natural aquatic resources which have a negative effect on the availability of cheap food
for local people need to be solved when conducting the research on replacing freshwater trash fish
with other feed sources (Table 5.9).
The results of regression analysis of multiple variables showed that there were 5 independent
variables affecting fish yield at the same time (p<0.05):
(i) Snakehead species: the yields and profits from Channa micropeltes farming were higher than
those of Channa striatus culture.
(ii) Cultured area: the yields and profits from snakehead farming in deeper flooded areas were
higher than other areas because of good water supply and plentiful trash fish.
(iii) Stocking density: In order to increase fish yield, density of snakeheads could be increased
above comparison the mean value reported in this survey. However, although the profit was
highest at 120-160 fingerlings/m3, the benefit:cost ratios was highest at stocking densities of
40-80 fingerlings m3
(iv) The costs of medicines and chemicals to prevent and treat snakehead diseases could be
increased against the mean value reported in this survey in order to increase fish yield. A cost
of VND 25,000-40,000/m3/crop offered the best benefit:cost ratios.
(v) Snakehead culture techniques: farmers who have been trained on culture techniques gain
higher benefits than those who cultured fish based only on their own experience.
5.3.
Snakehead farmers’ perception
During the flood season there was plenty of freshwater trash fish suitable for farmers to exploit or
buy for snakehead feed (28.0% households). Farmers used their own ponds, and rivers nearby their
houses for small-scale snakehead culture (22.4%). In the flood areas without surrounding dikes,
farmers could not cultivate rice in flooding season, so the households could make use of free time
during the flooding season by culturing fish (12.9%). This contributed to the diversification of
agriculture and livelihoods in order to increase farmers’ incomes (17.4%), as well as supply more
high value food to the community (Table 5.10).
Snakehead farming had many advantages and disadvantages. The most important difficulty was the
lack of production capital (49.7%). After many years of culturing snakeheads, fish diseases seemed
to be appearing more common and also more difficult to treat, leading to high mortality (38.5%).
Farmers' technical knowledge on the farming of these species were limited, so farmers had many
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difficulties in the prevention and treatment of fish diseases (17.3%). In addition, the snakehead fish
were mainly for domestic consumption, and the price was lowest during the peak harvest season
(19.6%). Abundance of natural aquatic resources has declined continuously and the price of low
value fish has increased. Therefore, snakehead farmers faced more difficulties due to a need to find
other sources of feed (10.3%). Based on the above disadvantages, snakehead farmers needed more
support for obtaining capital (50.5%), and more technical training, including the prevention and
treatment of fish diseases, as well as water inlet and outlet treatment (34.1%).
The price of marketable snakehead goes up in the dry season (20.8%) due to lack of natural
marketable size of snakeheads, so harvest in this period offered higher profits. In addition, fish
farmers need the support from the government on market information, and organization for product
distribution to make the price of snakehead more stable (9.4%). Replacing freshwater trash fish with
marine trash fish and golden snail meat for snakehead feed were also suggested (5.6%) (Table 5.11).
Natural aquatic resources in the Mekong Delta become more exhausted day by day due to over
exploitation (Sinh, 2005), so the production of freshwater trash fish used as feed for carnivorous
species has become scarce. There were many solutions for replacing fresh water low value fish
including by marine low value fish (84.8% of households suggested), by culturing other fish species
(3.7%), by stopping snakehead culture (3.5%), or by reducing the culture areas of snakeheads
(3.3%). However, these solutions should be considered in relation to the competition for feed from
the development of other cultured species such as Pangasius catfish, hybrid catfish, giant freshwater
prawns, and swamp eels. Over-exploitation of wild fish also had negative effects on the supply of a
cheap sources of food for local community, especially the poor people (Table 5.11).
Part 6
FOOD FISH TRADERS IN THE STUDY AREAS
6.1.
Description of food fish traders in the local markets
In this study, the markets were categorized into rural market (at village level) and urban market (at
the district level or town of the province/city). The traders were the people who buy and sell food
fish in the market place of the surveyed provinces. More than 94% of the number of traders were
female with the average age of about 41 years ( 9.6), ranging from 18 to 78. They had the average
experience in trading fish about 12 years. In general, the fish traders had low education, with 55.6%
of them having stopped going to primary school and 9.5% were illiterate.
The place for trading fish in the market was quite narrow, on average about 3.3 m2 per trader
( 3.99). The place was smaller for village traders (2.8 m2 1.8) in comparison with that of the traders
at district or town markets (3.9 m2 ±6.6) (Figure 6.1). Participation in trading food fish of each traders
were 1-2 laborers, mainly family members, and mostly women. No one was under 17 years old. In
addition, some of big scale traders had to hire female employees, especially during the peak season
of wild fish capture, about 20 days per month (Table 6.1).
Most of the traders were retailers and had their sources of food fish supplied by fishers and fish farmers.
In addition, at the village market, about 2.7% of fish traders were real fishers or fish farmers who
brought their own captured/cultured fish to sell directly to the end consumers. Technical information
for trading food fish depended mainly on the traders’ experience (95.2% of 189 respondents). In
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addition, information was also from consumers (6.9%), TV/Radio (3.3%), fishers, farmers, and
other traders (0.5%) (Table 6.2).
About 94.7% of the traders did not use contracts in purchasing fish because 81.7% of them said that
a contract was not necessary. Very few traders cared for advertising (2.1%), business logo (2.1%),
and business cards (2.1%) (Table 6.3).
6.2.
Traders’ marketing in purchasing the food fish
- Priority and making decision in trading food fish:
Respondents were asked on a scale of 1 to 10 (with a maximum point of 10) to discuss priorities on
factors affecting the trading of food fish. Among the listed factors, the most prioritized actors were:
quality, price, amount, and size of fish. In addition, type of payment and time of delivery were also
important (Figure 6.2).
The buyers often have stronger power in making decision on the amount and type of fish (high or
low value fish) because they had their own interest and need. The buyers and sellers had the same
right on the price and type of payment while the sellers were stronger in making decision on the
location and time of the transaction. Due to the increasing level of competition and seasonality in
trading food fish, the buyers seemed to have more rights or stronger bargain power, but both sides
(buyers and sellers) seemed to make the bargains that help them all feel good about the transaction.
Type of support in purchasing food fish depended on the function of traders. When local traders
played the role of buyers, they could get loans from suppliers (26.2%), some reduction in price or
discounts could be made or some gifts (21.1%); and in association with gradual or partial payment
(18.0%). On the other hand, they might provide the loans to their suppliers such as fishers and fish
farmers (61.8%). They also help to prepare the fish for end customers in the market place (51.1%).
About10.9% of them provided the customers some gradual payment.
- Sources of food fish:
The fish traders preferred to purchase wild fish (78.1% of the number of traders). They also wanted to
purchase more fresh water fish than marine fish (74.5%). The main reasons were that fresh water fish
is easier to sell or more familiar to the customers (43.8%); had good experience to trade fresh water
fish (24.2%); and easy to get the fish or availability of fresh water fish in the local area.
- Purchases of marine fish:
Marine fish were mainly provided to the local traders from large-scale fish traders in the province,
accounted for 87.9% of total amount of fish supplied to the food fish traders at different market
level. About 11.4% was bought from other provinces. Direct supply from fishermen covered about
4.8%, while that figure from fish farmers was 4.0%. The remaining amount was supplied by other
sources. Because the time for transportation from the fishing ground is long, the local traders gave
more care to the preservation or quality of marine food fish. After receiving the supplied food fish,
the local traders resold most of total amount of fish in the local markets (96.4%). They also provided
about 2.2% to other fish traders, and 3.2% to other buyers in the local area; while the proportion
being sold out of the province was 0.6%, only (Figure 6.3).
Marine fish, including finfish, octopus and shrimp were preferred by 73.9% of the number of
traders. The reasons included easy to trade (63.6%); these fish were delicious (22.7%); and available
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year-round. In addition, the low value marine fish were still preferred because the low price
(34.8%); and also easy to keep/store for a couple of days.
- Purchase of freshwater fish:
In terms of species, freshwater fish were more diversified in comparison with marine fish, especially
in flooding season. The supply of freshwater food fish was not only from local fishing but also from
aquaculture. Other fish traders and fishers in the local area were the main suppliers who provided
about 47.3% and 34.7% of the total amount of input fish for the food fish traders at different market
level in the study areas. About 9.1% of fish was caught by the traders themselves, and then sold
directly in the village markets. Because of the development of aquaculture, the traders also went to
buy fish directly from fish farmers (8.9%). The supply from outside of the province covered 2.8% of
total amount of input fish. Fresh water fish were mainly sold in fresh form by food fish traders, and
mostly in early morning because they gave more care on the preservation or quality of fish which
were strongly affected by time. Most of the fish were resold at the local markets (93.9%) while 3.2%
was provided to other type of buyers, and 2.9% was resold to other local fish traders. The proportion
of food fish being sold out of the province was 1.5%, only (Figure 6.4).
A number of high value fresh water fish species were preferred by traders such as snakehead,
climbing perch and hybrid catfish (70.4%, 50.6% and 29.9%, respectively). The main reasons were:
easy to sell these fish (78.7%); and delicious meat and easy to prepare (20.0%).
The fish with low price, small size and/or low quality were categorized into low-value fish group
(75.9% and 73.6% of the traders, respectively. Low value fresh water fish species were prioritized to
purchase included Mozambique tilapia (30.4%), Pangasius catfish (26.1%), and some other fish
species with small size, also small size wild fish. These fish were considered easy to purchase
(69.0%), and low value or cheap fish (56.3%) (Table 6.4). Therefore, there is a need to make the
differences between high value fish (HVF) and low value fish (LVF).
- Trends in the purchase of marine fish
In general, the trade of high value marine fish was increasing with 39.4% of 33 fish traders who
traded marine fish, 36.4% said unchanged, and the remaining reported a decreasing trend. The most
important reasons for increasing trade of high value marine fish were more fish farmers or an
increase in supply side (34.8%), and an increase in demand size or more buyers who had better
income (21.7%). On the other hand, increasing price of fish and higher competitive pressure were
the key reasons for a decreasing trade of this group of fish species (36.4% of traders).
Trade of low value marine fish was said to be unchanged by 58.1% of traders, while 25.8% and
16.1% of them considered the trade was increasing and decreasing, respectively. The increasing
number of fish farmers and fish consumers, in association with the change in income level, made for
the fluctuation of marine fish trade. In the near future, the trade of marine LVF is expected to be
unchanged by 56.3% of the traders.
- Trends in the purchase of fresh water fish (FWF)
The trade of high value fresh water fish (HVFWF) was stable to more than 40% of the traders due to
the increase at the same level in both the number of buyers and fish farmers. The increasing trade of
HVFWF was cited by 22% of the respondents, with the main reason given to the increased income
of the community and the local consumers preferred HVFWF or higher quality of FWF (21%).
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The purchase of low value fresh water fish (LVFWF) was considered unchanged by 53.2% of the
traders because of unchanged demand from poor people and cheap price of fish. However, 21.8% of
the traders said that the purchase of this group of fish decreased due to the wild fish-dependence,
reduction in supply, and changes in the consumers’ behavior, especially in urban areas. About
54.0% of the traders thought that the purchase of LVFWF would be unchanged in the near future
because of low price or suitability to the poor people.
6.3.
Amount of fish traded and lost
The average amount of fish purchased per day was 41.5 kg/trader. The traders at district markets had
the biggest amount which was 6% higher that that of provincial traders, and 9.8% more than village
traders. In addition, marine fish made up 23.1% of the total amount of fish, while FWF covered the
remaining of 76.9%, although not significantly different between the levels of markets (Table 6.5).
The LVF were not traded much in the markets. There was more at the village markets but less at the
other two levels, and was affected by the supply of food fish (marine and FWF). In general, LVF
contributed 4.1% of the total amount of marine fish traded, but at village markets, this rate was 5.7%.
However, LVF covered about one quarter of the total amount of FWF traded at village markets. LVF
contributed about 31.7% of the total amount of FWF traded at village markets, and the figures for district
and provincial markets were 18.5% and 15.5%, respectively.
In addition, the amount of fish lost during the purchases was about 4.5% for marine fish, and 3.5%
for FWF. The lose rate was about 1.5 times higher for district and provincial markets.
6.4.
Costs and net income in trading food fish
- Fixed costs:
Average total fixed cost for trading food fish was VND 0.2 million per month. Taxes and fees was
about 49.6%, payment paid for the trading place in market accounted for 36.7%, equipment and
facilitations contributed about 10.2% (containers, basket, trays, weights), and 3.4% for construction
work (Table 6.6).
- Variable costs:
Each trader spent about VND 25.9 million to buy fish. The traders at village markets had to pay less
(about VND 22.0 million). Marketing costs (electricity, clean water, ice, packaging, etc.,) took about
VND 0.6 million per month. The traders at village markets also paid about 24.0% lower than the
traders at provincial markets, which was in turn higher than the figure for district markets 18%,
approximately (Table 6.6).
- Income and profits:
Monthly profit from trading food fish was not high, VND 2.16 mil./trader/month with an average
ratio of B:C of 1.17. Higher level of markets brought about better profit to the traders but smaller
ratio of B:C ratio. The traders at village markets had the lowest profit per month of VND 1.6
mil./trader, but the highest B:C ratio of 1.23. The figures for traders at district markets were VND
2.6 mil./month and VND1.13mil/month, while for the traders at provincial markets were VND 2.8
mil./month and VND1.10 mil/month (Table 6.7).
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The mean comparisons of the most important indicators showed that the total amount of fish, total
costs, total net income from trading food fish at the village markets were significantly different at
the two levels of district and province (p < 0.05).
6.5.
Factors affecting the amount of fish traded
Ten initial independent variables (Xi) were assumed to have an effect on the amount of fish traded
per day (Y). The results from multiple regression analysis show that there were 5 factors at the same
time that could significantly affect the amount of fish traded per day. They were: (i) the number of
the day in the month, (ii) marketing costs, (iii) proportion of freshwater fish of total field, (iv)
contract in trading, and (v) sources of fresh water fish (Tables 6.8-6.9).
a. Number of days trading: If other variables were unchanged, when the number of days
increased a day, the total amount of fish traded would increase 1.7% (the maximum level
would be obtained if the traders operate their business all days of the month).
b. Contract in trading fish: If the contract was made, it might help to increase the amount of
fish traded about 0.47%, if other variables were unchanged. Note that the larger scale
traders may prefer to have the contract with a big amount of fish traded.
c. The proportion of freshwater fish to total amount of fish: If other variables were
unchanged, when this proportion increase 1% it would make a decrease of 0.39% in the
amount of fish traded.
d. The marketing cost: Total amount of fish traded might be increased 0.3% while the
marketing cost increased 1% and other factors were fixed.
e. Sources of fresh water fish: Despite of wild fish were preferred to cultured fish, if the
traders were supplied wild fish, they could sell about 35.6 kg/day, but it would be 43.3
kg/day for cultured fish. This caused by the depletion of wild fish but their price increased
much while cultured fish became more available.
6.6.
Difficulties and solutions for trading food fish
There were a number of difficulties reported by the traders of food fish in the market places which
are affected by the annual floods in the Mekong Delta. For HVF, the most serious problems consist
of: trading place (27.8% of traders) and lack of capital (25.9%). For trading the low value fish, the
most important problem was a high rate of fish lost in trading (26.5% of traders) and also lack of
capital. In addition, other difficulties were listed as follows: reduction in the number of buyers and
decrease in the amount of fish supplied which were resulted from a higher competition in trading
fish; increasing prices of food fish; and difficulty in preservation of fish, especially the fresh ones.
The traders proposed a set of solutions such as: to find out the sources of loans with reasonable
interest and conditions (47.4%); the market managers should redesign or rearrange the place for
trading fish in order to make better conditions for both the traders and buyers in the market (45.6%);
and to try to reduce the marketing costs (15.8%). Lower taxes and fees were also suggested (11.
1%).
Part 7

CONSUMPTION OF FOOD FISH IN THE STUDY AREAS
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7.1.
Major economic characteristics of the surveyed households
The average household size in the study areas was 5, and bigger in the case of households practicing
aquaculture (5.4 persons). More leisure labor in the flooding season were available, especially the
male labors. On average, the households capturing wild fish had 1.6 male labor among a total
number of 2.8 male labor participating in fishing activities. These persons had experience about 15.5
years in wild fish capture, varied mainly by age of fishers but not much by locations or flood
scenario (Table 7.1).
Average total annual production cost of the households was VND 32.5 million (±162.6). The
households in deep flood area had the highest cost (VND 47.7 ± 255.6 million), especially for the
households who cultured fish (VND 113.4 million). The households settled in shallow flood area
had the lowest production cost (VND 16.3 ± 29.6 million), in particular the households who relied
only on wild fish capture activities (VND 12.7 million) because of a low cost invested in simple
fishing activities (small boat and cheap fishing gears). The average annual profit or net income of
the households in shallow flood area was VND 63.2 million, higher than that of deep and medium
area (VND 63.2 and 48.7 million, respectively) due to their opportunity to have more diversified
economic activities. It is interesting to see that the households with aquaculture obtained the biggest
annual profit (VND 97.0 million/year), and if the households were better-off from having other
economic activities they might not participate in capturing wild fish or farming fish.
Gross income, production cost and household size help to show the profit per capita and ability to
spend for living expenditures, as well as the potential for savings and expansion of the economic
activities. The average monthly profit per household was VND 5.1 million and they spent an
average living expenditure of VND 1.7 million/month. People settling in shallow flood areas had
better profit per person per month (VND 1.3 million) and higher living expenditures per person per
month (VND 0.5 million) than those in the other two areas. But the savings might be at the same
level of VND 0.8 million per person per month of people living in deep flood area. These helped
them to have better opportunity for savings or expansion of their production. In addition, the betteroff non-fish households (no fish capture neither aquaculture) had the same level of profit and living
expenditures per person per month (VND 1.6-1.7 million, and VND 0.4 million, respectively).
Finally, the lowest profit and living expenditures were for the households who relied only on wild
fish capture (VND 0.7 and 0.3 million/person/month), implying that their ability for savings just
equaled to about 50% of the savings of other groups (Table 7.3).
With an average living expenditure per month of VND 1.7 million, the households spent about
65.5% for food. For the households practicing fish culture, this percentage was at the lowest level of
52.5%. This means that the household did not have much money for other living activities such as
education, health care and other social events or services. More over, 63.4% of the cost for food was
spent for buying food fish, indicating the importance of fish to the local community in terms of
economic and food security. The people living in deep flood areas, especially those culturing fish
had the smaller proportion of food cost spent for food fish, 62.6% and 45.7%, respectively (Table
6.3). This might be caused by more wild fish catch availabiliyt and/or some proportion of cultured
fish which was partially used for household consumption without taking into account in terms of
cash expenditures.
7.2.

Consumption of food fish in the study areas
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The average amount of food fish for household consumption was 348.3 kg. The households in the
deep flood area consumed more fish than those in the medium and shallow flood areas (404.3 kg,
341.2 kg and 288.4 kg, respectively). The reasons were a bigger size of the households and more
fish available in deep flood area while in medium and shallow flood areas the households had better
supply of other sources of animal protein such as pork, beep and poultry. Most of the food fish were
bought from local markets as regular food (81.8% total amount of food fish consumed per year).
Other sources of food fish were shef-supplied from wild fish capture (7.7%) and fish culture
(10.5%). Because of a better supply and quality of water, more people stocked fish in deep flood
area, therefore, these households stocking fish consumed more food fish than the households in
other two areas by flood scenarios (14.8% comparing with 7.8% and 6.3%, respectively). However,
the households in medium flood areas had higher proportion of food fish from their own capture
activities (14.0% comparing with 9.5% in deep flood areas and 2.2% in shallow flood area) (Table
7.4).
The average amount of food fish consumed per capita was 77.6 kg, or 6.5 kg per person per month.
The highest levels were in deep flood area with 78.3 kg and 7.1 kg, especially the aquaculture
households consumed 124.2 kg per capita or 10.4 kg per person per month. If the poor households
relied on fish capture only, their most important purpose was to capture wild fish for sale while the
fish catch was limited then the fish for their household consumption was not much (58.5 kg per
capita or 4.9 kg/person/month).
The multiple regression analysis showed that there were 4 independent variables significantly
affecting the amount of food fish consumed by households (p < 0.05). They were as follows:
f. The household size or number of persons per family: the bigger size of the household, the
smaller amount of fish was consumed per person.
g. Living expenditures: the more money the households spent for living expenditures the
bigger amount of food fish they consumed.
h. Wild fish catch: the more wild fish were captured by the households the biaquatic
production, the more aquatic production was captured, the more it was consumed.
i. The ratio of shelf-captured fish kept for consumption/total amount of fish consumed: If the
amount of own captured wild fish was kept for household consumption contributed a
higher proportion to the total amount of food fish consumed by the households, then the
total amount of fish was bigger.
- Consumption of high value fish (HVF):
The average frequency of buying high value fish (HVF) was 3.5 days/time (±4.3) and varied by the
flood scenarios, the deeper the flood the shorter duration. The households bought HVF for 3.2, 3.3
and 4.0 days for deep, medium and shallow flood areas, respectively. The average volume and value
of HVF per purchase were 1.3 kg and VND 30,100 each time in the deep flood area, while the
figures for both medium and shallow flood areas was 1.2 kg/time and VND 27,500/time. Fresh fish
were common with 83.1%, and fresh water fish covered 90.1% of the total amount of HVF bought,
but not significantly different between the areas (Table 7.5).
- Consumption of low value fish (LVF):
The average frequency of buying low value fish (LVF) was 3.4 days/time (±7.4) and varied by the
flood scenarios, but in different way in comparison to the HVF. For HVF, the deeper the flood the
longer duration between purchase of HVF, that is, 3.6, 3.4 and 3.1 days for deep, medium and
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shallow flood areas, respectively. This means that the LVF were more available from self-capture
and consumed in deep flood area. The average volume and value of LVF per purchase were 1.8 kg
and VND 20,700 each time, but much more in the shallow flood areas (2.1 kg/time and VND
24.200/time). Fresh fish were also common with 85.0% while fresh water fish covered 86.7% of the
total amount of LVF bought. These two rates were not significantly different between the flood
scenarios (Figure 7.1 and Table 7.6).
Aquatic products present in daily meals of the local people in the Mekong River Delta. The fresh
water fish were mostly referred, for both HVL and LVF (95.3% and 94.8%, respectively). The same
situation was given to wild fish (92.3% and 91.5%, respectively) because the local community
considered wild fish were clean, fresh, safe and available, especially in flooding season (75.7% of
the respondents). On the other hand, cultured fish were selected by 7.5% for HVL and 8.7% for
LVF, only. Cheap price was just one of customers’ criteria (10.3% of the households), especially in
flood season, wild fish were abundant (7.0%). There were 10.5% of the respondents believed that
cultured fish were not good source of fish because of the application of pellet feed and
drugs/chemicals (Table 7.7).
A variety of fish species were reported by local people for food fish. Sinh et al (2007) listed 31
species of wild fish which were commonly captured and used for food by the local people in the
medium and shallow flood areas. Some of them could be from both sources of fishing and
aquaculture such as snakehead fish, climbing perch, silver barb tilapia. In this study, the top 5
species of food fish were snakehead (58.5% of the households); climbing perch (53.3%); hybrid
catfish (21.9%); ca linh – Henicorhynchus/ Labiobarbus (19.9%); and ca sat - Trichogaster
trichopterus (18.7%). Ten most common species of food fish are provided in Table 7.8. These are
also the most preferred fish species in the fresh water areas of the Delta more than 10 years before
(Sinh et al. 1997).
7.3.
Consumers’ perception on food fish
- Trend in the consumption of fresh water fish (FWF):
The trend in households’ consumption of food fish, in particular the fresh water fish, was assessed
using five-scale ranking, of which 1 = decreased very much, ….., and 5 = increased very much
(Table 7.9). For high value fresh water fish (HVFWF), the price was the factor that had the highest
level of increase (77.6% of households and Mean = 3.9) because of the increasing demand or an
improvement in the income level. But this was associated with improved convenience in purchasing
fish (61.1% and Mean = 3.8). In addition, HVFWF were also more available due to the development
of aquaculture (42.6% and Mean = 3.3) despite if the amount or quantity of fish bought per time
increased by little (21.4% and Mean = 3.1). However, size and quality of HVFWF seemed to be
unchanged (for the size of fish was 48.8% of the households and Mean = 2.5; while these figures for
quality of fish were 43.3% and Mean = 2.6).
The same situation was observed in the case of low value fresh water fish (LVFWF), the price
increased more (75.8% of households and Mean = 3.9), mainly because of income improvement.
But this was also associated with better convenience in purchasing fish (59.8% and Mean = 3.8). In
addition, LVFWF were also more available due to the development of aquaculture (41.3% and
Mean = 3.3) and the amount or quantity of fish bought per time increased not much (22.4% and
Mean = 3.1). However, the size of LVFWF seemed to be decreased due to the over fishing (54.1%
and Mean = 2.3) while the quality of LVFWF was not improved (43.7% and Mean = 2.6).
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Over fishing leads to smaller size of fish and more cultured fish available, but the quality may be
worse due to the negative effects from the aquaculture environment, as well as the application of
feed and drugs/chemicals (Figure 7.2).
- Difficulties and solutions for consumption of fresh water fish
Many difficulties in consumption of FWF were described by local people. The most important was
the increasing price of food fish (65.7% of the respondents); and the cultured fish were more
available but the quality and tastes were not good in comparison with wild fish (47,2%). It was also
sometime difficult to buy the fish (12.8%). In addition, the size of wild fish became smaller than
before. Moreover, the fish species for aquaculture in fresh water bodies were not diversified,
especially the lack of or inefficient culture of high economic value species. Some households settled
too far from the market places and they did not want to go out for buying FWF in the markets
(14.2%).
Therefore, the price of FWF should be managed in association with finding the ways for reducing
the production costs of both capture wild fish and cultured fish (38.5% of the respondents). This
requires a set of appropriate policies/regulations. The quality management should be improved to
protect the consumers of fish products (34.6%). The marketing of food fish both from capture and
aquaculture sources, as well as all types or forms should be given more detailed studies, especially
at the market places (19.2%). Better management of fishing activities was also suggested as one of
the solutions for a better supply of food fish. On the other hand, some local people would replace
some fish by using other animal protein such as pork, beef or poultry if the price of food fish
increased too much (7.7%).
Part 8

CONCLUSIONS AND SUGGESTIONS
Fishing activities were conducted by 50% of the number of households in the fresh water flooded
areas of the Mekong Delta, where wild fish play an important role in both environmental, economic
and social aspects to the local community, especially during the flooding season. About 14 legal
fishing gears were used for fishing in the different fishing grounds (flooded rice fields, rivers/public
canals, and non-aquaculture ponds/garden ditches). But the most popular ones were gill net, trawl
net and small mesh size set net. However, there was still about 10-20% of the fishers using illegal
fishing gears. Fishing season was usually from July to December depending on the flood scenarios
as well as fishing grounds and fishing gears. The average fish catch, excluding golden snails, was
about 1.4 tons/household/year. Fishing activities took 8.6% of the total production costs per year
and brought about 24.6% of the total net income, and had a high level of B:C ratio. Flood scenarios
and livelihood diversification of households had significant effects on the costs and net income of
the households, particularly in the fish catch, costs and net income of fishing activities. Wild fish
catch was distributed in different ways, of which the most important proportion of high value fish
was for higher income while most of the low value fish were used for household consumption and
for aquaculture. Over fishing of wild fish for aquaculture had good effects on the development of
cultured fish species which directly use LVF and created jobs with reasonable income to the local
community. However, it led to the depletion of wild fish stock as well as reduction in the supply of a
cheap source of good food for the local community, especially the poor households. Major
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difficulties for fishing activities were: (i) abnormal weather by rains/storms; (ii) lack of capital
associated with increasing costs (4.3%); and (iii) depletion of wild fish stock. The households who
relied on fishing activities expected to obtain more support in terms of loans for fishers, better
management of fishing activities, more training activities, support for the fishers to shift into
other/better occupations, and better operation of sluice gate systems in the areas which are closed
completely by surrounding dykes.
The farming of giant snake head (Channa micropeltes) in cages is traditional in the Mekong Delta.
Common snakeheads (Channa striatus) are cultured in 4 other typical farming systems. The culture
area per farm was largest in ponds but stocking density was highest in nylon tanks. The amount of
feed used for snakeheads cultured in cages and nylon tanks was more than that in other systems, but
FCR in the earthen ponds was smallest. Many farmers captured fresh water low value fish for
snakehead feed, but this source has been depleted. Survival rates of fish in the different systems
were similar. Fish yields in cages and nylon tanks were higher than those of other systems. There
were 5 variables affecting fish yield (p<0.05): (i) giant snakeheads or common snakeheads; (ii) the
flood scenario of the farm location; (iii) stocking density of fingerlings; (iv) cost for medicines and
chemicals to prevent and treat fish diseases; and (v) the farmers were trained on the farming
techniques or not. Total operating costs per cubic meter of water per crop were highest in cages, and
lowest in hapas. If farmers had to buy all their feed, profits from snakeheads were low in associated
with a high level of farms obtained negative profits. The farming of snakeheads was better in smallscale farms where leisure labor were used to exploit low value wild fish for cultured fish during the
flood season. Marketable snakeheads were mainly bought by traders and the price was better in the
dry season. Most of the snakehead farmers knew that using low value wild fish for snakehead
culture had negative effects on wild fish stock. More studies on the reproduction, alternative feed,
fish health management, and marketing of fish will be helpful for further development of snakehead
industry in the Mekong Delta.
The average household size in the study areas was 5 with the average monthly profit per household
of VND 5.1 million and the average living expenditure of VND 1.7 million/month. The lowest profit
and living expenditures were for the households who relied only on wild fish capture, whose ability
for savings just equals to about 50% of the savings of other household groups. About 65.5% of
monthly living expenditures was spent for food, and smallest in the cases of aquaculture households
or the households capturing wild fish in deep flood areas. Annual amount of fish consumed per
capita was 77.6 kg, or 6.5 kg per person per month, with the highest levels in deep flood areas. The
households in deep flood areas consumed more fish than those in the medium and shallow flood
areas. Most of food fish were bought from local markets while the remaining was self-supplied from
captured wild fish capture (7.7%) and cultured fish culture (10.5%). The households in medium
flood areas had higher proportion of food fish from their own fish capture activities. The top 5
species of food fish were snakehead, climbing perch, hybrid catfish, ca linh – Henicorhynchus/
Labiobarbus; and ca sat - Trichogaster trichopterus. There were 4 independent variables
significantly affected the amount of food fish consumed by households (p < 0.05): (i) household size
or number of persons per family; (ii) living expenditures of the households; (iii) amount of wild fish
caught by the household; and (iv) ratio of shelf-captured fish kept for consumption to total amount
of fish consumed. The average frequency to buy HVF was 3.5 days/time with the volume 1.3 kg and
the value of VND 30,100 each purchase. These figures for LVF were 3.4 days/time, 1.8 kg, and
VND 20,700 per purchase. Fresh fish were commonly consumed while fresh water fish were mostly
referred, for both HVL and LVF. The wild fish were preferred to cultured fish because the cultured
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fish might have lower quality. Smaller size wild fish of fresh water fish were more available than
marine fish. There were many difficulties in the consumption of FWF, especially the increasing
price and unstable quality of cultured fish, as well as the smaller size in association with decreasing
supply of wild fish. In order to solve for these issues, the solutions include reducing the production
costs of both captured wild fish and cultured fish. Better management of wild fish capture and
aquaculture should be focused on the protection of wild fish and the quality of cultured fish in
association with more studies on the marketing of food fish.
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Figure 2.1: Map of the Mekong River Delta, Vietnam
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Figure 5.1: Snakehead culture in cage

Figure 5.2: Snakehead culture in earth pond

Figure 5.3: Snakehead culture in hapas in pond
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Figure 5.7: Low water quality due to a high stocking density of snakeheads in pond
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Figure 5.8: Snakeheads were transported by truck after harvest

Figure 5.9: Snakeheads were transported by boat after harvest
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Figure 6.1: Trading of food fish at the village market

Figure 6.2: The standards of purchasing fish in rural & urban
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Fish traders: 87.9 %
Fish farmers: 4.0%
Fishers: 4.8%

Local markets 96.4 %
Traders of
marine fish

Other traders 2.2 %
Other buyers 3.2 %

Other sellers: 3.2%

Outside prov: 0.6%

Outside prov: 11.4 %

Figure 6.3: Marketing channel for marine fish (in % of total amount)

Traders 47.3%
Fish farmers 8.9%
Fishers 34.7%
Own captured 9,1%
Outside prov: 2.8 %

Local markets 93.9 %
Traders of
freshwater fish

Other traders 2.9 %
Other buyers 3.2 %
Outside prov: 1.5%

Figure 6.4: Marketing channel for freshwater fish (in % of total amount)
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Figure 7.1: Low value fish as common food for the poor

Figure 7.2: Public water in the rivers are for common uses but strongly affected by fishing and
aquaculture activities
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Table 2.1: Time schedule of the study (Investigation 1)
No.
Activities
Member
2008

2009

M J J A S O ND J F M AM J J A S O ND
1 Contract & inception meeting

1

2 Literature reviews

2

Inception meeting & Survey
design
Secondary data and KIP
4
interviews
Grousp disc. & primary data
5
collection
3

3
3
6

6 Data processing & analysis

4

7 Reporting, 1st draft

4

8 Workshop and comments

40

9 Reporting, 2nd draft & comments

3

10 Finalization & dissemination

3

11 Submission of final report

2
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Table 4.1: Major information from the interviews of KIPs

1. Natural area of village (ha)
+ Rate of area covered by dykes (%)
+ Rate of agricultural land (%)
+ Rate of aquaculture land (ha)
2. Total no. f households/village
+ Rice cultivation (%)
+ Fsihing (%)
+ Aquaculture (%)

3767.1
36.1
83.4
0.3
2606
70.5
32.1
7.8

Average
flood area
(n2=7)
2708.7
56.3
80.1
0.6
2301
76.2
58.7
22.6

+ Fish trading (%)
+ Ethnic people (%)
+ Poor households (%)
+ Production landless (%)
3. Total population/village (person)
+ Rate of male (%)
4. Total no. of labors/village (labor)
+ Rate of male (%)

1.2
5.5
15.8
18.9
9285.5
56.6
6230.6
56.9

5.1
0.2
10.2
11.9
9776.0
54.8
4843.3
64.9

Description

Deep flood
area (n1=10)

Shallow
flood areas
(n3=3)
2672.5
61.0
87.1
0.6
2752
89.6
77.6
56.6
1.4
16.0
12.4
10.5
12873.0
47.5
6764.3
42.9

Total
(N=20)
3232.5
44.7
82.9
0.4
2521
75.6
49.5
18.9
2.7
6.2
13.3
15.3
9995.3
54.5
5967.4
55.6
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Table 4.2: Households size, labors and experience in fishing acivities
Deep flood
Average
Shallow
area
flood area flood areas
Description
(n1=194)
(n2=139)
(n3=134)
Households size (person)
4.9
5.1
4.8
±
1.6
1.8
1.7
Male (person)
2.5
2.7
2.3
±
1.1
1.29
1.1
Experience of fishing (year)
13.3
12.8
14.3
±
9.1
10.0
11.2
Labor of fishing (person)
2.7
2.8
2.9
±
1.3
1.5
1.5
Male of labor (person)
1.8
1.8
1.6
±
1.1
1.0
0.8

Total
(N=467)
5.0
1.7
2.5
1.2
13.4
10.0
2.8
1.4
1.7
1.0

Table 4.3: Household size, labors and experience in fishing activities
Interpret
Households size (person)
±
Male (person)
±
Experience of fishing (year)
±
Labor of fishing (person)
±
Male of labor (person)
±

Fishing only
(n1=335)
4.8
1.6
2.4
1.1
14.3
10.0
2.6
1.4
1.6
0.9

Fishing &
Aquaculture
Total (N=467)
(n2=132)
5.3
5.0
1.9
1.7
2.8
2.5
1.3
1.2
11.2
13.4
9.7
10.0
3.2
2.8
1.5
1.4
1.9
1.7
1.0
1.0

Table 4.4: Fishing grounds by flood scenarios (%)
Deep flood
Medium
area
flood area
Fishing grounds
(n1=194)
(n2=139)
1. Rice fields
74.1
81.3
2. Rivers/canals
45.5
33.8
3. Ponds/garden ditches
2.7
4.3

Shallow
flood area
(n3=134)
73.5
42.4
6.8

Total
(N=467)
76.1
41.1
4.4

177

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
Table 4.5: Fishing gears by flood scenarios
Deep flood
Description
area
(n1=194)
1. Gill net
52.1
2. Trawl net
25.3
3. Small mesh size set net
7.2
4. Hook and line
6.2
5. Throwing net
6.7
6. Golden snail net
4.1
7. Horizontal cylinder
4.1
8. Trawler boat net
5.2
9. Mud chain
10. Bag net
1.5
11. Tree branches
1.5
12. Electricity shock
1.0
13. Lift net
0.5
14. Tube trap for eels
-

Medium
flood area
(n2=139)
55.4
17.3
21.6
4.3
2.2
7.2
4.3
0.7
3.6
3.6
1.4
0.7
0.7

Shallow
flood area
(n3=134)
58.2
21.6
12.7
9.7
3.7
1.5
3.0
4.5
8.2
5.2
0.7
1.5
1.5

Total
(N=467)

Table 4.6: Fish catch per household (fish production) by flood scenarios
Deep flood
Average
Shallow
areas
flood areas flood areas
Description
(n=194)
(n=139)
(n=134)
Including golden sails
Fish production/year (kg/year)
±
Fish production/month (kg/month)
±
Excluding golden snails
Fish production/year (kg/year)
±
Fish production/month (kg/month)
±

54.8
21.8
13.1
6.6
4.5
4.3
3.9
3.6
3.4
2.1
1.7
1.1
0.9
0.6

Total
(N=467)

4.895,1
9.850,8
407,9
820,9

3.181,1
5.283,9
265,1
440,3

1.861,6
2.496,2
155,1
208,0

3.514,5
7.200,6
292,9
600,1

1.476,7
1.477,8
123,1
123,1

1.525,4
1.717,6
127,1
143,1

1.278,2
1.757,5
106,5
146,5

1.437,3
1.662,4
119,8
138,5
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Table 4.7: Fish catch (excluding golden snails) by inside and outside of the flood-prevent dykes
Inside the dykes Outside the dykes
Description
(n1=249)
(n2=127) Both (N=47)
Fish production/year (kg/household)
1.277,8
1.425,4
3.933,3
±
1.343,8
1.722,8
3.523,3
Fish production/month (kg/household)
106,5
118,8
327,8
±
112,0
143,6
293,6

Table 4.8: Fish yield by fishing gears
Description
Fish
production
(kg/year)
±
Fish
production
(kg/month)
±

Trawl
net
(n=102)

Trawler
boat net
(n=21)

Small
mesh size
set net
(n=61)

Tube
Horizontal
trap
cylinder for eels
(n=18)
(n=3)

Hook
and
line
(n=31)

Lift
net
(n=4)

Golden
snail net
(n=20)

2.320,3

1.825,0

1.793,3

826,3

800,0

570,4

360,0

1.008,0

1.943,8

888,4

1.894,8

705,1

88,9

697,0

28,8

1.905,2

193,4
162,0

152,1
74,0

149,4
157,9

68,9
58,8

66,7
22,8

47,5
58,1

30,0
15,2

84,0
158,8
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Table 4.9: Species of fishing production distributed by ecological
Species

Deep flood
areas

Average flood
areas

Shallow flood
areas

Total

n1

%

n2

%

n3

%

N

%

Climbing perch (Anabas testudineus)

116

59.8

125

89.9

129

96.3

370

79.2

Ca sat - Gourami (Trichogaster. sp)

93

47.9

87

62.6

107

79.9

287

61.5

Ca chach (Macrognathus aculeatus)

132

68

79

56.8

57

42.5

268

57.4

Red mullet (Upenues spp)

51

26.3

18

12.9

32

23.9

101

21.6

Silver barb (Barbodes gonionotus)

28

14.4

23

16.5

15

11.2

66

14.1

Catfish (Clarias. Sp)

14

7.2

23

16.5

27

20.1

64

13.7

Jullien mud carp (Labiobarbus. sp)

19

9.8

14

10.1

24

17.9

57

12.2

Catfish (P. krempfi)

32

16.5

4

2.9

7

5.2

43

9.2

Long tong fish (Rasbora. spp

13

6.7

13

9.4

11

8.2

37

7.9

Striped dwarf catfish (Mystus vittatus)

16

8.2

8

5.8

12

9

36

7.7

Cardinal Shrimp (Macrobrachium.sp)

8

4.1

18

12.9

4

3

30

6.4

Goby (Oxyeleotris. sp)
Mud crab fresh water (Somanniathelphusa
germaini)

19

9.8

5

3.6

5

3.7

29

6.2

18

9.3

4

2.9

4

3

26

5.6

Tilapia (Oreochromis sp)

16

8.2

3

2.2

19

4.1

Greater black shark (Morulius chrysophekadion)

8

4.1

2

1.4

6

4.5

16

3.4

Smith's barb (Puntioplites proctozysron)

7

3.6

1

0.7

4

3

12

2.6

Whisker sheatfish (Ceratoglanis pachynema)

8

4.1

3

2.2

11

2.4

Redtail tinfoil barb (Barbonymus sp)

2

1

8

6

10

2.1

Asian redtail catfish (Mystus nemurus)

2

1

4

2.9

2

1.5

8

1.7

Snake head fish (Channa striata)

1

0.5

1

0.7

4

3

6

1.3

Lemas carp (Puntius brevis)

1

0.5

4

3

5

1.1

Anchovy (Stolephorus commersonii)

1

0.5

1

0.7

3

0.6

Common carp (Cyprinus carpio)

1

0.5

2

1.5

3

0.6

Ca ngat (Plotosus canius)

1

1

0.7

3

0.6

Ca thieu (Paralaubuca riveroi)

2

’

1

0.7

0.5

1

0.7

1

1

0.7

3

0.6

3

2.2

3

0.6

1

0.7

3

0.6

2

0.4

Indian river barb (Cyclocheilichthys sp)
Soldier river barb (Cyclocheilichthys enoplos)

2

1

Golden snail (Pomacea caniculata)

2

1

Eel (Monopterus albus)

1

0.5

2

0.4

Silver sharkminnow (Osteochilus hasseltii)

1

0.5

1

0.2

Ca suu (Boesemania microlepis)

1

0.5

1

0.2

1

0.2

Ca tren (Ompok bimaculatus)

1

1

0.7

0.7

Catfish (Pangasius hypophthalmus)

1

0.7

1

0.2

Frog
Greater bony lipped barb (Osteochilus
melanopleurus)

1

0.7

1

0.2

1

0.7

1

0.2

Silver pomfret (Piaractus brachypomus)

1

0.7

1

0.2
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Table 4.10: Distribution of fish catch (high and low value fish) by flood scenarios
Average
Shallow
flood
flood
Deep flood
Description
areas
areas
areas
Total
(n=139)
(n=134)
(N=467)
(n=194)
Consumption of HVF – how value fish (% of the amount of HVF)
Retailing sales in the local markets
45.9
36.7
39.9
41.8
Sold out to the fish traders
28.1
27.9
22.8
26.8
Used as food for HH consumption
19.6
28.6
33.8
25.9
Sold out for feed in aquaculture
3.3
1.4
2.6
2.6
Used as feed for aquaculture of HH
2.8
3.2
1.2
2.5
Others
0.2
2.5
0.2
0.8
Consumption of LVF – low value fish (% of the amount of LVF)
Used as feed for aquaculture of HH
23.4
30.2
27.5
26.6
Used as food for HH consumption
13.6
26.6
25.6
20.7
Sold out for feed in aquaculture
20.3
13.3
19.3
17.9
Sold to the fish traders
19.7
12.9
16.8
16.9
Retailing sales in the local markets
20.6
12.6
9.8
15.3
Others
2.8
3.8
1.0
2.6
Sold out for animal feed
0.0
0.8
0.0
0.2
Table 4.11: Costs, gross income and net income of the households
Deep flood
Average
Description
areas
flood areas
(n1=294)
(n2=239)
Total production cost (VND
mil./HH/year)
47.7
29.0
±
255.6
35.9
- Of which, fishery (%)
9.0
7.9
Total revenue of households (VND
mil./HH/year)
108.8
77.2
±
420.8
79.9
- Of which, fishery (%)
24.4
16.6
Profit of households per year (VND
mil./HH/year)
63.2
48.7
±
197.2
52.9
- Of which, fishery (%)
35.3
21.6
Profit /person (VND
mil./person/month)
1.1
0.9
±
3.3
1.0

Shallow
flood areas
(n3=246)

Total
(N=779)

16.3
29.6
7.4

32.5
162.6
8.6

86.2
458.1
12.5

92.3
367.5
19.5

72.4
463.5
13.3

61.5
283.9
24.6

1.3
6.5

1.1
4.2
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Table 4.12: Cost and income from fishing activities
Description
Total cost of fishery (VND
mil./HH/year)
±
Gross income from fishery (VND
mil./HH/year)
±
Net income from fishery (VND
mil./HH/year)
±
Benefit:Cost ratio (times/year)
±

Fishery only
(n1=335)

Fishery &
aquaculture
(n2=132)

Total (N=467)

2.8
5.1

2.9
3.4

2.8
4.7

16.2
38.2

22.3
33.7

18.0
37.1

13.5
36.1
12.3
20.8

19.4
32.5
19.2
91.2

15.1
35.2
14.2
51.5

Table 4.13: Impacts of using low value fish for aquaculture (1 = very bad, ..., 5 = very good)
By flood scenarios
By activities
Average
Total
flood
Deep
Shallow
flood
areas
flood
Fishing
Fishing & (N=467)
The target of impacts
only
aquacultur
areas (n2=139
areas
) (n3=134) (ni=335)
(n1=194)
e) (nj=132)
Wild fish stock
2.3
2.3
2.4
2.3
2.4
2.3
Water environment
2.7
2.7
2.7
2.7
2.8
2.7
Aquaculture
3.6
3.6
3.7
3.6
3.8
3.6
Food for the poor
3.0
2.8
2.7
2.8
3.0
2.9
Jobs for community
3.5
3.3
3.6
3.4
3.5
3.4
Income for the fishers
3.5
3.4
3.6
3.5
3.6
3.5
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Table 4.14: Difficulties in fishing (% of the fishers)
Deep flood
Difficulties in fishing
areas
(n1=194)
1. Bad weather, rains and storms
45.9
2. Lack of capital
43.6
3. Depletion wild fish stock
27.1
4. Thieves (fishing gears & fish)
7.5
5. Conflicts between the activities
4.5
6. Environmental pollution
4.5
7. Increased fishing costs
0.8
8. Most of wild fish are low value
3.0
9. Small size fish
-

Average
flood areas
(n2=139)
33.3
24.1
16.1
21.8
5.7
3.4
2.3
1.1

Shallow
flood areas
(n3=134)
29.1
20.3
44.3
3.8
5.1
6.3
15.2
6.3
1.3

Table 4.15: Recommendations of fishing households in study area (%)
Deep flood
Average
Shalllow
Recommendations/Solutions
areas
flood areas flood areas
(n1=194)
(n2=139)
(n3=134)
1. Need to receive loans
82,2
66,7
53,6
2. Better management of fishing gears
13,7
5,6
46,4
3. More appropriate regulations
8,2
11,1
14,3
4. More trainnings and supports for
shifting to other occupations
8,2
11,1
3,6
5. To improve the security
2,7
13,9
6. To improve the water environment
3,6

Total
(N=467)
37.8
31.8
28.4
10.7
5.0
4.7
4.3
3.7
0.7

Total
(N=467)
72,3
18,2
10,2
8,0
5,1
0,7
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Table 5.1: Farmers’ age, experience & labors for snakehead fish culture
Description
N
Mean
Std Dev.
1. Age of farmers (year)
635
43.7
11.1
2. Experience in fish culture (year)
635
4.9
3.9
3. Family labors (person)
632
2.6
1.2
4. Permanent hired labors (person)
62
2.5
2.7
5. Temporary hired labors (person)
35
8.4
16.5

Min
17.0
1.0
1.0
1.0
1.0

Max
82.0
30.0
8.0
18.0
100.0

Table 5.2: Design of fish culture area
Description
No. of
ponds/cages/hapas
1
2
!3
Culture area/farm
Mean
±
Culture volume
Mean
±
Water volume
Mean
±

Unit

Earth
pond
(n1=132)

Pond
hapa
(n2=260)

River
hapa
(n3=115)

Cage
(n4=66)

Tank
(n5=62)

%
%
%

66.7
19.7
13.7

43.5
33.5
23.1

48.7
36.5
14.7

53.0
27.3
19.7

64.5
21.0
14.6

m2
m2

1,406.3
4,864.8

55.0
77.2

29.3
25.5

67.6
100.5

34.3
30.6

m3
m3
n
m
m

2,925.9
6,800.3

126.0
215.8

64.0
66.2

260.6
466.7

31.8
32.3

2.1
0.7

1.8
0.6

1.5
0.3

2.8
1.0

0.8
0.2

Hapa in
rivers
(n3=115)

Cages
(n4=66)

Nylon
tanks
(n5=62)

Table 5.3: Information on the fish seed
Pond
Hapa in
ponds
Description
Unit culture
(n1=132) (n2=260)
Species (% of the farms)
+ Sharp head
%
64.4
77.3
+ Rectangular head
%
25.8
22.7
+ Giant snakehead
%
9.8
Sources of seed
9.1
3.8
- Self produced/captured
%
33.3
20.4
- Nursed
%
57.6
75.8
- Bought
%
Stocking density/m3
Mean
Fish
21.5
109.0
± (Standard deviation) Fish
45.2
141.2

46.1
53.9

12.1

Total
(N=635)

88.7
11.3

63.3
25.5
11.2

87.9
1.7
15.7
82.6

4.5
13.6
81.8

0.0
8.1
91.9

4.3
20.3
75.4

133.5
118.8

147.6
104.6

236.5
176.6

111.7
136.7
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Table 5.4: Amount of feed and feed sources of snakehead faming in different culture systems
Item

Unit

Pond
culture
(n1=132)

Total amount of feed/household/crop
Mean
t
43.2
± (Std. dev.)
t
117.5
3
Amount of feed/m /crop
Mean
kg
24.2
±
kg
30.4
Feed composition
%
100.00
+ Marine trash fish
%
60.57
+Freshwater trash fish
%
31.34
+ Ca tra head & bones
%
7.35
+ Golden snail meat
%
0.45
+ Pellet
%
0.21
+ Field crab
%
0.04
+ Home-made feed
%
0.04
FCR
Mean
4.17
±
1.24

Hapa in
ponds
(n2=260)

Hapa in
rivers
(n3=115)

Cages
(n4=66)

Nylon
tanks
(n5=62)

Total
(N=635)

9.1
14.5

6.3
7.8

73.4
94.4

7.1
8.5

22.2
66.1

120.0
146.5
100.00
42.80
50.14
5.60
1.35
0.03
0.07
0.00

129.7
125.1
100.00
34.02
59.19
1.55
5.07
0.00
0.17
0.00

374.9
228.4
100.00
63.91
36.02
0.02
0.04
0.00
0.00
0.00

305.9
373.4
100.00
40.38
45.45
10.46
3.70
0.00
0.00
0.00

146.5
204.7
100.00
56.73
37.99
4.33
0.80
0.09
0.04
0.01

4.33
1.46

4.33
1.48

4.58
1.25

4.26
1.52

4.31
1.41

Table 5.5: Freshwater trash fish feeding snakehead in different farming systems
Pond
Hapas in
Ponds
Cages
Items
Unit
hapas
rives
(n1=84)
(n4=53)
(n2=232)
(n3=110)
Amount of freshwater trash fish/household/crop
Mean
t
21,3
5,1
3,9
32,9
±
81,2
6,8
6,7
67,0
Feed composition
according to suppliers
%
100,0
100,0
100,0
100,0
+ Traders
%
55,6
34,9
16,2
36,3
+ Local fishermen
%
18,2
30,3
50,1
40,3
+ Self exploitation
%
26,2
34,8
33,7
23,4
Cost of trash fish
Mean
VND’000/kg
4,7
4,6
4,8
4,8
±
0,9
0,9
1,0
0,9

Nylon
tanks
(n5=51)
3,9
5,5
100,0
50,8
39,7
9,5
5,4
0,9
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Table 5.6: Water management in different snakehead farming systems
Item
Exchange water frequency
Number of household
Mean
±
Water exchange rate
Number of household
Mean
±

Unit

Ponds

Pond hapas

Nylon
tanks

Total

n
Times/day

123
4.6
6.7

194
5.6
6.5

62
1.1
0.6

395
4.6
6.2

n
%/time
%/time

111
43.7
17.9

180
46.6
17.5

62
90.0
19.3

362
53.2
24.6

Table 5.7: Survival rates, harvested sizes, production and yields of cultured snakeheads
Hapas in Hapas in
Ponds
Cages
ponds
rivers
Description
Unit
(n1=132)
(n4=66)
(n2=260)
(n3=115)
st
Survival rate (1 crop)
Mean
%
47.8
47.6
46.5
56.0
±
%
14.9
16.4
18.9
14.7
Production/crop
Mean
t/household
10.6
2.1
1.6
17.1
±
t/household
32.2
3.0
1.9
24.6
3 st
Yield/m /1 crop
Mean
kg
5.9
28.3
31.6
83.6
±
kg
7.6
36.1
31.2
47.5
Harvested weight
Mean
kg/fish
0.7
0.6
0.6
1.1
±
kg/fish
0.3
0.2
0.2
0.3

Nylon
tanks
(n5=62)
46.1
23.6
1.6
1.7
74.9
96.1
0.6
0.2

Table 5.8: Distribution of snakeheads after harvest in different areas according to water levels in the
flood season
High flood
Medium
Low flood
Description
Unit
Total
area
flood area
area
Number of households
N
205
196
230
631
+ Local traders
%
69,3
63,6
75,5
69,8
+ Traders from other provinces %
15,3
23,2
15,3
17,7
+ Local wholesalers
%
11,4
8,7
3,5
7,7
+ Local retailers
%
1,4
2,3
3,2
2,3
+ Household consumption
%
1,1
2,2
2,0
1,8
+ Selling to Cambodia
%
1,4
0,0
0,4
0,6
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Table 5.9: Economic efficiency of different snakehead farming systems
Hapas
Hapas in
Ponds
in
Item
Unit
rivers
(n1=132) ponds
(n3=115)
(n2=260)
1. Including the costs of owned captured trash fish
1.1 Total operation cost/m3/crop
VND’000
144,0
731,1
736,1
±
VND’000
186,1
1182,0
617,2
Percentage of total variable cost
%
98,1
97,2
97,0
3
1.2 Mean gross return/m /crop
VND’000
154,3
700,6
738,5
±
VND’000
210,5
1115,1
841,3
3
1.3 Gross profit/m /crop
VND’000
10,3
-30,6
2,4
±
VND’000
79,8
896,8
443,2
1.4 BCR (Profit/total cost)
%
10,3
1,0
-3,2
±
%
42,6
34,4
44,4
1.5 Rate of successful farms
%
57,6
45,4
38,3
2. Exclusion of self-captured trash fish
2.1 Profit/m3/crop
VND’000
26,4
121,7
150,3
±
VND’000
84,0
856,7
444,7
2.2 BCR (Profit/total cost)
%
43,2
87,6
54,3
±
%
84,7
174,5
144,9
2.3 Rate of successful farms
%
68,9
72,3
60,0
Table 5.11: Solutions for replacing freshwater trash fish
High
Solution
Unit flood area
(n1=141)
+ Replacing with marine trash fish
%
75.2
+ Moving to other species
%
1.4
+ Stopping raising snakeheads
%
6.4
+ Reducing cultured area and
%
5.0
increasing exploitation
+ Replacing with head and bone
of Ca tra, Silver barb, golden
snails, etc,)
%
9.2
+ Replacing with pellets
%
2.8
+ Moving to other jobs
%

Cages
(n4=66)

2252,1
1365,9
98,3
2430,3
1404,7
178,1
886,9
17,1
53,6
59,1

1856,3
2129,2
98,2
1893,7
2647,1
37,4
1020,3
3,4
36,0
56,5

632,2
933,8
92,5
214,3
84,8

154,2
1052,0
14,0
49,9
62,9

Medium
Low
flood area
flood area
(n2=127)
(n3=127)
92.1
88.2
4.7
5.5
3.9
2.4

0.8

Nylon
tanks
(N=62)

2.4

Whole
areas
(n4=395)
84.8
3.8
3.5
3.3
3.3
1.0
0.3
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Table 6.1: Type of fish trading and use of labors
Village
Description
(n=91)
1- Trading type (% of the samples)
+ Collectors
2.2
+ Retailers
91.2
+ Wholesalers
2.2
+ Others
4.4
2- Family labors (person)
1.5 ± 1.0
3- Hired labors (person)
0.1 ± 0.4

District
(n=57)

Province
(n=41)

5.3
93.0

2.4
97.6

1.8
1.4 ± 0.7
0.4 ± 1.4

1.4 ± 1.2
0.2 ± 0.4

Total
(n=189)
3.2
93.1
1.1
2.7
1.5 ± 0.9
0.2 ± 0.8

Table 6.2: Sources of information economy - technical fisheries business (% of households)
Village District Province
Total
(n=91) (n=57)
(n=41)
(n=189)
Sources of information
+ Experience
95.6
93.0
97.6
95.2
+ TV / Radio stations reported
4.4
3.5
3.2
+ Training
1.8
0.5
+ Visiting
1.1
0.5
+ Fishers, farmers
1.8
0.5
+ Other traders
1.1
0.5
+ Customers
4.4
12.3
4.9
6.9
+ Other
4.4
1.8
7.3
4.2
Table 6.3: Sales promotion of food fish traders (% of traders)
Village District Province
(n=90)
(n=57)
(n=41)
Description
- Advertising
2.2
1.8
2.4
- Signs/ logo
2.2
1.8
2.4
- Business cards
2.2
1.8
2.4
- Trading with contract
5.6
5.3
4.9

Total
(n=188)
2.1
2.1
2.1
5.3

Table 6.4: Fresh water fish species which were preferred to purchase (% of traders)
Village
District
Province
Total
(n=23)
(n=29)
(n=29)
(n=81)
Species
Snakehead
65.2
69.0
75.9
70.4
Climbing perch
47.8
48.3
55.2
50.6
Hybrid catfish
26.1
31.0
31.0
29.6
Red tilapia
26.1
24.1
24.1
24.7
Catfish
21.7
13.8
17.2
17.3
Mozambique tilapia
4.4
6.9
3.5
4.9
Mud carp
4.4
3.5
2.5
Silver barb
4.4
3.5
3.5
3.7
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Table 6.5: Amount and composition of fish traded
Description
1- Total amount of fish traded (kg/trader/day)
Structure
+ Proportion of marine fish (%)
+ Proportion of fresh water fish (%)
2- Composition of low value fish quantity (%)
+ Proportion of marine fish
+ Proportion of fresh water fish
3- Lost rate of marine fish in trading (%)
4- Lost rate of fresh water fish in trading (%)

Village
(n=91)
38.5
± 51.0
100.0
24.6
75.4

District
(n=57)
45.3
± 42.8
100.0
21.8
78.2

Province
(n=41)
42.8
± 32.8
100.0
22.0
78.0

Total
(n=189)
41.5
± 45.1
100.0
23.1
76.9

5.7
31.7
4.3
± 5.2
4.4
± 4.1

2.7
18.5
4.1
± 5.2
3.1
± 4.3

2.9
15.5
7.1
± 4.5
2.3
± 3.2

4.2
24.2
4.8
± 5.0
3.5
± 4.0

Table 6.6: Total fixed costs per month for trading food fish (VND‘000/trader/month)
Village
District
Province
Total
Description
(n=91)
(n=57)
(n=41)
(n=189)
1- Total fixed cost:
+ Mean
140.33
290.55
235.98
206.38
+ Std Dev.
217.88
296.62
182.59
245.92
2- Variable costs
2.1- Marketing costs
+ Mean
494.2
646.3
792.1
604.7
+ Std Dev.
741.4
809.2
799.2
779.9
2.2- Payment for bought fish
+ Mean
21854.9
29846.1
29574.5
25939.6
+ Std Dev.
21786.4
22665.2
19206.4
21778.8
Table 6.7: Performance of the fish traders ('000 VND/trader/month)
Description
Unit
Village
District
Province
(n=91)
(n=57)
(n=41)
1- Total cost
VND’000/month
+ Mean
22489.4
30783.0
30602.5
+ STD
22244.2
23106.3
19518.8
2- Gross income VND’000/month
+ Mean
24108.2
33376.2
33366.2
+ STD
23098.0
23936.9
20551.2
3- Profit
VND’000/month
+ Mean
1618.8
2593.3
2763.7
+ STD
1163.1
1874.0
2112.3
4- B:C ratio
time
+ Mean
1.23
1.13
1.10
+ STD
1.08
0.17
0.06

Total
(n=189)
26750.6
22224.4
28911.7
23183.6
2161.0
1709.2
1.17
0.75
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Table 6.8: Multiple regression model for the amount of food fish traded per day
Description
B
Std Error
T
Sig.t
Constant
1.70
1.49
1.14
0.257
X1 – Number of days to trade fish/month (day)
0.67
0.39
1.71
0.090*
X2 – Educational level (classes 1 to 12, and higher)
0.10
0.07
1.43
0.154
X3 – Contract in trading fish (0=No; 1=Yes)
0.47
0.26
1.82
0.071*
X4 – Sources of FWF (0=Wild; 1=Cultured)
0.22
0.10
2.18
0.031**
X5 – % of LVF/Total amount of FW fish
-0.01
0.03
-0.29
0.774
X6 – % of FW fish /Total amount of fish traded
-0.39
0.15
-2.60
0.010***
X7 – Marketing cost (VND’000 /day)
0.30
0.05
5.83
0.000***
X8 – Experience in trading fish (year)
0.07
0.06
1.22
0.226
X9 – Level of markets (0=Village; 1=district/prov.)
0.04
0.10
0.37
0.714
X10 – Area for trading fish in the market (m2)
0.02
0.10
0.21
0.834
Adjusted
Sig.
R2
F
R
R2
F value
0.62
0.39
0.35 10.143 0.000
Y = Amount of fish traded (kg/trader/day)
***, **, * for significance of 1%, 5% and 10%

Table 6.9: Factors affecting the amount of food fish traded
Description
Fish average amount (kg/day)
1- Marketing cost (VND’000)
< 10
27.7
10 – 40
49.2
> 40
76.1
2- Number of days to trade fish/month (day)
< 25
28.1
25 – 28
42.9
>28
43.0
3- % of FWF /Total amount of fish traded
< 50
72.4
50 – 90
64.6
> 90
35.0
4- Contract in trading fish
No
39.5
Yes
73.8
5- Sources of fish
Wild
35.6
Cultured
43.3
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Table 7.1: General information about the surveyed households
By flood level
By activities
None
Both
Total
(Capture
(Capture
Description
Deep
Medium Shallow
Capture Culture
(N=779)
&
&
(n1=294) (n2=239) (n3=246)
(n5=337) (n6=82)
Culture)
Culture)
(n4=288)
(n7=132)
1. Number of people/household (people)
- Mean
4.9
5.1
4.8
4.5
4.8
5.4
5.3
4.9
±
1.6
1.8
1.7
1.5
1.6
2.0
1.9
1.7
2. Male working (people)
- Mean
1.7
1.7
1.5
1.4
1.6
1.9
1.9
1.7
±
1.0
1.0
0.8
0.9
0.9
1.1
1.0
1.0
3. Working experience (year)
- Mean
13.7
14.3
16.3
16.9
15.5
12.1
11.2
14.7
±
8.5
9.0
9.9
10.5
8.8
7.8
7.1
9.1
Table 7.2: Annual costs, incomes and profits from economic activities (Unit: VND million)
By flood level
By activities
None
Both
Total
(Capture
(Capture
Description
Deep
Medium Shallow
Capture Culture
(N=779)
&
&
(n1=294) (n2=239) (n3=246)
(n5=337) (n6=82)
Culture)
Culture)
(n4=288)
(n7=132)
1. Cost
47.7
29.0
16.3
28.1
12.7
113.4
38.0
32.5
±
255.6
35.9
29.6
34.3
26.9
462.2
46.7
162.6
2. Income
108.8
77.2
86.2
114.6
50.1
210.4
97.2
92.3
±
420.8
79.9
458.1
516.5
74.9
759.4
96.4
367.5
3. Profit
63.2
48.7
72.4
96.8
37.4
97.0
59.2
61.5
±
197.2
52.9
463.5
539.8
57.1
339.8
66.3
283.9

191

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009

Table 7.3: Profit, living cost, food consuming cost of households (Unit: VND million)
Flood level
Activity
None
Both
Total
(Capture
(Capture
Description
Deep
Medium Shallow
Capture Culture
(N=779)
&
&
(n1=294) (n2=239) (n3=246)
(n5=337) (n6=82)
Culture)
Culture)
(n4=288)
(n7=132)
1. Profit/household/month
- Mean
5.3
4.1
6.0
8.1
3.1
8.1
4.9
5.1
±
16.4
4.4
38.6
45.0
4.8
28.3
5.5
23.7
2. Living expenditures/ household/month
- Mean
1.5
1.5
1.9
1.8
1.4
2.1
1.7
1.7
±
1.2
1.0
1.3
1.2
0.8
1.8
1.2
1.2
3. Profit/person/month
- Mean
1.1
0.9
1.3
1.7
0.7
1.6
1.0
1.1
±
3.3
1.0
6.5
7.6
1.1
5.7
1.1
4.2
4. Living expenditures /person/month
- Mean
0.3
0.3
0.5
0.4
0.3
0.4
0.3
0.4
±
0.3
0.2
0.4
0.3
0.3
0.4
0.2
0.3
5. Cost for food/Living expenditures (%)
Percentage
70.6
69.1
61.0
61.4
67.9
52.5
68.2
65.5
6. Food fish cost/Cost for food (%)
62.6
64.8
63.2
64.4
63.5
45.7
62.6
63.4
Percentage
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Table 7.4: Food fish consumption of the surveyed households
By flood level
By activities
None
(Capture
Description
Deep
Medium Shallow
Capture Culture
&
(n1=294) (n2=239) (n3=246)
(n5=337) (n6=82)
Culture)
(n4=288)
1. Amount of food fish per household (kg/year)
- Mean
404.3
341.2
288.4
295.4
249.9
585.2
±
733.4
446.2
376.9
290.5
304.5
755.2
Supply sources of food fish (%)
+ Market (%)
83.0
78.2
84.2
100.0
87.4
79.1
+ Own-cultured
14.8
7.8
6.3
0.0
0.0
20.9
(%)
+ Own2.2
14.0
9.5
0.0
12.6
0.0
captured (%)
2. Food fish per capita (kg/year)
- Mean
85.4
78.3
67.6
72.4
58.8
124.2
±
143.0
136.0
104.2
99.3
98.2
183.5
3. Food fish/person/month (kg)
- Mean
7.1
6.5
5.6
6.0
4.9
10.4
±
11.9
11.3
8.7
8.3
8.2
15.3

Both
(Capture
&
Culture)
(n7=132)

Total
(N=779)

544.1
1002.1

348.3
557.3

60.1

81.8

25.6

10.5

14.3

7.7

106.0
185.8

77.6
129.7

8.8
15.5

6.5
10.8

Table 7.5: High value fish consumed by the surveyed households
By flood level
By activities
None
Both
Total
(Capture
(Capture
Description
Deep
Medium Shallow
Capture Culture
(N=779)
&
&
(n1=294) (n2=239) (n3=246)
(n5=337) (n6=82)
Culture)
Culture)
(n4=288)
(n7=132)
1. Frequency to buy HVF (day/time)
- Mean
3.2
3.3
4.0
2.7
3.9
3.0
4.4
3.5
±
3.6
3.7
5.5
3.3
4.7
2.3
5.8
4.3
2. Amount of fish bought (kg/time)
- Mean
1.4
1.2
1.2
1.2
1.2
1.1
1.7
1.3
±
3.7
1.1
2.2
2.3
2.2
0.6
4.6
2.6
3. The value of HVF (VND ‘000/kg)
- Mean
29.0
27.5
30.1
30.5
27.8
28.3
28.3
28.9
±
40.3
16.7
18.9
20.5
37.8
17.0
23.5
28.4
4. Rate of fresh fish (%)
- Ratio (%)
93.7
91.3
84.8
85.9
82.8
80.5
79.8
83.1
5. Rate of freshwater HVF (%)
- Ratio (%)
84.9
81.2
82.6
87.6
92.3
90.0
90.2
90.1
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Table 7.6: Low value fish consumed by the surveyed households
Flood level
Activity
None
(Capture
Description
Deep
Medium Shallow
Capture Culture
&
(n1=294) (n2=239) (n3=246)
(n5=337) (n6=82)
Culture)
(n4=288)
1. Frequency of buying the LVF (day/time)
- Mean
3.6
3.4
3.1
2.3
3.3
5.6
±
10.3
4.1
3.9
2.7
4.2
17.4
2. Amount of LVF bought (kg/time)
- Mean
1.7
1.6
2.1
1.7
1.5
2.4
±
1.7
1.4
1.8
1.7
1.2
2.4
3. Price of LVF (VND ‘000/kg)
- Mean
19.8
18.5
24.2
22.1
18.0
24.1
±
14.2
11.8
21.7
18.1
12.5
15.9
4. Ratio of fresh fish (%)
- Mean
86.7
84.0
89.7
87.7
84.2
80.8
±
24.5
24.7
19.4
21.3
23.6
23.7
5. Rate of freshwater fish to total amount of LVF (%)
- Mean
83.8
83.5
88.2
83.8
87.5
83.9
±
25.9
20.2
20.7
28.2
20.6
25.8
Table 7.7: Consumers’ choices on the types and sources of food fish
By flood level
By activity
None
(Capture
Description
Deep
Medium Shallow
Capture Culture
&
(n1=294) (n2=239) (n3=246)
(n5=337) (n6=82)
Culture)
(n4=288)
1. Preferences for HVF (%)
+ Fresh water
96.4
94.0
95.6
95.4
95.0
94.5
+ Wild fish
91.8
91.0
94.7
92.1
92.5
91.7
+ Cultured fish
8.2
9.0
5.3
7.9
7.5
8.3
+ Marine fish
3.6
6.0
4.4
4.6
5.0
5.5
2. Preferences for LVF (%)
+ Fresh water
95.0
97.6
91.4
94.3
94.3
94.0
+ Wild fish
86.7
94.8
93.9
91.1
91.3
93.2
+ Cultured fish
13.3
5.2
6.1
8.9
8.7
6.8
+ Marine fish
5.0
2.4
8.6
5.7
5.7
6.0

Both
Total
(Capture
(N=779)
&
Culture)
(n7=132)
3.3
3.3

3.4
7.4

2.3
1.9

1.8
1.7

23.4
21.5

20.7
16.4

86.4
22.6

85.0
22.8

90.7
19.1

86.7
23.2

Both
(Capture
&
Culture)
(n7=132)

Total
(N=779)

96.4
92.7
7.3
3.6

95.3
92.3
7.7
4.7

97.0
91.4
8.6
3.0

94.8
91.5
8.5
5.2
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Table 7.8: The most common fish species for household consumption
By flood level
By activity
None
Both
Total
Description
Deep
Medium Shallow (Capt. & Capture Culture (Capt. &
(N=779)
(n1=294) (n2=239) (n3=246) Culture) (n5=337) (n6=82) Culture)
(n4=288)
(n7=132)
1- Snakehead
49.8
62.3
65.7
67.8
50.9
66.7
53.9
58.5
2- Climbing
perch
48.3
56.9
56.2
59.3
48.0
52.6
55.9
53.3
3- Hybrid catfish
17.6
23.0
26.2
21.0
21.0
23.1
25.5
21.9
4- Ca linh
(Henicorhynchus,
Labiobarbus)
29.5
20.1
7.6
19.6
18.5
21.8
22.5
19.9
5- Ca sat
(Trichogaster
trichopterus)
15.7
19.6
21.4
7.5
23.8
14.1
31.4
18.7
6- Ca Tra (P.
8.4
19.6
19.5
18.7
13.5
9.0
17.6
15.3
Catfish)
7- Silver barb
16.1
11.8
11.4
12.1
13.2
20.5
10.8
13.3
8- Ca chot
(Mystus vittatus)
15.7
8.3
8.1
10.3
11.7
5.1
15.7
11.1
9- Red Tilapia
4.2
10.8
7.1
9.8
3.2
10.3
9.8
7.1
10- Tilapia
3.4
3.9
12.4
7.0
6.0
5.1
6.9
6.4
Table 7.9: Trend in the household consumption of fresh water food fish
Strong
Stable/
Sampl
Decreas
Increased
decreas
unchan
Tendency
e
ed (%)
(%)
ed (%)
ged (%)
1. High quality freshwater fish
- Amount
purchased/time
589
5.8
9.5
63.3
14.9
- Availability
584
5.1
12.5
39.7
31.5
- Size
598
16.7
32.1
37.0
9.0
- Quality
587
12.1
31.2
43.4
9.5
- Price
594
2.7
4.9
14.8
53.5
- Convenience
565
0.4
2.1
36.5
39.5
2. Low quality freshwater fish
- Amount
purchased/time
317
4.7
10.1
62.8
15.1
- Availability
300
5.3
13.7
39.7
32.3
- Size
327
21.7
32.4
39.1
4.6
- Quality
311
14.1
29.6
44.4
8.7
- Price
310
2.9
3.9
17.4
56.1
- Convenience
256
0.0
0.8
39.5
42.6

Strong
increase
d (%)

Mean

Median

6.5
11.1
5.2
3.7
24.1
21.6

3.1
3.3
2.5
2.6
3.9
3.8

3
3
3
3
4
4

7.3
9.0
2.1
3.2
19.7
17.2

3.1
3.3
2.3
2.6
3.9
3.8

3
3
2
3
4
4
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ABSTRACT
The activity proposed a supply chain framework for small-scale and medium-scale commercial fish
farmers in Ghana and Kenya to enhance their access to and integration into urban fish markets for
better returns. The arrangement for marketing farmed fish in the two countries followed two
distribution chains - a short chain from farm gate to neighboring markets and a long chain to distant
markets. The nature of the marketing arrangement depended on the scale of production, proximity
of production points to urban markets, and size of fish. Some changes in the marketing pattern were
proposed especially changes in the volume and supply consistency of tilapia sold by the small-scale
and medium- scale fish farmers. These fish farmers traditionally operated independently but given
their scale of production, they needed to be taught and encouraged to engage in collective efforts to
plan production, and manage supply and sales. By improving on the current cluster farming system
in Kenya and fish farming associations in Ghana, fish farmers could utilize their collective
organization to develop strategic assembly location points for collective sales, and also minimize
their marketing risks by benefiting from government programs and engaging in contracting with
both input suppliers and fish buyers.
INTRODUCTION
Fish production technology has tremendously improved in Ghana and Kenya resulting from the
developmental efforts of NGOs including Aquaculture CRSP. The aquaculture industry has
benefited from foreign technical assistance that has led to increased food fish production (FAO,
2009). For example, the Aquaculture CRSP activities in Kenya were designed to stimulate
development of viable small-scale aquaculture businesses (Neira et al., 2009). However, very few
large scale commercial farms exist in the industry and most aquaculture production is by smallscale commercial farms. The number of small -scale commercial farms is growing but fish farmers
lack the knowledge and skills in supply chain issues and marketing. The aquaculture industry in
Ghana and Kenya could benefit from increased support from developing market chains that link
small-scale commercial fish farmers into the market chain of the established large scale commercial
aquaculture, capture fisheries and seafood markets, through organized and collective marketing
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efforts. This could be achieved by a thorough understanding of the fish marketing channels in order
to ascertain how best small-scale commercial farms could be integrated into the existing supply
chain.
The growth in aquaculture in Ghana and Kenya can be sustained if fish farmers engaged in a
marketing system that involved a chain of links between producers and consumers, including all
mechanisms, flows, interchanges, services and operators (Johnson and Hofman, 2004). This would
provide great earnings opportunities for fish farmers. The flow of fish products through a wellfunctioning fish marketing system includes information on prices, market situation, trends,
consumer preferences as well as flows of money, and credit. By developing this chain, there will be
potential benefits for aquaculture development, employment, higher income for fish producers,
potential micro-financing by fish vendors and middlemen (FAO, 2002). The extent of the potential
benefits depends to a large degree upon the efficiency and design of the system. Leyva (2004)
demonstrated that a thorough understanding of urban markets and coordinated production and
marketing efforts are key factors to profitability of fish farmers in Nicaragua and Honduras. Leyva
(2004) further found that profitability resulted from primary sales to restaurants, with supplemental
sales to supermarkets in relative proximity to the target restaurants. Fish farmers in Ghana and
Kenya sell fish at pond banks and in the immediate local market and lack the knowledge and skills
required to access lucrative and distant urban markets. The training in supply management provided
fish farmers a better understanding of opportunities and constraints in the fish/seafood value chain,
and the effects on competitiveness, demand, and linkage to specific markets.
The overall objective of the activity was to develop a supply chain framework for small- and
medium-scale commercial fish farmers in Ghana and Kenya to enhance their management skills to
access and become integrated into urban fish markets to realize significant profitability. The
framework involved training and building synergies that allowed both buyers of farm-raised fish
products and small- and medium-scale fish farmers to act to minimize their joint transactions costs.
The specific objectives were to:
1. Develop an aquaculture supply chain framework to create value for farm-raised fish in Kenya.
2. Train small- and medium-scale fish farmers in supply chain management, risk analyses, costs
analyses, pricing strategies, quality and cost effectiveness in post harvest value chain.
3. Build synergies between fish producers and fish vendors for improvements in product and
service delivery through cost effective supply-chain coordination.
4. Equip farmers with skills for group marketing, developing new markets, developing distribution
and market structures and networks, and identify value-added opportunities for tilapia and
catfish.
METHODS AND MATERIALS
Background information and data on fish marketing were collected from primary and secondary
sources. The primary data were obtained through a survey using structured questionnaires, personal
communications and observations in Ghana and Kenya. Information was gathered from fish
retailers, fish producers and agents connected to the marketing of fish products. The questionnaires
elicited information on quantities supplied and demanded, prices, mode of distribution, challenges
encountered, etc. Retailers were selected randomly for the survey from Accra and Kasoa markets in
Ghana and from Nairobi and Kisumu markets in Kenya. Fish producers were also chosen randomly
for the interview. Both owners of very large commercials fish farms and small scale fish farms were
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interviewed in both Ghana and Kenya. Information gathered from personal communications came
from officials at the ministry of fisheries in the two countries, host country project directors, and
other personnel with more insights and in-depth understanding of the supply chain for fish.
Observations were also made from the locations visited to provide first-hand knowledge of the flow
of fish products from producers to consumers.
Secondary data were obtained from sources such as annual reports on the fisheries sector, fisheries
policy and development strategies, national production statistics, imports, exports of fish, and other
fisheries project reports. These documents provided some background information and understanding of
the environment and macro-economic fish policies prevailing in the host countries.

Two workshops were conducted on June 15 and 22, 2009 in Kenya and Ghana respectively.
Participants at the workshops included fish farmers, fisheries officers, fish processors, and fish
traders. The training curriculum covered the importance of value chain, principles of supply chain
management, principles of marketing, group marketing, developing new markets, and developing
distribution and marketing networks.
RESULTS
Fish Supply in Kenya
Fish supply is mainly from wild capture fisheries and imported marine fish. A large percentage (92%)
of the total domestic fish supply comes from Lake Victoria, 4% from the Indian Ocean, and 3% from
inland lakes and rivers (IFPRI, 2003). However, the ministry of fisheries reports that farmed fish
accounted for 3% of the total national fish production in 2007 (Ministry of Fisheries Development,
2008). The main sources of local fish supply and the country’s fish exports come from Lake Victoria
which is located on Kenya’s western boundary. Lake Victoria shared by Kenya (6% of the shoreline),

Uganda 43% and Tanzania 51%, supports a valuable artisanal and commercial fishery (Njiru et al.,
2008). However, overexploitation and environmental pollution from water hyacinth and agrochemicals appear to have affected the supply of wild capture fish from the lake. That industry is on
the decline with very limited fishery resources. For example, at the Dunga Bimu landing beach in
the Nyanza province, data on fish landings revealed a quantity decline of 80% for Nile perch and
60% for tilapia over the past couple of decades. Despite the reduction in the catches, the number of
fishermen at the Dunga Bimu beach remained the same.
Supply of aquaculture products mainly comes from small-scale farms scattered in the Western,
Central, Eastern, Rift Valley, Coast, and Nyanza provinces. Production ranges between 500 and
1500 kg/ha/year. Very few intensive and semi-intensive commercial farms exist and production
2
levels ranges from 2,000 to 20,000 kg/ha/year for intensive systems; and 5 to 50 kg/m /year for
semi-intensive systems, depending on managerial skills. Total fish production from aquaculture in
2007 was 4,245 MT valued at 424 million Ksh (Ministry of Fisheries Development 2007). Tilapia
accounted for 70% with the remaining 30% representing Clarias (890 MT), Common Carp (338
MT) and Trout species (47 MT). Approximately 4,742 fish farmers operate 717 hectares of fish
farms in Kenya (Ministry of Fisheries Development 2008). This is a significant improvement in
farmed fish production from under 1,000 MT in the early 1990s. This increase in production
resulted partly from the intervention and technology transfers by Aquaculture CRSP.
Demand for Fish in Kenya
The average annual fish consumption of fish in 2003 was estimated to be 4kg/per capita/year
200

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
(FAOSTAT, 2009). A small percentage of the Kenya population considers fish as part of their
traditional diet. The level of consumer demand for fish depends on their location. The regions close
to the large lakes such as the Western and Central provinces of Kenya have the highest levels of fish
consumption. Demand for fish is also high in urban areas mainly driven by population growth and
higher income. The urban population in Kenya is growing at a rate of 4% and accounted for about
22% of the total population in 2008 (McGinley, 2009).
Marketing of Wild-Caught Fish in Kenya
The marketing of fish in Kenya is illustrated with figure 1. The fish market in Kenya is mainly from
natural catches of Nile perch and tilapia from Lake Victoria and the smaller rivers and lakes, and to
a lesser extent, marine fish. The marketing chain for the lake fisheries is long and complex, and
involves several marketing agents who carry fish from the landing points to the processing facilities
as well as to the village market and/or the city markets (Figure 1).
The long and complex fish distribution and marketing arrangement typically involves transactions
in Nile perch from fishermen on the landing beaches to industrial processors. Some industrial
processors have their own fishing trawlers that supply them with Nile perch. However, the bulk of
Nile perch harvested from Lake Victoria are purchased by buying agents or middlemen tied
informally or formally on a contract basis with the processing industries. The purchase price of
Nile perch appears to be negotiated but interactions with fishermen suggest that they are usually on
the weaker side of the negotiations. The buying agents / middlemen mostly dictate the price at
which they are willing to purchase a given quantity of Nile perch suggesting that these buying
agents exercise some market power. However, they play a very strategic and major role in fish
marketing between the fishermen and industrial processors.
When fresh whole Nile perch are supplied to the processing facilities, they are cleaned, scaled,
trimmed, and processed as whole dressed product or as fillets. The fish is largely exported to
European countries and to a lesser extent, the United States. Only small quantities of processed
products that do not meet the export quality standards are sold in the domestic market for local
consumption. Domestic demand for the Nile perch fillets is low because few consumers can afford
the price for the high value fillets.
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Figure 1: Fish Marketing Chain in Kenya

Marketing of Farmed Fish in Kenya
The marketing channel for aquaculture products is very short and link producers directly to
consumers or retailers (Figure 1). Middlemen have a minimal or no role in the marketing channel.
Farmed fish is usually produced at the village or farm level and is sold directly to consumers or
retailers in nearby places. Farmed fish is usually harvested at a market size of between 300 g to 500
g from the ponds after a growing period of at least six months. Individual farmers sell directly to
individual consumers, fish retailers or nearby small establishments such as restaurants, schools, and
hotels. Quantities sold are generally small and supply is inconsistent. Fish is mainly sold fresh.
Some low cost preservation technologies such as smoking and deep-frying are used by some
farmers to add value and increase the shelf life of their products.
When food fish is ready for sale, fish producers informally contact the buyers about the availability
of fish and pricing using mobile telephone. Tilapia fish sold at a price of 40 Ksh per piece of 300 g,
which corresponds to a little more than 120 Ksh per kilo. This price of tilapia is almost constant
throughout the year and does not vary with the seasonality of the wild capture. The price of farmed
tilapia is competitive with the price of the wild capture tilapia. Unsold fish are kept in the ponds
because of lack of cold storage facilities.
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The means of transportation used by farmers to deliver fish to customers are commonly bicycles,
motorcycles or public transportations. Transportation prices are negotiated according to the
distance travelled. The major roads between urban centers cities are generally in a good
condition but roads linking small rural towns and villages where fish production takes place are
generally in poor condition. Thus, transportation is a constraining issue for most fish farmers in
rural Kenya. Farmers located in remote areas with poor transportation roads face high transaction
costs and risk of product spoilage.
Fish Distribution and Retailing in Kenya
Large fish retailers either own or rent a shop in the municipal market and have at least four hired
employees working full time in the business. Such retailers have a cold storage facility (freezer) to
increase the shelf life of the fresh products sold. This helps them to deliver high quality products to
customers. These retailers obtain their fish supplies from different Lakes such as Lake Victoria,
Lake Naivasha, Lake Turkana, Tana River and Masinga reservoir on a daily basis. The quantities of
fish supplied and prices vary with seasons. On average, about 200 kg of tilapia and 500 – 1,000 kg
of Nile perch are purchased daily from fishermen. The purchasing price of fresh whole Nile perch
fluctuates between 130 Ksh/kg and 150 Ksh/kg; that of fresh tilapia vary between 100 and 180
Ksh/kg. Retail prices are generally set by negotiation with customers and the marketing margin
ranges between 10 to 30 Ksh per piece of fish sold. Prices are generally unstable and depend on the
season, demand and supply. Consumers generally demand fresh tilapia and Nile perch. These retail
businesses also supply institutions such as hotels, restaurants, and other smaller retailers.
Medium-size fish traders also rent stalls and have 1 - 2 employees in the market. Fishermen from
various lakes supply them with fish either on a daily basis, or by specific orders through phone calls.
The quantity of fish supplied daily is about 80 kg for Nile perch and 20 kg for tilapia. The average prices
are 135 Ksh/kg and 180 Ksh/kg respectively for Nile perch and tilapia. Tilapia and Nile perch are sold in
whole and fillet forms. The medium-size traders also store fish in freezers to preserve the quality of the
products, but there can be problems of irregular electricity supply, which can affect the quality of fish.
The main customers are individual consumers and small roadside restaurants. The small size of the
business makes it difficult for them to deal with big institutions.

The very small fish retailers sell fresh, smoked, sun-dried or deep-fried tilapia and Nile perch.
Middlemen supply them with fish, and their customers are from low to medium income groups.
These retailers rent cold storage space from facilities in the market. Others also preserve fish
with ice blocks or crushed ice purchased from a local ice plant.
Most fish retailers process their fish. They either contract some individuals to process the fish or
have employees who do the processing. Processed products are mainly whole dressed fish and
fillets. The frames (bones and head of fish after removing the fillet) are collected by some petty
traders who fry them and sell them to the very poor consumers.
Fish Supply in Ghana
In 2007, the national fish production was estimated at 375,462 metric tons (MT) with less than 1%
coming from aquaculture (Quagrainie et al., 2009). Marine fisheries represent more than 80% of the
total supply. In 2007, marine fish production was estimated at 290 000 MT. The inland fisheries
accounted for 15% of the total annual fish production, 90% of that came from Lake Volta (Mensah
et al., 2006). Inland fish catches in Ghana are taken from Lake Volta, reservoirs, aquaculture and
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coastal lagoons. However, these statistical records are thought to be largely underestimated
compared to the actual production (MOFI, 2008). Data on fish production from the Lake Volta
shows signs of overexploitation with a smaller number and size of species being caught (DoF,
2007).
The value of production from ponds and culture-based fisheries is estimated at US$ 1.5 million a year
(FAO, 2006). The aquaculture sub-sector is dominated by small-scale commercial farms using earthen
ponds and traditional extensive and semi-intensive practices. There are approximately 1,000 fish
farmers with 2,000 earthen ponds and a surface area of about 350 hectares (Mensah et al., 2006). Their
production levels are very low. The largest volume of farm raised fish production comes from a few

large scale commercial cage fish farms on Lake Volta. Fish farming at the small-scale level
integrates other farming systems such as crop productions (horticulture, grains, orchard etc.).
Species of fish farmed include monoculture of tilapia, and polyculture of tilapia, catfish (Clarias
gariepinus), Heterotis niloticus, snakehead, and chrysichthys.
A few private large-scale commercial facilities are responsible for producing the bulk of farmed
fish. These large-scale operations use the system of cage culture on Lake Volta. Production is very
intensive with reliance on commercial feed. The development of cage culture farming is very recent
and support many livelihoods in the aquaculture subsector. All the large scale commercial operators
grow tilapia (Orechromis niloticus). The emergence of large scale commercial farms has stimulated
the domestic farmed fish production industry, opening up avenues for employment. Currently, total
production from aquaculture and culture-based fisheries is estimated at about 3,500 MT with
production from the small-scale farms representing only 1.5 MT (DoF, 2007). The current large
scale enterprises are Crystal Lake Fish Ltd, Tropo Farms Ltd., and West African Fish Ltd. The
current combined production for these three operations is estimated to be 3,000 MT but they have a
1
combined capacity to produce up to 10,000MT .

1

The statistic comes from interview with the Ministry of Fisheries officials.

Demand for Fish in Ghana
Fish is considered the most important source of animal protein in Ghana and is perceived as the
preferred and cheapest source of animal protein intake (FAO, 2006). It is viewed as the only source
of high quality protein whose shelf life can be enhanced through low-cost sustainable technologies
such as smoking, drying and salting. In 2003, the average per capita consumption of fish was 28
kg/per capita/year (FAO, 2009). Ghana’s demand for fish is estimated at 880 000 MT annually.
However, national fish production averages 420,000 MT leaving an annual deficit of 460,000 MT.
Consumption of fish is influenced by urbanization, tribe and proximity to lakes, rivers and the
ocean. The main domestic market and consumption centre is the capital city Accra. Other important
consumption centers include Tema, Kumasi, Cape Coast and Sekondi-Takoradi. In these markets,
the price of fish is more affordable than other quality protein foods such as milk, eggs and meats.
Populations in southern Ghana especially the tribes along the coast and those in major cities and
along the lakes have high levels of fish consumption. These populations consume fish in multiple
forms (fresh, deep-fried, smoked, sun-dried, and salted) with traditional sauces or meals. In the drier
northern parts of Ghana where populations are more oriented toward pastoralism, the level of fish
consumption is low. Populations along the coastal areas consume more fresh fish while inland
populations consume more processed fish (USAID, 2008).
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Some trade policies have been adopted by the government to ensure competitiveness of the
domestic fish farms, diversification of farming systems into aquaculture and food security.
Importation of farmed fish and fish seeds are prohibited. Nonetheless, imported tilapia from China
can be found in the market. Government reports suggest that about 75% of national fish production
is consumed in the domestic market (Antwi, 2006).
Marketing of Wild-Caught Fish in Ghana
The fish market in Ghana is dominated by marine fish from both local and imported sources (Figure
2). The common marine species of fish are sardinella, mackerel, tuna, anchovies, cassava fish,
seabreams and burrito, which are sold in markets throughout the country. At the retail level, some
marine species are sold at lower prices than the inland catches, which makes it difficult for the
domestic production to compete with marine and imported fish. Majority of the domestic tuna
catches is destined to the export market after some industrial processing. Industrial fish processing
include tuna canning and tuna fish meal. Canned tuna represents the most important export product
for the fisheries sector although other types of fish are also exported in frozen and smoked form to
some European Union countries. Marine fish destined for the local market follows the same
marketing channel as the inland lake /river catches (Figure 2). When fish is landed on shore, women
play a central role as intermediaries.

Figure 2: Fish Marketing Chain in Ghana
Marketing of Farmed Fish in Ghana
Farm-raised fish from small-scale commercial farmers have a very short supply chain and supply is
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inconsistent. When fish is ready for harvest, small holder farmers inform potential customers by cell
phones about the availability of fish and pricing. Some farmers use word-of-mouth or a face to face
advertisement because they find it more effective than the telephone calls. Depending on the size,
fish can be sold to nearby local communities, fish mongers or to some local restaurants and “chop
bars” (wayside eating places). This market is generally small and also has preference for smoked
fish that allows them to preserved fish for longer period of time.
Marketing of farmed fish from large commercial farms is either sold directly to retailers, fish
mongers and middlemen at the farm gate or through the company owned wholesale storage facility
(Figure 2). On- farm sales occur on days when harvesting is done, and usually scheduled on
particular days and times. Prices depend on the size and the volume of fish purchased. Three sizes or
grades of market-size fish are sold. The regular size is from 150 - 250g; size 1 fish is from 250400g; size 2 from 400-600g; and size 3 is from 600g - 1kg. Although customers purchase all sizes of
fish, fish retailers and fish mongers usually prefer smaller sizes, the regular and size 1 fish. This is
because their customers, usually low income consumers, demand smaller sizes as it is cheaper and
more affordable to them. Another reason is that most Ghanaian household diets involve eating a
whole piece of fish rather than portion cuts of fish and the regular size and size 1 are more
affordable to many consumers than the larger sizes. Therefore, demand for smaller sizes fish are
generally for home consumption while larger sizes 2 and 3 are demand by restaurants and the
hospitality industry. Some large scale farm operations have established wholesale outlets in the
urban centers, which are far removed from the farm gate. Fish are kept in cold storage and sold to
individual households, retailers / fish mongers, restaurants, hotels and institutions as well as other
small distributors.
Fish Distribution and Retailing in Ghana
Fishermen and fish producers normally sell fresh fish. Fish may then be transported fresh on ice or
processed and kept on ice. Processing may be in the form of scaling and degutting to produce fresh
whole fish or it may be smoked, fried, salted or dried. Transportation of fresh fish could be with ice
in coolers, Styrofoam boxes, or in polythene lined jute bag with ice. The use of refrigerated trucks
for farmed fish is rare, though it is commonly used to transport imported and marine fish around the
country. Transportation of farmed fish is done via bicycle, pickup trucks, public transportation and
taxis. Some traders use freezers to store fish.
Besides fresh fish, various traditional methods are employed for fish preservation and processing in
order to increase the shelf life of the products. The principal methods are smoking, sun-drying,
fermentation, deep-frying and salting. The main processed fishery product is smoked fish which is
the most preferred product by consumers because of its flavor, and the fact that it remains intact in
whole piece when used to prepare meals. Smoked and salted fish have the advantage of storing well
during the lean season and they are also easier to pack and transport to the market.
In Ghana, retailers and fish mongers sell fish in open air markets in towns and cities or along the
main transportation roads. Traders are generally clustered in the market, and sell the same forms and
types of fish. The products are displayed on bricks or wooden table-tops or on mats spread on the
ground. They are grouped in 3 to 5 pieces depending on their size.
DISCUSSION AND CONCLUSIONS
This supply chain discussion will focus on farmed-raised Nile tilapia (Oreochromis niloticus) for
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the food market because that is the predominant species produced in both Ghana and Kenya. The
arrangement for marketing farmed fish in the two countries varied and basically follows two
distribution chains; a short chain from farm gate to neighboring markets and a long chain to distant
markets. The nature of the marketing arrangement depends very much on the scale of production,
proximity of production points to urban markets, and size of fish.
The short chain applies much to fish produced by smallholder fish farmers and the volume traded
was very low. The customers are usually small-scale fish retailers or fish mongers who purchase
tilapia at the farm gate and transport it by headload, bicycles, or taxis to neighboring retail markets.
Sales at the farm gate are also made directly to individual consumers. Since this marketing chain
consist of a very short distance, it seems no proper marketing strategies are adopted by these
smallholder farmers to improve efficiency, boost sales or improve integration into distant urban fish
market. The mode of transaction at this level usually involves price bargaining. The fish buyers are
mindful of their customers at the retail end who are mostly low income so they strive to secure
smaller sized fish and negotiate for low purchase prices. However, there are opportunities for
smallholder fish farmers to improve their revenue and grow the industry through some planning.
Some changes in the marketing pattern are required especially changes in the volume and supply
consistency of tilapia sold by the small-scale and medium-scale fish farmers to enable them better
link to larger markets and obtain higher prices for their products.
Smallholder fish farmers traditionally operate independently but given their scale of production, they
needed to be taught and encouraged to engage in collective efforts with planning production, and
managing supply and sales. This is what the training workshops accomplished, by building upon group
structures already in place in the respective countries. For example, in Kenya, cluster farming groups

produce catfish fingerlings that are sold as bait to the Lake Victoria Nile perch fishermen.
Similarly, Ghanaian farmers have been organized into associations for the purposes of obtaining
technical assistance including a government subsidized bulldozer for pond construction. Though
some group dynamics and leadership issues were identified with the prevailing arrangements, such
grouping mechanisms could be extended to play an important role in coordinating production and
collective marketing for developing some strategic assembly location points. Fish assembly points
for smallholder fish farmers offer the advantages of minimizing transaction costs of individual fish
farmers, and providing opportunities for quality control and to obtain premiums for their tilapia.
The long marketing chain applies to large-scale commercial operations. The production sites are
distant from the markets and accessibility is challenging because of the nature of the roads. In
Kenya for example, Dominion Farms is located at Yala, a rural town in Western Kenya, and is
about 45 km from the provincial capital, Kisumu, and 325 km from the national capital, Nairobi. In
Ghana, Crystal Lake Fish Ltd, Tropo Farms Ltd, and West Africa Fisheries Ltd are located along
the Lake Volta in rural districts of the Eastern region of Ghana with poor access roads. The various
locations are at least 140 km northeast of the national capital, Accra. Given the volume of
production by these large commercial farms, farm-gate sales is very challenging. Consequently,
Crystal Lake Fish Ltd and Tropo Farms Ltd have distribution outlets close to Accra. West Africa
Fisheries Ltd has a distribution outlet under construction but currently sells at the farm-gate.
The customers of the large commercial farms are typically bulk purchasers such as fish retailers,
fish mongers, wholesalers / distributors, and institutional consumers such as hotels, restaurants,
schools and, hospitals. Some individual consumers, mainly the middle class, also buy bulk from
207

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
the distribution outlets. The mode of transaction at this level usually involves fixed pricing, and
discounted pricing on volume purchases. There is no price bargaining.
The market for tilapia remains strong in Ghana and Kenya and is motivating increased interest in
fish farming, at all levels (small-, medium- and large-scale) of commercial production. Aquaculture
still accounts for a small percentage of total fish supply in both countries and is faced with
constraints such as fingerlings supply and feed availability. However it is anticipated that prices will
significantly fall as production increases, which will pose a serious challenge to the growth of the
aquaculture industries in Ghana and Kenya. That calls for efforts to manage marketing risks if fish
farming businesses are to remain successful. Fish farmers face input prices (costs) and output prices
(revenues) therefore, any unfavorable prices on either side can be devastating to the fish farming
business. Fish farmers need to manage marketing risks both on the input and the output side in order
to maintain long-term profitability. For small-scale commercial farmers, strategic buying of fish
farming inputs and strategic selling of fish can reduce the effects of price risks on profitability, and
that is where the development of supply chain arrangements and group marketing strategies are
important to them. By improving on the current cluster farming system in Kenya and fish farming
associations in Ghana, fish farmers can utilize their collective organization to develop fish
marketing assembly points, engage in contracting with fish buyers, and also benefit from
government programs to improve the supply chain of farmed fish.
ANTICIPATED BENEFITS
Supply chain management and marketing are key factors to the development and sustainability of
commercial small - and medium-scale aquaculture operations in Ghana and Kenya. The training
activity taught an aquaculture supply management framework that would enable rural fish farmers
to access urban markets. An understanding of supply-chain coordination would help to place fish
vendors and farmers in a better position to collectively engage in direct trade and other economic
responsible initiatives. This will result in higher incomes for fish producers, potential microfinancing from fish vendors and middlemen, aquaculture development, and rural employment.
Close cooperation through planning, coordination of production, group marketing, and managing
supply and sales, would improve the efficiency of aquaculture markets in Ghana and Kenya. It is
anticipated that the training activity will result in the formation of group marketing activities by
small and medium scale fish farmers. Accomplishment of these could result in tilapia and catfish
sales values and farmers’ revenues increasing by about 300%. For example, a farmer having pondbank sales value of $100 can easily increase sales value to $400 through a managed supply chain
and access to urban seafood markets.
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ABSTRACT
This study was conducted to compare the effects of all-male culture and tilapia-catfish polyculture
systems on the growth performance of Nile tilapia under farm conditions. The study involved six farmers
from two villages (i.e. Changa and Kibwaya) in the Morogoro rural district, Tanzania. The farmers were
divided into three groups. The first group stocked only male tilapia in their ponds (treatment 1). The
second group stocked mixed sex tilapia and African catfish (treatment 2) and the third group stocked
tilapia of mixed sex (male and female) (treatment 3). The tilapias were stocked at a density of 3
2
fingerlings per m in all the treatments. For treatment 2, the ratio of catfish: tilapia was 1:10. The catfish
were introduced into the ponds 45 days after stocking the tilapia fingerlings. Each pond was fertilized
with farm yard manure. The experimental period lasted for 120 days. The fish were supplemented with a
concentrate diet comprised of maize bran (79%), soybean (20%) and mineral premix (1%). The quantity
of feed offered per day was 5% of tilapia biomass. The pH values ranged from 7.1 ± 0.18 to 7.2 ± 0.13
while dissolved oxygen ranged from 7.4 ± 0.18 to 7.7 ± 0.21. Water temperature ranged from 27.2 ± 0.11
o
to 28.0 ± 0.01 C during the experimental period. The fish on treatment 1
showed"0.0001)significantlyhigherweight(P gain (65.95 ± 1.19 g) compared to those on treatment 2
(55.43 ± 1.81 g) and treatment 3 (37.71 ± 3.03 g). Likewise, the fish on treatment"0.0001)
higher1hadsignificantlygrowthrate (P(0.55 ± 0.01 g/d) than those

on treatment 2 (0.47 ± 0.02 g/d) and treatment 3 (0.31 ± 0.02 g/d). The highest body length was
observed on fish under treatment 1 (12.04 ± 0.09 cm), followed by those on treatment 2 (11.23 ±
0.10 cm) and treatment 3 (9.61 ± 0.2 cm). It is concluded that the tilapias under the all-male culture
system had higher growth rate and gained more weight than the tilapias which were grown under
mixed sex and polyculture with catfish. Moreover, the growth performance of tilapia under tilapia–
catfish polyculture was better than that of tilapias under mixed sex culture.
INTRODUCTION
Aquaculture in Tanzania is done using mostly Nile tilapia (Oreochromis niloticus) (URT, 1997). The
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Nile tilapia is given first priority due to their better characteristics that include fast growth, short food
chain, efficient food conversion, high fecundity (which provides opportunity for distribution of
fingerlings from farmer to farmer), tolerance to a wide range of environmental parameters, and good
product quality (Hussain et al., 2000; Neves et al., 2008). Most tilapia species can grow in brackish
water and some are adapted to sea water and most often are grown in ponds, cages and rice fields.
However, tilapia farming is dominated by freshwater fish farming in which small-scale farmers
practice both extensive and semi-intensive fish farming. Usually small fish ponds of an average size
2
of 150 m are integrated with other agricultural activities such as gardening, rabbit and poultry
production on small pieces of land.
A general problem associated with the culture of tilapia is their prolificacy, which often results in
large populations of small-sized (stunted) fish which are of low value to consumers (Moses, 1983).
This problem of overcrowding in the production setting has resulted in various techniques being
developed to control unwanted reproduction in ponds and produce tilapia of large market size. The
techniques include stock manipulation (high density stocking), polyculture of tilapia with predatory
fish, monosex culture , sex reversal by androgenic hormones, cage culture, tank culture, sterilization
(through the use of irradiation, chemosterilants and other reproduction inhibitors) and
intermittent/selective harvesting (Mair & Little, 1991). Among these methods, the use of local
predatory fish species to control unwanted/undesirable tilapia recruitment in ponds seems to be more
convenient in rural areas at the small-scale farmers’ management level. One of the predatory fish
used to control pond overpopulation is the African catfish. Stocking African catfish with mixed sex
tilapia populations controls recruitment and allows the original stock to attain a larger market size
(De Graaf et al., 1996). Predators are usually stocked at a small size to prevent them from eating the
original stock. Predators may be stocked when tilapia begin breeding. The number of predators
required to control tilapia recruitment in culture ponds depends primarily on the maximum attainable
size of the predator species, the ability of the predator to reproduce, and the number of mature female
tilapia (Fagbenro and Syndenham, 1990).
Another method for resolving the problem of uncontrolled reproduction in ponds of small-scale fish
farmers is the culture of an all-male population. Since the males have higher growth rates than the
females, production of larger fish and higher yields are possible when all-male stocks are grown. Allmale tilapia populations can be produced by hand sexing of the fingerlings, crossing of some tilapia
species and hormonal sex reversal. Hand sexing of the fingerlings is the only feasible method that
can be applied under farmers’ condition in Tanzania.
Despite the potential benefits of tilapia-catfish polyculture and all-male culture, not much has been
done in Tanzania to explore the use of these technologies as a means of controlling tilapia
overpopulation in ponds and hence, the need for this study. The technologies have not progressed
beyond their use in experimental studies and they have not been adopted by the small-scale farmers
in rural areas. This study was carried out to assess the advantages of tilapia-catfish culture and allmale culture of Nile tilapia under small-scale farmers’ condition. It was anticipated that the findings
from this study will make the small-scale fish farmers in rural areas adopt the technologies and thus
solve the problem of producing stunted tilapias in their ponds and fetch higher prices by selling large
sized tilapia and perhaps encourage more farmers to get into fish farming.
The objectives of the study were:
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5. To validate the research-extension based recommendations on Nile tilapia-African catfish
predation culture by comparing growth performances under farmers’ conditions.
6. To compare economic returns between monoculture of tilapia and tilapia-catfish polyculture.
7. To train small-scale fish farmers on manual separation of sexes of Nile tilapia at the fingerling
stage.
8. Support a graduate student at the M.SC level.
Materials and Methods Location of study area

The study was carried out at Mkuyuni Division, Morogoro rural district, in two villages- Changa
and Kibwaya. Mkuyuni is located on the eastern slopes of the Uluguru Mountains, about 50
0
0
kilometers south of Morogoro municipal town at latitude 6 48’S and longitude 37 42’E.
0
0
O
Temperature ranges from 15 C to 40 C with a mean of 25 C. The area has a tropical climate.
EXPERIMENTAL PROCEDURE
A total of six farmers from the two villages were selected to participate in this experiment. The
selection of the farmers was based on their willingness to participate in the study and construction of
earthen ponds. Each farmer constructed one earthen pond. The sizes of the ponds ranged from 84 to
2
285 m at the surface area and depth of 1 m. The farmers were grouped into three groups of two
farmers each. The two ponds of the first group were stocked with male tilapia only (all-male culture)
(treatment 1). The ponds of the second group were stocked with mixed sex tilapia and African catfish
(Tilapia-catfish polyculture) (treatment 2). The ponds of the third group were stocked with tilapia
fingerlings of mixed sex (male and female tilapia culture (treatment 3). The tilapias were stocked at a
2
density of 3 fingerlings per m in all the 3 treatments. For treatment 2, the ratio of catfish: tilapia was
1:10. The catfish were introduced into the ponds 45 days after stocking the ponds with tilapia
fingerlings. The tilapia fingerlings were manually sexed to obtain all male fingerlings for stocking in
treatment 1.
Prior to commencement of the experiment, all ponds were drained, sun-dried, and refilled up to about
one meter with water from the peripheral canal. Each pond was fertilized with farm yard manure.
The experiment was carried out for 120 days between July and November 2009. During the
experimental period, the fish were supplemented with a concentrate diet comprised of maize bran
(79%), soybean (20%) and mineral premix (1%). The diet contained 20% crude proteins and the
quantity of feed offered per day was 5% of tilapia biomass .
Body weights of a random sample of 20 tilapias from each pond were measured by using an
electronic balance at the start of the experiment and then at day 30, 60, 90 and 120 of the experiment
and growth rates were computed. Fork lengths of 10 fish randomly selected from each pond were
measured using a measuring board at day 30, 60, 90 and 120 of the experiment. In addition,
temperature was determined using a digital thermometer, dissolved oxygen (DO) concentration was
determined using a digital DO meter (Jennway2001) and pH was determined using a digital pH
meter (Portmass 911) at monthly intervals during the experimental period.
Data analysis
The data collected were analyzed using the General Linear Models procedure of the Statistical
Analysis System (SAS, 1998). The treatments (T1, T2 and T3) were used as the fixed effect and the
initial body weight and body length were used as the covariates. The dependent variables were body
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weight gain, growth rate and body length.
RESULTS
Water quality parameters
The analysis for water quality parameters indicated that the values for pH, DO and temperature did
not differ significantly (P > 0.05) among the treatments. The average (± s.e.) pH values ranged from
7.1 ± 0.18 to 7.2 ± 0.13. The highest DO value (7.7 ± 0.21) was observed in July 2009 while the
o
lowest value (7.4 ± 0.18) was observed in October 2009. The temperature ranged from 27.2 ± 0.11 C
o
in July to 28.0 ± 0.01 C in November 2009.
Growth Performance
Average (± s.e.) initial body weights of tilapia fingerlings were 1.55 ± 0.07, 0.83 ± 0.21 and 1.04 ± 0.32 g
for the fish on treatment 1 (all-male tilapia culture), treatment 2(polyculture of mixed sex tilapia and

catfish) and treatment 3 (male and female tilapia culture), respectively. The final weights at 120 days
of age were 67.50 ± 1.19 for treatment 1, 56.25 ± 1.61 for treatment 2 and 38.75 ± 3.31 g for
treatment 3. The treatments"0.0001)effectshadsignificantonweight(Pgain and growth rate of the fish.
The fish on treatment 1 had the highest weight gain (65.95 ± 1.19 g), followed by those on treatment
2 (55.43 ± 1.81 g) and lastly by fish on treatment 3 (37.71 ± 3.03 g). Likewise, the fish on treatment
1 had significantly higher growth rate (0.55 ± 0.01 g/d) compared to those on the other treatments.
Moreover, fish on treatment 2 had significantly higher growth rate (0.47 ± 0.02 g/d) than those on
treatment 3 (0.31 ± 0.02 g/d).
The tilapia fingerlings had initial body length of 3.51 ± 0.11 (treatment 1), 3.34 ± 0.12 (treatment 2) and
3.41 ± 0.011 cm (treatment 3). The final body length values differed significantly"0.001)among(P
treatments. The highest body length value was observed on fish under treatment 1 (12.04 ± 0.09 cm),

followed by those on treatment 2 (11.23 ± 0.10 cm), and fish on treatment 3 had the lowest body
length (9.61 ± 0.2 cm).
Generally, the all-male tilapia culture resulted in tilapias that showed higher growth rate and gained
more weight than the tilapia which were grown under mixed sex and polyculture with catfish.
However, the growth performance of tilapia under tilapia – catfish polyculture was relatively better
than that of tilapias under mixed sex culture.
Training of small-scale fish farmers
A farmers’ training workshop was conducted for two days and 15 farmers (9 men and 6 women)
attended the workshop. The farmers who attended the workshop included the six farmers
participating in the project and nine other farmers who have shown interest in participating in the
project. The farmers were from three villages (i.e. Changa - 6 farmers, Kibwaya - 4 farmers, and
Manza - 5 farmers in Morogoro Rural district. The training workshop was conducted on 25th and
26th November 2009 at the Department of Animal Science and Production, Sokoine University of
Agriculture. Also the farmers visited Kingolwira Fishery Centre in Morogoro and had hands-on
learning experience on manual sexing of Nile tilapia and African catfish. The farmers were given
training on the following topics: (1) Importance and potential of fish farming, (2) Pond preparation
and construction, (3) Assessment of pond structures, (4) Fingerling transportation and introduction in
ponds, (5) General fish management practices and feeding of tilapia, (6) Practical feed ration
formulation, (7) Polyculture of tilapia and catfish, (8) Practical manual sexing of tilapia and catfish,
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and (9) Artificial propagation of tilapia.
The group also discussed how fish farming could provide an alternative source of protein and income
to households in the rural areas. The discussions were highly participatory including aspects such as
problem definition and problem ranking. Possible solutions to various constraints were discussed.
QUANTIFIED BENEFITS
• Fish farmers are now aware of the importance and benefits of monosex (all male) Nile tilapia
culture. The all-male culture of tilapia resulted in significantly improved growth performance and
resulted in larger fish and higher yields of tilapia than the yields obtained from growing tilapia
mixed with African catfish.
• Fish farmers now know that growing tilapia of mixed sex together with African catfish in the
same pond controls excessive reproduction and produces tilapia of relatively larger size compared to
only mixed sex tilapia in the same pond.
• 15 small-scale farmers acquired the expertise of hand sexing of tilapia fingerlings through a
training workshop.
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ABSTRACT
Market driven production research can reap substantial benefits, once a period of production
research has established and producers have adopted viable production practices. That is, production
research needs to establish baseline farming practices systems that farmers are willing to adopt
before fine tuning for specific market opportunities is likely to bear fruit. Philippine tilapia
production would appear to be ready for such a market driven strategy. Production research
continues, but with an added dimension of targeting adjustments in recommended production
practices that might assist farmers in reaping the benefits of new market opportunities.
Local markets for tilapia are well established; the challenge now is to spread that success to larger
national and international markets. These new markets will have different requirements, e.g.,
species, volumes, product forms, with the potential to have important implication for selecting the
appropriate farming systems. Philippine tilapia researchers need to expand their research portfolio to
include the analysis, development and associated recommendations for farming systems that target
these market opportunities. For example, if these new markets are associated with larger product
size or changes in dates of stocking and harvesting, how would recommendations to farmers
change?
Structured interviews with market participants including brokers, processors, experts from both the
private sector and government were used to determine product specifications for export and other
market niches, especially for Korea, Japan and the U.S. Established research results were
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used to provide a first approximation for tailoring production systems to individual market
opportunities.
Tilapia export markets require large whole fish size, minimum volumes and ability to provide
these volumes throughout the year. Market windows, often within very tight time frames,
increase risk by adding the possibility that windows close before market sizes have been reached
and product has been delivered to market. Alternative product forms - frozen, fillet, live, smoked
or processed - imply differences in harvested size and quality (typically based on time from pond
to consumer). The location of processing is an important constraint; in many cases, the distance
from the pond to the processing facility cannot be substantial and specialized vehicles are
needed. Currently, Philippine farm size is insufficient to supply the consistent volumes and
quality for export markets. Sufficient hectare in proximity to processing and hatchery operations
will be necessary.
To combat the tendency of market forces leading to production concentration in large economic
entities to the exclusion of small producers, it is recommended that the government of the
Philippines (GOP) invest in facilitation of the formation of producer/marketing associations;
provide low interest loans for a defined period to assist in expanding small farmers participation;
and develop storage, processing and refrigeration infrastructure to facilitate maintenance of
quality from pond to final consumer.
INTRODUCTION
Market driven production strategies have proven to be valuable to aquaculture and agriculture
producers worldwide, especially once a production system has reached some level of maturity
and sophistication. That is, after a period of some years of technology generation and
dissemination, there exists a time when more emphasis on marketing will reap high rewards.
Basic production research will continue as before, but a new element will be added to its
portfolio – market-driven production research.
Tilapia has established local markets in the Philippines. The challenge is to expand Philippines
farmed fish market opportunities, both international and domestic (particularly the trend toward
very large urban supermarkets). These new markets should provide an excellent new opportunity
for tilapia producers while maintaining their traditional production systems for local
consumption. Clearly, export and supermarkets will have different requirements in the form of
species, volumes, product form and other constraints that have the potential to have important
implication for selecting the appropriate farming systems.
Export market and supermarket requirements can be quite imposing, particularly when a new
market niche is being targeted (Olowolayemo et al., 1992; Engle, Hatch and Swinton, 1988).
Generally, these markets will involve a diverse array of constraints on the appropriate production
systems that will tend to make these new systems much more intensive (Nerrie, B., et al., 1990).
That is, the volumes, timing and quality requirements will imply a vastly more controlled
growing environment. Stocking densities, feeding, water quality and targeted final size and form
- virtually all management decisions - will require greater sophistication and financial resources.
The latter typically will favor larger, better financed operations.
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The ability of small farmers to take advantage of this opportunity is a challenge that the
government of the Philippines (GOP) must decide whether it is willing to invest the necessary
public funds or grant special concessions to foster their participation. Unfettered market forces
tend to lead to production concentration in large economic entities that exclude small producers.
The overall goal of this investigation is to add a market-driven approach to aquaculture research
and outreach programs in the Philippines. Anticipated benefits include increased export volumes
and value of farmed tilapia; increased tilapia farm income; and increased participation of small
farmers. Clearly, production research is fundamental to improved conditions in the Philippine
tilapia industry, but it must also be asserted that more consideration of market constraints will
greatly assist research and outreach programs in addressing the needs of fish farmers. Production
research that is designed to target specific market possibilities will greatly expand the
opportunities available to fish farmers.
OBJECTIVES
9. To determine requirements for export and other market opportunities for tilapia in the
Philippines.
10. To assess implications of these market opportunities on production systems.
METHODS
Existing and potential tilapia production areas in Central and Southern Luzon of the Philippine
and existing processing were the study areas. In addition areas with farm ponds, processing and
marketing outlets for fish and seafood were targeted, both those currently handling tilapia and
those that were deemed to have that potential.
Interviews with export brokers, traders, processors, trade experts, relevant government agencies
and farmers were done to determine the exact specifications of the export and other market
niches (Hatch and Kinnucan 1993). Several destinations were targeted, including Korea, Japan
and the U.S.
Literature reviews were undertaken on both Philippine production and strategies used by nascent
tilapia industries in other countries attempting to expand into similar markets. Existing research
results were used to tailor production systems to individual export and other markets (Zidack and
Hatch 1991). Of particular relevance was the experience in Jamaica (Hatch and Hanson 1991)
and other countries (Medley et. al. 1994) that have recently been successful.
RESULTS AND DISCUSSION
Requirements of tilapia export and other market niches
Three growing markets of tilapia in the Philippines were identified and their specific
requirements are shown in Table 1.
Product size and volume
Export markets for tilapia require larger whole fish size (about 1 kg each) than domestic markets
in order to obtain a size fillet of approximately 600 – 800 grams. Monthly volume requirement
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of one exporter in Pampanga were 60 tons/month of whole (chilled) tilapia with an average size
of 800-1000 g. Export was not sustained because of contract breach by growers, who normally
sell their fishes (200-250 grams per fish) in traditional markets at competitive price levels.
Consistency and/or uniformity of size and economies of scale were the constraints faced by
farmers, thus resulting in the contract termination.
The minimum volumes required to meet needs of international markets generally far exceed that
of local markets. Not only are volumes higher, but high volume levels are often needed
throughout the year. Obvious implications are scale issues (see below) and need to stagger
harvests. Scale issues will imply that the volumes of product will most likely require a
considerable hectareage and the ability to provide a consistent volume every month. These large
volumes will require either large producers or well-coordinated small and medium sized
producers. Since it is a policy of the GOP to foster the involvement of smaller producers there
will most likely be a need for concerted effort in establishing cooperatives or associations.
Government experts of the Food Division of Department of Trade and Industry and Fisheries
Development Support Division of Bureau of Fisheries and Aquatic Resources indicated that
prospective foreign buyers of tilapia in Taiwan and Korea had expressed interest in obtaining
supplies from Philippine fish growers, but no solid commitment had been reached, at that time.
In addition to trade and export promotions, government agency efforts have tended to center on
the formation and strengthening of fisherfolks production/marketing associations to meet
generally accepted export standards and protocols. These standards often vary in important ways
based on the destination, e.g., Korea, Japan, European Union or U.S. Also, based on many
negative experiences with cooperatives in the Philippines and other developing countries
worldwide, recently these associations tend to have looser arrangements than their predecessors.
Government supply and utilization tilapia data further corroborated that export experience by
Philippine growers prior to 2006 was quite insignificant. This picture has changed somewhat in
the last couple of years when tilapia exports reached 50 metric tons in 2007 and 300 MT in 2008
(Table 2).
Fresh fish and seafood sections of hypermarkets and supermarkets are the major domestic outlets
for live and fresh tilapia with sizes ranging from 300-500 grams. Typically, these markets
require monthly volumes ranging from 500 to 1,000 kilograms; a level substantially above the
quantities produced by Philippine growers. This need for a consistent, high volume is an
important constraint and is a crucial reason for producer/marketing associations mentioned
above.
Seasonality and market windows
The seasonality of export markets can also impose constraints. Targeting a particular market
window can prove lucrative, if such windows provide exceptional price premiums. Market
windows typically occur based on either production constraints during certain times of year -
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temperature in northern latitudes and dry seasons in the tropics - or exceptionally high demand,
usually related to Easter, New Year or other cultural holidays. This seasonality is often
exacerbated by the common fact that both the consumer and producer experience it. Thus, price
premiums persist based on strong economic realities. In addition, market windows can close very
quickly, meaning that there may be a very tight time frame that is being targeted and competitors
may be attempting a similar strategy.
Monthly prices of fresh tilapia at both retail and wholesale levels show a seasonal pattern with
relatively constant prices for most of the year (Table 3); the exception is the last quarter of the
year associated with the Christmas holiday season and social events in the Philippines. In this
peak season, tilapia are often harvested and sold at sizes well below minimum market sizes, e.g.,
5-6 pieces per kilogram, imposed throughout the rest of the year. Garcia and Salayo (2008) and
Rodriguez et al. (2009) also found evidence of a similar seasonal integration in the retail and
wholesale prices of tilapia.
Moreover, retail and wholesale prices are strongly and positively correlated with each other
(88.29%), but both prices are weakly correlated with price spreads (Table 4). The covariation of
retail, wholesale prices and price spreads across months revealed that wholesale prices and price
spreads are more unstable than retail prices. The behavior of both prices and price spreads may
indicate price averaging (varying margins across goods to maintain price stability) and/or
leveling (varying margins across time to maintain price stability) practices of marketing firms
similar in the case of Australian fresh vegetable markets (Griffith et al.1992). Such practices may
explain the sluggish customers’ response in repeat-purchase markets (Sibly1995).
Product form
Filleted, smoked and other processed forms of tilapia are also offered through the hypermarkets
and supermarkets (Figure 1). By-products of filleting including head, belly and skin are usually
sold to specialty shops and restaurants. These markets have not specified any volume
requirements since the common arrangement is by consignment. These smaller, specialty
markets are a part of the supply chain that individual producers can successfully use.
These alternative product forms - frozen, fillet, live, smoked or processed - will considerably
constrain the set of appropriate technologies. Each of these will imply differences in harvested
size and quality in terms of time form pond to consumer. Also, and very importantly, will be the
location of processing. Fish processing for export markets will foster the development of
enterprises that will have further income and employment benefits for the country. In many cases
the distance from the pond to the processing facility will not be substantial and specialized
vehicles will be needed.
Destinations
Both the length and cost of transport will greatly affect the competitive position of Philippine
tilapia exports. In addition, cultural traditions are often important in terms of the product form
and time period associated with selected destinations. As mentioned above, cultural events are
often times of high fish consumption.
Supply Chain
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Supply chain can be seen as a given structure of collaborating organizations working together in
satisfying customer demand, and managing supply chains is a conscious development and
guidance of these relationships in order to gain competitive advantage for the collaborating chain
members over other industry players (Gunasekaran et al. 2004). It is a value-adding approach
that will help small farmers enhance their income and raise productivity by transforming them
from mere supplier of raw produce into a producing “middleman” in the supply chain of getting
the raw products or commodities processed and transporting it to consumers (Boland 2009). He
also stressed that with the continuous shifting to a global economy, the international market for
value-added products is growing. Market forces have led to greater opportunities for product
differentiation and added value to raw commodities because of: (1) Increased consumer demands
regarding health, nutrition, and convenience; (2) Efforts by food processors to improved their
productivity; and (3) Technological advances that enable producers to produce what consumers
and processors desire.
In the case of tilapia markets, value-added products such as fillet, dried, processed or smoked
tilapia are sold at premium prices but its distribution has still been limited to hypermarkets,
upscale hotels and restaurants, specialty shops and some major supermarkets (Figure 2). Linking
the small farmers through supply chains would certainly provide them growth opportunities.
Implications for production systems
Scale issues
The size of the operations sufficient to supply the consistent volumes and quality for export
markets is wanting. Sufficient hectarage in proximity to processing and hatchery operations
(Agbayani, R., U. Hatch, U. and E. Belleza, 1996). will be necessary. Supply of skilled farm
managers may also be a constraint. The coordination and management associated with exports
and supermarkets will far exceed that volume needed for local consumption largely due to need
to stagger harvest to obtain the ended consistent flow of product that meets market
specifications. For small producers to be involved such export and supermarkets, it is highly
likely that some form of cooperatives will be essential.
Farm management
Input intensity will likely increase with the growth in export markets. Increased stocking
densities and feeding rates will be needed to meet volume and harvest size requirements. These
higher stocking densities and feeding rates will in turn increase need for improved water quality
management, particularly aeration and exchange. Power for pumping and aeration will
substantially increase costs and equally important economic risk. Increased length of growing
cycle will further exacerbate an already high risk farming system. This increased risk is likely to
be a further detriment to small farmer participation.
RECOMMENDATIONS
Recommendations from this research center on: (1) facilitation of the formation of
producer/marketing associations, (2) provision of subsidized loans and (3) development of
storage, processing and refrigeration infrastructure.
Facilitation of the formation of producer/marketing associations with the assistance of extension
service will be crucial in increasing small farmer chances of establishing themselves in
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supermarkets and fast food chains. Associations could assist with marketing, financial services
and processing availability; several alternatives will be investigated and small producer input
will be crucial in their likelihood of success.
Provision of low or no interest loans for operating or investment is a commonly used method of
creating incentives for new endeavors. Unfortunately, the history of repayment of subsidized
loans to small farmers is not good. Any government programs of this type will need to be
prepared for the financial impact of high default rates.
Infrastructure to facilitate maintenance of quality from pond to final consumer will be an
investment that the Philippine government will likely need to foster in some fashion.
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Table 1. Market Requirements for Tilapia
Export

Specialty shops
Price
(PhP/kg) Size

Description
Live fish

Size

Volume

Large

n.a*

n.a

n.a

Medium
Whole fish
(chilled)
Fish fillet

n.a
1 kg
@

n.a
60
tons/mo**

n.a

100
kg/day
100
kg/day

any
amount
any
amount
any
amount
any
amount

X

X

Smoked
Dried (daing na
tilapia)

X

X

X

X

X

X

30 g/piece

Butterfly fillet
Fillet byproducts:

X

X

X

70g/piece

X

X

X

Head

X

X

X

Belly

X

X

X

1 kg
1 kg
1 kg

X

Price
(PhP/kg) Size

83
77

400-500
g/piece
300-400
g/piece

Volume
1000
kg/day
1000
kg/day

Price
(PhP/kg)

112
95

160

X

X

Volume

400-500
g/piece
300-400
g/piece

250 -350
g/pack
250-350
g/pack

Skin

Supermarkets

X

any
amount
any
amount
any
amount

280
209

250 -350
g/pack
250-350
g/pack

any
amount
any
amount

150

X

X

X

250

X

X

X

X

X

X

30

X

X

X

50

X

X

X

350

X

X

X

312
330

• not applicable
** not sustained due to breach of contract by growers
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Table 2. Tilapia Supply and Utilization Accounts
SUPPLY (MT)

UTILIZATION (MT)

Feeds
Gross
and
Production Imports Supply Exports Waste
2001
135,627
0
135,627
0 4,069
2002
152,985
0
152,985
0 4,590
2003
168,132
0
168,132
0 5,044
2004
177,790
0
177,790
0 5,334
2005
195,504
0
195,504
0 5,865
2006
241,775
0
241,775
0 7,253
2007
278,819
20
278,839
52 8,365
2008
299,813
20
299,833
300 8,994
Source: Bureau of Agricultural Statistics, 2009

CONSUMPTION

Total Net Per
Per
Food
Capita Capita
Processing Disposable kg/yr gm/day
0
131,558
1.69
4.63
0
148,395
1.87
5.12
0
163,088
2.01
5.51
0
172,456
2.09
5.73
0
189,639
2.22
6.08
0
234,522
2.7
7.4
0
270,422
3.05
8.36
0
290,539
3.21
8.79

Table 3. Monthly Means and Covariations of Retail and Wholesale Prices; RetailWholesale Price Spreads (Php, 2001-2008)
Month
Prices
Covariation
R-W
R-W
Retail Wholesale
Spread Retail
Wholesale
Spread
January
66.04
50.61
15.42 12.30%
12.60%
16.61%
February
65.20
50.96
14.25 13.55%
12.81%
19.53%
March
65.59
49.99
15.60 12.41%
11.86%
17.82%
April
66.00
49.70
16.29 11.44%
12.54%
15.31%
May
65.97
49.99
15.98 11.33%
12.19%
12.77%
June
66.67
51.45
15.22 10.48%
9.68%
22.40%
July
67.71
51.97
15.73 11.18%
10.26%
28.60%
August
68.18
52.39
15.78 11.62%
13.30%
7.44%
September 68.29
51.79
16.50 12.68%
15.72%
7.71%
October
68.59
52.04
16.56 12.99%
16.52%
11.01%
November 68.23
51.79
16.44 13.52%
15.69%
9.38%
December 69.76
54.70
15.06 13.51%
16.29%
10.02%
Average
67.18
51.45
15.74 12.25%
13.29%
14.88%
Source: Bureau of Agricultural Statistics, Department of Agriculture (Various
Issues)
Table 4. Correlation of Retail, Wholesale and R-W Spread

Retail
Wholesale
R-W Spread

Retail
Wholesale
1
0.88290436
1
0.352548709

0.128137708

R-W Spread

1
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Figure 1. Fresh tilapia on display with other products at a supermarket
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ABSTRACT
The interaction of pond aquaculture with the aquatic environment has the potential to be
detrimental to the natural environment and in turn hurt the industry which depends on the same
water sources for survival. Major problems may arise if pond effluents are not properly managed
and could result in harsh regulations that can threaten the profitability of the industry. This study
was conducted in the Ashanti and Brong Ahafo regions of Ghana, the leading regions in
aquaculture production, to characterize the quality of potential pond effluents and the quality of
receiving streams and use biological assessment techniques to investigate effects of ponds, if any,
on receiving waters. A combination of standard questionnaire survey, field sampling, and
laboratory analyses of pond water, receiving and reference stream water, fish and benthic
macroinvertebrate sampling were used to generate needed data.
Statistical analyses were preceded by a detailed graphical analysis in Minitab®15. Pond
typologies were developed through the K-means clustering procedure. A mixed-effects ANOVA
with farm as random blocks and fixed location effects was the main model used to analyze data
involving comparisons of pond, upstream, downstream, and reference sites; the Tukey procedure
was used for post-hoc analyses of location effects. Other analyses simplified to t-tests or paired ttests. Statistical significance was decided as p!0.05 but marginal situations up to p!0.15 were
noted and incorporated in discussions.
Results indicate that ponds in the Ashanti and Brong Ahafo regions of Ghana generally hold a
different water quality compared to receiving streams and that the receiving streams are of more
natural total phosphorus, total nitrogen, suspended and settleable solids, and BOD5 status. We
found no evidence that receiving stream water quality or biota (fish and benthic
macroinvertebrates) are adversely affected at the moment by aquaculture activities. Ancillary
!
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information obtained from the survey indicates a rapidly growing industry with most farms started
less than 10 years ago. Any potential effects of aquaculture in the future will depend on how
effluents are managed, including the frequency and volume of releases and the conditions under
which effluents are handled before reaching receiving waters. As farms increase in number, so
will effluent burdens of receiving waters. Majority of farms already have some environmental
Best Management Practices (BMPs) in place, including, water reuse mechanisms, vegetated
ditches/canals, settling basins, draining into natural wetlands, and top release of pond water.
Continuing to implement broadly focused environmental BMPs can obviate any need for
regulations on aquaculture effluents in Ghana in the foreseeable future.

INTRODUCTION
In its interaction with natural water bodies, aquaculture as an industry is unique in the sense of
being a user of water and a potential polluter as well. Given this reciprocal relationship,
aquaculture practitioners should have a special interest in protecting their surrounding aquatic
ecosystems (Baired et al. 1996). The search for a balance between growth and intensification of
aquaculture and protection of natural fisheries and the environment continues. Four main
components of aquaculture waste water are of interest; nutrients (including nitrogen (N) and
phosphorus (P)), Biochemical Oxygen Demand (BOD), suspended solids, and pathogens (Cripps
and Kelly 1996). Additions of nitrogen and phosphorus to natural freshwaters can cause
eutrophication. In the United States, for instance, threats of nutrients from pond aquaculture was
seen as significant enough to trigger rule-making process for aquaculture effluents by the
Environmental Protection Agency (USEPA) (Boyd and Queiroz 2001). High concentration of
settleable solids may be generated by harvesting methods draining from bottom of ponds and
seining; ponds with heavy blooms of algae may discharge organic suspended solids in the form of
plankton that will contribute to BOD. Natural organic fertilizers are commonly used in fish ponds.
A test of a sample of 11 common feeds and four organic fertilizers used in Ghana indicated three
of the feeds (biscuit waste, groundnut husk, and dried termite) and three of the organic fertilizers
(cow manure, pig manure, and poultry manure) contained significant counts of fecal coliforms
(Ampofo and Clerk 2003). Additionally, four out of 11 feeds (biscuit waste, cassava, groundnut
husk, and termites) and all organic fertilizers (poultry manure, cow manure, pig manure, and cow
blood) contained fecal streptococci (Ampofo and Clerk 2003). These and many pathogens may be
passed on in effluents to receiving waters.
Environmental impacts of aquaculture on aquatic ecosystems are related to the species cultured,
location of installations, intensity of operations, the morphology, limnology and hydrology and
trophic status and assimilative capacity of the receiving water (Costa-Pierce 1996; Cripps and
Kelly 1996; Boyd and Queiroz 2001). Thus, for example ponds located in relatively pristine
watersheds are likely to alter receiving waters to a larger extent than those located in heavily
agricultural watersheds. Consequently, to understand the potential threats of pond effluents it is
necessary to characterize the background quality of the receiving water as well. Based on data
synthesis, Costa-Pierce (1996) concluded that during normal operations of channel catfish ponds,
total phosphorus (TP) releases are comparable to precipitation whereas during harvesting, mean
TP discharges are comparable to concentration in runoff from intensive agriculture. The wide
range of factors determining pollution potential of aquaculture necessitates a different way of
categorizing aquaculture systems, even for those that culture the same or similar species;
categorization will need to include management practices, such as stocking, draining and
harvesting regimes. In Africa for instance, it is already recognized that the strategies for
addressing problems arising from small-scale and large-scale commercial aquaculture operations
!
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will probably be different (Jamu and Brummett 2004). Environmental management practices for
pond aquaculture will be most effective if developed for specific systems that have differing
pollution potentials.
Without understanding of the differences among aquaculture systems, there is a tendency on the
part of environmental advocacy groups and consequently decision makers to lump all systems
together and exaggerate the impact of the industry. Such was the case after the publication of
‘murky waters’ by the Environmental Defense Fund and the subsequent decision by the USEPA to
regulate virtually all aquaculture operations in the United States (Boyd and Tucker 2000). It is
only a matter of time before the growing aquaculture industry in Africa will be confronted with
competition for water and regulation of effluent discharges. Characterization of effluents would
allow for a proactive management of the environmental effects of aquaculture. Proactive action
will forestall the restrictive regulations that could result from regulatory agencies acting on
insufficient or exaggerated assessments of the industry (Cripps and Kelly 1996; Muir 1996).
Pollution can limit the uses of water and aquatic resources, and water quality criteria have
therefore been formulated on the bases of various uses (e.g., drinking water supply, agricultural
use, bathing and amenity, and aquatic life). Quality criteria for aquatic life are generally
considered as the most important and protective of the overall environment (Biney 1997). In
recent years, quality criteria have been established by consolidating the view that an aquatic
ecosystem in which structure and functions [ecological integrity] are not disrupted possesses a
quality which is immediately suitable or suitable after simple treatment, for a variety of uses
(Biney 1997). Such is a receiving water body whose assimilative capacity for pollutants has not
been exceeded. It is now recognized that the aquatic biota themselves provide the most reliable
signals of the effects of pollutant or habitat alteration, providing the basis for direct biological
assessment and monitoring (Karr and Chu 1999). Biological monitoring is a feasible and low-cost
alternative or complement to chemical measurements and toxicological bioassays that should be
developed for resource-poor countries. Previous successes in application of biological monitoring
have been documented from West Africa under the Onchocerciasis Control Program, where fish
and benthic macroinvertebrates were used to monitor the effects of pesticides on aquatic
communities of rivers (Leveque et al. 2003).
Some general characteristics of aquaculture effluents like relatively low concentrations of
pollutants, large volume, and high flow rates, make conventional treatment options costprohibitive or even technically infeasible (Cripps and Kelly 1996). Best management practices
(BMPs) are widely proposed as the alternative and these require a thorough understanding of not
only the effluent quality but also operational characteristics like amount and frequency of
discharges, whether discharges are released from top or bottom of ponds, through drainage ditches
or directly into receiving waters, and whether there is discharge after every production cycle or
water is reused. For example, most catfish ponds in the United States are drained twice in 15-20
years, implying much lower nutrient loading rates than would be assumed from feed conversion
ratios (Boyd and Queiroz 2001). Likewise, baitfish farmers in Arkansas, United States are
increasingly reusing water to minimize the cost of pumping dwindling ground water, with a
desirable consequence of reducing effluents (Frimpong and Lochmann 2006). Among baitfish
farms, the use of pond drainage ditches varied widely as did effectiveness of the ditches in
reducing effluent concentrations before they enter receiving waters (Frimpong et al. 2003; 2004).
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Clearly, generalizations on an individual farm’s impact will be difficult for pond aquaculture
anywhere; a thorough understanding of farms and their operational characteristics as well and the
quality of receiving waters is required to begin effective development of BMPs. The AquaFish
CRSP funded this study of pond aquaculture in Ghana with the goal of developing environmental
BMPs for the industry. The specific objectives were to: 1) characterize effluent or potential
effluent quality according to type of system, 2) characterize receiving water quality in terms of
nutrients, suspended solids, and pathogens, 3) investigate the biological effects of ponds on
receiving waters using structural and functional composition of fish and macroinvertebrate
assemblages, and 4) develop environmental BMPs for pond aquaculture in Ghana.

METHODS AND MATERIALS
Study area
The study was conducted in the Ashanti and Brong Ahafo regions. These two regions host most of
the pond aquaculture operations in Ghana. Centrally located side-by-side in the middle belt of
Ghana with Kumasi and Sunyani as their capitals, respectively, these two are among the most
populated of the 10 regions of the country. The regions lie between longitudes 0.15W and 2.25W,
and latitudes 5.50N and 7.46N, with more than half of this area located within the moist, semideciduous forest zone between 150 and 300m above sea level. The regions have an average annual
rainfall of 1270mm. Ghana has two rainy seasons; the major season starts in March, with a peak in
May, and the minor starts from July with a peak in August. The average daily temperature across
the regions is approximately 27oC. The climate of the regions similar to that of most of the forest
zones of West African. The study regions are drained by the Rivers Offin, Pra, Tano, Mankran and
Owabi, and Lake Bosomtwe. There are several other smaller rivers and streams which serve both
domestic and industrial purposes. Common species cultured include several species of tilapia such
as Oreochromis niloticus, Tilapia zillii, Sarotherodon galilaeus and Hemichromis fasciatus
(Cichlidae); Heterotis niloticus (Arapaimidae) and the catfishes, including Clarias gariepinus and
Heterobranchus isopterus (Clariidae) (FAO 2009).
Field and laboratory methods
Major study design components included a) administration of a survey to characterize farms,
farmers, ponds, and management practices in the Ashanti and Brong Ahafo regions, b) sampling
of ponds, receiving, and reference streams in the Ashanti region for physicochemical and
microbial assessment, c) sampling of benthic macroinvertebrates and fish in receiving and
reference streams in the Ashanti region for biological assessment, d) a post-stratification of ponds
by cluster analysis of survey data and characterization of potential effluent quality by pond types,
e) analysis of relations among management practices and downstream physicochemical and
microbial levels, and f) development of environmental BMP guidelines and dissemination through
a workshop.
Most aspects of the study were completed in 2009. In the process of selection of farms and ponds
for study, it became apparent that a formal survey was needed since most vital data on farms were
not systematically documented or accessible. A 4-page survey was developed and administered in
person to 32 farms and farmers who were voluntary participants. Questions in the survey covered
demographics of farmers and farm-level practices, including feeding, fertilizing, and harvesting
regimes, and a detailed documentation of information on all ponds on each farm. Detailed pondlevel information included size, source of input water, drainage design and frequency of effluent
releases, species currently stocked, and stocking densities. As anticipated, draining was not a
frequent event and therefore we focused on characterizing potential, rather than actual, effluent
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quality. Of the 32 farms surveyed, 12 in the Ashanti Region were chosen for potential effluent
quality and biological assessment studies. The restriction of laboratory studies to the Ashanti
region was based on logistical considerations, in particular, accessibility of farms by road and
travel time required back to the laboratory while maintaining the integrity of samples. Three ponds
were randomly selected from each of the 12 farms for sampling (i.e., a total of 36 ponds). We
applied the control impact design (Karr and Chu 1999), using the site-specific reference (Thorne
and Williams 1997) for comparisons between sites. Upstream and downstream sampling stations
within 100m of each farm were established on the receiving streams. A reach on a stream closest
to each farm and similar in size to the receiving stream, but with no apparent influence of
aquaculture was identified as site-specific reference site.
Water samples were collected from pond, upstream, downstream, and reference sites. A 2.75-L
sample was collected close to the water surface for physicochemical analysis and a 0.5-L sample
was also taken for microbiological analysis. Within pond samples were vertically stratified, one
near the surface (limnetic) and one near the bottom (benthic). At the downstream stations, three
samples were taken at 0m, 5m and 100m from the farm to capture a potential rapid change in
physicochemistry and microbial loads. All samples were collected between 0800 and 1100.
Samples were transported to the laboratory and analyzed within 24 hours. Water temperature, pH,
pressure, conductivity, total dissolved solids, salinity and dissolved oxygen were determined onsite with a portable multi-parameter water quality meter. Laboratory analysis of water samples
followed the standard procedures in Clesceri et al. (1998) for the following variables: total
nitrogen (TN) (Macro-Kjeldahl method), total phosphorus (TP) (acid persulfate digestion method),
total suspended solids (glass fibre filtration), total settleable solids (gravimetric method), 5-day
biochemical oxygen demand (BOD5) (20oC incubation). Total fecal streptococci and coliform
counts also followed standard methods (Clesceri et al. 1998) and the most probable number of
bacteria was determined based on Lindquist (2008).
In relation to the ponds we collected fish and macroinvertebrate samples from upstream, and
downstream and the reference stream of each farm in 50-100m reaches. We used a multi-gear
approach for fish sampling, including seining and hook-and-line fishing, focusing on species
inventories rather than proportional abundances of individuals of each species. For benthic
macroinvertebrate sampling, we collected jab samples using a rectangular dip net (500um mesh
size). Based on preliminary sampling we settled on 25 as the most appropriate number of jab
samples to be collected from each site. The effort was distributed in proportion to available
microhabitats (riffles, submerged vegetation, etc.). We then combined the 25 jab samples into one
composite per site. Fish were mostly identified in the field to species level and then counted and
released, but on a few occasions, an individual with taxonomic uncertainty was retained for
identification in the laboratory. Fish identifications were based on established keys such as Holden
and Reed (1972), Dankwa et al. (1999), and Fishbase descriptions. Functional and reproductive
traits of fish species in assemblages (e.g., detritivore-herbivores feeders, open substrate spawners,
etc.) were determined from Breder and Rosen (1966), Davies and Walker (1986), and LoweMcConnel (1987). Because constraints on time and expertise, composite macroinvertebrate
samples were preserved in ethanol and shipped (with permission from Ghana and US Customs) to
Virginia Tech University for later analyses. Identification of macroinvertebrates complete to
taxonomic family for most orders was accomplished but some taxa, such as Hirudinea, Decapoda
and Oligochaeta, were left at a higher level due to the paucity of information on those.
Identifications were based on recognized keys, including Brown (1994) and Merritt et al. (2008).
We calculated Ephemeroptera, Tricoptera, Plecoptera (EPT) taxa and Chironomid taxa metrics,
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and taxa richness and Shannon and Weaner diversity (H’)/dominance indices.
Statistical analyses were preceded by a detailed graphical analysis in Minitab®15. The optimal
number of pond types was identified by the K-means clustering procedure. A mixed-effects
ANOVA with farm as random blocks and fixed location effects was the main model, using the
Tukey procedure for post-hoc analyses of location effects. Other analyses simplified to t-tests or
paired t-tests. Statistical significance was decided as p !0.05 but marginal situations up to p! 0.15
were noted because of inherent variability in biological data, our relatively small sample sizes, and
the consequent low power in some tests to detect significant differences unequivocally.

RESULTS
Characteristics of farmers, farms, and management practices in the Ashanti and Brong Ahafo
regions
Over 75% of farms were owned by males, with females constituting about 10%. The remainder
was institutional owners. Two-thirds of farmers had secondary, tertiary, or higher (post-graduate)
level of education and 90% of farms were operated commercially, although just a little over 50%
of farmers engaged full-time in aquaculture (Figure 1a). Farmers averaged 48 years of age with a
range of 29 – 67. Farms were generally small; number of ponds on individually owned farms
ranged from 1 to 32 with a median of 5 ponds on a farm. The fisheries department-owned Pilot
Aquaculture Center was the largest facility with 65 earthen ponds and concrete holding tanks;
however, several private farms were equally large in terms of farm area. Majority of farms had
been in operation for less than 10 years. A variety of management practices were employed
alongside a variety of sources and types of input. Feeds were almost an equal mix of imported,
locally manufactured, and homemade. Fifteen major types of feed ingredients were reported, some
of the most frequent being groundnut meal, fishmeal, rice bran, and wheat bran (Figure 1b). Ponds
were predominantly filled by groundwater seepage. Most farms partially released effluents 1–6
times per year for harvesting but about 20% of ponds were designed to never drain. For those that
had drainage pipes, the commonest design involved variable-level standpipes that could drain
from both surface and bottom. About 20% of ponds were designed to drain into other ponds,
which made water reuse an option although some of these designs were also dictated by distance
of ponds to the receiving water. Besides the possibility of water reuse twenty-two out of the 32
farms used at least one effluent management practice: 50% of these used drainage canals and the
remaining used settling ponds or drained into natural vegetated wetlands (Figure 1b).
(a)
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(b)

Figure 1.- Characteristics of farmers, farms, and management practices.
Physicochemical and microbial levels in ponds, receiving, and reference streams in
the Ashanti region– Physicochemical and microbial assessment
Neither the vertical position in the pond or distance downstream of farms appeared to show much
variation in physicochemical and microbial levels except for higher limnetic BOD5 in ponds
(Figure 2a&b). This made it possible to pool samples and work with averages of the samples taken
from these locations in subsequent comparisons with upstream and reference streams.
Temperature, settleable and suspended solids, phosphates and nitrates, and BOD5 showed
differences among locations whereas coliforms and streptococci and the remaining ancillary
variables did not significantly differ (Figure 3a-d). Post-hoc analysis with Tukey simultaneous
tests showed that settleable solids were higher in ponds than reference streams (p = 0.0166) and
marginally higher than upstream (p = 0.0707) and downstream (p = 0.1102). Suspended solids
followed a close pattern, being higher in ponds than reference (p = 0.0159) and upstream (p =
0.0361) and marginally higher than downstream (p = 0.0711). Phosphates were higher in ponds
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than reference (p = 0.0274) and upstream (p = 0.0269) and marginally higher than downstream (p
= 0.1364). Nitrogen was most clearly higher in ponds than all other locations: p = 0.0016, 0.0086,
and 0.0154 for the differences between ponds and reference, upstream, and downstream
respectively. Five-day biochemical oxygen demand was also higher in ponds than all locations: p
0.0048, 0.0009, and 0.0012 for the differences between ponds and reference, upstream, and
downstream respectively. Temperature was significantly higher in ponds than reference streams (p
0.0402) and marginally higher in ponds than downstream (p = 0.0518). No other significant
differences were observed between any pairs of locations for these or any other variables.
(a)

(b)

Figure 2.- Comparison of microbial and physicochemical levels as a function of vertical
location in the pond (a) and distance downstream of farms (b)
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(a)

(b)
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(c)

(d)

Figure 3.- Levels of microbial and physicochemical variables in ponds, upstream,
downstream, and reference locations.
Fish and benthic macroinvertebrate assemblages in receiving and reference streams in the
Ashanti region– Biological assessment
A total of 28 different fish species and 54 benthic macroinvertebrate taxa were identified within
the study area and analyzed using metrics of assemblage structure and function. Fish species
richness in sampled assemblages ranged from 1 to 10 with an average of 4 species.
Macroinvertebrate taxa (mostly family) richness in a given sample ranged from 9 to 26 with an
average of 17. The Shannon and Weaner diversity index for macroinvertebrates ranged from 0.45
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to 0.92 on a scale of 0–1 and averaged 0.74. Structural and functional metrics for both fish and
macroinvertebrates showed no significant differences among upstream, downstream, and reference
streams, with the exception"percentoftwo nonguarderreproductivespeciesmetricsand percent of
species that are sand-detritus spawners (Figures 4 & 5). Nonguarder species were more common
in reference streams than downstream (p = 0.0214) and upstream (p = 0.0251) and sand-detritus
spawners were less predominant in reference streams than upstream (p = 0.0222) and marginally
less in downstream locations (p = 0.0539).

Figure 4.- Comparison of metrics of fish assemblage composition among downstream,
upstream, and reference locations.
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Figure 5.- Comparison of metrics of benthic macroinvertebrate assemblage
composition among downstream, upstream, and reference locations.
Typology of ponds in the Ashanti and Brong Ahafo regions and characteristics of
potential effluents by pond types

Figure 6.- Rate of reduction in residual error with increasing number of clusters to
describe pond types.
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The iterative process to determine optimal number of clusters to describe types of ponds showed, as
expected, a declining trend of the sum of squared distance from group centroids (‘the residuals’)
with increasing number of clusters (Figure 6). Since too many or too few clusters are not desirable
we sought to optimize the number of clusters by choosing the number at which error started
declining at a decreasing rate. Six clusters were decided as optimum because there were steep
declines in error up to six clusters after which the error actually increased before flattening out.
Table 1 describes the typical characteristics of each cluster or pond type and the number of ponds
falling in that cluster. Type 1 is typically a large pond containing Clarias in a polyculture with
Oreochromis and up to 3 other species at a medium to high stocking density, which sees two annual
harvest events, mostly by draining. Ponds in cluster 2 are generally smaller without Oreochromis,
but with Clarias and one other species stocked at medium to high densities, which are completely
drained for harvest, at least twice annually. Cluster 3 consists of small ponds with Oreochromis at
medium to high stocking densities, which experiences up to 3 annual harvest events, mostly without
draining. Cluster 4 is characterized by a very small pond size with a high stocking density for a
monoculture of Clarias that is ‘harvested’ more than three times in a year, without draining. Ponds in
cluster 5 are generally small in size, most are under construction, and so have not yet been stocked.
Cluster 6 is made up of small ponds with a polyculture of Oreochromis, Clarias and possibly one
other species, stocked at medium to high densities that sees 2 to 3 harvest events in a year, with
draining about half the time. The additional species that characterize some clusters besides Clarias
and Oreochromis were commonly Heterotis niloticus,Parachanna obscura and species of the genus
Chrysichthys.
Table 1.Typical characteristics of six clusters (types of ponds or culture systems)
defined by pond size, species cultured, stocking density, and harvesting practices
Average
Pond Size

Oreochromis

Clarias

Number of

Stocking

Annual

present

present

Species

density

harvests

Drain
for
Harvest?

8,249

Yes (92%)

Yes

2-5

Medium
to High

2 times

77%

1,574

No

Yes

1-2

Medium
to High

2 or
more

100%

415

Yes

No

1

Medium
to High

2-3

41%

261

No

Yes

1

High

More
than 3

No

1,067

No

No

0

Not
stocked

N/A

N/A

824

Yes

Yes

2-3

Medium
to High

2-3

47%

2

(m )
Type 1
(n = 13)
Type 2
(n = 8)
Type 3
(n = 151)
Type 4
(n = 17)
Type 5
(n = 26)
Type 6
(n = 77)
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Table 2.- Microbial and physicochemical levels in the two most common types of ponds

Variable
Streptococci
(count/100ml)
Coliforms
(Count/100ml)
Settleable Solids
(ml/L)
Suspended Solids
(mg/L)
Total Phosphates
(mg/L)
Total Nitrogen
(mg/L)
BOD5
(mg/L)

Pond Type

N

Mean

SE of Mean

Type 3
Type 6

14
19

2800
3032

420
479

Type 3
Type 6

14
19

241
682

171
481

Type 3
Type 6

14
19

0.31
0.47

0.09
0.19

Type 3
Type 6

14
19

86.2
79.6

15.3
15.3

Type 3
Type 6

14
19

0.6
0.64

0.12
0.07

Type 3
Type 6

14
19

1.96
2.992

0.388
0.879

Type 3
Type 6

14
19

5.8
8.5

1
1.1

Type 3
Type 6

14
19

7.2
7.1

0.2
0.3

Type 3
Type 6

14
19

27
28

0.3
0.3

Type 3
Type 6

14
19

102.2
132.3

22.3
17.7

Type 3
Type 6

14
19

51.2
66

11.5
8.8

Type 3
Type 6

14
19

0.15
0.06

0.05
0.01

Type 3

14

1.9

0.41

pH

Temperature
(oC)
Conductivity
(mS/cm)
TDS
(mg/L)
Salinity
(%)
Dissolved Oxygen
(mg/L)
!
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The two most common types of ponds were 3 and 6. Not surprisingly, 33 out of 36 of the ponds
we sampled belonged to one or the other of these two types. Therefore, we focused on these
two types of ponds to characterize potential effluent quality by pond type (Table 2; Figure 7). No
significant differences were found in the microbial levels of the two types of ponds, although
streptococci were moderately high across pond types compared to coliforms. Salinity was
significantly higher in pond type 3 (p = 0.046) and temperature (p = 0.057), BOD5 (p = 0.083),
and total nitrogen (p = 0.135) were only marginally higher in type 6.

Figure 7.- Comparison of microbial and physicochemical levels in the two most
common types of ponds.
Relations among management practices and downstream physicochemical and microbial levels
A Spearman’s rank correlation analysis of relations between a set of management practices and
downstream physicochemical and microbial levels revealed a number of significant associations
of some practices with physicochemistry. Interpreting correlation"!0.50 coefficient of -0.50 as
significant, all physicochemical variables had at least one significant association except
temperature. No such associations were found between microbial levels and management
practices (Appendix table A-1). There were some intuitive relationships such as positive
associations between the number of species present on a farm and average pond size with
downstream levels of total nitrogen; these relationships were tracked closely by the level of total
phosphates, although correlations were slightly below the cutoff we imposed for significant
associations. Another intuitive positive association was the proportion of ponds with top effluent
release and downstream dissolved oxygen. However, other associations that were found may not
be clearly interpretable. In fact, a negative relationship between the practice of draining ponds to
harvest and the level of total phosphorus downstream seems counterintuitive.
!
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DISCUSSION
The male domination of aquaculture in Ghana is not unlike commercial land-based agriculture in
the country where males, who are usually the heads of families, are undertake production of cash
crops while dedicating land for subsistence farming to their spouses. Under this arrangement,
males usually take responsibility for land clearing (this is regarded as the most labor intensive
part of farming) whether personally or through paid labor. Pond digging and associated site
preparation activities are labor intensive in Ghana and not surprisingly attracts more males to the
business than females. Females are more involved with processing and trading aquaculture
products, which is a facet of the industry we did not study. A surprising aspect of the profile of
fish farmers in Ghana is that the average farmer is young (in their mid to late 40’s) and relatively
well-educated. Coupled with the observation that most farms were started less 10 years ago, it is
clear that the industry is rapidly"youngrecruiting a new profile of farmers , with at least
secondary education. There is a new growth phase of building up farm infrastructure and this is
happening with increasing literacy level of farmers. Design of education and training programs
for Ghanaian fish farmers should use this shifting demography advantageously.
There was a palpable level of consciousness among farmers regarding potential effects of
farming practices on the surrounding aquatic environment. The observed level of use of effluent
management practices such as water reuse, vegetated drainage canals/ditches, settling ponds,
natural wetlands could be characterized as the industry being ahead in terms of adoption of
environmental BMPs. The BMP workshop held in Ghana in November 2009 reinforced the
usefulness of these practices and any farmers who were oblivious to the need for BMPs learned
and appreciated the new insights offered at the workshop through presentations, breakout group
discussions, and farmer-to-farmer interactions.
Overall, farms had a different level of physicochemical quality but the same levels of microbial
levels compared to receiving streams. Temperature, nutrients, solids, and oxygen demand were
all at elevated levels in ponds. This was expected because these ponds are actively managed,
including fertilizing and daily feeding. Activity of concentrated fish in ponds would also be
expected to keep solids suspended even in the absence of harvesting activities. High temperature
in ponds can be explained by standing water exposed to the sun. There was no evidence that the
elevated level of nutrients, solids, and oxygen demand on farms caused high levels of these
variables downstream. Although this conclusion is made on statistical grounds, we noticed a
pattern of pond water and downstream water being the least statistically distinguishable
compared to pond versus upstream or reference. Thus, how effluents are managed over time may
well make the difference in avoiding future detectable effects of ponds on receiving stream water
quality.
The biological assessment showed that fish and macroinvertebrate assemblages are similar in
receiving and reference streams. The overall high diversity of macroinvertebrate assemblages
suggests that the study area as a whole maintains a relatively natural aquatic environment. The
lower nonguarder fish presence in the reference assemblage may be the beginning of assemblages
around ponds evolving toward species with complex reproduction patterns. This pattern could be
predicted in the face of a change in the aquatic environment around farms that demands more
protection of eggs or offspring to improve reproductive success and persistence. This single
metric cannot be used to make sweeping conclusions, though; in general signals of changing
assemblages in several related metrics makes for a more robust conclusion of impact. It is not
surprising also that fish assemblages upstream and downstream of ponds were not different even
!
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for the nonguarder species metric. Fish are mobile and any alterations downstream would
eventually be observed upstream as well because assemblages mix. A seemingly plausible
explanation for the absence of significant differences in fish and macroinvertebrate assemblages
between reference and receiving streams is possible insensitivity of the metrics chosen to
characterize differences. However, these metrics have been shown to be sensitive to various other
impacts in the bioassessment literature. Because we saw no differences in water quality either, we
are more confident that ponds have not thus far exerted any appreciable impacts on their
receiving water environment.
Some of the patterns of management practices that led to clustering ponds into six types appear to
have intuitive explanations. Complete draining in type 2 can be attributed to the fact that seining
in a Clarias earthen ponds is generally unsuccessful because Clarias can bury itself in the pond
bottom out of the reach of the seine. This is also the case with other clusters that culture Clarias,
where some level of draining must accompany harvesting. Type 4 presents a different scenario,
where the monoculture of Clarias sees no draining with harvest. This resembles the situation in
nursery ponds and tanks, which is supported by the extremely small sizes of ponds, high stocking
density, and a large numbers of harvest events in this cluster. In the study area, fry production
was more common for Clarias than Oreochromis. Most farmers started with a parent stock of
Oreochromis and relied on the prolific breeding of this species to sustain the stock, unlike
Clarias ponds, which have to be stocked with fry for each production cycle.
Interestingly, the two pond types that we had sufficient data on did not differ in the quality of key
effluent components. At least for these two types of ponds (Oreochromis only and ClariaOreochromis polyculture) management does not appear to be different enough to result in
differences in water quality. We have no data to make the same conclusion across all the pond
types. It will be interesting in future studies to collect data for all pond types. In particular, pond
type 1 that are larger and have more than two species appear to be the most intensively managed
and, though not as common, would need to be studied closely in future investigations.
A direct link between management practices and downstream water quality was challenging in
this study for three reasons. Firstly, farms were quite similar in various ways and did not present
sufficient contrast for comparing effects of practices. Secondly, the downstream had not been
altered significantly as concluded from other analyses, also adding to the range issue in receiving
water. Finally, sample size was too small for rigorous farm level analysis and even nonparametric
analyses had short comings of low power. We think the concept was laid out clearly by our
approach in this study and future studies should expand sample sizes, howbeit at much higher
cost, to afford the needed analytical rigor. All three problems outlined above will be ameliorated
by using a larger sample size for the water quality and farm survey studies.
In the light of this study and what is internationally recognized as good practices to reduce
adverse interaction of aquaculture with surrounding aquatic environments, initial BMP guidelines
were developed and brochures/leaflets prepared for farmers and other workshop participants
covering effluent management, feeding and nutrient management, and biodiversity. These are
designed to be used as posters on farms and in institutional offices to be constant reminders and
also create awareness. We believe adherence to these simple guidelines will keep the aquaculture
industry in Ghana free of regulations for the foreseeable future.

CONCLUSIONS
!
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•

Ponds in the Ashanti and Brong Ahafo regions of Ghana generally hold a different water
quality compared to receiving streams and the receiving streams are of more natural nutrient,
solids, and BOD5 status.

•

We found no evidence that receiving stream water quality or biota (fish and benthic
macroinvertebrates) are adversely affected at the moment by aquaculture activities

•

Any potential effects in the future will depend on how effluents are managed, including the
frequency and volume of releases and under what conditions effluents are handled before
reaching receiving waters

•

Majority of farms already have some environmental Best Management Practices (BMPs) in
place, including, water reuse mechanisms, vegetated ditches/canals, settling basins, draining
into natural wetlands, and top release of pond water

•

Continuing to implement broadly focused environmental BMPs can obviate any need for
regulations on aquaculture effluents in the foreseeable future in Ghana

Anticipated Benefits
This study has provided a solid baseline of information about pond aquaculture environment
interaction in the forest zone of Ghana. To our knowledge, this is the first of its kind in the humid
forest zone of sub-Saharan Africa and will serve as an important reference for regulatory
institutions, researchers, environmental organizations, and donor agencies when considering
development of environmentally friendly aquaculture in the region. The protocol used for this
study is available for replication in other countries of the region. As peer-reviewed publications
emerge from this study in the next year, we expect this study to contribute to international
understanding of pond aquaculture-environment interactions in a developing country context.
Because of effective dissemination of the result of this study through a 2-day workshop, the
Environmental Protection Agency, Water Research Institute, and Fisheries Commission are all
aware of the existence and key results of this study. Farmers likewise have gained awareness of
this study and are expected to put them into practice to further improve already good
environmental record of the industry. Farmers’ enthusiasm about working with scientists and
with each other was heightened at the workshop. This study is the basis of an MS thesis of Mr.
Yaw Ansah who is completing his studies at Virginia Tech University in May 2010 and
supported by Aquafish CRSP and Virginia Tech. Mr. Ansah will be an asset in the future for
environmentally sustainable aquaculture development in the region. At least six Ghanaian
students received non degree training at KNUST through participation in this project; one
American student volunteer was also trained by the project in Ghana and two American graduate
students who were involved in laboratory analysis of samples transported to Virginia tech were
also trained thereby. The Fisheries and Watershed Management department at KNUST has seen a
rapid increase in student interest in majoring in Fisheries and Aquaculture and in getting involved
with CRSP research. These are capacity building outcomes of this project that is beyond what
was originally projected.
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Appendix Table A-1: Correlation of management practices with physicochemical and microbial levels downstream of
farms. The correlation coefficient is nonparametric (Spearman’s rank type).

Coli

Settleable
Solids

TSS

TP

TN

BOD5

pH

Temp

-0.33

-0.36

-0.34

-0.21

0.06

-0.13

-0.55

-0.06

-0.21

-0.32

Number of ponds

0.02

-0.37

0.35

0.39

0.05

0.24

-0.25

-0.56

-0.11

Integrated farming

-0.26

0.41

-0.02

0.14

-0.06

0.13

0.15

0.36

-0.12

Frequency of feeding

-0.31

-0.30

-0.23

-0.15

-0.27

-0.02

-0.49

-0.47

Average pond size

-0.18

-0.37

-0.39

-0.53

0.41

0.59

0.40

Drain to Harvest

0.08

0.25

0.08

0.04

-0.66

-0.37

Frequency of effluent releases
Proportion of ponds with top
release

0.34

0.18

0.49

0.36

-0.15

0.29

0.11

-0.02

-0.19

-0.12

-0.06

Bottom Release

0.06

-0.05

0.07

0.07

-0.02

Water Reuse

0.18

-0.02

0.14

0.30

0.32

Species Present

-0.02

-0.12

0.41

0.38

0.45

Strep
Age of farm

!

Conductivity TDS

Salinity

DO

-0.32

-0.01

0.33

-0.82

-0.82

-0.36

-0.35

0.60

0.60

0.27

0.48

0.05

-0.42

-0.42

-0.53

0.36

0.51

0.40

0.35

0.35

0.14

-0.09

-0.04

-0.30

0.12

-0.06

-0.06

-0.32

0.12

0.07

-0.34

0.36

-0.18

-0.18

-0.47

-0.28

-0.12

-0.16

-0.04

-0.33

-0.15

-0.15

-0.19

0.53

0.07

0.03

0.21

0.28

-0.05

-0.05

-0.08

-0.10

0.30

0.42

0.22

-0.01

0.04

0.04

-0.16

0.04

0.63

-0.36

0.07

0.12

-0.21

-0.21

0.08

-0.24
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ABSTRACT
A study was conducted at the Boca de Camichin Estuary, Nayarit, Mexico, to determine
the carrying capacity of the lagoon in order to inform management decisions for the oyster
industry and guide watershed management efforts. The findings indicate that the estuary is
predominantly heterotrophic throughout the three principal seasons. Although nutrient
loads and oxygen demands are high, the estuary does not yet experience notable
eutrophication, although it may be on the verge of this in some areas. Eutrophication is
largely prevented by the high water inputs from the river and ocean. Any infrastructure
development or increased nutrient inputs could move the system towards an eutrophic
state. Hence care should be taken in planning any development projects or expansion of
current industries, including oyster farming.
INTRODUCTION
Coastal lagoons are among the most important ecosystems on the plant and generally have
high levels of biodiversity. For example, coastal lagoons host the highest number of
vertebrates in the world: 50 order, 445 families and approximately 22,000 species (Ray
1991; Toledo 2003). They form the basis for the rich fisheries and aquaculture industries
of Mexico, as well as providing food and livelihoods to coastal residents (AlonsoRodriguez and Paez-Osuna 2001). A coastal lagoon is defined as a depression in the
coastal zone that is connected to the open sea with some sort of protecting barrier island
(Lankford 1997). Mexican coastal lagoons have 12,555 km2 of water surface (Cardenas
1969). Water quality in most Mexican coastal lagoons has deteriorated in recent years due
to increasing populations and human activities (NRC 2000), resulting in significant
increases in organic material and nutrients such as nitrogen, phosphorus. The shrimp
industry has also contributed to inputs of organic nutrients (Paez-Osuna et al. 1997). All of
Mexico’s lagoons and their resources are considered to be at risk for significant impacts
from pollutants.
This study focuses on modeling the carrying capacity of an important coastal lagoon, Boca
de Camichin, Nayarit. This area is the site of the southern oyster culture industry and is an
important fisheries and tourism area. Data was collected on dissolved nutrients,
!
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meteorological conditions, hyrdology and oceanographic conditions to determine the
tendency to transform, transport, accumulate or export organic nutrients. The study used
the recommended methods of the LOICZ commission (Land-Ocean Interactions in the
Coastal Zone) for modeling estuary carrying capacity, and hence the results can be
compared to other estuaries in Mexico and in other countries. The results are intended to
inform coastal managers and stakeholders, particularly the oyster farmers located in the
areas. The oyster industry is a valuable economic driver in the impoverished region of
Nayarit; hence the importance of managing it in a sustainable manner as there has been
some concern in recent years that expansion of the oysters farms in this narrow estuary or
upriver activities might lead to the carrying capacity of the system being exceeded.
STUDY SITE
The Boca de Camichin is a narrow estuary located in the Municipality of Santiago
Ixcuintla (from 21º 37’ to 22º 16’ N and from 104º 53’ to 105º 39’ E) in the State of
Nayarit. Boca de Camichin has approximate 1078 inhabitants (587 males and 491
females) in 256 families. It is located 5 masl (INEGI 2005a). This coastal lagoon is
located at the mouth of the San Pedro River (from 21° 43' 26’’ to 21° 45' 41’’ N and from
105° 29' 2’’ to 105° 30' 22’’ E). The San Pedro River watershed is 26,480 km2 in size and
has 84,314 inhabitants (INEGI, 2005b). The municipality has 54,037.27 ha in agriculture
and up close to 50,000 farmed animals (cows, pigs, sheep, etc.). This area is part of the
larger wetland system known as the Marismas Nacionales (National Wetlands), an area of
national significance due to its extensive wetlands and mangrove areas (20% of the
national total) (Figure 1).

Figure 1. Boca de Camichin Estuary system.

Boca de Camichin has a hot-dry climate, with a rainy season between June and October
with the highest rain levels between July and September. The hottest months are from
May to October, with June and July being the hottest months (Table 1).
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Table 1. Precipitation and temperature in Nayarit State. Source: CNA (2009)

Average precipitation (mm)

Average temperature (°C)

Period (1941-2005)

Period (1980-2004)

January

18.8

20.4

February

9.8

20.8

March

4.5

22.0

April

4.0

23.8

May

7.4

25.6

June

136.2

27.1

July

280.5

26.4

August
September

277.2
222.6

26.3
26.2

October

76.0

25.5

November

15.3

23.4

December

16.3

21.1

Annual

1068.7

24.1

Month

METHODS
There are five “rainy” months from June to October, during which 93% of the annual
precipitation occurs. There are considered to be three seasons, “rainy”, “dry/cold” and
“dry/hot”. Three months representative of these seasons were chosen as months during
which sampling would occur: October (rainy), February (dry/cold) and April (dry/hot).
Water samples were collected from Boca de Camichin during these months by CIAD and
UAS personnel. Sampling stations within the estuary are shown in Table 2 and Figure 2.
At each sampling station, temperature, salinity, pH, turbidity and dissolved oxygen were
measured. One thousand milliliters of water were also taken for evaluation of nitrates,
nitrites, ammonia, orthophosphates and chlorophyll a, according to the methods described
by Parsons et al. (1984), total soluble phosphorus and total particulate phosphorus
(Valderrama 1981) and organic material (NMX-AA-034-SCFI-2001).
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Table 2. Geographic positions of sampling stations at Boca de Camichin.

Station

!

Geographic location
Longitude

Latitude

1

21º 43' 16.9''

105º 29' 39.6''

2

21º 43' 47.0''

105º 30' 01.1''

3

21º 43' 49.8''

105º 29' 06.5''

4

21º 44' 11.2''

105º 29' 21.5''

5

21º 44' 29.6''

105º 29' 35.4''

6

21º 44' 39.5''

105º 29' 41.7''

7

21º 44' 58.9''

105º 29' 48.5''

8

21º 45' 10.9''

105º 29' 53.6''

9

21º 45' 39.6''

105º 29' 48.0''

10

21º 47' 16.4''

105º 29' 36.8''

11

21º 48' 48.6''

105º 30' 11.7''

12

21º 49' 55.5''

105º 28' 47.8''

13

21º 51' 17.1''

105º 28' 53.6''

14

21º 48' 32.9''

105º 31' 20.2''
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Figure 2. Sampling stations at Boca de Camichin. Source: http://earth.google.com/.

To determine the carrying capacity of the estuary system, the model developed by LOICZ
(Gordon et al. 1996) was used. This model was chosen due to its simplicity and demonstrated
utility as it has been used in multiple estuarine systems around the world, allowing the sharing
of biogeochemical budgets of coastal ecosystems Since the model is based on conservation of
mass, it is necessary to have data on all inputs and outputs in the system. The model is based
on data and modeling of nitrogen and phosphorus budgets, hydraulics, salinity profile and the
stoichiometry of the net ecosystem metabolism.
RESULTS
WATER QUALITY
Dry/hot season (April 2008)
Water quality during April, 2008, demonstrated less homogeneity than in October (rainy
season) and February, 2009 (dry/cold season). Maximum temperature in the upper zone was
28.5 °C with minimum values found in the middle of the estuary (24.2 °C) and at the mouth
(24.4 a 24.8 °C). There was no significant variation in salinity throughout the estuary,
although conditions indicated a marine influence with salinity between 34 and 35 ppt. Values
for pH ranged from 7.46 y 7.88, with the maximum values found at the mouth and the
minimum in the upper reaches. The maximum pH values were correlated with maximum
dissolved oxygen levels (8.15 mg/l), which suggests a possible phytoplankton bloom in this
area. This was corroborated by the high chlorophyll a levels (13.8 ± 0.7 mg/m3). Phosphorus
was homogeneously distributed across the estuary, varying between 0.070 ± 0.003 and 0.097
± 0.027 mg/L. Concentrations of orthophosphate were higher near the open ocean and the
upper river stations, ranging between 0.095 ± 0.000 and 0.115 ± 0.005 mg/L. In the case of
nitrogenous compounds, particularly nitrates and ammonia, the highest levels occurred in the
upper river areas, with values of 0.017 to 0.023 mg/L for nitrates and 0.034 ± 0.005 to 0.046 ±
0.004 mg/L for ammonia. Nitrates did not vary significantly between stations and averaged
0.005 mg/L.
!
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Wet season (October 2008)
Surface water temperatures were homogenous between sampling stations during the October
2008 sampling periods, varying between 31.5 y 33.7 ºC, similar to the inter-station
homogeneity found during the dry/hot season in April. Maximum salinities were found near
the mouth with values around 26 ppt and 11 ppt near the two mouths, while minimum values
were found in the estuary and upper reaches (0-1 ppt), demonstrating a clear riverine
influence. pH measurements revealed minimum values in the upper river areas with values of
6.85 to 6.92 and the maximum in the open ocean with 8.13 and 8.14. Dissolved oxygen
ranged from 4.01 to 7.70 mg/L with upper values in the open ocean zone and lower values in
the middle of the estuary. In the case of nutrients, maximum phosphorus values were found in
the interior of the estuary, with values ranging from 0.184 to 0.201 mg/L. Orthophosphate
values demonstrated a pattern similar to that found for phosphorus, with maximum value in
the interior of the estuary (0.124 ± 0.006 to 0.139 ± 0.005 mg/L) and lower values at the
mouth and upper river areas (0.056 ± 0.005 to 0.119 ± 0.002 mg/L). Nitrites and ammonia
had higher values in the interior of the estuary (0.008 ± 0.005 a 0.062 ± 0.007 mg/L ammonia
and 0.013 ± 0.001 a 0.016 ± 0.000 mg/L nitrites). The highest value for nitrate was found in
the open ocean with values ranging between 0.057 and 0.076 mg/L.
Dry/cold season (February 2009)
During the February 2009 sampling period, surface temperatures were homogenous with
values being only slight higher in the upper river areas. The lowest values were at the interior
of the estuary and towards the mouth. Salinity varied considerably, with the highest values
near the mouth (36 ppt) and diminished toward the upper river area (8 ppt). pH values during
this time were between 7.60 and 7.90. The maximum pH was near the mouth and in the upper
river zone. Dissolved oxygen varies between 7.6 and 13.2 mg/L. Dissolved oxygen was stable
throughout the area, with values between 1.0 ± 0.2 y 4.8 ± 2.0 mg/m3. In the case of nutrients,
maximum concentrations of total phosphorus were found in the interior of the estuary with
values of 0.056 ± 0.000 a 0.078 ± 0.000 mg/L. Orthophosphate levels were similar to those
observed for total phosphours with the maximum values found in the estuary in the range of
0.097 ± 0.002 mg/L, and with lower values near the mouth ranging between 0.024 ± 0.001 a
0.039 ± 0.003 mg/L. Ammonia and nitrates were highest near the interior of the estuary with
0.075 ± 0.005 to
0.131 ± 0.005 mg/L for ammonia and 0.061 a 0.114 mg/L for nitrates. Nitrite values were
relatively low at all stations. At some points the levels were low enough that they could not be
detected, and maximum concentrations were 0.007 ± 0.001 mg/L.
SEASONAL CHANGES
Precipitation and salinity
During the dry/hot season (April 2008), precipitation was 5.31 mm/month and salinity
averaged 35 ppt, occasionally rising. During the wet season (October, 2008), precipitation
was 198.66 mm/month, thereby reducing salinity to 1.14 ppt. During the dry/cold season
(February, 2009), precipitation was 15.05 mm/month and salinity averaged 27.5 ppt.
Dry/hot season
Hydraulic balance
The hydraulic balance was calculated. Input due to precipitation was 5.31 mm/month,
representing 366. 4 m3/day for the entire system. There was also an input of 220,611 m3/day
of water from the San Pedro River. Evaporation was calculated to be 387.1 m3/day. The total
water input exceeds losses by 220, 590 m3/day. Water exchange with the Pacific Ocean due to
tides and currents was estimated to be 15.3 million m3/day. It is therefore estimated that it
takes 0.4 days to completely exchange the water in this estuary season.
!
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Nutrient budgets and system metabolism
The phosphorus balance for the estuary is 19.11 tons/month, with 2.14 tons/month coming
from the river. The nitrogen balance for the system was 90.86 tons/month with 1.57
tons/month coming from the river. The high concentrations of nitrogen and the oxygen
requirements to process this are higher than the oxygen liberated through photosynthetic
processes. The system is therefore predominantly a net heterotrophic system during this time,
with a possible tendency towards eutrophication (Table 4).
Rainy season
Hydraulic balance
During this season the system received 1.63 million m3/day of water from the San Pedro
River along with 13,77.9 m3/day in precipitation. Losses from evaporation were 387.1
m3/day. Inputs were therefore greater than losses, so that the system exported water to the
ocean, approximately 16.3 million m3/day. Water exchange due to currents and tides was 9.1
million m3/day with the ocean. As the system has an approximate volume of 6.0 million
m3/day, the rate of exchange is 0.82 days so that the residence time of water is approximately
the same as in the dry/hot season.
Nutrient budgets and system metabolism
The system’s phosphorus balance was 74.53 tons/month, with 130.45 tons/month coming
from the San Pedro River. The nitrogen balance was 20.69 tons/month with 23.53
tons/months. As in the case of the dry/hot season, the high concentration of nitrogen and
oxygen requirements to process this are greater than the oxygen produced by photosynthesis
and therefore the system’s metabolism is heterotrophic.
Dry/cold season
Hydraulic balance
The system received 3.9 million m3/day from the San Pedro River with 1,0404.4 m3/day
from precipitation. Losses from evaporation were 387.1 m3/day. The system therefore
exported water to the ocean, approximately 3.9 million m3/day. The water exchange due to
currents and tides was 22.6 million m3/day. Water turn over in the system was 0.3 days.
Nutrient budgets and system metabolism
The system’s phosphorus balance was 90.62 tons/month, with 23.16 tons/month coming from
the San Pedro River. The nitrogen balance was 162.78 tons/month with 24.21 tons/months.
Once again, the high concentration of nitrogen, and the oxygen requirements to process this,
are greater than the oxygen produced by photosynthesis and therefore the system’s
metabolism is heterotrophic (Table 3).
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Table 3. Flows of phosphorus and nitrogen, primary productivity and system metabolism in
the Boca de Camichin, Nayarit.

Dry/hot Season Rainy Season Dry/cold Season
19 April 2008

5 October 2008 2 February 2009

Phosphorus balance (tons/month) 19.11

74.35

90.62

Phosphorus from San Pedro River 2.14
(tons/month)

130.45

23.16

Nitrogen balance (tons/month)

20.69

162.78

23.53

24.21

-480.01

-585.03

90.86

Nitrogen from San Pedro River 1.57
(tons/month)
2

Primary productivity (g/m /month) -123.39
Metabolism

Heterotrophic Heterotrophic

Heterotrophic

CONCLUSIONS
The Boca de Camichin estuary system is primarily dominated by heterotrophic processes
originating mostly from the large amount of organic material. The mass balance indicates that
the interior of the estuary accumulates high concentrations of phosphate (19-90 tons/month)
and nitrogen (90-162 tons/month). The heterotrophic nature of the system indicates that there
is greater oxygen consumption than is produced by photosynthetic processes. Despite this,
levels did not reach the eutrophic state, possibly due to the high volume and rapid rate of
water exchange. Maintaining this dynamic is essential to maintaining the productivity of this
system and preventing eutrophication. Any reduction water flows from the river, increases in
nutrient input or reduction in exchange with the ocean runs the risk of generating sites within
the system that may become eutrophic. Infrastructure creation as the region grows may pose a
particular risk to this area, damaging not only the ecological balance in this estuary, but also
the associated oyster culture, fisheries and by association, the growing tourism in this area.
During the dry/hot season, the system receives significant inputs from the ocean, as indicated
by high salinities throughout the system and low water levels in the San Pedro River. During
the rainy season, this is reversed as the freshwater inputs from the river dominate the system
and salinity falls, even at the mouth of the estuary. An intermediate situation is observed
during the dry/cold season when the flow of the river begins to diminish. The main canal
formed within the narrow estuary has a depth of 3-6 meters, which lends itself to high water
flow.
According to the findings of this study, the carrying capacity of this system may be close to a
tipping point in terms of whether eutrophication may occur. The large input of organic
materials, possible from urban, agricultural and aquaculture sources, produces a high demand
for oxygen, which could eventually lead to eutrophic conditions if any factor within the
system is altered in the future. The current oyster culture activity could be at risk if
eutrophication occurs. It is therefore recommended that any expansion of the industry be
limited, or at least conducted in such a manner that large increases in organic material do not
!
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occur. It is important to note, however, that it is more likely that changes will occur to the
system from development in the upper watershed, or through restrictions to the flow of the
San Pedro River as increased demand for freshwater occurs. It is therefore important that
decision-makers and other stakeholder become aware of the sensitive status of the coastal
estuaries and the possible social and economic losses that will occur if the ecological balance
is altered.
The full report which contains all data is available from the principal author, Dr. Omar
Calvario Martinez at: ocalvario@ciad.mx
BENEFITS
Approximately 700 people who culture oysters at Boca de Camichin benefited from this study
as well as five institutions which participated or which received the results. Given the
importance of the findings, the full report is being distributed to decision-makers and other
stakeholders in the municipality, as well as to stakeholders working in natural resources
management in the area.
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ABSTRACT
We defined inland small-sized fish species in lower Mekong River basin of Cambodia and
Vietnam as species that generally have a maximal total length of equal to or less than 25 cm
and a low market value, generally 5-10 times lower a market value of big-sized or
commercially important fish species. The lower Mekong River basin of Cambodia and
Vietnam was very rich in small-sized fish species diversity. In total, at least 200 inland smallsized fish species are found and identified. Many of these small-sized fish species were truly
abundant in the region. The most abundant small-sized fish was Trey riel in Khmer or Cá
linh ria in Vietnamese (mainly Cirrhinus siamensis and C. lobatus). Top ten small-sized fish
species were also identified in both Cambodia and Vietnam. The proportion of small-sized
fish species was more than 80% of the total inland fish catch. Of the total inland small-sized
fish catch, juvenile of big-sized fish varied from 35 to 51%.
Aquaculture of carnivorous (including snakeheads) and omnivorous fish species in the lower
Mekong River basin of Cambodia and Vietnam was highly dependent on inland fisheries of
small-sized fish for sourcing key dietary nutrient inputs. The ban on snakehead farming in
Cambodia seemed to be ineffective as resources for implementation are lacking. The use of
inland small-sized fish for snakehead farming in the Mekong Delta of Vietnam had both
negative and positive impacts.
This study had very important implications for sustainable utilization and management of
inland small-sized fish resource and for sustainable development of snakehead aquaculture in
the lower Mekong River basin of Cambodia and Vietnam.
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INTRODUCTION
The Mekong (Fig. 1) is the twelfth longest river in the world, the seventh longest river in
Asia, and the longest river in Southeast Asia (Rainboth, 1996). It is born in the glaciers over
5,000 m above sea level in the Tibetan Himalayas, from where it flows through six countries
(China, Myanmar, Laos, Thailand, Cambodia and Vietnam) for 4,880 km before it empties
into the South China Sea in southern Vietnam. It has a drainage area of 802,900 km2 and an
average run-off of 475,000 million m3 (Rainboth, 1996). As the Mekong passes into
Cambodia it flows over the Khone Falls (the highest natural waterfall, with an elevation drop
of 21 m) and follows a nearly straight course with many stretches of rapids through eastern
Cambodia. In eastern Cambodia (Kratie province), the riverflow records indicate that the
seasonal discharge of the Mekong has a rainy season maximum to dry season minimum ratio
of 53.6. This seasonal flow change is much more pronounced in the Mekong than in any
other great river of the world (Welcomme, 1979). Between June and September/October,
when the Mekong floods are rising in Chaktomouk (also known as Quatre Bras), the
discharge is diverted into three branches: (1) the Mekong proper, also named Lower Mekong
or Mekong Krom in Cambodian (which receives 62-68% of the flow; (2) Bassac River
(receiving 12-14%); and (3) Tonle Sap (also named Great Lake) (receiving 11 to 23%).
The contribution of various ecotones to global biodiversity reaches in Southeast Asia the
status of hotspot (Myers et al., 2000). The Indo-Burma region, including the Mekong River
basin, is no exception (Kottelat, 1989; Rainboth, 1996). The aquatic resources of the basin
represent an enormous biodiversity with an estimated 1,700 fish species (Cambodia harbours
approximately 500 fish species) (Rainboth, 1996) and numerous other aquatic animals and
plants. Its extremely diverse fish community reflects past climatic and geological processes,
which have brought together the fauna of several river systems (Rainboth, 1996), and places
the Mekong among the top three rivers in the world (after the Amazon and the Zaïre/Congo)
(Dudgeon, 2000).
The number of endemic fish species is very high in the Mekong River basin (e.g. 28 species
of Cyprinidae; 17 of Cobitidae) (So, 2005). The fish fauna comprises carps (Cyprinidae –
54%), catfishes (Pangasiidae, Siluridae, Clariidae, Schilbeidae, Bargridae, Sisoridae and
Askydae – 19%) and murrels (Chanidae and Ophicephalidae – 8%). The remaining 19%
consists of featherbacks (Notopteridae), herring (Clupeidae), climbing perch and gouramis
(Anabantidae) and other miscellaneous groups.
Fish has long been critical to all Cambodians as well as other Mekong riparian countries. It is
a major source of nutritious food in the daily diet, a primary source of income and has strong
cultural and religious significance. Fisheries matter a great deal to the millions of people who
live on the banks of the country’s rivers, particularly those living in and around the Tonle Sap
Great Lake. Cambodians are considered one of the highest per capita consumers of
freshwater fish in the world. The recent study jointly conducted by IFReDI and MRC found
that the average fish consumption rate is 52.4 kg per person per year, which is in the midupper level of world ranges of 15–90 kg per person per year (Hortle, 2007). Therefore fish
provide 82.1% of the total animal protein intake for the population. Cambodia fisheries
contribute 8-12% of the Cambodia’s GDP accounting for 31 percent of the GDP contribution
of the agriculture sector (Kurien et al., 2006). Fisheries from the Cambodia's Mekong River
basin contribute over 80 percent of the total annual fish catch in Cambodia, being equal to
approximately 450,000 tones. Its value ranged from US$250 million at the landing sites to
US$500 million at markets (So & Buoy, 2005).
Thousands of tonnes of low value or small-sized fish are caught along their migration route,
from Tonle Sap up the Mekong River to Khone Falls, and into tributaries. By estimation, at
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least 16,000 tonnes were caught by only one commercial type of fishing gear (bag net or dai)
during 2004 (Hortle et al., 2004), more than 30,000 tonnes during 2005, and recently (2008)
its catch dropped to 12,000 tonnes (FiA, 2009). Moreover, fishing in the river systems and
their wetlands is highly diverse, and over 150 fishing methods are employed to fish smallsized fish (Hortle et al., 2004). No national statistical data of the production of total smallsized fish (including species, size and composition) are available.
Cambodia aquaculture represents about 10% of the total inland fisheries production (So &
Haing, 2007), while the Mekong delta in Vietnam approximately 20% (Phillips, 2002). They
have expanded, diversified and intensified; their contributions to aquatic food production
have increased gradually and potentially. They are highly diverse and consist of a broad
spectrum of systems, practices and operations, ranging from simple backyard small,
household pond systems to large-scale, highly intensive, commercially oriented practices. In
Cambodia, over 70% of freshwater aquaculture production come from cage culture (total:
4,492 fish cages) operated in Mekong basin, including the Tonle Sap Great Lake (43%),
Tonle Sap River (17%), upper stretch of the Mekong River (19%), lower stretch of the
Mekong River (14%) and Bassac River (7%) (So & Thuok, 1999). It is entirely dependent on
wild fish both as seed and feed (So Nam et al. 2005). In Vietnam, about 4,639 fish cages are
operated in four Mekong delta provinces, especially in An Giang and Dong Thap provinces,
while about 17,000 ha of earthen ponds are used for fish culture there. The most commonly
cultured fish species in the Lower Mekong Basin of Cambodia and Vietnam are snakehead
(Channa micropeltes and C. striata), pangasiid catfish (Pangasianodon hypophthalmus),
hybrid clarias catfish (C. btrachus x C. gariepinus), and giant freshwater prawn
(Macrobrachium rosenbergii). Aquaculture of carnivorous and omnivorous fish species is
highly dependent on inland fisheries of small-sized fish for sourcing key dietary nutrient
inputs (So et al., 2005).
The government of Cambodia put a ban on snakehead farming in May 2005 and the reasons
for this were the potential negative impacts on wild fish populations from wasteful snakehead
seed collection and on other fish species diversity, and also potential negative effects on poor
consumer groups from decreased availability of low valued fish. The incentives for choosing
snakehead before other fish species by fish farmers are strong, generating more than 10 times
higher profits (personal information, 2007).
The specific objectives of this study are as follows:
- To assess the diversity of small-sized/low value fish in order to characterize these
small-sized fish into different species, genus and family;
- To estimate the abundance and catches of small-sized/low value fish in order to
determine the current status and trends of small-sized/low value fish in the total inland
fish catch;
- To quantify the share of juvenile of commercially important fish species in total catch
of small-sized fish in order to provide foundation for tailoring planning and
management of inland fisheries;
- To assess impacts of the use of small-sized fish for aquaculture and ban on snakehead
culture in Cambodia on socioeconomics of fish farmers and wild fish populations; and
- To provide wise recommendations to develop fisheries management strategies/actions
for small-sized fish management in order to mitigate negative impacts at national and
sub-regional levels.
METHODS AND MATERIALS
The study comprised four interrelated parts: (1) Literature review and laptop survey
(questionnaire) work; (2) Consultations and field survey; (3) Ground truthing; and (4) Data
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analysis to provide insight into more recent status of use of inland small-sized fish and
impacts of use of small-sized fish for aquaculture the Lower Mekong River basin of
Cambodia and Vietnam.
Literature reviews
The literature review involved compiling existing information on (1) broad categories of
aquaculture and general fisheries; (2) Fisheries statistics (1990-2008), Mekong Fish Database
(2003) and FishBase (2008); and (3) use of small-sized or low value fish in Cambodia, and
other Mekong riparian countries, and in Asia (Annex 1). The secondary information
combined with information from short consultations key informants was useful for
developing questionnaires and small-sized fish photo books for field interviews, and for
planning ground truthing activities (See the below paragraphs).
Consultations with key informants
In Cambodia, seven short consultations with key provincial fisheries officers, local authorities
and fisheries communities were carried out in October and November 2008 in seven
provinces: Kampong Cham, Kandal, Phnom Penh, Kampong Chhnang, Battambang and Siem
Reap (Fig. 2) in order to collect general information on fish and fisheries, and aquaculture
status. Afterward, similar consultations were conducted in three provinces of Vietnam: An
Giang, Dong Thap and Can Tho (Fig. 2).
Full field surveys with fishers
Field surveys in Cambodia were conducted between December 2008 and March 2009 by
interviews of 350 medium and large-scale fishers who are using different types of major
fishing gears (e.g. cast-net, seine-net, encircling seine-net, deep drag-net/trawl, pair trawl,
giant lift net, net fence system with pen/bor, bag-net/dai, and fishing lot/fence/barrage) to
catch small-sized fish species in order to collect information of species diversity, catch,
importance, and harvesting issues of small-sized fish resources, proportion of small-sized and
big- sized fish, and proportion of juvenile of big-sized or commercially important fish species
using three types of prepared standard semi-open questionnaires (Annex 2) and small-sized
fish photo book (Annex 3). The questionnaires and small-sized fish photo book were
developed by the Project. The field survey included seven Cambodian provinces: one,
Kampong Cham province located on the upper Mekong River; one, Prey Veng on the lower
Mekong River; two Kandal and Phnom Penh on Tonle Sap River; and three, Kampong
Chhnang, Battambang and Siem Reap located on Tonle Sap Lake, covering all major river
branches, with a distance of over 500 km (Fig. 2; Table 1). Each of the above provinces has
its specific common fishing gears to catch small-sized fish, and interviews were carried out
with fishers who are operating all types of specific common fishing gears in each province
(Table 1). Similar field surveys were also conducted between February and March 2009 by
interviews of 69 fishers in three provinces of An Giang, Dong Thap and Can Tho in Vietnam
(Fig. 2) using a standard semi-open questionnaire (Annex 2).
Full field surveys with fish farmers
Aquaculture surveys were carried out in both Cambodia and Vietnam in order to understand
impacts of the ban on snakehead culture in Cambodia, and status and impacts of use of smallsized fish for aquaculture in Vietnam using two types of standard questionnaires (Annex 4)
and small-sized fish photo book, which were developed by the Project. The field surveys in
Cambodia were conducted by interviews of 203 fish farmers who used to culture snakehead
before the ban and now are operating snakehead, pangasiid or hybrid catfish culture in cages
and ponds between December 2008 and March 2009 in seven provinces: Kampong Cham,
Kandal, Phnom Penh, Kampong Chhnang, Battambang and Siem Reap, while the surveys in
Vietnam were conducted by interviews of 100 snakehead farmers between February and
262

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
March 2009 in three major aquaculture Mekong delta provinces: An Giang, Dong Thap and
Can Tho (Fig. 2; Table 1).
Ground truthing
In addition, two IFReDI fish biologists conducted fish species catch composition analysis and
fish species identification, and took fish photographs in the grounds, where fishers using
different types of fishing gears to catch small-sized fish species, which complement to the
above field interviews. Fish identification and catch composition analysis was intensively
carried out during the whole bag-net (Dai) fishing season along Tonle Sap River from
November 2008 to February 2009. Each month fish sampling, identification and catch
composition analysis was conducted for one week. Fish identification in the field or at
IFReDI laboratory was based a few books available in the Mekong region, e.g. MFD (2003),
Kottela (2001), Rainboth (1996), and Kottela et al. (1993).
Data analysis
Data were thoroughly and carefully analyzed using SPSS and Microsoft Excel. They
included small-sized fish catch, small-sized fish species diversity, size of dominant smallsized fish species, price of small-sized fish, proportion of small-sized and big- sized fish,
proportion of juvenile of big-sized or commercially important fish species, perceptions and
impact of the ban, and impacts of use of small-sized fish for aquaculture on natural fish stocks
and availability of small-sized fish for local consumption, and general problems for the
farmers and fishers.
RESULTS AND DISCUSSIONS
The total number of interviews made during the field study was 722 (419 fishers: 350 in
Cambodia and 69 in Vietnam, and 303 fish farmers: 203 in Cambodia and 100 in Vietnam)
(See Table 1). The number of interviews made in the different provinces was 80 in Kampong
Cham, 80 in Prey Veng, 79 in Kandal, 80 in Phnom Penh, 80 in Kampong Chhnang, 74 in
Battambang, 80 in Siem Reap, 50 in An Giang, 59 in Dong Thap and 60 in Can Tho.
Small-sized fish and inland fisheries
Based on this study small-sized fish species generally had a maximal total length of equal to
or less than 25 cm. They generally had a 10.5-time lower market value than big-sized fish
species. Therefore small-sized fish species are more acceptable by and accessible to the poor
particularly in seasons of high production, which reflects the findings of Roos et al. (2007).
Funge-Smith et al. (2005) defined low value fish as: "Fish that have a low commercial value
by virtue of their low quality, small-size or low consumer preference. They are either used
for human consumption (often processed or preserved) or used for livestock/fish, either
directly or through reduction to fish meal/oil”.
Small-sized fish catch
In Cambodia, inland fisheries are significant for local food security, household income, and
export markets. Cambodia fishers operated at least 150 types of fishing gears (Hortle et al,
2004). Middle-scale fishers in Cambodia operated at least forty types of mobile fishing gears.
Anybody can fish by these middle-scale fishing gears, but a license is required. Of which, the
seven most common and popular fishing gears were selected for this study: cast-nets, seinenets, encircling seine-nets, deep drag-nets/trawls, pair trawls, giant lift nets, net fence system
with pens/bor in Tonle Sap and Mekong River basin and their floodplains. The average fish
catch was 10.9 tones per fish in 2008 (Table 2). This figure was declined from 19.7 tones per
fisher in 2001, representing a decline of approx. 45% since 2001. Small-sized fish was
abundant in the catch. The average proportion of small-sized fish catch in 2008 was 87.5% of
total fish catch by this type of fishers, while the big-sized fish catch was 12.1%. The trends of
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proportions of small-sized fish catch have increased since 2001, i.e. increasing from 79.7% in
2001, being an increase of about 10%. Of the small-sized fish catch, 38.3% was juvenile of
big-sized or commercially important fish species. The trends of proportions of juvenile of
big-sized fish have increased for the last eight years, i.e. increasing from 19.8% in 2001
(Table 2).
Bag-net ‘Dai’ or stationary trawl fishery is, by law, one of the large- or commercial-scale
fisheries in Cambodia, which filters the current, and is typically 25-45 m wide and 100 m
long (Fig. 3). The operation of commercial-scale bag-net fishery is subject to payment of
annual fees. Dai fishery operates during receding floodwaters between October and March
each year in Tonle Sap River to filter migratory fish species, particularly small cyprinids of
the genus Cirrhinus (misidentified as Henicorhynchus; Trey riel in Khmer), migrating from
the Great Lake floodplains, via Tonle Sap River, to the Mekong River. Within this
timeframe, there are, normally, two peak migration periods, one being at the end of December
or January and the other at the end of January or February each year. Each peak period lasts
for 6–10 days before the full moon (Lieng, 2006). Based on this study the average fish catch
was 133.5 tones per bag-net in the 2007-2008 fishing season (Table 3). The per bag-net fish
catch have declined since 2000-2001 fishing season, i.e. a decline of about 36%. Of the total
bag-net fish catch, 96.5% was small-sized fish species, while big-sized fish catch was 3.5%.
This proportion of small-sized fish catch increased from 90.3% in 2000-2001, while the bigsized fish proportion decreased from 9.7% in the 2000-2001 fishing season. Of total big-sized
fish catch in the 2007-2008 fishing season, 84.7% was juvenile of big-sized fish, which
increased from 75.8% in the 2000-2001 fishing season (Table 3).
The other commercial-scale fishing operation in Cambodia is based on ‘lots’, fishing areas
which are auctioned every two years. Large-scale fishing gears are only permitted in fishing
lots, which can only be fished in the open season (October to May in most areas). Such gears
include fences with traps, and barrages. Fences, up to several kilometers in length, are built
across flooded areas or lakes to direct fish into traps (Fig. 4). Barrages are smaller gears that
block a stream and direct fish into traps (Fig. 5). The average annual fish catch of fishing lot
system was 336.5 tones per lot in 2008, decreasing from 553.9 tones in 2001 or a decrease of
approx. 39% over the past 8 years (Table 4). Of the total fish catch, small-sized fish catch
was 82.3%, while big-sized fish catch 17.7%. The figure of small-size fish catch increased
from 73.8% in 2001 (being an increase of about 9%), while the figure of big-sized fish
decreased from 26.2% in 2001(being a decrease of 9%). The proportion of fish catch of
juvenile of big-sized fish was 32.4% of small-sized fish catch in 2008 and 27.5% in 2001,
representing an increase of approx. 5% since 2001.
Inland fisheries in the Mekong Delta of Vietnam was less significant compared to Cambodia's
ones and to its aquaculture sector. The most common and popular fishing gears used in
Vietnam were gill-nets, seine nets, and pair trawls. The two most common fishing grounds
were floodplain rice-fields, and rivers and canals. Approximately 71% of fishers fished in
floodplain rice-fields and 29% in rivers and canals. The average annual fish production was
4.2 tones per fish. The proportion of small-sized fish catch was 96.2% of the total fish catch,
while the proportion of big-sized fish catch was 3.8% (Fig. 6). The proportion of fish catch of
juvenile of big-sized fish was 51.3% of the total small-sized fish catch. There was a
significant decline of small-sized fish catch by 58% between 2001 and 2008, and of big-sized
fish catch by 63% between both years.
Small-sized fish species diversity
Small-sized fish species caught by middle-scale fishers in Cambodia
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Middle-scale fishers in Cambodia used mobile fishing gears such as cast-nets, seine-nets,
encircling seine-nets, deep drag-nets/trawls, pair trawls, giant lift nets, net-fence system with
pens/bor to generally catch fish in Tonle Sap and Mekong rivers. At least 25 commonly
dominant fish species were caught and identified into different genera and specific names
(Table 5). Existing standard Khmer names were also given to these small-sized fish species.
All photos, English names and maximal total length of these small-sized fish species were
found in Annex 3.
Although it was very difficult to estimate catch composition of each small-sized fish species,
and this was therefore not included. However, top ten small-sized fish species were
determined and ranked based on dominant level of each of the top ten species (Table 6). Trey
riel (Cirrhinus spp., formally Henicorhynchus spp.) was the most dominant small-sized
species in the catch of middle-scale fishers, and the second and third most dominant smallsized fish species were Trey linh (Thynnichthys thynnoides) and Trey khanhchrouk
(Yaasuhikotakia spp.), respectively. The top ten small-sized fish species contributed more
than 80% of the total small-sized fish catch by this type of fishers.
Small-sized fish species caught by bag-net or Dai owners along Tonle Sap River in Cambodia
Based on three major sources of data and information (fishers' interviews, fish farmers'
interviews and ground truthing: fish species identification) collected between November 2008
and February 2009, 111 fish species were identified. Of which, 59 species are small-sized
fish (Table 7). All scientific and Khmer names of these 59 small-sized fish species were
given in Table 7. Photos, common English names and maximal sizes of these small-sized fish
species were found in Annex 3.
The top ten small-sized fish species were determined and ranked based on dominant level of
each of the top ten species (Table 8). Trey riel (Cirrhinus spp.) was the most dominant smallsized species in the catch (53% of total small-sized fish catch), and the second and third most
dominant small-sized fish species were Trey khnang veng (Labiobarbus lineata, 15%) and
Trey slouek russey (Paralaubuca spp., 13%), respectively. Trey linh (Thynnichthys
thynnoides) made 5% of the total small-sized fish catch, while Trey arch kok (Systomus
aurotaeniatus) was 4% of the total small-sized fish catch. In brief, these top five fish smallsized fish species made up to 90% of the total small-sized fish catch of bag-net fishery along
the Tonle Sap River.
Small-sized fish species caught by fishing lot owners Tonle Sap and Mekong floodplains in
Cambodia
40 commonly dominant small-sized fish species caught by fishing lot owners from Tonle Sap
and Mekong floodplains were characterized into different genera, specific names and Khmer
standard names (Table 9). Photos, common English names and maximal sizes of these smallsized fish species were found in Annex 3.
Although it was very difficult to estimate catch composition of each small-sized fish species,
and this was therefore not included. However, top ten small-sized fish species were
determined and ranked based on dominant level of each of the top ten species (Table 10).
Trey riel (Cirrhinus spp.) was the most dominant small-sized species in the catch of this type
of large-scale fishers, and the second and third most dominant small-sized fish species were
Trey khnang veng (Labiobarbus lineata) and Trey khanhchrouk (Yaasuhikotakia spp.),
respectively. This pattern is similar to the above ones. The top ten small-sized fish species
contributed more than 75% of the total small-sized fish catch by this type of fishers.
Small-sized fish species caught by fishers in the Mekong Delta of Vietnam
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The main fishing grounds in the Mekong Delta were rice-fields, rivers and canals. This leads
to at least five black or resident fish species (e.g. Rasbora spp., Anabas testudineus,
Trichogaster trichopterus, Trichogaster pectoralis and Pristolepis fasciata), were among the
top ten small-sized fish species identified in the Mekong Delta of Vietnam (Table 11). At
least 70% of the total catch of small-sized fish was made up these top ten small-sized fish
species. Similar to the above three cases, the most dominant small-sized fish species was
Trey riel (Cirrhinus spp.). In total, at least 19 small-sized fish species were dominant in the
catch of the Mekong Delta of Vietnam (Table 12). All photos, English names and maximal
sizes of these fishes were shown in Annex 3.
Among the top ten small-sized fish species identified in the Mekong Delta of Vietnam, four
species (i.e. Cirrhinus spp., Cyclocheilichthys armatus, Labiobarbus lineata,and Paralaubuca
spp.) were same as small-sized fish species identified in the three cases of Cambodia (Table 8,
9 & 10). Interestingly, seven of the top ten small-sized fish species (i.e. Cirrhinus spp.,
Cyclocheilichthys armatus, Labiobarbus lineata, Osteochilus microcephalus, Paralaubuca
spp.,Thynnichthys thynnoides and Yaasuhikotakia spp.) were found in all three cases of
Cambodia (i.e. middle-scale fishers, large-scale bag-net owners and large-scale fishing lot
owners).
Based on the five sources of data and information collection (literature reviews, key
informant consultations, fishers' interviews, fish farmers' interviews and ground truthing) in
Cambodia and Vietnam, 200 small-sized fish species were characterized into different genera
and species, with photographs (Annex 3). Furthermore, existing Khmer (Cambodian),
Vietnamese and English (common) names were provided to these small-sized fish species.
Maximal total length of each small-sized fish species was also provided. The number of
small-sized fish species found in this study significantly differs from the one made by So et
al. (2005) where only 62 small-sized fish species identified. The discrepancy between
research objectives and methodologies (especially target group interviews: only fish farmers
interviewed in So et al. 2005 study) of both studies can be partially explained by the weak
correlation between both numbers of low value fish species found. A nonexclusive second
explanation for this discrepancy may be related to different geographical (spatial) sampling
scales, where sampling locations of So et al. (2005) was only in the lower Mekong basin of
Cambodia. Although this study was more comprehensive compared to So et al. (2005) both
studies identified Cirrhinus spp. (Trey riel in Khmer and Cá linh rìa in Vietnamese) as the
most dominant fish species in the Lower Mekong River basin of Cambodia and Vietnam.
Price of small-sized fish
Tables 13, 14 and 15 show the trends of average, minimal and maximal annual price of inland
small- and big-sized fish harvested by middle-scale fishers, large-scale bag-net owners and
large-scale fishing lot owners in Cambodia. In general, small-sized fish had lower price or
market value than big-sized fish in the three cases of Cambodia and similarly the case of
Vietnam (Table 16). The average price of small-sized fish was Riel742/kg or US$0.18/kg,
while average price of big-sized fish was Riel7,753/kg or US$1.90/kg in Cambodia. In
Vietnam, The average price of small-sized fish was Dong4,990 per US$0.28/kg, while
average price of big-sized fish was Riel24,147/kg or US$1.40/kg. In Cambodia, therefore the
price of small-sized fish was averagely approx. 11 times lower than the price of big-sized
fish; i.e. about 9 times reported by middle-scale fishers, 11.7 times reported by bag-net
fishers, and 11.4 times by fishing lot owners, while in Vietnam the price difference between
small- and big sized fish was approx. 5 times.
All cases showed a significant increase in price of small- and big-sized fish over the past eight
years. In the cases of Cambodia, there was an average increase of approx. 6 times in price of
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small-sized fish between 2001 and 2008, and a 3-time increase for big-sized fish, while there
a 4-time increase in price of small-sized fish and a 2-time increase in price of big-sized fish.
The main reasons for the increase in price of fish could be explained by the decline of capture
fish production (see the section of small-sized fish catch) and strong demands of small-sized
fish for both human food and animal, including fish, feed for both local and regional export
markets (see the next section).
Utilization of small-sized fish
Small-sized fish species were traditionally used for making prahok (fermented fish paste,
Norng Chakriya, 2009, personal communication), which is a vital protein source and
favorable ingredient for most of the Cambodian population, particularly the rural poor during
the closed fishing season and at the end of the dry season when fish are not abundant (So et
al., 2007). In the past two decades low, value fish are also utilized for feeding fish and other
animals (Camber et al., 2008; Eldin-Lundgren et al., 2008; So et al., 2005; So & Nao, 1999).
Figure 7 showed the flows and supplies of small-sized fish in Cambodia. 84% of total smallsized fish catch in Cambodia were used for human food consumption (fresh or processed);
being 71% used in Cambodia and 13% exported to Vietnam and Thailand, while only 16%
were used for animal (including fish) feeds. This potential problem could be an increasing
export of LVF to Vietnam, which will lead to a net loss of LVF for the Cambodian people.
This problem is also reported in the studies of Camber et al. (2008) and Eldin-Lundgren et al.
(2008). Hence, small-sized fish used in Cambodia was 80%, and exported was 20%. It was
difficult to quantify the amount of small-sized fish used for human food consumption in fresh
and processed forms, and the amount of small-sized used for animal and aquaculture feed
separately. Therefore this is not included. All above studies, excepting So et al. (2007), have
not quantified the proportions of small-sized fish used for human consumption or animal
feeds. So et al. (2007) quantified such proportions only from small-sized fish harvested from
bag-net fishery along Tonle Sap River. The proportions are similar to this study.
In Vietnam, harvested inland small-sized fish were totally used in the country for both
purposes human food and animal and fish feeds. Approximately 72% of the total small-sized
fish catch was used for human food consumption, 15% for snakehead fish culture industry as
direct feed, and 13% for direct animal feed.
Aquaculture and impacts of use of small-sized fish
Cultured fish species
In Cambodia, the most dominant fish species being cultivated was Trey pra (Pangasianodon
hypophthalmus), followed by snakehead (Channa micropeltes and C. striata) (Table 17),
although the ban on snakehead culture was enacted by the Ministry of Agriculture, Forestry
and Fisheries in 2005. The third popular culture fish species in Cambodia was Trey andeng
kart (The hybrid catch Clarias batrachus x C. gariepinus). This reflects the findings of So et
al. (2005) that Trey pra, Trey andeng kart, and Trey chdor are also the most popular cultured
fish species before the ban in Cambodia. The other two Pangasius catfish species, Trey pou
(P. larnaudii) and Trey Khae (P. conchophilus) were also popularly used for cage culture in
this study and also in So et al. (2005) study (Before the ban). The other fish species,
excepting Trey tilapia, listed in Table 17 were also used for pond and cage culture in
Cambodia before the ban. Trey tilapia, an exotic fish species not found in the study by So et
al. (2005) before the ban, is now being cultivated by many farmers (Table 17). Possible
reasons for this could be that tilapia culture technology is simple and that Trey tilapia is
acceptable at local markets (Camber et al., 2008). After the ban, all cage farmers interviewed
in Battambang province replaced giant snakehead by hybrid catfish, which is a hybrid
between exotic and native fish species, due to its fast growing and acceptability at local
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markets. However, all interviewed cage farmers replaced giant snakehead (Channa
micropeltes) with snakehead murrel (Channa striata) that fingerlings were imported from
hatcheries in Vietnam.
In Vietnam, the main culture fish species in the Mekong Delta of Vietnam were the giant
snakehead Ca bong (Channa micropeltes) and the snakehead murrel Ca loc (Channa striata).
Of 100 fish farmers interviewed, 83 farmers cultured the snakehead murrel Ca loc in ponds or
cement tanks, while 17 farmers cultured the giant snakehead Ca bong in cages (Table 17).
Sources of fingerlings
Before the ban on snakehead culture 100% of snakehead seed, mainly the giant snakehead,
were collected from the wild for stocking floating cages in inland waters (So et al., 2005).
After the ban, most of snakehead seeds of both giant snakehead and snakehead murrel (79%)
were imported from Vietnam, i.e. Vietnamese hatcheries where snakeheads have been
domesticated for at least 10-20 years, while only 21% of the stocked seed in Cambodia were
collected from the wild, mainly the giant snakehead (Figure 8). This finding indicates that the
ban on snakehead does not stop the collection of snakehead seed from the wild. In Vietnam,
all snakehead seeds of both giant snakehead and snakehead murrel were from local
hatcheries, where domestications have been taken place for almost two decades.
Use of small-sized fish for aquaculture
Among 12 fish species cultured in Cambodia, only four carp species (Trey Kahae, Trey
Chhpin, Trey proloung and Trey prual, 31%) were not fed on small-sized fish, but they were
cultured with other Pangasius catfish species and tilapia in a polyculture cage system (35% of
total number of cage culture farmers). The two snakehead species, hybrid catfish and Trey
khya (Hemibagrus wyckioides) were completely fed on small-sized fish, while Pangasius
catfish species and tilapia were fed on a mixture of small-sized fish and rice bran. This result
is of great importance as it shows that the ban on snakehead culture does not stop the use of
small-sized fish as fish feed. The seven main inland small-sized fish species being used as
fish feed in Cambodia were Trey riel (Cirrhinus spp.), Trey sraka kadam (Cyclocheilichthys
armatus), Trey khnang veng (Labiobarbus lineata), Trey kros (Osteochilus microcephalus),
Trey sloeuk russey (Paralaubuca spp.), Trey linh (Thynnichthys thynnoides) and Trey bandol
ampil (Clupeichthys aesarnensis). See Tables 6, 8 and 10 and Annex 3 for the details. This
result is similar to the ones of Camber et al. (2008) and So et al. (2005). The majority of
small-sized fish (87%) used for aquaculture in Cambodia were from inland fisheries in
Cambodia, while during the closed and lean inland fishing season marine small-sized fish
(13%) were supplements (Figure 9). Some Cambodian fish farmers reported that sometimes
marine small-sized fish were imported from Vietnam, but it was difficult to quantify, and
therefore it is not included.
In contrast, the Vietnamese snakehead aquaculture mainly depended on marine small-sized
fish as fish feed (73%), while only 27% of freshwater small-sized fish were used for
snakehead feed (Figure 10). Most of the Vietnamese farmers fed their snakeheads with
freshwater small-sized fish caught in Vietnamese inland waters in the wet season (mainly in
August–September). Most of Vietnamese snakehead farmers reported that they bought
freshwater small-sized fish from Cambodia to feed their snakeheads during December–
February when the fishing season in Cambodia is open and is the peak fishing period of
freshwater small-sized fish along the Tonle Sap River (please also see Figure 7). The seven
main inland small-sized fish species used for feeding snakeheads in Vietnam were: Cá rô
!"ng (Anabas testudineus), Cá linh ria (Cirrhinus spp.), Cá linh (Labiobarbus lineata), Cá s#c
b$%m (Trichogaster trichopterus), Cá lòng tong (Rasbora spp.), Cá ch&t (Mystus vittatus) and
Cá r'm (Puntius brevis).
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Impacts of the ban on snakehead culture in Cambodia
Impacts on household economy from the ban on snakehead farming
There was a major difference between the numbers of fish farmers that reported decreased,
increased or no changed household economy after the snakehead ban (Fig. 11). Of 203
interviewed fish farmers, the majority (57%) of farmers said that their net profit had
decreased due to more expensive fish feed (small-sized fish, rice bran and others), less profits
from the cultivation, increased competition with other fish farmers, more expensive labors
and other difficulties e.g. fish diseases and the ban itself. The economy was better now for
25% of the farmers, mainly because of increased income from farmed fish compared to five
years ago or before the ban. A given explanation for the increased market price of cultivated
fish was that the stock of wild fish had decreased but the demand for fish is still high; market
price had increased both for wild fish and cultivated fish. The remaining 18% of the farmers
did not experience any change in their economy after the ban (Fig. 11). The pattern of change
in household income in this study differs from the study by Camber et al. (2008). Type of
interviewed fish farmers and surveyed locations selected might be the main explanation of
this difference. In this study, of the total interviewed fish farmers, 157 farmers (77% of total
number of interviewed farmers) had cultured giant snakehead before the ban (Table 18),
while in the study by Camber et al. (2008) only 40% of the interviewed fish farmers had
cultivated giant snakehead before the ban. Seven surveyed locations were selected in this
study (Table 1; Fig. 2), while only four surveyed locations were selected for interviews in the
study by Camber et al. (2008).
Of the interviewed 157 farmers who had cultured giant snakehead before the ban (Table 18),
127 farmers (81%) said that their profits decreased after the ban. The explanation given for
this were a) giant snakehead could be sold at a higher market price due to traditional
popularity of most Cambodians, b) the cost of fish feed (both small-sized fish and agriculture
products) had increased after the ban, and c) the number of fish farmers had increased
resulting in increased competition and lower prices of farmed fish. Another explanation put
forward by some farmers was that rice bran now has to be bought to feed the fish. When giant
snakehead was cultivated, the farmers, particularly cage farmers who are mostly also fishers,
could themselves fish small-sized fish for free. Only 10 farmers said that their profits had
increased after the ban. The reason for this was a diversified production (many different
species reared together) that, according to the farmers, enabled them to sell the fish more
easily. The other 20 farmers said that they did not experience any change in profits (or did
not know), and some farmers said that they had compensated the income loss from not being
able to farm snakehead with e.g. increasing the size of the cages or ponds.
Of the total number of interviewed fish farmers, 68 farmers (33%) had continued snakehead
culture after the ban on snakehead farming. Of which, 30 cage farmers in Siem Reap farmed
snakehead murrel, while 38 farmers in Kampong Cham, Prey Veng, Kampong Chhang and
Kandal farmed giant snakehead (Table 17). The main reasons for this were (1) snakehead
farming was their traditional activity; (2) snakehead was a high market valued fish; (3) most
of these farmers had no alternative livelihoods, and had no land for rice growing; and (4) most
them were fishers who can harvest small-sized fish to feed their snakehead for free.
Impacts on availability of small-sized fish from the ban on snakehead farming
The observation or opinion of availability of small-sized fish was based on information from
fishers they know or from own fishing activity. A majority (63 %) of all the fish farmers said
they experienced a decreased availability of small-sized fish after the ban. The main
arguments for this were that (1) many fishermen use illegal and disruptive gear when they fish
(e.g. electric shocks, fine mesh sized or mosquito nets, pumping or draining fishing methods);
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(2) destruction of fish habitats (e.g. clearance of flooded forests); (3) that beside the high and
increasing local demands, small-sized fish are increasingly being exported to other countries
(i.e. Vietnam) for human food and animal/fish feeds (See also Fig. 7); and (4) increasing price
of small-sized fish (See also Table 13, 14 & 15). Some farmers were negative to the ban and
argued that they could not see any "result" (e.g. increase in availability of low value fish) and
that only having a ban on just giant snakehead farming was not effective since the culture of
Trey andeng kart also mainly depends of small-sized fish. Many farmers did not know or did
not experience any change in availability of small-sized fish. These two groups represented
together 21 % of the interviewed farmers. Some of the farmers (16 %, most of them were
pond fish farmers), did, however, say they noticed an increased availability of small-sized fish
after the ban as it would reduce fishing pressures on small-sized fish (Fig. 12).
Impacts on illegal collection of fish juvenile in the wild from the ban on snakehead farming
Collection of juvenile fish from the wild during the spawning (wet season) is illegal in
Cambodia. The collected juvenile fish have been used for feeding snakeheads and other fish
species before the ban on snakehead farming in Cambodia. The majority (78%) of the
farmers said that illegal collection of fish juvenile from natural inland waters still exist after
the ban (Fig. 13). The arguments for this were that (1) there are available local markets and
export markets (e.g. Vietnam) for selling these fish juvenile for fish culture and animal
raising; (2) illegal fishing activity especially during the spawning season is increased due to
loose implementation of fisheries law and other sub-laws; and (3) small-sized fish are
expensive during this closed fishing or spawning season and alternative and good protein feed
source for cultured fish and raised animals are fish juvenile. Some of the farmers (14%) did
report that the ban is effective to prevent fishers from illegal harvesting of fish juvenile from
Cambodia's inland waters during the spawning season. Only 8% of the interviewed fish
farmers said they do not know (Fig. 13). This is the first assessment of such impacts due to
lacks of this assessment in the study by Camber et al. (2008).
Impacts on collection of snakehead juvenile in the wild from the ban on snakehead farming
There are three main reasons that the Royal Government of Cambodia temporally banned on
snakehead farming in 2005: (1) the potential negative impacts on wild fish population from
wasteful snakehead seed/juvenile collection; (2) potential negative impacts on other fish
species diversity from wasteful collection of fish juvenile; and potential negative effects on
poor consumer groups from decreased availability of small-sized fish (MAFF, 2005). In this
study the majority (73%) reported that the ban on snakehead farming in Cambodia is an
effective solution to protect wild snakehead population. The main reason for this was that
there is alternative source of snakehead seed/fingerling, which can be imported from
Vietnam, and the hatchery snakehead seed grow faster than the wild one due to many
generations of domestication breeding. However, this will impose new potential impacts on
bio-security due to risks of importing disease carried snakehead seed (For details see the
below section). Approx. 21% of the farmers said that the ban was not effective due to illegal
snakehead farming, which still occurred e.g. in Champong Cham, Kampong Chhang, Kandal,
Prey Veng and Siem Reap (See also Table 17). The observance of the ban is not complete
and the control system in place seems subject to manipulation and bribery (Camber et al.,
2008). Some of the farmers (6%) said they did not know the impacts of the ban on collection
of snakehead juvenile as they have no experience in snakehead farming. This is the first
assessment of such impacts due to lacks of this assessment in the study by Camber et al.
(2008).
Impacts of the use of small-sized fish for snakehead culture in Vietnam
Impacts on fish species diversity and stocks from use of small-sized fish as direct snakehead
feed
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Snakehead aquaculture in Vietnamese Mekong Delta partially depends on inland small-sized
fish as direct feed. Of total interviewed fishers (69 households) and snakehead farmers (100
households), the majority (72%) of these interviewees said that feeding snakeheads with
inland small-sized had negative impact on fish species diversity, catch composition, natural
fish stocks, and decreased fish catch (Figure 14). The main explanation for this were that (1)
fishing pressures is increasing and over fishing; (2) illegal fishing gears (e.g. electric shockers
and fine mesh nets) are intensely used in year round to catch all sizes of fish species including
juvenile of large fish species; and (3) number of fishers is increasing. Some of the
interviewees said that they did not know or this is a normal household activity for many
households living in the Mekong Delta. Only 2% of the interviewees have got positive
opinion of the use of small-sized fish as direct snakehead feed (Figure 14). The main
argument was that inland small-sized fish including juvenile of large sized fish is nutritionally
better feed than marine small-sized fish due to faster growth of their snakeheads when inland
small-sized fish are fed.
Impacts on water quality from use of small-sized fish as direct snakehead feed
The majority (62%) of snakehead farmers experienced poor quality water in their snakehead
culture ponds or tanks due to the use of small-sized fish as direct snakehead feed (Figure 15).
This resulted in disease outbreaks and finally high mortality rate of snakehead was detected.
Some of the farmers (35%), particularly cage snakehead farmers, do not know this problem
and some of them reported that the above water quality problem is a normal problem as they
could solve this problem by regular exchange of pond or tank water. About 3% of the
farmers did, however, say they had never experienced poor water quality due to the use of
small-sized fish as direct feed as they grew snakehead in floating cages.
Impacts on fish food security from use of small-sized fish as direct snakehead feed
Figure 16 shows the impacts of use of small-sized fish as direct snakehead feed on fish food
security of the poor consumer groups in the Mekong Delta. The majority (81%) of fishers
and snakehead farmers reported that there was a high competition between use of small-sized
fish for direct snakehead feed and use for human food, particularly the food of the poor.
Small-sized fish are not only important for food security of the poor but also they contain
high nutritional values, particularly vitamin A, iron and calcium (Roos et al., 2007). Some of
the farmers (7%) said that small-sized fish were better choice for fish feed, while big-sized
fish and farmed fish were important for human food. Many fishers and snakehead farmers
(12%) did not know the importance and the nutritional values of small-sized fish (Figure 16).
Impacts on farmers' household income from use of small-sized fish as direct snakehead feed
Approx. 75% of total snakehead farmers had good income generated from their snakehead
farms, which mostly depended on small-sized fish as direct feed (Figure 17). This was the
positive impact from use of small-sized fish for snakehead farming in the Mekong Delta. The
main reason for this was that inland small-sized fish are seasonally available, while marine
small-sized fish can be used for snakehead feed during the rest of the year. Furthermore,
most of the snakehead farmers are living closed to inland waters such as rivers or many manmade canals, where provide good water and inland small-sized fish resources for their
business. About 11% did not received good income from their snakehead farming activity as
they faced with poor water quality and disease outbreaks. Some of the farmers (14%) had no
ideas or did not want to tell about their household income (Figure 17).
Impacts on local job opportunity from use of small-sized fish as direct snakehead feed
Snakehead farming provided important job for local fish farmer groups and fishers. 85% of
the interviewed fishers and farmers perceived positive impact of snakehead farming (Figure
18). The main explanation was that this activity can create good job opportunity for both
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local fish farmer and fisher communities to generate household income from snakehead
farming and fishing, respectively. Some of the farmers (10%) got no ideas, while 5%
perceived negative impact on job creation from snakehead farming. The main reason for this
was that snakehead farming in the Mekong Delta of Vietnam are mostly depend on abundant
marine small-sized fish as direct feed.
CONCLUSIONS AND RECOMMENDATIONS
The lower Mekong River basin of Cambodia and Vietnam is very rich in small-sized fish
species diversity. In total, at least 200 inland small-sized fish species are found and
identified, in this study, and their photographs are available and attached. Many of these
small-sized fish species are truly abundant. Trey riel in Khmer or Cá linh ria in Vietnamese
(mainly Cirrhinus siamensis and C. lobatus) is the most abundant inland small-sized species
in the lower Mekong River basin of Cambodia and Vietnam. The top ten small-sized fish
species detected in the Mekong River basin in Cambodia are: Trey riel (Cirrhinus spp.), Trey
srakar kadam (Cyclocheilichthys armatus), Trey khnag veng (Labiobarbus lineata), Trey kros
(Osteochilus microcephalus), Trey slouek russsey (Paralaubuca spp.), Trey linh
(Thynnichthys thynnoides), Trey kanhchrouk (Yaasuhikotakia spp.), Trey bandol ampil
(Clupeichthys aesarnensis), Trey khampleanh phluk (Trichogaster microlepis), and Trey
changwa (Rasbora spp.). These species make up to approximately 80% of total inland smallsized fish catch. In the Mekong Delta of Vietnam, the top ten small-sized fish species are Cá
linh ria (Cirrhinus spp.), Cá linh (Labiobarbus lineata), Cá thi(u (Paralaubuca spp.), Cá r'm
(Puntius brevis), Cá ba k) (Cyclocheilichthys armatus), Cá lòng tong (Rasbora spp.), Cá rô
!"ng (Anabas testudineus), Cá s#c b$%m (Trichogaster trichopterus), Cá s#c r*n
(Trichogaster pectoralis) and Cá rô bi(n (Pristolepis fasciata). These species contribute 70%
to the total inland small-sized fish catch. The estimate of inland small-sized fish catch in
Cambodia is approximately 85% of the total inland fish catch, while the estimate in Vietnam
is around 96%. Of the total inland small-sized fish, in Cambodia 35% are juvenile of bigsized or commercially important fish species, while in Vietnam 51%.
Inland small-sized fish species generally has a maximal total length of equal to or less than 25
cm and a low market value, generally 5-10 times lower the market value of big-sized fish
species. Therefore inland small-sized fish species are more acceptable by and accessible to
the poor particularly in seasons of high production. All inland small-sized fish species in the
lower Mekong River basin of Cambodia are not "trash" fish, and all are eaten by human.
Some inland small-size species have a high market value, e.g. Trey linh, Trey kanhchrouk,
Trey kros. They are either used for human consumption (often processed or preserved) or
used for livestock and fish, either directly or through reduction to fish meal or oil.
The ban on snakehead farming in Cambodia seems to be not effective as resources for
implementation are lacking. Therefore, the ban has its following negative impacts: (1)
decreased fish farmers' household income/economy, (2) decreased availability of inland
small-sized fish in the country and exportation of inland small-sized fish to neighboring
countries, e.g. Vietnam, (3) increased illegal collection of inland wild fish juvenile during the
spawning season used as direct feed for fish farming and animal raising in the country as well
as in Vietnam, (4) importation of disease carried snakehead seed from hatcheries in Vietnam
for stocking in cages and ponds in Cambodia. Last but not least, approximately 45% of
market-sized snakeheads sold at local markets are imported from Vietnam due to high and
increasing local market demands resulted from population growth. However, the ban also has
its positive impact; i.e. there is a decrease in collection of snakehead seed/juvenile from the
wild due to availability of alternative snakehead seed/fingerling imported from Vietnam.
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The use of inland small-sized fish for snakehead farming in the Mekong Delta of Vietnam has
both negative and positive impacts due to no availability of commercial feed for snakehead.
The negative impacts include (1) increased fishing pressures and over fishing by use of illegal
fishing gears; (2) poor water quality and disease outbreaks faced by majority of snakehead
farmers; and (3) high competition between use of inland small-sized fish for snakehead
farming and use for human food (i.e. decreased availability of inland small-sized fish for the
poor consumer groups). The positive impacts of use of inland small-sized fish for snakehead
farming include (1) generation of household income for a huge number of local snakehead
farmers; and (2) provision of good job opportunity for snakehead farmers and fishers who are
owning no or small land for making alternative livelihoods.
The following recommendations are proposed for sustainable management of inland smallsized species and conservation of juvenile of commercially important fish species and for
sustainable snakehead aquaculture development in the lower Mekong River basin of
Cambodia and Vietnam:
•
•

•

•
•
•
•

•

•
•
•
•

To develop a national strategy for sustainable use of inland fisheries resources,
particularly for the poor consumer groups;
Promote regional cooperation among the countries in the lower Mekong River basin in
order to get proper management of the inland small-sized fish resource due to that large
population groups, particularly in Cambodia, are depend on small-sized fish as a free
protein and also as a health provider;
Provide sufficient physical and financial resources and incentives to fisheries officers in
order to enforce law and legislations regarding prohibition of use of illegal fishing gears,
especially fine-meshed nets and electric shockers to avoid collecting juvenile of
commercially important fish species and fish breeders during the closed fishing or
spawning season;
To study impacts of common and most effective types of fishing gears in order to assess
their fishing efforts and efficiencies, which will be useful to provide fishing quota;
To introduce appropriate issues relating to status and utilization of inland small-sized fish
to major stakeholders including decision markers, fishers, and consumers and at primary,
secondary and tertiary educational level;
To assess natural stocks of small-sized fish in order to imply for sustainable harvesting
and utilization of small-sized fish in the lower Mekong River basin;
To improve post-harvest handling and processing technologies to add values to smallsized or low value fish, combined with good hygiene and quality, in order to maximize
utilization of small-sized or low value fish for human consumption rather than to be used
as sources for fish and other animal meal;
To establish a snakehead domestication breeding and weaning, with formulated feed,
program in Cambodia to reopen the temporal ban on snakehead farming in order to
develop a sustainable snakehead aquaculture in Cambodia, which will imply for
sustainable utilization of inland small-sized fish;
To improve regional and national capacity for nutrition research and research into
nutrition requirements for carnivorous fish species, including snakeheads;
Developing alternative feeds (e.g. non-fish protein diets) for weaning and growing
snakeheads to reduce or replace the dependence of small-sized fish.
To involve private sector to formulate and improve commercially manufactured feed for
snakehead aquaculture; it can be better integrated into local economy with less import of
ingredient, and be market at a lower price;
To Raise awareness of advantages and disadvantages of pellets and formulated diets and
small-sized fish;
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•
•
•

To analyze water quality and pathogenic agents of snakeheads in order to sustain
snakehead aquaculture in Mekong Delta of Vietnam;
To train snakehead farmers on improving farm-made feeds, feed and feeding strategies,
benefit of using artificial diets, and monitoring and control of snakehead diseases
outbreaks; and
Research into consumer preferences for snakehead raised from pellet and small-sized fish.
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Figure 1 Map of the Middle and Lower Mekong River basin and its floodplain (Van Zalinge
et al., 2002).
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Fig. 2 Map showing survey locations of the Lower Mekong River basin of Cambodia and
Vietnam. Modified from So (2005). Abbreviations are listed in Table 1.
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Fig. 3 One row of commercially fishing bag-net ‘Dai’ operated in Tonle Sap River, Cambodia
(Photo by: FEVM Component of the MRC Fisheries Program).
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Figure 4 Fence, with traps, fishing system in Tonle Sap Lake, Cambodia
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Figure 5: Barrage fishing system in Tonle Sap, Cambodia
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Figure 6 Proportion of small- and big-sized inland fish catch in the Mekong Delta, Vietnam
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Figure 7 Utilization of small-sized fish in Cambodia

Figure 7 Utilization of small-sized fish in Vietnam
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Figure 8 Source and proportion of snakehead seed for stocking ponds and cages in Cambodia

Figure 9 Proportion of freshwater and marine small-sized fish used for fish feed (including
snakehead feed) in Cambodia
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Figure 10 Proportion of freshwater and marine small-sized fish used for snakehead feed in
Vietnam

Figure 11 Change in household economy after the ban on snakehead farming in Cambodia
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Figure 12 Change in availability of small-sized fish after the ban on snakehead farming in
Cambodia

Figure 13 Is the ban on snakehead farming in Cambodia effective to prevent fishers from
illegal collection of fish juvenile from the wild during spawning (wet) season?
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Figure 13 Is the ban on snakehead farming in Cambodia effective to prevent fishers from
collection of snakehead seed/juvenile for snakehead aquaculture industry?

Figure 14 Impacts on fish species diversity and stocks from use of small-sized fish as direct
snakehead feed in Vietnam
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Figure 15 Impacts on water quality from use of small-sized fish as direct snakehead feed in
Vietnam

Figure 16 Impacts on fish food security from use of small-sized fish as direct snakehead feed
in Vietnam
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Figure 17 Impacts on farmers' income from use of small-sized fish as direct snakehead feed in
Vietnam

Figure 18 Impacts on local job opportunity from use of small-sized fish as direct snakehead
feed in Vietnam
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Table 1 Number of fishers and farmers interviewed in seven different provinces during the field surveys of this study
Province
Code Geographical locations (Country)
Fisher ( N = 419)
Fish farmer ( N = 303)
Medium-scale Large-scale bagLarge-scale
Cage fish Pond/tank
fishers*
net or Dai owner fishing lot owner farmers
fish farmers
Kampong Cham
KCH Upper Mekong River (Cambodia) 46
NA
4
20
10
Prey Veng
PV
Lower Mekong River (Cambodia) 37
8
5
15
15
Kandal
KD
Tonle Sap River/Bassac River
31
15
4
15
14
(Cambodia)
Phnom Penh
PP
Tonle Sap River (Cambodia)
32
18
NA
15
15
Kampong Chhnang
CHN Tonle Sap River/Lake (Cambodia) 35
3
12
29
1
Battambang
BTB
Tonle Sap Lake (Cambodia)
45
NA
5
24
0
Siem Reap
SR
Tonle Sap Lake (Cambodia)
48
NA
2
30
0
An Giang
AG
Upper Mekong Delta (Vietnam)
20
NA
NA
0
30
Dong Thap
DT
Middle Mekong Delta (Vietnam)
21
NA
NA
11
27
Can Tho
CT
Lower Mekong Delta (Vietnam)
28
NA
NA
17
15
Total
343
44
32
176
127
* Small/medium-scale fishers used different types of fishing gears including cast-net, seine-net, encircling seine-net, deep drag-net/trawl, pair trawl,
giant lift net, and net fence system with pen/Bor.
NA: Not applicable
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Table 2 Total inland fish catch and catch composition of small and big sized fish and juvenile
of big-sized or commercially important fish species by medium scale fishers in Cambodia
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Table 3 Total inland fish catch and catch composition of small and big sized fish and juvenile
of big-sized or commercially important fish species by large-scale bag-nets (Dai) owner in
Cambodia
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Table 4 Total inland fish catch and catch composition of small and big sized fish and juvenile
of big-sized or commercially important fish species by large-scale fishing lot owners in
Cambodia
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Table 5 25 commonly dominant small-sized fish species caught by middle fishers in Tonle
Sap River/Lake and Mekong River, Cambodia
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Table 6 Top ten small-sized fish species caught by middle fishers in Tonle Sap River/Lake and
Mekong River, Cambodia
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Table 7 59 small-sized fish species caught by commercial-scale bag-net owners along Tonle Sap
River, Cambodia

Table 7 Continue
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Table 8 Top ten small-sized fish species caught by commercial-scale bag-net owners along Tonle
Sap River, Cambodia
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Table 9 40 common small-sized fish species caught by commercial-scale fishing lot owners in
Tonle Sap and Mekong floodplains, Cambodia

Table 10 Top ten small-sized fish species caught by commercial-scale fishing lot owners in
Tonle Sap and Mekong floodplains, Cambodia
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Table 11 Top ten small-sized fish species caught by middle-scale fishers in the Mekong Delta,
Vietnam
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Table 12 19 dominant small-sized fish species caught by middle-scale fishers in the Mekong
Delta, Vietnam
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Table 13 Trends of annual inland small- and big-sized fish price from middle-scale fishers in
Cambodia (US$ 1 = Riel 4,100)

Table 14 Trends of annual inland small- and big-sized fish price from large-scale bag-net fishers
in Cambodia (US$ 1 = Riel 4,100)

Table 15 Trends of annual inland small- and big-sized fish price from large-scale fishing lot
owners in Cambodia (US$ 1 = Riel 4,100)
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Table 16 Price of small- and big sized fish caught in 2008 in Vietnam and change in annual price
between 2001 and 2008

Table 17 Cultured fish species and number of farmers cultured specific fish species in the
surveyed provinces of Cambodia and Vietnam

301

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
Table 18 Number of fish farmers cultured the giant snakehead (Channa micropeltes) before the
ban on snakehead farming in Cambodia
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ANNEX 1
Literature Review
Fish and fisheries, and aquaculture in the Lower Mekong Basin of Cambodia and Vietnam
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The Mekong River
The Mekong (Fig. 1.1) is the twelfth longest river in the world, the seventh longest river in Asia,
and the longest river in Southeast Asia (Rainboth, 1996). It is born in the glaciers over 5,000 m
above sea level in the Tibetan Himalayas, from where it flows through six countries (China,
Myanmar, Laos, Thailand, Cambodia and Vietnam) for 4,880 km before it empties into the
South China Sea in southern Vietnam. It has a drainage area of 802,900 km2 and an average
runoff of 475,000 million m3 (Rainboth, 1996). As the Mekong passes into Cambodia it flows
over the Khone Falls (the highest natural water fall, with an elevation drop of 21 m) and follows
a nearly straight course with many stretches of rapids through eastern Cambodia.

Figure 1 Map of Lower Mekong River basin and its floodplain (Van Zalinge et al., 2002).
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In eastern Cambodia (Kratie province), river flow records indicate that the seasonal discharge of
the Mekong has a rainy season maximum to dry season minimum ratio of 53.6. This seasonal
flow change is much more pronounced in the Mekong than in any other great river of the world
(Welcomme, 1979). Between June and September/October, when the Mekong floods are rising
in Chaktomouk (also known as Quatre Bras), the discharge is diverted into three branches: (1)
the Mekong proper, also named Lower Mekong or Mekong Krom in Cambodian (which receives
62 to 68% of the flow; (2) Bassac River (receiving 12 to 14%); and (3) Tonle Sap (also named
Great Lake) (receiving 11 to 23%).

Fish species diversity and catch
Fish has long been critical to all Cambodians and Vietnamese. It is a major source of nutritious
food in the daily diet, a primary source of income and has strong cultural and religious
significance (Hortle, 2007; So Nam & Bouy Roitana, 2005). Fisheries matter a great deal to the
millions of people who live on the banks of the country’s rivers, particularly those living in and
around the Tonle Sap Great Lake. Cambodians are considered one of the highest per capita
consumers of freshwater fish in the world (a recent estimate of 67 kg per person per year from
household surveys) (Hortle et al, 2004), and fish consumption rate in Southern Vietnam is 39 kg
per person per year and the lower Mekong countries (including Lao PDR and Thailand) averaged
at 34 kg per person per year (Hortle, 2007). Freshwater fisheries in Cambodia contribute 10 to
12% of the Cambodia’s GDP accounting for 31 percent of the GDP contribution of the primary
sector (So Nam, 2009). Since 2000 Cambodian freshwater capture fisheries ranks fourth in the
world in terms of total catch (i.e. 400,000 tons per year). This is considerable as the country is
rather small (181,035 km2) and its population is also small (13.6 million in 2005). Actually, with
an average 30 kilograms of freshwater fish caught per Cambodian per year, the country has the
most intense freshwater fisheries in the world (Baran, 2005). Based recent estimates by Hortle
(2007), consumption of fish and other aquatic animals (OAAs) is about 600,000 tones in
Cambodia and 850,000 tones in Southern Vietnam. About one-fifth of this total comprises
OAAs. About one-third of the fish is eaten preserved.
The contribution of various ecotones to global biodiversity reaches in Southeast Asia the status
of hotspot. The Indo-Burma region, including the Mekong River basin, is no exception (So Nam,
2005). The aquatic resources of the basin represent an enormous biodiversity with at least 1,200
fish species.

Its extremely diverse fish community reflects past climatic and geological

processes, which have brought together the fauna of several river systems, and places the
Mekong among the top three rivers in the world (after the Amazon and the Zaïre/Congo).
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Cambodia’s Mekong River basin harbors approximately 500 fish species, of which, 296 fish
species are found in the Tonle Sap Great Lake (the largest and most productive lake in Southeast
Asia, being formed by subsidence about 5,700 years ago) (Baran et al, 2007). The Tonle Sap
Great Lake is the center of Cambodian fish production and it is globally significant ecologically,
being nominated as a Biosphere Reserve in 1997 under the Man and Biosphere Program of
UNESCO (So Nam et al, 2006).
Fisheries from the Tonle Sap Great Lake contribute over 60 percent of the total freshwater fish
catch in Cambodia (So Nam et al, 2006). The Tonle Sap Great Lake has some of the smallest and
largest freshwater fishes in the world, from the minute carp Oreichthys parvus (maximum length
2.5 cm), to huge species such as the Mekong giant catfish Pangasianodon gigas (maximum
length 300 cm) and the giant barb Catlocarpio siamensis (maximum length 200 cm). The more
familiar fish groups comprise carps (Cyprinidae – 39%), catfishes (Akysidae, Ariidae, Bagridae,
Clariidae, Pangasiidae, Siluridae and Sisoridae – 24%), herring (Clupeidae – 3%), snakeheads
(Channidae – 2%), featherbacks (Notopteridae – 2%), gouramis (Osphronemidae – 2%), and
climbing perch (Anabantidae – 1%). The remaining 27% consists of needlefishes or garfishes,
tongue fishes, soles, leaf fishes, archerfishes, drums, threadfins, snooks, anchovies, eels and
many other fish species (So Nam et al., 2006; MFD, 2003; Rainboth, 1996)
The many fish species of the Tonle Sap Great Lake encompass 90 genera and 32 families with a
diversity of form, feeding habits and modes of reproduction. As a result of the high diversity in
the Tonle Sap Great Lake, fish occupy all available aquatic habitats and exploit many kinds of
foods (Baran & So Nam, in press). Biodiversity is a crucial element in high fishery production,
providing to some extent a natural “safety-valve” each season, so that loss of any species (e.g.
from a disease or over-fishing) will be compensated for by increased production of other species.
The high diversity of species, the great range of habitats, and the variation in catches over time
and space make wild freshwater fish available to a wide range of people, thus a high degree of
participation in Cambodian fisheries.
The annual inland fish catch ranges between 250,000 t and 422,000 t for nearly a past decade
(FiA 2009; So Nam & Buoy Roitana, 2005 after Deap et al., 1998; Ahmed et al. 1998; Thuok et
al., 2000, Jensen, 2000) (Table 1), which is the forth largest country in the world after China,
India and Bangladesh (FAO, 1999). Of the total inland fisheries production, approximately 17%
is from commercial or large-scale fisheries, 25% from middle-scale fisheries, 36% small-scale
(family) fisheries and 22% from rice field fisheries (Figure 2). Inland fisheries production
contributes over 80% to total fisheries production (i.e. inland and marine fisheries and
307

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
aquaculture production) for the last eight years (So Nam, 2009; FiA, 2008; So Nam & Buoy
Roitana, 2005) (Figure 3; Table 1).

Table 1 Fisheries production range in Cambodia (2001- 2008)

Figure 2 Type of inland fish production

Figure 3 Type of total fish production

In Cambodia, thousands of tonnes of small-sized/low value fish are caught along their migration
route, from Tonle Sap up the Mekong River to Khone Falls, and into tributaries. By estimation,
at least 16,000 tonnes was caught by only one commercial type of fishing gear (bag net or dai)
during 2004 (Hortle et al., 2004) and more than 30,000 tonnes during 2005 (DoF, 2006).
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Moreover, fishing in the river system is highly diverse, and over 150 fishing methods are
employed (Hortle et al., 2004); as a result, a few hundreds of thousands of tones of smallsize/low value fish were also caught. In Vietnam, small-size/low value fish were caught during
the rainy season (June- September) from the Mekong River and its tributaries, and rice fields and
other floodplain water bodies (pers. data). No national statistical data of the production of total
low value fish (including species, size and composition) are available in the Lower Mekong
River basin of Cambodia and Vietnam.

The importance of inland fish
Cambodian inland capture fisheries' contribution to national food security and the economy is
higher than in any other country in the world. Fish is providing some 82% of the total animal
protein intake for the population (Hortle et al., 2007), while rice constitutes around 75% of the
total energy consumption (Murshid, 1998). So Nam and Nao Thuok (1999) estimated, based on
fisheries statistics of the DoF and MRC, that the national rate of per capita of fish consumption is
23-31 kg per annum. Recently, Hortle et al. (2004) and Hortle et al. (2007) suggested that the
mean inland fish and other aquatic organism consumption is 65.5 kg/person/year and 52.4%
kg/person/year (compared to a national average of 151 kg of rice per annum, FACT/EJF, 2002),
respectively. This rate is in the mid-upper level of world ranges of 15-90 kg/person/year (So
Nam & Bouy Riotana, 2005).
Approximately six million people (approx. 45%) derive employment from the sector (and other
related fisheries activities) in Cambodia (Nao Thuok, pers. comm., 2008). Of which, approx.
10.5% are full time fishers and about 35% part-time fishers. Declining access to common
property resources (forest and fisheries) is one of the major causes of food insecurity and
malnutrition (So Nam, 2000). The Tonle Sap Great Lake and floodplain alone are home to an
estimated 2.9 million people, of whom about 25% live in floating villages or raised houses with
little or no access to farmland (ADB, 2004). The annual population growth of 1.54% (GPCC
2008) means that each year an estimated 200,000 jobs need to be created, posing a new
challenge to inland fisheries management (MoP/NIS, 2008). Although it is not possible to
distinguish between farmers and fishers (most are engaged in both activities to some degree),
there are lower barriers for fisheries making it an attractive activity to those seeking a livelihood.
This in turn is creating new challenges for fisheries management.
The estimated monetary value of the total inland catches at the landing site ranges from US$
150-200 million, increasing in the market chain to US$ 250-500 million (e.g. Jensen, 2000),
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which the inland fisheries contributed about 10% of the total national GDP of US$ 5.3 billion
(MoP/NIS, 2008).
The importance of the inland fisheries is still under evaluated. The statistics are usually
underestimated because secondary and tertiary occupations in fisheries or fisheries related
activities are not revealed. However, with the increasing population pressure and owing to
various causes inland fisheries production has been showing a decline, although it is not
significant, resulting in the reduced availability of fish for consumption in most parts of the
country (So Nam & Bouy Roitana, 2005). Referring to a recent study of IFReDI with the support
of AquaFish CRSP, over 80% of total inland fish catch are small-sized fish (unpublished data).
Fish catch in Tonle Sap has significantly declined from 347 kg/fisher/year in 1940 to 196
kg/fishers/year in 1995 and 116 kg/fisher/year in 2008 (Hortle et al, 2004; So Nam, 2009). As a
result, Cambodia's inland fisheries are over fished and in an alarming stage (So Nam, 2009).
Freshwater aquaculture development
FAO expect that aquaculture will provide 50% of food fish supplies by the year 2030 (Tidwell
and Allen 2001) and a large proportion of this production will origin from intensive aquaculture
techniques, i.e. farming finfish and shrimps using high input of feed. Besides potential
environmental degradation due to untreated effluents, habitat destruction, spreading of pathogens
and non-indigenous species (Naylor et al. 2000; Chopin et al, 2001), the use of artificial fish
based feeds or fresh fish resources will further increase pressure on wild fish stocks (FAO,
2005). In some cases such feeds comprise of fish species traditionally used as cheap food for
people, especially in developing countries, and this allocation of fish resources by the
aquaculture industry may therefore cause negative socio-economic effects. The problem with
utilization of low valued fish resources in aquaculture been identified by FAO as a key issue for
sustainable aquaculture development. Many recent international symposiums and workshops
arranged by FAO have focused on this increasing problem.
Since the year 2000 when Cambodia adopted reform of fisheries sector, inland fisheries took off
rapidly, while freshwater aquaculture production continued to show a rapid growth over the past
two decades and increased from 1,610 tones in 1984 to 13,857 tones in 2004 and 39,025 tones in
2008 (Figure 4), representing a 24.2-time increase or a growth of 16.5% per year, ahead of
annual growth rate (10%) of world aquaculture production (Olin, 2000), and 7th rank in the world
in term of growth rate due to the decline of wild fish catch and high local demand. It represented
around 6 percent of total inland fisheries production in 2000 (So Nam et al., 2005), and around
11% in 2008 (FiA 2009), while the Mekong delta in Vietnam approximately 70% in 2008 (NTT
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Thao, pers. comm.), increasing from 20% in 2000 (Phillips, 2002). Therefore, both Cambodian
and Vietnamese aquaculture industries have expanded, diversified and intensified, its
contribution to aquatic food production has increased gradually and potentially. It is highly
diverse and consists of a broad spectrum of systems, practices and operations, ranging from
simple backyard small, household pond systems to large –scale, highly intensive, commercially
oriented practices (So & Thuok, 1999; So Nam et al., 2005).

Fig. 4 Trends of freshwater aquaculture production in Cambodia. Source: FiA Fisheries
Statistics (2009).

The current situation of cage and pond freshwater aquaculture in Cambodia is summarized in the
study of So Nam et al. (2005) and updated in Table 1. The number of fish cages has kept more or
less stable for the last 10 years and reached 4,492 in 2004, operated in the Mekong basin,
including the Tonle Sap Great Lake (42%), Tonle Sap River (17%), upper stretch of the Mekong
River (19%), lower stretch of the Mekong River (14%) and Bassac River (7%), and then its
number dropped to 2,588 in 2005 due to the ban on snakehead fish culture. Surprisingly, in 2008,
15,213 cages were recorded in freshwater environment and 1,316 cages in marine environment
because provincial fisheries officers have a good will to provide accurate information. In total
there are 3,257 farmers operated cage fish culture in 2008 (Table 2). So Nam & Nao Thuok
(1999) estimated that 72% of freshwater aquaculture production in Cambodia came from
cage/pen culture and the remaining 28% from pond culture. In Vietnam, about 4,639 fish cages
are operated in four Mekong delta provinces, especially in An Giang and Dong Thap provinces,
while about 17,000 ha of earthen ponds are used for fish culture there.
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Exotic species such as silver carp, common carp, tilapia, and mrigal are commonly poly-cultured
with the native silver barb Barbonymus gonionotus by Cambodian fish farmers (So Nam &
Haing Leap, 2007). Total fish seed supply of these exotic and silver barb fish species of from
both farmers (165) and public hatcheries (14, Table 2) increased from 11 million fingerlings in
2001 to 37.2 million fingerlings in 2008, representing a 3.3-time increase over the past eight
years (FiA, 2009). Recognizing the potential role of aquaculture in subsistence farming, many
NGO’s and donor’s funded development projects began promoting freshwater small-scale
aquaculture in rural Cambodia in the late 1980s. The activities of these projects include (1)
transferring

aquaculture

technologies

(knowledge)

to

farmers

through

training

and

demonstration, (2) supporting the establishment of provincial level fish seed production stations
and also supporting these stations to carry out extension services, (3) promoting private
hatcheries (i.e. small-scale village fish hatchery), (4) building capacity of governmental fisheries
staff, and (5) in some cases supporting on-farm and on-station research activities.
In recent years, small-scale pond aquaculture has been introduced by the government (i.e.
MAFF- FiA) and a number of NGOs/Donors (DFID/DANIDA, JICA, AIDA, World Vision,
CARE, PADEK, CEDAC, PRASAC, APHEDA, FAO, SEILA, CIDO, CP Co. ltd., KADO,
GTZ, IPM, ECOSORN, FHI, Ratchana, and LWS) for the purpose of generating alternative
livelihoods, household income and securing the animal protein source. At the present,
organizations who support small-scale freshwater aquaculture development are: JICA,
DFID/DANIDA, SEILA, LWS, FiA and DoA in Kampong Speu province, JICA, FHI, SEILA,
APHEDA, IPM, FiA and DoA in Kampot province, JICA, SEILA, PADEK, CARE, FiA and
DoA in Prey Veng province, and JICA, World Vision, Ratchana, SEILA, FiA and DoA in Takeo
province (Ouk Hak, Seng Sam Eun, Sar Narin, Phon Pech, pers. comm., 2009). As a result,
small-scale fish culture in ponds has gradually been developed in certain areas, where project
interventions seem successful. Interestingly, in 2008 the number of pond recorded was 56,234 in
Cambodia. In total, 40,479 farmers operated freshwater pond fish culture in 2008 (Table 2).
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Table 2 Aquaculture data: number of farmers, ponds, cages, hatcheries and community
refuge ponds in 2008-2009 in Cambodia

The most commonly cultured fish species in the Lower Mekong Basin of Cambodia and
Vietnam are snakehead (Channa micropeltes, and C. striata), pangasiid catfish (Pangasianodon
hypophthalmus), hybrid clarias catfish (C. btrachus x C. gariepinus), and giant freshwater prawn
(Macrobrachium rosenbergii). In Cambodia wild giant snakeheads (Channa micropeltes) are
generally cultured in smaller cages of less than 200 m3. Feed represent more than 70% of the
total operational cost and the main type of feed for wild giant snakehead culture is small-sized or
low valued fish, representing 60 to 100% of the total feed used depending on feeding strategies
adopted by different farmers (So et al., 2005). During the dry season (October to May), the most
important source of feed is freshwater small-sized or low value fish, while more marine smallsized or low value fish species are used during the rainy season (June to September) (So et al.,
2005). Pangasiid catfish and hybrid clarias catfish are commonly cultured in earthen ponds in
Cambodia. They are omnivorous and freshwater low value fish are used as direct feed at an
average proportion of 20% for pangasiid catfish and 54% of total feed fed for hybrid clarias
catfish (So et al., 2005). In the Mekong Delta in Vietnam domesticated snakehead (Channa
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micropeltes, and C. striata) are totally fed with small-sized/low value fish (mostly with marine
small-sized/low value fish) (So Nam, 2009b). Pangasiid catfish (P. hypophthalmus) aquaculture
is the biggest industry, and its production was about 2 million tons in 2007/2008. The feed for
this aquaculture are both pellet feed and small-sized/low value fish. Giant freshwater prawn is
carnivorous and it may depend on low value fish used as direct feed.
The government of Cambodia put a ban on snakehead farming in May 2005 and the reasons for
this was the potential negative impacts on wild fish populations from wasteful snakehead seed
collection and on other fish species diversity, and also potential negative effects on poor
consumer groups from decreased availability of small-sized/low valued fish (So et al, 2007).
After the ban on snakehead culture in Cambodia, snakeheads have illegally been imported from
the neighbouring countries, particularly from Vietnam, to supply high local market demands in
Cambodia. The incentives for choosing snakehead before other fish species by fish farmers are
strong, generating more than 10 times higher profits (pers. data). In Vietnam, aquaculture of this
domesticated snakehead fish has commonly and wisely been practiced, and recently intensified.
As a result, environmental issue and outbreak of fish disease are the biggest problems, which
cause high fish mortality due to poor water quality, and cause decreased income of hundred
thousands of snakehead farmers in the Mekong Delta in Vietnam. As intensive snakehead
aquaculture has been developed, many kinds of pathogens may cause serious diseases. Further
more, no or very little information of species diversity of low value fish resources are available
in the Lower Mekong River Basin of Cambodia and Vietnam.
Threats to inland fisheries
Fisheries may be damaged by actions which change the environment, or by overfishing or illegal
fishing. Among these threats, environmental changes are of most concern.
Environmental changes
Fish need water and habitats, and they need clear passage between habitats. So the main threats
to fish production are activities that affect the natural hydrological regime, damage fish habitats,
or restrict or prevent the movement of fish. Dams and flood control schemes in particular
diminish river-floodplain fisheries, as they cause all of these impacts.
Large dams have had well-documented negative impacts on inland fisheries throughout the
world (e.g. Goldsmith and Hildyard, 1993; Marmulla, 2001). Such impacts are also documented
for some dams in the Lower Mekong Basin (e.g. Baird et al., 2002; Roberts, 1993; Watson and
Schouten, 2001), but impacts from most dams have not been assessed. Dams create reservoirs
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that may support large fisheries, but the overall effect of large dams is usually a loss of fish
production. Most dams store wet-season water so they delay and attenuate flooding, which
reduces fish production downstream on floodplains. To generate peak-load hydroelectricity some
dams release water in short-duration flushes each day, so rivers downstream are exposed to
rapidly fluctuating flows unsuitable for most aquatic life. Downstream, fish spawn at the wrong
time when they receive false stimuli from release water, or do not spawn at all. Fish eggs and
larvae may be stranded by fluctuating flows or may not develop at the right time to enter the
flooded nursery habitats with rising waters. Dams also prevent migrating fish from reaching the
habitats they need to access for spawning or feeding. Dams trap nutrients and sediment, and may
release deoxygenated stagnant bottom water which is toxic to fish and other aquatic life.
Abstraction of water for other uses reduces the amount available for the fishery.
No major dams have been constructed in Cambodia, but there are at least 669 smaller dams
(mostly flooding areas of less than 500 ha) which are used for irrigation and water supply (DoF,
1999), and their impacts on fisheries are unknown. Many large dams have been built in the
upstream countries, and many more dams are planned for the coming decades. The total water
storage in large Mekong dams was estimated at 2.5% of wet season flows in 1995, which would
cause little reduction in flood levels (Kreuze, 1998), but water abstraction and ongoing dam
construction in upstream countries is likely to progressively reduce flooding and associated
fisheries production in Cambodia, as well as causing other impacts as mentioned above. In
particular, damming of the Sesan-Sekong-Srepok System upstream of Cambodia is likely to
progressively degrade this system, which is noted as a source of large fish and a spawning area
for floodplain species. The first large dam, the Yali Falls Dam on the Sesan in Viet Nam, has
caused economic, social and environmental impacts downstream in Viet Nam and Cambodia
(RMR, 2000).
As well as dams, many other kinds of structures change hydrology. Irrigation and flood control
schemes incorporate dykes and floodgates which restrict the access of fish to tributaries and the
floodplain and so reduce fisheries production. Many such schemes have already been constructed
in the Mekong Basin, with documented adverse effects on fisheries productivity and diversity
(e.g. Suntornratana and Thalengkieaatleela, 1996).
Destruction of natural habitats also impacts fisheries. The flooded forests along rivers and
around the Great Lake are being cleared for firewood and converted to rice paddies. As well as
the loss of shelter for fish, the loss of forest increases soil erosion, causing silt to fill-in and
simplify the habitat in waterways.
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Water pollution has affected many river fisheries, but despite local impacts Cambodian rivers are
not yet significantly polluted because industrial development is limited. Also, the large volumes
of water greatly dilute wastes in Cambodian river systems.
People need improved roads and other infrastructure in floodplain areas, but increased
accessibility facilitates destruction of valuable habitats, which reduces fish production. Measures
are needed to limit impacts on the best fish-producing areas of floodplains. Navigation
improvements also potentially affect flow patterns and the dispersal of fish eggs and larvae.
Introduction of exotic species causes irreversible alteration of the aquatic environment, so should
be done with great care. Ironically, despite the high fish diversity of the Mekong System, much
aquaculture depends upon exotic species, and a large aquarium trade also distributes fish which
populations in the LMB (Welcomme and Vidthayanon, 2003). All these species potentially
compete with, prey upon, or may transmit diseases to more valuable native fish. The Cambodian
DoF recently prohibited aquaculture of one exotic species, the red-bellied pacu, Piaractus
brachypomus, but without similar action in other countries, this ban cannot be effective in
limiting its spread in the wild.
Overfishing and illegal fishing
Floodplain fisheries are extremely resilient to fishing pressure because floodplain fish have high
reproductive rates, producing large numbers of rapidly-developing juveniles which colonise and
grow in flooded environments. Most fish are destined to be killed by starvation, disease or
predation each year when the flood recedes, as they are crowded into an ever-diminishing
volume of water. Consequently, fishing which removes a large part of the stocks each year may
have little or no impact on the catch in the subsequent year. As fishing pressure increases, larger
predatory species are ‘fished-down’ first, allowing survival of their prey, which can then be
caught by people, so the total catch increases.
Increasing fishing pressure can be caused by more fishers, use of more or better gears, or both. In
Cambodia the number of fishers increased greatly between the 1940s and mid-1990s, and the
amount caught by each fisher fell, although the total catch actually increased. So it is primarily
the increasing number of people fishing which has led to lower individual catches.
Over the last decade, fishing gear has become much cheaper and more efficient. Formerly, most
people used traditional gears which were time-consuming to make and could only be used over
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relatively small areas. Two kinds of gear are largely supplanting traditional gears: nylon
monofilament gill-nets and fine-mesh fences with traps. Nylon monofilament gill-nets have
become widely available and are very cheap. They are highly efficient for catching a wide range
of species and can be set and left untended to fish continuously. The Fisheries Law limits gillnets for personal use to 10 metres in length, but most nets are 50 metres or longer. A typical 50metre net retails for $3-5, a cost that may be recovered in less than a day in some areas, so now
most families living along waterways own many gill-nets. There are many thousand of such nets
used each day in Cambodian waterways, forming a ‘wall-of-death’ for migrating species. Finemesh fences with traps (say yoeun) are another type of gear made from a modern material,
plastic mosquito netting. A wall or fence of netting is set across flooded areas to direct fish into a
trap, also made of mosquito netting. These illegal gears are also very cheap; the mesh sells for
about US$0.50 per metre, so a typical gear with a 50-metre fence costs less than $30, an outlay
that may be repaid in a few days. These gears prevent fish from moving across the floodplain
and catch very small fish of all species before they can grow, thereby reducing the total catch
each season. Much of the catch of very small fish is sold to feed snakeheads held in cages. About
5 kg of feed is required to produce 1 kg of snakeheads, so much of the catch from this fishery is
wasted. Electrofishing, poisoning and use of explosives are illegal fishing methods, but all are
widespread and add to fishing pressure, as well as killing non-target species and damaging
habitats.
Some researchers believe many fisheries in Cambodia are already overfished (e.g. Touch and
Todd, 2001), but is there hard evidence for overfishing? The only accurate long-term monitoring
data on catches are from the Tonle Sap dai fishery (Hortle et al., 2004b). These data support the
idea that fish production depends primarily on the extent of flooding, because the annual catches
1995-6 to 2000-1 correlate well with river height, which is itself correlated with flood area. But
over the last three years catches have declined below the levels which would be predicted from
flood heights, with the catch for the 2003-2004 season being the lowest on record. Thousands of
additional people using more gear are fishing each year, so it is not surprising that catches from
the dais are decreasing, if only as a result of competition with other fishers. However, the
contribution of very small species to the catch has increased, and the average size of these small
fish has also declined, both signs indicating overfishing in this intensively-fished area.
Management measures are urgently needed to prevent overfishing and to protect aquatic habitats.
A recently formulated General Fisheries Plan for the Tonle Sap system - prepared under ADB
funding - aims to address this need (ADB, 2002; ADB, 2003). Further research on fisheries and
management is being carried out by the DoF. The Mekong River and its tributaries in upper
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Cambodia are still comparatively under-fished, but pressure continues to increase and
management is also needed, particularly as this area contains many large fish which are the
broodstock for production of the fish larvae and fry that drift downstream to colonise flooded
areas.
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ANNEX 2

Questionnaire for species diversity, abundance and catch composition of
small-sized fish in the LMR basin
(For interviews with middle-scale fishers)

Fishing gear type/name:……………………………………………………………………

1. General information
1.1. Name of interviewer:.................................................................................................................
1.2. Date of interview: …………………………………………………………………………….
1.3. Name of fisher:………………………..Sex………………………Age……………….
1.4. Address of fisher:
……………..village…………commune…….……district….….…….Province…………….
1.5. Fishing locality:
River name:………………………………………………
……………………..village…………commune…….……district….….…….Province…………
1.6. Marital status: single!

marriage!

Divorce!

1.7. Educational level:
a. None
d. Lower secondary
g. College/University

b. Primary not completed
e. Secondary/Diploma
h. Other (specify)

c. Primary school
f. Vocational training

1.8. How long have you been in the business?.............................. since year……………….……..
1.9. Type of fishing gears used:……………………………………………………………………
1.10.

What other businesses do you make besides this fishing lot? If yes, Please describe:

………………………………………………………………….…………………………………
………………………………………………………………….…………………………………
2. Fish species and catch
2.1 What is the total catch in 2007-2008?..................................................tones
- Small-sized fish (SSF, < 25 cm),)…………%
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- Big-sized fish (BSF, > 25 cm)………….. %
- Juvenile of BSF (< 25 cm):…………………%
2.2 How is the daily catch in 2007-08?
Level of catch

Peak day
Kg/day

Common day

Month

Kg/day

Month

Maximum
Minimum
Average
- How many days per year do you spend for catching fish?............................................................
2.3 Percentage of small-sized fish (< 25 cm), big-sized fish (> 25 cm) and juvenile of big sized
fish (< 25 cm).
Year

Total catch
(Tone)

Percentage of total catch
Small-sized fish

Juvenile of big-

Big-sized fish

sized fish
2007-08
2006-07
2005-06
2004-05
2003-04
2002-03
2001-02
2000-01
2.4 Patterns of fish species abundance over the past eight years.
Type of
fishing gear

Fish species disappeared

Fish species decreased Fish species increased
in catch

in catch
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2.5 Is your total annual catch declined or increased over the past years?........................................
Why? ……………………………………………………………………………………................
…………………………………………………………………………………………………….
2.7 Please count small-sized fish you have mostly caught.
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
What species is the most abundant in catch? Please count the seven most common small-sized
fish species:........................................................................................................................................
……………………………………………………………………………………………………
……………………………………………………………………………………………………
2.8 Catch composition of the seven most common small-sized fish species in 2007-08
Fish species

%

1
2
3
4
5
6
7
Others
2.9 Has the above pattern of catch composition changed over the past years?
If no, why?......................................................................................................................................
If yes, why? ………………………………………………………………………………………
How? ……………………………………………………………………………………………..
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2.10 Trends of sizes of small-sized fish species (cm) over the past eight years
Year

Size of the seven most common small-sized fish species (cm)
1

2

3

4

5

6

7

2007-08
2006-07
2005-06
2004-05
2003-04
2002-03
2001-02
2000-01
3. Supply and utilization of SSF
3.1 Trends of prices of small-sized fish over the past eight years
Year

Maximum

Minimum

Average

(R/kg)

(R/kg)

(R/kg)

Remark

2007-08
2006-07
2005-06
2004-05
2003-04
2002-03
2001-02
2000-01

3.2 Trends of prices of big-sized fish over the past eight years (e.g. pra, prual, chkaok, ros, kes,
chpin,)
Year

Maximum

Minimum

Average

(R/kg)

(R/kg)

(R/kg)

Remark

2007-08
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2006-07
2005-06
2004-05
2003-04
2002-03
2001-02
2000-01

3.3 Is annual growth rate of price of SSF and BSF different?
If yes, what is the different growth rate?........................................................................................
Why? ……………………………………………………………………………………………..
…………………………………………………………………………………………………….
3.4 Flow of small-sized fish catch for the past few years
No.

To whom?

Quantity

R/kg

Number

Number of

Sell to

(Tones

of

people increase

where?

or %)

people/yr

or decrease as
compared to last
few years

1

Traders from VN by
boat

2

Traders from VN by
car

3

Cambodia traders to
VN

4

Cambodia traders to
other provinces

5

Prahok processor
(big/medium scale)

6

Prahok processors
(farmers/smallscale)

7

Fish sauce plants

8

Fish driers along TS
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river
9

Landing site (yeu)

10

Fish farms

11

Crocodile farms

12

Animal farms

13

Animal feed
company (CP)

14

Retailers

15

Household
consumption
Others

3.5 Supply and Utilization of SSF
Percentage (%)/year
Description

Inside the

Outside the country, please specify

country

……………………………………
……………………………………

In and outside the country (%)
Human food (fresh+ processed) (%)
- Fresh (%)
- Processed (%)
Animal feed (fresh+ processed) (%)
- Fish (%)
- Other animals (pig, chicken, duck) (%)

4. Problem encountered
4.1 What are the factors affecting your fish catch?
- Natural factors:……………………………………………………………………………………
…………………………………………………………………………………………………….
- Social factors:……………………………………………………………………………………
…………………………………………………………………………………………………….
- Political factors…………………………………………………………………………………..
.......................................................................................................................................................
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4.2 What problems do you encounter for your business? Please describe:
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………………
……………………………………………………………………………………………….
4.3 Please provide reasons for the decline in fish abundance over the past years.
………………………………………………………………………………………………..
…………………………………………………………………………………………………
…………………………………………………………………………………………………
Do you think SSF abundance decline too?
If yes, why?…………………………………………………………………………………………
If no, why?…………………………………………………………………………………………
4.4 Do you think your harvesting method is sustainable?
If yes, why?...................................................................................................................................
…………………………………………………………………………………………………..
If no, why?………………………………………………………………………………………
…………………………………………………………………………………………………….
5. Suggestions
51. What suggestions do you have to improve your business?
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………………
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………………
6. Future plan
6.1 In the next few years do you plan to:
a. expand your business? Why?................................................................................................
b. reduce your business? Why?................................................................................................
c. maintain your business? Why? …………………………………………………………….
d. stop your business? Why? …………………………………………………………………
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Questionnaire for species diversity, abundance and catch composition of
small-sized fish in the LMR basin
(For interviews with bag-net or dai owners)

7. General information
1.11.

Name of

interviewer:.................................................................................................................
1.12.

Date of interview:

…………………………………………………………………………….
1.13.

Name of dai

owner:………………………..Sex………………………Age……………….
1.14.

Address of dai owner:

……………..village…………commune…….……district….….…….Province…………….
1.15.

Marital status: single!

1.16.

Educational level:

a. None
d. Lower secondary
g. College/University

1.17.

marriage!

b. Primary not completed
e. Secondary/Diploma
h. Other (specify)

Divorce!

c. Primary school
f. Vocational training

How long have you been in the business?..............................

since year……………….……..
1.18.

Type of Dai fisher: row #..........................; ID

dai…………………….
1.19.

What else business do you make besides Dai Fishery? If yes,

Please describe……..…….…
………………………………………………………………….…………………………………
………………………………………………………………….…………………………………
8. Fish species and catch
2.1 What is the total catch in 2007-2008?..................................................tones
- For small sized fish ….………%
- For big sized fish………….....%
- Of small-sized fish caught:………..% is juvenile of BSF
2.2 How is the daily catch of your dai in 2007-08?
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Common day

Month or day

Kg/day

Month or day

Maximum
Minimum
Average

2.3 Percentage of small-sized fish (< 20 cm), big-sized fish (> 20 cm) and juvenile (< 20 cm) of
big sized fish.
Year

Total catch
(Tone)

Percentage of total catch
Small-size fish

Juvenile of big-

Big-sized fish

sized fish
2007-08
2006-07
2005-06
2004-05
2003-04
2002-03
2001-02
2000-01
2.4 Patterns of fish species abundance over the past eight years.
Location

Disappeared

Decreased

Increased

Dai

329

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009

2.6 Is your total annual catch declined or increased over the past years?.........................................
Why? ……………………………………………………………………………………................
…………………………………………………………………………………………………….
2.7 Catch composition of small-sized fish species in 2007-08
Fish species

Peak period

Not peak period

(%)

(%)

Average

Riel
Riel top
Riel angkarm
Sleukrussei
Khnorng Veng
Bandol Ampil
Linh
Sraka kadam
Kanh-chrook
Others
2.8 Has the above pattern of catch composition changed over the past years?
If no, why?......................................................................................................................................
If yes, why? ………………………………………………………………………………………
How? ……………………………………………………………………………………………..
2.9 Trends of sizes of small-sized fish species (cm) over the past eight years
Year

Size of common small-sized fish species (cm)
Riel

Sleukrussei

Khnorng

Bandol

Veng

Ampil

Linh

Sraka

Kanh-

kadam

chrook

2007-08
2006-07
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2005-06
2004-05
2003-04
2002-03
2001-02
2000-01

9. Supply and utilization of SSF
3.1 Trends of prices of small-sized fish over the past eight years
Year

Maximum

Minimum

Average

(R/kg)

(R/kg)

(R/kg)

Remark

2007-08
2006-07
2005-06
2004-05
2003-04
2002-03
2001-02
2000-01

3.2 Trends of prices of big-sized fish over the past eight years (e.g. pra, prual, chkaok, ros, kes,
chpin,…)
Year

Maximum

Minimum

Average

(R/kg)

(R/kg)

(R/kg)

Remark

2007-08
2006-07
2005-06
2004-05
2003-04
2002-03
2001-02
2000-01
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3.3 Is annual growth rate of price of SSF and BSF different?
If yes, what is the different growth rate?........................................................................................
Why? ……………………………………………………………………………………………..
…………………………………………………………………………………………………….

3.4 Flow of small-sized fish for the past few years
No.

To whom?

Quantity

R/kg

Number

Number of

Sell to

(Tones

of

people increase

where?

or %)

people/yr

or decrease as
compared to last
few years

1

Traders from VN by
boat

2

Traders from VN by
car

3

Cambodia traders to
VN

4

Cambodia traders to
other provinces

5

Prahok processor
(big/medium scale)

6

Prahok processors
(farmers/smallscale)

7

Fish sauce plants

8

Fish driers along TS
river

9

Landing site (yeu)

10

Fish farms

11

Crocodile farms
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12

Animal farms

13

Animal feed
company (CP)

14

Retailers
Others

3.5 Supply and Utilization of SSF
Percentage (%)/year
Inside the country
Description

Outside the country, please specify
………………………………………
………………………………………

Human food (fresh+ processed)
- Fresh
- Processed
Animal feed (fresh+ processed)
- Fish
- Other animals (pig, chicken,
duck)

10. Problem encountered
4.1 What are the factors affecting your fish catch?
- Natural factors:……………………………………………………………………………………
…………………………………………………………………………………………………….
- Social factors:……………………………………………………………………………………
…………………………………………………………………………………………………….
- Political factors…………………………………………………………………………………..
.......................................................................................................................................................
4.2 What problems do you encounter for your business? Please describe:
……………………………………………………………………………………………….
……………………………………………………………………………………………….
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…………………………………………………………………………………………………
……………………………………………………………………………………………….
4.3 Please provide reasons for the decline in fish abundance over the past years.
………………………………………………………………………………………………..
…………………………………………………………………………………………………
…………………………………………………………………………………………………
4.4 Do you think your harvesting method is sustainable?
If yes, why?...................................................................................................................................
…………………………………………………………………………………………………..
If no, why?………………………………………………………………………………………
…………………………………………………………………………………………………….
11. Suggestions
51. What suggestions do you have to improve your business?
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………………
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………………
12. Future plan
6.1 In the next few years do you plan to:
a. expand your business?
b. reduce your business?
c. maintain your business?
d. stop your business?
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Questionnaire for species diversity, abundance and catch composition of
small-sized fish in the Lower Mekong River
(For interviews with fishing lot owners)

13. General information
1.20.

Name of

interviewer:.................................................................................................................
1.21.

Date of interview:

…………………………………………………………………………….
1.22.

Name of lot

owner:………………………..Sex………………………Age……………….
Location of fishing lots:
Village…………………….Commune……..…….…District….….….…….Province…………….
1.23.

Address of lot owner:

……………..village…………commune…….……district….….…….Province…………….
1.24.

Marital status: single!

1.25.

Educational level:

a. None
d. Lower secondary
g. College/University

1.26.

b. Primary not completed
e. Secondary/Diploma
h. Other (specify)

marriage!

Divorce!

c. Primary school
f. Vocational training

How long have you been in the business?..............................

since year……………….……..
1.27.

Type of lot: lot # ……………a. research lot; b. auctioned

lot…………….
1.28.

What other businesses do you make besides this fishing lot? If

yes, Please describe:
………………………………………………………………….…………………………………
………………………………………………………………….…………………………………
14. Fish species and catch
2.1 What is the total catch in 2007-2008?..................................................tones
- For small-sized fish (SSF):…………%;
- For big-sized fish (BSF):………….. %
- : Juvenile of BS:………..%
2.2 How is the daily catch of your lot in 2007-08?
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Common day

Month or day

Kg/day

Month or day

Maximum
Minimum
Average

2.3 Percentage of small-sized fish (< 25 cm), big-sized fish (> 25 cm) and juvenile (< 25 cm) of
big sized fish.
Year

Total catch
(Tone)

Percentage of total catch (%)
Small-size fish

Juvenile of big-

Big-sized fish

sized fish
2007-08
2006-07
2005-06
2004-05
2003-04
2002-03
2001-02
2000-01
2.4 Patterns of fish species abundance over the past eight years.
Location

Fish species disappeared

Fish species decreased Fish species increased
in abundance

In abundance

Fishing lot #:
Location:
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2.6 Is your total annual catch declined or increased over the past years?........................................
Why? ……………………………………………………………………………………................
…………………………………………………………………………………………………….
2.7 Please count small-sized fish you have caught.
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
What species (at least 7) are the most abundant in catch?...............................................................
……………………………………………………………………………………………………..
2.8 Catch composition of small-sized fish species in 2007-08
Fish species

%

1
2
3
4
5
6
7
Others
2.9 Has the above pattern of catch composition changed over the past years?
If no, why?......................................................................................................................................
If yes, why? ………………………………………………………………………………………
How? ……………………………………………………………………………………………..
2.10 Trends of sizes of 7 small-sized fish species (cm) over the past eight years
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Size of common small-sized fish species (cm)

Year
1

2

3

4

5

6

7

2007-08
2006-07
2005-06
2004-05
2003-04
2002-03
2001-02
2000-01
15. Supply and utilization of SSF
3.1 Trends of prices of small-sized fish over the past eight years
Year

Maximum

Minimum

Average

(R/kg)

(R/kg)

(R/kg)

Remark

2007-08
2006-07
2005-06
2004-05
2003-04
2002-03
2001-02
2000-01

3.2 Trends of prices of big-sized fish over the past eight years (e.g. pra, prual, chkaok, ros, kes,
chpin,)
Year

Maximum

Minimum

Average

(R/kg)

(R/kg)

(R/kg)

Remark

2007-08
2006-07
2005-06
2004-05
2003-04
2002-03
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2001-02
2000-01

3.3 Is annual growth rate of price of SSF and BSF different?
If yes, what is the different growth rate?........................................................................................
Why? ……………………………………………………………………………………………..
…………………………………………………………………………………………………….
3.4 Flow of small-sized fish for the past few years
No.

To whom?

Quantity

R/kg

Number

Number of

Sell to

(Tones

of

people increase

where?

or %)

people/yr

or decrease as
compared to last
few years

1

Traders from VN by
boat

2

Traders from VN by
car

3

Cambodia traders to
VN

4

Cambodia traders to
other provinces

5

Prahok processor
(big/medium scale)

6

Prahok processors
(farmers/smallscale)

7

Fish sauce plants

8

Fish driers along TS
river

9

Landing site (yeu)

10

Fish farms

11

Crocodile farms
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12

Animal farms

13

Animal feed
company (CP)

14

Retailers

15

Own consumption
Others

3.5 Supply and Utilization of SSF
Percentage (%)/year
Description

Inside the

Outside the country, please specify

country

………………………………
………………………………

Inside and outside country supply (%)
Human food (fresh+ processed) (%)
- Fresh (%)
- Processed (%)
Animal feed (fresh+ processed) (%)
- Fish (%)
- Other animals (pig, chicken, duck) (%)

16. Problem encountered
4.1 What are the factors affecting your fish catch?
- Natural factors:……………………………………………………………………………………
…………………………………………………………………………………………………….
- Social factors:……………………………………………………………………………………
…………………………………………………………………………………………………….
- Political factors…………………………………………………………………………………..
.......................................................................................................................................................
4.2 What problems do you encounter for your business? Please describe:
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………………
……………………………………………………………………………………………….
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4.3 Please provide reasons for the decline in fish abundance over the past years.
………………………………………………………………………………………………..
…………………………………………………………………………………………………
…………………………………………………………………………………………………
4.4 Do you think your harvesting method is sustainable?
If yes, why?...................................................................................................................................
…………………………………………………………………………………………………..
If no, why?………………………………………………………………………………………
…………………………………………………………………………………………………….
17. Suggestions
51. What suggestions do you have to improve your business?
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………………
……………………………………………………………………………………………….
……………………………………………………………………………………………….
…………………………………………………………………………………………………
18. Future plan
6.1 In the next few years do you plan to:
a. expand your business? Why?.......................................................................................................
b. reduce your business? Why?.......................................................................................................
c. maintain your business? Why?......................................................................................................
d. stop your business? Why?..............................................................................................................
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Questionnaire for fishers in Vietnam

1.

Name of interviewee:……………………………….; Age:………; Sex:……..; Educ.
level:……(0=Illiterate; 1=primary; 2=secondary; 3=high school; 4=higher)

2.

Hamlet:……………………….; Village:……..….……….….; District:………….…..……..…;
Prov.:…………..………..; Tel: ….………………….;

3.

3.1. Household size:………pers.; of which:
3.1a. Male:….……;
family labors:.…….…; of which: 3.2b. Male labors:…….;

4.

Occupations 10 yrs before (circle): 1=fishing; 2=fish trading;3=hatcheries/nursery; 4=aquaculture;
5=cash crops; 6=fruit trees; 7=animal raising, 8=paid-labors; 8=others (clarify)…….;

3.2. No. of

4.1.Current occupations (circle): 1=fishing; 2=fish trading;3=hatcheries/nursery; 4=aquaculture;
5=cash crops; 6=fruit trees; 7=animal raising, 8=paid-labors; 8=others (clarify)………;

5.

Information on the economic activities within 1 year (2007-2008), special care is given to fishrelated activities:
5.
6.
7. Hire,
8. Others
1.
2. Fish 3. Hatch/ 4. Aqua.
Description
Horti- Animal
paid
………….
Fishing trading Nursery farmers
culture raising works

1. Experience by
occupation (years)
2. Land/ water area
used (m2), of which

X

3. Taxes/rents of
land/water (‘000 D/y)
4. Working duration in
year (no. months)
5. Costs of
building/machinery
(mil D/act)
5.1- Life cycle (year)
6. Annual working
costs (‘000 D/act./yr)
7. Total production/ yr
of act. (+ unit)
8. Total gross
income/yr of act. (mil
D)
9. Successful rate (%
no. crops in 5 yrs)
10. No. of family labors 10.1.No. of males:…..; No. of working days/male/yr:……; 10.1.No. of females:……;
participate in
No. of wrk. days/female/yr:…..;
10.1. Percentage of
wk.days by act. (%)
11. No. of hired labors
participate in

11.1.No. of males:…..; No. of working days/male/yr:……; 11.1.No. of females:……;
No. of wrk. days/female/yr:…..;

11.1. Percentage of
wk.days by act. (%)
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12. Priority in future
(1= least, …..,
10=most)

6.

Location of house?: ........... (0=outside; 1=inside of closed embankment); 6.1. Distance to nearest
road: ..........m; 6.2. Distance to nearest market: ............m;

7.

If you are doing the fish-related activities, please let us know not more than 3 reasons for doing
those activities:

7.1. Fishing:
7.1a. Reason 1:…………..…………….; 7.1b. Reason
2:……….………….………; 7.1c. Reason 3:……………………....;
7.2. Fish trading:
7.2a. Reason 1:…………..…………….; 7.2b. Reason
2:……….………….………; 7.2c. Reason 3:……………………....;
7.3. Hatchery/nursery: 7.3a. Reason 1:…………..…………….; 7.3b. Reason
2:……….………….………; 7.3c. Reason 3:……………………....;
7.4. Aqua./ Grow-out: 7.4a. Reason 1:…………..…………….; 7.4b. Reason
2:……….………….………; 7.4c. Reason 3:……………………....;

8.

Sources of information (multiple choice): 1=experience; 2= TV, radio; 3=extension materials,
books; 4=training; 5=visiting; 6=others (clarify)………………......;

9.

Sources of loans (use the codes of 1-5):
1=owned; 2=state banks; 3=private banks; 4=private
lenders; 5=relatives; 6= others (clarify)……………..…....;

10. IF FISHING; Pls provide the information on gears, boat, machinery & fishing grounds (Without
fishing => go to Q12):
Fishing
gears/
Boat/
Machiner
y

Qua
ntity
(unit
)

Descri
ption
(L x
Wx
H) &
Mash
size &
CV of
machi
ne

Val
ue
(‘00
0
D/u
nit)

Lif
e
cyc
le
(ye
ar)

Fishing
ground
(1=Rice
field,
2=River/
canal,
3=Pond/
ditch)

No.
of
work
ing
mont
hs/
year
(mo
nth)

Produ
ction /
gear
(kg/ye
ar)

Specie
s 1:
……
…….
(% of
total
produc
tion)

Specie
s 2:
……
…….
(% of
total
produc
tion)

Specie
s 3:
……
…….
(% of
total
produc
tion)

1. Gear
1………
………
2. Gear
2………
………
3. Gear
3………
………
4. Fishing
boat
5.
Machiner
y for
fishing

11. Place of fishing ground to the embankment? …………(0=outside; 1=inside; 2=both);
11.1. Distance to the house: ……..........m;

12. Of your total catch, what are the proportions of the following fish catch:
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12.1 Small-sized fish catch (%):.................... (Small-sized fish has its max total length of < 25 cm)
12.2 Big-sized fish catch (%):....................... (Big-sized fish has it max TL of > 25 cm)
12.3 Juvenile of big-sized fish catch:............ (Juvenile of big-sized fish has its max TL of < 25 cm)

13. Which big-sized fish species have disappeared (species and reasons)
12.1
Species 1:…………………….…..;
12.1a. Reason 1:…………………..................…;
12.1b. Reason 2:……………………………..…;
12.2
Species 2:…………………….…..;
12.2a. Reason 1:…………………..................…;
12.2b. Reason 2:……………………………..…;
12.3
Species 3:…………………….…..;
12.3a. Reason 1:…………………..................…;
12.3b. Reason 2:……………………………..…;

14. Which small-sized fish species have disappeared (species and reasons)
15.1
Species 1:…………………….…..;
15.1a. Reason 1:…………………..................…;
15.1b. Reason 2:……………………………..…;
15.2
Species 2:…………………….…..;
15.2a. Reason 1:…………………..................…;
15.2b. Reason 2:……………………………..…;
15.3
Species 3:…………………….…..;
15.3a. Reason 1:…………………..................…;
15.3b. Reason 2:……………………………..…;
15.4
Species 2:…………………….…..;
15.4a. Reason 1:…………………..................…;
15.4b. Reason 2:……………………………..…;
15.5
Species 3:…………………….…..;
15.5a. Reason 1:…………………..................…;
15.5b. Reason 2:……………………………..…;

15. Information on the wildish species (fish, prawn, crab, snail,…) those you caught & changes of them
(Without fishing => go to Q15):

Species

Where
to see
(1=Rice
field,
2=River/
canal,
3=Pond/d
itch)

I. Big-sized
fish species
(common
ones)

………….
.

Where
to do
fishing
(1=Rice
field,
2=River/
canal,
3=Pond/d
itch)

Main
fishing
season
(name
of the
months
)

Podu
ct’n
per
year
(kg or
indiv)

…………
…

………
……..

……
……

Aver
age
price
(D/kg
or
D/uni
t)

……
…….

Chang
e of the
produc
tion
over
the
past 10
years
(±%)

Main reasons for
the increase (+)
or decrease (-)

………
….

Reasons for the
increase (for all
species)

(clarify, …….)

1. Species
1:….……
………..

Reason 1:
…………………
…………..

2. Species
2:….……
………..

Reason 2:
…………………
…………..

3. Species
3:….……
………..

Reason 3:
…………………
…………..
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4. Species
4:….……
………..

Reasons for the
decrease (for all
species)

5. Species
5:….……
………..

Reason 1:
…………………
…………..

6. Species
6:….……
………..

Reason 2:
…………………
…………..

7. Species
7:….……
………..

Reason 3:
…………………
…………..

8. Species
8: White
bird fish
II. Smallsized fish
species
(common
ones)

………….
.

…………
…

………
……..

……
……

……
…….

………
….

Reasons for the
increase (for all
species)

1. Species
1:….……
………..

Reason 1:
…………………
…………..

2. Species
2:….……
………..

Reason 2:
…………………
…………..

3. Species
3:….……
………..

Reason 3:
…………………
…………..

4. Species
4:….……
………..

Reasons for the
decrease (for all
species)

5. Species
5:….……
………..

Reason 1:
…………………
…………..

6. Species
6: Sucker
fish

Reason 2:
…………………
…………..

7. Species
7: Crab

Reason 3:
…………………
…………..

8. Species
8: Golden
snail

16. Is the annual growth rate of price of SSF and BSF different over the past 10 years?
19.1 If yes, what is the annual growth rate of price of SSF compared to the one of
BSF?..............................................................................................................
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19.1a
Reasons:...........................................................................................................................................................
.......................................................................
19.2 If no, 19.2a
Reasons............................................................................................................................................................
.....................................................

17. If you do Aquaculture, pls let us know major information on aquaculture of your household
(Without Aquaculture = > go to Q17):
15.1. Cultured area: …………….. m2;
a. System:……. (1=pond; 2=net; 3=rice field;
4=cage; 5=pen; 6=others,…. ………..)
15.2. Stocking duration/crop: …… days;
a. No. of crops/year: ………..; b. Species stocked:
b1:……..……….; b2:………..……; b3:.…..……..;
15.3. Stocking density: ………… ps/m2/crop; a. Size: ……… ps//kg or Unit; b. Price of fingerlings:
……..D/ps;
c. Month of stocking: ……;
15.4. Amount of feed/crop (kg):
a. Marine SSF:……..; b. Freshwater SSF:……..; c. Golden
snail:……..; d. Pellet:…….; e. Others:…….;
15.5. Average price(D/kg):
a. Marine SSF:……..; b. Freshwater SSF:……..; c. Golden
snail:……..; d. Pellet:…….; e. Others:…….;
15.6. Sources of feed:
(1=self-supply/fishing; 2=bought from other fishers/farmers;
3=bought from middlemen/traders; 4=others, clarify, ……………….……….);
15.6.1. Marine SSF:
a. Source 1: ……………………….;
b. Source 2:
……………………..;
c. Quality: …… (1=very bad;…; 5=very good);
15.6.2. FW SSF:
a. Source 1: ……………………….;
b. Source 2:
……………………..;
c. Quality: …… (1=very bad;…; 5=very good);
15.6.3. Golden snails:
……………………..;

a. Source 1: ……………………….;
b. Source 2:
c. Quality: …… (1=very bad;…; 5=very good);

18. Your trend in using feed fo aquaculture (1=strongly decreased; 2=decreased; 3=unchanged;
4=increased, 5=increased very much); and provide the reasons:

16.1

Marine SSF (1-5):…………;
a. Reason 1: …………………….........…....…...;
b. Reason 2: ……………………................;

16.2

FW SSF (1-5):
…………;
a. Reason 1: …………………….........…....…...;
b. Reason 2: ……………………................;

16.3

Golden snails (1-5):
…………;
a. Reason 1:
…………………….........…....…...;
b. Reason 2: ……………………................;

19. How do you use the products from fishing & aquaculture? (cross-check with Total production of
fishing & aquaculture in part 7 of Q5):
Description

A. Capture: ………..….. kg/year

B. Aquaculture: ………..…..
kg/year

A1. BBF

A2. SSF

B1. BSF

B2. SSF

Total production
(A1+A2=100%;
B1+B2=100%)

A1=……… %
of A

A2=……… %
of A

B1=……… % of
B

B2=……… % of
B

By column: 1- For food (fresh
& processed) (%)

……… % of A1

……….. % of A2

……….. % of B1

……….. % of B2

2- Used to feed
cultured fish of HH (%)

……… % of A1

……….. % of A2

……….. % of B1

……….. % of B2
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3- Sold to others for
feeding their fish (%)

……… % of A1

……….. % of A2

……….. % of B1

……….. % of B2

……… % of A1

……….. % of A2

……….. % of B1

……….. % of B2

5- Sold to
middlemen, traders,............. (%)

……… % of A1

……….. % of A2

……….. % of B1

……….. % of B2

6- Sold to other
animal farms for feed

……… % of A1

……….. % of A2

……….. % of B1

……….. % of B2

7- Sold to animal
feed processing factory

……… % of A1

……….. % of A2

……….. % of B1

……….. % of B2

8- Others (seed,
given, ........., clarify) (%)

……… % of A1

……….. % of A2

……….. % of B1

……….. % of B2

4- Sold at the
markets (%)
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20. Information related to the uses of fish by groups (big- and small-sized fish):
Description

Unit

Big-sized fish

Small-sized fish

1: ……………….;

2: ……………….;

1: ……………….;

2: ……………….;

1: ……………….;

2: ……………….;

1: ……………….;

2: ……………….;

1: ……………….;

2: ……………….;

1: ……………….;

2: ……………….;

1: ……………….;

2: ……………….;

Clarify

1: ……………….;

2: ……………….;

Where do you often buy FW fish?

Clarify

1: ……………….;

2: ……………….;

From whom do you often buy FW fish?

Clarify

1: ……………….;

2: ……………….;

Living costs/expenditure of your household/month?

‘000D

Main purposes of buying fish products? Objective 1

Clarify

+ Objective 2
Which source of fish do you like? (0=wild;
1=cultured)
+ Reasons
Which type of fish do you like? (0=marine; 1=Fresh
water)
+ Reasons
What species of freshwater fish do you often buy?

Clarify
0; 1
Clarify
0; 1
Clarify
Species

+ Species 1

Name

+ Species 2

Name

+ Species 3

Name

Reasons why do you often buy these species

Clarify

How many days do you buy fish/time, on average

Days

How much do you often pay for fish/time, on
average

‘000D

How many KG of fish do you often buy/time, on
average

Kg

+ Rate of fresh water fish/Total amount of fish
bought

%

+ Rate of fresh fish/Total amount of F.water fish
Trend of Amount/time (1=Decreased much,…,
5=Increased much)
+ Reasons
Trend of the supply/availability of fresh water fish
+ Reasons
Trend of FW fish size (1=Decreased much,…,
5=Increased much)
+ Reasons
Trend of FWF quality (1=Decreased much,…,
5=Increased much)
+ Reasons
Trend of FW fish price (1=Decreased much,…,
5=Increased much)
+ Reasons

+ Behavior of fish sellers (1=very bad,…, 5=very
good)
+ Did you receive any supports from the fish

%
1-5
Clarify
1-5
Clarify
1-5
Clarify
1-5
Clarify
1-5

1-5
Clarify
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sellers?
+ Did you provide any supports to the fish sellers?
Trend of Convenience (1=Decreased much,…,
5=Increased much)

Clarify

1: ……………….;

2: ……………….;

Clarify

1: ……………….;

2: ……………….;

Clarify

1: ……………….;

2: ……………….;

1-5

+ Reasons
Any difference bet. Rainy & dry seasons? (No/Yes)

21. What do you think about the impacts of using SSF (fish, crabs, snails, ….) to feed the cultured
fish on the following aspect?
19.1. To the natural aquatic resources: ……… (1=very bad; 2=bad; 3=normal; 4=good; 5=very
good);
19.1.1. Reason 1:…………….........................; 19.1.2. Reason 2:….........................................;
19.2. To aquaculture:

……… (1-5);

19.2.1. Reason 1:…………….........................; 19.2.2. Reason 2:….........................................;
19.3. To the public water:

……… (1-5);

19.3.1. Reason 1:…………….........................; 19.3.2. Reason 2:….........................................;
19.4. To the food of poor:

……… (1-5);

19.4.1. Reason 1:…………….........................; 19.4.2. Reason 2:….........................................;
19.5. To the jobs of community:

……… (1-5);

19.5.1. Reason 1:…………….........................; 19.5.2. Reason 2:….........................................;
19.6. To the income of fishers:

……… (1-5);

19.6.1. Reason 1:…………….........................; 19.6.2. Reason 2:….........................................;
19.7. Others (clarify): …………;

……… (1-5);

19.7.1. Reason 1:…………….........................; 19.7.2. Reason 2:….........................................;

22. Difficulties/Risks of & Solutions for major fish-related activities of your household (more care is
given to the sustainable issues of fish-related activities), especially to SSF:
Description

1. Fishing

2. Fish trading

3.
Hatch/Nurs/Aqua.

4. Use of fish

1. Difficulties
1.1. Difficulty 1
1.2. Difficulty 2
1.4. Policy/Regulation
2. Solutions
2.1. Solution 1
2.2. Solution 2
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2.4. Policy/Regulation
Thanks for your help.

Date: ……/…../2008

Interviewer
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TRAINING IN SUSTAINABLE COASTAL AQUACULTURE TECHNOLOGIES IN
INDONESIA AND THE PHILIPPINES
Mitigating Negative Environmental Impacts/ Activity/ 07MNE02NC
Hasan Hasanuddin
Ujung Battee Aquaculture Center
Banda Aceh, Aceh Indonesia
Kevin Fitzsimmons
Department of Soil, Water and Environmental Science
University of Arizona
Tucson, Arizona, USA
Russell Borski
Department of Biology
North Carolina State University
Raleigh, North Carolina, USA
Anicia Hurtado
Aquaculture Department
Southeast Asian Fisheries Development Center
Iloilo, Philippines
ABSTRACT
Shrimp monoculture in Indonesia and the Philippines has led to a decline in mangroves,
degradation of water quality, diseases in shrimp, and low prices due to over-production. The
aim of this investigation was to provide training and techniques through a series of workshops
for more sustainable shrimp farming that incorporates culture of seaweed and tilapia-shrimp
polyculture and soft shell crab farming as an alternative. These objectives were met through a
series of workshops and demonstration projects. A large number of shrimp farmers in
Indonesia and to a lesser extent in the Philippines have adopted these more sustainable
techniques. Many shrimp farmers in the Pidie and Beuren Districts have adopted tilapia and
shrimp polyculture. Others have adopted seaweed / shrimp polyculture and have begun to
harvest and process seaweeds in addition to the shrimp. After a soft shell crab workshop, a
few shrimp farmers have started placing crab cages in their ponds. The farmers are starting to
produce soft shell crabs, but it is unclear if they are doing this as a polyculture or have
switched entire ponds from shrimp to crab culture.
INTRODUCTION
The 9.0 magnitude earthquake that struck the Aceh Province of Indonesia impacted 30,000
households who had registered with aquaculture being the primary household livelihood. The
vast majority of these families had small tambaks (ponds of less than one hectare) that were
used for monoculture of penaeid shrimp. The survivors would like to return to aquaculture,
but recognize that the removal of mangroves may have contributed to the scope of the
disaster. Further, even before the tsunami they were impacted by degradation of water quality,
diseases in shrimp, and low prices due to over-production.
Researchers at SEAFDEC have pioneered mangrove friendly shrimp farming technologies
and have been active in publication and dissemination of these methods (Primavera 2000;
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Tadokoro et al. 2000). These include use of mangroves, seaweeds and bivalves as biofilters.
In earlier CRSP activities, Central Luzon State University researchers worked with farmers to
develop and document the tilapia – shrimp polyculture system that has spread through the
Philippines. The University of Arizona has developed red algae (Gracilaria) farming
techniques that are especially useful to integrate with a shrimp and/or tilapia production to
remove nutrients from effluents (Nelson et al. 2001). Similar work in China (Yang et al.
2005), Colombia (Gautier 2002) and Thailand (Menasveta 2002) provides additional
examples from several distinct environments.
Changes to more sustainable farming should also translate into improved household income as
additional products should be available for sale or consumption and costs for disease
treatments and feed associated with monoculture of shrimp are reduced. This study addresses
issues in the adoption of aquaculture technology applicable to similar situations in other
countries. It also addresses questions of coastal disaster rehabilitation and diversification of
livelihoods. Through its links with the SEAFDEC, the project is connected with a regional
and global research and development network.
OBJECTIVES
a. Conduct a series of short courses in affected communities in Aceh Province and in the
Philippines demonstrating alternatives to monoculture of shrimp
b.Transfer techniques developed in the Philippines for seaweed, oyster, and tilapia-shrimp
polyculture to Aceh Province.
c. Provide oversight and review of matching funds provided by Aquaculture without Frontiers
for training in sustainable coastal aquaculture
d.Provide training to surviving farmers and to NGO volunteers who are providing restoration
assistance
e. Determine if farmers receiving training adopt some of the techniques rather than returning
to shrimp monoculture.
f. Determine if crop diversification and more sustainable farming techniques have improved
household income.
RESULTS
Training and Adoption (objective a-e)
In the first year of the project, three workshops were conducted in Aceh, Indonesia and
Visayas (Guimaras) region of the Philippines. The workshops provided training and
techniques for more sustainable shrimp farming that incorporates culture of seaweed and
tilapia-shrimp polyculture. The first workshop was held in Kabupaten Pidie, Banda Aceh
(Sumatra), Indonesia on April 29-30, 2008. Thirty-one shrimp growers including 5 women
participated. The second workshop held at Ujung Batee Aquaculture Center (BBAP, Banda
Aceh, Indonesia) on May 1-2, 2008 included 34 participants from BBPA, NGOs and the
private sector. The AquaFish CRSP USAID workshops were led by Anne Hurtado, Nelson
Golez, Hasanuddin and staff at Ujung Batee and were co-sponsored by Aquaculture without
Frontiers, who provided cost match on this project, as well as AUAID. Lectures included
fundamentals on sustainable shrimp farming; culture system, management and nutrition; and
seaweed (Gracilaria) farming and polyculture. Hands-on practical feed preparation and native
agar extraction of seaweed was provided. Participants showed much interest in closed-water
recirculating shrimp culture to include Gracilaria as one of the biofilters, preparation of
shrimp feed and native agar extraction. Farmers showed willingness to incorporate new
technologies into shrimp farming. Participants also wanted to know more on the biology and
ecology of seaweed, including the seasonality of their local Gracilaria to determine the
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availability of ‘seedlings’for possible culture. It was recommended that a closed- water
recirculating shrimp culture system (shrimp- oysters-tilapia-Gracilaria) be developed to
demonstrate sustainable and environment-friendly shrimp aquaculture. Development of a
village-level agar extraction to include product applications was also suggested. Several
farmers eventually developed zero exchange shrimp and seaweed polyculture ponds.
A third workshop was held at the Igang Marine Station, Southeast Asian Fisheries
Development Center (SEAFDEC), Aquaculture Department in Igang, Nueva Valencia on the
island of Guimaras, Philippines on August 29-30, 2008. The workshop was attended by 29
people, 16 females and 13 males, from the Local Government Unit, Bureau of Fisheries staff,
and private sector in nearby towns and barangays of Nueva Valencia. AquaFish CRSP
USAID workshops were led by Anne Hurtado and Nelson Golez of SEAFDEC with
assistance from Reginor Argueza of Central Luzon State University. Lectures were provided
on pond preparation and fertilization, feed formulation, shrimp culture with emphasis on
biosecurity and disease control. An integrated shrimp-mollusc-seaweed culture in a
recirculating water system were highlighted to prevent disease outbreak. Lectures were also
provided on Gracilaria biology-ecology, culture and post harvest management.. A hands-on
preparation of feeds, and native agar extraction using a village-level extractor, was conducted.
Additional lectures on disease and crop management of seaweeds, particularly a cultured red
seaweed, Kappaphycus “cottoni ”, was provided as Guimaras coastal seaweed farming was
recently adversely affected by an oil spill. In the final year we have completed two additional
workshops demonstrating alternatives to monoculture of shrimp in affected communities of
the Visayas and Luzon regions of the Philippines. The first workshop provided training on
nursery and growout of seaweed and was held in Punta Punting, Sabang, Sibunag, Guimaras,
Philippines, on November 12, 2008. This AquaFish CRSP USAID workshop was led by Anne
Hurtado of SEAFDEC and involved the participation of 44 seaweed growers, including 16
women, and 3 SEAFDEC. This workshop was supplemental to those outlined in the original
project workplan that was requested by the seaweed farming community. It provided training
on the distribution, biology-ecology, farming, crop management/diseases, post-harvest,
marketing and product applications of seaweed (Kappaphycus‘cottonii’) in a region
previously impacted by a 2006 oil spill. The second workshop held at the Golden Sunset
Resort in Calatagan, Batangas, Philippines (Luzon Region) was held on January 15-16, 2009,
included 47 participants from Central Luzon State University, North Carolina State
University, University of Arizona, SEAFDEC, Philippines Bureau of Fisheries and Aquatic
Resources, local government officials, feed companies, and 24 seaweed, tilapia, and shrimp
growers. Lectures included fundamentals on sustainable shrimp farming; culture system,
management and nutrition; tilapia-shrimp polyculture and seaweed farming and polyculture.
Information was provided on pond preparation and fertilization, feed formulation, shrimp
culture with emphasis on biosecurity and disease control. An integrated shrimp-molluscseaweed culture in a recirculating water system were highlighted to prevent disease outbreak.
A hands-on preparation of feeds, and native agar extraction was conducted.

353

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009

Borski and Fitzsimmons traveled to Aceh to make arrangements for the next series of
workshops in late January 2009. We discussed the current state of the project, reviewed
facilities and met with Ujung Batee staff. Fitzsimmons continued onto India to present the
results of the project at the India Aquaculture Meetings.
A third series of supplemental workshops on soft-shell crab farming was held in Aceh
province of Indonesia at BBAP Ujung Batee (Aceh Besar) on July 21, 2009 and at Kota
Langsa (Aceh Timur) on July 23, 2009. These workshops were part of the Aquaculture
Rehabilitation Project in Aceh, Indonesia and included the participation of 40 farmers, 8
fisheries/aquaculture specialists from BBAP, Ladong Fisheries School, and JFPR; and 11
fisheries/aquaculture government specialists from Dinas Kelautan, Perikanan dan Pertanian
Kota Langsa (Fisheries staff of Kota Langsa and Aceh Timur district). Due to disease
outbreaks associated with shrimp culture, farmers in Aceh are interested not only in
polyculture techniques for more sustainable shellfish/fish culture, but also in alternative crops.
Soft shell mud crabs are a lucrative product that can be grown in polyculture with existing
aquatic crops. However, problems with high mortality and the methodology for producing soft
shell crabs remain a concern. Specifically, some farmers remove walking and swimming legs
and claws to produce soft-shell crab. This technique has been met with considerable ethical
concern and is inconsistent with the religious and social values of the community of Aceh. It
also results in excessive stress and mortality to the crabs. A series of workshops was
conducted by Ms May Myat Noe Lwin (C NN Aquaculture and Supply Company, BangkokThailand), a volunteer with Aquaculture without Frontiers (AwF), with cooperation from
AquaFish CRSP staff and various local government and college staff. The workshops were
supported by AquaFish CRSP, Aquaculture without Frontiers (AwF), Australian Centre for
International Agricultural Research (ACIAR), and the Directorate General of BBAP Ujung
Batee. Ms. May Myat Noe Lwin, along with help from Rafael Martinez, an AquaFish CRSP
graduate student at University of Arizona, provided training on natural methods of producing
soft-shell mud crab, similar to techniques on her own farm in Thailand; crab biology, design
and lay-out of soft-shell farming, stocking techniques, inspection, feeding and feed, water
management, pond preparation, processing and packing and also business planning and
management. Collectively, these and the other workshops on seaweed and fish polyculture
were met with considerable enthusiasm with frequent requests for follow-up training.
Subsequent to the training, ACIAR purchased several hundred soft-shell cages from Thailand
and provided these to some of the participants so that they could implement the techniques
that had been taught. We have been informed that the farmers are successfully using the cages
and selling crabs.
Determine if crop diversification and more sustainable farming techniques have improved
household income (objective f)
A graduate student was scheduled to conduct a survey of farmers to evaluate the impact of
these cultural changes. Unfortunately the student backed out of the project and the full survey
of our participants was not completed. A few of the farmers have provided anecdotal reports
that shrimp survival rates have increased, seaweeds are being harvested for local processing
and consumption, and that their incomes have improved. In addition a colleague with the
Network of Aquaculture Centers in Asia (NACA) has conducted a separate survey of farmers
conducting polyculture in Aceh. The survey results demonstrate a significant improvement in
354

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
household welfare, and include several of our participant villages. As the participants are
anonymous, we cannot be certain that our participants are included, but we assume so as the
participant numbers seem to include most of the community (Table 1).
Survey questions and responses on polyculture
1. What changes have been made as a result of the polyculture system?
• The productions have been increased, so the stock densities have been more
increasing and the period of production faster than before.
2. Clearly identify the reasons for change in income.
• Before, the farmer can produced their fishpond 2 times per years, but after
polyculture, the production of tambak farmer become to 3 times.
• Production have been increasing 40%, no debt more, the tambak not shallow again,
no need find and look out the job for get some money for tambak operational cost.
3. What were their experiences with the Best Management Practices?
• the farmers can understand what are pH, Salinity and other parameter
• Penerimaan Training (Training received)
• the farmers have increased their capacity, understand better management practices
4. Describe their thoughts about changes in farming strategies. When will you be restocking
for your next cycle of production?
• that already stocked into second crop, with 3 month age
• Most of farmers have done restocking, and the farmers use the seed from
agent/nursing, because the seed from hatchery too small and the water situation from
hatchery too different situation between in the field
5. What notable differences have occurred to the quality of their life. E.g. better living
standards (and what specifically e.g. diet, clothes, house renovation, motor cycle, television).
• before, the farmers can’t cover their requirements, but now their life has been better,
• Didn’t get the profit more, because sometime the fish price is low, so they need to add
capital more.
6. What notable differences have occurred to the quality of their family dependent’s lives (e.g.
Children’s schooling, wife’s activities).
• The children’s schooling have been continuing to one level more increasing than
before.
7. Describe how your wife assists you in your business operations
• Mostly their wife not participated into their business operation, but some area,
sometime they help their husband tambak activities like feeding, harvesting process.
• Rarely, their wife participates into their husband activity, mostly their wife take care
of their children in the home.
8. Has there been any changes to your tambak (pond) ownership since operation (i.e have they
become indebted to Toke – buyer who fronts money)?
• There is no changed of ownership of tambak, but some farmers have been rented other
tambak for improved their activity on Aquaculture. There is no debt with toke more,
and the farmers feel free to sell the fish and shrimp anywhere.
• There is not pressure the price from toke/buyer so the profit more transparent.
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Table 1. Survey of farmers in Aceh, Indonesia
Kilograms
No

Groups

Location

Group
Average
income/cycle after income/Far
mer
tsunami

Farmers
Shrimp Fish

1
2
3
4
5

6

7

8

9
10

11
12

KELOMPOK
BAGI
BEUSARE
KELOMPOK
ADE
BEURATA
KELOMPOK
HARKAT
BERSAMA

DESA PANTE
RANUP
15

3366

11922

185,258,100

12,350,540

DESA PANTE
RANUP
16

4021

9748

192,767,325

12,047,958

2758

10147

142,871,250

8,929,453

228

33040

227,765,888

6,155,835

195

33247

242,226,538

7,569,579

28217

184,151,180

5,580,339

11

9,926

64,125,000

4,275,000

11

10363

70,680,000

4,712,000

DESA PANTE
RANUP
16
DESA
KELOMPOK JANGKA
KUDA LAUT ALUE U
37
DESA
KELOMPOK JANGKA
BAROENA
ALUE U
32
DESA
KELOMPOK JANGKA
KELONG
ALUE U
33
JAYA
DESA
KELOMPOK JANGKA
USAHA TANI MESJID
KELOMPOK
DESA
USAHA
JANGKA
TAMBAK
MESJID
DESA
KELOMPOK JANGKA
TIMUR JAYA ALUE BIE
DESA
KELOMPOK JANGKA
SABAN
PAKAT
ALUE BIE
DESA
KELOMPOK JANGKA
BAGI ADE
ALUE BIE
KELOMPOK
DESA
USAHA
JANGKA
BINTANG
ALUE BIE
DESA
KELOMPOK JANGKA
PASIFIK
ALUE BIE

19

285

14,457 122,093,100

6,425,953

19

140

13536

5,123,109

15

413

14,487 146,134,020

9,742,268

11

179

15,000 58,201,950

5,291,086

14

630

14,884 150,508,650

10,750,618

97,339,075
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13

14
15
16

17
18
19
20

KELOMPOK
SARENA

DESA
JANGKA
ALUE BIE

KELOMPOK DESA NASE
MUJAIR
MEE
KELOMPOK
BANDENG
DESA NASE
PRESTO
MEE
KELOMPOK DESA NASE
UDANG LAUT MEE
KELOMPOK
BANDENG
PUTIH
KELOMPOK
UDANG
BREUH
KELOMPOK
DAMAI
KELOMPOK
SEJAHTERA

14

13,218 90,384,225

6,456,016

20

2,454

14,164 143,678,375

7,183,919

23

1,090

18,235 147,088,400

6,395,148

22

2,232

14,804 142,773,900

6,489,723

14

1,802

8,221

57,909,607

4,136,401

15

1,138

9,475

48,074,748

3,204,983

DESA CALOK 31

2,371

16,652 115,655,625

3,730,827

31

2,290

17,428 119,494,663

3,854,667

DESA ALUE
LEUHOB

CONCLUSIONS
Overall the project included more training workshops than originally proposed and the
number of participants exceeded our original expectations. The suggestions and advice
offered in our workshops have been adopted and adapted by several communities in the
Philippines and in Aceh. The yields of shrimp are increasing, with alternative and polyculture
crops increasing at a more rapid pace. Tilapia, seaweed, soft-shell crab, and grouper
fingerlings are becoming more available in the markets. The partnerships with AwF,
SEAFDEC, ACIAR and NACA have been fruitful and the collaborations have provided
important synergies while avoiding duplications. We are pleased to see the application of
polyculture and other more sustainable farming practices in the Philippines and Indonesia.
Although we were not able to complete the impact survey ourselves, it is apparent from an
associated survey conducted by one of our colleagues that there has been a positive impact to
the communities trained.
LITERATURE CITED
Gautier, D. 2002. The integration of mangrove and shrimp farming: A case study on the
Caribbean coast of Colombia. Report prepared under the World Bank, NACA, WWF and
FAO Consortium on Shrimp Farming and the Environment.
Hongsheng Yang , Yi Zhou, Yuze Mao, Xiaoxu Li, Ying Liu and Fusui Zhang. 2005. Growth
characters and photosynthetic capacity of Gracilaria lemaneiformis as a biofilter in a shellfish
farming area in Sanggou Bay, China. Journal of Applied Phycology 17(3): 199-206.
Nelson, S., Glenn, E., Moore, D., Walsh, T, and Fitzsimmons, K. 2001. Use of an edible red
seaweed to improve effluent from shrimp farms. Journal of Phycology 37 (s3): 38–38.
Piamsak Menasveta 2002. Improved shrimp growout systems for disease prevention and
environmental sustainability in Asia. Reviews in Fisheries Science 10(3-4):391-402.
357

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
Primavera, J.H. 2000. Integrated mangrove-aquaculture systems in Asia. Integrated Coastal
Zone Management. Autumn Edition 2000: 121-128.
Tadokoro, Y., Sulit, V.T. and Abastillas, R.B. 2000. Mangrove-Friendly Aquaculture: Final
report of and papers presented to the On-Site Training on Mangrove-Friendly Aquaculture.
Southeast Asian Fisheries Development Center, Aquaculture Department, Tigbauan, Iloilo,
Philippines.

358

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
IMPACT OF INTRODUCTION OF ALIEN SPECIES ON THE FISHERIES AND
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ABSTRACT
China has a long history of introducing alien species (e.g., tilapia, rainbow trout) to develop
aquaculture. These alien species have brought numerous benefits for economic development,
but there has been little study of the ecological and economic impacts of these species. The
objective of this research was to estimate the environmental impacts of the 1992 introduction
of Taihu icefish (Neosalanx taihuensis) in Zhanghe Reservoir. Historical data on fish catches
and fish species composition were collected from relevant reservoir management agencies and
the Zhanghe Reservoir Fisheries Management Company. The primary data on fish catches
were collected through seining surveys of fish at thirteen locations in the reservoir, surveying
the species structure at fish landing points, and analyzing questionnaires completed by
fishermen. Dissolved oxygen, water temperature, pH, and Secchi disc visibility were
measured weekly. Total alkalinity, nitrate-nitrogen, nitrite-nitrogen, total ammonia- nitrogen,
phosphate and chlorophyll-a concentrations were also measured monthly. Before 2005, the
mean icefish yield was approximately 150 t yr-1. The yield of icefish in Zhanghe Reservoir
unexpectedly decreased significantly in 2006, and the fish were nearly extirpated in 2007.
Icefish and bighead carp (Aristichthys nobilis) have similar feeding habits. Because of the
reduction in competition for food, the yield of bighead carp increased gradually from 2003
through 2008. The decreasing yield of icefish was attributed to the rapid increase in yield of
culters (Culter alburnus and Culter mongolicus). Culters eat icefish as their main food, and
the culter yield was steady at ~50 t per year before 2004, but increased to 120 t in 2008. The
reason for this increase was the intentional removal of the top predator yellowcheek
(Elopichthys bambusa) from this reservoir. Before 2008, people recognized yellowcheek as
the inhibitor to increased icefish yield and have tried to eliminate this species from Zhanghe
Reservoir since 2004. The disappearance of the top predator yellowcheek indirectly led to the
extirpation of icefish and increased yield of bighead carp in Zhanghe Reservoir. This provides
us with strong evidence that not only can alien species influence indigenous species, but also
vice versa.
INTRODUCTION
Zhanghe Reservoir (104 km2 surface area) is a temperate oligotrophic lake located in the
center of Hubei. It consists of two parts, the upstream and downstream lake (Figure 1). These
two parts are connected by a narrow channel. The maximum depth of this reservoir is 70 m,
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and total volume is 20.35 x 109 m3. The main fish species originated from the Zhanghe and
Yangtze rivers, thus the fish community is mainly comprised of the major Chinese carps
(Yao, 2002), yellow catfish (Pelteobagrus fulvidraco) and yellowcheek (Elopichthys
bambusa). Yellowcheek are a large, carnivorous, and pelagic species confined to the Chinese
mainland (Xiao et al., 2001), Russia (Bogutskaya and Naseka, 1996; Reshetnikov et al., 1997;
Pietsch et al., 2000) and Vietnam (Rainboth, 1991; Kottelat, 2001). In the basin of Yangtze
River, it is the largest top predator and plays a very important role in the maintenance of the
reservoir ecosystem. Due to the fact that there is no industry around the upstream lake, there
is a relatively good water quality and negligible pollution or eutrophication. The low extent of
human interference makes the upstream lake a very good model to investigate the effect of
alien species.
The Taihu icefish (Neosalanx taihuensis) belongs to the Salangidae family, and is a very
important commercial fish in China. Icefish were commonly distributed in eastern China
lakes during the early 1950s. To meet consumptive demand, the harvest of wild icefish
increased significantly from the 1950s through the 1970s. By the end of the 1970s, the
populations of Taihu icefish had declined to dangerously low levels. Since then, Taihu icefish
have been introduced to many inland lakes and reservoirs to recover the populations of this
threatened species. In 1992, 200,000 fertilized Taihu icefish eggs were introduced into the
Zhanghe Reservoir, resulting in a 5.7 t icefish catch three years later (Yao, 2002). From 1996
to 2006, Zhanghe Reservoir continuously produced Taihu icefish, and the species developed
into a mainstay for commercial harvest by the Zhanghe Reservoir Fisheries Management
Company.
In this study, we collected historic and contemporary data on the yields of different fish
species in Zhanghe Reservoir to investigate the interactions between alien and indigenous
species.
METHODS
Field Study
Field sites were located in the upper and lower Zhanghe Reservoirs in Jingmen, Hubei, China.
Lab work was conducted in Huazhong Agricultural University, China. Historical data on fish
catches and species composition were collected from relevant reservoir management agencies,
the Zhanghe Reservoir Fisheries Management Company.
During the one-year study period in 2008, fish catches and species composition were
collected through: (1) seining fish at four upstream, five midstream and four downstream
locations of the two reservoirs once during each season (winter, spring, summer and autumn);
(2) collecting data at fish landing points; (3) collecting data during the annual harvest by the
fisheries management companies; and (4) providing data sheets to all fishermen in the
reservoir for recording the fish species caught and offering a 20 RMB (~3 USD) reward for
each sheet returned.
Physical data were collected from September 2007 to August 2008. In the laboratory, total
phosphorus (TP) concentration was measured by colorimetry after digestion of the entire
sample with K2S2O8 + NaOH to orthophosphate (Ebina, 1983). Total nitrogen (TN) was
digested simultaneously with TP. After digestion, TN was measured as nitrate and absorbance
was measured at 220 nm. Nitrate-N (NO3--N) was analyzed using the automated
Korolev/cadmium reduction method (APHA, 1992).
The values of temperature, pH, conductivity, and water transparency were obtained in situ.
Temperature was measured by a WMY-01 digital thermometer (Shanghai Huayan
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Instruments Co., Ltd.). Conductivity and pH were determined with DDB-303A and PHB-4
pH meters, respectively (Shanghai Precision & Scientific Instrument Co., Ltd). Dissolved
oxygen (DO) was measured by a JPB-607 DO meter (Shanghai Precision & Scientific
Instrument Co., Ltd). Transparency was measured with a Secchi disk.
Biological data were also collected from September 2007 to August 2008. Chlorophyll a was
determined with a spectrophotometer (Lorenzen, 1967) after filtration through Whatman GFC glass filters and a 24 h extraction in 90 % acetone. Phytoplankton determinations were
carried out on samples preserved in acetic Lugol’s solution and formaldehyde (Saraceni,
1974), then sedimented for 48 h. The supernatant was removed and the residue was collected.
After complete mixing, 0.1 ml concentrated samples were counted directly through a 0.1 ml
counting chamber using a Nikon microscope at a magnification of 400 x. Phytoplankton
species were identified according to Hu et al. (1980). The count (including colonial forms)
was conducted by enumerating single cells. Algal biomass (expressed as mg fresh weight l-1)
was estimated from the closest geometric volume of each taxon, assuming a mean density of 1
g mm-3. If the species within taxa showed a large size difference, the individuals of that
species were divided into several cell size classes in order to determine the volume accurately.
Crustacean zooplankton were sampled using a 5 l modified Patalas bottle sampler. Samples
were obtained by straining 50–80 l reservoir water collected from different depths through a
64 mm mesh plankton net and were preserved according to Haney (1973). Crustacean
plankton were identified according to Chiang (1979) and Sheng (1979) and counted under a
magnification of 6.3 x 10.
At the end of the study, stomach content analysis was performed on fish collected at each
experimental site to determine the electivity index and dietary overlap of each species using
Ivlev’s electivity index (1961) and Schoener’s overlap index (1970). Twenty fish from each
species were collected randomly from each field site one day before the end of experiment for
stomach content analysis.
Workshops
After completion of the analyses, two one-day workshops were organized in China to present
findings from this project as part of a continuing consultation process. Farmers, reservoir
management entities, and government officials attended and gave input toward general
recommendations on policies for the introduction of alien species. Detailed information
including the agenda and a list of participants is presented in Appendix 1.
RESULTS
Field Study
Annual means and ranges of the main physical chemical and biological parameters in
Zhanghe Reservoir are listed in Table 1. Pronounced stratification was observed from April to
November and a complete homogenization took place from January to March. Water
temperature was the highest in July (24.4 °C) and the lowest in February (14.3 °C). The lowest
Secchi depths (Sd) occurred in March, July and November. In general, Sd was higher in the
north basin than in the south basin. The maximum pH was in April. The maximum
conductivity was in August. Mean DO concentration had a maximum in October and
minimum in September. The minimum concentrations (about 10 "g/l) of nitrate-N were
recorded in November and March (Figure 2).
The cladoceran Bosmina longirostris and the calanoid Phyllodiaptomus tunguidus dominated
the crustacean plankton community during the study period (Figure 3). The highest density
peak of total planktonic crustaceans was present in April (25.4 individuals/l) when Bosmina
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sp. dominated total cladocerans. The density of Cyclopoida was below 0.3 individuals/l
throughout the entire study period.
Both Chlorophyll-a concentration (Figure 4) and total algal biomass (Figure 5) peaked in
March, and reached a minimum value in August. These metrics showed quite similar seasonal
dynamics. Dense populations of centric diatoms contributed greatly to the maxima of
chlorophyll ! and algal biomass. During the complete thermal homogenization of the water
column (December 2007 to January 2008), Mougeotia sp. and Fragilaria crotonensis were
dominant, and Mougeotia sp. reached a maximum biomass of 0.58 mg/l in December. When
water temperature reached minimum in February, the filamentous green alga Ulothrix
subtilissima peaked (Fig. 6). In the early spring (March), the unicellular centric diatom
Cyclotella rhomboideo-elliptia contributed greatly to the phytoplankton assemblages. With
the appearance of thermal stratification at the end of March, the dominance of diatoms was
quickly replaced by Mougeotia sp.
The most common fish caught in Zhanghe Reservoir were silver carp (Hypophthalmichthys
molitrix), bighead carp (Aristichthys nobilis), topmouth culter (Culter alburnus), Mongolian
culter (Culter mongolicus), culter dabryi (Erythroculter dabryi), and yellow catfish. The
historical yields of the species mentioned above (except yellow catfish, as the yields of this
species were not calculated annually) are shown in Figures 7 and 8. Unfortunately, Taihu
icefish were not recorded being caught after 2006 (Figure 9). After three sampling efforts,
only 54.8 grams of Taihu icefish were caught. Interestingly, the inventory of top predator
yellowcheek was negatively related to the yield of culters (Figure 10).
The stomach contents of a total of 259 specimens of topmouth culter (total length 24-53 cm)
are shown in Table 2. Among the specimens examined, 178 (68.7%) had food in their
stomachs. The diet of topmouth culters consisted of at least 17 different species. Taihu icefish
was the most important prey by mass (34.4%) and number of individuals (39.5%), bighead
carp and silver carp also made crucial contribution to the diet, followed by Gobius sp. The
stomach content analysis showed that the Taihu icefish were greatly preyed by culters .
A comparison of stomach content between Taihu icefish and bighead carp showed that they
shared some common species for diets. The main taxa in the Taihu icefish diet were
Calanoida, Cyclopidae, and Rotifera. Those three taxa also were common in the diet of
bighead carp, although the latter mainly consumed Glenodium as well (Table 3).
Workshops
Two one-day workshops were organized in China. One was held on 12 March 2009 at
Zhanghe Reservoir and was organized jointly by Jingmen Aquatic Products Bureau (JMAPB)
and the College of Fisheries of Huazhong Agricultural University (HZAU). The workshop
was attended by 108 participants, of which 43 were women, representing provincial and
district government agencies, reservoir management entities, farmers and community
members. The workshop was opened with a welcome address by Mr. Yan Liqing from the
Management Center of Zhanghe Reservoir (MCZHR), followed by a self-introduction of all
participants. Mr. Wang Yangzhong from JMAPB explained the objectives of the workshop to
the participants, and then Professor Wang Weimin gave a presentation to introduce the
history, activities, and achievements of ACRSP during the past years. Two additional
presentations entitled, “The status and perspective of fisheries in Zhanghe Reservior” and
“The impact of an introduction of an alien species on the fisheries and biodiversity of
indigenous species in Zhanghe Reservoir of China,” were addressed by Mr. Zhang Hongfeng
from MCZHR and Mr. Li Yang from HZAU, respectively. An open discussion followed the
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presentations. In the afternoon, all the participants visited Zhanghe Reservoir and Huiting
Reservoir in Jingmen, Hubei, China.
Another one-day workshop was held on 30 May 2009 at Hubei Aquatic Products Bureau
(HBAPB) which was organized jointly by HBAPB and HZAU. This workshop was attended
by 93 participants, of which 38 were women, representing provincial and district government
agencies, reservoir management entities, farmers and community members. The workshop
was opened with a welcome address by Mr. Shi Fengxiang from HBAPB, followed by selfintroduction of all participants. Professor Wang Weimin briefed the participants on objectives
of the workshop, followed by a presentation that introduced the history, activities and
achievements of ACRSP during the past years. Mr. Shi Fengxiang gave a presentation titled
“The development of the aquaculture industry in Hubei province,” followed by the
presentations “The status and perspective of fisheries in Zhanghe Reservoir” (Mr. Zhang
Hongfeng), “Impact of introduction of alien species on the fisheries and biodiversity of
indigenous species in Zhanghe Reservoir of China” (Mr. Li Yang), “Structure, design and
establishment of a database application system for alien aquaculture species in Hubei
province, China” (Dr. Wei Kaijian), and “Managing alien species for sustainable development
of aquaculture and fisheries” (Dr. Ma Xufa). An open discussion followed the presentations.
Themes of discussion included: impacts (environmental, ecological, social and economic)
arising from the introduction of non-native aquatic species; aquaculture and aquaculturerelated operations involving non-native species; constraints in establishing good practices in
the introduction of aquatic species; and recommendations on potential mitigation- remediation
procedures and contingency plans.
DISCUSSION
Taihu icefish, which was considered a threatening alien species before this study, is now
facing the threat of extirpation itself in Zhanghe Reservoir. The unexpected results of these
investigations indicate that not only can alien species influence indigenous species, but also
vice versa. The stomach content analysis showed that Taihu icefish were greatly preyed upon
by culters. The significant decline in the yield of icefish can be attributed to the increasing of
population of culters (Culter alburnus & Culter mongolicus) after 2005.
Yellowcheek are commonly recognized as a barrier to increased yield of fish at lower trophic
levels (Yao, 2002). Zhanghe Reservoir received occasional introductions of yellowcheek
when the river flooded, but since there is no suitable environment for breeding and overfishing exists as well, the population decreased very rapidly from the 1970s to the 1980s. To
increase the yield of Taihu icefish, the Zhanghe Reservoir Fisheries Management Company
has been working to eliminate this predator since 1998. The intentional overfishing led to a
near extirpation of yellowcheek in 2004 and finally its extirpation in 2006.
The disappearance of the top predator resulted in a significant increase in smaller predators
which it consumed. In Zhanghe Reservoir, these predators are the culters. As the Taihu icefish
is a more palatable food for the culters, the efficiency at which culters prey upon this fish is
much higher than predation from yellowcheek on icefish. Contrary to the topmouth culter
populations in the Yangtze River and Donghu Lake (Chu, 1976), icefish were the main food
source (followed by bighead carp and Gobius sp.) for the topmouth culter in Zhanghe
Reservoir. So, the reason for decline in the icefish yields is clear. As the top predator
yellowcheek were eliminated there was an increase in culter populations, which exerted
predation pressure upon icefish and decimated their population and harvest.
Due to similarities in feeding habits, the bighead carp (Aristichthys nobilis) compete for the
food with Taihu icefish in Zhanghe Reservoir. The decrease of Taihu icefish in 2006 reduced
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this competition, thus causing the yield of bighead carp to increase gradually from 2006 to
2008.
This study has shed light upon the trophic interactions that affect Taihu icefish populations in
Zhanghe Reservoir. Since this alien species was introduced in 1992, it became well integrated
into the local ecosystem. As populations stabilized, the annual yield of icefish was maintained
at a level of approximately 150 t for nearly a decade. The top predator yellowcheek had been
wrongly considered to have a negative impact in the fisheries development of Taihu icefish,
and was intentionally eliminated from the reservoir. The removal of yellowcheek allowed the
predatory culter populations to expand, causing the collapse of the Taihu icefish. Even with
the immediate correction of this error, it will take several years for the Taihu icefish fishery to
recover. Future studies need to build a detailed model to estimate the roles of different species
involved in the foodweb, which may be helpful for predicting the ecosystem effects of future
management decisions and aid in the manipulation of fish harvest.
ANTICIPATED BENEFITS
The protection of native species is an important issue facing several countries in Asia, where
the introduction of alien species is viewed with skepticism. Results of this research showed
that indigenous species can significantly influence alien species, as well as vice versa. The
threat of alien species to native ecosystems should neither be ignored nor be overrated. This
investigation has helped the Zhanghe Reservoir Management Company identify the true cause
for the decline of the Taihu icefish fishery in Zhanghe Reservoir. More generally, the findings
of this study will caution other fisheries management agencies before they consider
attempting to manipulate entire ecosystems, creating a more reliable open water fishery.
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Figure 1.

Satellite image of Zhanghe Reservoir (Google Earth, 2009). The upstream lake of Zhanghe
Reservoir (A) flows into the downstream lake (B) via a connecting channel (C).
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h TP (mg/L) in Zhanghe Reservoir, China.
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The annual yield (t) of yellowcheek (Elopichthys bambusa) in Zhanghe Reservoir, China 1973-2008.
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Table 1. Annual means and ranges of physical, chemical, and biological parameters in Zhanghe Reservoir.

Mean

Range

Secchi disc depth, m

7.01

5.19-7.91

Conductivity, µS/cm

287.0

237.8-345.6

pH

7.4

7.14-7.80

Dissolved oxygen content, mg/l

9.63

7.32-13.83

TP, µg/l

20.7

18.9-21.8

TN, g/l

198.1

168.5-213.0

NO3-N, µg/l

40.2

10.0-105.0

Chlorophyll a, µg/l

2.32

1.27-5.44

Density, ×104 ind./l

13.2

3.4-25.6

Biomass, mg/l

0.407

0.052-0.795
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Table 2. Stomach food contents of 259 topmouth culter (Culter alburnus), in Zhanghe Reservoir, China.

Species

Food item amount (%) by
mass

Food item occurrence (%) by
number

Neosalanx taihuensis

34.4

39.5

Aristichthys nobilis

19.7

20.1

Hypophthalmichthys molitrix

10.0

9.8

Gobius sp.

17.0

15.2

Toxabramis swinhonis

3.9

3.5

Erythroculter ilishaeformis

3.8

3.1

Hemibarbus maculatus

2.3

2.1

Erythroculter mongolicus

2.3

1.7

Carassius auratus

1.5

1.0

Pseudorasbora parva

1.5

1.0

Hemiculter sp.

1.2

1.0

Mastacembelus aculeatus

0.8

0.4

Erythroculter dabryi

0.4

0.4

Acanthobrama simoni

0.4

0.4

Megalobrama amblycephala

0.4

0.4

Siniperca chuatsi

0.4

0.4
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Table 3. The diet composition (%) of Taihu icefish (Neosalanx taihuensis) and bighead carp (Aristichthys nobilis)
in Zhanghe Reservoir, China, May 2008.

Species of diet

Neosalanx taihuensis

Aristichthys nobilis

Calanoida

48.38 ± 8.58

14.75 ± 5.90

Cyclopidae

17.89 ± 3.61

8.84 ± 4.02

Nauplius

2.68 ± 1.44

1.48 ± 0.44

Bosmina
Daphnia
Moina

6.57 ± 4.92
3.59 ± 5.20
0.05 ± 0.11

15.73 ± 7.20
4.60 ± 3.79
0.52 ± 1.10

Diaphanosoma

1.69 ± 1.48

2.80 ± 0.70

Simocephalus

0.57 ± 0.93

2.75 ± 1.78

Leptodorkindtii

0.95 ± 0.69

0.46 ± 0.27

Longispina

0.13 ± 0.28

1.22 ± 0.29

Chydorus

0.52 ± 0.28

2.53 ± 0.80

D. magna

0.31 ± 0.56

0.87 ± 0.51

Bosminopsis

0.53 ± 0.34

1.33 ± 0.32

D. cucullata

0.33 ± 0.65

0.15 ± 0.27

D. leuchtenbergianum

0.18 ± 0.28

1.62 ± 0.74

Rotifera

15.63 ± 2.64

17.92 ± 8.29

Glenodinium sp.

0

22.43 ± 8.81

LITERATURE CITED
APHA, 1992. American Public Health Association (APHA), American Water Works
Association (AWWA) and Water Pollution Control Federation (WPCF), Standard
Methods for the Examination Water and Wastewater. nineteenth ed., APHA, AWWA, and
WPCF, Washington, DC.
Bogutskaya, N.G. and A.M. Naseka, 1996. Cyclostomata and fishes of Khanka Lake drainage
area (Amur river basin). An annotated check-list with comments on taxonomy and
zoogeography of the region. Zool. Inst. Russ. Acad. Sci., 89 pp.
Chu, C.R., Y.T. Lin, and R.L. Fang, 1976. On the food habit of Erythroculter mongolicus and
E. ilishaeformis in Lake Tung-hu, Wuchang, and the problem of their population control.
Act. Hydrobiology Sin., 6:37-52.
Haney, J.F. and D.J. Hall, 1973. Sugar-coated Daphnia: a preservation technique for
Cladocera. Limnol. Oceanogr., 18:331-333.
Hu, H., R. Li, Y. Wei, C. Zhu, J. Chen, and Z. Shi 1980. Freshwater Algae in China. Shanghai
Science and Technology Press, Shanghai.
Ivlev, V.S. 1961. Experimental Ecology of the Feeding of Fish. Yale University Press, New
Haven, Connecticut, 302 pp.
Kottelat, M., 2001. Freshwater fishes of northern Vietnam. A preliminary check-list of the
fishes known or expected to occur in northern Vietnam with comments on systematics
and nomenclature. Environment and Social Development Unit, East Asia and Pacific
Region. The World Bank. Freshwater Fish. Vietnam (BOOK), June: i-iii + 1-123 + 1-18.
Lorenzen, C.J., 1967. Determination of chlorophyll and pheo-pigments: spectrophotometric
equations. Limnol. Oceanogr., 12:343-346.
Pietsch, T.W., K. Amaoka, D.E. Stevenson, E.L. MacDonald, B.K. Urbain, and J.A. López,
2000. Freshwater fishes of the Kuril Islands and adjacent regions. International Kuril
Island Project (IKIP), University of Washington Fish Collection, Washington, 18 pp.
373

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
Rainboth, W.J., 1991. Cyprinids of South Asia. In: I.J. Winfield and J.S. Nelson (Editors),
Cyprinid Fishes. Systematics, Biology and Exploitation. Fish and Fisheries Series, Vol. 3.
Chapman and Hall, London, pp. 156-210.
Reshetnikov, Y.S., N.G. Bogutskaya, E.D. Vasil'eva, E.A. Dorofeeva, A.M. Naseka, O.A.
Popova, K.A. Savvaitova, V.G. Sideleva, and L.I. Sokolov, 1997. An annotated check-list
of the freshwater fishes of Russia. J. Ichthyol., 37:687-736.
Saraceni, C. and D. Ruggin, 1974. Techniques for sampling water and phytoplankton [M]. In:
A Manual on Methods for Measuring Primary Production in Aquatic Environments (R.A.
Vollemoveider (Editor). IBP Handbook 12. Blackwell, Oxford, pp. 5-7.
Schoener, T.W., 1970. Non-synchronous spatial overlap of lizards in patchy environments.
Ecology, 51:408-418.
Sheng, J.R., 1979. Fauna Sinica, Crustacea, Freshwater Copepoda [M]. Science Press,
Beijing.
Xiao, W.H., Y.P. Zhang, and H.Z. Liu, 2001. Molecular systematics of Xenocyprinate
(Teleostei; Cyprinidate); Taxonomy, biogeography, and co-evolution of a special group
restricted in East Asia. Mol. Phylogene. Evol., 18:163-173.
Yao, X.Q.,Y.P. Feng, and X.Y. Wang, 2002. Status and perspective of fisheries in Zhanghe
Reservoir. Irrigation Works Fish., 22:35-36 (in Chinese).
APPENDIX 1. Workshop agendas.
Agenda 1#
8:30 – 9:00
9:00 – 9:10
9:10 – 9:30
9:30 – 9:40
9:40 – 10:10
10:10 – 10:50
10:50 – 11:20
11:20 – 12:00
12:00 – 13:00
13:00 – 15:00
15:00 – 18:00
18:00 – 20:00

Thursday, 12 March, 2009
Breakfast & Registration
Welcoming remarks
Mr. Yan Liqing (Management Center of Zhanghe Reservoir)
Self-introductions of all participants
Orientation and introduction of the workshop
Mr. Wang Yangzhong (Jingmen Aquatic Products Bureau)
Presentation “The history, activities and achievements of ACRSP during the past
years”
Prof. Weimin Wang (Huazhong Agricultural University)
Presentation “Status and perspective of fisheries in Zhanghe Reserivor”
Mr. Zhang Hongfeng (Management Center of Zhanghe Reservoir)
Presentation “Impact of introduction of alien species on the fisheries and
biodiversity of indigenous species in Zhanghe Reservoir of China”
Ph.D. student Li Yang (Huazhong Agricultural University)
Questions and group discussion
Lunch
Tour at Zhanghe Reservoir in Jingmen City, Hubei province, China
Tour at Huiting Reservoir in Jingmen City, Hubei province, China
Banquet

Agenda 2#
8:15 – 8:45
8:45 – 9:15
9:15 – 10:00
10:15 – 10:30

Saturday, 30 May, 2009
Breakfast & Registration
Welcome remarks.
Mr. Shi Fengxiang (Hubei Aquatic Products Bureau)
Self-introduction of all participants
Break
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10:30 – 11:00
11:00 – 11:30

11:30 – 12:00
12:30 – 13:30
13:30 – 14:00
14:00 – 14:30
14:30 – 15:00
15:00 – 15:10
15:10 – 15:40
15:40 – 18:00
18:00 – 19:00

The introduction of workshop
Prof. Wang Weimin (Huazhong Agricultural University)
Presentation “The history, activities and achievements of ACRSP during the past
years and the achievements of our present project to evaluate the effectiveness of
current waste management practices for tilapia intensive culture in Hainan
province.”
Prof. Wang Weimin (Huazhong Agricultural University)
Presentation “The development of aquaculture industry in Hubei province”
Mr. Shi Fengxiang (Hubei Aquatic Products Bureau)
Lunch
Presentation “Status and perspective of fisheries in Zhanghe Reserivor”
Mr. Zhang Hongfeng (Management Center of Zhanghe Reservoir)
Presentation “Impact of introduction of alien species on the fisheries and
biodiversity of indigenous species in Zhanghe Reservoir of China”
Mr. Li Yang (Huazhong Agricultural University)
Presentation “Structure design and establishment of database application system
for alien aquaculture species in Hubei province, China”
Dr. Wei Kaijian (Huazhong Agricultural University)
Break
Presentation “Managing alien species for sustainable development of aquaculture
and fisheries”
Dr. Wang Dan (Institute of Hydrobiology, Chinese Academy of Sciences)
Questions and group discussion
Dinner
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ABSTRACT
This study was conducted at Tri An Reservoir of Vietnam from November 2007 to June 2009
to determine the impact of tilapias (Oreochromis spp.) on the fisheries and biodiversity of
indigenous species in the reservoir. Historical data on fish caught and fish species
composition was collected from Dong Nai Fisheries Company and Dong Nai Aquatic
Resources Conservation Bureau. To gather current fish species composition data, this study
interviewed fishermen about their fishing gears and harvest as well as middlemen at fish
landing points. To understand the fluctuations of fishing seasons and locations, gill nets (mesh
size 40-60 mm) were used to seine fish at four, five and four locations upstream, midstream
and downstream in the reservoir four times per year. Previous surveys in 1983 and 1985
recorded 102 species before the reservoir was established, and since it was built, 109 species
have been recorded. However, creel surveys in this study observed only 40 fish species
recorded at landing points. The total fish production in 1995, 2000, 2005, and 2008 was 1126,
2301, 2589, and 3823 tons, respectively. However, the total production from four landing
points combined was only approximately 1661 tons. This study was unable to use historical
catch data from the Dong Nai Fisheries Company and Aquatic Resources Conservation
Bureau because the data lacked information on fish species composition and fishing gears
used.
There are currently 19 different types of fishing gears in use on the reservoir, of which 14
caught tilapias. Of the five fishing gears with highest total catches, only two caught tilapias.
Tilapias represented 4.62% and 5.09% of fishermen’s harvest and landing point records,
repectively. However, tilapias were sixth most common of the 40 fish species caught from
fishermen’s data, indicating the rather low productivity of most other fish species in the
reservoir. Among the six species with highest biomass, the only economically valuable
species recorded were the silver barb (Barbonymus gonionotus) and tilapias. The species with
low economic value that are abundant in the reservoir accounted for 64% of estimated total
fish harvest (3823 tons) in 2008. High production of low value species was also reflected at
landing points, with glass fish and river sprat accounting for 355.91 and 243.68 of the total
1661 tons landed in 2008. The abundance of low economic value fishes may affect fisheries
and fish biodiversity much more than the impact of alien species.
Fish species composition from fish collected by seine was composed of more species with
high economic value. Estimated tilapia catches and landing records show that tilapia species
were abundant (84.62 of the total 1661 tons at landing points), second most only to silver barb
(147.59 of 1661 total tons). This pattern held, despite the fact that tilapia were not stocked in
ten years, while other cultured fish species were stocked regularly. During the peak catches of
tilapias in August in 2008, the other top five most commonly caught fishes were not at their
peak catches, even though such fish species have similar trophic levels as tilapias. This
indicated an important role of tilapias in reservoir’s food web.
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INTRODUCTION
Tilapias (Oreochromis spp.) support an enormous market throughout Asia. Additionally,
tilapias have been promoted as a food supply for poor farmers. Tilapias were introduced into
Vietnam several times from 1951 to 1997, and have been widely cultured in various systems,
including ponds, cages, and rice-fields (Tu, 2003). There were 700 tilapia hatcheries in Ho
Chi Minh City in 2003, resulting in a seed production of 400 MT per year (Tu, 2003).
According to MOFI (2006), the production of tilapia in Vietnam was 54,000 MT in 2005,
with a total cultured area of 2,148 ha in 2004. Such rapid development of tilapia culture
resulted in range expansion and invasion into natural environments. In addition, restocking
tilapia in reservoirs was also generally aimed at increasing the overall fish catch (FAOSEAFDEC, 1985). The rapid expansion of tilapia populations in Vietnam’s natural waters
indicates that the ecosystems are able to support the invasion, and that tilapias are serious
concern that deserves research and caution.
Escaped tilapias from aquaculture have established populations in reservoirs (Tu, 2003;
2006). For example, tilapias accounted for about 4% and 20% of the total catch in Tri An and
Thac Mo reservoirs, respectively (Tu, 2003; 2006). Some regard tilapias as beneficial to local
fisheries, mosquito control, or aquatic plant control; some consider them pests with stunted
populations that compete with indigenous fish species; and some consider their effects to be
both positive and negative, depending on geographical area (Lowe-McConnell, 2000). It is
important to realize that the role of tilapia in a reservoir may differ from other native species
found there, since the species complex in a reservoir is not natural for such a system but
derived from the rivers that flood it.
The purpose of this study is to investigate the impacts of tilapias on fisheries and biodiversity
of indigenous fish species in Tri An Reservoir, Vietnam. Information on the impacts of
introduced alien species on fisheries and indigenous fish biodiversity will allow governmental
agencies to establish policies, plans, and mechanisms to manage the introduction of alien
species.
MATERIALS AND METHODS
This study was conducted at Tri An Reservoir from November 2007 to June 2009. Tri An
Reservoir was constructed in 1984 for the main purpose of providing hydroelectric power to
southern Vietnam, which it has been doing since 1988. It was formed as a result of a dam
constructed on the upper Dongnai River. The Tri An Reservoir is the largest reservoir in
Vietnam, with a surface area of 324 km2 and 15.05 km3 of water storage capacity. It has an
electric capacity of 420 MW, generating an average of 1,700 GWh/year.
Tri An Reservoir is located at 10° through 12°20’N and 107° through 108°30’E. The
watershed of Tri An Reservoir is around 15,400 km2, with a mean reservoir length of 43.5
km, mean width of 7.5 km, maximum depth of 28 m, total volume of 2.76 km3, and mean area
of 323.4 km2.
The primary data on fish catch and fish species composition was collected during a one-year
study period in four ways:
(1) Collecting data during the annual harvest by the fisheries management companies;
(2) Collecting data at fish landing points such as Ap 1, Phu Cuong, and La Nga;
(3) Interviews with fishermen for their fish catch and species composition;
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(4) Field sampling to investigate seasonal fish species composition.
Secondary data on historical fish catch and fish species composition in Tri An Reservoir was
collected from relevant reservoir management agencies such as the Dong Nai Fisheries
Company, Dong Nai Department of Agriculture and Rural Development, Dong Nai Bureau of
Fisheries Resources Protection and Management, and Dong Nai Fisheries Extension Center.
Interviews with fishermen for catch and species composition
Interviews with fishermen consisted of two main themes: the type of fishing gear used and the
fish catches for each fishing gear. There were 151 fishermen interviewed at locations
upstream, midstream and downstream in the reservoir, accounting for around 15% of the total
fishermen in the reservoir. At the upstream area, 49 of the interviewed fishermen belonged to
La Nga and Thanh Son communes. At the midstream area, 57 of the interviewed fishermen
belonged to Phu Cuong and Gia Tan communes. At the downstream area, 45 of the
interviewed fishermen belonged to Ma Da and Vinh An communes.
The total number of each type of fishing gear was recorded from Dong Nai Fisheries
Company. Detailed information that was not available at Dong Nai Fisheries Company such
as catch per unit effort (CPUE), fishing times and durations, and fish species composition was
determined directly from fishermen in interviews. CPUE was defined as the daily average
catch (kg/day) for each type of fishing gear.
Field sampling to investigate seasonal fish species composition
Fish species composition in Tri An Reservoir was estimated by seining fish at 4, 5, and 4
locations at upstream, midstream and downstream locations in the reservoir four times per
year. Field sampling was also carried out using gillnets with a mesh size of 40-60 mm, the net
length and depth were 1,000m and 5m, respectively. Gillnets were fixed by floats for a whole
day at each location. Seasonal sampling times were November 2007, February 2008, May
2008, and August 2008 representing the dry season (November and February) and rainy
season (May and August).
Data analyses
The secondary and primary data from Tri An Reservoir were calculated in the percentage
changes of fish catch and fish species composition over time using Microsoft Excel
(Redmond, Washington, USA). A linear regression analysis determined the trajectory of
CPUE (MT/fisherman) over time and ! = 0.05 was considered statistically significant.
RESULTS
The state of fish catches over time in Tri An Reservoir
Annual fish stocking rates varied over the years, while overall harvest showed an increasing
trend from 1993-2008 (Table 1). A linear relationship between fish catch and effort had an R2
= 0.35 and was not significant. The number of fishermen reached highs in 1998 and 2000 and
essentially leveled off since then. If CPUE were defined by dividing the catch by number of
fishermen, a linear relationship between CPUE and year shows a statistically significant
increase in CPUE across all years (CPUE = (0.144 x year) – 284.88; P < 0.001; adjusted R2 =
0.65). These data indicate an increasing harvest and possibly increasing fish production since
1993.
Fishing gears and species composition in Tri An Reservoir
There were 19 main types of fishing gears used in Tri An Reservoir, with mean daily catch
(CPUE) for each fishing gear ranging from 3.4 to 71.4 kg/day (Table 2). CPUE for each
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fishing gear changed by season. The most productive gears in terms of CPUE were seine nets,
machine scoop nets, lift nets with a light and lift nets without a light. In terms of quantity of
fishing gears operating, gill nets, machine scoop nets, lift nets with a light and long lines were
the most popular (Table 3). The five fishing gears with highest yearly catches were machine
scoop nets (1 light), lift net with a light, gillnets (mesh size 40-60 mm), seine nets and
machine scoop nets (18 lights). Fish catch of the top five fishing gears made up 81.7% of the
total catch in the reservoir, with a total of 3,124 tons/year.
Proportions of tilapias caught in various fishing gears varied from 0-37% (Table 4). A gill net
with mesh sizes varying from 40-140 mm was the main fishing gear used to catch tilapia.
Other fishing gears with high tilapia catch rates were the horizontal cylinder basket traps and
cast nets. There were 14 fishing gears (73.7%) that caught tilapias, of which 8 fishing gears
caught tilapias taken throughout the entire year.
A total of 40 different species were captured by the 19 fishing gears used in the fishery (Table
5). The most abundant species (glass fish Parambassis siamensis, river sprat Corica soborna,
repassan Cyclocheilichthys repasson and wrestling halfbeak Dermogenys pusillus) accounted
for 64% of estimated total fish harvest (3823 tons) in the reservoir in 2008.
Fluctuations of fishing seasons and locations
Twenty fish species were collected in 2008 using seines, with 4 species comprising nearly
80% of the total catch (Table 6). Tilapias (Oreochromis spp.) were abundant, ranking second
in catch after silver barb (Barbonymus gonionotus). Both tilapia and silver barb catches had
high fluctuations by season, with peak catches in August and February, respectively. The
other fish species with high catch rates were common carp (Cyprinus carpio) and repassan
(Cyclocheilichthys repasson), accounting for 16.9 and 13.6% of the catch, respectively.
Timing of the peak catch for tilapias (in August) was different from the other top five fish
species with highest catches,
Fish species composition varied considerably with location in the reservoir (Table 7). Most
fish species showed fluctuations in catch between upstream, midstream and downstream sites.
At the upstream area, tilapias were the most abundant species (26.3% in catch by weight), but
they were less abundant at the downstream sites. Silver barb (Barbonymus gonionotus) were
abundant at the middle and downstream areas of the reservoir.
DISCUSSION
Fingerling stocking has not been consistent in Tri An Reservoir. This is especially true for
tilapias, which have not been stocked in the last 10 years. Thus, current tilapia populations in
the reservoir exist due to natural reproduction, while other traditional herbivorous fish are
stocked more regularly (e.g., silver carp, bighead carp, and common carp). The data showed
that 65% of the variation in CPUE was explained by a correlation with year, so CPUE has
been steadily improving. However, this survey included reports by fishermen complaining
about overfishing (e.g., declines in catch, or average size and age of fish). This contradiction
between surveys and CPUE data suggests that the yearly total fish catch data of Dong Nai
Fisheries Company may not be an accurate reflection of harvest throughout the reservoir.
Improvements in the recording methodology as well as management practices are suggested
for local fisheries agencies.
Recording and understanding seasonal variation in CPUE was necessary to estimate the
yearly average CPUE for each fishing gear. However, most of the previous historical fish
catch data from Tri An Reservoir did not contain this information, so it was difficult to
precisely estimate yearly total catch.
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The seasonal and total catch data for each fishing gear did not contribute directly to the
assessment of tilapia impacts, but provided a general picture of diversity of fishing gear and
activities at the reservoir. Among the top fishing gears with highest catches, machine scoop
nets, lift nets and seine nets were likely to affect recruitment by catching fish of all size
classes. Such gears should be regulated for better fishery management at the reservoir.
Of the top five fishing gears with the highest total catches, lift nets with a light and machine
scoop nets (18 lights) were not used to catch tilapia, and machine scoop nets (1 light) tilapias
did not focus on tilapia. This may be why tilapia only accounted for 4.62% of fish species
composition caught in the reservoir, even though they accounted for 20% by weight of fish
taken by seines in 2008. However, 14 of the 19 fishing gears operating in the reservoir caught
tilapia. This finding suggests a wide distribution and production of tilapias across the
reservoir. Tilapias were caught mainly by gill nets with mesh sizes less than 60 mm, resulting
in a decrease in tilapia size and possible overfishing of tilapias in the reservoir.
According to Tung and Trong (2005), there were 109 fish species in Tri An Reservoir.
Although our effort was less than that of Tung and Trong (2005), the low number of species
caught in 2008 suggests a decline in biodiversity. However, there were no data to prove
whether this decrease was caused by the impacts of fishing activity, alien species, or other
factors. Sy (2008) implied some negative impacts on biodiversity due to alien carnivorous
species in the reservoir, such as peacock bass (Cichla ocellaris), but not due to tilapias.
Among the top six species with the highest catches, only two economically valuable species
were included: silver barb and tilapias. The fish of low economic value that were abundant in
the reservoir included Parambassis siamensis, Corica sorbona, Cyclocheilichthys repasson,
and Dermogenys pusillus. These fish represented 64% of total catch by biomass. This
suggests over-fishing for economically valuable species in the reservoir (Li and Xu, 1995)
and fishing down the food web, a situation that probably affected fisheries and fish
biodiversity much more than the impact of alien species.
By using nets to seine fish at 4, 5, and 4 locations upstream, midstream and downstream in the
reservoir four times per year, we determined that the fish community was composed, to a
great extent, by economically valuable species. Tilapias were abundant, ranking second in
catch after silver barb, indicating good natural reproduction and a favorable population in the
reservoir. In August, when tilapias had their highest total catch, the other top five species
caught (silver barb, common carp, repassan, and Labiobarbus spilopleura) were not providing
large catches. This occurred despite such fish species having similar niches to tilapias,
indicating the important role of tilapias in the reservoir’s food web.
Most fish species have fluctuations in catch between upstream, midstream and downstream
habitats in a reservoir, indicating that habitat and environmental factors play an important role
for fish distribution. The upstream area of Tri An Reservoir has more favorable conditions for
fish growth and reproduction due to greater nutrient levels and food input from Dong Nai and
La Nga rivers. Tilapias were among the dominant economically valuable species successfully
occupying this area, with the highest biomass caught in seine surveys, indicating their
preference for highly productive areas. There was likely competition for limited plankton food
sources at midstream and downstream seining sites. Luong et al. (2002) indicated rather low
primary and secondary production at Tri An Reservoir (phytoplankton and zooplankton of
0.36 - 0.82 g dry weight/m2), possibly resulting in low abundance of tilapias at the
downstream area.
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To manage the fish species composition at Tri An Reservoir, Luong et al. (2005) suggested
stocking indigenous marble goby (Oxyeleotris marmorata) to feed on prawns
(Macrobrachium spp.) and other small fish species of low economic value (glass fish, river
sprat, repassan, etc.). In terms of natural food web management, reducing the populations of
small, low economic value fish species may allow quick development of economically
valuable herbivorous fish such as tilapias, silver carp, and bighead carp. Such an idea could
provide greater total economic output from the fishery and deserves further research.
ANTICIPATED BENEFITS
Information on the impacts of the introduced alien species on fisheries and biodiversity of
indigenous fish species will allow governmental agencies to establish policies, plans, and
mechanisms to manage the introduction of alien species. As reservoirs are widely distributed
throughout Asian countries and tilapias have been introduced into many reservoirs either
intentionally or unintentionally, these results may support continuous stocking of tilapias
without much concern for their negative impacts. The impact of tilapias in food web
interactions can be managed by maintaining a suitable fish species composition in the
reservoir through stocking and fishing.
FIGURES AND TABLES
Table 1. Stocking and catch over time in Tri An Reservoir.

Year

Fingerling stocking
(no. of fish)

Annual fish catch
(MT/year)

No. of fishermen

1993

0

800

300

1994

0

833

400

1995

1,300,000

1126

550

1996

1,900,000

1475

748

1997

5,006,000

1825

800

1998

0

1840

1234

1999

1,317,000

2269

1136

2000

1,200,000

2301

1470

2001

1,501,000

2786

1237

2002

1,170,000

3118

892

2003

868,000

3080

978

2004

0

2835

884

2005

0

2589

872

2006

500

2600

721

2007

1,000,000

2837

747

2008*

0

3823

1115

Source: Dong Nai Fisheries Company (1993-2007), * 2008 data were collected by this study.
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Table 2. CPUE of fishing gears during dry and rainy seasons.

No.

Fishing gears

CPUE in dry season

CPUE in rainy
season

(kg/day)

(kg/day)

1

Seine net (2 boats)

70.7 ± 4.14

45.3 ± 3.83

2

Machine scoop net (18 lights)

70.42 ± 7.65

59.28 ± 6.46

3

Machine scoop net (1 light)

56.96 ± 5.33

38.64 ± 4.68

4

Lift net (no lights)

53.52 ± 10.9

22.48 ± 3.73

5

Mobile cast net

49.84 ± 4.92

0

6

Seine net (1 boat)

48.8 ± 4.49

40.3 ± 3.0

7

Encircled surrounding net

42 ± 8.0

0

8

Viet trawl net

31.2 ± 6.03

12.64 ± 2.16

9

Mussel trawl net

15.24 ± 1.16

0

10

Gillnet (mesh size 40-60 mm)

14.84 ± 1.2

11.82 ± 0.94

11

Cast net

14 ± 0.98

0

12

Gillnet (mesh size 70-140 mm)

10.1 ± 1.45

8.51 ± 0.73

13

Surface gillnet station

9.68 ± 1.69

7.2 ± 0.44

14

Horizontal cylinder basket trap for marble goby

8.48 ± 1.18

7.04 ± 0.84

15

Horizontal cylinder basket trap for shrimp

6.28 ± 0.58

3.4 ± 0.46

16

Long line

5.76 ± 0.44

4.32 ± 0.5

17

Lift net with light

0

71.44 ± 7.56

18

Horizontal cylinder basket trap for tilapia

0

8.08 ± 1.36

19

Trammel net

0

6.8 ± 1.16

Table 3. Fishing gears and total catches in Tri An Reservoir.

No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Fishing gears

Machine scoop net (1 light)
Lift net with a light
Gillnet (mesh size 40-60 mm)
Seine net (2 boat)
Machine scoop net (18 light)
Lift net
Mussel trawl net
Seine net (1 boat)
Viet trawl net
Long line
Horizontal cylinder basket trap for
marble goby
Horizontal cylinder basket trap for
shrimp
Mobile cast net
Surface gillnet station
Gillnet (mesh size 70-140 mm)
Horizontal cylinder basket trap for
tilapia
Encircled surrounding net
Trammel net
Cast net
Total

No. fishing gears
Dry
Rainy
season
season
104
63
0
80
228
178
42
30
25
20
18
22
70
0
10
20
22
31
52
108
25
29

Fish catch (MT)
Dry
Rainy
season
season
889
219
0
686
406
189
356
61
211
107
101
52
128
0
73
29
62
35
9
56
25
18

Total
catch
(MT)
1108
686
595
417
318
153
128
102
97
65
44

39

48

22

20

42

11
6
2
0

0
8
11
12

33
5
1
0

0
5
6
6

33
10
7
6

2
0
2
658

0
6
0
666

5
0
3
2329

0
4
0
1493

5
4
3
3823
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Table 4. Proportion of tilapias caught in various fishing gears.

No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Fishing gears
Gillnet (mesh size 70-140 mm)
Gillnet (mesh size 40-60 mm)
Horizontal cylinder basket trap for marble
goby
Long line
Lift net
Seine net (1 boat)
Seine net (2 boats)
Surface gillnet station
Horizontal cylinder basket trap for tilapia
Trammel net
Cast net
Encircled surrounding net
Mobile cast net
Machine scoop net (1 light)
Viet trawl net
Mussel trawl net
Machine scoop net (18 lights)
Horizontal cylinder basket trap for shrimp
Lift net with light

% tilapias
in dry season
21.34 ± 8.01
18.81 ± 5.24
7.67 ± 3.27

% tilapias
in rainy season
26.63 ± 12.16
7.82 ± 2.88
25.68 ± 5.13

1.99 ± 0.91
8.07 ± 2.19
5.23 ± 1.57
5.96 ± 1.59
1.62 ± 1.62
0
0
26.07 ± 2.13
15.95 ± 2.27
4.01 ± 2.63
2.62 ± 1.27
0
0
0
0
0

15.57 ± 6.45
8.9 ± 3,99
6.88 ± 1.32
3.12 ± 3,22
3.47 ± 2.95
37.46 ± 8.17
19.0 ± 4.4
0
0
0
0
0
0
0
0
0
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Table 5. Fish species composition from 19 fishing gears in Tri An Reservoir.

No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Fish species
Parambassis siamensis
Corica sorbona
Cyclocheilichthys repasson
Dermogenys pusillus
Barbonymus gonionotus
Oreochromis spp.
Kryptopterus cryptopterus
Labiobarbus spilopleura
Mystus spp.
Glossogobius giuris
Cyprinus carpio
Oxyeleotris marmoratus
Hemibagrus wyckii
Hypostomus plecostomus
Cichla ocellaris
Wallago attu
Mystus nemurus
Cirrhinus jullieni
Henicorhynchus siamensis
Mystus wyckii
Micronema bleekeri
Osteochilus hasseltii
Clarias batrachus
Macrognathus taeniagaster
Hampala macrolepidota
Labeo chrysophekadion
Ompok bimaculatus
Channa striatus
Hypophthalmichthys molitrix
Notopterus notopterus
Mastacembelus armatus
Ctenopharyngodon idellus
Labeo rohita
Clarias macrocephalus
Anguilla marmorata
Macrognathus siamensis
Macrobrachium rosenbergii
Pangasius hypophthalmus
Hypophthalmichthys nobilis
Paralaubuca barroni

Fish catch (tons)
727.1
666.2
566.1
448.4
278.8
176.5
167.7
155.2
147.3
119.0
92.1
69.4
47.1
32.9
20.1
16.9
14.8
13.1
12.5
10.7
6.2
5.0
4.9
4.9
4.0
3.6
3.0
1.9
1.7
1.7
1.5
0.6
0.4
0.4
0.2
0.2
0.2
0.2
0.06
0.01

%
19.02
17.43
14.81
11.73
7.29
4.62
4.39
4.06
3.85
3.11
2.41
1.81
1.23
0.86
0.52
0.44
0.39
0.34
0.33
0.28
0.16
0.13
0.13
0.13
0.11
0.09
0.08
0.05
0.05
0.05
0.04
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.002
0.0002
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Table 6. Fish species composition by season in seine surveys.

No.

Species
Nov.
2007

Proportion of catch by weight (%)
Feb.
May
Aug.
2008
2008
2008

All year

1.

Barbonymus gonionotus

25.5

36.5

33.2

27.2

30.6

2.

Oreochromis spp.

12.3

12.5

17.6

36.6

19.7

3.

Cyprinus carpio

16.9

18.9

19.5

12.4

16.9

4.

Cyclocheilichthys repasson

22.9

16.7

4.8

9.9

13.6

5.

Labiobarbus spilopleura

8.6

8.5

5.8

1.1

6.0

6.

Mystus spp.

1.9

0.8

0.8

6.8

2.6

7.

Cichla ocellaris

0

1.5

4.3

2.3

2.0

8.

Hypostomus plecostomus

4.1

0.4

1.7

0

1.6

9.

Mystus nemurus

0

1.8

3.3

0

1.3

10.

Anguilla marmorata

3.4

0

1.6

0

1.3

11.

Hypophthalmichthys nobilis

0

0.7

3.5

0

1.0

12.

Oxyeleotris marmoratus

2.7

0.3

0

0.7

0.9

13.

Hampala macrolepidota

1.4

1.4

0.2

0

0.8

14.

Kryptopterus cryptopterus

0

0

0

2.0

0.5

15.

Ompok bimaculatus

0.3

0

0.7

0.3

0.3

16.

Hemibagrus wyckii

0

0

1.1

0

0.3

17.

Wallago attu

0

0

1.1

0

0.3

18.

Labeo chrysophekadion

0

0

0.5

0.4

0.2

19.

Notopterus notopterus

0

0

0.4

0.1

0.1

20.

Channa striatus

0

0

0

0.2

0.1
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Table 7. Fish species composition by location in seine surveys.

No.

Species

Percent in weight (%)
Upstream

Midstream

Downstream

Reservoir

1.

Barbonymus gonionotus

25.2

33.7

32.8

30.6

2.

Oreochromis spp.

26.3

19.1

13.9

19.7

3.
4.

Cyprinus carpio

14.4
17.9

16.5
10.3

19.9
12.5

16.9
13.6

5.

Labiobarbus spilopleura

5.8

6.0

6.1

6.0

6.

Mystus spp.

0

4.4

3.3

2.6

7.

Cichla ocellaris

1.7

1.7

2.7

2.0

8.

Hypostomus plecostomus

1.7

0.5

2.5

1.6

9.

Mystus nemurus

0

1.2

2.7

1.3

10.
11.

Anguilla marmorata
Hypophthalmichthys nobilis

1.8
1.4

0
1.2

2.0
0.5

1.3
1.0

12.

Oxyeleotris marmoratus

1.2

1.5

0

0.9

13.

Hampala macrolepidota

0

1.1

1.2

0.8

14.

Kryptopterus cryptopterus

0

1.5

0

0.5

15.

Ompok bimaculatus

0.8

0.3

0

0.3

16.

Hemibagrus wyckii

0.4

0.4

0

0.3

17.

Wallago attu

0.8

0

0

0.3

18.

Labeo chrysophekadion

0

0.7

0

0.2

19.

Notopterus notopterus

0.4

0

0

0.1

20.

Channa striatus

0.2

0

0

0.1

Cyclocheilichthys repasson
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ABSTRACT
This study evaluated the different waste management strategies used by small-scale farmers in
Hubei and Hainan for intensive carp, tilapia, and shrimp pond culture to reduce effluent and
solid waste pollution. Through interviews and questionnaires, we found that farmers always
check water quality and use chemicals to adjust water quality during culture. Moreover, carp
and tilapia farmers did not discharge effluents from ponds directly into the environment, but
treated and reused the effluents. This indicated that most farmers in China have realized the
importance of water quality and have become more environmentally aware, which would
benefit sustainable development of the aquaculture industry in China.
For intensive carp pond polyculture in Hubei, parameters related to water quality, sediment
quality and nutrient budgets in four farms with different management strategies were
measured. Farm A, which had the lowest stocking density and greatest aerator usage, had the
best water and sediment quality among the four farms. With increasing stocking density and
decreasing aerator usage, many parameters of water quality and sediment quality worsened.
Fertilizer was the major source of nutrient inputs in the carp pond; the second was feed.
Percentages of nitrogen (N) and phosphorus (P) inputs in the form of feed were significantly
higher in farm D, with highest stocking density. Based on our results, proper stocking density
for carp polyculture should be 1-2 fish per 10 m2 of pond surface area (0.12-0.18 kg/m2) and
aerator usage should be 4-8 hr day-1.
For intensive tilapia pond culture in Hainan, variations in seasonal stocking schedules and
equipment usage were tested using trial ponds in Hainan. The results showed that tilapia
growth performance in trial C was significantly better than the other three trials (P < 0.05).
Trial C may have benefited from water refilling and culturing tilapia in the summer. Trial B
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had the worst water quality. This was a result of the lack of water exchange and the fact that
tilapia were cultured in the fall and winter. Among the parameters measured, dissolved
oxygen (DO) and chemical oxygen demand (COD) were significantly different between
filling and drainage (P < 0.05), which showed that tilapia culture would result in
accumulation of organic matters in the water column. Among these four trials, trial C had the
highest DO value and stratification was not evident, which was attributed to the use of an
axial-flow water circulator and extended usage of aerators. Among the four trials, the
sediment quality parameters of organic matter, total nitrogen (TN) and total phosphorus (TP)
all increased significantly when measured after draining (P < 0.05). The N and P input
budgets in the four trials also indicated that N and P were mostly lost into the sediments. At
the same time, commercial feed was the major source of nutrient inputs, followed by
fertilizer. Fish harvest removed 35.43 ± 4.97% N and 32.06 ± 3.81% P from the total inputs.
The N and P inputs in trial B were the highest, as were the losses to the sediments. Based on
our results, proper stocking density for tilapia culture should be 2-3 fish per m2 and the usage
of aerator 4-8 hours per day.
For intensive shrimp pond culture in Hainan, parameters related to water quality, sediment
quality and nutrient budgets in four farms with different management strategies were
evaluated. Shrimp in trial A had the highest growth rate among the four trials, which
demonstrated that the growth of shrimp was related to water temperature. Specific pathogen
free shrimp in trial B had better growth performance than a local shrimp strain. During
culture, many parameters of water quality and sediment quality worsened gradually. The N
and P inputs in the four trials indicated that commercial feed was the major source of N
(80.73 - 93.16%) and P (94.41 - 96.63%). N was mostly used by shrimp and P was mostly lost
to the sediment. Nutrients retained by shrimp were not significantly different among the trials
A, B and D, which implied that utilization efficiencies of N and P were not affected by the
different stocking densities in terms of the proportional recovery of the nutrient from shrimp
culture system. Trial C, with prawn fingerlings cultured in a nursing period, had the best
culture efficiency with highest survival rate and N and P utilization efficiency. Based on our
results, nursing prawn fingerlings before formal culture is beneficial for intensive shrimp
pond culture. The stocking density for shrimp should not be more than 120 per m2 with the
usage of an aerator 8-12 hours per day.
INTRODUCTION
Both freshwater and marine aquaculture have developed and intensified rapidly in China since
the early 1990s. According to the Chinese Department of Fisheries, total fisheries production
reached 51 million metric tons in 2005, accounting for one quarter of the world total, while
aquaculture contributed 65% to the total fisheries production. As aquaculture production
intensifies, feed inputs increase and waste material including organic matter, nutrients, and
suspended solids in ponds increase, causing oxygen depletion, eutrophication and turbidity in
receiving waters (Lin and Yi, 2003).
The discharge of untreated effluent into receiving waters is responsible for eutrophication and
polluting a farm’s source of clean water. This can be alleviated by developing effective
wastewater treatment methods. A number of physical, chemical, and biological treatment
methods have been investigated to mitigate pollution caused by the wastes from intensive
aquaculture ponds (Boyd, 1978; Tunvilai and Tookwina, 1991; Chaiyakarm and Dusit, 1992;
Yahiya, 1994; Schwartz and Boyd, 1995; Kouka and Engle, 1996; Tucker et al., 1996; Ghate
et al., 1997; Songsangjinda et al., 1999). Due to the increasingly severe environmental
problems caused by the wastes discharged from intensive aquaculture ponds, the Chinese
government has recently adopted a series of regulations and control measures. Thus, waste
treatment and effluent reuse facilities are rapidly being developed, especially for large-scale
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farms (Fang et al. 2004, Wang et al. 2004, Xiao et al., 2006). However most treatment
methods are still experimental, and effluent from most small-scale farms is currently
discharged without any treatment. Since most fish farmers in China and other Asian countries
are small-scale, they contribute a significant proportion of wastes discharged from intensive
aquaculture ponds.
Of the various inland aquaculture systems, pond culture is the most popular and important
fish-farming system in China, accounting for 72% of total inland aquaculture output in 2001
and occupying 33% of the total inland aquaculture area. This production environment has
higher yields mainly because of the high intensity of production, with feeding, fertilizing, and
aerating ponds. To date, no comprehensive studies have been conducted to assess waste
management practices and evaluate the efficiency of waste treatment methods for intensive
aquaculture ponds, especially small-scale ponds, in China.
This study focused on waste management in Hubei and Hainan. Hubei is located in the center
of China and is the largest freshwater aquaculture production province in China, while Hainan
is the only tropical province that has major tilapia and marine shrimp production. The
different waste management strategies used by small-scale farmers in Hubei and Hainan were
evaluated.
The objectives of this study were to: (1) identify and quantify existing management practices
to reduce effluent and solid waste pollution used by intensive freshwater and marine farmers;
(2) quantify nutrient loading rates, nutrient budgets, sediment accumulation of nutrients, and
release of nutrients in effluents for intensive ponds, utilizing different waste management
strategies; (3) determine the best current methods for pollution mitigation in intensive pond
aquaculture; and (4) inform small-scale pond farmers about waste management in order to
build a consensus on management and to develop more effective government policies.
MATERIALS AND METHODS
This study consisted of two components. The first component was to assess the current
practices of waste management in both freshwater and marine aquaculture ponds, and the
second was to estimate waste loading from intensive aquaculture ponds to the environment
and identify appropriate waste management practices.
Surveys
One hundred farmers were selected randomly from each of three categories of pond farmers
from October 2007 to August 2009, including inland intensive farmers for carp species in
Hubei, coastal and inland intensive farmers for freshwater tilapia, as well as marine shrimp
farmers in Hainan. The 300 farmers were interviewed using a set of designed questionnaires
(Appendices 1, 2, and 3), including a structured checklist and open-ended questions. The
questionnaires evaluated socio-economic characteristics of farmers, pond culture practices,
water supply management, effluent water and solid waste management, as well as knowledge
and awareness of environmental implications of pond waste disposal. Relevant environmental
regulators and governmental agencies were also interviewed for information about
regulations, enforcement, and farmers’ attitudes.
Waste assessment trials: Intensive carp polyculture in Hubei
Four farms (A, B, C and D) with different management strategies were chosen, and fifteen
ponds were randomly selected from each farm to assess effluent water quality, sediment
quality, and nutrient budgets. The locations of these four farms are shown in Figure 1. The
species cultured in the four selected farms were nearly the same, including common carp
Cyprinus carpio, crucian carp Carassius carassius, grass carp Ctenopharyngodon idella,
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silver carp Hypophthalmichthys molitrix, bighead carp Arigtichthys nobilis, black carp
Mylopharyngodon piceus, and Chinese bream Megalobrama amblycephala. The differences
among these farms are in stocking density and management strategies (Table 1).
Pond water was sampled during filling and draining at harvest during the period of October
2007 to January 2009. Samples of the water column were collected at the middle layer after
pond filling. Effluent water samples were collected from the pumping pipe when the pond
was full, as well as from pond water between 50 and 30 cm and between 30 and 0 cm depths
(surface, middle, and bottom water effluents, respectively). DO (mg/L, Oxi 303i oxygen
meter, WTW Wissenschaftlich-Technische, Germany), temperature (°C, Oxi 303i oxygen
meter, WTW Wissenschaftlich-Technische, Germany), and pH (PHB-5 portable pH meter,
Shanghai Weiye Instruments, China) were measured at surface, middle, and bottom layers.
Water quality analyses included organic matter, total solids, total suspended solids, total
ammonia nitrogen, total nitrogen (TN), and total phosphorus (TP), following standard
methods (APHA et al. 1985).
Core samples of pond sediments from the top 10 cm were collected from at least nine
locations of each pond before filling ponds and after draining ponds. Sediments were
analyzed for moisture, bulk density, TN, and TP according to Lu (1999).
The nutrient budgets for N and P in ponds during the experimental period were calculated
based on inputs from water, stocked fish, fertilizer, and feed, as well as outputs from fish
harvest, discharge water, and sediment. Nutrient inputs and outputs suspended in the water
column were calculated by multiplying the nutrient concentration by the total water volume.
Waste assessment trials: Intensive tilapia aquaculture in Hainan
From March 2008 to August 2009, four culture trials with different seasons and waterexchanging treatments were carried out in Huaqiao farm (trials A and C; N19°37.081,
E110°45.551) which is located in Wenchang of Hainan, and Tayang farm (trials B and D;
N19°14.556, E110°28.144) located in Qionghai (Figure 2). In trial A, Nile tilapia
(Oreochromis niloticus) were cultured in the fall and winter, and new water was added into
the ponds periodically. In trial B, tilapia were also cultured in the fall and winter, while no
new water was added except rainwater. In trial C, tilapia were cultured in the spring and
summer, and new water was added into the ponds irregularly to maintain water depth at threefourths of the pond depth. In trial D, tilapia were cultured in spring and summer, while no
new water was added except rainwater. In trials A, B, and D, an aerator (2 - 8 h/day) was used
in the experimental period, while in trial C, a circulator (24 h/day) and an aerator (10 h/day)
were used. Each trial had four replicates except trial C, which had five. Detailed information
of each trial is shown in Table 2.
During the experimental period, water quality was analyzed before fish stocking and after
harvesting, and at 20 day intervals throughout the experimental period. Secchi disc visibility
and water depth were measured in the middle of each pond. DO, temperature, and pH were
measured at surface, middle and bottom layers as described above. At the same time, water
samples (1000 ml) were collected from surface, middle and bottom layer and analyzed for
organic matter, total solids, total suspended solids, total ammonia nitrogen, total nitrogen
(TN), and total phosphorus (TP) following standard methods (APHA et al., 1985)
Before filling and after draining the ponds, core samples of pond sediments from the top 10
cm were collected from at least nine locations throughout each pond. Sediments were
analyzed for moisture, bulk density, texture, pH, organic matter, TN, and TP according to Lu
(1999).
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The nutrient budgets for N and P in each pond were calculated based on inputs from water,
stocked fish, fertilizer, and feed; and outputs from fish harvest, discharge water, and sediment.
Suspended nutrient inputs and outputs were calculated by multiplying the nutrient
concentration by total water volume.
Waste assessment trials: Intensive marine shrimp culture in Hainan
From April 2008 to April 2009, culture experiments with white shrimp (Penaeus vannamei)
were carried out at Zhengrui Aquaculture Limited in Wenchang (A, B, and C; N19°14.556,
E110°28.144) and Bo’ao prawn farm in Qionghai (D; N19°37.086, E110°45.551). The
locations of these two shrimp culture farms are presented in Figure 3. The total area of Bo’ao
culture base is only 0.8 ha and input water comes from a sand well near the seashore. The area
of Zhengrui farm is 20 ha, and there is an impounding reservoir of 20 ha at the farm. The
input water comes from surface inshore seawater. All of the ponds used for the experiment
were rectangular with a pond depth of 2.0-2.5 m and water depth of 1.2-1.5 m. The sides and
the bottom of the ponds were layered with a plastic membrane. Above the membrane was
silver sand 10-20 cm thick. Each of the ponds has a drainage pipe at the bottom in the center.
Before releasing prawn fingerlings, the ponds were sterilized. Calcium oxide (1200-1500
kg/ha) was used to kill pathogens in the sediments. After calcium oxide treatment, the ponds
were drained and insolated for 4-5 d. Then water was added to cover the bottom, and lime
with (30 ppm) was used to treat the bottom again. The ponds were fertilized to culture algae
and the other plankton 5-7 d before adding fingerlings.
The body length of prawn fingerlings put into the pond ranged from 0.8-1.0 cm, and the
culture density ranged from 100-120 tails/m2. During prawn culture, spray-type surface
aerators (15 ha-1) were used to increase DO in the water.
The fingerlings cultured at the Zhengrui farm were the offspring of imported Specific
pathogen free (SPF) shrimp from America. The culture types included intensive culture in
summer (trial A), intensive culture in autumn (trial B) and extensive culture in winter (trial
C). At Bo’ao farm, the cultured fingerlings were from local shrimp hatcheries, and the culture
method was intensive culture in autumn and winter (trial D). In addition, the prawn
fingerlings in trial C had a nursing period with a density of 350 ind. m-2, and when the
fingerlings reached 0.33 g after about 90 days, they were transferred into the other ponds to
maintain a density of 116.75 ± 7.79 ind. m-2. The characteristics of these four culture trials are
presented in Table 3.
During the experimental period, water quality was analyzed before stocking and after
harvesting, and at 20 day intervals throughout the experimental period. Secchi disc visibility
and water depth were measured in the middle of the pond. DO, temperature, and pH were
measured at surface, middle, and bottom layers as described above. At the same time, water
samples (1000 ml) were collected from surface, middle, and bottom layers and analyzed for
organic matter, total solids, total suspended solids, total ammonia nitrogen, total nitrogen
(TN), and total phosphorus (TP), following standard methods (APHA et al., 1985).
Core samples of pond sediments were sampled from nine loci at the bottom of each pond
bottom twice. The first sampling was done before putting fingerlings into the pond; the
second after harvest. Sediments were analyzed for moisture, bulk density, texture, pH, organic
matter, TN, and TP according to Lu (1999).The nutrient budgets for N and P in ponds during
the experimental period were calculated based on inputs from water, stocked fish, fertilizer,
and feed; and outputs from fish harvest, discharge water, and sediments. Suspended nutrient
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input and output was calculated by multiplying the nutrient concentration by the total water
volume.
Data analyses
The null hypothesis for these experiments was that there were no differences in water or
sediment quality under different pond management practices or among the three categories of
ponds (carp, tilapia and shrimp). Within each category of pond, water quality at filling and at
different water depths, sediment quality, nutrient inputs, and outputs were compared using
one-way ANOVA. Among three categories of ponds, water quality at filling and at different
water depths, as well as sediment nutrients were compared using one-way ANOVA (SPSS
6.0, Chicago, USA). Differences were considered significant at ! < 0.05. With a significant
ANOVA, Tukey’s HSD test was used to compare the means.
Workshops
After completion of the analyses, workshops for carp polyculture, tilapia culture and shrimp
culture were organized. Farmers, private enterprises, community members, and government
officials were invited to attend these workshops. For each kind of workshop, information
about the development of the aquaculture industry, water quality management, key points of
ecological culture and environmental protection were introduced to the participants.
RESULTS
Surveys
In total, 102 farmers from four intensive inland farms in Hubei were interviewed. Based on
the results of investigation, we found that most freshwater aquaculture in Hubei is
polyculture, which makes the best use of available resources in terms of different food habits
of the farmed aquatic species. The most commonly used traditional fish were various carp
species, common carp Cyprinus carpio (20%), crucian carp Carassius carassius (12%), grass
carp Ctenopharyngodon idella (30%), silver carp Hypophthalmichthys molitrix (5%), bighead
carp Arigtichthys nobilis (20%), black carp Mylopharyngodon piceus (5%), and Chinese
bream Megalobrama amblycephala (8%). Considering the performance of pond aquaculture
(Table 5), farmers received a net return of RMB 30,476 ± 8,328 ($4,494 ± 1,233) per hectare,
ignoring fixed costs. Lime (30 ppm) and chlorine dioxide (0.5 ppm) were the most popular
chemicals the farmers used to modulate water quality. Every year after harvesting, the farmers
would clean the silt and dead plants at the bottom of the pond, dry the pond, and use lime to
improve sediment quality. During the investigation, farmers pointed out several problems
they met when conducting aquaculture (Figure 4). In Hubei, the top three problems were
related to poor seed quality (85%), poor water quality (45%), and high feed price (32%). Most
farmers measured water temperature, dissolved oxygen, pH, and Secchi disc transparency
weekly, and alkalinity, ammonia, and nitrite bi-weekly. The effluents from carp ponds were
always discharged into a vegetated ditch. Lime (30 ppm) and chlorine dioxide (0.5 ppm) are
always used to treat effluent water which would then be reused.
Survey results showed that tilapia aquaculture in Hainan has been growing greatly in recent
years with a production of 2.58 # 105 tons in 2007, which increased 32.5% compared with
that in 2006 (1.94 # 105 tons) (Department of Marine and Fishery of Hainan). GIFT strain
Nile tilapia (O. niloticus) and hybrid tilapia (O. aureus $ # O. niloticus %) were the two most
popular tilapia species cultured in Hainan, with GIFT strain Nile tilapia accounting for 88.25
± 2.5% and hybrid tilapia accounting for 11.57 ± 2.5%. In 2007, the production of fingerlings
reached 2.5 # 109, with a size of 2.17 ± 0.21 cm and price of 0.13 ± 0.02 RMB/fish.
Freshwater tilapia aquaculture was a major part of freshwater aquaculture in Hainan,
accounting for 98% of total area. Pond culture was the most important method for tilapia
aquaculture, with an average density of 2.83 ± 0.28 fish/m2. The culture periods were between
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150 and 210 days, with a marketing size of 611.63 ± 97.80 g/fish and a yield of 12.80 ± 2.63
tons/ha. During the culture period, water quality was always improved through the
maintenance of phytoplankton growth, water refilling, use of lime and photosynthetic
bacteria. Considering the performance of pond aquaculture (Table 6), farmers received a net
return of RMB 45,660 ± 19,858 ($6,734 ± 2,941) per hectare, ignoring fixed costs. In Hainan,
farmers for tilapia culture considered low price of fish (85%), high feed price (77%) and low
market demand (45%) the top three problems they encountered when conducting aquaculture
(Figure 5). The effluents from tilapia ponds were always discharged into treatment ponds.
Lime (30 ppm) and chlorine dioxide (0.5 ppm) were always used to treat the effluent water
and then the water was reused.
Through interviews with government officials from department of Marine and Fishery of
Hainan, it was found that shrimp aquaculture has developed greatly in Hainan in recent years,
with a culture area of 1.1533 x 104 ha and production of 1.36 x 109 tons in 2007. There are
many shrimp species cultured in Hainan. Since 1999, white shrimp have been chosen by the
majority of shrimp farmers, with the production of 1.24 x 109 tons in 2007, which accounted
91.18% of total shrimp production. In 2007, 2.5 x 104 tons of shrimp were exported abroad,
with a total value of US$ 140 million. There were two culture patterns for shrimp in Hainan,
low level and high level pond culture. Most low-level ponds exist in the inner coastal area,
with moderate water salinity (19.51 ± 6.78‰) and slightly elevated organic matter (5.65 ±
2.25 mg/L). Pond areas ranged from 0.35-0.66 ha (0.51 ± 0.22 ha). High-level ponds were
located in upper part of coastal zone, with relatively high water salinity (29.08 ± 4.55‰) and
low organic matter (2.55 ± 0.71 mg/l). Pond areas ranged from 0.15 ha to 0.35 ha (0.26 ± 0.17
ha). The stocking density was 69.82 ± 22.63 ind. m-2 in low-level ponds and 109.11 ± 25.46
ind. m-2 in high-level ponds with an average size of 1.03 ± 0.10 cm. The yields of shrimp
were 5,250 ± 1,061 kg/ha in low-level ponds, while they averaged 11,250 ± 5,303 kg/ha in
high-level ponds. Considering the performance of pond aquaculture (Table 7), farmers
received a net return of RMB 123,479 ± 53,077 ($18,212 ± 7,863) per hectare, ignoring fixed
costs. In Hainan, farmers for shrimp culture pointed out that low price of shrimp (68%), poor
shrimp seed quality (57%), and high feed price (42%) were the top three problems they met
when conducting shrimp aquaculture (Figure 6). The effluents from shrimp ponds were
always discharged directly into the ocean.
Assessment of wastes from intensive carp polyculture ponds
For intensive carp polyculture, the water quality data in the 60 ponds during filling and
drainage at harvest is shown in Table 4. Water temperature, DO and pH ranged from 4.8°C to
38.6°C, 5.1 to 7.8 mg/l and 6.4 to 8.4, respectively, throughout the experimental period in all
ponds. The values of most parameters were significantly higher at harvest than that at filling
(P < 0.05). The total solids and total suspended solids were significantly higher at bottom
drainage than that at surface and middle drainage (P < 0.05). There were no significant
differences in water quality among four farms immediately after filling (P > 0.05). However,
water quality parameters varied among treatments at drainage (Table 8). For the surface water
drainage, there were no significant differences between farms A and B for most parameters (P
> 0.05), except DO (6.92 ± 1.26 mg/l in farm A and 5.93 ± 1.58 mg/l in farm B). The TN, TP,
total suspended solids had the highest values in farm D, which were significantly different
from those in the other three farms (P < 0.05).
For the pond sediments, the values of moisture, organic matter, TN, and TP in all 60 ponds
were all significantly higher after draining than before filling (P < 0.05, Table 9). The
comparisons of sediment quality among four farms were presented in Table 10. Organic
matter, TN, and TP were significantly higher in farm D than in the other farms (P < 0.05).
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The N and P inputs at the four farms showed that fertilizer was the major source of nutrient
inputs and the second most significant was feed (Table 11). The total inputs of N and P were
significantly higher in farm D than in the other three farms (P < 0.05). The proportions of
nitrogen and phosphorus inputs from water, fish, fertilizer, and feed for the four farms are
compared in Figure 7. Nitrogen and phosphorus lost in various components of the pond
system are shown in Figure 8. Fish harvest removed 20.3-32.5% of N and 18.3-33.5% of P
from the total inputs and there were no significant differences among the four farms (P >
0.05). Losses of N and P in discharged water and sediment at harvest in farm D were
significantly higher than that in the other three farms (P < 0.05).
Assessment of wastes from intensive tilapia culture ponds
The tilapia culture cycle in trial A was longest (254 days) and the trial C had the smallest
culture cycle (147 days) among the four trials (Table 2). At harvesting, the fish size in trial A
was largest with the mean value of 654.25 ± 125.53 g, while there were no significant
differences among the other three trials with the mean value of about 560 g. The mean values
of daily increase in body weight in trial B, C and D were 3.05 ± 0.58, 3.67 ± 0.53 and 3.39 ±
0.18 g, respectively, significantly higher than that of 2.29 ± 0.27 g in trial A (P < 0.05). The
survival rates were above 90% in trials A, B and C (96.26 ± 2.40%, 93.72 ± 3.95% and 95.07
± 0.85%, respectively), while survival in trial D (62.34 ± 2.23%) was significantly lower than
other three trials (P < 0.05).
Water quality in the ponds during filling and draining at harvest showed that DO and COD
were significantly different between filling and draining (P < 0.05; Table 12). Water
temperature changed greatly during the fall and winter periods (Table 13). During the culture
period, the highest value of total ammonia nitrogen of 3.1803 mg/l was measured in the pond
water of trial B.
The pH of pond sediments was acidic before filling ponds and after draining ponds (Table
14). After tilapia culture, the proportion of silt in the sediment increased (5.22 ± 3.72% before
filling to 6.19 ± 3.63% after draining), as did organic matter (2.94 ± 1.54% to 4.14 ± 2.30%),
TN (1.05 ± 0.62% to 1.47 ± 0.62%), and TP (from 0.41 ± 0.19% to 0.57 ± 0.27%). There
were significant differences for these parameters between before filling and after draining (P
< 0.05). There were significant differences in sediment moisture between trial C and the other
three trials (P < 0.05; Table 15). The proportions of clay and silt in trial C were significantly
higher than that in the other three trials (P < 0.05). The TN in trial C was significantly higher
than that in the other three trials (P < 0.05).
The nitrogen and phosphorus budgets for intensive tilapia ponds are presented in Table 16.
The proportions of nitrogen and phosphorus inputs from water, fish, fertilizer, and feed for the
four farms are compared in Figure 9. The N and P input budgets in the four trials indicated
that commercial feed was the major source of nutrient inputs, with N input being 84.96 ±
5.09% and P input being 84.31 ± 8.76%. The second most significant source of N and P was
fertilizer. Nitrogen (50.16 ± 6.07%) and phosphorus (56.13 ± 9.22%) were mostly lost into the
sediments (Figure 10). Fish harvest removed 35.43 ± 4.97% of N and 32.06 ± 3.81% of P
from the total inputs. Losses of N and P in discharged water at harvest accounted for 7.85 ±
5.03% and 7.38 ± 4.50% of the total nutrients, respectively.
Assessment of wastes from intensive shrimp culture ponds
The shrimp in trial A had the highest growth rate among the four trials, with a daily increase
in body weight of 0.159 ± 0.010 g and culture period of 92.50 ± 0.58 days (Table 3). The
harvest size in trial A was the largest among the four trials. The growth rates in trials C and D
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were significantly lower than in trials A and B (P < 0.05), with a daily increase in body
weight of about 0.079 ± 0.003 g.
Water quality in the ponds during filling and drainage at harvest indicated that all parameters
were significantly different between filling and draining (P < 0.05) except nitrate-nitrogen,
salinity, pH, and temperature (Table 17). The DO at the bottom was significantly lower than
the surface and middle layers (P < 0.05). Effluent water quality in the surface, middle, and
bottom of the four trials is presented in Table 18. For total phosphorus and active phosphorus,
the values in trial D at each depth were all significantly lower than the other three trials (P <
0.05). The temperature in the four trials was significantly different at each depth, with the
highest temperature in trial A (surface, 32.53 ± 0.88 °C; middle, 32.40 ± 0.79 °C; bottom,
32.33 ± 0.70 °C) and lowest in trial B (surface, 18.17 ± 1.27 °C; middle, 18.19 ± 1.27 °C;
bottom, 18.20 ± 1.29 °C).
Sediment composition and moisture showed no significant difference before filling ponds and
after draining ponds (P > 0.05; Table 19). The pH of pond sediments was acidic. After
harvesting, the pH in the sediment significantly decreased (P < 0.05), while TN, TP, and
organic matter were significantly higher (P < 0.05). Data comparing sediment quality among
the four trials showed no significant differences in organic matter between trials A and C, B,
and D (P > 0.05; Table 20). For sediment density, there was a significant difference between
trial D and the other three trials (P < 0.05). The TP in trial D was significantly higher than
that in the other three trials (P < 0.05). The TN in trial B and C was significantly higher than
that in the other two trials (P < 0.05).
The nitrogen and phosphorus budgets are presented in Table 21. The proportions of nitrogen
and phosphorus inputs from feed, shrimp, fertilizer, inflow, and rain for the four trials are
compared in Figure 11. The N and P inputs in the four trials indicated that commercial feed
was the major source of N (80.73-93.16%) and P (94.41-96.63%), followed by fertilizer and
inflow. Nitrogen was mostly used by the shrimp (28.13-39.18%), and trial C had a
significantly higher value than the other three trials (P < 0.05; Figure 12). Phosphorus was
mostly lost in the sediment, and trial C had a significantly higher value than trials A and B (P
< 0.05).
Comparison among the three categories of ponds
The effluent quality at different water depths and sediment quality among the three categories
of ponds are compared in Tables 22 and 23, respectively. For effluent parameters of total
nitrogen, nitrite-nitrogen, total suspended solids, and DO, the values in shrimp culture ponds
were significantly higher than in carp and tilapia culture ponds (P < 0.05). However, the
values of total ammonia N, total phosphorus, effective phosphorus and COD in tilapia culture
ponds were significantly higher than in carp and shrimp culture ponds (P < 0.05).
For sediment quality, the values of moisture percent, TN, and TP in tilapia culture ponds were
significantly higher than in carp and shrimp culture ponds before filling (P < 0.05). However,
for bulk density before filling, the values in shrimp culture ponds were significantly higher
than in carp and tilapia culture ponds (P < 0.05). The same variation was found in the
parameters after draining.
Workshops
A one-day workshop was held on 22 May 2009 in Aquatic Products Bureau of Ezhou City
(APBEC) of Hubei, which was organized jointly by APBE and College of Fisheries of
Huazhong Agricultural University (HZAU). The workshop was attended by 100 participants,
of which 22 were women, representing provincial and district government agencies, private
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enterprises, farmers, and community members. The workshop was opened with a welcome
address by Mr. Youcai Yang from APBEC, followed by self-introduction of all participants.
Mr. Youcai Yang briefed the participants on objectives of the workshop, while Dr. Weimin
Wang from HZAU gave a presentation to introduce the history, activities, and achievements
of ACRSP during the past years and the achievements of our present project in evaluating the
effectiveness of current waste management practices for intensive carp polyculture in Hubei.
Two presentations titled “Use of healthy aquaculture in fishery production” and “Techniques
of high-yield production in the healthy polyculture of carp” were given by Dr. Xiaoyun Zhou
and Ms. Zexia Gao, respectively. An open discussion followed the presentations. From
discussion, it was found that farmers expect that government can improve culture techniques
and seed quality, offer good water supply and enhance water management, control disease,
decrease feed price and increase fish price.
A one-day workshop was held on 16 June 2008 at the Fisheries Department of Wenchang
City in Hainan, which was organized jointly by Aquaculture Technology Extension Station
(ATES) in Hainan and Ocean College of Hainan University (HU). The workshop was
attended by 100 participants, of which 27 were women, representing provincial and district
government agencies, private enterprises, farmers, and community members. The workshop
was opened with a welcoming address by Mr. Liangsheng Huang from ATES, followed by
self-introduction of all participants. Mr. Liangsheng Huang explained the objectives of the
workshop to the participants, while Professor Qiuming Lai from HU gave a presentation to
introduce the history, activities and achievements of ACRSP during the past years and the
achievements of our present project evaluating the effectiveness of current waste management
practices for intensive tilapia culture in Hainan. In the afternoon, Miss Ling Zhou gave the
presentation of “Healthy tilapia culture in Hainan,” followed by the presentation “How to
increase the export of tilapia fillets in Hainan” by Mr. Jinliang Li. An open discussion
followed the presentations.
A one-day workshop was held on 16 September 2008 in Yacheng, Sanya City, Hainan, which
was organized jointly by Ocean and Fishery Bureau of Sanya City (OFBS) and Ocean College
of Hainan University (HU). The workshop was attended by 200 participants, of which 52
were women, representing provincial and district government agencies, private enterprises,
farmers, and community members. The topic of this workshop was the safety and health of
culture techniques and the sustainable development of shrimp aquaculture. Mr. Zhongshe
Zhao from Department of Marine and Fishery of Hainan introduced the objectives of the
workshop, followed by a presentation of the history, activities, and achievements of ACRSP
during the past years and the achievements of our present project by Professor Qiuming Lai
from HU. In the afternoon, Mr. Jinliang Li gave two presentations titled “Shrimp aquaculture
in the world” and “Healthy culture of shrimp and the protection of coastal environments.”
These presentations showed the negative effects of shrimp aquaculture to coastal
environments and gave the participants an understanding of the importance of protecting these
environments.
A conference on shrimp aquaculture technology was organized by Hainan Dahai Aquaculture
Feed Limited Company (HDAFLC) and held in Haikou, Hainan on 1 March 2009. The
workshop was attended by 250 participants, of which 62 were women, including managers
and technicians of private enterprises in Hainan, farmers, and functionaries. The workshop
began with the presentation of “Aquaculture and the food processing industry in Hainan,” by
Mr. Yongjin Xu from HDAFLC, then Professor Qiuming Lai gave the presentation of
“Achievements of ACRSP during the past years and the achievements of our present project
to quantify nutrient budgets and release of nutrients in effluents for intensive shrimp culture in
Hainan.” In the afternoon, Mr. Jinliang Li gave a presentation entitled “Water quality control
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technology in the middle-and-late stages of intensive shrimp culture.” The workshop ended
with the discussion of “How to treat the effluents of aquaculture and achieve the sustainable
development of shrimp aquaculture.”
DISCUSSION
The present study evaluated different waste management strategies used by small-scale
farmers in Hubei and Hainan for intensive carp, tilapia, and shrimp pond culture to reduce
effluent and solid waste pollution. From our surveys, we found that farmers always check
water quality and use chemicals to adjust water quality during culture. Moreover, carp and
tilapia farmers did not discharge effluents from ponds directly into the environment, but
treated and reused the effluents. This indicated that most farmers in China have realized the
importance of water quality and have become more environmentally aware, which would be
very beneficial for the development of a sustainable aquaculture industry in China.
The water quality standard for fisheries (GB 11607-89) was established by the Chinese
Government in 1990. While it is important to note that when governmental or other
organizations require compliance with effluent permits and standards, these organizations do
not usually mandate what procedures must be used to achieve compliance. If the effluent does
not comply with the permit or standards, it must be treated by some procedure that will
improve its quality or management changes must be made that will result in higher quality
effluent.
In environmental management, practices used to prevent water pollution and other negative
environmental impacts are called best management practices (BMPs; Hairston et al., 1995). A
BMP is considered to be the best available and practical means of preventing a particular
environmental impact while still allowing production to be conducted in an economically
efficient manner. Pond effluents contain nutrients that may cause eutrophication of receiving
water bodies. Nutrient loads in effluents may be minimized through application of the BMPs
(Boyd, 2003). As China is a developing country, the use of BMPs as a basis for formal
governmental regulation of aquaculture effluents appears more feasible than application of
effluent standards and permits. Although it would require considerable effort to enforce a
regulatory system based on BMPs, the amount of resources, manpower, and expertise would
be much less than those required to enforce the water quality criteria of effluent permits. An
annual inspection by a qualified professional to determine if BMPs have been implemented
on a farm should be feasible. Of course, specific rules must be established about the actions to
be taken in case of non-compliance, just as is necessary in enforcement of effluent permits. In
China, the most beneficial approach to encourage use of BMPs is to promote better
environmental education of producers rather than to try to regulate effluents. The education
should consider the environmental benefits of BMPs, but it should focus on the greater profits
that would accrue to farmers.
At the four carp polyculture farms in Hubei, measured water quality parameters in all ponds
were within the normal range for culture of most fish species (Boyd, 1998). The values of
most parameters of water quality and sediment quality increased with stocking density, due to
the increased application of feed and thus increased waste loading to ponds. The results
demonstrated that management strategies significantly affected most important properties of
water quality and sediment quality. In most parameters, farm A had the better values than the
other three farms, which was related to its low fingerling stocking density, low harvest yields,
and extended use of an aerator. Farm D had the highest stocking density, and without the use
of an aerator it had the worst values for most parameters among the four farms. For farms B
and C, with similar management practices, most parameters of water quality were not
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significantly different. These results indicated that water quality was correlated with pond fish
yield and usage of an aerator.
The estimated nitrogen and phosphorus budgets in the four farms showed that fertilizer was
the major source of nutrient inputs and the second was the feed. In addition, the percentages
of nitrogen and phosphorus inputs from feed were significantly higher at farm D, which had
the highest stocking density. This result was in agreement with a previous report by Briggs
and Funge-Smith (1994). The nutrient budget showed that some portions of the total N and P
inputs to the ponds were not accounted for in estimated losses. The unaccounted loss of N and
P for all ponds ranged between 8.85-39.17% and 10.85-41.17% of the total inputs,
respectively. Chien et al. (1989) mentioned that sediment plays an important role in the
balance of an aquaculture system; it can act as a buffer in water nutrient concentration.
Avnimelech et al. (1984) emphasized that a sediment layer of a few centimeters depth
contains more nutrients than the content of the water column. Diab and Shilo (1986) reported
that when ponds were refilled, anaerobic conditions developed beneath the soil surface, and
nitrate was converted to nitrogen gas by de-nitrification. The large amount of nitrogen
unaccounted for by the nutrient budgets was probably due to losses through de-nitrification in
the sediment. Unaccounted phosphorus is likely the result of adsorption to clay particles, as
clay is known to have a strong affinity for phosphorous (Boyd, 1985).
In the four intensive tilapia culture trials in Hainan, the results showed that tilapia growth
performance in trial C was significantly better than the other three trials (P < 0.05). This may
be caused by the use of a circulator in the early stages of culture, and by culturing tilapia in
the summer. The yield in trial C was higher than that reported by Green et al. (1994), who
studied in ponds in El Carao, Honduras with a 5305 kg/ha yield during a 150 d culture period.
However, the FCR in trial C was lower than that in Green et al. (1994) study. This indicated
that aerating and refilling could improve the growth performance of tilapia. Diab and Shilo
(1986) also reported that when ponds were refilled, anaerobic conditions developed beneath
the soil surface, and nitrate was converted to nitrogen gas by de-nitrification. This could
improve the environment in which tilapia grow.
Among water quality parameters measured in tilapia culture trials, the mean DO values in the
four trials were all above 5.0 mg/l at drainage. This suggested that DO conditions in all the
trials were suitable for tilapia growth according to GB11607-89 (1989), which required that
DO should be over 5 mg/l and not less than 3 mg/l for tilapia culture. Among the four trials,
trial C had the highest DO value and stratification was not evident, which was attributed to
the usage of a circulator and extended usage of an aerator. The parameters of TN, TP, TSS,
COD, and total ammonia nitrate were all greater in trial B, but nitrite-nitrogen was not. These
results indicated that new water added to the pond improved water quality, compared with
trial A and C.
Among the four tilapia culture trials, the sediment quality parameters of organic matter, TN,
and TP were all significantly greater after draining. Therefore, intensive tilapia culture
affected sediment quality significantly, and many nutrients were lost to sediments.
The analyses of nutrient budgets in the four tilapia trials indicated that commercial feed was
the major source of nutrient inputs, and nitrogen and phosphorus were mostly lost to the
sediments. This is in agreement with Avnimelech et al. (1984), which emphasized that the
sediment layer a few centimeters deep contained more nutrients than the content of the water
column. Sedimentation is generally considered to be a main mechanism for P loss in ponds
because clay is known to have a strong affinity for phosphorus (Shrestha and Lin, 1996).
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In the four intensive shrimp culture trials in Hainan, the growth rate of shrimp cultured in
summer (trial A) was higher than that of shrimp cultured in fall (trial B) and winter (trial C),
which demonstrated that the growth of shrimp is related to water temperature. Trial C, with
prawn fingerlings cultured in a nursing period, had the best culture efficiency. In the nursing
period, the size of shrimp was relatively small (1.03 ± 0.10 cm), and the high stocking density
could improve efficiency of feed utilization. Moreover, SPF shrimp in trial B had better
growth performance than the local shrimp strain. As the selection of the local strain has been
performed over several generations, the genetic diversity of shrimp broodstocks in local farms
of Hainan has decreased greatly in recent years, with the result of breeding trait degeneration
to some extent (Tong et al., 2009).
After the culture period, the water quality significantly declined with COD, total suspended
solids, TN, and TP all showing increases. Dissolved oxygen is the most critical water-quality
parameter in aquaculture, controlling survival and growth of shrimp in ponds (Boyd, 1990).
During the experimental period, minimum DO concentrations were above the required
concentrations (> 3mg/l) in all ponds.
Sediment quality has long been recognized as a factor influencing water quality and aquatic
animal production (Boyd, 1990). Reduced feeding, slower growth (Avnimelech and Zohar,
1986), low survival (Hopkins et al., 1994) and possibly higher sensitivity to disease are
reported in relation with deterioration of the pond sediments (Avnimelech and Ritvo, 2003).
In this study, trials B and C had higher feeding amounts than in trials A and D, which
consequently induced the higher TN and TP in trials B and C.
It has been reported previously that the predominant inputs of nitrogen and phosphorus in
water exchange shrimp ponds are feed, which accounted 82-95% of nitrogen and 38-91% of
phosphorus in the total inputs (Muthuvan, 1991; Stapornvanit, 1993; Briggs and Funge-Smith,
1994). In the present study, the percentage contribution of feed to total nutrient inputs was in
the same range as previous studies. In addition, the percentage nitrogen and phosphorus
inputs in the form of feed were significantly higher in the treatment with higher stocking
density; a result that is also in agreement with the previous reports (Martin et al., 1998; Briggs
and Funge-Smith, 1994). The nutrient budgets showed that only 28.13-39.18% of N and
13.74-16.64% of P in the total inputs were incorporated into harvested shrimp. The rest
remained in the system as uneaten feed and excreted material, which supported high levels of
phytoplankton and heterotrophic activity. Nutrients retained by shrimp were not significantly
different among the trials A, B and D; implying that in terms of the proportional recovery of
the nutrients from shrimp culture system, efficiency was not affected by stocking density. It
was reported previously that the major output of nutrients in shrimp ponds were in discharged
water (Muthuvan, 1991; Stapornvanit, 1993). In addition, Chen et al. (1989) mentioned that
sediments play an important role in the balance of an aquaculture system; they can act as a
buffer in nutrient concentrations. Enell and Ackefors (1991) noted that approximately 50% of
the nitrogen and phosphorous that settle on the bottom is translocated back into water column.
In the present study, discharged water and sediment accounted for the major proportion of
total inputs, which is in agreement with previous studies.
ANTICIPATED BENEFITS
This study provides valuable information on the best management practices for intensive carp,
tilapia and shrimp culture, which will allow governmental agencies to establish policy and
plans for waste management in intensive pond aquaculture. Understanding more effective
waste management strategies will benefit thousands of small-scale farmers in particular and
the environment in general.
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"Sustainable" farming depends on the farmer's ability to manage two sets of principles:
business and production. Fish culture technologies in ponds are primarily influenced in order
of importance by nutrition quality and quantity, water quality and fish stock quality. The
primary challenge of technology management is to set these factors at optimum levels for the
species being cultured, but at densities much greater than could exist in nature. Using
biological, physical, and chemical factors, and a good understanding of the natural laws that
govern them, fish culturists create and temporarily maintain unnatural aquacultural
ecosystems by controlling nutrition, water quality, and stock. The information from this
research provides a baseline for healthy aquaculture of carp, tilapia, and shrimp in ponds.
Fish ponds require management and maintenance. Some basic practices that should be
followed include: (1) Keep unwanted fish out of the pond. Other wild fish will compete with
stocked fingerlings for food causing slow growth. Wild fish should be removed from
fingerlings being stocked into a pond. Pond water inlets should be covered with a fine mesh
screen or similar materials to prevent entry of wild fish. Screens should be inspected daily and
cleaned if necessary to prevent clogging. The pond should be completely drained and dried
before refilling and stocking new fish. Any fish remaining in the undrainable areas should be
killed with poisons that are not dangerous to humans. (2) Use lime and fertilize the pond.
Natural organisms upon which fish feed are usually not abundant in clear pond water, but are
abundant in ponds having greenish water. The green color indicates the presence of
phytoplankton and other natural food organisms. Liming (30 ppm) and fertilization help
increase the abundance of these organisms. Furthermore, fresh water should be added to a
pond as needed to modulate poor water quality, but excess water flow washes out fertilizer
nutrients and inhibits plankton growth. Diversion canals channel excess water away from
ponds and prevent fertilizer nutrients and natural food from being flushed out of the ponds to
pollute the environment. (3) Stock the right number of fish. The proper number of fish should
be stocked into ponds to ensure good fish growth and yield. Overstocking results in crowding
and slow growth. Understocking results in poor utilization of natural food organisms in the
pond and low fish yield. Proper stocking density for carp ranges from 1-2 fish per 10 m2 of
pond surface area (or 0.12-0.18 kg/m2). Stocking more than 2 carp per 10 m2 will cause the
water to become muddy as a result of bottom feeding activity. Tilapia should be stocked at 23 fish per m2. The recommended stocking density for shrimp should be not more than 120 per
m2. (4) Use of an aerator improves water quality, which increases fish production, improves
fish health, and maximizes growth rates. The use of an aerator 4-8 hours per day is
recommended in carp and tilapia culture, and 8-12 hours per day for shrimp culture, with
increased use on cloudy or raining days.
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Figure 1.

The locations of the four carp polyculture farms in Hubei, China. Letters on the map (A, B, C, and D)
correspond to the trial designations described in Table 1.

AC

BD

Figure 2 .

The locations of the four tilapia culture trials in Hainan. Letters on the map (A, B, C, and D)
correspond to the trial designations described in Table 2.
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Figure 3.
Original File Corrupt – Figure Not Available
The locations of the four shrimp culture trials of in Hainan. Letters on the map (A, B, C, and D) correspond to the
trial designations described in Table 3.

Figure 4.

Major problems reported by fish farmers in Hubei
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Figure 5.

Major problems reported by tilapia farmers in Hainan

Figure 6.

Major problems reported by shrimp farmers in Hainan
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ns
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The proportions of nitrogen and phosphorus inputs for the four farms in Hubei. Results are given as
mean levels, with vertical lines indicating SE. NS denotes no significant difference (P > 0.05) among
the four farms. Groups with different letters were significantly different (P<0/05) using a one-way
ANOVA followed by Tukey’s HSD test..
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The proportions of nitrogen and phosphorus outputs for the four farms in Hubei (mean
denotes no significant difference among the four farms. Groups with different letters were significantly
different.
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The proportions of nitrogen and phosphorus inputs for the four tilapia culture trials in Hainan (mean ±
SE). NS denotes no significant difference among the four types. Groups with different letters were
significantly different.
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Figure 10. The proportions of nitrogen and phosphorus outputs for the four tilapia culture trials in Hainan (mean
± SE). NS denotes no significant difference among the four types. Groups with different letters were
significantly different.

413

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009

100
A

80

B
C

60

D
40
20
0
Feed

100

Fertilizer

Inflow

Fry

Rain

ns
A

80

B
C

60

D
40
20

ab a

0
Feed

Fertilizer

b

ns
Inflow

ns
Fry

baab
Rain

Figure 11. The proportions of nitrogen and phosphorus inputs for the four shrimp culture trials in Hainan (mean
± SE). NS denotes no significant difference among the four types. Groups with different letters were
significantly different.
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Figure 12. The proportions of nitrogen and phosphorus outputs for the four shrimp culture trials in Hainan (mean
± SE). NS denotes no significant difference among the four types. Groups with different letters were
significantly different.
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Table 1. Characteristics of the fifteen experimental ponds at each of four intensive carp polyculture farms
located in Hubei province. Means (± SE) within a column followed by a different superscript were
significantly different according to an ANOVA followed by Tukey’s test (P < 0.05). Farm A, Nationalclass blunt-snout bream field in Ezhou; Farm B, Fishery of Dongfeng farm in Daye; Farm C, Fishery of
Diaocha Lake in Hanchuan; Farm D, Fishery of Hejia Lake in Jiangxia.

Farms Fingerling
stocking density
(kg/m2)
A
0.12 ± 0.03 a
(0.09 - 0.12)
B
0.16 ± 0.03 b
(0.14 - 0.19)
C
0.17 ± 0.04 b
(0.17 - 0.22)
D
0.23 ± 0.08 c
(0.20 - 0.25)

Fish yield (kg/ha)

Use of aerator

Management
manner

8255.06 ± 1438.05 a
(7406 - 9089)
8736.69 ± 2412.08 b
(8150 - 10513)
9519.34 ± 3213.45b
(8345.57 -10814.33)
13705.60 ± 3426.46

10 h/day

State-run enterprise

6 h/day
4 h/day

Township
enterprise
Private enterprise

0 h/day

Private enterprise

c

(12089.43 15067.55)
Table 2.

Characteristics of the four trials of tilapia culture in Hainan province. Means (± SE) within a column
followed by different superscripts were significantly different. Trial A: Tilapia farms were located in
Wenchang and the Nile tilapia were cultured in the fall and winter; Trial B: Tilapia farms were located in
Qionghai and the tilapia were also cultured in the fall and winter; Trial C: Tilapia farms were located in
Wenchang and the tilapia were cultured in the summer; Trial D: Tilapia farm were located in Qionghai
and the tilapia were cultured in the summer.

Culture trials
Replicates
Pond Area (ha)
Stocking Density
(ind/m2)
Stocking Date
Harvesting Date
Average Culture Period
(Days)
Average Weight of
Fingerling (g)
Harvest Size (g)
Daily Weight Gain (g)
Survival Rate (%)
Feed Consumption
(kg/ha)
Yield (kg/ha)
Feed Conversion
Ratio(FCR)

A
4
0.40 ± 0.18

B
4
0.64 ± 0.22

C
5
0.76 ± 0.37

D
4
0.64 ± 0.22

2.39 ± 0.31ab

2.72 ± 0.71ab

2.18 ± 0.18a

3.22 ± 0.47b

08/13/2008 –
08/21/2008
02/22/2009 –
06/01/2009
254.25 ±
47.27 a
72.83 ±
101.40
654.25 ±
123.53
2.29 ± 0.27 a
96.26 ± 2.40 b
19467.29 ±
3920.21 ab
15085.94 ±
2133.16

10/07/2008 –
11/17/2008
02/21/2009 –
06/05/2009
169.25 ± 50.29

03/08/2009 –
03/12/2009
07/23/1009 –
08/14/2009
147.20 ±
10.11b

67.62 ± 72.13

20.70 ± 9.90

0.50 ± 0.00

3.05 ± 0.58 ab
93.72 ± 3.95 b
22693.03 ±
5448.54 b
14119.72 ±
3011.89

553.80 ±
45.84
3.67 ± 0.53 b
95.07 ± 0.85 b
14164.75 ±
1879.55 a
11094.56 ±
1596.34

562.50 ±
19.74
3.39 ± 0.18 b
62.34 ± 2.23 a
15424.99 ±
2400.70 a
11338.59 ±
1653.82

1.49 ± 0.23 a

1.85 ± 0.23 b

1.33 ± 0.12 a

1.36 ± 0.07 a

b

562.50 ± 25.00

03/15/2008
08/25/2008 –
09/02/2008
167.00 ± 3.65
b
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Table 3.

Characteristics of the four shrimp culture trials in Hainan. Means (± SE) within a row followed by different superscripts were significantly different. Trial A: The shrimp
farms were located in Wenchang and the shrimp were cultured intensively in the summer; Trial B: The shrimp farms were located in Wenchang and the shrimp were
cultured intensively in the fall; Trial C: The shrimp farms were located in Wenchang the shrimp were cultured intensively in the winter with juvenile shrimp; Trial D: The
shrimp farms were located in Qionghai and the shrimp were cultured intensively in the winter.

Culture trials
Stocking Date
Harvest Date
Culture Period (Days)
Pond Area (ha)
2

Stocking Density (individuals/m )

A

B

C

D

Early May
2008
Early August
2008
92.50 ± 0.58 a

Middle September
2008
Middle January
2009
114.75 ± 7.09 b

Early November
2008
Early April
2009
153.40 ± 1.82 c

Early October
2008
Late March
2009
164.00 ± 0.00 d

4

8

5

4

0.30 ± 0.09

0.21 ± 0.05
a

124.48 ± 8.61

0.21 ± 0.04
c

116.75 ± 7.79

0.23 ± 0.12
bc

108.00 ± 0.00 b

Survival Rate (%)

93.52 ± 5.78

Harvest Size (g)

61.04 ± 4.78 a

73.75 ± 5.16 b

82.26 ± 3.72 c

66.59 ± 5.13 a

Daily Weight Gain (g)

14.75 ± 0.98 b

12.71 ± 2.16 ab

12.05 ± 0.71a

12.92 ± 0.48 ab

Feed Consumption (kg/ha)

0.159 ± 0.10 c

0.112 ± 0.024 b

0.079 ± 0.004 a

0.079 ± 0.003 a

Yield (kg/ha)

12376 ± 1748 a

16139 ± 2813 b

13777 ± 605 ab

13132 ± 886 a

Feed Conversion Ratio (FCR)

8411 ± 892 a

11568 ± 1513 b

11551 ± 783 b

9271 ± 515 a
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Table 4. Water quality in total 60 carp ponds in Hubei. Means (± SE) within a row followed by different
superscript letters were significantly different (P < 0.05).

Variable

Filling

Total nitrogen (mg/L)
Nitrite-nitrogen (mg/L)

1.32 ± 0.89 a
0.036 ± 0.01 a

Drainage
(surface)
1.85 ± 0.93 b
0.109 ± 0.228

Drainage
(middle)
2.05 ± 1.02 b
0.115 ± 0.085

Drainage
(bottom)
2.14 ± 1.16 b
0.137 ± 0.057

Total ammonia N (mg/L)

0.025 ± 0.016 a 0.242 ± 0.160

0.283 ± 0.134

0.314 ± 0.171

Total phosphorus (mg/L)

0.065 ± 0.033 a 0.475 ± 0.352

0.584 ± 0.272

0.625 ± 0.250

0.113 ± 0.089

0.178 ± 0.078

0.194 ± 0.086

48.54 ± 25.60

51.63 ± 27.61

58.92 ± 27.83

Active phosphorus (mg/L)
Total suspended solids
(mg/L)
Dissolved oxygen (mg/L)
pH (standard units)
COD (mg/L)
Temperature (°C)

b
b
b

0.037 ± 0.012

a

56.72 ± 23.33

a

a

5.98 ± 3.23
7.63 ± 1.22 a
10.03 ± 5.56 a
18.32 ± 9.75 a

b
b

b

5.87 ± 2.54
8.34 ± 1.91 a
19.83 ± 2.85 b
5.41 ± 2.30 b

b
b
b
b
b

b

6.95 ± 2.89
7.80 ± 1.64 a
22.05 ± 5.06 b
5.53 ± 2.75 b

b
b
b
b
a

5.63 ± 3.07 b
7.23 ± 2.50 a
24.76 ± 6.19 b
5.53 ± 2.55 b

Table 5. The performance indicators of carp species polyculture in Hubei province.

Variable

Mean ± SD

Total variable cost (TVC) (RMB/ha)

47,867 ± 7,038

Cost of seed (% of TVC)

7.2 ± 6.7

Costs of feed (% of TVC)

71.6 ± 26.5

Costs of fertilizer (% of TVC)

10.7 ± 8.9

Operating cost (% of TVC)

6.8 ± 4.2

Other costs (% of TVC)

4.7 ± 4.5

Yield (kg/ha)

11,823 ± 5,871

Gross return (RMB/ha)

89,856 ± 12,168

Net return (RMB/ha)

30,476 ± 8,328

Per unit production costs (RMB/kg)

4.3 ± 2.8

Benefit/cost ratio

1.87 ± 1.24
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Table 6. The performance indicators of tilapia farming in Hainan province.

Variable

Mean ± SD

Total variable cost (TVC) (RMB/ha)
Cost of seed (% of TVC)

89,320 ± 15,497
9.6 ± 11.6

Costs of feed (% of TVC)

81.8 ± 11.1

Costs of fertilizer (% of TVC)

1.5 ± 0.4

Operating cost (% of TVC)

5.7 ± 0.9

Other costs (% of TVC)

1.4 ± 0.6

Yield (kg/ha)

12,803 ± 2,625

Gross return (RMB/ha)

124,183 ± 31,803

Net return (RMB/ha)

45,660 ± 19,858

Per unit production costs (RMB/kg)

6.44 ± 0.53

Benefit/cost ratio

1.48 ± 0.17

Table 7. The performance indicators of shrimp farming in Hainan.

Variable
Total variable cost (TVC) (RMB/ha)
Cost of seed (% of TVC)
Costs of feed (% of TVC)
Costs of fertilizer (% of TVC)
Operating cost (% of TVC)
Other costs (% of TVC)
Yield (kg/ha)
Gross return (RMB/ha)
Net return (RMB/ha)
Per unit production costs (RMB/kg)
Benefit/cost ratio

Mean ± SD
172,906 ± 39,702
6.95 ± 3.52
48.82 ± 6.75
2.93 ± 1.19
28.34 ± 6.28
12.95 ± 3.84
9,417 ± 891
296,385 ± 31,531
123,479 ± 53,077
31.50 ± 1.94
0.81 ± 0.46
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Table 7. The performance indicators of shrimp farming in Hainan.

Variable
Total variable cost (TVC) (RMB/ha)
Cost of seed (% of TVC)
Costs of feed (% of TVC)
Costs of fertilizer (% of TVC)
Operating cost (% of TVC)
Other costs (% of TVC)
Yield (kg/ha)
Gross return (RMB/ha)
Net return (RMB/ha)
Per unit production costs (RMB/kg)
Benefit/cost ratio

Mean ± SD
172,906 ± 39,702
6.95 ± 3.52
48.82 ± 6.75
2.93 ± 1.19
28.34 ± 6.28
12.95 ± 3.84
9,417 ± 891
296,385 ± 31,531
123,479 ± 53,077
31.50 ± 1.94
0.81 ± 0.46
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Table 8.

The effluent water quality of four carp farms at drainage of surface, middle, and bottom. Means (± SE) within a row followed by different superscript letters were significantly
different.

Variable
Total nitrogen
(mg/L)
Nitrite-nitrogen
(mg/L)
Total ammonia N
(mg/L)
Total phosphorus
(mg/L)
Effective
phosphorus
(mg/L)
Total suspended
solids (mg/L)
Dissolved oxygen
(mg/L)
pH (standard
units)
COD (mg/L)
Temperature (C)

Surface

Middle

A

B

C

1.35 ±
0.56 a

1.16 ±
0.64 a

1.56 ±
0.45 b

0.0211 ±
0.010 a

0.035 ±
0.017 a

0.118 ±
0.089 a

D

Bottom

A

B

C

D

3.36 ±
0.97 c

1.46 ±
0.53 a

1.25 ±
0.56 a

1.76 ±
0.49 b

3.53 ±
0.78 c

0.013 ±
0.010 b

0.112 ±
0.067 b

0.026 ±
0.012 a

0.037 ±
0.012 a

0.015 ±
0.011 b

0.081 ±
0.025 a

0.296 ±
0.076 b

0.276 ±
0.114 b

0.125 ±
0.076 a

0.082 ±
0.027 a

0.119 ±
0.078 a

0.283 ±
0.134 a

0.411 ±
0.178 b

1.070 ±
0.230 c

0.145 ±
0.089 a

0.021 ±
0.010 a

0.076 ±
0.023 a

0.060 ±
0.047 a

0.297 ±
0.085 b

40.12 ±
13.42 a

55.56 ±
25.24 b

57.26 ±
17.16 b

6.92 ±
1.26 a

5.93 ±
1.58 b

8.27 ±
0.32
17.46 ±
2.65 a
5.43 ±
0.52

A

B

C

D

1.465 ±
0.46 a

1.32 ±
0.74 a

1.74 ±
0.56 b

3.53 ±
0.89 c

0.156 ±
0.087 b

0.022 ±
0.011 a

0.036 ±
0.017 a

0.015 ±
0.011 b

0.137 ±
0.087 b

0.298 ±
0.073 b

0.283 ±
0.113 b

0.128 ±
0.083 a

0.0817 ±
0.027 a

0.306 ±
0.087 b

0.286 ±
0.123 b

0.298 ±
0.142 a

0.423 ±
0.167 b

1.180 ±
0.271 c

0.127 ±
0.087 a

0.296 ±
0.146 a

0.425 ±
0.185 b

1.190 ±
0.242 c

0.028 ±
0.014 a

0.081 ±
0.028 a

0.061 ±
0.048 a

0.312 ±
0.092 b

0.022 ±
0.012 a

0.087 ±
0.034 a

0.067 ±
0.049 a

0.324 ±
0.087 b

64.30 ±
16.05 c

47.12 ±
12.33 a

58.71 ±
17.26 b

53.41 ±
14.20 b

58.86 ±
10.42 b

50.56 ±
18.22 a

60.21 ±
15.52 b

54.67 ±
12.35 a

62.33 ±
16.6 b

5.81 ±
1.89 b

5.85 ±
1.45 b

6.74 ±
1.05 a

5.82 ±
1.43 b

5.62 ±
1.57 b

5.03 ±
1.15 b

5.78 ±
1.38 a

5.34 ±
1.09 b

5.05 ±
0.89 b

4.78 ±
0.87 b

8.27 ±
0.25

8.40 ±
0.53

8.09 ±
0.57

8.15 ±
0.22

8.32 ±
0.25

8.45 ±
0.52

8.16 ±
0.73

7.35 ±
0.38

7.45 ±
0.35

7.56 ±
0.69

7.29 ±
0.87

15.75 ±
2.23 a
5.64 ±
0.44

22.86 ±
1.82 b
5.65 ±
0.55

23.04 ±
2.42 b
5.36 ±
0.32

18.71 ±
2.20 a
5.57 ±
0.54

16.23 ±
2.7 a
5.86 ±
0.43

23.43 ±
1.62 b
5.78 ±
0.42

24.54 ±
2.22 b
5.56 ±
0.33

20.45 ±
2.6 a
5.24 ±
0.56

19.74 ±
2.22 a
5.51 ±
0.42

25.83 ±
1.82 b
5.53 ±
0.54

29.52 ±
2.41 b
5.38 ±
0.35
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Table 9.

The sediment quality in all 60 carp ponds in Hubei. An asterisk denotes a significant difference
between the before filling and after filling values using a paired t-test (P < 0.05).

Variable

Before filling (mean ± SD)

After draining (mean ± SD)

Moisture (%)
Bulk density (g/cm3)
pH
Organic matter (%)
TN (mg/g)
TP (mg/g)

12.64 ± 3.72
1.85 ± 0.48
7.44 ± 0.92
2.32 ± 0.87
0.085 ± 0.016
0.092 ± 0.017

21.33 ± 6.81*
1.61 ± 0.67
6.25 ± 0.55
5.84 ± 1.45*
0.356 ± 0.089*
0.337 ± 0.095*

Table 10. A comparison of the sediment quality at drainage among the four farms in Hubei province. Means (±
SE) within a row followed by different superscripts were significantly different.

Variable

A

B

C

D

Moisture (%)

62.2 ± 12.3

60.7 ± 15.6

67.2 ± 10.9

69.4 ± 17.8

Bulk density
(g/cm3)
pH

1.45 ± 0.56

1.64 ± 0.49

1.58 ± 0.32

1.73 ± 0.67

6.8 ± 0.5 a

6.2 ± 0.8 a

6.4 ± 0.5 a

5.3 ± 0.7 b

Organic matter
(%)
TN (mg/g)

3.49 ± 1.10 a

5.71 ± 1.43 b

5.44 ± 1.54 b

8.72 ± 1.89 c

0.484 ±
0.189 a
0.206 ±
0.089 a

0.462 ±
0.165 a
0.257 ±
0.067 a

0.480 ± 0.136

0.573 ±
0.167 b
0.620 ±
0.158 b

TP (mg/g)

a

0.266 ±
0.0126 a
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Table 11. Nutrient budgets (mean + SE) in four intensive carp farms over a one year culture period in Hubei.

Farms

Inputs (kg/ha)
Fertilizer
Feed

Water

Fish

97.70 ±
9.23
132.9049
± 14.56
136.5841
± 15.67
137.701 ±
15.66

31.27 ±
6.56
37.68272
± 7.89
40.05097
± 8.99
55.72911
± 7.66

1306.15 ±
16.75
1096.635
± 45.56
1367.125
± 78.67
1226.63 ±
103.5

5.64 ±
1.45
5.22 ±
1.34
11.30 ±
2.45
20.91 ±
3.66

9.20 ±
3.45
12.78
±4.45
15.72 ±
3.44
24.44 ±
3.45

223.18 ±
25.67
200.19 ±
34.44
233.16
±21.22
248.37 ±
45.23

Total

Water

Fish

Outputs (kg/ha)
Sediment Total

721.66 ±
23.44
989.2277
± 23.55
1023.61 ±
87.88
1528.57 ±
123.44

2156.78
± 74.78
2256.45
± 78.90
2567.37
± 99.45
2948.63
± 156.55

177.50 ±
9.67
220.6808
± 24.55
234.1441
± 23.44
458.512 ±
23.55

437.83 ±
14.32
577.6512
± 45.32
713.7289
± 45.66
958.3048
± 67.34

696.64 ±
26.78
852.9381
± 56.33
1006.409
± 86.76
1270.86 ±
88.67

1311.97 ±
52.5
1651.27 ±
23.56
1954.282
± 103.53
2687.676
± 155.66

844.8107 ±
26.78
605.1799 ±
15.78
613.088 ±
46.77
260.9538 ±
56.78

118.72 ±
16.77
177.44
±15.67
177.68 ±
34.56
275.94 ±
34.55

356.74 ±
44.56
395.64 ±
44.56
437.86 ±
45.67
569.65 ±
47.88

22.23 ±
56.78
30.78
±7.66
31.18 ±
3.42
177.59 ±
23.41

65.28 ±
15.66
89.41 ±
23.44
112.97 ±
23.55
643.52 ±
54.33

122.36 ±
15.66
157.46 ±
22.44
180.40 ±
34.22
1027.64 ±
78.44

209.87 ±
45.55
277.66
±45.55
324.54 ±
43.50
1848.75 ±
98.22

146.87
±15.66
117.98
±15.67
113.3182 ±
23.55
645.52 ±
34.55

Unaccounted

Nitrogen
A
B
C
D
Phosphorus
A
B
C
D
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Table 12. Water quality in all 17 tilapia ponds in Hainan province. Means (± SE) within a row followed by different
superscript letters were significantly different.

3.73 ± 1.71
0.216 ± 0.152
0.079 ± 0.091
0.423 ± 0.763
1.182 ± 0.597

Drainage
(surface)
5.32 ± 2.83
0.266 ± 0.509
0.038 ± 0.074
0.961 ± 1.014
1.175 ± 0.624

Drainage
(middle)
5.12 ± 2.79
0.258 ± 0.498
0.038 ± 0.070
0.947 ± 0.890
1.193 ± 0.645

Drainage
(bottom)
5.14 ± 2.80
0.277 ± 0.540
0.036 ± 0.070
0.965 ± 0.948
1.215 ± 0.652

0.77 ± 0.57

0.94 ± 0.64

0.94 ± 0.64

0.93 ± 0.62

52.63 ± 36.09

54.31 ± 29.18

53.46 ± 29.98

75.39 ± 29.47

7.73 ± 3.06 a
8.07 ± 0.88
25.71 ± 4.29 a
28.95 ± 2.03

6.86 ± 1.99 ab
7.45 ± 0.68
32.13 ± 1.09b
29.65 ± 2.88

6.22 ± 2.11ab
7.47 ± 0.69
32.15 ± 1.03 b
29.51 ± 2.87

5.59 ± 2.19 b
7.51 ± 0.67
31.97 ± 1.13 b
29.42 ± 2.88

Variable

Filling

Total nitrogen (mg/L)
Nitrate-nitrogen (mg/L)
Nitrite-nitrogen (mg/L)
Total ammonia N (mg/L)
Total phosphorus (mg/L)
Effective phosphorus
(mg/L)
Total suspended solids
(mg/L)
Dissolved oxygen (mg/L)
pH (standard units)
COD (mg/L)
Temperature (°C)

Table 13. The effluent water quality of four tilapia culture trials at drainage. Means (± SE) within a row followed by
different superscript letters were significantly different.

Variable
Total
nitrogen
(mg/L)
Nitratenitrogen
(mg/L)
Nitritenitrogen
(mg/L)
Total
ammonia N
(mg/L)
Total
phosphorus
(mg/L)
Effective
phosphorus
(mg/L)
Total
suspended
solids
(mg/L)
Dissolved
oxygen
(mg/L)
pH
(standard
units)
COD
(mg/L)
Temperature
(C)

Surface

Middle

Bottom

A

B

C

D

A

B

C

D

A

B

C

D

4.17 ±
1.11 a

9.10 ±
1.08b

3.21 ±
1.24a

8.27 ±
0.93b

4.07 ±
1.04 a

8.66 ±
1.73b

3.12 ±
1.32 a

7.82 ±
1.46b

4.04 ±
1.17 a

8.62 ±
1.61b

3.25 ±
1.68 a

7.86 ±
1.34b

0.23 ±
0.23

0.59 ±
0.87

0.05 ±
0.05

0.52 ±
0.78

0.20 ±
0.24

0.57 ±
0.85

0.05 ±
0.04

0.51 ±
0.76

0.21 ±
0.24

0.62 ±
0.93

0.06 ±
0.05

0.56 ±
0.82

0.02 ±
0.01

0.09 ±
0.13

0.01 ±
0.01

0.08 ±
0.11

0.02 ±
0.01

0.09 ±
0.12

0.01 ±
0.01

0.08 ±
0.11

0.02 ±
0.01

0.09 ±
0.12

0.01 ±
0.01

0.09 ±
0.12

0.76 ±
0.73

1.82 ±
1.44

0.44 ±
0.13

1.65 ±
1.32

0.75 ±
0.74

1.74 ±
1.15

0.47 ±
0.14

1.58 ±
1.06

0.77 ±
0.76

1.80 ±
1.26

0.46 ±
0.12

1.63 ±
1.17

0.77 ±
0.47

1.07 ±
0.83

1.58 ±
0.32

0.95 ±
0.71

0.77 ±
0.50

1.09 ±
0.83

1.61 ±
0.36

0.96 ±
0.70

0.79 ±
0.50

1.10 ±
0.84

1.65 ±
0.35

1.00 ±
0.76

0.35 ±
0.51a

0.92 ±
0.61ab

1.43 ±
0.32b

0.83 ±
0.55ab

0.36 ±
0.52 a

0.91 ±
0.59ab

1.44 ±
0.32 b

0.82 ±
0.54 ab

0.36 ±
0.52 a

0.92 ±
0.61 ab

1.40 ±
0.28 b

0.82 ±
0.55ab

58.50
± 5.51

83.00
±
27.83 a

28.00
±
15.62 b

78.61 ±
23.77a

59.75
± 7.76a

81.0 ±
33.05a

26.40 ±
10.90 b

74.29 ±
24.38a

56.00 ±
7.12 a

85.00
±
29.78 a

31.20 ±
17.12 b

74.73 ±
24.38a

7.04 ±
2.67

7.16 ±
2.81

6.49 ±
0.56

8.30 ±
0.59

5.73 ±
3.02

6.89 ±
2.71

6.08 ±
0.48

7.58 ±
0.67

5.26 ±
3.26

5.75 ±
2.83

5.72 ±
0.48

5.23 ±
0.37

8.13 ±
0.86 a

7.33 ±
0.29 ab

7.00 ±
0.23 b

7.52 ±
0.27 ab

8.13 ±
0.85 a

7.43 ±
0.26 ab

6.98 ±
0.31 b

7.56 ±
0.17 ab

8.10 ±
0.88 a

7.50 ±
0.29 ab

7.04 ±
0.28 b

7.58 ±
0.20 ab

32.75
± 1.22a

32.33
± 0.80a

29.70 ±
1.85b

ab

32.65 ±
1.26a

32.46 ±
0.73 a

29.33 ±
1.78b

31.28 ±
0.77ab

32.41
± 1.37a

32.18 ±
1.11 a

29.17 ±
1.81b

28.83
± 0.66

32.62
± 0.28

30.71 ±
0.12

26.53
± 2.26

28.78 ±
0.64

32.48 ±
0.11

30.53 ±
0.06

26.45 ±
2.18

28.58
± 0.57

32.46 ±
0.11

30.27 ±
0.11

a

31.26
±
0.91ab
26.78
± 2.43

31.28
± 0.68

424

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
Table 14. The sediment quality in all 17 tilapia ponds in Hainan. An asterisk denotes a significant difference
between the before filling and after filling values using a paired t-test (P < 0.05).

Variable

Before filling (mean ±SD)

After draining (mean ± SD)

Moisture Rate (%)
Density (g/cm3)
pH
Clay
(%)
Texture Silt (%)
Sand
(%)
Organic Matter
(%)
TN (g/kg)
TP（g/kg)

29.85 ± 10.89
1.68 ± 0.22
6.33 ± 0.32

30.92 ± 11.17
1.70 ± 0.19
6.29 ± 0.29

10.21 ± 0.93

10.44 ± 0.92

5.22 ± 3.72

6.19 ± 3.63*

84.57 ± 4.27

83.37 ± 4.45*

2.94 ± 1.54

4.14 ± 2.30*

1.05 ± 0.62
0.41 ± 0.19

1.47 ± 0.62*
0.57 ± 0.27*

Table 15. A comparison of the sediment quality among the four tilapia culture models in Hainan. Means (± SE)
within a row followed by different superscript letters were significantly different.

Variable

A

B

C

D

Moisture (%)

26.42 ± 5.00a

23.65 ± 1.14 a

47.05 ± 3.23 b

22.54 ± 1.09 a

Density (g/cm3)

1.82 ± 0.10

1.56 ± 0.06

1.71 ± 0.32

1.70 ± 0.03

pH

6.32 ± 0.13

6.06 ± 0.21

6.35 ± 0.45

6.44 ± 0.10

Clay(%)

9.67 ± 0.68 a

10.20 ± 0.90 a

11.36 ± 0.14b

10.30 ± 0.94 a

Silt(%)

3.78 ± 2.08 a

5.07 ± 3.10 a

10.29 ± 2.13 b

4.62 ± 3.09 a

Sand(%)

86.56 ± 2.65 a

84.73 ± 3.95 a

78.36 ± 2.04 b

85.08 ± 3.96 a

Organic Matter (%)

2.97 ± 2.15

5.45 ± 3.47

4.69 ± 1.00

3.32 ± 2.17

TN (g/kg)

1.08 ± 0.37 a

1.45 ± 0.62ab

2.09 ± 0.36 b

1.09 ± 0.53 a

TP（g/kg)

0.59 ± 0.54

0.58 ± 0.21

0.60 ± 0.08

0.50 ± 0.22

Texture
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Table 16. Nutrient budgets for different tilapia culture models for per crop in Hainan.

Culture
trials

Inputs (kg/ha)

Outputs (kg/ha)

Feed

Fertilizer

Fingerling

Inflow

Rain

Total

Fish

Sediment

Accumulation

Leakage

A

858.84 ± 172.95

113.414 ± 11.95

36.21 ± 48.60

21.63 ± 4.52

3.78 ± 0.36

1033.87 ± 156.15

381.60 ± 53.96

526.03 ± 82.12

82.69 ± 31.49

43.55 ± 10.13

B

1076.15 ± 258.38

171.04 ± 32.98

40.82 ± 48.08

0.00 ± 0.00

3.21 ± 1.41

1291.23 ± 284.64

357.16 ± 76.19

676.82 ± 180.80

112.21 ± 23.53

145.05 ± 68.88

Nitrogen

C

616.39 ± 77.58

84.80 ± 30.74

9.33 ± 4.61

20.48 ± 12.13

3.66 ± 0.25

701.26 ± 96.79

295.19 ± 40.38

359.48 ± 103.32

21.71 ± 38.08

39.43 ± 23.47

D

731.49 ± 113.85

68.459 ± 12.55

0.10 ± 0.02

0.00 ± .00

3.40 ± 0.17

803.44 ± 110.16

286.81 ± 41.83

382.20 ± 88.90

92.04 ± 28.86

42.39 ± 17.47

A

177.34 ± 38.04

23.21 ± 6.54

15.23 ± 17.57

3.84 ± 2.29

0.49 ± 0.05

220.17 ± 33.59

69.49 ± 9.83

137.11 ± 24.42

10.70 ± 3.45

2.87 ± 1.71

B

318.32 ± 76.43

15.48 ± 2.20

18.71 ± 16.56

0.00 ± 0.00

0.09 ± 0.04

352.59 ± 75.57

98.09 ± 20.92

223.10 ± 54.78

18.96 ± 4.38

12.45 ± 6.00

C

127.96 ± 16.11

30.73 ± 12.61

5.23 ± 2.60

4.69 ± 2.26

0.54 ± 0.04

161.63 ± 26.90

53.75 ± 7.35

89.09 ± 26.59

13.11 ± 8.94

8.33 ± 5.66

D

200.46 ± 31.20

13.28 ± 2.33

0.07 ± 0.02

0.00 ± 0.00

0.10 ± 0.03

213.91 ± 31.13

78.77 ± 11.49

97.78 ± 25.45

21.218 ± 12.38

16.158 ± 5.47

phosphorus
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Table 17. Water quality in shrimp ponds from all four trials in Hainan. Means (± SE) within a row followed by
different superscript letters were significantly different.

Variables

Filling

Drainage
(surface)

Total nitrogen
1.699 ± 2.013 8.209 ± 0.822
a
b
(mg/L)
Nitrite-nitrogen
0.005 ± 0.011
0.747 ± 0.361b
a
(mg/L)
Total ammonia N
0.312 ± 0.314
0.022 ± 0.023 a
b
(mg/L)
Nitrate-nitrogen
1.040 ± 1.347 1.096 ± 0.390
(mg/L)
Total phosphorus 0.045 ± 0.019 0.744 ± 0.035
a
b
(mg/L)
Effective
0.024 ± 0.022 0.287 ± 0.111
phosphorus
a
b
(mg/L)
Total suspended
70.17 ± 12.42
9.30 ± 1.27 a
b
solids (mg/L)
Salinity
29.01 ± 4.46
26.22 ± 5.65
Dissolved
7.07 ± 0.12 a
oxygen (mg/L)
pH (standard
7.83 ± 1.61
7.23 ± 0.06
units)
COD (mg/L)
3.04 ± 1.43 a
36.32 ± 2.20 b
Temperature (°C)

29.01 ± 4.46

26.50 ± 0.50

Drainage
(middle)

Drainage
(bottom)

8.027 ± 0.532 b

8.053 ± 0.492 b

0.752 ± 0.364 b

0.749 ± 0.362 b

0.314 ± 0.286 b

0.323 ± 0.322 b

1.109 ± 0.311

1.120 ± 0.293

0.767 ± 0.033 b

0.757 ± 0.058 b

0.282 ± 0.116 b

0.282 ± 0.117 b

71.21 ± 7.93 b

70.51 ± 6.19 b

26.22 ± 5.65

26.22 ± 5.65

6.49 ± 0.24 a

4.98 ± 0.39 b

7.26 ± 0.05

7.26 ± 0.04

36.29 ± 1.859 b

36.47 ± 1.03 b

26.45 ± 0.48

26.41 ± 0.49
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Table 18. Effluent water quality of the four shrimp culture trials at drainage. Means (± SE) within a row followed by different superscript letters were significantly different.
Surface

Variables

Middle

Bottom

A

B

C

D

A

B

C

D

A

B

C

D

7.62 ± 1.13

9.20 ± 1.84

8.18 ± 1.19

7.82 ± 2.90

7.81 ± 1.01

9.07 ± 1.92

8.26 ± 0.85

6.95 ± 1.75

7.64 ± 0.88

8.97 ± 1.88

8.00 ± 0.86

7.59 ± 1.43

0.87 ± 0.64

1.14 ± 0.66

0.49 ± 0.81

0.472 ± 0.003

0.88 ± 0.65

1.14 ± 0.67

0.50 ± 0.83

0.477 ± 0.009

0.90 ± 0.65

1.11 ± 0.64

0.50 ± 0.83

0.47 ± 0.007

0.09 ± 0.03

0.22 ± 0.33

0.63 ± 0.74

0.29 ± 0.12

0.15 ± 0.07

0.21 ± 0.32

0.59 ± 0.68

0.30 ± 0.09

0.12 ± 0.05

0.21 ± 0.29

0.62 ± 0.73

0.32 ± 0.05

0.82 ± 0.12a

0.84 ± 0.13a

0.85 ± 0.07a

0.44 ± 0.06b

0.84 ± 0.08a

0.85 ± 0.12a

0.86 ± 0.05a

0.50 ± 0.11b

0.81 ± 0.18a

0.85 ± 0.13a

0.87 ± 0.04a

0.48 ± 0.12b

0.46 ± 0.26a

0.34 ± 0.21a

0.32 ± 0.22a

0.01 ± 0.01b

0.45 ± 0.26a

0.34 ± 0.21a

0.32 ± 0.22a

0.003 ±
0.005b

0.45 ± 0.26a

0.34 ± 0.21a

0.32 ± 0.22a

0.003 ± 0.00b

-

0.76 ± 0.49

0.88 ± 1.19

1.63 ± 0.53

-

0.74 ± 0.50

0.82 ± 1.11

1.76 ± 0.67

-

0.75 ± 0.51

0.83 ± 1.08

1.77 ± 0.72

76.50±8.23

77.86±28.91

58.52±31.13

67.80±8.93

69.75±10.90

79.02±26.95

63.43±25.72

72.65±14.95

77.75±23.92

78.30±27.60

53.95±27.12

72.05±14.27

6.86 ± 0.61

6.91 ± 0.63

7.10 ± 0.36

7.41 ± 0.50

6.64 ± 1.06

6.59 ± 0.61

6.19 ± 1.16

6.53 ± 0.95

4.37 ± 0.50

5.05 ± 1.02

5.26 ± 1.27

5.24 ± 0.48

pH (standard
units)

7.15 ± 0.13

7.19 ± 0.18

7.32 ± 0.28

7.28 ± 0.21

7.18 ± 0.13

7.33 ± 0.18

7.28 ± 0.25

7.28 ± 0.21

7.10 ± 0.14

7.35 ± 0.23

7.26 ± 0.15

7.33 ± 0.17

COD
(mg/L)

34.92 ±
2.52

37.78 ± 6.44

37.45 ± 1.88

35.12 ± 1.85

35.63 ± 0.75

36.64 ± 5.17

37.47 ± 2.15

35.40 ± 2.23

36.31 ± 2.51

36.82 ± 4.30

37.83 ± 2.33

34.89 ± 2.02

Temperature
(°C)

32.53 ±
0.88a

18.17 ± 1.27d

28.75 ± 0.13b

26.55 ± 0.44c

32.40 ± 0.79a

18.19 ± 1.27d

28.75 ± 0.13b

26.45 ± 0.51c

32.33 ± 0.70a

18.20 ± 1.29d

28.75 ± 0.13b

26.38 ± 0.43c

Total nitrogen
(mg/L)
Nitritenitrogen
(mg/L)
Total
ammonia N
(mg/L)
Total
phosphorus
(mg/L)
Effective
phosphorus
(mg/L)
Nitratenitrogen
(mg/L)
Total
suspended
solids (mg/L)
Dissolved
oxygen
(mg/L)
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Table 19. The sediment quality in all shrimp ponds studied in Hainan. An asterisk denotes a significant difference
between the before filling and after filling values using a paired t-test (P < 0.05).

Variable

Before filling (mean ± SD)

Moisture (%)
Density (g/cm3)
pH
Clay
(%)
Texture
Silt (%)
(%)
Sand
(%)
Organic Matter
(%)
TN (g/kg)
TP（g/kg)

21.84 ± 2.50
2.13 ± 0.62
6.46 ± 0.24

After draining (mean ±
SD)
21.39 ± 3.70
2.24 ± 0.75*
6.36 ± 0.26*

9.43 ± 0.96

9.46 ± 0.68

0.48 ± 0.38

0.43 ± 0.42

90.08 ± 0.97

90.11 ± 0.75

1.217 ± 0.456

1.581 ± 0.603*

0.126 ± 0.034
0.127 ± 0.055

0.288 ± 0.069*
0.173 ± 0.066*

Table 20. A comparison of the sediment quality among the four shrimp culture trials in Hainan. Means (± SE)
within a row followed by different superscript letters were significantly different.

Culture trials
Moisture (%)
Density (g/cm3)
pH
Clay
Texture
Silt
(%)
Sand
Organic Matter (%)
TN (g/kg)
TP（g/kg)

A
17.03 ± 3.73 a
1.96 ± 0.12 a
6.38 ± 0.32
9.75 ± 0.76
0.60 ± 0.49
89.65 ± 0.82
1.969 ± 0.640
0.219 ± 0.031a
0.185 ± 0.037 a

B
24.49 ± 2.53 c
1.87 ± 0.11a
6.28 ± 0.30
9.41 ± 0.68
0.37 ± 0.22
90.23 ± 0.84
1.454 ± 0.552
0.346 ± 0.045 b
0.220 ± 0.030 a

C
19.23 ± 0.92 ab
1.87 ± 0.11 a
6.38 ± 0.21
9.60 ± 0.61
0.24 ± 0.17
90.16 ± 0.59
1.445 ± 0.458
0.304 ± 0.058 b
0.179 ± 0.032 a

D
22.28 ± 1.31 bc
3.73 ± 0.06 b
6.50 ± 0.19
9.10 ± 0.80
0.62 ± 0.78
90.28 ± 0.77
1.615 ± 0.863
0.223 ± 0.011a
0.058 ± 0.015 b
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Table 21. Nutrient budgets for the four shrimp culture trials in Hainan.

Culture
trials

Inputs (kg/ha)

Outputs (kg/ha)

Feed

Fertilizer

Inflow

Fry

Rain

Total

Shrimp

Sediment

Accumulation

Drainage

775.64 ±
108.95
1008.15 ±
172.58
864.71 ±
35.96
841.88 ±
57.32

26.56 ±
1.37
42.95 ±
19.19
42.15 ±
6.78
7.01 ±
1.66

27.51 ±
5.06
28.80 ±
2.06
20.39 ±
0.51
190.72 ±
20.36

0.08 ±
0.01
0.11 ±
0.01
0.10 ±
0.01
0.10 ±
0.00

2.32 ±
0.00
3.01 ±
0.01
3.73 ±
0.00
2.58 ±
0.00

832.12 ±
111.71
1083.02 ±
175.57
931.10 ±
32.65
1042.28 ±
54.40

265.59 ±
28.16
351.52 ±
55.43
364.76 ±
24.72
292.75 ±
16.26

195.40 ±
31.56
326.20 ±
50.67
237.80 ±
59.05
403.65 ±
17.05

135.06 ±
16.74
118.81 ±
17.53

236.0 ±
88.82
286.4 ±
118.11
230.0 ±
75.95
265.81 ±
65.83

164.22 ±
23.22
214.05 ±
36.76
183.27 ±
7.94
170.80 ±
11.46

4.62 ±
0.74
7.74 ±
4.38
8.32 ±
2.28
1.61 ±
0.41

2.71 ±
0.45
1.82 ±
0.13
2.10 ±
0.05
4.20 ±
0.45

0.01 ±
0.00
0.01 ±
0.00
0.01 ±
0.00
0.01 ±
0.00

0.19 ±
0.00
0.23 ±
0.06
0.38 ±
0.00
0.12 ±
0.00

171.75 ±
23.78
223.85 ±
37.59
194.08 ±
6.55
176.74 ±
11.59

23.52 ±
2.49
31.13 ±
4.91
32.30 ±
2.19
25.92 ±
1.44

73.25 ±
10.84
96.78 ±
16.63
85.03 ±
15.07
99.18 ±
16.74

Nitrogen
A
B
C
D

98.45 ± 30.75
80.08 ± 30.06

Phosphorus
A
B
C
D

14.75 ± 0.92
9.98 ± 2.35
8.30 ± 4.19
12.80 ± 3.67

60.24 ±
20.74
85.97 ±
24.56
68.46 ±
14.50
38.84 ±
5.88
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Table 22. Effluent quality at different water depths among carp (Hubei), tilapia (Hainan), and shrimp farms
(Hainan) in China. Means (± SE) within a row followed by different superscript letters were significantly
different.
Variable

Surface

Total
nitrogen
(mg/L)
Nitritenitrogen
(mg/L)
Total
ammonia
N (mg/L)
Total
phosphorus
(mg/L)
Active
phosphorus
(mg/L)
Total
suspended
solids
(mg/L)
Dissolved
oxygen
(mg/L)
pH
(standard
units)
COD
(mg/L)
Temperature
(°C)

Middle

Bottom

Carp

Tilapia

Shrimp

Carp

Tilapia

Shrimp

Carp

Tilapia

Shrimp

1.85 ±
0.93 a

5.32 ±
2.86 b

8.21 ±
0.82 c

2.05 ±
1.02 a

5.12 ±
2.79 b

8.02 ± 0.53 c

2.14 ±
1.16 a

5.14 ±
2.80 b

8.053 ±
0.492 c

0.109 ±
0.228 a

0.038 ±
0.074 b

0.747 ±
0.361 c

0.115 ±
0.085 a

0.0375 ±
0.070 b

0.752 ±
0.364b

0.137 ±
0.057 a

0.036 ±
0.070 b

0.749 ±
0.362 c

0.242 ±
0.160 a

0.961 ±
1.014 b

0.312 ±
0.314 a

0.283 ±
0.134 a

0.947 ±
0.890 b

0.314 ±
0.286 a

0.314 ±
0.171 a

0.965 ±
0.948 b

0.323 ±
0.322 a

0.475 ±
0.352 a

1.175 ±
0.624 b

0.744 ±
0.035 c

0.584 ±
0.272 a

1.193 ±
0.645

0.767 ±
0.033 b

0.625 ±
0.250 a

1.215 ±
0.652

0.757 ±
0.058 b

0.113 ±
0.089 a

0.941 ±
0.638 b

0.287 ±
0.111 c

0.178 ±
0.078 a

0.943 ±
0.636 b

0.282 ±
0.116 c

0.194 ±
0.086 a

0.932 ±
0.623 b

0.282 ±
0.117 c

48.54 ±
25.60 a

54.31 ±
29.18 a

70.17 ±
12.42 b

51.63 ±
27.61 a

53.46 ±
29.98 a

71.21 ± 7.93

58.92 ±
27.83 a

75.39 ±
29.47 b

70.51 ±
6.19 b

5.87 ±
2.54 a

6.86
±1.99 b

7.07 ±
0.12 c

6.95 ±
2.89 a

6.22
±2.11a

6.49±0.24 a

5.63 ±
3.07 a

5.59 ±
2.19 a

4.98 ±
0.39 b

8.34 ±
1.91 a

7.45 ±
0.68 b

7.23 ±
0.06 b

7.80 ±
1.64 a

7.47 ±
0.69 a

7.26 ± 0.05

7.23 ±
2.50 a

7.51 ±
0.67 a

7.26 ±
0.04 a

19.83 ±
2.85 a
5.41 ±
2.30 a

32.13
±1.09 b
26.50 ±
0.50 b

36.32 ±
2.20 b
26.50 ±
0.50 b

22.05 ±
5.06 a
5.53 ±
2.75 a

32.15
±1.03 b
29.51 ±
2.87 b

36.29±1.859

24.76 ±
6.19 a
5.53 ±
2.55 a

31.97 ±
1.13 b
29.42 ±
2.88 b

36.47 ±
1.03 b
26.41 ±
0.49 b

b

a

b

26.45 ± 0.48
b

Table 23. A comparison of sediment quality among carp, tilapia, and shrimp ponds. Means (± SE) within a row
followed by different superscript letters were significantly different.

Variable
Moisture
(%)
Bulk
density
(g/cm3)
pH
Organic
matter (%)
TN (mg/g)
TP (mg/g)

Before filling

After draining

Carp
Tilapia
Shrimp
a
12.64 ± 3.72 29.85 ± 10.89 21.84 ± 2.50 c
b

1.85 ± 0.48

a

1.68 ± 0.22

a

2.13 ± 0.62

b

Carp
21.33 ± 6.81 a
1.61 ± 0.67

a

Tilapia
30.92 ± 11.17

Shrimp
21.39 ± 3.70 c

1.70 ± 0.19 a

2.24 ± 0.75 b

b

7.44 ± 0.92 a
2.32 ± 0.87

6.33 ± 0.32 b
2.94 ± 1.54

6.46 ± 0.24 b
1.22 ± 0.46

6.25 ± 0.55
5.84 ± 1.45*

6.29 ± 0.29
4.14 ± 2.30

6.36 ± 0.26
1.58 ± 0.60

0.09 ± 0.02 a

1.05 ± 0.62 b

0.13 ± 0.03 c

0.36 ± 0.09 a

1.47 ± 0.62 b

0.29 ± 0.07 c

0.09 ± 0.02 a

0.41 ± 0.190 b 0.13 ± 0.06 c

0.34 ± 0.10 a

0.57 ± 0.270 b

0.17 ± 0.07 c
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APPENDIX 1. QUESTIONNAIRE FOR CARP FARMERS.
SOCIO-ECONOMIC AND TECHNICAL SURVEY OF CHINESE
MAJOR CARP CULTURE IN HUBEI PROVINCE
Investigator:
Name of Farm: ____________________

Questionnaire No: _______________

Interviewer name: _______________________

Date of interview _____________

Farm Background
1. Farmer Name : ____________________, Sex __________, Age _________
Address: ___________________________________________________________
2. Level of your education (grade): ________________
Elementary school

Middle school

High school

__

_

Junior college

university

3. When did you begin to raise carps:______________
4. Did you culture other fisheries species(fishes, prawn of crab)before raising carps?
No
Yes
If yes, what species you cultured:______________________. Why did you alter to raise
carps:
_____________________
_
5. Did you get any training on fish farming before starting carp culture?
No

Yes

If yes, please specify: Training organization:_______________________________
Year:________________________; Course period:_____________________
6. Your main occupation before carp culture management?
Agriculture activity
Government employee

Prawn Culture
Business

Fish seed producer
Other______________

7. Did you have other subsidiary occupations besides fish farming? ___________________
8. Ownership of Farm
Owner

Lease

Company

Other_____________

9. Land Ownership
Owner

Rent

if rent, how much _________________baht per year

10. Type of management:
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Private
Cooperative
Public company
Other_____________
11. From your experiences, what were the major problems faced by carp framers?
Seed supply shortage

Poor seed quality

Low production

Poor

water

quality
Poor pond bottom condition

External pollution

Social

affect

(thieves,

conflicts)
Low price of fish

Low market demand

Poor feed quality

High feed price

12 Have you ever experienced significant low fish production or crop collapses?
No
Yes, why_____________________________________________
_____________________________________________
13 Do you wish/plan to make any improvements to your farm in the future?
No
Yes
If yes, what are your plans? ___________________________________________________
___________________________________________________________________________
_____
14 Do you have a source of energy for your farm operation?
Electricity Own generator

No

Yes,

if yes

15 Machinery or equipments used on farm
Generators__________(Number)

Pump__________(Number)

Compressor__________(Number)

Aerators__________(Number)

Vehicles__________ (Number)

Computers__________(Number)

Printers_________ _(Number)

Telephone__________(Number)

16 How many fish ponds does farm have? ______ Total area of your farm _______mu, used
for;
Water storage
Effluent treatment
Fish pond
Nursery pond

____________ponds
____________ponds
____________ponds
____________ponds

_____________mu/pond
_____________ mu /pond
_____________ mu /pond
_____________ mu /pond

17 How many laborers work on your farm (please specify gender), including farmer?
Of whom, ____________man and ____________woman.
Permanent labors _________persons ___________ RMB /person/month
Casual labors _________persons ____________ RMB /person/day
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Status of Carp farming
18 What are the species you use for carp culture?
Grass carp

Silver carp and bighead carp

Other______________

19 Which cultured species do you get high profits?
Grass carp
Silver carp and bighead carp
Other______________
why_____________________________________________
20 Where do your carp seeds come from? ______________________________
21 Currently, what is the price of carp seed? _________________RMB/104fish seed
22 What are the stocking sizes (body length) for carp culture formerly? ____________cm
23 Which methods are used for fish stocking?
Stock directly in to the pond
Nurse in nursery pond before stocking
24 If nurse, how many days do you nurse fish before stocking into cultured pond?
________days
And what sizes (body length) do you nurse to? ________cm
25 How many days do you harvest fish? ________days, average harvesting size?
________kg/fish, and average yield? ________kg/mu
26 How did you harvest your fish cultured in the same pond?
manpower seine

Casting net

27 Where do you sell your carp?

Trawl

Fish dealer

Dry up fish pond
Fish market

28 How many crops do you produce annually?__________crops
stocking and harvesting fish?
No
Yes

Fish processing plant
Do you rotate through

29 At what density you stocked carps into the pond before?
30 In normal instance, how much production cost needs to produce 1 kg carps?
___________RMB. Of which, feed cost? ___________RMB. Water and electricity cost?
___________RMB. Chemicals cost? ___________RMB. Labor cost? ___________RMB.
31 Do you have large fluctuations in carp production between years? No
Yes, the main
reasons
is
____________________________________________________________________
32 The minimum yield of carps is ______________kg/mu and the maximum yield of carps is
______________kg/mu
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Pond and Water Management
33 What are the sources of water supply for your farm?
River

Stream

Lake and Reservoir

34 What salinity do ponds belong to?

Ground water

Freshwater

Self-drainage water

Brackish water

35 What impact does external pollution have on the quality of your source water?
No impact

Moderate

Severe impact

36 What pollution source(s) most affect your operation (check all that applies)?
Agriculture

Industry

Aquaculture

No affect

Domestic waste

37 Do you treat water in your water storage pond?
No

Yes,

38 If yes, how do you treat water in your water storage pond?
Chlorine

___________kg/pond/cycle , how long? ______ days

Formalin

___________L/pond/cycle , how long? ______ days

Lime

___________kg/pond/cycle , how long? ______ days

BKC

___________L/pond ,

how long? ______ days

(BKC is Benzakonium chloride)
Others

___________kg/pond/cycle , how long? ______ days

39 If water in the storage pond is treated why? Rank each reason from 1 (concern), 2 (little
concern), 3 (no concern).
Reduce the disease

1

2

3

Improve water quality

1

2

3

Reduce environmental impact

1

2

3

40 On what types of soil are your ponds located?
Clay
Silt/sand clay
Loam

Others________________

41 What is the average depth of your ponds? ________m
42 How do you prepare your seaweed ponds to begin culture?
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Dry pond

Mechanical removed mud

Flushing removed mud

Tilling or plow

the soil
Repair dikes

Disinfection and killing pest

43 What types of fertilizer do you apply to ponds in preparation for stocking carps and during
culture?
Organic ____________________________ ________kg/pond price _____ RMB /kg
Inorganic ___________________________ ________ kg/pond price _____ RMB /kg
Other ______________________________ ________kg/pond

price ______ RMB

/kg
Do

not

use

fertilizers

(Why?)

______________________________________________
44 How soon do you stock carps after filling ponds with water? _______________days.
45 Do you use any aerators?

No

Yes

46 What type of aerators do you use to increase the oxygen in your farm?
Paddle wheels

Air jet

Aerating from bottom

Other _______________

47 How often do you run the aerators? ______________/day.
48 What types of chemicals do you apply to the ponds during low pH?
Lime

__________________________ kg/pond/time_____time/cycle___________

RMB /kg
Dolomite ________________________kg/pond/time_____time/cycle___________
RMB /kg
Zeoloite

________________________kg/pond/time

_____time/cycle__________

RMB /kg
Other __________________________kg /pond/time_____time/cycle___________
RMB /kg
49 How often do you exchange water in carp ponds? How many centimeters?
one time / ________days

______cm / time

438

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
50 Where do you discharge the water from the seaweed ponds?
Treatment pond

Drainage canal

51 If discharged in treatment pond, how do you treat the effluent water?
Lime _________kg/pond
Chlorine __________ kg/pond
Formalin ________ kg/pond

Biocontrol;

Mollusk

____/pond

,

fish

_____fish/pond
Aeration ________ no/pond

Other _____________________________________

52 Do you measure the water quality in carp ponds?

No

Yes

If yes, what parameters do you measure?
Alkalinity

pH

Temperature

Dissolved

Ammonia

Nitrite

Sulfureted

oxygen
Secchi disk transparency
hydrogen
53 How often do you measure these parameters?

Daily

Weekly

Bi-weekly

Monthly
54 What is the typical pH in your seaweed ponds?
6.0 - 7.0

7.1 - 8.0

8.1 - 9.0

>9.0

55 What treatment(s) do you use for high pH?
Apply acid

Add organic material

Apply lime

Other ________________

56 Do you often disinfect pond water during carp farming?
What

kinds

of

chemicals

do

you

No

Yes
use?

Please

list

_____________________________________
57 Do you often apply microecological and pond-bottom modulators to improve the culturing
environment during carp farming?
If

yes,

please

list

No
kinds

Yes
of

microecological

and

pond-bottom

modulators______________________
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Feeds and Feedings Management
58 Where does your fish feed come from?
Commercial feed

Home made feed:________________________(ingredients)

59 What kinds of commercial feed do you use?
Expanded and floated pelleted-feed

Sinking pelleted feed

60 How do you feed carps?
Manual broadcasting from levee

Mechanical broadcasting from levee

61 What are the indicators being used for judging whether feeding quality is reasonable or
not?
Fish feeding status

Fish growth speed

By experience

Other ___________

62 What indicators do you use for adjusting daily feeding rate?
Water color (Plankton bloom)
Fish feeding status

DO in water

Water temperature

Other _______________

63 What are the sources of feeding criteria being used for feeding rate?
Feed company

Fishery government

Own experience

Farmer’s recommendations
64 By your previous experience, how do you adjust daily feeding rate and feeding times?
Month

Feeding times and while in daylight

Feeding times and while in evening

1
2
3
4
65 How do you check the growth and survival of carp during culture period?
Observing individual sizes and amount of carp from feeding
Sampling density and individual sizes of carp from cast net
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Based on daily feeding feed
66 Usually, what feeding efficiency do you have during carp farming?
Commercial pelleted feed:_________________
Home made feed:_____________________
67 How much are price of feed in average?
Commercial pelleted feed:_________________yuan/kg
Home made feed:_____________________ yuan/kg

Parasite and Disease Problems
68 According to your experience, nowadays what is the trend of disease problem when
compare to before?
Increase

Decrease

No change

Please give the reasons (why, from your answer)______________________________
_____________________________________________________________________
69 What types of disease do you find in your farm, during culture period?
Viral

treatment_______________________________

Protozoa

treatment_______________________________

Fungus

treatment_______________________________

Bacteria

treatment_______________________________

Parasites

treatment_______________________________

Others

treatment________________________________

Others
70 Is there a local fishery association?

No

71 If yes, does fishery association organize activities?

Yes
No

Yes

If yes, how long does it organize ______________, how many farmers join
in______________
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72 Where did you get the techniques and information of carp culture?
Government (DOF)

Book and magazine

Neighbors

University and

college
Television

Other _________

73 Which is the most trustful suggestion during your carp farming business?
Government (DOF)

Book and magazine

Neighbors

University and

college
Television

Other _________

74 What kind of information do you want for your carp farming business?
Techniques on carp culture

Marketing

Other__________________

75 Does your government require you to have effluent permit?
Yes

No

76 If yes, what qualitative standards are specified for effluents in the permit?
No request

No foam

No floating debris

No visible plume

77 What quantitative standards are specified for effluents in the permit?
pH:__________

Total suspended solids: ____________mg/l

Total nitrogen: __________mg/l

Total phosphorus: __________mg/l

COD: _________________mg/l

DO: __________mg/l

Ammonia: _____________mg/l

Chlorophyll: __________mg/l

78 What are the constraints/problems you encounter during carp farming? Rank each reason
from 1 (concern), 2 (little concern), 3 (no concern)
Seed supply

1

2

3

Financial resource

1

2

3

Pond infrastructure

1

2

3

Communication

1

2

3
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Seed quality

1

2

3

Culture technique

1

2

3

Market and carp price

1

2

3

Environmental constraints

1

2

3

Low survival

1

2

3

1

2

3

1

2

3

Poor water quality
Flood

79 What type of support do you want from the government?
________________________________________________________________________
80 Do you have any suggestions to government?
_________________________________________________________________________
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APPENDIX 2. Questionnaire for shrimp farmers.
SOCIO-ECONOMIC AND TECHNICAL SURVEY OF SHRIMP
CULTURE IN HAINAN PROVINCE, CHINA
Farmer Code: ____________________

Province: ____________________

Interviewer name: _______________________

Date of interview _____________

Location of farm:
Distance of farm from Haikou (main city): _______________ Km
Farm type:

Shrimp only
A: FARMER BACKGROUND

1.1 Farmer Name : _______________________________Sex __________Age _________
Address: ___________________________________________________________
Status:

Owner

Manager

Owner/manager

Would you like us to put your name in acknowledge of this research?
No
Yes
1.2 Level of your education (grade):__________________________
Elementary

High School

Vocational/University

1.3 When did you begin as shrimp culture manager?______________
1.3a.Why did you choose to farm only shrimp?
___________________________________________________________________________
______________
1.3b. Have you ever grown anything other than shrimp?
No
Yes
If
yes,
What did you farm?________________________________________, and why did you
stop?_______________________________________________________________________
____________
1.4 Did you get any training on shrimp farming before starting shrimp culture?
No

Yes

If yes, please specifiy: Training organization:_______________________________
Supported by:___________________________; Year:________________________
Course period:_____________________
1.5 Your main occupation before shrimp culture management?
Agriculture activity

Fish Culture

Fish seed producer
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Government employee

Business

Other______________

1.6 Number of present subsidiary occupations: (#) ________________________
1.7 Ownership
Sole
1.8 Land Ownership
Owner
Owner/rent

Lease

Company

Other_____________

Rent
if rent, how much _________________RMB per year
if rent, _________RMB, how much _________________RMB/ha/year

1.9 Type of management:
Private
Cooperative
Other_____________

Public company

1.10 From your experiences, what were the major problems faced by shrimp farmers?
Seed supply:__________

Low production

Poor pond bottom condition

External pollution

Disease outbreak:__________
Social

affect

(thieves,

conflicts)
Low economic return

Market problems

1.11 Have you ever experienced significant low shrimp production or crop collapses?
No
why_____________________________________________________________

Yes,

_____________________________________________________________
1.12 Do you wish/plan to make any improvements to your farm in the future?
No
Yes
1.13a What are your
plans?______________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
_______________
1.14 Is there a source of energy for farm your shrimp farm operation?
No
Yes if yes
Electricity
Own generator
Energy Cost _____________RMB/month
1.15 Machinery or equipment used on farm
Generators__________(Number)

Pump__________(Number)

Compressor__________(Number)

Aerators__________(Number)

Vehicles__________(Number)

Computers__________(Number)
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Printers__________(Number)

Telephone__________(Number)

1.16 Total area of your farm _________________ha, used for;
Water storage
____________ponds
_____________volume/pond
Effluent treatment ____________ponds
_____________volume/pond
Shrimp pond
____________ponds
_____________ / pond
Nursery pond
____________ponds
_____________ /pond
Others _________________________________________________
1.16a When you began farming, what was the total area of your farm _________________ha,
used for;
Water storage
____________ponds
_____________ha/pond
Effluent treatment ____________ponds
_____________ha/pond
Shrimp pond
____________ponds
_____________ha pond
Seaweed pond
____________ponds _____________ha/pond
Nursery pond
____________ponds _____________ha/pond
Duck
____________ponds
_____________ ha/ pond
Others _________________________________________________
1.17 How many laborers worked on your farm (please specify gender) including farmer?
Labor in family _________persons

___________RMB/person/month

Permanent labors _________persons ___________ RMB /person/month
Casual labors _________persons ____________ RMB /person/day
1.17a When you began, how many laborers worked on your farm (Pl. specify gender)
including farmer?
Labor in family _________persons

___________yuan/person/month

Permanent labors _________persons ___________yuan/person/month
Casual labors _________persons ____________yuan/person/day
B: SHRIMP MONOCULTURE
1.1 Present production system:
Nursing

Brood stock

Grow out

Nursing and grow out

1.1a Production system when you first began farming shrimp:
Nursing
Brood stock
Grow out
Nursing and grow out
I Nursing Period
1.2 How many shrimp do you stock in the nursing pond__________________/ha/cycle
1.2a In the past how many shrimp
pond______________________/ha/cycle

did

you

stock

in

the

nursing
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1.3 What species /or strains are used and what are the stocking sizes and seed prices of
prawn?
Shrimp ______________________________size PL _____price ________ RMB
/______shrimp
1.3a At the start what species /or strains were used and what were the stocking sizes and seed
prices of shrimp?
Shrimp ______________________________size PL _____price ________ RMB
/______shrimp
1.4 Which methods are used for shrimp stocking?
Stock directly in to the pond

How long do you nurse? ______________ days

Nurse in hapa/cage before stocking

1.4a When you began farming shrimp, which methods were used for shrimp stocking?
Stock directly in to the pond

How long did you nurse? ______________ days

Nurse in hapa/cage before stocking
1.5 How many kgs of shrimp do you transfer to the growout pond? ________________kgs
1.5a When you began, how many kgs of shrimp did you transfer to the growout pond?
________________kgs
1.6 What is the weight of the shrimp when you transfer them from the nursing to growout
ponds?
_______________pcs/kg
1.6a When you began, what was the weight of shrimp when you transferred them from the
nursing to growout ponds?

_______________pcs/kg

II Growout Period
1.7 When do you first harvest? ________________months
1.7a When you began farming, when did you first harvest? ___________________months
1.8 How do you harvest the shrimp?
Beach Seine

Cast nets

1.9 How long do you culture shrimp per cycle?
__________months/cycle
1.9a When you began shrimp farming how long did you culture shrimp per cycle?
__________months/cycle
1.10 What is the production of shrimp (kg/ha or pond)?
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1st
harvest_______total_______males_______pcs/kg_______B/kg_______females_______pcs/k
g_______B/kg
2ndharvest_______total_______males_______pcs/kg_______B/kg_______females_______pc
s/kg_______B/kg
3rdharvest_______total_______males_______pcs/kg_______B/kg_______females_______pc
s/kg_______B/kg
4th
harvest_______total_______males_______pcs/kg_______B/kg_______females_______pcs/k
g_______B/kg
5thharvest_______total_______males_______pcs/kg_______B/kg_______females_______pc
s/kg_______B/kg
6thharvest_______total_______males_______pcs/kg_______B/kg_______females_______pc
s/kg_______B/kg
7thharvest_______total_______males_______pcs/kg_______B/kg_______females_______pc
s/kg_______B/kg
8thharvest_______total_______males_______pcs/kg_______B/kg_______females_______pc
s/kg_______B/kg
9thharvest_______total_______males_______pcs/kg_______B/kg_______females_______pc
s/kg_______B/kg
10thharvest_______total_______males_______pcs/kg_______B/kg_______females_______p
cs/kg______B/kg
11thharvest_______total_______males_______pcs/kg_______B/kg_______females_______p
cs/kg______B/kg
12thharvest_______total_______males_______pcs/kg_______B/kg_______females_______p
cs/kg______B/kg

1.10a When you began farming, what was the production of shrimp (kg/ha or pond)?
1st
harvest_______total_______males_______pcs/kg_______B/kg_______females_______pcs/k
g_______B/kg
2ndharvest_______total_______males_______pcs/kg_______B/kg_______females_______pc
s/kg_______B/kg
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3rdharvest_______total_______males_______pcs/kg_______B/kg_______females_______pc
s/kg_______B/kg
4th
harvest_______total_______males_______pcs/kg_______B/kg_______females_______pcs/k
g_______B/kg
5thharvest_______total_______males_______pcs/kg_______B/kg_______females_______pc
s/kg_______B/kg
6thharvest_______total_______males_______pcs/kg_______B/kg_______females_______pc
s/kg_______B/kg
7thharvest_______total_______males_______pcs/kg_______B/kg_______females_______pc
s/kg_______B/kg
8thharvest_______total_______males_______pcs/kg_______B/kg_______females_______pc
s/kg_______B/kg
9thharvest_______total_______males_______pcs/kg_______B/kg_______females_______pc
s/kg_______B/kg
10thharvest_______total_______males_______pcs/kg_______B/kg_______females_______p
cs/kg______B/kg
11thharvest_______total_______males_______pcs/kg_______B/kg_______females_______p
cs/kg______B/kg
12thharvest_______total_______males_______pcs/kg_______B/kg_______females_______p
cs/kg______B/kg
1.11 Where do you sell shrimp productions?
_____________________________________________
1.11a When you began farming, where did you sell shrimp productions?
_____________________________________________
1.12 Do you experience large fluctuations in production between years?
No

Yes

1.12a How much in kg/ha?__________________________________
C: POND AND WATER MANAGEMENT
2.1 What are the sources of freshwater supply for your farm?
River

Lake

Reservoir

Ground water

Shallow well

Deep Well

Dam

Other ______________________________________________________
2.2. What ratio of fresh to saltwater do you use in your shrimp ponds? ________________
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2.2 What impact does external pollution have on the quality of your source water?
No impact

Moderate

Severe impact

2.3 What pollution source(s) most affect your operation (check all that apply)?
Agriculture

Industry

Aquaculture

No effect

Domestic waste

2.4 What nuisance plants affect your operation (check all that apply)?
Filamentous algae

Emergent vegetation

Toxic blue-green algae

Toxic dinoflagellates

Algae that causes off-flavor

No affect

2.5 Do you have a water storage pond?
No, go to 2.7

Yes, go to 2.6

2.6 Do you treat the water in your water storage pond?
No

Yes,

If yes, how do you treat water in your water storage pond?
a. Chemicals

( ) Chlorine

___________kg/pond/cycle , how long? ______ days

( ) Formalin

___________L/pond/cycle , how long? ______ days

( ) Lime

___________kg/pond/cycle , how long? ______ days

( ) BKC

___________L/pond ,

how long? ______ days

(BKC is Benzakonium chloride)
( ) Others
b. Aeration(motor power)

___________kg/pond/cycle , how long? ______ days
__________no/pond/at the peak time

c.
Other___________________________________________________________________
2.6a. If the water in the storage pond is treated, why is it? Rank each reason from 1
(concern), 2 (little concern), 3 (no concern).
Reduce disease

1

2

3

Improve water quality

1

2

3

Reduce environmental impact

1

2

3

Improve pond productivity

1

2

3

Improve economic return

1

2

3

Other ______________________________________________________________
2.7 On what types of soil are your ponds located?
Clay

Silt/sand clay

Loam

Others________________

2.8 What is the average depth of your ponds? ________m
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2.9 HOW DO YOU PREPARE PONDS TO BEGIN CULTURE?
a. Dry pond

__________days/crop

b. Mechanically remove mud ________once per ______crop/s expenditure _______
RMB /time
c. Flush to remove mud

________once per ______crop/s expenditure _______ RMB

/time
d. Till or plow the soil

_________once per ______crop/s expenditure _______ RMB

/time
e. Repair dikes

___________once per ______crop/s expenditure _______

RMB /time
2.10 How do you apply chemicals to pond water in preparation per cycle?
Apply
a. Lime

___________kg/pond or ha; price __________ RMB /kg

b. Teaseed cake ___________kg/pond or ha; price __________ RMB/kg
c. Dolomite

___________kg/pond or ha; price __________ RMB /kg

d. Rice Bran

___________kg/pond or ha; price __________ RMB /kg

e. Fish meal

___________kg/pond or ha; price __________ RMB /kg

f. Salt

___________kg/pond or ha; price __________ RMB /kg

g. Other

___________kg/pond or ha; price __________ RMB /kg

2.11 What types of fertilizer do you apply to pond water before stocking shrimp and during
culture?
Organic ____________________________ ________kg/pond; price _____ RMB /kg
Inorganic ___________________________ ________ kg/pond; price _____ RMB
/kg
Other ______________________________ ________kg/pond; price ______ RMB
/kg
Do not use fertilizers (Why?) ______________________________________________
2.11a Did you fertilize differently when you first began farming?
Organic ____________________________ ________kg/pond; price _____ RMB /kg
Inorganic ___________________________ ________ kg/pond; price _____ RMB
/kg
Other ______________________________ ________kg/pond; price ______ RMB
/kg
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Do
not
use
fertilizers
______________________________________________

(Why?)

2.12 How soon do you stock shrimp into the pond after filling the water?
_______________days.
2.12a At the start how soon did you stock shrimp into the pond after filling the water?
_______________days.
2.13 Do you use aerator to increase oxygen in shrimp ponds?
No, go to 2.15
Yes, go to 2.14
2.14 What type of aerators do you use to increase the oxygen in your farm?
Paddle wheels at surface

Paddle wheels under water

Air jet

Super charge pipe

Super charge plate

Other ___________________________

2.14a. Approximately how frequently do you aerate your ponds? __________ hrs/day
2.14b. When you first began farming, what type of aerators did you use to increase oxygen
levels?
Paddle wheels at surface

Paddle wheels under water

Air jet

Super charge pipe

Super charge plate

Other/None ___________________________

2.15 What types of chemicals do you apply to the shrimp ponds during poor water quality; pH
drop/ and disease outbreaks?
Lime

___________________________ kg/pond/time_____time/cycle___________

RMB /kg
Dolomite _________________________kg/pond/time_____time/cycle___________
RMB /kg
Zeoloite __________________________kg/pond/time _____time/cycle___________
RMB /kg
Other ____________________________kg /pond/time_____time/cycle___________
RMB /kg
2.15a When you first began farming, what types of chemical did you apply into the shrimp
ponds during poor water quality; pH drop/ and disease outbreaks?
Lime

___________________________ kg/pond/time_____time/cycle___________

RMB /kg
Dolomite _________________________kg/pond/time_____time/cycle__________
RMB /kg
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Zeolite ___________________________kg/pond/time______time/cycle__________
RMB /kg
Other

___________________________kg

/pond/time_____time/cycle__________

RMB /kg
2.16 How often do you add/change water in the pond? How many centimeters ?
one time / ________
______cm / pond
2.16a When you first began farming, how often did you add/change water into the pond? and
how many centimeters ?
one time / ________
______cm / pond
2.16b If you use pumps to exchange water, how many pumps do you use? _________ How
often do you turn on the pumps? __________
2.16c What is the estimated capacity of your pumps? ___________ (m3/sec)
2.17 Where do you discharge the water?
Fish pond

Treatment pond

Drainage canal

No-discharged, (reused water on farm)

Sea

Other _________________________

2.18 If discharged in treatment pond, how do you treat the effluent water?
Lime _________kg/pond

Chlorine __________ kg/pond

Formalin ________ kg/pond

Biocontrol;

Mollusk

____/pond

,

fish

_____fish/pond
Aeration ________ no/pond

Other _____________________________________

2.18.1 If effluent water is treated, why? Rank each reason from 1 (important), 2 (little
concern), 3 (no concern).
Reduce the disease

1

2

3

Improve water quality

1

2

3

Reduce environmental impact

1

2

3

Improve pond productivity

1

2

3

Improve economic return

1

2

3

Other ______________________________________________________________
2.19 Do you measure the water quality in your shrimp ponds?
No
Yes

If yes, what parameters do you measure?
Alkalinity

pH

Temperature

Dissolved

oxygen
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Secchi disk transparency

Ammonia

Chlorophyll

Nitrite

Nitrate

Phosphorus

Other ________________________________________________________________
If no, why _______________________________________________________________
2.20 If you measure water quality parameters now, did you always monitor water quality?
No

Yes

2.20a. If no, how long ago did you start? _______________________
2.20b. If water quality is measured, why? Rank each reason from 1 (concern), 2 (little
concern), to 3 (no concern).
Reduce the disease

1

2

3

Improve water quality

1

2

3

Reduce environmental impact

1

2

3

Improve pond productivity

1

2

3

Improve economic return

1

2

3

Other ______________________________________________________________
2.22 How often do you measure the water quality?
Daily

Weekly

Bi-weekly

Monthly

Other _______________

2.23 What is the typical pH in your ponds?
6.0 - 7.0

7.1 - 8.0

8.1 - 9.0

>9.0

2.24 What treatment(s) do you use for high pH?
Apply acid

Add organic material

Apply lime

Other ________________
D: FEEDS AND FEEDINGS MANAGEMENT

I. FEEDING REGIMES DURING NURSING PERIOD
3.1 What kinds of feed are fed to shrimp during the early age?
Fresh supply feed

Commercial pelleted feed

Both (fresh, pellets)

Homemade feed:_____________________(ingredients)

None
3.1a When you first began farming, what kinds of feed were fed to shrimp during the early
age?
Fresh supply feed

Commercial pelleted feed

Both (fresh, pellets)

Homemade feed:_____________________(ingredients)

None
3.2 If commercial pelleted feed is fed the early age of shrimp, please fill in the table.
shrimp age

shrimp PL _____________(at stocking)
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Feeding rate

Feeding frequency

(kg/100,000/day)

(times/day)

Remarks

First month
(how do you feed?)
3.3 If fresh feed is used, what are the types of fresh feed and feeding rate? How often do you
feed young shrimp? Please fill in the table.
Fresh feed
Feeding rate
Feeding frequency
How often?
(kg/100,000/day)

(times/day)

(weeks)

1. Trash fish
2. Mollusk
3.
4.
3.4 Do you use feeding trays to check the amount of feed during the early age of shrimp?
No, go to 3.6

Yes , if yes, how often do you check?

Once per ______

week (s)
3.5 How many feeding trays do you have per pond? __________________ trays / ha
3.5a When you first began farming, how many feeding trays did you have per pond?
____________trays/ha
3.6 If you do not use feeding trays, what is your feeding method?
Manual broadcasting from boat

Manual broadcasting from levee

Mechanical broadcasting from boat

Mechanical broadcasting from levee

Other________________________________________________________
II. FEEDING REGIMES DURING GROWOUT PERIOD
3.7 What indicators are used to decide when to apply feed?
Remained feed in the feeding tray

Pond Bottom

Other

_______________________
If feed remaining in the feeding tray or the pond bottom are chosen, how do you adjust
the feed?
% of remained feed

How to adjust

1. If > 50 %
2. If > 30 %
3. If ! 10 %
4. Finished all feed in the tray
(during checking tray)
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5. Finished all feed in the tray
(before checking tray)
Other indicators:
Food in intestines

Faeces in the tray

Molting

Age

Weight

Survival Density

How do you feed the shrimp?
_________________________________________________________________________
__________________________________________________________________________
3.8 What other indicators do you use for adjusting the feeding rate?
Water color (Plankton bloom)
Moult cycle

Low DO

High temperature

Disease

Other _______________

3.9 Where did you get the feeding table being used to determine feeding rates?
Feed company

Government fishery agency

Farmer’s modification

Other __________________________
3.10 How many times do you feed between day and night and how many kgs per feeding?
Month

Day

Night

2
3
4
5
3.11 How do you check the growth and survival of shrimp during the culture period?
Sampling growth and amount of shrimp from feeding tray
Sampling growth and amount of shrimp from cast net
Other
__________________________________________________________________
3.12 How many kg of feed do you use per cycle?
Commercial pelleted feeds ________________kg per cycle/ha
Fresh feed

________________kg per cycle/ha

3.12a When you first began farming, how many kg of feed did you use per cycle?
Commercial pelleted feeds ________________kg per cycle/ha
Fresh feed

________________kg per cycle/ha

3.13 How much does your feed cost?
Pelleted feed _________ RMB /kg
Fresh feed

__________RMB/kg

3.13a When you first began farming, how much did the feed cost ?
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Pelleted feed _________ RMB /kg
Fresh feed

__________RMB/kg
E: PARASITE AND DISEASE PROBLEMS

4.1 From your experience, have parasite problems changed since you first began farming
shrimp?
Increase
Please

Decrease

No change

give

the

reasons

why_______________________________________________________________
___________________________________________________________________________
___________
4.2 What types of disease/parasites do you find in your farm, during culture period?
Viral

treatment_______________________________ kg or L/pond

Protozoa

treatment_______________________________ kg or L/pond

Fungus

treatment_______________________________ kg or L/pond

Bacteria
Parasites
Others

treatment_______________________________ kg or L/pond
treatment________________________________ kg or L/pond
treatment________________________________ kg or L/pond

4.3 Which treatments were the most successful (in treating the disease)?
___________________________________________________________________________
_______
F: OTHER
5.1 Do you like this occupation better than your previous occupation?
No

Yes

If no, why not
___________________________________________________________________________
___________________________________________________________________________
______________________________
5.2 Do you have local management meetings with nearby farmers?
No
5.2a.

Yes

If yes, how often do you meet? ___________

How many people attend?

________________
5.3 Where do you get information about shrimp culture?
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Government

Magazine

Neighbors

University

Television

Other

_________
5.3a. Whose advice are you most likely to follow when making decisions about managing
your farm?
Government

Magazine

Neighbors

University

Television

Other

_________
5.3b. Who do you trust most to give you good advice about managing your farm?
Government

Magazine

Neighbors

University

Television

Other

_________
5.4 What kind of information do you want for your shrimp farming business?
Techniques on shrimp culture

Marketing

Other__________________
5.5 Does your government require you to have an effluent permit?
Yes

No

5.6 If yes, what qualitative standards are specified for effluents in the permit?
No odor

No foam

No floating debris

No

visible

plume
Other ________________

Does not contain qualitative criteria

5.6a What quantitative standards are specified for effluents in the permit?
pH:__________

Total suspended solids: ____________mg/l

Total nitrogen: __________mg/l

Total phosphorus: __________mg/l

BOD:_______________mg/l

DO: __________mg/l

Ammonia:_______________mg/l

Chlorophyll: __________mg/l

Other:_____________; ______________;_____________mg/l
Does not contain quantitative criteria
5.7 What are the constraints/problems you encounter? Rank 1 (concern), 2 (little concern), 3
(no concern).
Natural resource (natural seed supply)

1

2

3

Financial resource

1

2

3

Infrastructure

1

2

3

Communication

1

2

3

Seed supply

1

2

3

Feed supply

1

2

3
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Material and equipment supply

1

2

3

Technology and the application of known technology

1

2

3

Collaboration

1

2

3

Market

1

2

3

Environmental constraints (area pollution)

1

2

3

Inadequate nursery pond

1

2

3

Low survival

1

2

3

Poor water quality

1

2

3

Flood

1

2

3

Inadequate access to knowledge update

1

2

3

Others

1

2

3

5.8 What type of support do you want from the government?
________________________________________________________________________
5.9 Do you have any suggestions?
_________________________________________________________________________
___________________________________________________________________________
___
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APPENDIX 3. Questionnaire for tilapia farmers.
SOCIO-ECONOMIC AND TECHNICAL SURVEY OF TILAPIA
CULTURE IN HAINAN PROVINCE, CHINA
Investigator:
Name of Farm: ____________________

Questionnaire No: _______________

Interviewer name: _______________________

Date of interview _____________

Farm Background
1. Farmer Name : ____________________, Sex __________, Age _________
Address: ___________________________________________________________
2. Level of your education (grade): ________________
Elementary school

Middle school

High school

__

_

Junior college

university

3. When did you begin to raise tilapia:______________
4. Did you culture other fisheries species(fishes, prawn of crab)before raising tilapia?
No
Yes
If yes, what species you cultured:______________________. Why did you alter to raise
tilapia:
_____________________
_
5. Did you get any training on fish farming before starting tilapia culture?
No

Yes

If yes, please specify: Training organization:_______________________________
Year:________________________; Course period:_____________________
6. Your main occupation before tilapia culture management?
Agriculture activity
Government employee

Prawn Culture
Business

Fish seed producer
Other______________

7. Did you have other subsidiary occupations besides fish farming? ___________________
8. Ownership of Farm
Owner

Lease

Company

Other_____________

9. Land Ownership
Owner

Rent

if rent, how much _________________baht per year
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10. Type of management:
Private

Cooperative

Public company

Other_____________

11. From your experiences, what were the major problems faced by tilapia framers?
Seed supply shortage

Poor seed quality

Low production

Poor

water

quality
Poor pond bottom condition

External pollution

Social

affect

(thieves,

conflicts)
Low price of fish

Low market demand

Poor feed quality

High feed price

12 Have you ever experienced significant low fish production or crop collapses?
No
Yes, why_____________________________________________
_____________________________________________
13 Do you wish/plan to make any improvements to your farm in the future?
No
Yes
If yes, what are your plans? ___________________________________________________
___________________________________________________________________________
_____
14 Do you have a source of energy for your farm operation?
Electricity Own generator

No

Yes,

if yes

15 Machinery or equipments used on farm
Generators__________(Number)

Pump__________(Number)

Compressor__________(Number)

Aerators__________(Number)

Vehicles__________ (Number)

Computers__________(Number)

Printers_________ _(Number)

Telephone__________(Number)

16 How many fish ponds does farm have? ______ Total area of your farm _______mu, used
for;
Water storage
Effluent treatment
Fish pond
Nursery pond

____________ponds
____________ponds
____________ponds
____________ponds

_____________mu/pond
_____________ mu /pond
_____________ mu /pond
_____________ mu /pond

17 How many laborers work on your farm (please specify gender), including farmer?
Of whom, ____________man and ____________woman.
Permanent labors _________persons ___________ RMB /person/month
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Casual labors _________persons ____________ RMB /person/day

Status of Tilapia farming
18 What are the species you use for tilapia culture?
GIFT strain

O.niloticus

O.aureus

O.niloticus×O.aureus

19 Which cultured species do you get high profits?
GIFT strain
O.niloticus
O.aureus
why_____________________________________________

O.niloticus×O.aureus

20 Where do your tilapia seeds come from? ______________________________
21 Currently, what is the price of tilapia seed? _________________RMB/104fish seed
22 What are the stocking sizes (body length) for tilapia culture formerly? ____________cm
23 Which methods are used for fish stocking?
Stock directly in to the pond
Nurse in nursery pond before stocking
24 If nurse, how many days do you nurse fish before stocking into cultured pond?
________days
And what sizes (body length) do you nurse to? ________cm
25 How many days do you harvest fish? ________days, average harvesting size?
________kg/fish, and average yield? ________kg/mu
26 How did you harvest your fish cultured in the same pond?
manpower seine

Casting net

27 Where do you sell your tilapia?
plant

Trawl
Fish dealer

Dry up fish pond
Fish market

28 How many crops do you produce annually?__________crops
stocking and harvesting fish?
No
Yes

Fish processing
Do you rotate through

29 At what density you stocked tilapia into the pond before?
30 In normal instance, how much production cost needs to produce 1 kg tilapia?
___________RMB. Of which, feed cost? ___________RMB. Water and electricity cost?
___________RMB. Chemicals cost? ___________RMB. Labor cost? ___________RMB.
31 Do you have large fluctuations in tilapia production between years?
No
Yes, the
main
reasons
is
____________________________________________________________________
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32 The minimum yield of tilapia is ______________kg/mu and the maximum yield of tilapia
is ______________kg/mu

Pond and Water Management
33 What are the sources of water supply for your farm?
River

Stream

Lake and Reservoir

34 What salinity do ponds belong to?

Ground water

Freshwater

Self-drainage water

Brackish water

35 What impact does external pollution have on the quality of your source water?
No impact

Moderate

Severe impact

36 What pollution source(s) most affect your operation (check all that applies)?
Agriculture

Industry

Aquaculture

No affect

Domestic waste

37 Do you treat water in your water storage pond?
No

Yes,

38 If yes, how do you treat water in your water storage pond?
Chlorine

___________kg/pond/cycle , how long? ______ days

Formalin

___________L/pond/cycle , how long? ______ days

Lime

___________kg/pond/cycle , how long? ______ days

BKC

___________L/pond ,

how long? ______ days

(BKC is Benzakonium chloride)
Others

___________kg/pond/cycle , how long? ______ days

39 If water in the storage pond is treated why? Rank each reason from 1 (concern), 2 (little
concern), 3 (no concern).
Reduce the disease

1

2

3

Improve water quality

1

2

3

Reduce environmental impact

1

2

3

40 On what types of soil are your ponds located?
Clay
Silt/sand clay
Loam

Others________________

41 What is the average depth of your ponds? ________m
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42 How do you prepare your seaweed ponds to begin culture?
Dry pond

Mechanical removed mud

Flushing removed mud

Tilling or plow

the soil
Repair dikes

Disinfection and killing pest

43 What types of fertilizer do you apply to ponds in preparation for stocking tilapia and
during culture?
Organic ____________________________ ________kg/pond price _____ RMB /kg
Inorganic ___________________________ ________ kg/pond price _____ RMB /kg
Other ______________________________ ________kg/pond

price ______ RMB

/kg
Do

not

use

fertilizers

(Why?)

______________________________________________
44 How soon do you stock tilapia after filling ponds with water? _______________days.
45 Do you use any aerators?

No

Yes

46 What type of aerators do you use to increase the oxygen in your farm?
Paddle wheels

Air jet

Aerating from bottom

Other _______________

47 How often do you run the aerators? ______________/day.
48 What types of chemicals do you apply to the ponds during low pH?
Lime

__________________________ kg/pond/time_____time/cycle___________

RMB /kg
Dolomite ________________________kg/pond/time_____time/cycle___________
RMB /kg
Zeoloite

________________________kg/pond/time

_____time/cycle__________

RMB /kg
Other __________________________kg /pond/time_____time/cycle___________
RMB /kg
49 How often do you exchange water in tilapia ponds? How many centimeters?
464

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
one time / ________days

______cm / time

50 Where do you discharge the water from the seaweed ponds?
Treatment pond

Drainage canal

51 If discharged in treatment pond, how do you treat the effluent water?
Lime _________kg/pond
Chlorine __________ kg/pond
Formalin ________ kg/pond

Biocontrol;

Mollusk

____/pond

,

fish

_____fish/pond
Aeration ________ no/pond

Other _____________________________________

52 Do you measure the water quality in tilapia ponds?

No

Yes

If yes, what parameters do you measure?
Alkalinity

pH

Temperature

Dissolved

Ammonia

Nitrite

Sulfureted

oxygen
Secchi disk transparency
hydrogen
53 How often do you measure these parameters?

Daily

Weekly

Bi-weekly

Monthly
54 What is the typical pH in your seaweed ponds?
6.0 - 7.0

7.1 - 8.0

8.1 - 9.0

>9.0

55 What treatment(s) do you use for high pH?
Apply acid

Add organic material

Apply lime

Other ________________

56 Do you often disinfect pond water during tilapia farming?
What

kinds

of

chemicals

do

you

No
use?

Yes
Please

list

_____________________________________
57 Do you often apply microecological and pond-bottom modulators to improve the culturing
environment during tilapia farming?

No

Yes
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If

yes,

please

list

kinds

of

microecological

and

pond-bottom

modulators______________________

Feeds and Feedings Management
58 Where does your fish feed come from?
Commercial feed

Home made feed:________________________(ingredients)

59 What kinds of commercial feed do you use?
Expanded and floated pelleted-feed

Sinking pelleted feed

60 How do you feed tilapia?
Manual feeding

Mechanical feeding

61 What are the indicators being used for judging whether feeding quality is reasonable or
not?
Fish feeding status

Fish growth speed

By experience

Other ___________

62 What indicators do you use for adjusting daily feeding rate?
Water color (Plankton bloom)
Fish feeding status

DO in water

Water temperature

Other _______________

63 What are the sources of feeding criteria being used for feeding rate?
Feed company

Fishery government

Own experience

Farmer’s recommendations
64 By your previous experience, how do you adjust daily feeding rate and feeding times?
Month

Feeding times and while in daylight

Feeding times and while in evening

1
2
3
4
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65 How do you check the growth and survival of tilapia during culture period?
Observing individual sizes and amount of tilapia from feeding
Sampling density and individual sizes of tilapia from cast net
Based on daily feeding feed
66 Usually, what feeding efficiency do you have during tilapia farming?
Commercial pellet feed:_________________
Home made feed:_____________________
67 How much are price of feed in average?
Commercial pellet feed:_________________yuan/kg
Home made feed:_____________________ yuan/kg

Parasite and Disease Problems
68 According to your experience, nowadays what is the trend of disease problem when
compare to before?
Increase

Decrease

No change

Please give the reasons (why, from your answer)______________________________
_____________________________________________________________________
69 What types of disease do you find in your farm, during culture period?
Viral

treatment_______________________________

Protozoa

treatment_______________________________

Fungus

treatment_______________________________

Bacteria

treatment_______________________________

Parasites

treatment_______________________________

Others

treatment________________________________

Others
70 Is there a local fishery association?

No

71 If yes, does fishery association organize activities?

Yes
No

Yes
467

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
If yes, how long does it organize ______________, how many farmers join
in______________
72 Where did you get the techniques and information of tilapia culture?
Government (DOF)

Book and magazine

Neighbors

University and

college
Television

Other _________

73 Which is the most trustful suggestion during your tilapia farming business?
Government (DOF)

Book and magazine

Neighbors

University and

college
Television

Other _________

74 What kind of information do you want for your tilapia farming business?
Techniques on tilapia culture

Marketing

Other__________________

75 Does your government require you to have effluent permit?
Yes

No

76 If yes, what qualitative standards are specified for effluents in the permit?
No request

No foam

No floating debris

No visible plume

77 What quantitative standards are specified for effluents in the permit?
pH:__________

Total suspended solids: ____________mg/l

Total nitrogen: __________mg/l

Total phosphorus: __________mg/l

COD: _________________mg/l

DO: __________mg/l

Ammonia: _____________mg/l

Chlorophyll: __________mg/l

78 What are the constraints/problems you encounter during tilapia farming? Rank each reason
from 1 (concern), 2 (little concern), 3 (no concern)
Seed supply

1

2

3
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Financial resource

1

2

3

Pond infrastructure

1

2

3

Communication

1

2

3

Seed quality

1

2

3

Culture technique

1

2

3

Market and tilapia price

1

2

3

Environmental constraints

1

2

3

Low survival

1

2

3

1

2

3

1

2

3

Poor water quality
Flood

79 What type of support do you want from the government?
________________________________________________________________________
80 Do you have any suggestions to government?
_________________________________________________________________________
___________________________________________________________________________
___
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ABSTRACT
A life cycle assessment (LCA) was applied to evaluate the environmental impacts and identify
sustainability issues of three different farming scenarios based on case studies on Hainan
Island, China. These scenarios were: (1) intensive farming for an overseas export market,
using larvae produced by imported specific pathogen free (SPF) broodstock; (2) semiintensive farming for export to the mainland using larvae produced by imported SPF
broodstock; and (3) semi-intensive farming for local consumption using larvae produced by
local broodstock. Environmental impact categories used in this study were based on the Ecoindicator 95 method from SimaPro software and included global warming potential, ozone
layer depletion, acidification, eutrophication, heavy metals, carcinogens, summer smog,
winter smog, energy use, and solid waste. The life cycle stages were hatchery, outdoor
farming, post-farming, consumption, and transportation. Data were collected from farms on
Hainan Island during the summer of 2008.
The main differences among the three scenarios were related to energy use, global warming,
and eutrophication potential. Scenario 1 showed the highest environmental impacts for almost
all impact categories. The outdoor farming stage was the key stage contributing the most
significant impacts, and it accounted for 50-77% of total impacts. These impacts were mainly
caused by feed use, electricity use and wastewater discharge. To produce 1 kg of shrimp in
China for either export or self consumption, 78-97 MJ of energy was needed, generating 5.77.7 kg of CO2 and 0.11-0.19 kg of PO4. Improvements suggested for Chinese shrimp
aquaculture include changes in feed concentrations and electricity generating portfolios, as
well as wastewater treatment before discharge. Local or national consumption would reduce
total environmental impacts by 26-29%.
INTRODUCTION
Aquaculture is of great importance worldwide, serving as an alternative source to traditional food
production systems and helping accommodate the expansion of human populations. Global
production of farmed shrimp increased from less than 9000 tons in 1970 to more than 1.6 million
tons in 2003 (FAO, 2005). Over 50 countries produce significant amounts of farmed shrimp
today. Asia plays the leading role in shrimp farming, accounting for almost 80% of world shrimp
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culture, particularly from China and Thailand (Fuchs et al., 1999). China is currently the world’s
largest producer and second largest exporter of farmed shrimp after Thailand (Munkung, 2005).
The increase in farmed shrimp production was achieved by intensification of farming systems,
often characterized by increased material inputs, energy demands, and effluent discharge (Prein,
2007). The expansion of shrimp farming has generated global concerns over its negative
environmental impacts on the environment, aquatic ecosystems and human lives in coastal
areas (Diana, 2009). These impacts include use of fishmeal in feed, abuse of chemicals, and
modification of land (Clay, 1997; Boyd and Clay, 1998). Intensive shrimp farming systems have
been criticized for high fishmeal and energy consumption, while traditional systems have been
criticized for low land conversion efficiency (Bartley et al., 2007). Growing awareness of
environmental problems during recent years has led to increasing demand for environmental
performance information for different shrimp production systems.
Shrimp aquaculture is a complex food production system, comprising many different stages
including hatchery, grow-out, and post-farming conducted under a wide range of social,
economic, and environmental conditions. The main species cultured in China is the white leg
shrimp (Litopenaeus vannamei) because it has high economic value, SPF broodstock with low
disease potential, and is relatively easy to culture, with a short growth period of three to four
months to reach marketable size.
There are two common types of hatcheries in southern China. One is characterized by high
investment and technology, large-scale, and the use of imported specific pathogen-free (SPF)
broodstock from U.S. This type of hatchery uses high densities and high rates of water exchange,
and can produce post-larvae throughout the year. High survival rates of post-larvae, up to 60%,
are common in these hatcheries. These SPF post-larvae are characterized by rapid growth and
disease resistance. The other type of hatchery is typically a small-scale facility characterized by
low investment and technology that uses locally grown broodstock. The survival rate of postlarvae is usually 40% or less in such facilities.
Grow-out farms usually buy post-larvae from hatcheries and produce marketable shrimp
within three to five months. Chinese shrimp farms are widely distributed along the 18,400 km
coastline from Hainan Province in the tropics to Liaoning Province in the temperate zone (Xie
and Yu, 2007). Farmers usually culture two to three crops of shrimp per year in southern China,
while farmers in northern part can harvest only one crop. There are currently about 14,000
shrimp farms in China, with extensive farms constituting 5% (by number), semi-intensive 85%,
and intensive farms 10%. These categories are characterized by the stocking density, use of
capital, equipment, labor, skill, land, water, feed, and energy (Xie and Yu, 2007). Extensive
shrimp farming (low stocking density and low water exchange rate) is conducted in near-shore
communities along the coast, especially in tidal and mangrove areas (Munkung, 2005). Semiintensive and intensive farms are usually conducted above the high tide line. They use
pumped water exchange, and combine fertilizers and commercial formulated feed with a
higher stocking density and higher water exchange rate.
After harvest, fresh shrimp are usually sold directly to local wholesalers or processing plants
for further processing. Local wholesalers distribute fresh shrimp to retailers and sell them in
local markets. Depending on market requirements, processed shrimp are sold nationwide or
exported overseas to Japan and the U.S. in the following forms: head-on shell-on shrimp,
headless shell-on shrimp, peeled tail-on shrimp, peeled and deveined shrimp, and peeled and
un-deveined shrimp.
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Evaluating system efficiency for shrimp aquaculture requires a fair comparison of
environmental impacts among different production systems. Life cycle assessment (LCA) can
be used to make such a comparison, quantifying potential environmental burdens throughout
the whole life cycle of shrimp production. An LCA analyzes the whole production and supply
chain. It allows one to calculate the relative energy intensity and material usage in an overall
process or in various components of that process (Diana, 2009). Life cycle modeling is
composed of four procedures, including goal definition and scope, inventory, impact analysis
and interpretation. It can evaluate feed production, hatchery, farming, transport, processing,
distribution and sales, consumption, and waste management. The LCA can provide a
framework for evaluating environmental performance and identifying the limiting steps in
energy or material use, as well as global warming and eutrophication potential. Many effects
of aquaculture are based upon widely differing impacts, such as fresh and sea water use, feed
use, energy consumption, nutrient discharge, and transportation of aquaculture products.
These are very difficult characteristics to compare with a common metric. The purpose of this
analysis is to build such comparisons, using LCA for outdoor flow-through shrimp production
systems in China.
The LCA has been widely applied to industrial and food products (Baumann, 1996; Munkung
and Gheewala, 2007). Comparative LCA studies have been conducted to evaluate different
production systems or services to identify the most environmentally friendly systems or
services (Ziegler et al. 2001; Papatryphon et al., 2004; Munkung, 2005; Zufia and Arana,
2008; Ayer and Tyedmers, 2009). Mungkung (2005) studied Thai shrimp aquaculture and
identified the farming stage as contributing the majority of environmental burdens overall.
The environmental impacts of shrimp aquaculture systems have yet to be assessed in China,
where features such as broodstock source, energy and water use, farm type and management are
different.
This study uses LCA as a tool to quantify and compare the potential environmental impacts
associated with shrimp production by three common scenarios in China: Scenario 1: intensive
farming destined for oversea markets, using larvae produced by imported SPF broodstock;
Scenario 2: semi-intensive farming destined for national markets using larvae produced by
imported SPF broodstock; Scenario 3: extensive farming destined for local markets using
larvae produced by local domesticated broodstock. By quantifying the environmental impacts
over the entire life cycle of shrimp production, LCA provides more comprehensive
information on environmental performance for these three scenarios. The key life cycle stages
and most significant impacts can be identified to enable a more effective approach to reducing
the environmental footprint of shrimp farming.
The objectives of the present study were to: (1) identify key stages and assess the most
significant environmental impacts associated with outdoor shrimp production systems using
LCA; (2) compare the environmental performance of three outdoor shrimp farming systems in
China; (3) use the LCA results as basis to formulate strategies to reduce environmental
impacts.
METHODS
Site Selection
A field trip was conducted during summer 2008 on Hainan Island, China. Hainan Province,
composed of the Hainan Island, Xisha Islands, Nansha Islands, and Zhongsha Island, is
located in the tropic zone in southern China. Numerous beaches along the island's long
coastline make the island a favorable breeding ground for shrimp, shellfish, and other aquatic
products. Hainan, with a total shrimp farming area of 11,939 ha in 2006, is now the third
largest exporter of shrimp products in China (Hainan Ocean Fisheries Department, 2009).
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USA, Japan, Hong Kong, and Republic of Korea are the major four markets for the Hainan
shrimp exporters. A total of six hatcheries and nine farms were visited. Three hatcheries each
were surveyed for the two types of hatchery (industry-scale hatcheries using imported
broodstock from Hawaii and small-scale hatcheries using local domesticated broodstock).
Three farms representative of each farming system at different sizes (large >6.7 ha, medium
>2.7 ha, and small <2.7 ha) were selected under the assistance of Hainan University. One feed
company and one processing plant were selected to collect information on feed production
and shrimp processing. Wholesalers and retailers in local shrimp markets were also randomly
selected for interviews covering shrimp distribution.
Life Cycle Assessment (LCA)
An LCA includes four steps (ISO 1997):
(1) Goal and scope definition: a functional unit is selected based on the aims of the study and
system boundary defined. The functional unit is a quantification of a product that the system
delivers, and is the basis for calculating environmental impacts (Munkung and Gheewala,
2007). In this analysis, the functional unit was 1 ton of shrimp product. The life cycle stages
of shrimp production considered in this study include: extraction and processing of raw
materials, producing and nursing of shrimp larvae at hatcheries, culturing of post-larvae to
marketable-size shrimp at farms, post-farming including shrimp processing and/or cold
storage, consumption, waste management and transport in all life cycle stages (Figure 1).
Three scenarios of shrimp production systems in this study were discriminated based upon
broodstock sources, farming types and management, targeted markets: Scenario 1: intensive
farming destined for overseas markets, using larvae produced by imported SPF broodstock;
Scenario 2: semi-intensive farming destined for national markets using larvae produced by
imported SPF broodstock; Scenario 3: extensive farming destined for local markets using
larvae produced by local domesticated broodstock. Key characteristics of each system are
listed in Table 1.
(2) Life cycle inventory (LCI): input and output flow data are collected for the system under
consideration. The inventory of environmental flows by definition is the quantification of
flows crossing the system boundaries. An LCA of shrimp aquaculture requires the availability
of data on materials and energy inputs, as well as data on water cycling, water use, and water
quality. It was assumed that all hatcheries and farms used the same feed formula. The
interventions associated with feed production include production of electricity, fishmeal,
wheat flour, soybean meal, corn starch, squid meal, fish oil, low density polyethylene
(LDPE), steam, and emissions to water bodies. Since no information about binder, soybean
lecithin, vitamin and mineral premix, and vitamin C were available in the Simapro database,
and their contribution to the total ration was less than 5%, the interventions associated with
them were excluded in this study. Operating data for the shrimp farming stage were obtained
directly from facility records and interviews with facility managers. Emissions of nutrients to
water bodies associated with shrimp farming were estimated through nutrient balance
modeling. The calculations of nitrogen (N), phosphorus (P), and solids emissions were based
on the difference between the amount of nutrients provided to shrimp via feed and the amount
assimilated as weight gain (Aubin et al., 2009). The inventory phase was based on direct
measurement of real farms for one normal cycle of production (three to four months per
cycle).
(3) Life cycle impact assessment (LCIA): different LCIA methods such as Eco-indicator 95
(PRé, Netherlands) can be used to model environmental performance of the studied system.
For impact calculations, each method usually includes characterization, and another two
optional steps, normalization and weighting. Characterization transforms inventory flows into
impact indicators based on the contribution of each flow to a specific impact category (Renou
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et al., 2008). Midpoint impact characterization models are usually expressed in kg equivalent
of a reference substance. Endpoint impact characterization can be derived by multiplying the
midpoint score and midpoint to calculate the damage factor. The normalization step enables
the user to see the relative contribution from material production to each effect. The present
study only focused on the characterization and normalization steps. In accordance with ISO
14040 Standards (ISO, 1997), the LCA was conducted using original data (means) collected
from surveys on Hainan Island, supplemental data from databases in Simapro 7.1.8 (PRé,
Netherlands) and data provided by previous studies. A damage-oriented (end-point), Ecoindicator 95 method was adopted. Environmental impact categories used in this analysis were
(Table 2): greenhouse gas emission, ozone layer depletion, acidification potential,
eutrophication potential, heavy metals release, carcinogens, summer smog production, winter
smog production, energy resources use, and solid waste.
(4) Interpretation: the purpose of this phase is to interpret results for each stage of the LCA
and each production phase, concentrating on those which generate the largest impacts and on
those which offer the best impact reduction potential. Then, a sensitivity analysis can be
performed to evaluate the limitations and implications of the research.
The electricity generating portfolio in China is composed of coal (65.7%), hydropower (25%),
natural gas (7.3%), and nuclear (2%) (Deng and Wang, 2003). A sensitivity analysis was
conducted to estimate how greenhouse gas emissions would change if the fuel mix was
shifted from coal to natural gas or from coal to nuclear power. Three scenarios were
considered: (1) Baseline: coal (65.7%), hydropower (25%), natural gas (7.3%), nuclear (2%);
(2) Alternative 1: switch from coal to natural gas with a portfolio composed of natural gas
(73%), hydropower (25%), and nuclear (2%); (3) Alternative 2: switch from coal to nuclear
power with a portfolio of nuclear (67.7%), hydropower (25%), natural gas (7.3%).
There are many LCIA methods available for Simapro software. It could be an advantage to
use several methods for verification purposes. We undertook another sensitivity analysis to
explore the impacts of different LCIA methods on the consistency of results. With regards to
the approach followed by each method, there are three types of methods: (1) mid-point
characterization (problem-oriented, taking account the contribution of each flow to an specific
environmental impact), such as CML baseline 2000; (2) end-point characterisation (damageoriented, modelling the damage to human or ecosystem health), such as Eco-indicator 95; (3)
efforts to combine mid-point and end-point, such as IMPACT 2002+. According to ISO
(1997), it is often argued that the mid-point approach provides more reliable results, while the
results from end-point methods are easier to understand and use for decision making. Thus the
combined application of three fundamentally different approaches including CML baseline
2000, Eco-indicator 95 and IMPACT 2002+ will provide a greater certainty in the assessment.
Two impact categories including eutrophication and global warming, which have been
considered the most important impacts from aquaculture (Mungkung, 2005), were examined
in this sensitivity analysis.
RESULTS
Life cycle inventory
The inputs for one ton of feed production were mainly electricity, steam, water, and fishmeal,
while the outputs were mainly garbage, suspended solids, and steel scrap (Table 3).
Considering the relative contribution that various feed production related materials made to
the nine impact categories, electricity use accounted for more than half of the total impacts
(ranging from 63%-89%; Figure 2) for all but three (ozone depletion, eutrophication, and
summer smog) of the impact categories analyzed. Fishmeal was the largest contributor to
ozone depletion (82%) and summer smog (53%). Wheat flour had the highest impact on
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eutrophication (38%). Overall, electricity use, fishmeal, and wheat flour combined
contributed 77%-97% to all the emission categories in the production of shrimp feed.
To produce 1,000 kWh of electricity in China, 889.7 kg eq of CO2 , 9.3 kg eq of SO2, 0.4 kg
eq of PO4, and 0.006 kg eq of Pb were generated, and 10,111 MJ of energy were consumed
(Table 4). For this production, 57.2%-98.8% of total environmental impacts were from coal
use.
The three scenarios showed substantially different amounts of inputs and outputs per ton of
shrimp produced (Table 5). With the highest stocking density and highest production,
scenario 1 had the lowest infrastructure-related inputs during both hatchery and grow-out
stages. High stocking density and water exchange rates also required more electricity use for
aeration and pumping in scenario 1. The amount of feed required to produce one ton of
shrimp varied between the three scenarios. Feed input per ton of shrimp produced was highest
for scenario 1, followed by scenario 2 and then scenario 3. With the highest water exchange
rate (15% daily), scenario 1 generated the most direct discharge to water, including nutrients
and suspended solids in the effluent.
Life cycle impact assessment
According to the LCA results, the key impact parameters from the three scenarios were
eutrophication potential, energy use, and global warming potential (Figure 3). Scenario 1
showed the highest environmental impacts in all impact categories except for solid waste.
Scenario 2 showed intermediate impacts in all categories (Figure 3a). After normalization, the
impact of solid waste was negligible compared to other impact categories (Figure 3b).
Once the most significant impact parameters were identified, a contribution analysis was used
to identify the subsystems with the highest environmental loads. The farming stage
contributed on average 50% (scenario 1), 72% (scenario 2) and 77% (scenario 3) to the total
impacts in each impact category (Figure 4). Transportation also contributed on average 47%
(scenario 1), 21% (scenario 2), and 18% (scenario 3) of total impacts. Hatchery, processing,
storage, and consumption impacts were negligible compared to the previous two stages. In the
total life cycle, fractions of greenhouse gas emissions from electricity consumption were
25.2%, 46.9%, and 46.9% in scenario 1-3, respectively.
Given the importance of the farming stage, a contribution analysis only considering grow-out
stage was conducted to identify the most significant contributors for each impact. Intensive
farming created the highest environmental impacts in all categories except for ozone
depletion, summer smog, and solid waste (Figure 5a). After normalization, eutrophication was
the most critical parameter in the shrimp farming stage (Figure 5b). The impacts of ozone
depletion and solid waste were almost negligible in comparison with eutrophication. More
specifically, the three farming systems shared similar characteristics (Figure 6). All of their
impact categories were generated mainly by feed use, electricity use and wastewater
discharge. In general, to produce 1 kg of shrimp in China, 78-97 MJ of energy was needed,
generating 5.7-7.7 kg eq of CO2 and 0.11-0.19 kg eq of PO4 (Table 6).
The sensitivity analysis for different electricity generation portfolios showed a clear decrease
in greenhouse gas emissions as the fuel mix was shifted from coal to natural gas (alternative
1, 48% reduction) or nuclear power (alternative 2, 94% reduction; Figure 7). Alternative 2,
which used more nuclear power, had the lowest greenhouse gas emissions.
The sensitivity analysis using different LCIA methods demonstrated that for all three methods
the farming stage produced the main source of eutrophication pollutants over the whole life
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cycle. Results from the CML baseline 2000 and Eco-indicator 95 methods were nearly
identical, and results from IMPACT 2002+ showed little difference. All three methods
yielded similar results concerning the greenhouse effect, where the transportation and farming
stages were the main two contributors (Figure 9).
DISCUSSION
The entire life cycle of shrimp production was taken into consideration in this study to
explore environmental impacts generated per ton of shrimp produced. Comparing the
environmental performance of the three common scenarios of shrimp production in China,
scenario 1 (using imported broodstock, intensive farming techniques and selling shrimp to the
U.S.) generated the highest emissions across almost all impact categories modeled. Our
results indicated that the farming stage was the major contributor to all of these emissions,
accounting for on average 50-77% of the total impacts. Following the farming stage,
transportation contributed substantially to each of the environmental impacts evaluated,
accounting for on average 18-46% of the total impacts. In contrast, the hatchery, processing,
storage, and consumption stages made negligible contributions. Thus, farming and
transportation were considered to be the two key impact-generating stages during the whole
cycle of shrimp production. Local or national consumption would reduce total environmental
impacts by 26-29%, as a result of removing long distance transportation. When the impacts
were normalized in Figure 3b, the main environmental issues for shrimp production emerged
as eutrophication, energy use and global warming.
Among the three studied scenarios, the intensive farming stage showed the worst
environmental performance, with a total impact (using single score as an indicator in Ecoindicator 95) at 1.4 and 1.7 times higher than semi-intensive and extensive farming stages,
respectively. It was also more energy-intensive than the other two faming stages. This is
largely the result of high stocking density, high electricity use, and feed inputs, and high
concentrations of nutrients in the wastewater. Although intensive farming showed the worst
environmental performance, it had the highest annual production (average 15,000 kg/ha),
while semi-intensive and extensive only produced 10,500 and 6,000 kg/ha, respectively.
Semi-intensive farming showed intermediate environmental performance, which was close to
that of extensive farming. Considering both environmental performance and productivity
together, semi-intensive was probably the best option, indicating that medium stocking
density should be adopted to achieve a win-win situation.
Hot spots, or activities that contribute disproportionately to the total environmental impacts in
the farming stage, were identified in this LCA study and could be used to develop regulation
goals for shrimp aquaculture in the future. The results of the contribution analysis revealed
that feed use, electricity use and wastewater discharge emerged as hot spots of concern for all
three farming stages.
As one of the hot spots, shrimp feed currently used in China has been criticized for containing
too much fishmeal, which would potentially lead to depletion of marine fish resources. Bycatch from marine fisheries has been used as fishmeal for shrimp feed production. According
to our analysis of shrimp feed production, fishmeal, electricity usage, and wheat flour were
the major contributors for all associated environmental impacts, together contributing to over
80% of total impacts. Wheat production requires large inputs of fertilizers, thus being the
largest contributor to eutrophication. Utilization of marine fish in the form of fishmeal is
environmentally damaging due to high diesel use, low utilization efficiency of the resource
and negative impacts on marine biodiversity. Future shrimp feed should consider minimizing
fishmeal to mitigate these problems.
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Electricity usage was identified as another important hot spot for two reasons. First, since
shrimp farming is very intensive, higher stocking density and high feed inputs deteriorate
water quality very quickly and more aeration and water exchange is required to maintain
water quality. Second, the Chinese electricity generating portfolio is dominated by coal (Deng
and Wang, 2003). To produce 1,000 kWh of electricity in China, total of 889.7 kg equivalent
of CO2 was emitted. Of that, 94.7% of the greenhouse gases were contributed by coal. Thus,
coal is not as clean as natural gas or nuclear power. If China could change current fuel mix
toward more clean energy, the impact of shrimp production on global warming would be
reduced. To produce 1 kg of shrimp in China, 86.5 MJ of energy was needed on average,
while in Thailand only 46.5 MJ of energy were needed (Mungkung, 2005). Chinese shrimp
aquaculture was more energy intensive than Thai shrimp aquaculture, which was likely a
result of the Chinese shrimp farming system being more intensive. While the Chinese
electricity grid is primarily coal, the electricity mix in Thailand relies less on coal (28%) and
primarily on natural gas (56.5%), dramatically reducing CO2 emissions (Mungkung, 2005).
Further study should focus on a cost-efficiency analysis of changing the Chinese electricity
generating portfolio.
Wastewater discharge was considered to be the third hot spot. Effluent from shrimp ponds
primarily contained concentrated nutrients, organic matter, ammonia, and suspended solids
that derived from fish excretion, feces, and uneaten feed. It was the major contributor to
eutrophication. Feed and shrimp metabolites were considered to be the primary sources of
pollutants. Water quality of effluents depended mainly on culture system characteristics, feed
quality, and management. As aquaculture production intensifies, feed inputs increase and
waste material including organic matter, nutrients, and suspended solids in ponds increases
(Diana, 2009). In this study, with the highest stocking density and the highest feed conversion
ratio, intensive farming generated the most discharge to waters. Of total N and P inputs into a
1 ha pond, usually only 22.7% of N, and 10.6% of P can be recovered in shrimp per cycle
(Paez-Osuna et al., 1999). Therefore, 1 ton of shrimp produced in China would release 0.6 ton
of feces and 0.14 ton of other metabolic excretion (Jiang et al., 2006). Many shrimp farms in
China discharged effluents directly to receiving waters. There were no incentives for them to
treat pond effluents. Thus, future studies should develop paths for farms to treat pond effluent
before discharge, which would be necessary for sustainability and the reduction of
environmental burdens.
There are many impact assessment methodologies and databases developed for Simapro
software, such as Eco-indicator 95, CML 2000, and IMPACT 2002+. Each method has a
different focus which might lead to different results. Databases include Ecoinvent, Franklin
98, BUWAL 250, ETH, and LCA Food DK. Quality of each database varies. Those methods
and databases are contributed by researchers from different regions with different
background. Selecting an appropriate method and database for each case study depends on the
type of information needed and specific impacts associated with the products. There is no
single impact assessment methodology can be applied to all food production systems. Using
different LCIA methods in the sensitivity analysis can evaluate the validity of the results.
According to the sensitivity analysis in this study, there were no discrepancies found since
farming and transportation were consistently shown to be the key stages. However, data
available in the databases for aquaculture and fisheries products are still minimal compared to
agro-food products. Methods for the assessment of land use, water resources, and biodiversity
loss are still missing, which still limits the validity of the results (Swiss Confederation, 2008).
CONCLUSIONS AND RECOMMENDATIONS
The following conclusions can be drawn from the present study:
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-

-

Shrimp farming was the key stage which contributed the greatest environmental
impacts for all three scenarios. Intensive farming showed the worst environmental
performance. With intermediate environmental performance and unit production,
semi-intensive farming was more favorable in terms of both sustainability and
profitability.
Impact of transportation was substantial in scenario 1 as the second key stage. Long
distance transportation contributed 46% of total impacts.
The hatchery stage has negligible impacts, and even use of imported broodstock did
not generate much environmental burden.
Feed use, electricity consumption, and pond effluents were hot spots, which combined
contributed 80% of total impacts in each farming stage.
Environmental impacts from infrastructure are negligible, compared to impacts from
operation in the shrimp farming stage.

Recommendations for more sustainable development are:
- Feed efficiency needs to be improved. Efforts should be put into improving feed
content and feeding methods to enhance feed utilization efficiency. More sustainable
feed using less fishmeal should be developed. Feeding rates and stocking rates should
be adjusted appropriately so as to not exceed the assimilation capacity of ponds.
- Pond effluents should be treated before discharge.
- Local and national consumption is highly encouraged to reduce environmental
burdens generated by long distance transportation.
- Cleaner energy instead of coal should be used to generate electricity in China.
ANTICIPATED BENEFITS
Results of this research could be used to optimize a shrimp production system in terms of
environmental sustainability. Information relative to energy intensity and environmental
impacts of different shrimp culture systems are provided. The quantifiable benefits include
direct evaluation and comparison of different systems to advise regulation and environmental
impact mitigation measures for policy makers, to guide shrimp farmers toward implementing
good aquaculture practices and better managing their farms in an environmentally friendly
manner, and to inform consumers in their choice for environmentally friendly seafood
products.
FIGURES AND TABLES

Larvae
Transport

Broodstock
Transport
Broodstock
Production

Shrimp
Transport

Hatchery

Grow-out Farm

Feed Transport

Feed Transport
Feed Mill

Raw material
Transport

Shrimp
Transport
Post-farming

Consumption

Waste
Disposal

Feed Raw Materials

Figure 1. A detailed life cycle flow chart and system boundary (excluding broodstock production) for an LCA of
outdoor shrimp production systems in China
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Figure 2. Relative contributions to environmental impact categories for producing 1 ton of feed

(a)

(b)

Figure 3.

Relative comparison of the life cycle contributions to environmental impact categories for all life
cycle stages of the three studied scenarios: (a) characterized results; (b) normalized results.
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(a)

(b)

(c)
Figure 4. Life cycle impacts associated with 1 ton of shrimp from three scenarios: (a) scenario 1; (b) scenario 2;
(c) scenario 3.
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(a)

(b)
Figure 5. Relative comparison of contributions to environmental impact categories for the farming stage of the
three scenarios: (a) characterized result; (b) normalized result.

481

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009

(a)

(b)

(c)
Figure 6. Contribution analyses for the three farming systems: (a) intensive; (b) semi-intensive; (c) extensive.
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Figure 7. Impact of different electricity generation portfolios on greenhouse gas (GHG) emissions for electricity
consumption in farming stage.
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Figure 8. Comparison of the eutrophication assessments by using different LCIA methods: (a) scenario 1; (b)
scenario 2; (c) scenario 3.
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Figure 9. Comparison of the greenhouse effect assessments by using different LCIA methods: (a) scenario 1;
(b) scenario 2; (c) scenario 3.
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Table 1.

Key characteristics of different shrimp production systems in the study.

Scenario 1
(Intensive farming)

Stage
Feed Source
Hatchery

•

•
•
•

•

•
•
•
Post-farming

•
•
•

Table 2.

Scenario 3
(Extensive farming)

All scenarios were assumed to use the same feed formula.
•

Grow-out

Scenario 2
(Semi-intensive farming)

!"#$%&'()*#+$
,-.-%%$/01$
2)((+"*(34$.%*5$
6(789+%"*-73#$
*)-7"'()*$
0)(+:3#$1;$'("*9
6-)<-$.%*5$5%85$
":)<%<-6$=$8)(.*5$
)-*#$
>7+:"*)%-69"3-6#$
!"#$1;$'("*96-)<-$
,%85$"*(34%78$
+#7"%*@$A;BC$'("*9
?
6-)<-D& E$
,%85$.-*#)$
#F35-78#$A;GH$
+-%6@E$
1##+$3(7<#)"%(7$
)-*%($A1IJE$K;LM$
;CC$+-@"D3)('$
,%85$')(+:3*%(7$
A;GNCCC$48D5-E$
T%*5$')(3#""%78$
,#-+9(7$N"5#669(7$
"5)%&'$
UF'()*$(<#)"#-"$*($
*5#$!/$

•

•

•

•
•
•
•
•
•

•
•
•

!"#$%&'()*#+$,-.-%%$/01$
2)((+"*(34$.%*5$6(789
+%"*-73#$*)-7"'()*$
0)(+:3#$1;$'("*96-)<-$
.%*5$5%85$":)<%<-6$=$
8)(.*5$)-*#$
>7+:"*)%-69"3-6#$

•

!"#$1;$'("*96-)<-$
O#+%:&$"*(34%78$+#7"%*@$
?
APC$'("*96-)<-D& E$
O#+%:&$.-*#)$#F35-78#$
ABH$+-%6@E$
1IJ$K$;L;G$
;?C$+-@"D3)('$
O#+%:&$')(+:3*%(7$
A;CNCCC$48D5-E$

•
•

T%*5$')(3#""%78$
,#-+9(7N$"5#669(7$"5)%&'$
/(6+$7-*%(79.%+#$

•
•

•

•

•
•
•
•

!"#$6(3-6$+(&#"*%3-*#+$
2)((+"*(34$.%*5$"5()*9
+%"*-73#$*)-7"'()*$
0)(+:3#$1?$'("*96-)<-#$
.%*5$6(.$":)<%<-6$=$
8)(.*5$)-*#$
/&-669"3-6#$

!"#$1?$'("*96-)<-$
O#+%:&96(.$"*(34%78$
?
+#7"%*@$AQC$'("*96-)<-D& E$
R(.$.-*#)$#F35-78#$ASH$
+-%6@E$
1IJ$K$CLP$
;SC$+-@"D3)('$
R(.$')(+:3*%(7$AQNCCC$
48D5-E$

V($')(3#""%78$
/(6+$W)#"5$-*$-$6(3-6$
&-)4#*$

Description of environmental impact categories from Eco-indicator 95 used in this study.

Environmental Impact
Category
Greenhouse gas effect
(GHG)
Ozone layer depletion
(OD)

Indicator
kg eq CO2
kg CFC11

Description
The anticipated surface temperature rise as a result of the increasing
concentration of gases that restrict heat radiation from the Earth.
The increase in ultraviolet radiation on Earth caused by high-altitude
decomposition of the ozone layer.

Acidification potential
(AP)

kg SO2

Degradation of forests, for example, by acid rain.

Eutrophication potential
(EP)

kg PO4

The disappearance of rare plants that especially grow in poor soils,
as a result of the emission of substances that have the effect of a
fertilizer, and the change in aquatic ecosystems.

kg Pb

Health damage caused by heavy metals in the soil, water, and air.

Heavy metals (HM)
Carcinogenicity

kg B(a)P

Incidences of cancer caused by carcinogenic substances (e.g.,
polyaromatic hydrocarbons)

Winter smog (WS)

kg C2H4

Smog forming, caused by the emission of dust and SO2.

Summer smog (SS)

kg SPM

Smog formation, with peaks in summers, due to increases in ozone
concentration.

Energy resources (ER)

MJ LHV

Non-renewable resources depletion due to extraction and
consumption of minerals and fossil fuels
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Table 3.

Inputs and outputs for producing one ton of shrimp feed.

Inputs/Outputs
Inputs

Components
Fish meal (kg)
Wheat flour (kg)
Soybean meal (kg)
Corn starch (kg)
Squid meal (kg)
Fish oil (kg)
Binder (kg)
Soybean lecithin (kg)
Mineral premix (kg)
Vitamin premix (kg)
Vitamin C (kg)
Low density polyethylene (LDPE, kg)
Water* (l)
Electricity* (kWh)
Steam* (kg)
Outputs*
Suspended Solids (kg)
Biological oxygen demand (BOD, kg)
Chemical oxygen demand (COD, kg)
Total nitrogen (TN, kg)
Total phosphorus (TP, kg)
Steel scrap (kg)
Garbage (kg)
Others (kg)
*Source: Papatryphon et al 2004; Munkung 2005

Quantity
422
240
130
85
40
38
20
8
10
10
2
5
650
2646
300
0.003
0.0005
0.0017
0.0005
0.00005
0.006
0.02
0.006
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Table 4.

Raw contribution and the percent of impact for each type of electricity production for each impact category in the LCA.

Impact
Category
Greenhouse
Ozone layer
Acidification
Eutrophication
Heavy metals
Carcinogens
Summer smog
Winter smog
Energy use

Coal
Indicator

kg eq CO2
kg eq
CFC11
kg eq SO2
kg eq PO4
kg eq Pb
kg eq
B(a)P
kg eq
C 2H 4
kg eq
SPM
MJ LHV

Hydropower

842.2621

Percent
of
impact
94.7%

1.69E-06

Nuclear

0.771663

Percent
of
impact
0.1%

57.2%

6.86E-08

8.849793
0.402206
0.005632

95.2%
98.8%
93.3%

1.48E-05

Natural Gas
Total

0.203939

Percent
of
impact
0.0%

2.3%

1.17E-06

39.4%

3.24E-08

1.1%

2.96E-06

0.003239
0.000521
1.81E-05

0.0%
0.1%
0.3%

0.001449
0.000144
1.53E-05

0.0%
0.0%
0.3%

0.442486
0.004353
0.000369

4.8%
1.1%
6.1%

9.296966
0.407225
0.006035

80.4%

1.63E-07

0.9%

4.67E-08

0.3%

3.39E-06

18.5%

1.84E-05

0.04922

77.0%

0.00025

0.4%

6.26E-05

0.1%

0.01439

22.5%

0.063923

7.15168

94.3%

0.004815

0.1%

0.001021

0.0%

0.423824

5.6%

7.58134

8024.552

79.4%

957.1262

9.5%

268.4427

2.7%

861.5748

8.5%

10111.7

Raw
contribution

Raw
contribution

Raw
contribution

46.42599

Percent
of
impact
5.2%

889.6637

Raw
contribution
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Table 5.

Stage

Inputs and outputs for the production of 1 ton of shrimp in the hatchery and farming stages.

Inputs/Outputs

Materials
HDPE liner (kg)
Concrete (m3)
PVC pipe (kg)
LDPE cover (kg)
Steel pipe (kg)

Scenario 1
0.0057
0.0132
6.3052
0.3462
0.0279

Scenario 2
0.0074
0.017
8.1066
0.4451
0.0359

Scenario 3
0.0146
0.029
13.8524
0.759
0.0597

Broodstock (g)
Fresh water (l)
Sea water (L)
Chlorine (kg)
Egg yolk (kg)
Feed (kg)
EDTA (kg)
Electricity (kWh)

51.38
27.72
69.3
0.0014
1.2
5.13
0.0007
110.75

66.06
35.64
89.1
0.0018
1.5
6.60
0.0009
142.40

108.20
56.40
141.0
0.0029
1.5
8.83
0.0014
132.30

Outputs-operational

Suspended solids (g)
BOD5 (g)
NO2 (g)
NO3 (g)
Ammonia (g)
Total P (g)

322
19
0.12
1.52
0.12
0.58

414
24
0.15
1.95
0.15
0.75

690
40
0.26
3.26
0.26
1.25

11.67

25.67

39.33

Inputs-infrastructure

HDPE liner (kg)
Cement precastable pipe
(kg)
Diesel (L)
PVC pipe (kg)

0.80

0.70

0.77

3.0
96.7

5.3
113.3

9.0
220.0

Post-larva (g)
Seawater (l)
Chlorine (kg)
CaCO3 (kg)
CaO (kg)
Triple superphosphate (kg)
Urea (kg)
Poultry manure (kg)
Feed (kg)
Electricity (kWh)

583.33
20066.7
111.33
416.67
194.7
1400
2686.67

583.33
16950
126.67
500
291.7
16.67
12.5
166.7
1150
1773.33

750
12766.7
158
696.67
500
30
23.3
310
900
1096.67

Wastewater (l)
Suspended solids (kg)
BOD5 (kg)
Total N (kg)
NH3 (kg)
Total P (kg)

20066.67
403.33
80.33
102.00
22.00
46.00

16950.00
303.69
57.85
64.00
12.84
31.67

12766.70
246.67
24.67
55.67
6.33
24.00

Inputs-infrastructure

Inputs-operational
Hatchery

Inputs-operational
Grow-out

Outputs-operational

Table 6.

Energy use, global warming and eutrophication potential (mean values) to produce one ton of shrimp
in China.

Farming Type
Intensive
Semi-intensive
Extensive

Energy use (MJ)
97946.8
83344.2
78092.5

GHG (kg eq CO2)
7740.9
6414.1
5707.6

Eutrophication (kg eq PO4)
198.9
135.2
105.5
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INTRODUCTION
Agricultural and industrial activities generate a significant number of pollutants that are
released to the environment through sewage water, which reach the superficial and
underground water reservoirs. Many of these substances are highly toxic and do not degrade
easily in nature. As a result of years of negligence, the levels of these substances in rural and
industrial areas in Latin America are dramatically high. In order to reduce risks to human
health and the environment, water treatment systems have been implemented (Valladares,
1995). Water treatments aim at 1) eliminating waste, floating fats and oils, sand, and all other
coarse elements water may contain; 2) eliminating decantable materials, both organic and
inorganic; 3) eliminating biodegradable organic matter dissolved in water; and 4) stabilizing
and disposing mud extracted as a result of those processes (Crites and Tchobanoglous, 2000).
Traditional technologies used to separate organic substances from water use activated
charcoal absorption or air hauling. However, these processes only transfer pollutants from
water to other environmental media, which perpetuates the problem. At present there is a
group of technologies based on pollutant destruction processes through chemicals known
as hydroxyl radicals, which are highly oxidative. In these technologies, called “Advanced
Oxidation Processes” (AOP), radicals react with pollutants and transform them into
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environmentally harmless compounds, mostly CO2 and water. Implementation of these
technologies has begun in North America, Europe, and Japan.
Among the materials used as catalysts are TiO2, ZnO, CdS, iron oxides, WO3, and ZnS,
among others. These chemicals are financially affordable, easily traceable in nature, and can
excite with low-energy light, absorbing part of the sun's spectrum radiation that hits the
Earth's surface (! > 310 nm). In particular, photocatalytic degradation based in the use
crystallized titanium dioxide (TiO2,) and low-energy (320-390 nm) ultra-violet (UV) sunlight
is interesting for water treatment purposes. This method has been tested in laboratories since
the mid-80's for hydrocarbons such as chlorate and phosphate compounds contained in
pesticides, herbicides, colorants and surfactants. The technique consists in generating
hydroxyl radicals which then oxidate organic compounds. Recently, interest in this
technology has increased due to its potential solar energy applications, as 5% of the sunlight
reaching the troposphere provides enough energy to activate titanium dioxide (Valladares,
1995).
Aquaculture is an area in which AOPs could be applied to effluent treatment. This industry
uses steroidal hormones to manipulate phonotypical sex (Yamamoto, 1969). If these
chemicals are adequately treated, their use is beneficial and has no adverse environmental
effects. However, there seems to be grounds for concern regarding water overuse. In
particular, a legitimate international concern is the lack of up-to-date quantitative information
regarding the chemicals being used and the lack of efforts oriented to studying and treating
the polluting by-products generated by this industry --steroids being one of them. Hormones
used in aquaculture are among a list of compounds which environmental effects and possible
treatments have been prioritized for research by GESAMP (FAO's Joint Group of Experts in
the Scientific Aspects of Marine Environmental Protection).
Recent innovations in hormone applications in aquaculture include sex control, thus
producing the so-called mono-sex lines, which result in significant production improvement
(GESAMP, 1997). In particular, the molecule 17 "-Methyltestosterone (MT) has been widely
used as androgenic agent in masculinization of tilapia (Contreras-Sánchez, 2001). After the
hormonal treatment (28 days), the hormone is released to the water through urine and feces
and becomes a powerful pollutant capable of producing harmful effects in wild species when
effluents are released. In recent studies (Contreras-Sánchez, 2001), we found that
masculinization of fry through dietary treatment with MT resulted in the accumulation of MT
in sediments which produced both intersex fish and females with altered ovarian
development. In systems where substrate was not present, there were higher concentrations of
MT in the water and lower (sometimes null) masculinization rates than in systems with either
soil or gravel. We found that charcoal filtration of water from systems where substrate was
not present lowered the amount of MT in water to almost background levels and the treatment
resulted in almost complete masculinization of all three broods tested (100, 98 and 100%
males, respectively). Apparently, the recommended dose of MT for masculinizing tilapia is
higher than needed and a significant portion of it separates from the food and remains either
in suspension in the water for the short term or persists in the sediments over the long term
(Contreras-Sánchez, 2001). In the cited study, we recommended the use of filtration systems
to eliminate excess MT to increase masculinization, and to prevent potential risks to humans
of unintended exposure to MT due to contamination of water and soils in farms. In this sense,
research has been published on photocalytic hormone elimination (Tanizaki, 2002). However,
the published studies have focused on sewage water estrogen elimination due to the harmful
biological effects of the presence of small levels of steroidal estrogens in water (Ike, 2002;
Coleman et al., 2000 ; Carballa, 2004). Nevertheless, the elimination of MT in aquaculture
using advanced oxidation processes have not been addressed.
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Another possible approach to eliminating MT from masculinization systems involves the use
of bacterial degradation since it has been reported that some bacteria are capable of degrading
steroids (Voishvillo et al, 2004). From this information and results from the previous
investigations we hypothesized that MT was being eliminated from water by solar irradiation
and/or bacterial degradation within the filtration system. In our latest experiments
(unpublished data) we have detected specific bacteria colonies growing in the biological filter
of MT-treatment tanks, but not in the control tanks (showing mainly algae). In this particular
study, the ultimate goal of our research was to isolate, characterize and cultivate the species of
bacteria responsible for degradation of steroids and determine if the titanium dioxide or
bacteria present in biofilters are capable of degrading MT.
MATERIALS AND METHODS
Experiment 1. Use of TiO2, UV light and air. To conduct this experiment, a rectangular
30x30x20 cm experimental reactor was used. Glass plates (the size of the reactor's base) were
prepared with immobilized titanium oxide. Water flow was recirculated with a peristaltic
pump. The volume of water in the reactor was 3,000 ml. High-pressure mercury light was set
over the reactor to serve as a source of UV light (Luck, 1997).
Fixation of TiO2 in glass plate. Four consecutive layers of a TiO 25% m/v ethanol suspension
were applied with a foamy rubber roller. Following application of each layer, the panels were
sun-dry and once dry, heated at 200° C for one hour in a laboratory oven to eliminate any
remaining organic matter and contribute to the cohesion of the semiconductor. The panels
were washed with distilled water in order to eliminate any semiconductor trace that did not
adhere after the thermal treatment. After applying the last layer, the panels were heated at 280
°C for 2 hours (Byrne, 1998).
Solutions. A stock solution of 17 "-Methyl testosterone (Argent Labs) diluted in ethanol was
prepared with a final concentration of 1 ug/L. A working solution of 3 L of water containing
MT was prepared to assure a concentration of 1 ng/ml. The titanium oxide used was TiO2
P25 (Degussa, Corp.) in distilled water (Colleman, 2004).
Experimental design. This experiment was conduced at the Laboratory of tropical
Aquaculture at UJAT, Tabasco, México. The experiment was a 2 x 2 x 3 factorial experiment
where factor A is the air effect, factor B is the effect of UV light and factor C is the type of
titanium oxide delivery method (attached to a glass plate, in suspension and absent). All
treatments were evaluated in duplicate. Treatments were as follows:
FACTOR A
(AIR FLOW)

FACTOR B
(UV LIGTH)
NO

YES
YES
NO
NO
YES

FACTOR C
(TiO2)
ABSENT
IMMOBILIZED
IN SUSPENSION
ABSENT
IMMOBILIZED
IN SUSPENSION
ABSENT
IMMOBILIZED
IN SUSPENSION
ABSENT
IMMOBILIZED
IN SUSPENSION

TREATMENT
CODE
T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
494

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009
Three liters of water (control or MT-treated) were placed in the reactor and were recirculated
using a peristaltic pump. Water was exposed to treatments for 90 min. Water samples were
collected at 0, 30, 60, and 90 minutes.
Samples were diluted in 40 % methanol (Cromasolv™ Sigma-Aldrich) and the MT
concentration was obtained by Metiltestosterone EIA Ridascreen™ determination kit (R3601,
r-Biopharm) and data were processed by RIDA®SOFT Win software to obtain the final
concentration.
Experiment 2. Use of bacterial degradation. This experiment was conducted at Tropical
Aquaculture and Microbiology Laboratories at UJAT.
For bacterial isolation, heterotrophic bacterial colonies were obtained from biological filter
units present in our masculization tanks. These colonies where isolated from inoculation of
microbiological culture media with materials from the filter (sediments and fouling). Samples
for inoculation were obtained from a traditional 28-day MT-masculinization process (60
mg/kg of food feeding regime). Samples were collected on days 7, 11, 20 and 28. Culture
media used for this phase were nutritive agar, methylene blue and eosin based agar. Only the
best growing and most abundant colonies where selected. Bacteria identification was
performed using the identification system API WEB (Biomérieux™) and dichotomy based
keys (Koneman et al., 1999).
To evaluate the MT degradation capacity based on its use as carbon source, five best-growing
species were cultured on MT enriched mineral media (chemical composition shown in table
1) based on Perez et al., (2006) containing different 17 "-Methyl testosterone (Argent Labs)
concentrations for each 100 mL of culture media (1 #g; 10 and 40 mg MT). Best growing
conditions (based on the MT concentration) were used for the degradation capacity
experiment. Based on this, a complete randomized; one factor experimental design was
constructed, consisting of six treatments: 1) Control: No bacterial colonies added. 2) BC1:
Pseudomonas aeruginosa. 3) BC2: Pseudomonas fluorescens. 4) BC3: Bacillus subtilis. 5)
BC4: Bacillus ceresus. 6) BC5: Serratia marcescens. All treatments were run using mineral
culture media enriched with 40 mg/100 mL of MT and evaluated in triplicate.
Erlenmeyer flasks containing 100 mL of culture media were inoculated with 2 mL of bacterial
suspension containing 15 x 10-8 CFU/ 100 ml (0.5 Mc Farland turbidimetric units). Flasks
were placed in a temperature controlled shaker bath and maintained to constant temperature
and agitation (30° C @ 175 rpm) during a culture period of 26 days. Daily bacterial growth
was checked by plate counting microbiological procedures at 30°C to establish the growing
stages. Samples for MT determination were collected depending on bacterial culture lifetime.
General sampling days were for all treatments on day: 0 (before bacteria added), 2, 6, 10, 16
and 20. All samples were frozen (–20°C) and preserved until processing. Samples were
diluted in 40 % methanol (Cromasolv™ Sigma-Aldrich) and the MT concentration was
obtained by Methyltestosterone EIA Ridascreen™ determination kit (R3601, r-Biopharm) and
data were processed by RIDA®SOFT Win software to obtain the final concentration.
Colony formation units for each species were compared using a Kruskal-Wallis test. Final MT
concentrations among treatments were evaluated by means of One-way ANCOVA using the
initial MT concentration as covariate. Differences between initial and final MT quantity were
analyzed by Kruskal-Wallis test.
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Experiment 3. Use of bacterial degradation of MT in masculinizing systems.
This experiment was conducted at UJAT laboratories, the Microbiology lab for bacterial
biomass and biofilm-biosphere production and Tropical Aquaculture for biofilter inoculation
and fish masculinization.
The experiment was based on one factor with 2 treatments. All treatments were evaluated in
triplicate. Treatments were as follows: 1) Fry fed with MT at 60 mg/kg of food for 28 days;
water recirculated through biofilter without bacterial inoculation (BA). 2) Fry fed with MT at
60 mg/kg of food for 28 days; water recirculated through biofilter with bacterial inoculation
(BP).
Pseudomonas aeuriginosa was selected for running this experiment, since was the most
abundant species. Mass production was achieved using a laboratory-scale bioreactor. Starting
cultures were prepared in a two 250 mL Erlenmeyer flasks containing 100 mL of liquid media
(two-fold concentration); cultures were performed in a static system for 12 to 24 h at 35°C in
a temperature-controlled oven.
Starting culture initiated containing 3.27 E+07 P. aeuriginosa cells/mL, which were
transferred to 2,000 mL Kettler Jar bioreactor (1100 mL working volume). The jar system is
equipped with an air inlet and a high pressure valve. Media agitation and filtered air was
supplied using an aquarium compressor connected to a 0.45 #m Millipore™ membrane air
filter. FCU counts were obtained by normal plate culture count procedure at 30°C.
Polyethylene floating biospheres (450 units) were disinfected by immersion during 48 h in a
10 % (v/v) solution prepared with commercial sodium hypochlorite and washed with distilled
water. Biospheres were transferred to a glass container containing 10 L of similar starting
culture media and then inoculated with 5.7 E+12 cells/mL and maintained for a period of 15
days with one culture media renovation at day 7.
Experimental units consisted of 8,000 L concrete tanks, equipped with a $ HP centrifugal
water pump (10 gpm, Aquapack AP-5X ™ ) for water recirculation. Water was pumped to a
200 L vertical tank containing the biofiltration unit. The biofilter consisted of a 35 cm bottom
layer made of coarse river gravel (~1” diameter) and an upper layer containing polyethylene
biospheres (Aquatic Ecosystems). Water pumped from the masculinization tank was supplied
to the biofilter by a water inlet at the top of the filter spraying the water over the biospheres,
then, by gravity, water passed by the biospheres and gravel to return to the masculinization
tank by a water outlet located near the biofilter bottom. Each tank was stocked with 5,700
tilapia fry (Oreochromis niloticus) obtained from the Tilapia Farm “Pucté del Usumacinta”
located in the county of Emiliano Zapata and then fed for 28 days with feed enriched with MT
at 60 mg/kg food.
After 7 days of fish treatment, bacterial biomass (liquid suspension with biospheres) was
inoculated into the biofilters for treatment BP, in case of no bacterial inoculation only
biospheres were added. Air was supplied to each biofilter for a three day-period and then
water recirculation was restarted. Water samples for MT determination were collected the day
of inoculation and at days 14 and 28 of MT treatment. All samples were preserved frozen (20°C) until processing. Samples were processed directly or diluted in 40 % methanol -depending on MT concentration-- (Cromasolv™; Sigma-Aldrich).
MT concentrations by date, and final growth for total length and weight were compared using
a Kruskal-Wallis test. Sex ratios and final survival were compared by a Chi-square test to
determine efficacy of MT treatment and possible bacterial effects on survival.
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RESULTS
Experiment 1. Use of TiO2, UV light and air. The EIA had a consistent 35.05% (± 2.9) MT
detection efficiency in water samples. However, only detected values are presented in this
report. MT data were bouncing back and forth in all treatments. Some data are non detectable
even at time cero, before initiating treatments, indicating errors in the entire experiment.
Statistical analysis show effects for the factor Air at T0 (Multifactor ANOVA, p=0.01), all
other factors did not show significant effects at that time (p>0.5). However these results must
be taken with caution. MT elimination was observed when air was not supplied to the reactor.
For all another exposition times evaluated (30, 60 and 90 minutes) no effects were observed
for any factor and treatment. MT concentrations for all treatments at each exposition time are
shown in table 2. Some high values for MT concentration were observed for treatments 4 and
7 at 60 minutes of exposition time.
Experiment 2. Use of bacterial degradation. Fifteen species were present in the 140
selected colonies from the sediment and fouling samples. Best growing results were obtained
when 40 mg of MT/100 mL of enriched culture media was used. Species Pseudomonas
aeuriginosa, Pseudomonas fluorescens, Bacillus ceresus, Bacillus subtilis and Serratia
marcescens showed the best adaptation pattern and growing rates for the culture media used.
Bacterial growth obtained for the other MT concentrations used (10 #g &10 mg MT/100 mL)
was not adequate for our experimental goals. The MT sampling protocol was re-defined
according with the growing phases obtained for each species.
Statistical differences where observed for MT enriched media adaptation (KW, p<0.001). P.
aeuriginosa grew faster and with the higher number of microorganisms obtained in a 24 h
culture period, followed of P. fluorescens with initial culture growth at 48 h. Bacillus ceresus
started at 72 h, while Bacillus subtilis and Serratia marcescens showed the lowest speed
growth initiating at 96 and 144 h (Figs. 1 and 2).
The EIA had a consistent 23.98% (± 1.4) MT detection efficiency in bacteria culture media.
However, only detected values are presented in this report. MT initial concentration (as
detectable by the EIA) in the culture media ranged from 6.5 to 11.6 mg MT/100 mL. MT
degradation was observed in cultures with all experimented species, but not statistical
differences were observed among species capacities (ANCOVA, p=0.33). Tendencies were
observed but no differences among MT quantity degradation (KW, p= 0.30). Pseudomonas
fluorescens showed the higher tendency for degradation capacity showing only 0.54 mg
MT/l00 mL at the end of the culture period, followed by P. aeruginosa showing at day 16,
2.17 mg MT/100 mL. Final MT concentrations for all the other species were: 3.12 mg
MT/100 mL for Serratia marcescens, while Bacillus ceresus showed a final concentration of
0.64 mg MT/100 mL and 7.50 mg MT /100 mL for Bacillus subtilis (Figs. 3 and 4).
Experiment 3. Use of bacterial degradation of MT in masculinizing systems. No
statistical differences were observed in MT concentration among treatments for the three days
sampled (KW, p=0.3; Fig 5). An infestation of dragonfly larvae caused high mortality in all
tanks. Statistical differences were observed, with better results in survival when bacteria
biomass was present; however, this result should be taken with caution (Table 3). One
hundred percent males were obtained as a result of MT feeding in both treatments.
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Statistical significant differences were found for final weight among treatments (KW, p=
0.00). Best results were obtained in the BP treatment with 0.26 (± 0.38 g), while in the BA
treatment the final weight was 0.18 (± 0.35 g). No significant differences were observed in
total length (KW, p=0.56). Final length for BP treatment was 23.00 (± 7.40 mm) and 22.65 (±
7.74 mm) for BA treatment.
DISCUSSION
The experiment with titanium dioxide provided confusing results. We have several doubts
regarding the quality of MT used, since our stock was old (provided by Argent, Thailand).
Since MT is restricted in Mexico, making difficult obtaining the chemical. Despite this, in
several tests, we found a consistent, but low detection of MT (35% approximately). The
amount used in the assay was 1 ng/ml (sufficient for EIA detection) but data are inconsistent.
Little can be said about this technique until more experiments are conducted.
In the experiments with bacteria, we found good adaptation of Pseudomonas aeuriginosa,
Pseudomonas fluorescens, Bacillus subtilis, Bacillus ceresus and Serratia marcescens to
culture media containing MT as the only source of carbon and energy. The microorganism
have been identified as part of the microbiota composing bacterial biofilms in natural, clinical
and industrial wet environments, characterized by a minimal presence of nutrients (Piera,
2003; Echeverri, 2002; Escalante, 2002). Biotransformation of steroids by microorganisms
has been reported by several authors (Akherem y Titov, 1972) using the steroid molecule as
the only source of carbon, degrading it to carbon dioxide and water. Despite having good
adaptation results with the five species studied, we consider that Pseudomonas aeuriginosa
showed the best adaptation to culture media enriched with high amounts of MT. The genus
Pseudomonas has been isolated from soils contaminated with polycyclic aromatic
hydrocarbons. It is considered a group capable of utilizing an enormous variety of organic
compounds as substrates to grow; this capability allows them to colonize inhospitable niches
and microenvironments with a limited amount of nutrients that other microorganisms are not
capable of using (Martínez and Martínez, 2003). This versatility is reinforced by the fact that
two species of Pseudomonas were abundantly found in this investigation, showing great
potential for MT degradation.
In this study, we found the highest biodegradation activity in the treatment containing P.
fluorescens, removing up to 97% of the total amount of MT after 16 days of culture and 99%
at the end of the experiment (20 days). B. ceresus also eliminated 99% of MT by the end of
the experiment (day 20). P. aeruginosa degraded 90% of MT by day 10 and 97% by day 16.
The last sample at day 20 was lost due to contamination. Bacillus subtilis degraded Only 10%
of the MT present by day 10 and 26% by day 20, while Serratia marcescens utilized 10% by
day 10 and 40% by day 16, at the end of the experiment we found 40% of the total amount of
the MT used, present in the culture media. These results indicate that the genus Pseudomonas
and Bacillus can efficiently remove MT from culture media. The highest biodegradation
effect was observed during the exponential phase of the bacterial culture. It is well known that
at this stage the number of microorganisms and the microbial activity increase rapidly. We
infer that at this stage bacteria actively take carbon from MT to incorporate it as source of
energy during development (Madigan and Martinko. 2004). The most important bacteria
genus used in this study have been used in other studies to amply biodegrade benzene,
kerosene and biodiesel reaching up to 80-90% degradation of these compounds. One of the
characteristics of the genus Pseudomonas is the ability to catabolize aromatic and aliphatic
hydrocarbons; this characteristic was mainly codified in plasmids (Atlas y Bartha, 2002;
Pineda et al., 2002; Hans, 2005; Pérez et al., 2006). Pseudomonas sp. and Bacillus sp. have
been utilized as bacterial consortiums in hydrocarbon degradation. These groups show and
efficient elimination rate and they have been recommended for bioremediation processes
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(Mohamad et al., 2004). This condition maybe valid for future experiments were both groups
could be tested to demonstrate degradation capacity of MT. Serratia marcescens has also
been used in studies related to biodegradation of oils, diesel, and 2, 4, 6-trinitrotoluene,
showing biodegradation of these compounds similar to those found in the current study with
MT (69-70%; Mohanan et al., 2007; Rajasekar et al., 2007; Montpas et al., 1997).
Bacillus subtillus y B. ceresus are Gram positive microorganisms that form high-temperature
resistant endospores. These endospores have the capacity of remaining latent during several
days, even years. The genus Bacillus has been isolated and studied for its degrading
capabilities of Trinitrotoluene, N-Hexadecane and crude oil, among other chemicals. Studies
have reported that this genus is capable of removing up to 80% of these compounds
(Kurinenko et al., 2003; Patil 2009 et al., 2009). Those results also coincide with the
biodegradation of MT reported in this study.
Our results strengthen the idea that biodegradation of 17 "-Metyltestosterone can be
effectively achieved with bacterial biofiltration using the species isolated in our
masculinization systems. All species tested (Pseudomonas fluorescens, Pseudomonas
aeruginosa, Bacillus subtillus, Bacillus ceresus y Serratia marcescens) showed significant
biodegradation of MT, both in culture media as well as in the water. In the masculinization
trial, bacteria appeared not to have a significant impact on MT concentration; however, it is
possible to see that there is a clear tendency for MT loss with time once bacteria were added.
Lee and Liu (2002) have acknowledged that bacterial activity can be used for degrading
substances such as 17 B estradiol, present in most effluents. Therefore, our results support
that bacterial biofiltration can be used effectively for removing steroids from the water. More
research is needed regarding timing, use of multiple species, optimal conditions and
maturation of the biofilter, in order to achieve better results.
Another important fact is that all bacteria analyzed are very common in al fish culture
systems. In some cases, they have been considered as probiotic organisms. Gram et al., (1999)
reported P. fluorescens as benefic against the action of Vibrio anguillarum and Bly et al.,
(2003) reported it beneficial against Saprolegnia. Despite the high mortality found in our
experiment, the fact that the fish in the tanks with bacteria grew more than those in the tanks
without bacteria (with lower final density), may point out that bacteria is acting as probiotic,
enhancing growth.
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Table 1. Chemical composition of mineral media used for bacteria culture isolated from MT
based masculinization system.
Concentration (g/L) used by genus
Reagent
Pseudomonas
Bacillus
Serratia
(NH4)2SO4
NH4Cl
CaCl2
MgSO4 .7H2O
K2HPO4.3H2O
KH2PO4 .7H2O
FeSO4.7H2O
KCL
Na2HPO4.7H2O

0.1
0.001
0.05
0.1
0.05
0.001
0.01
-

1
0.1
0.1
6.3
1.83
0.1
-

2.38
14.7
0.246
1.36
0.003
2.68

Table 2. Average MT concentration (pg/L) for treatments at different exposition times.
Exposition time (min)
Treatment T0
T30
1
5.24
0
2
3.23
2.6
3
0
0
4
0
43.63
5
58.03
55.41
6
0.12
2.91
7
0
211.37
8
237.85
176.5
9
213.60
406.18
10
164.55
204.39
11
133.32
160.08
12
209.47
250.93
13
0.067
0.092

T60
6.23
0.16
0
3558.00
2.180
108.30
4261.94
171.50
149.82
358.42
494.45
241.78
0.0005

T90
7.94
0
0
12.31
91.78
406.17
104.26
290.64
210.33
193.00
98.62
150.81
0

Table 3. Final results from masculinized tilapia fry after 28 days of treatment concrete tanks
inoculated (BP) or not inoculated (BA) with bacterial biofilms of Pseudomonas aeuriginosa
induced in polyethylene biospheres.
Treatment

Survival (%)

Bacteria Present (BP)
Bacteria Absent (BA)

20.6 ± 5.06a
16.8 ± 2.71b

Males
(%)
100
100

502

TECHNICAL REPORTS: INVESTIGATIONS 2007-2009

Pseudomonas
aeruginosa

Pseudomonas
fluorescens

Bacillus
ceresus

Bacillus
subtilis

Serratia
marcescens

Figure 1. Microbial growing kinetic in mineral culture media enriched with 17"Metiltestosterone (MT) for the selected strains isolated from a masculinization system.

Figure 2. Average (±SE) of total microorganism concentration observed at day 22 of culture
in mineral media enriched with 40 mg/100 mL of MT. Different letters indicate statistical
significant differences. Pa) Pseudomonas aeruginosa; Pf) Pseudomonas fluorescens; Bc)
Bacillus ceresus; Bs)Bacillus subtilis, Sm) Serratia marcescens.
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Figure 3. Microbial growing kinetic (continuous line) and MT concentration (dotted line) for
selected bacterial strains. a) Pseudomonas aeruginosa); b) Pseudomonas fluorescens; c)
Bacillus ceresus in mineral culture media enriched with MT.
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a

b

Figure 4. Microbial growing kinetic (continuous line) and MT concentration (dotted line) for
selected bacterial strain of a) Bacillus subtilis and b) Serratia marcescens from masculinizing
system in mineral culture media enriched with MT.

Figure 5. Average MT concentration in water from concrete tanks used for tilapia
masculinization inoculated (BP) or not inoculated (BA) with bacterial biofilms of
Pseudomonas aeuriginosa adhered to polyethylene biospheres.
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WORKSHOP ON AQUACULTURE, HUMAN HEALTH, AND ENVIRONMENT
Mitigating Negative Environmental Impacts/ Activity/ 07MNE07UM
James S. Diana
University of Michigan
Ann Arbor, MI, 48109-1041, USA
Liu Liping and Jiang Min
College of Fisheries and Life Science
Shanghai Ocean University
Shanghai, 201306, P.R. China
ABSTRACT
The AquaFish CRSP Workshop on Aquaculture, Human Health, and Environment was held
in Shanghai, China from 7-10 July 2009. The workshop was attended by at least 28 people,
including faculty, students, and staff from all Asian host country universities, as well as staff
from the World Wildlife Fund. Professors Liu Liping and Min Jiang made the arrangements
for hosting by Shanghai Ocean University. The workshop served as a wonderful venue for
members of the AquaFish CRSP team to review their progress, discuss future plans, and
consider the relationship between their research program and needs within their countries.
The first day of the workshop presented an opportunity for each project to summarize their
results to date. Altogether, 11 presentations were made on the results of research conducted
by CRSP institutions. There was a lot of discussion among CRSP participants about the kind
of research being done in some countries and the kind that should move forward in other
countries, as a result of the exchange of information and studies being conducted across the
region.
The second day of the workshop focused on interaction among participants regarding the
major issues related to aquaculture that should be a focus for our research programs in the
CRSP. The first step of this process was for each individual to list three issues they felt were
important. Upon review of this list, we summarized the issues by various areas of work and
combined similar areas into the overall list of research priorities. The priorities fell into four
categories: aquaculture practices, fisheries, mitigating environmental impacts, and socioeconomics. After compression of the topics, a total of 26 different areas of research were
listed under these four categories. Each person was then given the opportunity to vote on two
research priorities. Highest priority was given to studies on water quality and effluents,
followed by microcystins, and a three-way tie for third place—sediment management, species
introductions and impacts on indigenous species, and the quality of seed in hatchery
management. These research priorities will be used to consider cross-region proposals in the
next round of RFPs for AquaFish CRSP research.
Workshop on Aquaculture, Human Health, and Environment
The AquaFish CRSP Workshop on Aquaculture, Human Health, and Environment was held
in Shanghai, China from 7-10 July 2009. The workshop was attended by at least 28 people,
including faculty, students, and staff from all Asian host country universities, as well as staff
from the World Wildlife Fund. A list of attendees is in Table 1. Unfortunately, we did not
have a full accounting of the students present, although some students are on the list. The
atmosphere of the workshop was saddened by the deteriorating health condition of its creator,
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Professor Yang Yi, who could not attend the workshop; his health was constantly on our
minds. Professors Liu Liping and Min Jiang substituted for Yang Yi and made the
arrangements for hosting by Shanghai Ocean University. The workshop served as a wonderful
venue for members of the AquaFish CRSP team to review their progress, discuss future plans,
and consider the relationship between their research program and needs within their countries.
The first day of the workshop presented an opportunity for each project to summarize their
results to date. Altogether, 11 presentations were made on the results of research conducted
by CRSP institutions. The quality of these presentations was a clear indication of the high
quality of faculty, staff, and students working on the CRSP, as well as the research questions
in which they are engaged. The agenda is in Table 2, and the enclosed CD includes files of all
of the Power Point presentations given at the workshop. There was a lot of discussion among
CRSP participants about the kind of research being done in some countries and the kind that
should move forward in other countries, as a result of the exchange of information and studies
being conducted across the region.
The second day of the workshop focused on interaction among participants regarding the
major issues related to aquaculture that should be a focus for our research programs in the
CRSP. This section was facilitated by Jim Diana. The first step of this process was for each
individual to list three issues they felt were important and submit them to Jim. Upon review of
this list, we summarized the issues by various areas of work and combined similar areas into
the overall list of research priorities. The priorities fell into four categories: aquaculture
practices, fisheries, mitigating environmental impacts, and socio-economics. After
compression of the topics, a total of 26 different areas of research were listed under these four
categories.
The next step in research prioritization was for each individual to vote on what they
considered the top areas for future research. Each person was given the opportunity to vote on
two research priorities. The 26 aquaculture practices and their eventual vote totals are shown
in Table 3. Highest priority was given to studies on water quality and effluents, followed by
microcystins, and a three-way tie for third place—sediment management, species
introductions and impacts on indigenous species, and the quality of seed in hatchery
management. These research priorities will be used to consider cross-region proposals in the
next round of RFPs for AquaFish CRSP research. Already, participants from different
countries have agreed to sample algal material from their ponds and lakes and provide them
for the studies on microcystins. Such cooperation will be an important component of
integrating the CRSP across the regions of Asia.
Upon completion of the prioritization of research goals, the workshop became more of a
social venue. Participants went on tours of Shanghai, including interaction at Shanghai Ocean
University with the president of the university and several faculty members.
On termination of the workshop, several CRSP members traveled to Chengdu to visit
Professor Yang Yi. While he was quite ill, we were able to speak with him for some period of
time and to inform him of the results of the workshop, as well as plans for our proposal. These
had been serious issues on Yang Yi’s mind, and it was heartening to see him engaged in this
area and interested in its outcome. Unfortunately, he passed from this world two weeks after
termination of the workshop. While he is no longer with us, he clearly has a spiritual
significance to all members of the Asian community of the AquaFish CRSP.
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Table 1. CRSP attendees at the workshop on health and human nutrition, 8-9 July 2009.
Name

Nationality Gender Email Address

James S. Diana

USA

Male

jimd@umich.edu

Madhav Shrestha

Nepal

Male

madhavshrestha1954@gmail.com

Kamala Gharti Chhetri

Nepal

Female

Kishore Kumar Upadhyaya Nepal

Male

Ngugen Phu Hoa

Vietnam

Female

phuhoa0203@yahoo.com

Vu Cam Luong

Vietnam

Male

vcluong@gmail.com

Lai Qiuming

China

Male

lqming815@163.com

Li Jinliang

China

Male

Zhou Ling

China

Female

Wang Weimin

China

Male

Gao Xexia

China

Female

Zhou Xiaoyun

China

Female

Yang Li

China

Male

Jiang Min

China

Female

mjiang@shou.edu.cn

Liu Liping

China

Male

patrick-liu@163.com

Zhang Wenbo

China

Female

Tuong Phi Lai (WWF)

Vietnam

Male

wangwm@mail.hzau.edu.cn
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Table 2. Meeting agenda.
July 7 18:00
Dinner, overnight at Howard Johnson Hotel located at 555 South Xinyuan Road.
July 8 08:30-9:00

Orientation and introduction of the workshop by Prof. James S. Diana
Attendee’s self introduction

09:00-09:30 Group photo
09:30-10:00 James S. Diana: Life cycle analysis of shrimp farming
10:00-10:30 Madhav Shrestha: Polyculture of Sahar (Tor putitora) and tilapia (Oreochromis
niloticus): part 1
10:30-10:50 Coffee break
10:50-11:20 Kamala Gharti Chhetri: Polyculture of Sahar (Tor putitora) and tilapia
(Oreochromis niloticus): part 2
11:20-11:50 Nguyen Phu Hoa: The impact of introduction tilapia on the fisheries and
biodiversity of indigenous species in Tri An Reservoir of Vietnam: part I
12:00-13:30 Tuong Phi Lai: The Aquaculture Dialogue on Pangasius in Vietnam
12:30-13:30 Lunch
13:30-14:00 Vu Cam Luong: The impact of introduction tilapia on the fisheries and
biodiversity of indigenous species in Tri An Reservoir of Vietnam: part II
14:00-14:30 Lai Qiuming: The situation of shrimp culture in Hainan
14:30-15:00 Gao Zexia: Effectiveness assessment of current waste management practices for
intensive freshwater pond aquaculture in Hubei province, China
15:00-15:30 Coffee break
15:30-16:00 Li Yang: Impact of introduction of alien species on the fisheries and biodiversity
of indigenous species in Zhanghe Reservoir of China
16:00-16:30 Jiang Min: Study on water quality in indoor intensive shrimp culturing
16:30-17:00 Liu Liping: Toxic effect of the Microcystis aeruginosa on the red swamp
crayfish Procambarus clarkia and the water flea Daphnia magna
July 9 08:30-10:00 Jim Diana: Discussion of major issues affecting aquaculture in the region
10:00-10:30 Coffee break
10:30-12:00 Jim Diana: Condensing the list of major issues and determining priorities
12:00-13:00 Lunch
14:00

Visit to Shanghai Ocean University, the East Sea Bridge, and Dishui Lake

18:00

Dinner
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Table 3. Summary of votes received and overall ranking for research priorities identified
at the workshop.
Aquaculture practices
Quality of seed and hatchery management
Microcystins mechanistic effects on farmed fish and advice to fish
farmers
Deep water cage culture
Indigenous fish culture
Fish use in feeds and replacement of fish protein
Integration of fish with livestock for small-scale farmers
Disease in culture
Chemical use in aquaculture
Management of rice fish culture

Overall
Ranking

No. of
Votes

3
5

4
2

6
6
6
6

1
1
1
1
0
0
0

3
4

4
3
0
0

1
2
3
5
5
6
6
6

9
5
4
2
2
1
1
1
0

6

1
0
0
0

Fisheries
Species introductions and impacts on indigenous species
Stocking for fishery management and conservation
Understanding food webs
Community management of river fisheries
Mitigating environmental impacts
Water quality and effluents
Microcystins
Sediment management in shrimp culture
Pond effluents as fertilizer for rice fields
Environmental carrying capacity
Environmental impacts on genetic diversity
Role of aquatic animals in eutrophication control
Climate change and aquaculture
Dams and fish passage
Socioeconomics
Certification and best management practices
Food safety
Aquaculture supply chains
Role of aquaculture by small farmers in human nutrition
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