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| NTRODUCTION

The Research Report Series was launched in 1987 under the Pond Dynamics/Aquaculture
Collaborative Research Support Program (PD/A CRSP) as a means of disseminating CRSP
sponsored research. The seriesdaginued under the Aquaculture Collaborative Research
Support Program (ACRSRhe Aquaculture & Fisheries Collaborative Research Support
Program (AquaFish CRSPthe Feed the Future Innovation Lab for Collaborative Research on
Aquaculture & Fisheries (AtaFish Innovation Lab)The complete Research Rejpgeries is
available online alttp://aguafishcrsp.oregonstate.edu/noffering a seardcble interface

In an effort to makeheresearch morevailable to a wide audience, translations in French and
Spanish are provided for a portiofitbe included abstractsadluded with each research report is
information on the authorship and publication source. Copies of the complete reports may be
obtainedby contacting the authors directly.

Reports are ordered chronologically starting with research reports unpublished in our previous
publicatiors between the years 1987 and 20D& previous publicatianThe Collected

Abstracts from the PD/A CRSP ResgaReport Serieand The Collected Abstracts 1996 to

2008 can be accessédrefor the complete research report series publishied { 2008

Following these supplemental abstracts are the calledistracts from the AquaFish CR&#RI
AquaFish Innovation Labesearch reports received betweddebembef008and14 September
2018also entered in chronological order.


http://aquafishcrsp.oregonstate.edu/nop
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AQUAFISH RESEARCH REPORT 87-A02

THE COMMERCIAL FISHERY OF THEPERUVIAN AMAZON

Marcos Javier De Jesus and Christopher C. Kohler

Published in:
Fisheries(2004)29(4).

A combination of increased human population growth, high fish harvest pressure, and adoption
of more technologically advanced fishing equipment by the comaidieet has generated
concerns about the sustainability of fish stocks in the Peruvian Amazon. We assessed the status
of the commercial fishery by conducting interviews with officials of the Peruvian Ministry of
Fisheries as well as with commercial antisanal fishers. We also reviewed pertinent

publications and agency reports written in one of three languages (Spanish, Portuguese, and
English). Based on the trend toward smadlized fish and greater effort needed to achieve full
capacity catches, we ggest the commercial fishery is beginning to show the classical signs of
overfishing. More comprehensive data collection, stringent enforcement of management
regulations, research on the influence of flood level on fish production, and development of an
ewlogically and genetically sound natigpecies aquaculture program are measures we
recommend be adopted to protect and sustain the fishery resources of the Peruvian Amazon.



AQUAFISH RESEARCH REPORT 88-A06

DEVELOPMENT OFAPPROPRIATEPOND MANAGEMENT TECHNIQUES FORUSE BY RURAL RWANDAN
FARMERS

J.F. Moehl, Jr.l, K.L. Veverica?l, B.J. Hansoi, N. Hishamund&

1Rwanda Fish Culture Project International Center for Aquaculture Auburn University, Alabama
35849 USA

2Rwanda Pondynamics/Aquaculture CRSP (Collaborative Research Support Program)
Department of Fisheries and Wildljfl@regon State Universitforvallis, Oregon 97331 USA

3 Projet Pisciculture Nationale B.P. 132 Butare, Rwanda

Published in:
The Second International Symposium on Tilapia in Aquaculiig@3):561-568

With fishponds at elevations of 1,3@0600 m, Rwanda has a unique environment for tropical

fish culture. Average pond temperatures are 21°C in the afternoon. Introductoty &iffo

promoting aquaculture met with farmer support but their approach failed to compensate for
cooler temperatures. Results were minimal with production of onh6R0kg/hal/year, albeit,
thousands of small hardlig ponds were builtVith an evetincreaing population, competition
developed for land and agricultural inputs. Pressure to increase farm outputs, especially those
with high nutritional and cash value, focused attention upon increasing yields from existing
fishponds With no commercial animakgds, few agricultural byproducts, and little chemical
fertilizer, fish production must depend upon limited quantities of organic fertilizer. Within this
scheme, tilapia were viewed as the appropriate fish, although Clarias and carps had been
cultured. Oftilapias culturedQreochromis niloticuproved most suited to management inputs.
Initial work centered upon maximizing pond temperatures through water management. With
appropriate pond depths and water regulation, morning pond temperatures eatCos@mer

than surrounding natural waters. Subsequent efforts focused upon comparing nutrient inputs and
stocking densities. A mixture of grasses and manure was applied at high and low rates with two
stocking densities in ponds with and without stocking dengryduced 854 kg/ha/year, with
management techniques well within the scope of rural farmers. Average production of 1,382
kg/ha/year was obtained from fed ponds with similar management, but with inputs that were not
appropriate for most farmers
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PRODUCTION OFFRESHWATERPRAWNS IN THEMEKONG DELTA

C. Kwei Lin*and Christopher Le€?

1 Asian Institute of Technology P.O. Box 2754 Bangkok, Thailand
2Queensland Department of Primary Industries Brisbane, Queensland, Australia

Published in:
Naga, The ICLARM Quarterl{1992):24-26.

The Mekong River flows through southern Vietnam in two major branches, encompassing a
39,550 km? delta with 14.2 million inhabitants. With open access to vast estuaries, extensively
interconnected rivers and canals constitute most of the aquatic environment in the Mekong Delta:
an ideal habitat for the native freshwater praMagrobrachium rosenbeig (Fig. 1). The

prawns are harvested primarily by a common siedle method using shelter traps. The shelter
traps installed along the edges of rivers and canals are square or rectangular enclosures
surrounded with bamboo or wooden frames, within wpids of tree branches and aquatic
vegetation (water hyacinth) are placed to attract prawns from the open water. Periodically,
fishers surround the shelters with seine nets and remove prawns from within them. Prawns are
harvested all yearound and the fger ones are sold at more than US$4/kg, either to local
markets or government processing plants. Smaller prawns and juveniles are kept alive and sold
to prawn farmers at around US$1.5/kg, which comprises 200 to 300 individuals.

The total annual freshwatprawn production in Vietnam during 1988 was reported to vary
from 5,000 to 8,000 t, most of it from natural fisheries. Unless the harvest of wild juveniles is
managed, it may undermine the sustainability of the natural fisheries.

There have been feefforts to estimate the standing stock of prawns in any given river or
habitat. Nor is there information on catch/effort and rate of natural recruitment for the prawn
population. Without such data, it will be difficult, if not impossible, to assess ttesept status
and predict the future trend of the prawn fisheries.



AQUAFISH RESEARCH REPORT 92-A05

A STANDARD FORMAT FORDESIGN AND EVALUATION OF POND EXPERIMENTS

James P. Szyper

Published in:
Naga, The ICLARMuarterly(1992):18-20.

The USAgency for International Development (US AID) funds a number of Collaborative
Research Support Programs (CRSPs), which conduct research on a variety of food production
issues, always with international collaboration among researchers from the host s@mtrike
United State. One research group is caltbé Pond Dynamics/ Aquaculture (PD/A) CRSP. It
aims to improve yields and reliability of animal protein production through increased
understanding of pond ecosystems. Researchers from universitiesvendrgent research

stations in- four tropical countries (Honduras, the Philippines, Rwanda and Thailand) work with
colleagues from six US universities, usually at more than one site in each country. My home
institution, the University of Hawaii, participad in projects in Thailand and the Philippines.
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NITRIFYING CHARACTERISTICSOF A HIGH RATE PACKED COLUMN

Zhimin Lu ! and Raul Piedrahitat

1 Dept of Bio & Ag Engineering University of California, Davis, 3056 Bainer HalliDaCA
95616

Published in:
J.K. Wang (Editor) Techniques for Modern Aquacultuferoceedings of an Aquacultural
Engineering Conference. Americancsay of Agricultural Engineerfl993) 345 351.

A system of high rate biofilter packed columnswag er at ed using fAsyntheti
order to characterize the operating parameters and nitrification rate for aquacultural water. Two

sets of experiments were conducted: the first was designed to determine the range of hydraulic
loading rates that cddibe achieved with the nitrification columns. The second served to

determine the effect of oxygen concentration on nitrification rate within the coldrree

columns (0.15m diameter and 3 m tall) were fi
seton a 3 mreservoir (test tank). In the first experiment, the columns were operated at three

different flow rates (2 L mifl, 20 L min- L, 40 L min') and dissolved oxygen concentrativas

maintained at 100% saturation. In the second experiment, tleedbitenns were operated at the

same flowrate (24L mi) wi th 150% di ssolved oxygen concen
waste was prepared daily and maintained refri
and activity prior to introduction tdne test tank. The synthetic fish waste was introduced into the

test tank by means of a metering puimpe first experiment verified that the lowest hydraulic

flow rate did not allow effective nitrification in the column. Conversely, the highest flow rate

resulted in high nitrification rate but the column had a tendency to flood or restrict air flow as the

filter matured. The second experiment resulted in nitrification rites that average 0:08%g m

with maximum of 0.15 g Mid™. The second experimentiMbe continued by operating the

columns at alternate dissolved oxygen concentrations (100%, 200%). The higher concentrations

of dissolved oxygen are expected to result in higher nitrification rates.
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EFFECTS OFFEEDING FREQUENCY AND HANDLING ON GROWTH AND MORTALITY OF CULTURED
WALKING CATFISH CLARIAS FUSCUS

Brian J. Buurma? and James S. Diana
1School of Natural Resources, University of Michigan Ann Arbor, Michigan 481086 USA

Published in:
Journal of the World Aquaulture Societ5(2):175182.

Two experiments were conducted to study the effects of feeding frequency on growth, and of
handling stress on growth and mortality, in intensive tank culture of the walking caidisas

fuscus In the firstexperiment, fish were grown from an initial weight of 37 g for 34 d. A fixed
ration of 3.0% body weight per day was divided into either 1, 2, or 3 feedings per day, and fish
were either handled weekly or left unhandled for the entire experiment. Fish3gieedings per

day experienced 19% faster growth (P < 0.05) than fish given the same ration in a single feeding
per day. These differences in growth reflect differences in assimilation efficiency, assuming all
other metabolic costs were constant amorgfitnents. Handling of individuals caused decreased
growth; however, there was no effect on mortality.

In the second experiment, fish were grown from an initial weight of 78 g for 29 d. Fish were fed
either 1 or 2 satiation feedings per day and were ditdwedled weekly or left unhandled for the
entire experiment. Fish fed 2 satiation feedings per day experienced 47% faster growth (P <
0.05) than fish fed 1 satiation feeding per day, which was assumed to reflect a higher level of
food consumption. No effedf handling on either growth or mortality was observed for fish in
experiment 2. Multiple meals per day also reduced depensatory growth among individuals in
both experiments.



AQUAFISH RESEARCH REPORT 94-A09

SOCIOECONOMICFACTORS AFFECTING THETRANSFER AND SUSTAINABILITY OF AQUACULTURAL
TECHNOLOGY IN RWANDA

Joseph J Molnédr Christopher |. Cox Pelagie NyirahabimahaAlphonse Rubagumya

lInternational Center for Aquaculture and Aguatic environments Alabama, Agricultural
Experiment Statio@Auburn UniversityQAuburn, AL

Published in:
Research and Development SerieslB&rnational Center for Aquaculture and Aquatic
Environments, Alabama Agricultural Expermt Station, Auburn University: 16

Beginning in 1983, the Rwanda National FightGre Project helped farmers improve their
ponds and pond management. It also identified and provided a species of tilapialbtettiero
the highelevation, coclwater environment. The report focuses on the experiences of three
specific categories oafmers, about which little systematic information ex@ts.

Interviews were conducted with 115 active farmers including 56 women who were pond group
members or individual operators. Interviews were conducted with 21 dropouts about their
reasons for quittig fish culture. Similarly, 16 emulators were interviewed about their lack of
contact with extension personndihe results suggest that aquaculture has become an integral
part of the diversification strategy of Rwandan farmers. Despite a lesseningritetisty of
extension assistance, farmers continue to grow repeated crops of fish. They express positive
sentiments about the activity, its benefits, and the technical support they receive.

The segment of farmers that has stopped growing fish seeragdabne so for reasons other
than dissatisfaction with the enterprise per se. Dropouts were slightly more involved in other
farm enterprises, but the problems they identified were more related to circumstances in their
household or in the milieu of neigbiing landowners than with fish culture itself. A narrow
segment quit because the water was too cold or otherwise was not conducive to growing fish.
Dropout farmers perceived more time and effort conflicts with other farm enterprises and
household work. Téy were more interested in the cash proceeds of fish culture than the other
sample segments and less likely to feel that the pond was the best use of the land it occupied.

Women in groups seemed the most satisfied and productive segment of the stonlgeeisp

They had larger harvests, they experienced fewer marketing problems, and they were more
attentive to the general practice of fish culture. They also seemed to get better prices. Women in
groups seemed better able to exploit pond bank sales aketimgchannel for tilapia. Friends,
relatives, and neighbors are an immediate network of fish consumers that are readily alerted and
mobilized to purchase fish at harvest. Women in pond groups were characterized by an overlay
of multiple social networksand seem better positioned to distribute fish among rural

households.



Women in pond groups seem to have most effectively realized the promise of fish culture to
yield benefits for families, particularly children. The access to land, sociability, ahapser
gender solidarity in a maleriented society, are major advantages of fish culture for women.
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CALCULATION OF PH IN FRESH ANDSEA WATER AQUACULTURE SYSTEMS

Raul H. Piedrahita! and Aina Seland

1 Department of Biological and Agricultural Engineering, University of California, Davis, CA
956 16, USA
2SINTEF Norwegian Hydrotechnical Laboratory; 7034 Trondheim, Norway

Published in:
Aquacultural Engineering1995)14(4): 331346.

A procedure for the calculation of pH in fresh and salt waters has been developed. The method is
based on a fourtbrder polynomial relationship between hydrogen ion concentration and other
(conservative) water quality parameters.

The method avoids trial drerror estimations and results in a direct calculation procedure that
can be implemented in models developed in various modeling environments, such as
spreadsheets, conventional programming languages (BASIC, C, FORTRAN, PASCAL, etc.) or
specialized modeig languages (ExteM, Stelld™). The method developed is based on the
solution of the full alkalinitypH equation. Because of the need for simplification of the
equations to yield explicitly solvable polynomial equations, the accuracy of the solutions
depends on the simplification made and varies with water properties. Three simplijications are
tested based on a secgmalthirdand a fourtlorder polynomial equation for hydrogen ion
concentrations. The equations have been tested for salinities rangm@ fo03.5% (fresh to sea
water), for temperatures ranging from 0 to 35°C, for total catieara@bon concentrains of 0.1

and 5.0 mmol/liter, and for total ammonia nitrogen concentrations of O and 10 mg/liter.
Approximations are most accurate in watdrhigh total carbonate carbon and low ammonia
concentrations, where the fouhder approximation yields results that are within 0.05 pH units
for the full range of pH values tested18).
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EXPERIMENTAL OBSERVATIONS ONFEEDING BIOLOGY OFBLACK CARP (MYLOPHARYNGODON
PICEUYS)

Shelton WL, Soliman A, Rothbard S

Published in:
Israeli Journal of Aquaculture Bamidgeh(1995)47(2):59-67.

Black carpMylopharyngodon piceysas powerful pharyngeal teeth which adapted for

crushing mollusks. Several species of gastropods are nuisance organisms or intermediate hosts in
parasite transmission. The black carp may serve as an agent for biological control of some of
these pests. Laboratory experiments were conductedttoarious aspects of their feeding

biology. Mouth gape was determined to be a good estimator of the largest size snail that a
particular fish could ingest, crush and swallow. The relationship, gape/total length, can be used
to evaluate the scope of piegor/prey potential in water bodies with snail pests. Fish between

100 and 500 mm had gapes from 7 to 25 mm, respectively. Based on the size of fish tested in
predator/prey studies (12320 mm; gape-17 mm) and gastropod species used, snails of 7 to 17
mm were eaten. Fish between 100 and 200 g-2ZIDmm TL) were satiated at 1.5 to 13% of

the body weight, while fish around 300 g (similar to 320 mm) were satiate@%tdf the body
weight. Based on the limited and small size range of fish examined, BEbguaf snail biomass

could be eaten per day by these relatively small black carp. These preliminary data might permit
some estimate of fish numbers to stock for snail control.
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The Pond Dynamics/Aquaculture Collaborative Research Supporiafrd§D/A CRSP) is a
global research network organized to generate basic science that may be used to advance
aguacultural development. One of a family of research programs funded by the United States
Agency for International Development (USAID), this CR®Puses on improving the efficiency
of aquaculture systems.

The Pond Dynamics/Aquaculture CRSP began work in in 1982 in Thailand, and subsequently in
the Philippines, Honduras, Rwanda, Indonesia, and Panama. Research continues today in
Thailand, the Philipines, Honduras, the US, and until recently, Rwanda. At all the sites, the goal
is the same: to identify constraints to aquaculture production, and to design responses that are
environmentally and culturally appropriate.

The PD/A CRSP has conducted a GlbBxperiment for over ten years. The Global Experiment
has served as an organizing framework for guiding parallel studies in diverse locales in the
tropics. Researchers have conducted a series of standardized research trials at each site,
establishing badine data on physical, chemical, and biological processes as they relate to fish
growth. The research network has focused on tilapragchromis niloticul although some

sites have devoted attention to marine shrimp and other locally significant spédsaeport
examines the impact of he networkodés investiga

12



AQUAFISH RESEARCH REPORT 96-A03

STRATEGIES FOR STOCKNMG NILE TILAPIA (OREOCHROMIS NILOTICUBIN FERTILIZED PONDS

C.F. Knud-Hanser and C. Kwei Lin2

1 Department ofisheries and Wildlife, Michigan State University, East Lansing, Michigan,
48824, USA

2 Asian Institute of Technology, Agricultural and Food Engineering Program, G.P.O. Box
2754, Bangkok, 10501, Thailand

Published in:

R.S.V. Pullin, J. Lazard, M. Legendre, J.B. Amon Kothias, and D. Pauly (edifbes) hird
International Symposium on Tilapia in AquacultuLARM Conference Proceedings 410
76.

In a 149day growout experiment, we tested the effects of stockingitigrpartialharvesting

and intermediate stocking on net fish yield (NFY) and harvest size of Nile tflapp@chromis

niloticus). Sex reversed male tilapia were raised in-28@arthen pondsyhich received 8 kg

dry weight ¢ hiAc deih unesaanduriplsupdkphdsphate supplement to give a
total fertilizatA othangrl®d ke A 3 adsdhe fivktpatnentfwere a
three stocking densi t3feiss hofs tOa 8k etwithen 0a.n&d f2i. s4t
additi on a#fadded &ter 2.5 rmonthsfandiiisit o c k e d a Bwith50% off i s h A 1
fish removed after 2.5 monthStocking density significantly affected fish yield-(.57,

P<0.02); extrapolated mean NFiYponds stocked at 0.861. a nd 2 2dWerefl4.% 10.2A m
and 25.% &adspactively; mean weighlts were 3
respectively. Mean NFY forthei r st 2. 5 mont hdA ekiaperelsdseocked3 9. 0
at 2. 42 RaitiastockiAg gve slightly higher total NFYs than partial harvesting, or 21.7
kgAlAhdagmpar ed t -8 1dsagditionalgtdckirg did not significantly affect

fish growthof the originally stocked fish. Mean harvest weights of fish stocked at 0.8 figim
weresi mil ar to the first stocked fish-?2aftar t he tr
2.5months. Results suggest a partial intermediate stocking and partial harvesting strategy may
produce annual tilagiag tyhi enlecasn owvfe i It ksg o viea 30

35
k
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An experiment to assess the effects of water mixing on production of Nile ti@padghromis

niloticus) in fertilized earthen ponds was performedhat Asian Institute of Technology in

Thail and. Mal e f i ng é&gréwitmfigasweightsmfcl@6e38 g im173 daysf i s h
in nine ponds of approximately 37 individual surface area. Yields were statistically
indistinguishable among treae nt s, a v e r ¥g iyfngihre® poads of 1.8 m depth
whose water was mixed f d&k (éevabreersimilarbsitummxedh davy ;
ponds: an@ Wadhreaunidixechpands of 0.9 m depth. Survival was signifly

lower in the deep mixed ponds (72% compared wit®3%). Fish grew more rapidly and had

larger final weights in the shallow unmixed ponds, which had larger standing stocks of
phytoplankton, as measured by chlorophyll a, and greater rates of geslsell oxygen (DO)
production per unit volume during most of the growth period. Treatments did not differ in gross

DO production per unit area. Daily mixing produced higher nighttime bottom oxygen
concentrations up until 2300 hours, but did not changenagt®@ DO minima. No treatment

related differences in ammonia concentrations or other water quality parameters were found. The
oxygenrconserving effect of mixing was not effective in enhancing production of this species,

which grows and survives well in onixed ponds, tolerating or avoiding waters of low oxygen
content. Mixing and aeration strategies must be examined carefully for both detrimental and
beneficial effects.
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The various chemicals dissolved in the water, as well as the temperature and other physical
attributes of water, all combine to form what is called water quality. For aquaculture systems,
changes in water characteristibat improve the production of an aquatic crop would be
considered improvements in water quality, while those changes reducing production would be
considered degradation of water quality. This definition is important in aquaculture, because the
utilization of water to grow aquatic crops at high densities often results in chemical attributes
which, by environmental standards, may be considered reductions in water quality. Unless these
changes reduce the production, safety, or value of the target organignvotild not be

considered degradations of water quality for aquaculture purposes. Good water quality
characteristics will be considerably different for some species than for others. Characteristics that
enhance production of tilapia might be detrimentadecies such as rainbow trout. Species are
often chosen for aquaculture because of their tolerance to poor water quality (Chapter 8). Thus,
water quality must be viewed in the context of the species cultured. This chapter reviews the
guality of water in elation to production of tilapia in sermtensive to intensive ponds.
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Pond Fertilization to increase fish yields has long been practiced throughout the world. It is a
well-known tradition in China to utilize animalanures and human excreta as major sources of
pondinputs for polyculture of the major Chinese carps (Ling, 1967; Wohlfarth and Schroeder,
1979). The uses of inorganic fertilizer were introduced more recently in temperate regions
(Mortimer, 1954; Gooch, BY¥). There is voluminous literature on pond fertilization,

documenting many conflicting and inconsistent results based on various types of fertilizer, rates
of input, and methods and frequency of application (Coleman and Edwards, 1987). Those
controversialviewpoints may actually reflect the differences in the physical and chemical
environments of experimental ponds as well as variations in cultured fish species and stocking
densities. Some of the problems have also stemmed from the lack of properatdgsigns

with sufficient replication and common protocols for pond fertilization experiments. A major
thrust of the PD/A CRSP during the past 14 years has been to develop a data base for pond
dynamics and fertilization management strategies for pondreulfhe common global

experiments were conducted primarily on pond fertilization and its impact on water quality and
fish yield. The practical goal was to provide fish growers with sound strategies and guidelines for
pond fertilization. Standardized fdizer experiments were carried out during 2 to 3 years at sites
in Honduras, Indonesia, Rwanda, Panama, Philippines, and Thailand. Work plans for global
experiments consisted of simple inputs of phosphorus to calibrate sites, comparison of inorganic
and oganic fertilizers, and comparison of various loading rates of organic fertilizers. Some site
specific experiments were also conducted, depending on the needs of the individual site and the
perspective of the researchers. Standardized experimental desdigorkplan protocols were
followed at all sites (Egna et al., 1987). Results from the various sites are comparable because
Nile tilapia (Oreochromis niloticuswas used as the cultured species with specifistbbth

grow-out cycles, during which measuremte of water quality, fish sampling, and methods of
fertilizer application were standardized.
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The importance of soil characteristics in pond construction was discus€éapter 5.
Characteristics and condition of bottom soil are also important in pond management. The
exchange of substances between soil and water affects water quality, which in turn influences
fish production. Although it is generally recognized thatetere strong effects and interactions
among soil characteristics, water quality, and fish production in ponds, much more attention has
been given to water quality than soil condition as a factor limiting fish production in ponds. The
PD/A CRSP has placezinphasis on measuring the effects of pond water quality variables on
fish production and developing management procedures for improving water ddalitgver,

some research has been conducted on pond soils, and future work on pond dynamics will no
doubt fave a greater focus on pond soil condition. The purpose of this brief chapter is to provide
the reader with an overview of the role of bottom soil in pond aquaculture and to provide a
summary of PD/A CRSP research on pond soils.
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Growth in Fishes in aquaculture is a complex process by which ingested energy is converted to
biomass. The efficiency of this conversion is regulated by the growth potential of the organism,
its trophic status, and various abiotic factors sudoad supply, temperature, and adverse
environmental factors brought about by the conditions in which the fish are cultured.
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Aquaculture of tilapia originally developed as an extensive to-gamsmsive system for local
consumption (Pillay, 1990). While this sort of aquaculture continues today, high demand in the
U.S. and elsewhere has made intensive production and export of tilapia more feasible
(Anonymous, 1995). Such culture systems usually include provision of faeduwa compete

feed. Utilization of such feed may be made more efficient by certain feeding practices or
techniques. It may also be more cost effective because it utilizes locally available items rather
than relying entirely on imported complete feeds. phgose of this chapter is to review CRSP
experiments related to supplemental feeding of Nile Tilapia and to put these into context as they
relate to water quality and to pond fertilization.
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Tilapias originated in Africa. They have a rapid growth rate and relatively few diseases, probably
because of the nature of the environment within which they have evolved, with its regular
droughts and other stresses. They have become one of the moshieatigamportant group of
cultured species. Tilapia farms are widespread in the tropics and subtropics. The fish reared in
ponds, cages, or pens, and they grow well in freshwatebpras#tish wateenvironments. The

high fecundity of the fish, its rapid growth rate, its few disease problems, and the ready
availability of tilapia fry have resulted in intensification of production. Papers of diseases of
tilapia were first published early this century.

Under the original extensive or seintensive culture systems, tilapias were more resistant to
disease than many other fish species (Roberts and Sommerville, 1982). However, the
intensification of culture systems and resultant deterioration in theoenvent have been
associated with an increase in parasitic and infectious disease problems.

Formerly, parasitic diseases appeared to be more significant than other forms of infection, but the
incidence of nonparasitic infections appears to be increaSomgsequently, although the

literature on infectious diseases of tilapia is increasing rapidly, there has only been a slight
increase in the reports of parasitic problems (Vega, 1988).

This chapter reviews the work on diseases of both wild and cultlapas.
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Modeling and the development of decision support systems for pond aquaculture have received
considerable effort and support under the Pond Dynamics/cAitiuee CRSP (PD/A CRSP).

Models have been used as means for analyzing and organizing information and knowledge about
aquacul ture ponds. The models have served to
design field experiments to test those assumptidaghe information base has improved,

decision support systems have been designed for management purposes.

The current state of the art of pond modeling is very difficult from what it was at the initiation of
the PD/A CRSP. At that time, Marjanovic a@dlob (1986) and Bernard (1986) conducted
literature reviews of various aspects of pond modeling, especially as it referred to the types of
ponds that were to be studied under the PD/A CRSP. In their reviews, they found that a great
deal of related inforntaon existed but that there had been virtually no modeling of tropical
aguaculture ponds. Related information found by Marjanovic and Orlob (1986) and by Bernard
(1986) included models developed for lakes and reservoirs intemperate areas, as well as
information about processes that are important in determining water quality in ponds.

General reviews of modeling of aquaculture systems have been conducted recently (Cuenco,
1989); Piedrahita, 1991), and their work will not be repeated here. The objecting aidpter

is to review and highlight the contributions of the PD/A CRSP to the status of aquaculture pond
modeling and to the development of decision support systems for pond aquaculture. The review
will include examples of different types of models afidiecision support systems developed

under the PD/A CRSP. The examples will be preceded by a brief description of the data base
established under the PD/A CRSP and of its significance to the development of aquaculture
science.
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Although aquaculture as a farming practice dates back thousands of years, during the last three
decades several simultaneous occurrences have stimulated scientific research of shellfish and
finfish cultivation. First, pecapita consumption of fish, long appreciated as an excellent source
of dietary protein, is increasing across the globe. Second, in countries with rapidly expanding
human populations, natural waters no longer meet the growing demand for fish due to
overfishng and water quality degradation from poor watershed and waste disposal management
(Edwards, 1991). And systems, and pelleted feeds, have moved the production of commercial
species (e.g., the tiger prawn and channel catfish) into-tar@je operations.

As aquaculture research rapidly expands in all directions, new species are constantly being
considered for grovout and market potential. EQg production and fry rearing strategies are
improving with experimentation. Investigations into senténsive andntegrated farming
management often relate inputs (e.g., manures, cassava leaves, and urea) to water quality,
primary production, and fish yield. Identification of nutritional requirements has helped develop
more efficient formulated feeds for intensivehfisulture systems. Progress has been made. But

as the irony of science would have it, from each question answered springs forth more questions
posed.
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Commercial shrimp farming in southern Honduras began in 1972 with the establishment of Sea
Farms ofHonduras near Punta Raton on the Gulf of Fonseca. Sea Farms was located on playon
(salt flats) and private land shared with cattle ranchers. Water was pumped from Estero Los
Butus, an embayment ofthe Gulf of Fonseca. Sea Farms expanded from 45 to alheutBe@s
during the decade that followed, accounting for almost all shrimp production in Honduras.
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Shrimp farms in Latin America typically have relatively low stocking rates and are managed
without aeration. Nutrient budgets for these farms have not been well established. Intake and
discharge from 21 ponds on six shpifarms located on estuaries or embayments of the Gulf of
Fonseca in Honduras were characterized during rainy and dry seasons. Mean shrimp stocking
rate, yield, and feed conversion ratio FCR. for these ponds were?8638nkg/ha, and 2.74,
respectivelyMean intake values of soluble reactive phosphate (SRP), dissolved inorganic
nitrogen (DIN), total nitrogen (TN), total phosphorus (TP) and B@Bre significantly higher

in estuaries than in embayments during both seasons. Water exchange produced & mean ne
discharge of TN, TP, BOf chlorophyll a, COD, total alkalinity and salinity, and a mean net
intake of DIN; mean SRP was practically equal in discharge and intake water. Each kilogram of
feed nitrogen and phosphorus applied to ponds resulted in 0.ZInkg mtrogen discharge and
0.16 kg of net phosphorus discharge by water exchange. Use of inorganic fertilizers promoted
net discharge of phosphorus and nitrogen. Net nitrogen discharge by water exchange
significantly increased as nitrogen input by feecreased (P<0.01). Ponds gained nitrogen
primarily from intake water (63%) and feed (36%), and nitrogen was lost primarily from water
exchange (72%) and harvested shrimp (14%). Ponds gained phosphorus mostly from intake
water (51%) and feed (47%) and phiospus was lost primarily from water exchange (56%) and
harvested shrimp (9%). About 7% of input nitrogen and almost a third (31%). of input
phosphorus were not accounted for in measured losses, and presumably were fixed or
metabolized in ponds. Mean consien of feed nitrogen and phosphorus to shrimp flesh
averaged 41% and 20%, respectively. Each kilogram of shrimp production resulted in 16.8 g of
net nitrogen loss and 2.3 g of net phosphorus loss by water exchange.
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This study was conducted in Dai Tu district of Thai Nguyen province during NovetQog&r
January 2003 to assess the aquaculture development potential for watershed ponds by integrating
socioeconomic and environmental data into GIS database, detecting land use change, and
identifying and estimating potential areas for aquaculture dpwedat in watershed ponds. The
sociceconomic and environmental data were collected usingesteuestionaires and &ld
measurements. Three SPOT maslfiectral band satellite images were used to detect land use
change during three periods of 199998,19942002, and 1998002. For land suitability
evaluation, the suitability ratings were established accordiRrg\@ classifcation in termf
suitability of land for defied uses. Aquaculture production and economic returns from
interviewed farmers wengsed to verify the results and comparisons among different land
suitability levels.

The present study has predicted that about 4.7% (2,725 ha) of the total land area of 57,618 ha in
Dai Tu district are suitable sites for watershed pond constructiorparechto the existing 404

ha watershed ponds. The present study has demonstrated the usefulness of integration of remote
sensing, GIS and attribute data to select suitable sites for the development of watershed ponds,
and the importance to be a useful ttwylplanners to develop strategic plans for aquaculture
development.
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When fish @ae recovered from ponds, the effluent is often drained presenting both an
environmental challenge and an agricultural opportunity. The effects of irrigation with pond
effluent and its interaction with applied fertilizer were assessed in a field expetisiegt

French beanRhaseoulus vulgarjsover two growing seasons near Sagana, Kenya. Fresh yield of
beans was recorded at harvest, and leaf samples were collected for determination of tissue
nutrient concentration. In the first season plots receiving veaigr and fertilizer at

recommended rates had the highest yield (9.1 Mg fresh pt¢dwahile those receiving no

fertilizer or irrigation had the least yield (1.3 Mg fresh pod)hén the second season, the

highest (4.4 Mg hd) fresh pod yield was obsved in pond effluent irrigated and fertilized plots,
while the lowest (1.3 Mg h8 was observed in nonirrigated/unfertilized plots. Low nutrient

status in the pond water was responsible for low yield where it was substituted for canal water.
Pond watefrom the Sagana Fish Farm supplied low amounts of nitrogen (N) and phosphorus
(P) for crops, indicating that recommended rates of mineral fertilizers should be used when pond
water is used for irrigation.
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This experiment was conducted in nine 28@arthen ponds at the Asian Institute ef

Technology, Thailand for 133 days from 21 May to 2 October 2003, to investigate effects of
adding shrimpRenaeus monoddmto" intensive Nile tilapia@reochromis niloticusponds on

the growth performance, watguality and nutrient utilization efficiency in different stocking
combinations of tilapia shrimp polyculture. There were three treatments in triplicate each: tilapia
at 11nt and shrimp at 151#{low tilapia density), tilapia at 21f@and shrimp at 151A¢medium

tilapia density), tilapia at 41frand shrimp at 151fr(high tilapia density).

Mean daily weight gains and final mean weight of tilapia in the low tilapia density treatment was
significantly greater than those in the medium and high tildereity treatments, between which
there was no significant difference. However, total weight gain, and net and gross yields of
tilapia were highest in the high tilapia density treatment, intermediate in the medium tilapia
density treatment, and lowest metlow tilapia density treatment. Final mean weight of shrimp
was not significantly different among all treatments, however, survival and net and gross "yields
in the high tilapia" density treatment were significantly poorer than those in the mediunwand lo
tilapia density treatments, between which there were no significant differences.

Nutrients incorporated by Nile tilapia biomass accounted far 48.01%, 52.89%, and 48.99% of
TN, and 60.55%, 68.47% and 62.25% of TP inputted from fertilizer and pelletilifethe

low, medium and high tilapia density treatments, respectively, while shrimp recovered only
1.10% and 0.33% of TN, and 0.55% and 0.27% of TP in the low and medium tilapia density
treatments. However, nutrients were lost through deaq shrimps higtnélapia density

treatment. Overall mean DO concentrations at both surface and bottom were highest in the low
tilapia density treatment, intermediate in the medium and lowest in the high tilapia density
treatment. Overall mean concentrations of TANdied to be higher at higher tilapia denstiie
present experiment indicated that adding shrimp into Nile tilapia ponds is technically feasible,
however, more research is needed to optimize the tipienp polyculture system.
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An experiment was conducted at the Asian Institute of Technology, Thailand, to investigate
effects of fertilization rates and salinity levels on the growth ofreggrsed, Thai red tilapia
(Oreochromissp.). The experiment was dgsed to test two fertilization rates (28 kg Nand 7 kg

P ha week?, N: P=4:1; and 14 kg N and 7 kgPaeeek?, N: P=2:1) and three salinity levels

(10, 20, and 30 ppt) in brackishwater. An additional treatment using optimized fertilization rates
(28 kg Nand 7 kg P haweek?!, N: P=4:1) in freshwater ponds served as control. Red tilapia
fingerlings (20.223.7 g size) were stocked at 2.4 fistt m 5-m? cement tanks with soil

bottoms. These were cultured for 160 days.

Growth performance of red tilapia was better in brackishwater than in freshwater. Growth of red
tilapia in brackishwater was inversely related to the salinity level€)(63, P <0.05),

decreasing significantly with increasing salinity. For a given salinity level, there was no
significant difference in size at harvest for the two fertilization regimes (P > 0.05). Best growth
performance was achieved in the treatment with N:P odtdol at 10 ppt salinity.
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An experiment was conducted at the Asian Institute of Technology, Thailand, to investigate
effects of feeding regimes on growth ofsexersed Thai red tilapi@feochromissp.). There
were five different spplemental feeding regimes: 0%, 25%, 50%, 75% and 100% of satiation.
Red tilapia fingerlings (33:33.4 g size) were stocked at 62.5 fisHi im fifteen 0.8m® net cages
suspended in a 2602 earthen pond and cultured for 90 days. The pond was maintiniédo
salinity and fertilized weekly at rates of 4 kg N and 1 kg PdHaGrowth performance of red
tilapia was significantly better in feeding treatments than in thefegaing treatment. Red

tilapia growth and average feeding rate increased butdfdm”e~ economic return decreased
with increasing percentages of satiation feeding levels from 25% to 100%. Considering low
FCR, good growth and yield performance, high economic return and potential for growing to
greater size, 50% satiation feeding wass itinost efficient feeding rate.
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An experiment was conducted in twelve 200earthen ponds at the Asian Institute of

Technology, Thailand, during November 1997 through Ai888. The experiment was

conducted for 149 days to assess effects of aerobic and anaerobic conditions at pond bottom on
organic matter decomposition and nutrient release, as well as the effectiveness of common carp
(Cyprinus carpid in removing organic mgdr from pond sediments and recycling nutrients in

Nile tilapia (Oreochromis niloticusponds. The experiment consisted of four treatments: (A)

tilapia monoculture with water mixing; (B) tilapia monoculture without water mixing; (C)
tilapia/carp polycultue with water mixing; and (D) tilapia/carp polyculture without water

mixing. Sexreversed alimale Nile tilapia were stocked at 2 fiskrat a size of 812 g in all

ponds, while common carp fingerlings at 0.3 fisf @b a size of 147 g. All ponds were

fertilized with chicken manure at the rate 1,000 ktviieek® (dry matter basis) to create

anaerobic bottoms. Aerobic pond bottoms in water mixing treatments (A and C) were created by
fixing a submersible pump (0.5 kW) 30 em above the bottom of eachipoma surface and

bottom water.

Results of the experiments indicate that inclusion of common carp into Nile tilapia ponds was
effective in recycling nutrients, and might be effective in removal of organic matter if more
common carp are added. Water mgin the experiments largely reduced phytoplankton growth
in both moneand polyculture ponds. Water mixing did not affect the growth of Nile tilapia in
monoculture ponds, but significantly (P < 0.05) reduced the growth of both Nile tilapia and
common carpn polyculture ponds.
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An experiment was conducted for 150 days at Cantho of Vietnam torie¢ethe appropriate
stocking density of caged climbing perdn@bas testudineys Nile tilapia Oreochromis
nilocticug ponds, to assess the economic and environmental benefits of this integrated cage
cum-pond culture system. One of the 4 cage wasuspended in each of twelve 108 earthen
ponds, and three ponds of same size served as control without cages. Climbing perch fingerlings
9 g in size were stocked at 50, 100, 150, and 200 fish/oages, while Nile tilapia fingerlings

of 10g size weretecked at 2 fish/rhin all fifteen ponds, giving caged climbing perch to open
pond Nile tilapia ratios of 1:1, 2:1, 3:1 and 4:1, respectively. Caged climbing perch were fed
commercial pelleted feed (ZB% crude protein) at rates of 5%, 3% and 2% bodyheigr

day during the first, second and the remaining months, respectively. The control ponds were
fertilized weekly with urea and TSP at 28 kg P/ha/week, while no fertilizers were applied in the
treatment ponds.

Survival of climbing perch in the highestmsity treatment (97.1%) was significantly lower than
that in other treatments (9999.6%; P<0.05), while there was no significant difference in
survival of Nile tilapia, ranging from 72.5% to 87.2% (P>0.05). Final mean weights of both
climbing perch andNile tilapia were not significantly different among all treatments, ranging
from 19.5 to 20.5 g and from 111.5 to 133.9 g, respectively (P>0.05). Total Harvest weight of
climbing perch, ranging from 400 to 15.2 kg/cage, increased significantly with imgeas
stocking density (P<0.05), while total harvest weight of Nile tilapia was highest in the 150
fish/m3 treatment (22.7 kg/pond), immediate in other cage treatments2(1.9.@g/pond), and
lowest in the control (15.8 kg/pond; P<0.05). The combined waahts of both climbing perch
and Nile tilapia in the higldensity treatments (35.0 kg/pond in 150 fishfreatment and 35.8
kg/pond in 200 fish/mtreatments) were significantly greater than those in thediemsity
treatments (23.0 kg/pond in 50Hig?® treatment and 28.2 kg/pond in 100 fishtneatments;
P<0.05). FCR of climbing perch in all treatments was very high, ranging from 5.05 to 6R0. FC
was lowest in the 150 fishAtreatment, intermediate in the 100 and 200 fishfeatment, and
highest in the 50 fish/frtreatment (P<0.05). The results indicate that caged climbing perch to
openpond Nile tilapia ratio of 3:1 was the best. Further aesein feed protein level and feed
strategy should be conducted.
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The results of a study in Peru that evaluated three food sources foldamatropomurandP.
brachypomusndicated that althougArtemiaare a more readily available and reliable larval
food sourceMoina sp appear to be a cesffective substitute for use in the Amazon Basin.
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Colossoma macropomug@uvier 1818), known as black pacu in the United States, seitend
largest scaled fish aftérapaima gigagOsteaglossidae) in the Amazon basimeaching

weights of 30 kg in the natural environment (Goulding and Carvalho 1982jishHeas
excellent characteristics for use in aquaculture (Campos 1986;:F#aih19861991; Van der
Meer 1997), which include, reproducing under aquacelconditions; beintpw on the food
chain; accepting prepared feed; being highly resistant to disease, haadihgoor water
quality; having rapid growth; being amenable to high density; havingrhayket acceptability;
commanding a high price; amadso, being marketable as an ornamefigal Countries in Latin
America culturingColossomaand similar species include ArgentiiBglivia, Brasil, Colombia,
Costa Rica, Ecuador, Mexico, Panama, Peru, and Vend&iglae 1).Colossoma
macropomuntas als been introduced into the United States, Afraoad Southeast Asia
(Lovshin 1995). Until recently, problems associated with lgpvatluction and nutrition,
exasperated because much of the information about its culdispersed or unpublished, have
limited viable aquaculture ventures with this group\ofazonian fishes. Brazil is the first
country that has commercially cultured these charg@dsSilva et al. 1976). Very few
researchers have access to the advances in cultdnaraicids because muchthe research
appears in agency reports and, to further complaigsemination of information, appears in
different languages. There are hundreds of pagatiered throughout the region that require
scientific analysis to establish a successtutural program. Approximately 54% of the
publications/reports are in Portuguese, 40% are in Spanish, and very few are in English and other
languages. This chapter is an attempt to compile some of the more relevant inform&tion on
macropomunand related spées.
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These preliminary studies were conducted to understand some of the basic reproduction
parameters of the indigenous ca@pjnibarbus denticulatu®shima 1926) as a prelude to more
specific research studies, and the subsequent development of hatcheslotgch®onad and
oocyte development was assessed overmdh period. Observation of the annuli rings of the
fish scale was found to be a reliable means of measuring fish age. Mature males were smaller
and matured earlier (4 years) than females (5 ye@ne gonadosomic index revealed two peaks
(April and October). Oocytes, developing at various stages were examined from January to
March. In January the oocytes sizes were uniformly small. Two distinct esizggroups were
observed in the February splimg and three size groups were observed in March. The
proportion of largesize oocytes (55%) was higher compared to-sme (26%) and smatlize

(19%) oocytes during the near peak spawning months. The average number of oocytes in the
ovaries in a femaleas 31,041. The mean sperm concentration was 8.42+0.36 million cells per
ml with only a small amount (3.3+0.2 ml) of total expressible milt per male. However, when
induced with LHRHa the milt production increased to 6.2+0.5 ml without an increase atahe t
number of sperm cells. The species shows potential for mass production; however, low fecundity
and late puberty could present obstacles to artificial seed production.
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Although many freshwater prawn farms in Bangladesh are swmalé operations, larger
commercial facilities are driving production increases in the country. A survey of 100 prawn
farmers from four prawsfarmingareas indicated that nearly all farmers practice polyculture of
prawns with carp. Primarily using hatchery fry, they apply modified extensive practices that
include fertilization and supplemental feed.
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Sediment samples were collected from 42 catf@hrfas hybrid ponds, 40 freshwater prawn
(Macrobrachium rosenbergiponds and 18 car@Pgntiusspp.) ponds in Thailand. Regression
analysis revealed that pond age3Q years) was not a major factor influencing the physical and
chemical composition of pond sediments. Sediment depth, F+S hdnizkndss and bulk

density of S horizon were greater (P<0.05) in carp ponds than in catfish and prawn ponds. This
occurred because sediment was removed from catfish and prawn ponds more frequently than
from carp ponds. Total carbon, organic carbon and mitrmigen concentrations were greater
(P<0.05) in carp ponds than prawn and catfish ponds. Few ponds had sediment organic carbon
concentrations above 3%, and carbon:nitrogen ratio values did not differ (P>0.05) among ponds
for the three species. Total pipb®rus and other sediment phosphorus fractions increased in the
order prawn ponds, carp ponds and catfish ponds. Sediment sulphur concentrations also
increased in the same order. There were no differences in major or minor nutrient concentrations
in sedimat that would influence aquacultural production. Although there were significant
correlations (P<0.05) between various sediment quality variables, no single variable or group of
variables would be useful in estimating sediment quality. Pond bottom mansgaaetices

used by producers in Thailand included drying of pond bottoms between crops, liming, tilling
and periodic sediment removal. These practices have maintained relatively good bottom quality.
They should be continued in Thailand and adopted iergitaces.
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With almost half the global production and a quarter of global consumption, China is a critical
player in the tilapia industry. In recent years, the quality and variety of Chinese tilapia products
have improvedand stateof-the-art processing plants now handle the huge volume of product.
New products and packaging are promoting additional internati@ma&nd.
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Effects of dietaryHipoic acid (LA) and ascorbic acid (AA) on the growth, tissue vitamin C and
tocopherol (vitamin E) levels, and malondialdehyde levels were examined in the tropical fish
pacu, Piaractus mesopotamicus. Pacu juveniles were fed one of fourgelagimbased diets

for 8 weeks: with 0.05% AA and 0.1% LA (+AA+LA), with AA and without LA (+ARA),

without AA and with LA { AA+LA), and without AA and LA (AATLA). When the fish

received quantities of feed equal toiR%% of its body weight, growth was not indinced,
regardless of the presence of AA or LA throughout most of the experimental period. Growth
was, however, slightly but significantly lower at week 8 in the AA deficientdufplemented
group. An AAdeficient diet caused a highly significant reductioboth total AA and
dehydroascorbic acid content in the liver and gill tissues. This reduction of tissue AA
concentrations was reversed in a significant manner by LA (antioxsaning effect). The-8
weeklong vitamin C deprivation was sufficient tatiate the reduction in tissue ascorbic acid;
however, total ascorbate in the liver of fish in theA@/(+)LA group was 127.7+54.3 nmol §
tissue, whereas it was 28.6+26.3 nmalig the { )AA/(T)LA group, a 4.4fold difference. This
mitigating effect of the addition of the endogenous antioxidant LA to the diet indicates that LA
exerts a vitamin &paring effect in teleost fish that by far exceeds the phenomena demonstrated
in nongurvy-prone mammals. There was no difference among the different diet groups for
vitamin E and malondialdehyde levels in the liver. These results suggest that LA is a potent
substance for the prevention of AA deficiency in cultured fishes. The optimaiydietel of LA
needs to be determined in the light of the slight reduction in body weight gain after 8 weeks of
feeding in the absence of AA.
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An onstation trial was conducted fourteen 1062 earthen ponds at the Bangladesh
Agricultural University (BAU), Mymensingh, Bangladesh during JDgcember 2001. This trial
was designed to evaluate different fertilization regimes currently used for aquaculture in
Bangladesh, and to comage effects of different fertilization regimes on fish production, water
quality, and economic returns. There were five fertilization regimes for culture period as
treatments: (A) PROSHIKA fertilization regimaveekly application of 1,000 kg cow dung per
hectare; (B) BRAC fertilization reginmieweekly application of 156 kg cow dung, 28.125 kg urea
and 13.1 kg TSP per hectare; (C) CARITAS fertilization reginf@tnight application of 1,500

kg cow dung per hectare; (D) BAU fertilization regiinértnight application of 1.250 kg cow
dung, 31 .25 kg urea and 15.625 kg TSP per hectare; (E) A/ICRSP fertilization regime developed
from Nile tilapia Oreochromis niloticusponds- weekly application of 250 kg cow dung (dry
matter) per hectare supplemented withaLeiad TSP to give 28 kg N and 7 kg P/ha/wk. Six carps
species used in this atation trial were silver carfHfypophthalmichthys molitr)x mrigal

(Cirrhinus mrigalg, rohu (abeo rohitg, calla (Cat/a cat/a), grass ca@ténopharyngondon
idella) andcommon carpQyprinus carpid stocked at a ratio of 9:8:6:6:3:2 at a stocking density
of 1.02 fish/m2, giving 27, 24, 18, 9, 6, fish per 4@®pond, respectively. Mean stocking sizes
of carps ranged fron®.3 to 10.1 g. Among all tested fertilization nexgis, A/CRSP fertilization
regime resulted in the highest fish production, followed by BAU, BRAC, CARITAS and
PROSHIKA fertilization regimes (P < 0.05). The two fertilization regimes (PROSHIKA and
CARITAS) using cow dung as the sole nutrient input durimgcihiture period gave very poor

fish growth performance and low production, mainly due to the low soluble nutrients derived
from cow dung. The other three fertilization regimes (A/CRSP, BAU and BRAC) using the
combination of organic and inorganic fertilizaesulted in much higher carp production.
Analysis of water quality showed that the nutrients in A/ICRSP fertilization regime were
oversupplied, as this regime was developed in Nile tilapia monoculture system with higher
intensification compared to therpapolyculture in the present trial. BAU fertilization regime
gave the highest profitability among all fertilization regimes, followed by BRACAAG&R SP
Therefore, it is concluded from the present study that BAU fertilization regithe i®ost
appropria¢ for carp polyculture ponds in Bangladesh while A/ICRSP fertilizatigime is

suitable to carp polyculture ponds with higher intensification.
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An experiment was carried out in 18 earthen ponds to investigate the effects of the addition of
common cargCyprinus carpidaL.) and artificial feed on natural food availability, food

utilization and fish production in roHLabeo rohita(Hamilton) ponds. Ponds were fertilized
fortnightly with cow manure, urea and triple super phosphate. Rohu was stocked in all ponds at a
densty of 1.5 rohu P, All treatments were carried out in triplicate. Treatments were: rohu with
and without formulated feed, rohu plus 0.5 common carfpwith and without feed, and rohu

plus 1 common carp 'mwith and without feed. The time period betwegstking and

harvesting was four and half months. Stocking 0.5 common c&rprhanced natural food
availability in the pond, food utilization and rohu growth and production (P<0.05). The effect
was less pronounced when stocking 1 common cafpFarmulaed feed administration did not
influence phytoplankton availability (P>0.05) but increased zooplankton and benthic
macroinvertebrate availability (P<0.001). Feed administration also enhanced growth of rohu and
common carp (P<0.001). Rohu naturally ing@stse phytoplankton than zooplankton but in the
presence of formulated feed rohu shifted its natural food preference from phytoplankton to
zooplankton. Common carp naturally ingests mainly zooplankton and benthic macroinvertebrate
and small quantities of ptoplankton. However, when offered formulated feed, the latter

becomes the preferred food item.
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A sustainable serintensive pond aquaculture technology including major carp species as cash
crop and small indigenous fish species (SIS) as food for the farmers' families is being optimized
in Bangladesh. The inclusion of silver cgHypophthalmichthys molitr)xa cheap large species
affordable by poor farmers, is now being considered. As part of a study on the effects of this
filter feeder on polycultures including the large carps ralabéo rohitg, catla Catla catlg and
commoncarp Cyprinus carpi¢ and the SIS puntRuntius sophoreand mola

(Amblypharyngodon moJaan experiment was carried out to test the effects of silver carp and of
each SIS species on the growth, survival and yield of the large and small fish and on pond
ecology.

The ecology of the ponds was dominated by changes in time, strongly related to the development
of a surface plankton scum at the beginning of the culture season and weather conditions. The
surface scum increased decomposition processes andsietedgal development in the water

body, promoted photosynthesis and ammonium release and reduced nitrification. Over those
effects, the presence of silver carp in the ponds decreased algal biomass through grazing and
promoted nitrification providing anaisuspending particles in the water column. These effects
were also produced by mola, but were evident only in the absence of silver carp. Punti stirring on
the pond bottom increased nutrient flow from the sediments into the water column and promoted
nitrification, but were also evident only in the absence of silver carp.
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A sustainable serintensive pond aquaculture technology including major carp species as cash
crop and small indigenous fish species (SIS) as food for the farmers' families is being optimized
in Bangladesh. The inclusion of silver cakbypophthalmichthys molitr)xa cheap large species
affordable by poor farmers, is now being considered. As part of a study on the effects of this
filter feeder on polycultures including the SIS pyRuntius sopbre) and mola

(Amblypharyngodon moJaan experiment was carried out in the ponds of the Bangladesh
Agricultural University, Mymensingh, to test this fish effects in the presence of the bottom
feeders either common cai@yprinus carpi¢ or mrigal Cirrhinus cirrhosu$ on
production/reproduction of SIS, on the other fish species and on pond ecology. The data were
analyzed using univariate and multivariate statistical techniques.

Reproduction of both SIS species occurred in all ponds, their fry numbeght\aad biomass at
harvest not being affected either by silver carp or by the bottom feeder species. The addition of
silver carp in mrigal ponds had a negative effect on both adult SIS, while its addition to carp
ponds had a weaker negative effect on naold a positive effect on punti. Common carp

favoured mola growth and reduced punti survival. Silver carp performance was not affected by
the species of bottom feeder present. Common carp performance was not affected by silver carp.
Mrigal harvesting biomasand survival were not affected by silver carp, but its harvesting

weight, growth rate and yield decreased respectively by 29%, 42% and 39% in its presence.
Large carp and total harvested biomass and yields were oveni§és when silver carp was

also pesent. In the presence of silver carp, large carp and total yields were 20% higher in
common carp ponds, while in its absence they were somewhat higher in mrigal ponds. The FCR
calculated considering only the large fish were 10% higher in mrigal poné&sc&lCulated

including all species were somewhat higher in common carp ponds without silver carp, and 35%
higher in mrigal ponds with silver carp. The observed results are explained and discussed
considering the feeding habits of each species, the n&todchiveb, and the ecological processes
developing in the ponds. The addition of silver carp did not reduce the income obtained from the
cashcrop species and could contribute to the nutrition and/or extra income of the farmer's
family. From the productioand ecological point of views, addition of silver carp to common

carp ponds is a better proposition than to add it to mrigal ponds.
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Effect of salinity on carrying capacity of a recirculation system for Nile tilapiapchromis
niloticusL.; production was assessed. Survival, growth and feed conversion ratio of adult Nile
tilapia fed 30% crude protein diet for 88 days were measurtbdeat different salinity levels (8,

15 and 25 g 1) and two stocking densities (20 and 48)rim three independent recirculating
systems. Highest survival (98%) and a linear growth in net biomass (P<0.01) was observed in
both densities at 8 g-Land in ® nT3 treatment at 15 gL Highest net biomass growth was
observed in the 40 fistocking density treatment at8ddalinity level (P < 0.05). Overall

biomass growth was significantly affected by salinity indicating a decrease in Nile tilapia
carrying capcity with increased salinity. About 11000 kg*@aop?of Nile tilapia can be

obtained in recirculating systems at 8 ¢4alinity, significantly higher than the net production

at 15 g 1 (5200 kg hdcrop?) and22 g t* (4425 kg hdcrop?).
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Although many freshwater prawn farms in Bangladesh are swal operations, larger
commercial facilities are driving production increases in the country. A survey of 100 prawn
farmers from four ppwn-farming areas indicated that nearly all farmers practice polyculture of
prawns with carp. Primarily using hatchery fry, they apply modified extensive practices that
include fertilization and supplemental feed.
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The program generally aimed to perform an economic evaluatibreshwater Aquaculture
Technologies (FAT) and policies in selected production systems. It has two project components;
one dealt with the analysis of matured FATs both at micro and macro levels (specifically its
effects on fish supplies, income, consuimpt and employment); the other dealt with policy

studies on the role of fishery organizations, land use and fishery rights, dissemination strategies,
and traderelated concerns. The nature of the studies required the collection of primary and
secondary dta. For the primary survey, 540 adopters and 108 nonadopters were interviewed in
Luzon covering three top producing regions. The same sampling frame applied to the choice of
provinces, towns and barangays. But at the barangay level, 8 ateggiendentsvhile 2 non
adopterrespondents were selected. The areas covered were Nueva Ecija, Bulacan and Pampanga
for fishponds and hatcheries; Laguna, Batangas, and Isabela for fish cage/pens and hatcheries.
The matured FATs are focused on grout and hatchery. Fgrow-out system, it included

fishponds, cages, and pens. The technologies under@rowere on broodstock improvement,

level of management (extensive, seartensive, and intensive), and post harvest activities. For

the hatchery component, the studghked at pond, hapa, and tank. The-s=xersed tilapia was
included under this component. The preliminary results of Study 1 under Project 1 were focused
on, the identification of financial benefits and costs of the matured technologies. The yield
differerce between adopters and ramhopters was 3,030 kg per cycle or about 59% in favor of
adopters. Hence, there is an impression that the technology had benefited the adopterseLike
Study 2 of Project 1 identified and assessed the economic benefitsstidfdeATs. It found

out that tilapiads contribution to20@qguacul tur
During the same period, tilapia production had behaved cyclically with an upswing in the first
three years, downswing in the middle three yeamd, another upswing in the last three years.
Historically, the significant government programs related to the fishery sector were the Kilusang
Kabuhayan at Kaunlaran Biyayang Dagat Program, CBNFAC Supervised Credit Program,
among others. Under Study 1 abject 2, the organizations were identified and classified as
Fisheries Organizations, Fisheries and Agricultural Resource Management Council, and
Cooperatives. The organizations were generally aimed to provide technical, financial, and
marketing assistaecto members. However, the sustainability of these services was delimited by
lack of sufficient funds hence, most organizations had failed to deliver and sustain those services
to their members. Study 2 made a preliminary review of relevant local laes, regulations,

and ordinances within the spirit of the Fisheries Administrative Code. All of the ordinances were
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meant to ban the use of illegal fishing methods or practices, which are detrimental to fish

population, environmental protection and the lik®wever, the respondents qualified that its
aggressive enforcement happened only during t
Study 3 focused on determining the most effective dissemination strategy of FAT to intended
clienteles. Training pigrams administered by BFAR, DA, LGUs and Santeh Feed Company

were the dominant dissemination mode for FAT. The use of print media such as
brochure/leaflet/techno guides came next as important mode while the use of broadcast media

was the least preferrediusly 4 had shown that the trade policies of the country in 1960s up to

1980s were characterized by lifting of import and foreign exchange restrictions; on and off
imposition of quantitative restrictions, and tariff rates. But in the mid 90s, major &faffm
programs were |implemented untGQATTatchré INn@9®& nt r y o s
guantitative restrictions were lifted, tariff rates for sensitive agricultural products were raised

while minimum access volume to these products were defirrefighery sector was still

protected as indicated by positive Effective Protection Rates (EPRs). The trade balance volume

of the sector remained negative in most years (from-2880). However, the value of trade

balance remained positive, which indicabetter terms of trade for fishery products in the export
markets. To know the impacts of trade reform on the sector, the initial regression results revealed
that the real GDP and (production) was positively (negatively) and significantly affected by EPR
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Culture of Red Facu (RPPRjaractusbrachypomusnd Black Facu (BPY olossoma

macropomunis increasing due to increasing demand from human populations and declining
supply caused by depletion of wild fish so practical diet formulations need to be developed for
pacu. Insulin assays are a valuable tool in assessing carbohydrate utilizasarfon diet
development. Therefore, we conducted procedures to validate an Ehinkad Immunos

osorbent Assay (ELISA) for detection of plasma insulin concentrations in RP afeBRnd

black pacu were fed a commercial catfish diet containing apprteiyné0010 soluble
carbohydrates (32% protein, 6% fat). Both species were then bled and plasma was used for
validation of the assay. An ELISA was conducted using the Food and Drug Administration's
Center for Veterinary Medicine validation of analytical gedures methodology. The results

from this assay validation study indicate that an ELISA insulin kit was not suitable for
experimental detection of blood plasma insulin concentrations in RP and BP. Ahnost no insulin
(0.34 to 0.48 ng mt, for red pacu; 0@to 0.67 ng mti, for black pacu) was detected in

unknown blood plasma samples from the fish. This indicated that the mammalian insulin
antibodies are more derived or that the molecular structure of the insulin variants produced by
pacu are not capable loéing bound by the antibodies in the ELISA assay. The accuracy (mean
recovery of spiked samples was 56.0010 for RP and 68.6% for BP), linearity (R2 = 0.0011 for
RP and R2 = 0.1822 for BP), precision (mean recovery of serial dilutions was 212.8% for RP
and209.2% for BP) and reproducibility of the data were poor.
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A sustainable serintensive pond aquaculture technology including major carp speciesias
crop and small indigenous fish species (SIS) as food for the farmers' families i®binged

in Bangladesh. The inclusion silver carp Hypophthalmichthys molitr)xacheap large species
affordable by poor farmers, is now being considered. As part of a stuthe effects of this
filter feeder on polycultures including the large carps ralabéorohita), catla Catla catla) and
common carpQyprinus carpi¢ and the SIS puntRuntiussophorg and mola
(Amblypharyngodon mojaan experiment was carried out under faonditions to test the
effects of silver carp and of each SIS species on the growth, suamivaleldof the large and
small species and on pond ecology.

The experiment was performed in 38 farmers' fishponds of different sizes, fron? 222200
m?. The results show that the larger the fish pond the better rohu performaraege¢h@unti

fry weight and the lower punti fry harvested biomass. Pond size did not atteet fish species.
The addition of 250 mola and/or punti per 108fish ponds affected rohand catla and did not
affect common and silver carps. The addition of mola alone redobetsparameters by 15%.
The addition of SIS in the three combinations tested (250 @8Mapunti, 125 of each species)
reduced catla's parameters by 24%. Punti fry were largavhen both SIS were stocked and
punti fry biomass was larger when only punti weresentTotal mola harvested biomass and
yield were larger when the entire SIS stocked were only mola.

The addition of 10 silver carp over the 99 large carps stocked per2f@hponds negatively
affected rohu and catla growth and yield by aboii?1% and 4550% respectively but not their
survival, did not affect common carp performance, did not affect punti and mola reproduction in
the ponds, reduced punti yields by 25%, reduced mola performance by about 35%, and silver
carp own biomass increasedaloyield and total income in about 12% each. These effects are
explained and discussed considering fish interactions through the food web. The decreased
income from selling the more expensive large carps is more than compensated by that obtained
from silver carp, which allows the option to the farmer to sell part of the silver carp to complete
the cash income that would have been obtained from large carps only if silver carp would not be
stocked, and consume the rest with the family.
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The effects of feeding on the development and growth of pike perchevarstion proliferation

of their progenitor myogenic cells were evaluated. Larvae were fed starting on Day 5 after
hatching withArtemia nauplij two commercial diets (Aglo Norse [AN] and Biokyowa [BK)),

and two formulated diets (C [nonhydrolyzedeem] anl CH [25% casein hydiysate)). The
survival, body mass, and length of pike perch juvenileAféeimia naupliiand AN and BK diets
were significantly higher compared to the C and CH groups. The highest somatic growth rate
was associated with an increased contribution of hyperplasia to white muscle growth.
Significantly higher frequency of proliferating cell nucleartigen and Ki67-positive nuclei in

the white muscle of fish fedrtemia naupliand commercial diets compared to those fed C and
CH feeds indicates that feeding affected the number of fibers. The pike perch fed the CH diet
exhibited significantly lowetotal crosssection area and average fiber area, additionally to the
pathological changes in muscle morphology. The larvae fed natural food and diets promoting a
fast growth rate exhibited a higher contribution of hyperplasia to muscle growth, which,in tu
promoted an increase in the body size of adult fish.
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Locally generated squigrocessing byproduct was processed into concentrated hydrolysate
(22% solids, 17.3% protein, and 3.0% lipid, primarily phospholili@&b eicosapentaenoic
acid/24.5% docosahexaenoic acid on a lipid weight basis). Two micropagidigés (65%
protein, 19% lipid, 7.5% carbohydrate, and 19.12 MJ/kg energy, on a dry weight basis) were
prepared using squid hydrolysate (8H) and sdn@ding hydrolysate as sole protein sources
(73.3 and 78.65% of the whole diet, respectively). AdZ8eding trial with summer flounder,
Paralichthys dentatydarvae of 17 d after hatch showed that the survival rate (92%) of larvae
fed SH was significantly (P < 0.05) higher than those of larvae fediiegnia nauplii(81%)

and a commercial diet, Prot@®5%), while specific growth rates (SGR) were comparable
(2.23% /d for SH and 2.86% /d fértemig with the lowest for Proton (1.39%/d). After
switching from commercial andirtemiadiets to a SH diet for 17 d following the -22feeding,
significant improements were seen in survival rates of postweaning larvae fed previously
commercial (65.286.57%) andArtemiadiets (81.2589.07%).
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PRODUCAODE TILAPIAS E OUTROSCICLIDEOS

Maria Célia Portella’, Charles C. Ngug?f

lUniversidade Estadual Paulista, Centro de Aquicultura da UNESP
2Moi University, Chepkoilel Campus, Department of Fisheries and Aquatic Sciences, Kenya

Published in:
Panorama da Aquiculturé2008) 105:5665.

A Africa é o berco de espécies produzidas intensivamente em varios paises, com@a tilapia
bagre africanomesmo assim, até recentemente as espécies eram pouco cultivadas no continente.
A despeito da grandeza do continente africano, com mais de 30 milh6e3 &8 kacoes,

37.500 km de area costeira e mais de 200.000dknareas alagadas e rios que abrigam um
abundante fauna aquicola, a producéo de pescados em 2005 alcangou apenas 8 milhdes de
toneladas. Desse total, a aquicultura contribuiu com pouco mais de 656 mil toneladas, com
destaque para o Egito, responsavel por 82% dessa producéo. Especialistasitap e

concordam que héa na Africa grande potencial para a expansao da aqiiicultura e demanda
crescente por alimentos; afinal, estiseaque sejam mais de 800 milhdes de africanos, a maioria
extremamente carentes. A seguir, apresentamos um panorama dé& agaicesenvolvida em

trés paises africandsAfrica do Sul, Gana e Quériiaresultado das recentes visitas realizadas
pelo projeto Aquafish CRSP, criado pela USAIRgéncia Americana para o Desenvolvimento
Internacional.

51



AQUAFISH RESEARCH REPORT 08-238

FOOD SAFETY, QUALITY CONTROL INTILAPIA PRODUCTS

Kevin Fitzsimmonst

LUniversity of Arizona, 2601 East Airport Drive, Tucson, Arizona 85706 USA

Published in:
Global Aquaculture Advocai008)January/February2-44.

The mostmportant quality issue for tilapia is the presence offlaffors that derive from
cyanobacteria and actinomycetes, which can be addt&ssdepuration. Methyltestesone has
been proven safe for sex reversal of fry. Farmers use lower stocking dearsitiesprove water
guality to reduce the need for antibiotics. Biosecurity and BMPs reduce contamination by
environmental pollutants.
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Growth in fish and other vertebrates is under endocrine control, particularly through the growth
hormone (GH)nsulin-like growth factor (IGF) axis. For this reason, it has been of interest to
aguaculture researchers and the industry to establish endioicnnarkers that can both reflect

and predict growth rates in fish subject to various biotic and abiotic manipulations. Ultimately,
by understanding the hormones that control growth and utilizing them as biomarkers, we hope to
achieve optimal growth condbins in the aquaculture environment with less need for lengthy and
costly growout trials. While the most appropriate endocrine biomarkers for growth can be both
species and situation specific, IGay be the most promising candidate for measuring
instartaneous growth in fish. This is based on the direct contributions ef IGFegulating cell
proliferation and ultimately somatic growth, along with its previously established correlations
with the specific growth rate in fish under various conditions ahiar growth. However, other
endocrine indices, such as GH and {b6iRding proteins (IGFBPs), are also important
contributors and may in some instances prove a strong corollary to growth rate. This review
discusses the potential utility of GH, 1GFandIGFBPs as growth biomarkers for those
manipulations most relevant to the aquaculture industry, namely, feeding regimen, diet
composition, temperature, photoperiod, and stress.
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Banda Aceh, at the north end of the island Sumatra, took the full brur Dieicember 2004

tsunami. Over 33,000 households in the region had registered their primary income as being
generated from aquaculture before the disaster. Along tlsésabe majority of aquacultats

were smablscale shrimp farmers, operating familyred ponds (tambaks) of ledg®na hectare

each. All of the shrimp produced were marketed locally. No freezing facilities were present, so
shrimp could only be sold on ice or as dried products. Even before the tsunami, many of the
farmers were plagued with low growth and survival ragssiiting from poor water quality and
several diseases. A virtual monoculture lofimp, multiplereuse of efflent waters, removal of
mangroves and other vegetation and overfed ponds had contributed to a significant reduction in
production in the years imadiately prior to the tsunami. The tsunami itself essentially destroyed
all the coastal ponds of Aceh province. The wave rushed over most of the villages built on the
coastal berms and pushed much of the village contents into the ponds. Virtually eldddes,

control structures, canals and other infrastructure elements were completely obliterated. Many of
the shrimp ponds had been constructed in the coastal lagoons behind the beaches where most of
the population lived. The lagoons had contained extemaangrove forests before the shrimp

ponds removed a considerable percentage of them. In addition to the farms destroyed, the local
aguaculture research and extension station at Ujong Battee was almost completely desdroyed a
the regional fishees and quaculture trades school in Ladong lost an entire bus load of faculty

and students eroute to a picnic when the waves struck.
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Different strategies for Nile tilapiadreochromis niloticusculture in ponds with a seriesf

progressive inputs were compared. The sequential experimental stages to increase fish
production through intensification were: 1) triple superphosphate (TSP) only; 2) chicken manure
only; 3) chicken manure supplemented with urea or urea and TSP; nar@&P; 5)

continually supplemental feeding; 6) staged supplemental feeding; 7) feeding alone. The results
showed that the choices of input regimes with increasing economic gains are: 1) fertilizing ponds
with moderate loading of chicken manure; 2) fenitig ponds with chicken manure

supplemented with urea and TSP; 3) fertilizing ponds with urea and TSP; 4) fertilizing ponds
initially with urea and TSP in combination of supplemental pelleted feed at 50% satiation level at
later stage of grovout cycle.
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Concentrations of quercetin in fish tissues were measured for the first time ugiGg HP
electrochemical detection method. Its identity was also ascertained wiffhbtddiode array
detection. Quercetin, in aglycone form, was at measurable concentrations in tilapia plasma, liver,
and whole body homogenate when fed with diets containinguéicetin (aglycone) for 1 or 15
weeks. Hydrolysis with glucuronidase/sulfatase treatment for the purpose of cleaving conjugates
did not increase quercetin levels, sugmesthat glucoraide or sulfate conjugates are not the

major metabolic forms in Nilélapia (Oreochromis niloticus No quercetin was detected in

plasma of rainbow trouSalmo gairdnedi or white sturgeonAcipenser transmontanuged

commercial diets. The results suggest that quercetin is absorbed in tilapia and that this flavonoid
is deposited mainly in aglycone form in the body after absorption.
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Tilapia, Oreochromissp, production has increased in the Central American region in recent

years. Yet, commercial tilapia aquaculture has not developed in Nicaragua on the scale that it has
in otherneighboring countries. Although demand for tilapia products exists, lack of thorough
understanding of domestic markets and coordinated production and marketing efforts have
hampered the development of a domestic market. The objectives of this study gueaetity

domestic marketing costs for tilapia produced in Nicaragua and dé&setopedinteger

transshipment mathematical programming model to identify the most profitable marketing
alternatives for tilapia farmers. Results suggested targeting priroatists with higher sales

prices such as restaurants with supplemental production delivered to local supermarkets. The
model chooses cities with weekly restaurant demand capable of absorbing thesfarmr oduct i o
with excess product sold to alternativelets. Supply of farnraised tilapia production in most

regions of Nicaragua as insufficient and created problems associated with frequent and
dependable deliveries required by higher paying outlets (restaurants and supermarkets). Larger
farms will generag greater returns with regular consistent deliveries to higher priced restaurant
outlets. Smaller farms with limited production volumes were not able to meet weekly delivery
requirements. Biannual deliveries reduced transportation cost and sales pricr@ndt

profitable. However, sustaining markets with infrequent deliveries may not be feasible. This
analysis provides guidelines for targeting those specific markets that optimize returns to specific
farm sizes in specific regions.
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The present study examines the effect of four gmmified diets (caseirgelatin based) where

the source of fatty acids was free (esterified) oleic acid and linoleic acid (LA) (LOA diet),

linseed and olive b{predominantly LA and linolenic acid) (LO diet), cod liver oil (rich in

highly unsaturated fatty acids) (CLO diet), and soybean lecithin (phospholipids; mostly LA) (LE
diet) on the growth of juvenile South American catfish (surublsgudoplatstoma fasatum,
Pimelodidag (0.98 + 0.04 g individual weightFish were fed at a restrid readjusted feeding

rate for 8 wk. At the end of the experiment,-tiiet-fed fish grew significantly larger than those

of the other three groups (P < 0.05). Consideralieibalism was observed in all the

treatments. It is suggested that the quantitative growth performance may possibly change under
other conditions, with less or no cannibalism. Survival did not differ significantly among the fish
fed four different diets. Mscle and liver lipid contents did not vary among dietary treatments (P

> 0.05), but wholébody lipid concentrations were affected by dietary treatments. Fish fed LE

diet contained significantly lower lipid level than those fed three other diet® (5% Muscle

and liver fatty acid profiles reflected dietary fatty acid composition. Arachidonic acid level was
significantly higher in muscle and liver of fish fed LOA and LE diets than in those fed LO and
CLO diets. The results suggest that the efficyeof elongation and desaturation of 18C fatty

acids depends on the dietary lipid source, and South American catfish has considerable capacity
to transform linoleate to arachidonate.
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This article investigates social, political and cultural aspects of sea turtle management led

by the Tobian community at Helen Reef in the Republic of Palau. Weansegant

observation, unstructured interviews and examination of commbaggd natural resource
management literature to compare and contrast the Tobian community with several other
communities in Palau in order to identify some of the underlying fathat we believe
contributed to the successful implementation offtbbian communitybased progranThese
factors include: robust structure of local and exteal partnerships; remote location of the
resource and small scale of the managing commueitizedcommunity benefits in terms of
jobs and improved capacity to monitor and manage natural resources; adaptive capacity and
autonomy in decisiomaking; and strong connections to traditional natural resource
management systems. Sea turtle consematnd management is a large scale issue; preventing
further decline of endangered sea turtles will require management at multiple scales. For the
Tobian community, success may be attributable to several key factors that come together to
produce alecentrized communitybased prograrthat operates with an adaptive, collaborative
and bottoraup structure. This model may be applicable to comparable communities; it is,
however, impadrant to recogniz that diverse societies will have a varietyasmulas for

success.
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Local communityintheMd k ong Del ta is said to be fAfish eat
animal protein relies on fish products. The Mekong Delta contributes more than 60% of total
aquaculture production and 40% of total wild fish catch of Vietham. Among a large number of

fishing boats, trawlers have developed and dominant in Vietnam fisheries. Thessalall

trawlers cover about 70% total number of fishing boats and have been given too much concern in
terms of both natural aquatic resources management and otheesoocmmigproblems.

This paper describes the srsdlale trawling fisheries in the Mekong Delta using surveyed data
from 176 small and neahore trawling fishers Bentre, Soctrang, Baclieu, Camau and Kiengiang
provinces, and compares the differences of majocatdis between three main fisher groups: (i)
Group 1- Inside and around Camau National Park, 38 fishers; (ii) Grebpe2a r i s that
km from Camau National Park, 40 fishers, and (iii) GrotpFar, is that, > 30 km from Camau
National Park, 98 fisérs.

The analysis shows that small scale and-s&are fishing puts more pressure on the natural
aguatic resources in the coastal areas of the Mekong Delta while there has been insufficient
management on this type of fisheries. Mangroves and Camauwnbla®arkrecognizedy the

local fishers via direct benefits obtained from the park. Shrimp and squid are two most important
species of neagshore trawling fisheries but less efficient to the fishers who live near the park.
Better investment for offhorefishing and more alternatives of better income occupations are
important to protect the natural aguatic resources along the coasts of the Mekong Delta,
especially Cmau National Park.
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The contribution of aquaculture development to the Vietnamese national economy and to
farmersod incomes has beentrepartsasmal astweordingipapersy ar i o
produced by development projects. However, the role of aquaculture in the life satisfaction of
poor farmers has not been considered rigorously. In particular, it is very difficult to find any
literature relating aquacuite adoption to job or life satisfaction of the adopters. Due to the
controversial role of income in creating happiness and the increased contribution of fish
production in the livelihoods of small scale farmers, there exists a question of whether income
increases from adoption of aquaculture would raise happiness of farmers. This study identifies
some determinants of job satisfaction and subjectivelvedtig of small scale fish farmers in

Vietnam and examines the role of earnings from fish productioanergting their happiness.
Cumulative logistic models with data from a 2001 survey in Southern Vietnam show that relative
income, not absolute income, from aquaculture raises their job satisfaction. Higher satisfaction is
also associated with involvementeéxtension services, a larger relative pond surface and a

higher expectation level on earnings from aquaculture. The role of income per capita in job
satisfaction or happiness is not confirmed. Happiness of the farmers increases with cash earnings
from fish farming and income from wild fish relative to total household income.
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The Byrd Amendment permits US firms that petition successfully for antidumping duties to

collect tariff revenues. Whether these paymen st rengt hen the dutyds ab
depends crucially on market structure. In a competitive market where domestic and imported

goods are imperfect substitutes, the payments are akin to a production subsidy and thus

under mi ne t hteraisk prices Applying the theory tg antidumping duties imposed

by the United States on catfish imports from Vietnam, a tegemtion model estimated using

monthly data from January 1999 to August 2006 showed the duties to have had a modest yet
positiveeffect on the US price. Although the weak price effect is consistent with supply

enlargement induced by the payments, our econometric results suggest substitution effects

coupled with incidence shifting are stronger causal factors
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Tam Giang Cau Hai lagoon systems covered over 22,000 ha, along coastal region from North
to South of Thua Thien Hue with 70 km and more than 400,000 inhabitants are living around in
lagoon systems. There are many livelihood activities as fishing, atw&cahd farming.
Aquaculture systems are diversified: pond;elesure in high and low tide systems and farmers
and communities had to choose and select proper species and models for adaptation of the
regions but they still have not successful, even th&yinvestment money and capital by
environmental problems and uncorrected carrying capacity leading to diseases and low
productions. Research results were showed the different technical approaches and aquaculture
system alternatives for property aquastéd models in the regions. More than 267 aquaculture
households of 15 communes in 5 districts that related to Tam G@ag Hai lagoon were
investigated and shown the figures on over 4000 ha of aquaculture water area of 33 communes:
high/low tides of pad systems; cage culture in low tide systems; sandy shrimp culture system;
integrated polculture and monoculture, while. monodorwas main species in all of systems

and models. Efficiency of different alternatives were conducted in intensive of higivasl

highest income, net income 10@00 mil. VND; semintensive of high tidenono, 10- 25 mil.;
semiintensive high tidentegrated polyculture, 20-40 mil.; semiintensivelow tide-mono, 3-

10 mil.; extensivdow tide-poly, 30-50 mil.; marine watecage culturgoly, 25- 35 mil.,
respectively. Effect of different species alternatives were on 267 households in differences,
26.99; 90.22; 221.13; 48.21, P < 0.01. The stock density and composition was conducted in
differences of income and benefit farmers, P < 0.05. Water control and management, dietary
composition and feed processing, animal health management were effected on the income and
benefit of aquaculture models, P < 0.01 and 0.001.
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Aquaculture remains as a suitable avenue in India for augmenting fish production, which is easy,
cost effective and sustainable at the same time. It provides livelihoods to rural people through
generating income and employment and reduces poverty by developing and strengthening
community based approaches. The expansion of farmed fishery developroeminmunity

water tanks and other water bodies makes remarkable additional contribution towards the
nutritional well being and socieconomic advancement of rural farmers including women. This
augurs well for the sustained development of these areas whisrecan play an important role

in providing required thrush their economy and in the provement of the economic status of

the people living in the surroundings. In recent times;tsafd groups (SHGs) have emerged as

an alternative mechanism to pmote savings habit among poor and to provide small and short
term loans to its members at lower interest to meet their necessities, consumption and income
generation activities like aquaculture. Women are considered as appropriate tool for
implementirg community and seHdevelopment programmes. Against this background, an

attempt is made in this paper to review and examine the relevant literature regarding the efficacy
of SHGs and other programmes and their impact on the fisherwomen and other stakehdlders a
also on aquaculture. Research results show that the SHGs are very successful as can be judged
from the fact that a large number of people have accepted the system and taken up fish
production as their main means of livelihood and source of main ofaadiincome.
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This paper makes an attempt to examine the emergence of international trade in seafood and its
impacts on the fisheries and fishing communities in India. It suggests some measures and
strategies tonaximize the benefits through sustainable fisheries development. Seafood is one of
the leading noittraditional exports identified by the Government of India. Until 1960s, much
importance was not attached towards export trade in general. With the chahggdfpo
Government, seafood was considered as one of the thrust areas for augmenting exports;
consequently, earning of foreign exchange was made as one of the basic objectives of marine
fisheries development. Efforts were made to increase fish produesipacially of shrimp,

whose unit value was far higher in the international markets. Different kinds of fishing vessels
including small mechanized boats, sona boats, larger deep sea trawlers were deployed and almost
all of them confined their fishing operats to the inshore regions of the sea. Consequently, the
production of fish as well as shrimp have gone up manifold thus enhancing the quantum and
value of exports. However, the excessive fishing effort and over fishing in the inshore regions
brought dowrthe production levels leading to depletion and stagnation. No doubt the
international trade has positively created massive infrastructure and employment besides huge
foreign exchange earnings. But the over fishing has forced to withdraw some of thamarger
mini-trawlers and the industry has suffered with shortage of raw material for the trade. Shrimp
farming was taken up on a larger scale to offset the shortage but unplanned growth of the same
met with disease attack and Supreme Court's restrictioaavaronmental considerations. The

paper further discussed the negative as well as positive impacts encountered by the fishermen
due to mechanization and shridgsming on the one hand and that of Tsunami and Wi@he

other and suggested redi@ measureKeywords: International trade, seafood, mechanization,
shrimp farming, tsunami, WTO.
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This study examines income generation potential and resaigeefficiency of aquaciuire

farms in Nigeria. A total of 120 aquaculture farms were sampled. Using gross margin (GM)
analysis, the result shows that, all the sampled farms were able to cover their total operating
expenses with an average GM > 200,000 naira per annum. The dgsmssreters of resource
useefficiency of the farms with stochastic frontier models (SFM) revealed that, elasticities of
inputs, such as: pond size, feeds, fingerlings, and other costs were significantly different from
zero. While returns to scale of 1.@aBtained from the analysis suggests that, an average farm
from the study, exhibits increasing returns to scale. The estimated efficiency score revealed a
significant level of inefficiency with an average technical efficiency of about 81%. This suggests
that about 19% potential yield are forgone due to inefficiency from the study. The result of
sources of technical efficiency shows that; extension, education; sigakensity, and credit
significantly influenced efficiency of the farms. Similarly, theulesf the simulated marginal

effects of the inefficiency variables shows that, extension has the highest marginal effects on the
efficiency score follows by credit, education, and stocking density. The implications of these
findings, therefore, suggesttt aquaculture will provide potential channel of income generation
for households in the country considering the size of the profit obtained from the analysis.
However, as matter of policy concern, extension with the highest simulated marginal effects on
the efficiency score is expected to generate a large increase in the overall performance of the
sector if strengthen for sustainable fish production in Nigeria.
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Tilapia culture in Yucatan State, Mexico, is largely samensive. The producers are mostly

poor farmers who receive government subsidies for purchase of fingerlings and balaticed fee
Feeding practices are often inadequate (satiety rations), moreover, producers frequently suffer
financial and resource shortfalls. During feed shortages producers are known to use empirical
application of chayaGnidoscolus chayamanskaves, used trattbnally in human and animal
nutrition. A study was done of growth in juvenile tilapia using diets containing balanced feed
with chaya (25 and 50% of substitution), complete,-baihplete and satiety rations of balanced
feed, during the warm season. Tleults were used to develop a bioeconomic model and
implemented in MS Excel program, with a est@y time step. In order to minimize the cost of
tilapia feeding, and maximize the benefits by using a limited amount of balanced feed per cycle.
In addition,the analysis was completed using the Marginal Rate of Technical Substitution
(MRTS. According to results froftMRTS it is necessary to add 28191 units of chaya for each
reduced unit of balanced feed, to maintain the same level of production. In edguited

situation, substitution of 50% of balanced feed for raw chaya leaves generates a harvest size
greater than complete and satiety rations of 24.8 and 28.8% respectively. When considering sale
prices that are consistent with size at harvest asts cveatments with chaya considerably
maximized profits.
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Quality safety traceability system has adopted by most fishery enterprises as an important part of
the strategic management. As the consequence, the end product is supposed to be higher. That
consumers whether to accept hasraaliimpact on system successful implementation. This

paper proposes a framework to research consumer awareness of fishery product and the
traceability system and the degree of willingness to pay, cased study of consumers in Beijing on.
The results contrilite to the effectively apply the traceability system by aquatic products
enterprises.
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It is helpful to keep the stability of aquatic product supply chain and promote higher
development of fishery economy to research power structure of aquatic product supply chain.
This paper analyzes the power structure of aquaticustalipply chain via the behavior theory

in marketing discipline, cased study by Beijing and Guangdong province. The result shows the
main reasons for lower operational performance in aquatic product supply chain are rather
unbalance cost and benefit ofvper structure across the supply chain.
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The fishery sector, inabing capture, aquaculture, processing sungportiveservices, plays an
important role to the whole economy of Vietnam. Total aquatic production of the country
increased about 3 times after 15 years, from 1.02 million tones in 1990 to 3.43 millic@rones
2005. The growth of aquaculture production was from 0.30 million tones in 1990 to 1.44 million
tones in 2005 or increased 4.6 times, faster compared with that of capture (from 0.79 to 1.99
million tones, respectively). Aquaculture becomes more and mac&twhen it contributes

over 50% of the total aquatic production of Viethnam. How to obtain a sustainable development
of the whole sector, particularly aquaculture, is a big and difficult question which requires the
answers from different aspects, notyotechnical and socteconomic aspects but also
environmental and political aspects. Thappr is aimed at the policy aronment for

aguaculture development in Vietham. Economic reform or Doi moi process started from the end
of 1980s leading to furth@mprovement in the policy environment and helped to result in an
impressive development of Vietnam's fishery sector, especially aquacultusectobh Major
considerationsire focused on: (1) Land reform policy/Laws with conversion of inefficient
agriculural land into aquaculture; (2) Environmental Laws with the use and management of
water, natural aquatic resources and wetland forests; (3) Finance and investment; (4) Seed
supply, use and management; (5) Feed supply, use and management; and (6) Cdueainicals
medicine supply, use and management. The analysis is also linked with processing and export of
aquatic products, the integration process (WTO), and three most important cultured species in
Vietnam at the present time, i.e., tra/baBangasius hypoph#tmugPangasius bocourj black

tiger shrimp Penaneus monodpand hard clamMeretrix lyrata). It is revealed that many of

the issued policies and regulations were ineffective or even unacted while more and appropriate
ones need to be provided for fuettdevelopment of aquaculture and fishery sector.
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The objective of the study was to assess growth, sex conversion rate and percent survival of Nile
tilapia (Oreochromis niloticus..) fingerlings of the GIFBtrain reared in twelve 500%rearthen

ponds. Each pond was stocked with size #24reegrsed tilapia fingerlings at a density of 4

pcs/mt. The kinds of hatching system where the tilapia fry were hatched served as the treatments
in this study and were dsllows: |1 artificial incubationhatched fry, Ii hapahatched fry, IIli
pondhatched fry and IM combination of hatched fry by stocking 33.3% from each hatching
system. Each treatment was replicated three times. After the pond rearing, analysaoéva
indicated no significant differences on the gain in length, gain in weight, specific growth rate,

sex conversion rate and survival of tilapia fingerlings among treatments (P>0.05). It is concluded
that the hatching systems used in the study hadyndisant effects on the specific growth rate,

gain in length and weight, sex conversion rate and percent survival of tilapia fingerlings.
Therefore, any hatching system can be used to produce tilapia fry for pond rearing.
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In search for an easy, rapid and eefé¢ctive method to determine the ploidy levels of diploid
and tetraploid dojo loachédisgurnus anguillicaudatudistributed naturally in China, direct
(karyotyping) and indirect (flow cytometry, erythrocyte nuclear measurements and
morphometric analysishpethods were compared. The results revealed that all techniques
employed may be successfully used to determine the ploidy levels. It was discovered that
karyotyping is cumbersome; flow cytometry is expensive whereas erythrocyte nuclear
measurement requireslong time and intensive labour. On the other hand, the morphometric
analysis method, especially the measurement of head length (HL), snout length (SL) and depth of
caudal peduncle (CPD), is the simplest, with no damage to the fish and can be coasidered
practical alternative to other techniques. The discriminant function developed from the
speci mens, D 427 3829 (3bB6uaatSgbrizda an observation as a diploid
if the discriminant analysis gave a positive score, while negativessa@re categorized as
tetraploids.
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The diel feeding rhythm and ontogenesis during early life stage of M&gurnus an
guillicaudatuswere investigated under experimental conditions (light: L Q&:8@0, D 18:00
06:00 h). Morphological and behavioral developments of loach framfyrfeatched to 40 days
after hatching were observed. Larvae were able to prey on d&fidrdays after hatching at 23

+ 0.5C.-As the larvae grew, they showed an increasing feeding capacity and a distinct feeding
rhythm. Feeding intensity and incidence flay4 larvae were highest at 10:00 and 16:00 h. The
highest levels of feeding intensity for dag larvae occurred at 08:00, 12:00, and 18:00 h as did
feeding incidence. By day 20, when the larvae metamorphosed, the highest levels of feeding
intensity acurred at 06:00, 1800 and 24:00 h and were conant with the highest feeding
incidence. After metamorphosis, feeding capacity had again increased considerably and, in
contrast to the earlier stages before day 20, feeding intensity #@0d@yenilegpeaked at 05:00
and 20:00 h, about 2 h after the maximum feeding incidence. The feeding rhythm of loach
juveniles at day 40 was almost the same as the3fapiveniles. The estimated maximum daily
feeding rates were 43.1%, 33.4%, 19.0%, 12.8%, and &t&¥dy weight on days 4, 12, 20, 30,
and 40, respectively. Thus, loach was found to have different feeding rhythms in-taedore
postmetamorphosis stages, with the highest feeding activity in daytime during the larval
planktonic stage before metamoggis, and intensely nocturnal feeding behavior during the
juvenile benthic stage after metamorphosis.
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There is considerable controversy in the 1lite
slitdd versus a 06ductdd connecting the respi
species of garfishet épisostailag. The aim of the present work has been to address these
discrepancies on the basis of our own work on longnoskggasosteus osseusconjunction

with a review of the literature. We provide anatomical evidence for a better understanding of the
funci onal advantages of the 06l ongitudinal slit
respiration in juveniles longnose gar. The anterior part of the garfish body cavity, from the oral

cavity to the stomach, was used for morphological and histolagedysis. It has been observed

that the air bladder in the longnose gar is open to the alimentary tract through a longitudinal slit
which is present in the glottis on the dorsal side of the oesophagus. The external side of the

glottal ridges in the anter oesophagus, on the side of the opening, consist of stratified

squamous epithelium which then turns into the pseudostratified columnar ciliated epithelium in

the posterior oesophagus. The glottal ridges are comprised of epithelia and radially arranged

striated muscle fibres surrounded by connective tissue. It can be surmised that the tunica

muscularis in the anterior oesophagus of garfish aids the glottis in moving air in and out because

it supports the dorsal retractor muscle in propelling air throbgongitudinal slit from the

buccal cavity. When the buccal cavity of the garfish is contracted during holding prey, the

muscles of the gas bladder wall and tunica muscularis, located inside and outside the glottal

ridge, participate in exhalation.
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Live preyso6 availability to Il arval fish is
described asape width/prey size proportion (Dabrowski and Bardeg, 1984). In some cases,
larval freshwater fish, like the-8 mm total length yellow perch (Kolkovski and Dabrowski,
1998), eat prey smaller than-300 pum in width, whereas in the case of the first fegdanval
walking catfish Clarias), the largest size dfrtemia naupliioffered, 205295 um (4% of fish

body length), increased the growth, but compromised survival in comparison to ungraded size
nauplii. Nauplii graded into two categoriebelow 59 pm ad 53183 um, mezh size néteven
when fed in excess, resulted in much lower fish size and survival428% in comparison to

67% in fish fed with unsievedrtemia(Petkam and Moodie, 2001). Therefore, it is important to
readjust the feed particle sidev¢ or inert) to the optimum acceptable size of larval fish. [Note:
this is the first paragraph of the introduction]
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There is considerable controversy in the 1lite
slitdd versus a 06ductdd connecting the respi
species ofarfishes [(episosteidae The aim of the present work has been to address these
discrepancies on the basis of our own work on longnoskggasosteus osseusconjunction

with a review of the literature. We provide anatomical evidence for a betterstaraing of the
functional advantages of the 66l ongitudinal s
respiration in juveniles longnose gar. The anterior part of the garfish body cavity, from the oral

cavity to the stomach, was used for morpgatal and histological analysis. It has been observed

that the air bladder in the longnose gar is open to the alimentary tract through a longitudinal slit
which is present in the glottis on the dorsal side of the oesophagus. The external side of the

glottd ridges in the anterior oesophagus, on the side of the opening, consist of stratified

squamous epithelium which then turns into the pseudostratified columnar ciliated epithelium in

the posterior oesophagus. The glottal ridges are comprised of epitheliadeally arranged

striated muscle fibres surrounded by connective tissue. It can be surmised that the tunica

muscularis in the anterior oesophagus of garfish aids the glottis in moving air in and out because

it supports the dorsal retractor muscle ingalbng air through the longitudinal slit from the

buccal cavity. When the buccal cavity of the garfish is contracted during holding prey, the

muscles of the gas bladder wall and tunica muscularis, located inside and outside the glottal

ridge, participatén exhalation.

76



AQUAFISH RESEARCH REPORT 08-A24

COMPARISON OF RICE SRAW AND BAMBOO STICK SUBSTRATES IN PERIPIYTON-BASED CARP
POLYCULTURE SYSTEMS

Sunila Rai1, Yang Yi'? Md AbdulWahab?, Amrit N Bart * & James S Dian&

! Aquaculture and Aquatic ResoescManagement, School of Environment, Resources and
Development, Asian Institute of Technology, Pathumthani, Thailand

2College of Agqualife Science and Technology, Shanghai Fisheries University, Shanghai, China

3 Faculty of Fisheries, Bangladesh Agricultural University, Mymensingh, Bangladesh

4 School of Natural Resources and Environment, University of Michigan, Ann Arbor, MI, USA

Published in:
Aquaculture Researql2008)39(5): 464473.

An experiment was comdted to compare rice straw mat and kanchi (bamboo sticks) as
substrates in periphytemased polyculture systems. The experiment had three treatments: (a) no
substrate (control), (b) rice straw as a substrate (3 x 2.7 kg'pand (c) kanchi as a subg#a

(390 kanchi pond). Fingerlings (n540) of rohu,abeo rohita(24.5 + 0.5 g); mrigalCirrhinus

mrigala (25.1 + 0.6 g); catla&Catla catla(25.8 + 0.5 g); common car@@yprinus carpio(27.6 +

0.6 g), and silver carpjypophthalmichthys molitri{30.4 £0.9 g) were stocked at a 3:2:2:2:1

ratio and cultured for 90 days. There were no differences in the number of plankton, periphyton
and macrezoobenthos among the treatments. The total plate count of bacteria was higher in the
rice straw treatment (41320nidin i cfu nT2) than that in the kanchi treatment (11 78illion

cfu m2). Growth and the final mean weight of rohu, catla and common carp were higher in the
substrate treatments than those in the control. Rice straw and kanchi tresgapadtively,

resulted in 38% and 47% higher combined total weight gain over control. Gross margin analysis
showed that rice straw treatment resulted in more profit than the control and kanchi treatment.
Therefore, rice straw has the potential to be usedcrease production in the lewmput rural
aquaculture.
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A sustainable serintensive pond aquaculture technology including major carp species (Indian,
Chinese and common carp) as castp and small indigenous fish species (SIS) as food for the
farmers' families is being optimized in Bangladesh. Silver carpsimriun the polyculture is

now being considered, because this very efficient filter feeder has a strong impact on pond
ecology and also on the farmers' family nutrition because it is a cheap fish that the family can
afford to eat instead of selling. Theepent paper is centered on the reduction of silver carp
negative effects on other species while keeping the advantages of increased total yield and
income due to silver carp stocking. It presents the results of two experiments;staéi@nand

one onfarm, in which 35 silver carp/100 Awere added or partially substituted major carp

filter feeders. The basic stocking density was 100 carps (rohu, catla and a bottom feeder, either
mrigal or common carp, at a 1:1:1 ratio) and 250 SIS (punti and mola)@errlin the on

station experiment silver carp density was 3 and 5 fish/70@nchthe large carp bottom feeder
was common carp. In the darm experiment silver carp density was 5 fish/1¢0and the

bottom feeder was either common carp or mrigal.

Most of the water quality and fish performance parameters tested were not affected by the
polyculture composition. Addingi 5% silver carp or substituting 3% of the herbivorous fish
species by this highly efficient filter feeder increased grazing pressuhe @hytoplankton,

which led to a 2640% reduction of the chlorophyll concentration in the water column. The
increased grazing pressure was not enough to affect other water quality parameters and fewer
effects on the availability of food for the other fghecies occurred than when the silver carp
addition was 10% of the polyculture, as reported in a previous work. The strong negative effects
of silver carp on the other species of the polyculture and the higher total yields and income
recorded in previousxperiments with the addition of 10 silver carp/100were much weaker

and their expression depended on other pond conditions when 3 or 5 silver carpyi®@ m

added or substituted the same number of rohu or catla, either when the bottom feederavas mrig
or common carp. It was concluded that stocking 3 silver carp/2@¥en the usual 100 large
carpand 250 SIS/100°man be considered a 6éno effectod sto
control without silver carp, while stocking 10 silver carp/130should be preferred by farmers

to keep the option of selling or consuming the silver carp.
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The objective of this study was to review the state of goatyroduction for giantiver prawns
(Macrobrachium rosenbergiin Thailand, assess the perceived ecological impacts of the
industry, and suggest avenues by which farmers might adopt more environmentally sound
culture systems. A socioeconomic and technical survey of 100 pesmers was conducted
during 1 May to 31 July 2005 in Thailand. The majority of respondents were male (70%) and
average age was 46 +1. Most farmers (77%) had completed an elementary level of schooling (4
years) and experience on the farm as owner, manageoth averaged 10+1 years. Most
respondents (92.9%) obtained information about prawn culture from their neighbors and only
19% received formal training. Monoculture was the dominant system (96%) while remaining
farmers utilized polyculture with prawnsawhite shrimp [(itopenaeus vannanjeil he most
common management strategy included i@680day nursery phase for post larvae and
harvesting with the combined method, culling only the largest marked individuals

beginning at 5 months followed by eve3§ to 45 days (66%).

Culture practices at the time of this survey are best described as intensive. Most farmers stocked
at densities below 20 pieces fand average production was 2338 k§lhya' 1, values typically
described as senmtensive. Howeversome farmers utilized higher stocking densities and
obtained production values above those described asirgemsive. Additional intensive

practices were common, including the use of commercially produced feed, frequent water
exchange, aeration, and Enand dolomite application. After the culture period water was
generally discharged directly into canals without treatment. Average net profits were 3918 US$
hd 1yr' 1. The major problems identified were seed supply (67%), disease outbreak (64%), and
extemal pollution (37%). External pollution was reported to have severe impacts on 16%,
moderate impact on 46%, and no impact on 38% of farms. Pollution sources were identified as
agriculture (75.4%), aquaculture (39.3%), and industrial and domestic wa$t# (@ach).

At the time of this survey the giant river prawn industry in Thailand was valued at

US$79,096,000 and ranked third globally behind China and India. To maintain this level of
production, research on alternative practices is necessary to batkempeate environmental
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benefits and economic returns similar to or better than the current monoculture system. Two
avenues to transition to these practices include augmenting existing certification programs and
community training sessions to introduce brgture practices and provide a venue for farmers

to plan local water supply management.
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This overview examines the status and trends of seafood production, and the poditive

negative impacts of aquaculture on biodiversity conservation. Capture fisheries have been
stabilized at about 90 million metric tons since the late 1980s, whereas aquaculture increased
from 12 metric tons in 1985 to 45 metric tons by 2004. Aquacuilieiedes species at any

trophic level that are grown for domestic consumption or export. Aquaculture has some positive
impacts on biodiversity; for example, cultured seafood can reduce pressure on overexploited
wild stocks, stocked organisms may enhangdeaded stocks, aquaculture often boosts natural
production and species diversity, and employment in aquaculture may replace more destructive
resource uses. On the negative side, species that escape from aquaculture can become invasive in
areas where theye@nonnative, effluents from aquaculture can cause eutrophication,
ecologically sensitive land may be converted for aquaculture use, aquaculture species may
consume increasingly scarce fish meal, and aquaculture species may transmit diseases to wild
fish. Most likely, aquaculture will continue to grow at significant rates through 2025, and will
remain the most rapidly increasing food production system.
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An experiment was conducted in a randomized block design to compare growth and economic
performance between monosex and miges culture of red mud craB¢ylla olivaceaHerbst,

1796) fed with trasfish at 510% body weight per day in the mangrove tidal flat at Burigoaliny
Union of Satkhira District, Bangladesh. The experiment had three treatments in triplicate each:
(a) alkmale culture, (b) alfemale culture and (c) mixeskx culture. Crabs of 8020 g in size

were stocked at a density of 0.5 craB amd cultured for 100 days. Specific growth rates (SGRs)
by weight and internal carapace width (ICW) in thenadlle culture were significantly higher

than those in the afemale culture (P<0.05), vite SGRs in the mixegex culture showed no
significant differences from those in the-alhle and aifemale culture (P>0.05). No significant
differences in final mean body weight, ICW, daily weight gain, survival rate, gross and net yields
were found amiag all the treatments (P>0.05). The area of high water level with mangroves gave
significantly better results in terms of feed conversion ratio, survival rate, gross and net yields
than the area of low water level (P>0.05). The experiment suggests th#itfdmale culture in

the area of high water level with mangroves could be suitable in developing commercial pen
culture of red mud crabs in Bangladesh.
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SouthAmerican catfish, barred surubirRgeudoplatystoma fasciatyijoveniles (117.6 £11.8

mg individual weight; 28.3 £ 2.5 mm total length) were fed various diets: oneTliN®féx

worms), two commercial (Aglo Norse and Bio Kyowa), and one gmmified formuhbted diet

(75% peptide based protein) over-a@ek period. Fish fed the Aglo Norse diet showed the
highest growth performance, but cannibalism also was very high (42%). Fish fed peptide based
formulated diet demonstrated the lowest growth rate, with nnoilsalism. The highest survival

was achieved with fish fefubifexworms (100%). Lipid level in the whole body of the fish fed
four different experimental diets did not differ significantly, averaging 3.6 + 0.7%. Fatty acid
composition of neutral and phdsgipid fractions of whole body lipids of fish reflected the fatty
acid composition of the diets. The high level of 2064in Tubifexworms resulted in a high level

of this fatty acid in the tissue of fish fed this diet. It remains uncertain how higivaiemd no
cannibalism is related to dietary In3pUrFAs 0 f a
(highly unsat wn6IldUFAid phbsaholipig fraetions sugggsted the elongation

and desaturation of 18138 to 22:61-3 via 205n-3. Moreover, in respect to the 20:8 levels in

the diets, an increase in the concentration of this fatty acid in phospholipid fraction suggests that
South American catfish can transform linoleate into arachidonate
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Commercial production of tilapia in Kga has potential for expansion, but growth and
development of the tilapia industry in Kenya will depend upon its profitability and the effect of
associated risks. Data from pond experimentfaom trials, and farm surveys were used to
develop enterprisbudgets and a risk analysis for nine production scenarios. The nine scenarios
include: 1) monoculture of seeversed male tilapia fed either rice bran, a pelleted experimental
diet, or a pelleted pig finisher diet; 2) clarias monoculture fed with eattle dhree diets; and 3)
tilapia-clarias (sexeversed male fingerlings) polyculture fed with each of the three diets. Net
returns/ha were highest for production with the pig finisher diet, with clarias in monoculture the
highest followed by tilapia in moralture and then the polyculture system. The lowest net
returns/ha were obtained with clarias fed rice bran. Profitability was affected by feed cost and
tilapia survival. Tilapia monoculture systems had lower probabilities of financial losses than
either darias monoculture or the polyculture system. Use of the pelleted diets also resulted in
lower probabilities of financial losses. Lower yields from the rice bran feed scenario resulted in
its greater sensitivity to fluctuating costs of rice bran and sakeiftilapia.
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The effects of the duration of the light phase photoperiod (8 h light or 16 h light) on the growth
and hepatic insulitike growth factorl (IGF-1) gene expression in Nile tilap@reocchromis
niloticuswere evaluated. Themwas a slight but not significant tendency for fish in the long light
phase group (LP) to display elevated specific growth rate (G) both in mass (M) and standard
length (LS) compared with that in the short light phase group (SP; P = 0-057 for GM; 5= 0-05
for GL). Significantly, higher food conversion efficiency was observed i@1Rehan in the SP.
There were significant positive correlations between-I&&ncentrations and G, both in M and
LS. A significantly negative correlation was observed betw&&nl mRNA level and eye

colour pattern. The lack of significant differences in G and hepatid l§&fhe expression,

despite the significant difference in feedchgersion efficiency, may be leged partly to the
development of different levels of sociatenactions in the different groups within a photoperiod
regime leading to increased variation of results within each group. These findings suggest that
hepatic IGFI gene expression has potential utility as a growth rate indicator for this species of
fish and social status, as qudietil by eye colour pattern, ppars to be a much stronger
determinant of growth rate and IGQRranscript level than does light phase photoperiod length.
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This isthe first controlled experiment to quantify the effect of introduced tilapia on indigenous
species. This experiment was conducted in small earthen ponds?’{16Gmsesahe impact of
mixed-sex or almale Nile tilapia Qreochromis niloticusonsmall indigenous species (SIS)
commonly found in south Asia, molAfblypharyngodon mojachela Chela cachiusand

punti (Puntius sophore Ponds were fertilized, then stocked with 0.56 fish of water surface

area in the mixedex and alimale tilapiatreatments and 0.42 fishriinQhe treatment without
tilapia. No additional nutritional inputs were applied after stocking. Treatments were-seixed
tilapia with SIS, moneex male tilapia with SIS and SIS without tilapia (control). All treatments
werestocked with 14 fish per species. All species reproduced during thwath culture

duration. The number of recruits varied by species, Tilapia reproduced in greater numbers than
SIS. Tilapia numbers at harvest were the highest (451 25/ @0the mixa&-sex treatment
compared with mola (221 + 22/108mnchela (94 + 8/100& and punti (100 + 7/100fn The

number of mola was higher (399 + 33/1G0in the altmale tilapia treatment. There was

reduction in the number of mola and chela in the treatmengioomg mixedsex tilapia. Gut

content aalysis combined with water sguing revealed that all fish species fed selectively.
Significant interspecies dietary overlap was found between Nile tilapia and SIS and among SIS.
Thus, there is potential for tilapia compete with indigenoussti species when space and other
resources are limiting, but a longer duration study with varying level of management is needed to
determine how successfully tilapia competes with locally adapted SIS.
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The government of Kenya encourages aquaculture development by offering credit facilities

through the government agritwral finance institution, Agriculture Finance Corporation.

Nevertheless, the level of credit use in fish farming is very low. Access to credit is among

sever al factors that affect farmersd decision
Thestudy examined factors that affected the decision of fish farmers in Kenya to utilize credit
facilities in fish production using a probit model. The analysis suggests that farmers in the

Western province will have a 19% more probability of using credilitias for their fish

farming operations than farmers from the other provinces such as the Rift Valley, Central, and

the Eastern province. The effect of tilapia sales on the probability of credit use by fish farmers is
more than three times that of catfisales. Total pond acreage owned by fish farmers had a

positive effect on credit use but the effect was very small and negligible. The level of fish
farmersoé use of credit facilities is very | ow
credt use and for the government agricultural lending agency and other commercial agricultural
lenders to invest in this emrise. Kenyan lending institions have financed traditional

agricultural enterprises, and with the growing production of farmedrfishe research is needed

to document the aquaculture business model to assist in assessing the profitability potential in
aquaculture.
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The Ghana ministry of fisheries and thenisiry of Agriculture provide free extension services

and other technical services to fish farmers in Ghana, e.g. producing fingeatiggyernment

operated fish hatcheries for sale to farmers.-jovernmental organizations and universities

have also mvided some technical assistance to fish farmers in efforts towards the development

of aquaculture in Ghana. The study identified the various sources of aquaculture information to
Ghanaian fish farmers and examined the factors that affected their décisidize these

alternative sources of information. Using choice modeling techniques, the study found that the
probability of farmerseeking information on aquatule from the Ghana government increases

with literacy by about 43% motéan with illiteracy and by about 34% with an increase in total

size of ponds. The probability that a literate farmer will choose to obtain aquaculture information
from a norgovernmental organitan decreased by about 10% compared with an illiterate
farmer. The probabig o f choosing 6other sourcesd6 for aq!
about 27% for farmers residing in Ashanti region compared with farmers in the-Bhatig

region but the probability of farmers seeking
literacy and number of years farming.
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Shrimp mariculture, the leading form aduaculture for the Pacific coast of Mexico is facing
catastrophic losses due to disease and falling prices. Previous work conducted by a multi
institutional, international team since 1997 has built a solid foundation for diversificaftion
aquaculture ifPacific Mexico emphasizing the use of native species, particularly those low on

the food chain and with low culture technology requirements. Among the leading candidates are
bivalves, which are currently cultured and fished extensively along the Gulfififr@ia Coast,

with much of the production attributed to wild capture fisheries. Great potential exists, however,
to expand current aquaculture production through strengthening existing operations, either by
developing new markets or increasing salesiiment ones according to consumer preferences.
From the Mexican governmentds perspective, sp
Aquaculture and Fishery Commission), economic diversification for aquaculture is stated as a
prioritized policy goal. Today, theost available and feasible biotechnologies for species
diversification in the country are tilapia and oyster farming (Marti@emlero 2007). In the last
threeyearsthe ProgranAlianza para el Camp(@Alliance for the countryside), which is the

main feceral program operated at the national level that promotes and supports the development
of aquaculture projects, has financed tilapia and oyster projects at different scales of operation in
many states. Social groups, like cooperatives, are usually seiectm®ive support for oyster
farming, and in Sinaloa, coastal communities have benefited from this program. This includes
fishermen entering aquaculture activities for the first time, which the Mexican government calls
system conver si oeaalsoiogmeaglveédsin ogsterocultpre effarts by the
Autonomous University of Sinaloa. While monetary assistance has been given to help in the
establishment of new aquaculture enterprises, little work has been done to assess the social and
economic impets of increased production. Moreover, research on assessing market demand for
said species and assisting farmers in market identification and market penetration strategies is
lacking. The objective of this work is to assist oyster aquaculture coopeliatihesregion of

Bahia Santa Maria (BSM), Mexico, to identify opportunities for the marketing of oysters within
the state of Sinaloa.
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Social surveys of three farming systems in Thailand showed significant differences. Prawn
farming provided a good income and primary employment for farmers, who sold their prawns
locally. Tilapia farming provided additional food and income tafars who were otherwise
employed, mostly in rice culture. Shrimp farming provided a good income and employment
favored over other job opportunities. It added food locally as well as for export.
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The regulation of growth hormone (GH) secretion by ghrelin during variable metabolic states is
poorly understood. We examined plasma GH and ghrelin in hybrid striped bass (HSB)
undergoing seasonallyased feding and temperature manipulations. Fasting for 21 days (d) at
24°C resulted in catabolism and-tggulation of plasma GH and ghrelin relative to fed controls.
Continued fasting during coldanking (14°C, 90d) resulted in a further 48d increase in

ghrelin while GH remained elevated. A subsequent 19 day refeeding period at 24°C elicited
hyperphagic and compensatory growth responses, accompanied by declines in ghrelin and GH.
We then tested the role of ghrelin in stimulating GH release in vivo anttan Mtraperitoneal
injections of ghrelin resulted in deskependent increases in plasma GH after 6 hours (h).

Ghrelin also increased GH release from HSB pituitaries during 6 h incubations. Lastly, we
assessed how metabolic state, ghrelin and indilkbrgrowth factorl (IGF-1) affect in vitro

pituitary GH release. Spontaneous GH release watl higher from pituitaries of fasted
compared with fed animals. Ghrelin was equally effective in stimulating GH release from
pituitaries of fed and starved araig, while it was ineffective in enhancing GH release from
pituitaries of starved (21d) then reefed (4d) HSB. Incubation withll@Ribited GH release
regardless of metabolic state. These studies are the first to show that sedmsaallperiods of

feed deprivation and low temperature yield sustained increases in GH secretion that are likely
mediated, at least partially, through elevated ghrelin, reduced hegative feedback and
fastinginduced spontaneous GH release.
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With its large quantities of water and little industry to pollute it, Guyana has the potential to
become a greater player in global aquaculture. Collaboration among government agencies,
universities, commercial farms and international aid groups is adwpaquaculture @he
country. Currently, small farmers produce tilapia, pacu and shrimp for primarily local
consumption. Further integration of aquaculture and agriculture has additional potential.
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Global production and consumption of tilapia continues to rise. In 2008, China remained the

major producer, with gains by its Asian neighbors and parts of Latin America. The global

economic downturn and rising prartion costs hurt some smaller producers. China consumed

half its huge production and showed a trend toward greater consumption ehsidkrabtilapia.

In U.S. retail stores, tilapia is now the second-sefling fish. The tilapia industry is working to

bi ng figreenero tilapia products with i mproved
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The Volta basin clanGalatea paradoxais collected for food and remains an important

affordable protein source for the riparian communities in the catchment. Clams accumulate
metals in their soft tissues, which can be toxic to humans when consumed. A study was,
therefore, carried out to exame the concentrations of Mn, Zn, Fe and H@irparadoxaat 3

different size classes: small (280 mm), medium (41 60 mm) and large (>60 m@t Ada

and Aveglo in the Volta estuary area in Ghana. The concentrations of heavy metals in the clams
variedconsiderably between the two locations. There were, however, no significant differences
(p > 0.05) in Mn, Fe and Zn concentrations among the different size classes, indicating a similar
bioavailability of the metals at both locations and, possibly, aciexit metabolism to keep the
concentrations of Mn, Fe and Zn relatively similar. Mercury concentrations in the Ada clams
varied significantly (p < 0.05) among the different size classes. A Risk Analysis indicated that
the concentrations of heavy metalghe clams were within acceptable limits and safe for human
consumption.
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This study was designed to generate information on the microbiological quality of the clam,
Galatea paradoxdarvested from the Volta estuary in Ghana. Total Vigldants (TVC) for
heterotrophic bacteria, Total coliforms (TC) and Faecal Coliforms (FC) as indicafersabf
contamination, were evaluated in the rainy season (JAngust) and in the dry season (January

- February) G. paradoxarom the estuary werund to be highly contaminated with the above
mentioned micrdlora. There was a significant seasonal variation (p < 0.03) in the levels of total
heterotrophic bacteria (TVC), total coliforms (TC) dadalcoliforms (FC). Total viable counts

of heterotr@hic bacteria in clams in the rainy season (Julegust) was significantly lower (p

< 0.03); (June, 1.0 x 107 cfu/g) than for the dry season (February, 7.0 x 1010 cfu/g). Total
coliforms (TC) and FC portrayed a similar trend, being significantly higher@.01) in the dry
season (1.0 x 1011) than the rainy season (2.4 x 104 and 1.3 x 104/g). Considering the
importance of the clam fishery as an affordable protein source and a source of livelihood to the
riparian communities along the Volta estuary, iteisommended that monitoring and regulatory
controls of the fishery and growing waters be enforced whilst public education on the importance
of depuration as a means of decontaminating the clams be pursued vigorously.

95



AQUAFISH RESEARCH REPORT 09-A06
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The livelihoods of forest fringe communities in Ghana depend, largely, on the renewable natural
resources that they can find in the forests and any activities that imp@tis oriegrity ofthe

forest disrupt the livelihood of the dependent communities. Forest fragmentation continues to
take place in Ghana, mainly in response to a growing demand to feed an ever increasing
population and for timber exploitation for export. One of the forasgdrcommunities in Ghana
where the rural livelihoods of the people have been compromised due to deforestation and
climate change is the Offin basin. The removal of forests impacts on local climate, water
availability, and livelihoods due to influence ofésts on precipitation and water balance.

Fluxes in the quantity and frequency of rainfall contribute to decreasing food production and
water availability. This study examines forest loss, precipitation and ambient temperature
patterns in the forest frimgcommunities in the Offin river basin over the past four and a half
decades and assesses current impacts and trends on rural livelihoods and coping strategies by the
communities. The forests provide the communities with-fusdd, fish and game, medicinal

plants, food sources, and recreation. Between 2000 and 2005 deforestation rate in the basin was
2%. Mean annual precipitation decreased by 22.2% between 1960 and 2000 in response to a
1.3°C rise in ambient temperature over the same period. Consideralpigeshin the frequency

of rainfall and its unpredictability impacted negatively on the livelihood of the fringe
communities who are predominantly cocoa and subsistence crop farmers. The livelihood
resources of the community are severely constrained letmnegluction in food security and
economic losses. In response to deforestation and associated climatic changes, several coping
strategies for sustenance of livelihoods have been adopted by the forest fringe communities.
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Two experiments were conducted to evaluate the initial stocking density in larvae of Bay snook,
Petenia splendidaand Mexican mojarr&ichlasoma urophthalmusising a recirculation

system. Five initial stocking densities (0.5, 1, 5, 10, and 20 larvesfite evaluatetby

triplicate for 45 d. Weight and total length (TL) were measured every 15 d, and fish production
was calculated for each density. The larvae stocked at the lowest densities (0.5 and 1 larvae/L)
presented the highest growth for both specesirophthalmug0.78 g and 48nm TL, and 0.76

g and 45mm TL, respectively) an®. splendidg0.80 g and 52nm TL, and 0.79 g and 49m

TL, respectively). However, lowest fish production was recorded

(35 and 69 fish per tank, respectively, @rurophithalmusand 34 and 70 fish per tank,
respectively, folP. splendidacompared with those at densities of 5, 10, and 20 larvae/L (336,
584, and 604 fish per tank, respectively,@murophthalmusnd 341, 679, and 912 fish per

tank, respectively, foP. spendidg. The polynomial model for biomass production related to the
stocking density shows that the optimum stocking densitieS.farophthalmusndP.

splendidaare 12 and 14 larvaelL, respectively.
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At world-wide level the use of steroids to obtainmbhile population in cichlids, h@een widely
used with the objective to avoid the reproduction process and to c&ltadizmergy of the food

in weight gain. In this sense, thepdipation of steroids has been commonly through the artificial
diets. Nevertheless, for some cichlid such as tenhuayaca or bayReteoka splendidavhich

is considered an appropriate species for aquaculture in the Southeastern of Mexieataaid
America, the use of artificial diets during the larval period is not possible, for this reason the use
of live preys is required whi€lzould be use as vehicle for the steroids. In the presedy,the
production of almale population was evalwt inP. splendidaisingArtemia naupliias vehicle

for the steroid 130 methyltestosterone (MT). For thésudy,the first feeding larvae were fed

with Artemia naupliiwith MT for 5, 10, 20, 28, 45 and 60 days of feeding, and a control
treatment without M. Significant differences were detected in the masculinization percentage
and survival of the larvae fed for 60 days with MT usimtemia nauplii(96% and 85%
respectively) compared with the control treatment where only 56% of males and a similar
survivd of 83% were obtained. For this reason, we conclude that th&rtesaia naupliias

vehicle of MT is a suitable alternative to obtain all male productidh splendidavhen larvae

are feed for 60 days.
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A recent publication questions the nutritional value of tilapia in the human diet following the
movement to eat fish for their omega fatty acid (FA) content. It suggests that tilapia have an
elevated amount of omegaFAs (r6) and a deficientraount of omegs FAs (i3), a possibly
unhealthy proportion for humans. A higénn-3 ratio is problematic because too much
arachidonic acid, an-@ FA, promotes inflammation, which aggravates heart disease and other
illnesses. This paper analyzes thentwers from different tilapia composition studies in an effort
to understand the range obrand R3 totals and ratios present in both farmed and wild tilapia.
Generally, wild tilapia have morehFAs than farmed tilapia, but diet adjustments can aleer th
body composition of the domesticated variety. Consumers should consider fish as part of a
balanced diet and evaluate their FA needs on an individual basis.
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Aquaculture systems have the benefit of being highly intensivedeitionstrated economic

returns. Aquaculture can be an efficient strategy for economical land use and serve as an
alternative means of livelihood for rural communities. Consequently, fish farming can play a
major role in environmental conservation and regton program@y reducing extensive land

use. However, regional variability in climate, soils, and water quality are limiting constraints on
aguaculture success. This study was conducted to assess the potential for culture of two warm
water fish speciedyile tilapia (Oreochromis niloticus, Linnaepand African catfishClarias
gariepinus, Burche)lat high altitudes of the River Njoro watershed. Growth performance of

Nile tilapia and African catfish were evaluated for 180 days in ponds and fertiliZie@nganic
manure and stocked at a rate of two fish per square meter for tilapia, and 0.5 fish per square
meter for catfish. Results from this study demonstrated remarkable growth in Nile tilapia but
poor growth and condition in African catfish. After sealeattempts, African catfish eggs

fertilized for the study failed to hatch, most notably due to low temperatures and the poor water
guality of the Njoro River. These results demonstrate the feasibility of Nile tilapia culture at high
altitudes of the watshed, while African catfish culture was limited by poor growth performance
and seed availability. The farming of Nile tilapia is therefore recommended in the Njoro River
watershed as a potential livelihood strategy to intensive agriculture.
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Results of a 12@ay study showed that Nile tilapia fingerlsxgroduced in incubation units,

hapas or ponds exhibited similar growout performance. Although not statistically significant, the
tilapia from artificial incubation units performed optimally. Fish from hapas also did very well.
These treatments producee threatest yield of fish, and a greater proportion of harvested
animals fell in larger size categories.
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Natural occurrence of hexaploid loaklsgurnus anguillicaudatudetected in central China is
reported here for the first time. The evidence from karyotyping, DNA content analysis and
nuclear volume measurements were described to confirm the hexaploid nature of the identified
individual.
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The effects of a single intramuscular injection of gonadotropin releasing hormone analogue

(GnRHa) alone or in combination with the dopamine antagonist domperidoné)(&©

ovulation induction of loacMisgurnus anguillicaudatubroodstocks collected from the wild

were tested under routine hatchery conditions. The ovulation ratio, latency period, ovulation

index, fertilization success and hatching rate were evaluabedfollowing hormone treatments

were tested:2mgkyBW of CPE as a positive control (PC)
(G10), 20 &g (G20), 40'Bwandcombditalora® GrRHeLadd ¢ g ( G6
DOM at doses of 5 egmg 1GD1Mg ,( @D5)x,g #0 14Hg my
+ 20 mg (GD40) ki, respectively. Physiological saline injected fish were used as a negative
control (NC). The results showed that the com
mg (GD40) k¢! of GnRHa andOM, respectively, injection led to higher ovulation ratio and

shorter latency periods in comparison with the control and the other hormone treatments

(P<0.05), and there was no significant difference between the two ovulating groups with respect

to ovuldion ratio and latency period (P>0.05). There was a significant difference between the

GnRHa alone groups and the GnRHa + DOM combined groups on the ovulation index (the

former < the latter, P<0.05)hile no significant differences in the fertilizationceess and

hatching rate were found in any of the hormone treatments (P>0.05). Only 20% of the fish

ovulated in group G10 and G20, and no fish ovulated in group NC, suggesting a dopaminergic
inhibitory action on gonadotropin (GtH) secretion in this fisthatpreovulatory stage.

Therefore, it can be concluded that like many other cyprinids, dopamine inhibitory action was
operating in loach and it was necessary to combine GnRHa with a dopamine antagonist for

ovulation induction. As a result, ovulation canibeuced successfully in loach broodstocks with

2 0 ¢&"HGnRHa + 10 mg Kg DOM treatment in a single injection without any negative effect

on egg quality. Application of this combination could be beneficial for hatchery and broodstock
management in lo&cculture.

103



AQUAFISH RESEARCH REPORT 09-A14

EFFECTS ONGROWTH AND SURVIVAL OF LOACH (MISGURNUS ANGUILLICADATUS LARVAE WHEN
CO-FED ONLIVE AND MICROPARTICLEDIETS

Youiji Wang?, Menghong HuU', Weimin Wang?, Ling Cac?

1College of Fishery, Keyaboratory of Agricultural Animal Genetics, Breeding and
Reproduction of Ministry of Education, Huazhong Agricultural University, Wuhan, China
2 School of Natural Resources and Environment, University of Michigan, Ann Arbor, MI, USA

Published in:
Aquacuture Researclf2009)40: 385-394.

The effectiveness of efeeding loachiisgurnus anguillicaudatydarvae with live

microparticle diets on weaning performance was described here. Dry weight, total length, length
and weightspecific growth rate (SGR) drsurvivals were monitored at-2% C from the 4th

day post hatching (dph) in different diet regimes, which included: microparticle diets (A), live
cladocerans (B), enriched cladocerans (C), half microparticle diets plus half live cladocerans (D)
and halfmicroparticle diets plus half enriched cladocerans (E). The SGR (L and W) were
significantly lower in treatment A than in other treatments after completing metamorphosis (day
41 20, P<0.05). On 30 dph, dry weight (mg) a total length (mm) were signifidantér in

treatment in A than in other treatments (P< 0.05). There were no significant differences in
growth in treatments B, C, D and E before 30 dph. However, when live feed was withdrawn
from 31-60dph, in metamorphosed fish, there were significantréifiees (P<0.05) among the
treatments in survival and growth. Metamorphosed fish in treatment E had higher survival than
the fish in other treatments at the end of the experiment. The SGR (L and W) of weaned fish in
treatments B and C were similar but lowesin in treatments A, D and E respectively. However,
dry weight and total length in treatment A were significantly lower than in treatments D and E. It
is suggested that weaningMf anguillicaudatudrom early development would appear to be
feasible and that larval eleeding improves the growth and the survival.
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This Brief Communication is prepared based on data and information collected during the field
trip to snakehead fish culture farms in the Mekong Delta in 2009, with the support of AquaFish
CRSP.

In the recent years, aquaculture has played an economioglytant role in the Mekong Delta.
Catfish, snakehead fish and freshwater prawn significantly contributed to an in increased total
freshwater aquaculture production. Of which, snakehead was an important species cultured in
Mekong Delta. There are four k@opular culture systems of snakehead fish, including pond
culture, hapa culture, cage culture and nylon tank culture. Data collected from provinces in the
Mekong Delta showed that the snakehead production in region was about 30,000 tons in 2009, of
which Channa micropeltavas 7,500 tons. However, the farmers in the Mekong Delta attended to
small scale systems and spontaneous systems. There are four species of snakehead fish cultured
in Mekong Delta, comprising d@hanna gachua, Channa lucius, Channa s&j&hanna

micropelte. Channa striatandChanna micropeltare two main cultured species in Mekong

Delta now.
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Benthic macroinvertebrate assemblages at eight stations in the Moiben River, corresponding to
different catchment land uses, were assessed in 2006 as indicators of water quality. The relative
abundance per taxon, diversity index, richness index, evermag)ance, percentage of five
dominant taxa and percentagphemeroptera Plecopterat+ Trichoptera(EPT) individuals

were determined per sampling period per station. Significant spatiotemporal variation was
observed in relative abundance, witiptera dominating the study are&phemeroptera,
PlecopteraandTrichopteradominated the headwater stations, whef@algoptera, Oligochaeta
andChironomidaedominated further downstream. Significant relationships were recorded
between physicaehemical parametes conductivity, BOD, temperature, and dischaégeand

the occurrence of specific taxa, maigptagenia, Caenis, Baetis, Branchiobdella, Potamon,
llyocoris, ElmisandChironomus Significant changes in macroinvertebrate assemblages were
primarily due to chnges in water quality. As elsewhere, macroinvertebrate communities proved
to be good indicators of water quality and should be used as bioindicators-tefdong

monitoring of this river.
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A Benthic Index of Biotic Integrity (BBI) was developed for the Moiben River. The index
assesses effects of human disturbance on the biotic condition of stream macroinvertebrate
communities. Eight stations were selected to represent differentisntpes including

forestry, settlement, grassland and mixed farming, practiced at different intensities. A total of 22
metrics were correlated against habitat quality and water quality parameters to determine their
interrelationships. Ten metrics were showibéaresponsive to changes in water and habitat
guality, so could be used to separate sites according to levels of degradation. These were taxa
richness (oEphemeroptera, Plecoptera, Trichoptexad intolerant taxa richness), assemblage
composition (percegageEphemeroptera Plecopterat Trichoptera[EPT] individuals, and
percentage of individuals in dominant taxa), pollution tolerance (percentage of tolerant
individuals) and three functional feeding group metfresio of scraper: filterer individuals,
percentage gatherer genera, and percentage preuditoduals). We calculated-#Is by

summing metrics for each site, after transforntimgm to a discrete 1, 3, 5 scale. Values for the
final index correlated well with measureshafman influence based @ualitative assessment of
habitat quality (Pearson'$ = 0.88).This preliminary benthic macroinvertebrated® shows

promise for developing biologicatandards, which would facilitate loitgrm monitoring of

streams in the upper reached.ake Victoria Basin.
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The authors performed a smaltale survey of owners/managers of restaurants in Sinaloa,
Mexico, to assist aquaculture cooperatives in identifying opportunities for marketing oysters
within the state. Results showed that potential buyers preferrecklige, dized oysters with a
threeday shelf life. Buyers also considered water quality at product origin and mode of
transportation, important factors in food safety. All would pay more for quality product with
yearround delivery.
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In Bangladesh, a sustainable seménsivepond aquaculture technology including large carp
species as cagtrop and small indigenous fish species (SIS) as food for the farmers' families is
being optimized. The present paper is on the effects on fish performance and pond ecology of
interfering inthe water column and/or on the bottom through changes in the polyculture
composition. The Conterfdle cd @l yournbti inrad i voans ctomes i
traditional 33 rohu33 catld 34 common carp stocking with the addition of 250 SIS and 3 silver
carp per 100 rhof pond, as resulted from a previous experiment. Interferences on the water
column were achieved by changing the density of the herbivorous fish (reducing the density of
catla to 24/100 mand increasing that of silver carp to 12/10%),rard on the bottom by doing

so on the benthophagous fish (replacing 10/18@ammon carp by the same amount of mrigal).
Mola was the SIS included in the polyculture. Interfering in the water column and/or in the pond
bottom through the polyculture compositiproduced complex responses in the pond ecosystem
affecting the large carps' performances, while it did not significantly affect the reproduction and
the harvested biomass of the small fish mola. Relationships among the different fish species and
the enwionment are described for each polyculture. The four polycultures tested allowed a good
production of large carp species as easdp, of silver carp as an option to consume or to sell,

and of the small species mola as food for the farmers' families. diitedCpolyculture is

appropriate to produce relatively large herbivorous species, mainly silver canpolybelture
combination in the Water treatment is appropriate to obtain a larger amount of smaller silver carp
that can be afforded by the poor peoput also smaller rohu and catla, while maintaining the

same level of total yield and income with reduced feed conversion ratio (FCR) than in the
Control treatment. The polyculture combination in the Bottom treatment allowed a larger fish
species diversjtand also produced smaller herbivorous fish with still reduced FCR, while
maintaining the same level of total yield and income than the Control treatment. The polyculture
combination in the Water & Bottom treatment gave the best results: it allowedafialg

species diversity, is appropriate to obtain a larger amount of small silver carp that can be
afforded by the poor people, and gives the highest total yield and income with the lowest FCR.
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We have chosen the silver arowa@si{eoglossum bicirrhosuima representative of the most

ancient teleost family Osteoglossidae, to address the question ofugalints utilization. Silver
arowana have particularly large eggslb cm of diameter) and a unique morphology of the

yolk. We present evidence that the yolk cytoplasmiczge® ( i n t he O66yol k sac
very complex structure involved inqgential processes of yolk hydrolysis, lipoprotein particles
synthesis, their transport, and exocytosis. Vacuoles filled with yolk granules in different stages of
digestion move from the vitellolysis zone through the ycz to be emptied into the microvillar
interspace in the process of exocytosis. The area of the ycz with the abundance of the
mitochondria must play an important role in providing energy for both the transport of vacuoles
and the release of their contents. Thiare, we postulate that the furan of yolk syncytial

layerysh as t he 6é66early embryonic patterning cent
juveniles into a predominantly specialized role as the yolk trophoblastic {alenyolved in

yolk nutrients utilization. In additiorotdiscovering the mechanism of transformation ofyle

function intoytl function, we suggest that the machinery involved in nutrient mobilization and
exocytosis in yolk of arowana yolksac juveniles can be very attractive system for studies of
regulatoryprocesses in almost all secretory pathways in animal cells.
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Shrimp mariculture, the leading form of aquaculture for the Pacific coast of Mexico is facing
catastrophic losses due to disease and falling piresious work conducted by a multi
institutional, international team since 1997 has built a solid fdiordéor diversification of
aguaculture in Pacific Mexico emphasizing the use of native species, particularly those low on
the food chain and with low culture technology requiremekitsong the leading candidates are
bivalves, which are currently cultur@ahd fished extensively along the Gulf of California Coast,
with much of the production attributed to wild capture fisheries. Great potential exists, however,
to expand current aquaculture production through strengthening existing operations, either by

devdoping new markets or increasing sales in current ones according to consumer preferences.

From the Mexican governmentds perspective,
Aquaculture and Fishery Commission), economic diversificatioadaaculture is stated as a
prioritized policy goal. Today, the most available and feasible biotechnologies for species
diversification in the country are tilapia and oyster farming (Marti@emiero 2007). In the last
three years the Program Alianza pdr&€ampo (Alliance for the countryside), which is the main
federal program operated at the national level that promotes and supports the development of
aquaculture projects, has financed tilapia and oyster projects at different scales of operation in
many sates. Social groups, like cooperatives, are usually selected to receive support for oyster
farming, and in Sinaloa, coastal communities have benefited from this program. This includes
fishermen entering aquaculture activities for the first time, whiclMigseécan government calls
system conversion. Womends groups are also
Autonomous University of Sinaloa. While monetary assistance has been given to help in the
establishment of new aquaculture enterprisdte litork has been done to assess the social and

economic impacts of increased production. Moreover, research on assessing market demand for

said species and assisting farmers in market identification and market penetration strategies is
lacking. The objedte of this work is to assist oyster aquaculture cooperatives in the region of
Bahia Santa Maria (BSM), Mexico, to identify opportunities for the marketing of oysters within
the state of Sinaloa.
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This study examines income generafuartential and resouregse efficiency of 120 aquaculture
farms in Oyo state Nigeria. The data collected were analyzed using gross margin and stochastic
frontier production (SFP) model. Result of gross margin (GM) shows that the farms were quite
profitablewith an average GM of N207, 000 per annum. The SFP model reveals that, elasticities
of all considered inputs were positive and significantly different from zero. Returns to scale of
1.16 computed as sum of the inputs elasticities suggests that, an daaragem the study

exhibits increasing returns to scale. Further analyses reveal that, an average technical efficiency
estimate of about 81% was obtained from SFP model. This suggests that, about 19% potential
yield are forgone due to inefficiency frommet study. The result of sources of technical efficiency
differential shows that extension; education, stocking density, and credit significantly influenced
technical efficiency of the farms. Also, result of simulated marginal effects of these variables on
technical efficiency shows that extension has the highest marginal effects on the efficiency
estimates followed by credit, education, and stocking density. The study, therefore, suggests that,
significant level of profit obtained from the study is synonysto improve efficiency

environment observed among the farms as promotion of aquaculture development has the
potential in alleviating household income poverty in the country.

112



AQUAFISH RESEARCH REPORT 09-A23

EFFECTS OFCARBOHYDRATE-RICH ALTERNATIVE FEEDSTUFFS ONGROWTH, SURVIVAL , BODY
COMPOSITION, HEMATOLOGY, AND NONSPECIFICIMMUNE RESPONSE OBLACK PACU, COLOSSOMA
MACROPOMUM AND RED PACU, PIARACTUS BRACHYPOMUS

Rebecca Lochmanh Ruguang Chen, Fred W. Chu-Koo?, William N. Camargo?®,
Christopher C. Kohler?, and Craig Kasper*

! Department of Aquaculture and Fisheries, University of Arkansas at Pine Bluff, Pine BIuff,
Arkansas 70601 USA

Programa de Ecosistemas Acuaticos, l istituto
[IAP, PO Box 784, Iquitos, Peru

3 Fisheries and lllinois Aquaculture Center, Southern lllinois University, Carbondale, lllinois

62901 USA

4 Department of Biology, Hillsborough Community College, Tampa, Florida 33619 USA

Published in:
Journal of the World Aquaculture Soci¢B009)40(1): 3344.

To facilitate economical culture of black pa€iglossoma macropomuyrand red pacu,

Piaractus brachypomusn the Amazon region of South America, we assessed locally available
alternative enengsources for practical diets. We tested the effects of control diets (containing
wheat products) versus diets with different Amazonian feedstuffs (YMesahot sculenta
plantain,Musa paradisiacaor pijuayo,Bactris gasipagson the performance of thmacus in

three feeding trials. Black pacu (22.5 6 0.03 g; Trial 1) or red pacu (2.56 6 0.01 g; Trial 2) were
fed diets containing 30% wheat bran (control) or cooked or uncooked yucca, plantain, or pijuayo
for 12 wk. In Trial 3, larger black pacu (86.9 8 @) were grown to market size in 24 wk on
similar diets. Weight gain, feed conversion, survival, alternative complement activity, and
lysozyme were similar among diets. Hepatosomatic index, liver glycogen, and dry matter were
affected by diet in Trials &nd 2, but effects were not consistent among trials. In Trial 3, protein
efficiency ratio was lower in fish fed the diet containing wheat middlings. However, relative to
wheat bran or wheat middlings, all feedstuffs tested were effective energy souijoesride

black pacu and red pacu.
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An experiment was conducted in 21 outdoor centamits (2.5x2x1.2 m) from 8 December 2005

to 3 March 2006 to determine the effects of adding red til&@riaqchromisspp.) at different
densities and sizes on production, water quality and nutrient recovery in intensive culture tanks
of white shrimp Litopenaeus vannampeiShrimp postlarvae of 0.06 g were stocked into all tanks
at a density of 60 postlarvae?ywhile either small (13.8+0.2 g) or large (41.9+0.3 g) msex

tilapia fingerlings were stocked into the shrimp tanks two weeks later at lowig0 41%),

medium (0.8 fish m) or high (1.2 fish i¥) density. Water depth in all tanks was maintained at 1
m and salinity at 20 ppt. Water loss due to evaporation was compensated weekly. The
experiment was conducted in a 2x3 factorial design, while three additional tanks for shrimp
monoculture were set ascontrol. All treatments and the control were randomly allocated to
tanks in triplicate each. Shrimps were fed three times daily with commercial pellets using
feeding trays made with metal frame and nylon mesh (0.6x0.6x0.05 m) at the same feeding rates
asthose for the control. No separate feed was given to tilapia.

The highest shrimp survival rate of 66.8% was obtained in theidavalliensity tilapia

treatment, which was significantly higher than those in other treatments and the control. The
smaltlow density tilapia treatment had the highest shrimp yield and lowest feed conversion ratio,
which was similar to those in the control and the ldoyeand smalimedium density tilapia
treatments, but significantly better than those in other treatmentsrihanalyses revealed that
the increase of tilapia density from 0.4 to 1.2 fishand size from 13.8 to 41.9 g negatively
affected shrimp production performance but remarkably increased the combined production of
shrimp and tilapia. Polyculture inconmated 36.049.5% of the total nitrogen input and 14.2

26.5% of the total phosphorous input into shrimp and tilapia, which were significantly higher
than those (27.1% and 8.9%) in the monoculture, respectively. The nutrient recovery efficiency
increased wit increased tilapia stocking size and density. Polyculture with small tilapia stocked
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at low density had the best economic performance among all treatments and control, and
significantly better than smaliigh, largemedium and largéigh density tilapiareatments.

It was concluded that addition of red tilapia at suitable stocking densities and sizes into intensive
white shrimp monoculture can improve productivity, profitability, nutrient utilization and
environmental friendliness of shrimp monoculturbe suitable stocking density and size of red
tilapia identified in this study were 0.4 fishand 13.7 g respectively. Red tilapia could be

stocked at higher density and larger size up to 1.2 fidamd 42 g respectively to maximize

system productivit and minimize nutrient waste without affecting shrimp survival, but

economic performance could be negatively affected. Shitifapia polyculture should be

promoted to improve sustainability of shrimp culture.

115



AQUAFISH RESEARCH REPORT 10-258

GROWTH PERFORMANCE, SURVIVAL , FEEDUTILIZATION AND NUTRIENT UTILIZATION OF AFRICAN
CATFISH (CLARIAS GARIEPINUBLARVAE CO-FED ARTEMIA AND A MICRO-DIET CONTAINING
FRESHWATERATYID SHRIMP (CARIDINA NILOTICA DURING WEANING

V. Chepkirui -Boit!, C.C Ngugit, J. Bowmar?, E. Oyoo-Okoth3, J. Rasowd, J. Mugo-Bundi?, L.
Cheropt!

1 Department of Fisheries and Aquatic Sciences, Moi University, Eldoret, Kenya
2 Department of Wildlife, Oregon State University, Corvallis, OR, USA

3 Department of Aquatic Ecology and Ecotoxicolpdynsterdam, The Netherlands
4Department of Biological Sciences, Moi University, Eldoret, Kenya

Published in:
African Journal of Microbiology Research, Aquaculture Nutritf@010)17(2):1-8.

Problems of limited number of dry feedssagplement or replacement of live feeds have led to
poor larval nutrition in many species of fish. Therefore, the suitability -d¢eding 8day-old

African catfish Clarias gariepinu$ posthatch larvae using live feefirfemia salind and

formulated drydiet containing freshwater atyid shrimpgridina nilotica) during weaning was
investigated. The experiment ended after 21 days of culture and respective groups compared on
the basis of growth performance, survival, feed utilization and nutrient utiliz&tésvae cefed

using 50%Artemia and 50% formulated dry diet resulted in significantly (P < 0.05) better growth
performance, food gain ratio (FGR), protein efficiency ratio (PER) and productive protein values
(PPV) than other treatments. The lowest gropghformance occurred in larvae weaned using
100% formulated and commercial dry diets. Better survival of over 90% was obtained in larvae
weaned using 50%rtemiaand 50% dry diet, while abrupt weaning using 100% dry diets

resulted in lower survival (<75%7 hese results support a recommendation geedingC.
gariepinuslarvae using a formulated dry diet contain@gniloticaand 50% live feed when

weaning is performed after 8 days posthatching period.
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To determine the cytotype with better traits for the aquaculture practices of tHealtdjo
(Misgurnus anguillicaudatudyom the viewpoint of fish farming improvement, factorial crosses
@2n x2nl,2n x4nl ,4n x 2l ,4n x 4nl ) were conducted between natural diploids (D)
and tetraploids (T), producing DD, DT, TD, and TT groups (fematedifirst). The potential
benefits of the different cytotypes in culture were evaluated by comparing growth performance
and survival rate for a imonth rearing trial under the same production conditions. The average
fertilization rate in DT and TT wasgiificantly lower than in the DD and TD groups, possibly
indicating the poor fertilizing capacity of the tetraploid sires. Survival rate in DT and TD was
slightly lower than in DD but significantly higher than in the TT groups. Tetraploid females
producedbviously larger eggs than diploids and, subsequently, significantly longer initial body
length of TT and TD than DD and DT fry. However, from the second month of the growth trial,
TT suffered higher mortality than other cytotypes, which significantlyarfted morphometric
growth parameters. The TD group exhibited superior growth performance throughout the
experiment. The mean body length of DT was comparable with that of DD fish during the first 7
months but began to outgrow DD from the 9th month. Tludyssuggests that the relatively

better growth of tetraploid and higher survival rate of diploid can be integrated viploity
hybridization to get TD triploids with better culture traits.
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The first reports of tilapia in Honduras date from the-@8@0s when broodstock of Java tilapia
(Oreochromis mossambicusps introduced to Honduras from El Salvador. In 1955, the
Honduran government, through the Secretariat of Natural Resources, tihealedus de Otoro
Aquaculture Station for the culture of freshwater shr{Mpcrobrachium rosenbergii)n 1958,
because of various problems, this activity was discontinued. In 1968, the station resumed
activities, this time oriented to the culture offila. Two additional aquaculture stations were
created by the government during the 1960s and 70s. The El Carao National Fish Culture
Research Station was constructed in 1979. That station was utilized to initiate a national program
of fish culture througlextension programs and distribution of tilapia fingerlings to local farmers.
The program focused on promoting subsistdeweel fish culture throughout the country. Target
groups included rural farmers and community organizations.
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The aim of this study was to describe the ontogenetic development of the testis and the
alimentary tract in longnose g@.episosteus osseuslated to fish size and age at@aset of
exogenous feeding and late ontogenesis. Using light microscopy, testes were first detected
histologically bye the appearance of primordial germ cells 9 days after the first exogenous
feeding [31-31.5 mm total body lengtfTL)] and presumptive seminiferous tubules (maleness
characteristic) in fish of 107 mm TL. The present histological studies indicated that the
alimentary tract of lepisosteids is completely functional at the beginningbgéenus feeding,
several days before the completion of yolk absorption. Based on these results, we have
concluded that garfish larvae/juveniles can be effectively trained to consume formulated diets at
early stages, afteminitial feeding of live food fo 2-3 days (23.5 mm TL). Our findings provide
evidence of the first controlled rearing of longnose gar using live and formulated diets, providing
the possibility of experimental work with this ntgleost fish.
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Recent, fervent international dialogue concerning the existence and magnitude of impacts
associated with aquaculture has had both positive and negative outcomes. Aquaculture stake
holders have become sensitized to requiremenisnforoved environmental management of
aguaculture. On the other hand, in some cases aquaculture development has been negatively
affected by some of the unwarranted and unproved allegations to the detriment of the
stakeholders most in need of aquacultieeatopment (i.e., resource users, particularly the poor,
who are dependent on natural resources). These resource users are targeted by, and directly
influence biodiversity and conservation agendas; hence the need to understand how to gain their
active parcipation. This discussion focuses on examples of how aquaculture research and
development can be a useful tool or strategy for resource management initiatives and provide
tangible positive including increased stakeholder participation and cooperaternmgff
alternatives to resource extraction and use in otherwise difficult or intransigent resource
management conflicts.

120



AQUAFISH RESEARCH REPORT 10-263

MARKET CHANNEL AND TRADE OFFERMENTED SMALL -SIZED FISH PASTE IN CAMBODIA

Sophea Un, Robert S. Pomeoy?, Nam Sd, Kongkea Chhay*

1 Graduate School, Royal University of Agriculture, Phnom Penh, Cant®odia

2 Department of Agricultural and Resource Economic3/ Sea Grant, University of
ConnecticutAvery Point, Connecticut, USA

3Inland Fisheries ResearchcaDevelopment Institute, Fisheries Administration, Phnom Penh,
Cambodia

4Faculty of Agricultural Economics and Rural Development, Royal University of Agriculture,
Phnom Penh, Cambodia

Published in:
International Journal of Environmental & RurBlevelopmen(2010)1(1): 145151.

Fermented smaBized fish paste is considered to be one of the main food sources for
Cambodians, especially for the poor. However, most ssimdh fish are used as direct feed for
aguaculture or dried for animal feéthis study was conducted in order to identify market

channel and trade of fermented srsatled fish paste. Phnom Penh city, Kendal, Kampong
Chhnang, Battambang, and Siem Reap Provinces were selected as the study areas. The study
revealed that there werleréee main sources of product which should be considered when
analyzing total volume of annual production. The total production of the fermented fish paste in
20072008 was around 6,659 tons, of which 50.18% was domestically consumed and 49.82%
exported torhailand and Vietnam. Marketing and trading differed according to trading sites,
stakeholder characteristics, and fish species containing in the fermented fish paste.
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International production continues to grow rapidly-{I&o yearly) as markets in developed

countries import more and consumption in the producing countries also increases. Chi

continues to be the largest producer, consumer, and exporter with about 1.2 million metric tons

of production in 2009. Indonesia, Thailand, Vietham, and Philippines have all increased
production by 10 to 20% per ytoain2008nmeaché¢d0 8 and
328,831 metric tons, becoming the worldbés num
and Egypt.
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Since typical water treatment processes are ineffective at removing toxic microcystins,
techniques for eliminating micrgstin-producing algae in water bodies have been developed.
The most promising microcystin control in aquaculture is flocculation and sedimentation of
harmful algal blooms with clay. In a study with tilapia in a eutrophic fish pond, the authors found
that plymeric aluminum chloridenodified clay had a faster and slightly stronger effect in
removingM. aeruginosahan a more environmentally friendly chitosaiodified clay.
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Published in:
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Farm cages should be sited where water quality is good and water velaciggisat€r he size,

shape and position of cages should be selected to favor rapid flushing. Fish can typically be
cultured at greater density in small cages than in larger ones. Cages should be oriented with the
greatest surface area perpendicular to teegiling current. Cages should occasionally be

fallowed or moved to allow benthic communities to recover.
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REPLACEMENT OFFISH MEAL PROTEIN BY SOYBEAN MEAL PROTEIN WITH OR WITHOUT PHYTASE
SUPPLEMENTATION IN SNAKEHEAD (CHANNA STRIATADIETS
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Published in:
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The study was conducted with snakeh€&édnna striatefingerlings (459 per fish) to determine

the appropriate replacing levels of fish meal (FM) protein by soybean meal (SBM) protein with
or without phytase supplementation. Nine isonitrogenous (45%)sanéloric (4.7 Kcal g)

diets were formulated to replace FM protein by SBM protein. The control diet was prepared with
FM protein. The other groups, FM protein was replaced by SBM protein in the diets at replacing
levels of 20%, 30%, 40%, and 50% with or without phytase. Ther@rent results showed

there were no significant differences in survival rate among the treatments (P>0.05), ranging
between 54.4% and 63.3%. Fish growth had a downward trend (from 0.28 to 0.14)g ithay
opposite was true for feed conversion efficiefitom 1.07 to 1.78) when SBM protein was
increased in formulated feed. In addition, phytase did not affect body composition and there were
not significant differences in hepatic somatic index among the treatments (P>0.05). In terms of
economic profits, ampared to control diet, +@lacement of FM protein by SBM protein with
phytase supplement at 40%@hanna striatadiets decreased slightly by 0.89%. To sum up, FM
protein inChanna striatdingerlings diets can be replaced by SBM protein at 30% and 40%,
without or with phytase supplements, respectively in which growth performances, feed
utilizations are not affected.
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This study was designed to determine the maximum replacing levels of fish meal protein (FM)
by soybean meal protein (SBM), defatted with phgtaiszyme supplementation f8hanna
micropeltes FM in the basal diet was replaced by SBM in the diets at replacing levels of 20, 30,
40, and 50% with 0.02% phytase supplementatranna micropeltengerlings (4.3£0.03

g/fish) were randomly distributadto 15 tanks (100 liters/tank) with 25 individuals per tanks.

Fish were fed twice a day to satiate. After 8 weeks of feeding, there were no significant
differences in survival rate (SR) among the treatments, ranging between 77.3% and 80%.
Compare to convl treatment (FM), replacement of 20, 30 and 40% of FM by SBM did not
significantly affected on growth performance, feed conversion ratio (FCR) and protein efficiency
ratio (PER) while the replacing level of 50% significantly reduced these parameteqst, ELER.
Results also showed that there werenot signif
body as the dietary soybean meal replacement levels increased. From economic view,
replacement of FM by SBM up to 40%@hanna micropeltediets reduced feed costs/kg diet

and feed costs/kg weight gain by 10.8% and 4.83%, respectively.
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Efforts to quantify carbon sequestration in inland whtalies have focused on inlamseas,

natural lakes, and large river impoundments (Mulholland and Elwood, 1982; Dean and Gorham,
1998). A recent study in lowa (Downing et al., 2008) suggested that small, agriculturally

eutrophic impoundments bury carboraataverage rate of 2122 gnar-'Ce five times higher

than in large, river impoundments, 30 times more than in small, natural lakes, and over 400 times
greater than in inland seas and large natural lakes (Mulholland and Elwood, 1982; Dean and
Gorham, 1998). The combined water surface area of small impoundments in farming areas was
estimated at 21,000 Knn the United States and 77,000%gtobally (Smith et al., 2002;

Downing et al., 2006), and these impoundments may bury more carbon tmapnthd d 6 s oc ean
(Downing et al., 2008).

The area of agriculturalgutrophic impoundments used for estimating carbon sequestration
(Downing et al., 2008) did not include aquaculture ponds. Acco@brgiatistical data on
aguaculture production maintainky the Food and Agriculture Organization (FAO) of the
United Nations, there are 110,830 %af aquaculture ponds worldwide (Verdegem and Bosma,
2009). Aquaculture ponds also may be important in global, carbon sequestration.

Aquaculture ponds do not halage external sediment loads typical of river reservoirs or small,
watershed ponds in agricultural or other rural areas (Boyd, 1995). However, earthwork of
aguaculture ponds is eroded by rain, waves, and water currents generated by mechanical aerators,
activities of culture species, and harvesting operations. Manure, grass, and other agricultural
wastes traditionally have been applied to ponds as organic fertilizer to increase aquatic animal
production, but higiguality, pelleted feeds are rapidly replagifertilizers as a means of

achieving greater production (Boyd and Tucker, 1998). Fertilizers and feeds contain inorganic
nutrients that stimulate organic carbon production by phytoplankton photosynthesis in ponds

(Boyd and Tucker, 1998).

Coarse, soil grticles suspended by internal erosion settle near edges of ponds while smaller

particles tend to settle in deeper areas (Boyd,1995). Organic matter from dead plankton, organic
fertilizers, uneaten feed, and excrement of culture species settles on ponaskantd gradually
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mixes with solil particles. Aquaculture management favors microbial decomposition of organic
matter. For example, organic matter inputs usually have a narrow carbon: nitrogen ratio, ponds
with acidic, bottom soils are limed, and mechahéeszation avoids oxygedepletion at the
sedimemwater interface (Boyd and Tucker, 1998). Much receséigled organic detritus is
discharged when ponds are drained for harvest (Ayub et al., 1993). After draining, pond bottoms
usually are dried to enhe soil aeration and accelerate decomposition of labile organic matter
(Boyd, 1995). Nevertheless, a layer of sediment with an organic carbon concentration higher
than that of the original pond bottom soil and with a characteristic profile cieBiledstrata

or horizons develops (Munsiri et al., 1995).
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The role of women in gleaning fisheries tends to be underestimated and poorly documented
although they play an important role in coastal food security and income generation. This article
describes two initiatives for emanagement of women dominated cockkn@dara spp

fisheries implemented in Zanzibar Island of Tanzania and in Nicaragua that were based on a Fiji
model. In each case, significant progress was made at the pilot scale but required adaptation to
the community ad national context. The Nicaragua case resulted in increasing densities of
cockles inside and outside small scaletake zones in a small estuary after a-twear period of
implementation. In Zanzibar, out of severalta&e sites established on reetdlaonly one
showed similar results. Ot her sitesd poor per
size, and nortompliance. Varying degrees of poaching affected both locations and continues to
be an issue. In Zanzibar, local and national gavent played highly supporting roles whereas

in Nicaragua, local government was supportive but national government continues to exhibit top
down decisiormaking, while still evaluating the alternative-c@mnagement approach. In both
cases, university extsion initiatives were influential in building community capacity for
management and playing an advocacy role with national government. Both locations are poised
for scaling up to more geographic sites as well as fostering policy change that can leasl to mor
integrated and ecosystesnale approaches to sustainable fisheries management.
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HAEMATOLOGICAL AND BIOCHEMICAL CHARACTERISTICS OFTWO AQUACULTURED CARNIVOROUS
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The haematological and biochemical characteristics of two healthy farmed cyprinids, the
topmouthculteCulter alburnusand yellowcheek carlopichthys bambusavere investigated

in this study. Erythrocytes,thrombocytes, lymphocytes, monocytes and granuloGites
neutrophils and eosinophils) were observed in these two fish. Every type @ithlsse

(excluding the erythrocyte and lymphocyte) showed similar sizes in the topmouth culter and
yellowcheek carpThrombocytes and neutrophils were the two most abundant leucocytes in the
topmouth culter while thrombocytes and lymphocytes were the two most frequent leucocytes
observed in the yellowcheek carpThe erythrocyte counts, hemoglobin concentrations and
values of serumglucose in these two fish were high. There were significant differences in the
leucocyte counts, haemoglobin concentrations, mean cellular haemoglobin contents, mean cell
haemoglobin concentrations and values of serum glucose, triglycet@dyitirubin, alkaline
phosphatase and chlorine between the topmouth culter and the yellowchedkearp.

information ofhematologyand blood biochemistry obtained here would be useful for the
prevention and diagnosis of diseases of farmed topmouth anltieyellowcheek carp.
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The present paper describes the variation in reproductive fe@atdopomus parallelugssing

oocyte diameter along the sampling time; the maturity thereof shall be determined and this value
was used as an indicator to apply hormone treatments and spawaing. It was determined

that the breeding season for the people of Tabasco coast this species occurs from October to
March, being the ideal month for spawning induction by observing females with average
diameters of oocytes 426.07 £ 37.54 microns Makan the month of October diameters smaller
oocytes with 324.86 + 105.02 microns were observed.
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Organic contents in fourteen ponds dfimpenaeus vannameulturing farm in Fengxian

District of Shanghai were invegated during two aquaculture cycles from April to September in
2009. Total organic carbq@OC), Chemical oxygen demand (CODMn), and Biological oxygen
demand (BODB) were analyzed respectively. The results showed thatsB@ie (8.62+3.08)

mg/L and (10.473.87) mg/L in the two cycles of April to Julgnd July to September

respectively, CODMn were (13.09+3.98) mg/L and (16.16+6.07) nwgiiile TOC were

(17.60+5.91) mg/L and (20.32+6.07) mg/L. TOC/CODMnN were 1.35+0.22 and 1.32+0.30, and
TOC/BODS5 were 2.10+0.44nd 2.08+0.63, while BOD CODMn were 0.66+0.13 and

0.65%0.11. Significant relationships lied among the three water quality parameters. Linear
regression equations and related coefficients were as follwscle 1:
BOD5=0.4174TOC+1.2777, r=0.8022. CODMND.5616TOC+3.2091, r=0.8342.
BOD5=0.6264CODMN+0.4209, r=0.8106. In cycle 2: BOD5=0.4764TOC+0.7902, r=0.7480.
CODMN=0.7941TOC+0.0237, r=0.7962. BOD5=0.568CODMnN+1.2912, r=0.8920. The results
showed that the equations established among TOC, COD and &0D be used to calculate

the other two parameters if anyone of them had been measured so that further comparison with
some water quality standards or correlated researches could be carried out, which would benefit
water quality management and healthy cuttgrofL.vannamei.
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Water quality parameters in 22 pondsadfitopenaeus vannameulture farm in Fengxian
District of Shanghai were investigated from April to September in 2009. Fifteen parameters
including chlorophyHa (Chl. a), temperature, pH, dissolved oxygen (DO), transparency,
suspended substance (SS)altarganic carbon (TOC), biological oxygen demand (BOD
chemical oxygen demand (CQI nitrite nitrogen (N@-N), nitrate nitrogen (N&N), ammonia
nitrogen (NH-N), total nitrogen (TN), active phosphorus (P®) and total phosphorus (TP)
weredetermined. Descriptive statistics was conducted and the correlation bé&hearand
other parameters was analyzed. The statistical analysis results showell.thdiad extremely
significantly linear positive correlation with SS, TOC, BQDBOD.., TN and TP. Significantly
linear positive correlation existed betweghl. a and DO. Extremely significantly linear
negative correlation was confirmed betw&hi. a and transparency whifghl. a had

significantly linear negative correlation with P@. Chl. a had no significant correlation with
water temperature, pH, NEN, NO:-N and NH-N. According to the principles of selecting
independent variables in the multiple linear regression analysis, four water quality parameters
including TOC, TN, P®@-P andTP were used for establishing the stepwise regression model
which wasChl. a=0.054 5+0.003 49 TOC+0.015 3 TN418 PG-P+0.276 TPr=0.715 5).The
effects of these four factors @hl. were tested using the partial regression coefficieme. most
influential water quality parameter @hi.a were TP and then TOC, P&, TN in turn. The
results would help further study on ecological rules and water environmental protection in
aguacultire ponds.

133



AQUAFISH RESEARCH REPORT 10-A06

STUDY ON NITROGEN AND PHOSPHORUSBUDGETS AND PRODUCTION PERFORMANCE INHIGHER-
PLACE POND OFLITOPENAEUS VANNAME]

LI Jinliang t, CHEN Xuefen!, LAI Qiuming %, LU Chunyu?!, CHEN Jinling?, SU Shuyé

1Key Lab ofTropical Biological Resources, Ministry of Education, Ocean College of Hainan
University, Haikou 570228, China

Published in:
South China Fisheries Scien@910)5: 13-20

Nitrogen and phosphorus budgets in the higilace ponds dfitopenaeus vannameiere

studied systematically to investigate the effects of stocking seasons, shrimp larvae strains and
grading culture on shrimp production. Results indicate that feed mdhresource of nitrogen

and phosphorus inputs, accounting for 91.76%~93.68% and 94.55%~96.97% of total inputs,
respectively, while 29.46%~40.46% of total nitrogen and 12.64%~17.41% of total phosphorus
were deposited into harvested shrimp; 24.63%~54.52%taifnitrogen and 23.03%~59.02% of

total phosphorous were discharged into effluent; 14.10%~44.59% of total nitrogen and
27.59%~62.25% of total phosphorous were accumulated in pond sediment. Shrimp production is
significantly affected by different stockirsggasons and shrimp larvae strains. The average
growth rate of trial Z®hichisa739% anchE39.3% higleecttme s 0 .
that of trial ZF in fall and trial ZW in winter, respectively. The survieBZW is
77.70%~87.75%, which is sifficantly higher than that &S andZF. Compared witizW
stocked at the same season, the surataial BW is 62.10%~72.30% with yield per unit area
of 8 821~ 9 wiich 8re Hoth digmificantly low. Trial ZWDb of grading cultured
shortens the culte cycle by 56.13%.
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Fish culture in ponds and cages is very common in freshwater areas of the Mekong Delta of
Vietnam, where aquaculture plays a very important roteational fisheries productio@l he

farming of giant snakehead began in the 1960s while the culture of common snakehead occurred
since the mid 1990s. There are two groups of snakehead, thatashannaandChanna The
Channagroup is recorded to have 27 species and distributed inohtis Asian countries while
Parachannaare mainly distributed in Africa, with three species, only. There are four species of
Channidae in the Mekong Delt@hanna gachu&Ca Chanh duc)Channa luciugCa Day),

Channa striatgCa loc den)Channa micropeés(Ca loc bong) (Khoa & Huong, 1993).

However, two speciesCa loc den or Common snakehe@&d gtriatg), and Ca loc bongQ.
micropelte$ - are the main species of snakehead farmed in the delta. In Asian countries
shakehead is cultured in semiensiveor intensive systems in earthen ponds, cages, garden
ditches and rice fields (Ling, 1997; Xuan et al., 1994). Long et al. (2004) estimated the
production of cultured snakehead in the MKD in 2002 to be about 5,300 tonnes, mainly from An
Giang, Dong Thap, & Tho and Kien Giang provinces. Our estimated production of snakehead
from the provinces in 2009 was about 30,000 tones, of which 7,500 tones was giant snakehead.
All of the snakehead fish farmers surveyed in this study practiced aquaculture spontaatemusly
small scale without any planning or sector management. However, the information on
shakeheads is not much available (Huan, 2007) while there are many issues which need to be
solved, in particular, dependence on the supply of small fish which arédonsathkehead feed

is an important source of animal protein for a significant proportion of population in the delta. It
should be noted that there are three typical geographical conditions in freshwater areas of the
delta by annual flood level, that issep flooded areas (more than 2 m depth in the peak of
floods), medium flooded area-@Lm depth), and shallow flooded area (less than 2 m depth). The
wild fish stocks and fishing activities may differ in these areas.
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Among physical deformitiem fish, skeletal, gill and fi malformations are most common, and

they can range from barely detectable to lethal. With few exceptions, the motivation among fish
growers to eliminate physical malformations is strong; at the very least these deformities reduce
the market value of aqualture crops. Atwvorst,they can cause the loss of an entire cohort. The
search for definitive information about the causes of deformities in fish leads us in several
directionsi some genetic configurations can increase the susceptibility to physical and
developmental malformations, but in other cases morphologically similar deformities are clearly
not heritable. Slight aberrations in the rearing environment, e.g. temperature, water flow rate or
diet, can trigger high rates of deformities in a clutch gffi.fiOccasionally, associations are made
between handling stress and an elevated incidence of deformities, suggesting that stress can
disrupt a genetically predetermined plan of development. The sum of the available evidence
suggests that certain fishes arere susceptible to environmentally induced aberrations of
development than are others. In other words, some species appear to adapt relatively well to
captive rearing and may be more suitable for culture and domestication than others. This is not
surprisng, considering the widely varying degrees to which other animals adjust to captivity and
the relatively small fraction that have adapted well. In the 12 years that have elapsed since the
publication of an earlier edition of this volume, the basic assmtmof deformities commonly
ascribed to fish has not changed appreciably, and to a large extent our understanding of the
causes ontogeny of these patterns is not much more detailed than it was then. Some of the
patterns of developmental deformities in fisdve become clearer, and some associative trends
are more apparent than they were earlier. Nevertheless, the differentiation of basic deformities in
developing fish is still only superficially understood, in large measure because this remains a
relativelypoorly studied topic [Note: First two paragraph of introduction.]
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Among physical deformitiem fish, skeletal, gill and fi malformations are most common, and

they can range from barely detectable to lethal. With few exceptions, the motivation among fish
growers to eliminate physical malformations is strong; at the very least these deformities reduce
the market value of aqualture crops. Atwvorst,they can cause the loss of an entire cohort. The
search for definitive information about the causes of deformities in fish leads us in several
directionsi some genetic configurations can increase the susceptibility to physical and
developmental malformations, but in other cases morphologically similar deformities are clearly
not heritable. Slight aberrations in the rearing environment, e.g. temperature, water flow rate or
diet, can trigger high rates of deformities in a clutch gffi.fiOccasionally, associations are made
between handling stress and an elevated incidence of deformities, suggesting that stress can
disrupt a genetically predetermined plan of development. The sum of the available evidence
suggests that certain fishes arere susceptible to environmentally induced aberrations of
development than are others. In other words, some species appear to adapt relatively well to
captive rearing and may be more suitable for culture and domestication thanTtigeis not
surprisng, considering the widely varying degrees to which other animals adjust to captivity and
the relatively small fraction that have adapted well.

In the 12 years that have elapsed since the publication of an earlier edition of this volume, the
basic assoment of deformities commonly ascribed to fish has not changed appreciably, and to a
large extent our understanding of the causes and ontogeny of these patterns is not much more
detailed than it was then. Some of the patterns of developmental deformiidshave become
clearer, and some associative trends are more apparent than they were earlier. Nevertheless, the
differentiation of basic deformities in developing fish is still only superficially understood, in

large measure because this remains aivelgtpoorly studied topic. [First two paragraphs of
introduction]
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This is the first controlled experiment to quantify gftect of introduced tilapia on indigenous
species. This experiment was conducted in small earthen ponds?(16Gmssess the impact of
mixed-sex or aimale Nile tilapia Qreochromis niloticuson small indigenous species (SIS)
commonly found in south As, mola Amblypharyngodon mojachela Chela cachiusand

punti (Puntius sophore Ponds were fertilized, then stocked with 0.56 fishahwater surface

area in the mixedex and alimale tilapia treatments and 0.42 fisi¥ n the treatment without

tilapia. No additional nutritional inputs were applied after stocking. Treatments were:sexed
tilapia with SIS, moneex male tilapia with SIS and SIS without tilapia (control). All treatments
were stocked with 14 fish per species. All species reprodiweadg the 2imonth culture

duration. The number of recruits varied by species, Tilapia reproduced in greater numbers than
SIS. Tilapia numbers at harvest were the highest (451 + 25/3)0 the mixedsex treatment
compared with mola (221 + 22/10Fxchela (94 + 8/100 A and punti (100 + 7/100 $1 The
number of mola was higher (399 + 33/108) in the altmale tilapia treatment. There was

reduction in the number of mola and chela in the treatment containing-sexddapia. Gut

content analysis cobined with water sampling revealed that all fish species fed selectively.
Significant interspecies dietary overlap was found between Nile tilapia and SIS and among SIS.
Thus, there is potential for tilapia to compete with indigenous fish species wherasgaatber
resources are limiting, but a longer duration study with varying level of management is needed to
determine how successfully tilapia competes with locally adapted SIS.
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The effects of selective harvesting (SH) and claw ablation (CA) ofdiaveed (BC) prawns on

an altmale freshwater prawfinfish polyculture system were compared with control (Co) in
quadruplicate. Ponds were stocked withnadlle freshwater prawacrobrachium rosenbergii
silver carpHypophthalmichthys molitrixcatlaCatla catlaand molaAmblypharyngodon molat
12000, 2000, 500 and 20 000-heespectively. Prawns were fed with pelleted feed. Ponds were
fertilized regularly with urea, triple supphosphate and ceadung. SH of BC prawns in

treatment SH and CA in treatment CA started on the 60th day duringday3zulture and
continued atlflay intervals until the final harvest. Water quality parameters and plankton
abundance did not vary signiéintly (P > 0.05) among the treatments. Treatment SH resulted in
a higher (P < 0.05) net production of freshwater prawn (437 ky),hwith better survival and
mean weight, followed by CA (354 kg Hyand Co (322 kg had). The combined net production
of prawn plus finfish was also higher in SH (1244 kd)has compared with CA (1161kg Ha

and Co (1137 kg hd), although the finfish production did not differ significantly. The periodic
SH of BC prawns showed a better economic return with a BCR dbf 1.7
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Recent, fervent international dialogue concerning the existence and magnitude of impacts
associated with aquaculture has had both positive and negative outcomes. Aquaculture
stakeholders have become sensitized to requirements for improved environmental management
of aquaculture. On the other hand, in some cases aquaculture development has been negatively
affected by some of the unwarranted and unproved allegations to timeethtof the

stakeholders most in need of aquaculture development (i.e., resource users, particularly the poor,
who are dependent on natural resources). These resource users are targeted by, and directly
influence biodiversity and conservation agendascéehe need to understand how to gain their
active participation. This discussion focuses on examples of how aquaculture research and
development can be a useful tool or strategy for resource management initiatives and provide
tangible positive includingicreased stakeholder participation and cooperation, offering
alternatives to resource extraction and use in otherwise difficult or intransigent resource
management conflicts.
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En el presente trabajo se describe la variacion reproductiva en hemQeastidgomus
parallelusempleando el diametro de ovocitos a lo largo del tiempo de muestreo; se
determiné el grado de madaréde los mismos y se us6 este valor como indicador para

aplicar tratamientos hormonales e inducer desoves. Se determiné que la temporada
reproductiva para las poblaciones de la costa de Tabasco de esta especie se presenta de
octubre a marzo, siendo el ndsmarzo ideal para la induccién a desoves al observar
hembras con diametros promedio de ovocitos de 426.07 + 37.54 um. Para el mes de octubre
se observaron los diametros de ovocitos mas pequefnos con 324.86 + 105.02 um.
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The development of digestive enzymes during the early ontogeny of the klalbah

(Cichlasoma urophthalmiisvas studied using biochemical and electrophoretic techniques. From
yolk absorption (6 days after hatching: dah), larvae werdftmianauplii until 15 dah,

afterward they were fed with commercial microparticulated tfood (45% proteiand 16%

lipids) from 16 to 60 dah. Several samples were collected includingspolkarvae (considered

as day 1 after hatching) and specimens up to 60 dah. Most digestive enzymes were present from
yolk absorption (b6 dah), except fohe specific acid proteases activity (pepsinlike), which
increase rapidly from 8 dah up to 20 dah. Three alkaline proteases isoforms (24.0, 24.8, 84.5
kDa) were detected at 8 dah using $BAGE zymogram, corresponding to trypsin,

chymotrypsin and probablglicine aminopeptidase enzymes, and only one isoform was detected
(relative electromobility, Rf = 0.54) for acid proteases (pegiia) from 3 dah onwards using

PAGE zymogram. We concluded tl@aturophthamuss a precocious fish with a great capacity

to digest all kinds of food items, including artificial diets provided from 13 dabh.
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Cyanobacterial blooms in eutrophic freshwater systems are a worldwide problaéimgcrea
adverse effects for many aquatic organisms by producing toxic microcystins and deteriorating
water quality. In this study, microcystins (MCs)Nhcrocystis aeruginosaandDaphnia magna
exposed tdvl. aeruginosawere analyzed by HPL-®S, and the effets ofM. aeruginosanD.
magnawere investigated. Whdb. magnawas exposed th. aeruginosgor more tha@® h,
MicrocystinLR (MC-LR) was detected. When exposed to 1.5 x 106, 3 x 106, 0.75 &7,

1.5 x 107 cell/mL oM. aeruginosdor 96 h, average survival &f. magnafor treatments were
23.33%, 33.33%, 13.33%, 16.67%, respectively, which were significantly lower than the average
100% survival in the control group (P < 0.05). The adverse effets aéruginos@n body

length, tme for the first brood, brood numbers, gross fecundity, lifespan, and population growth
of D. magnawere densitydependent. These results suggest that the occurreMeaefuginosa
blooms could strongly inhibit the population growthDofmagnathrough @épression of survival,
individual growth and gross fecundity. In the most serious situatnaeruginosablooms

could undermine the food web by eliminating fifeeding zooplankton, which would destroy

the ecological balance of aquaculture water bsdie
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In this study, the physiological and biochemical response of Nile til@yeothromis niloticus

after 96 and 24 h exposure to aqueous extracts of neeadi(achta indicain extract

concentrations ranging from 0 to 32,000 mg/l was evaluatiéek. 96 h and 24 h exposure, the

LCso of neem extract was estimated at 3,200 and 6,800 mg/l, respectively. Plasma cortisol
increased beyond ptesatment levels at neem extract concentrations above 2,000 mg/l over 96 h
and above 4,000 mg/l over 24 h. Bibglucose increased at neem extract concentrations above
1,000 and 5,000 mg/l at 24 and 96 h, respectively. Neem egtmacentratiorhad little effect on
serum sodium and plasma chloride. Hematocrit mgler than the control at neem

concentrations ab@vl,000 mg/l in the 96 h exposure and above 2,000 ni@liar24 h

exposure. Plasma ammonia increased significantly at neem extract concentrations above 2,000
mg/I for both the 96h and 24h tests. Immediately after beginning treatment, cortisol levels
increased significantly at neem extract concentrations above 2,000 mg/I in the 96 h test and
4,000 mg/l in the 24 h toxicity test. Exposure to neem extract interfered with the antioxidant
defense system of the fish by reducing liver catalase activity. Eveghlesdracts of neem are

less toxic at low concentrations, concentrations exceeding 3,200 mg/l influence physiological
and biochemical disturbances in fish.

144



AQUAFISH RESEARCH REPORT 11-273

LIFE CYCLE ASSESSMENT OFCHINESE SHRIMP FARMING SYSTEMS TARGETED FOR EXPORT AND
DOMESTIC SALES

Ling Cao?, James S. Diang Gregory A. Keoleiart, Qiuming Lai?

1School of Natural Resources and Environment, University of Michigan, Ann Arbor, Michigan
48109, United States
2 Ocean College, Hainan University, Haikou, China

Published in:
Environmental Science & Technolo@@011) 4%15):6531-:6538.

We conducted surveys of six hatcheries and 18 farms for data inputs to complete-dceradle
farm-gate life cycleassessment (LCA) to evaluate the environmental performance for intensive
(for export markets in Chicago) and semtiensive (for domestic markets in Shanghai) shrimp
farming systems in Hainan Province, China. The relative contridiibaverall environmetal
performance of processing and distribution to final mafetse also evaluated from a cradle
to-destinatiorport perspective. Environmental impact categories included global warming,
acidification, eutrophication, cumulative energy use, and biotaures use. Our results

indicated that intensive farming had significantly higher environmental impacts per unit
production than semintensive farming in all impact categories. The giaw stage contributed
between 96.4% and 99.6% of the cratdidarm- gate impacts. These impacts were mainly
caused by feed production, electricity use, and fiawal effluents. By averaging over intensive
(15%) and semintensive (85%) farming systems, 1 metric ton (t)-hveight of shrimp

production in China required 334.3 GJ of energy, as well as 40.4+1.7 t of net primary
productivity, and generated 23.1+2.6 kO, equiv, 36.9 + 4.3 kg of Pequiv, and 3.1 £0.4 t

of COz equiv. Processing made a higher contribution to craEtestination port impacts than
distribution of processed shrimp from farm gate to final markets in both supply chains. In 2008,
the estimated total electricity consumption, energy consumption, and greenhouse gas emissions
from Chinese whitdeg shrimp production would be 1.1 billion kW 49million GJ, and 4

million metric tons, respectively. Improvements suggested for Chinese shrimp aquaculture
include changes in feed composition, farm management, electyagrating sources, and
effluent treatment before discharge. Our results can lietasgptimize markeoriented shrimp
supply chains and promote more sustainable shrimp production and consumption.
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Sahar Tor putitora) is an economically importaimdigenous fish in Nepal, with major efforts to
conserve and propagate the species. It is a predator and may function to control recruitment by
naturally produced Nile tilapiadreochromis niloticusin ponds. SahaiTr putitorg) were

cultured with Nile dapia (Oreochromis niloticusto evaluate control of tilapia recruitment in
aguaculture ponds. Two experiments were conducted to assess the effects of the sahar to tilapia
stocking ratio on the recruitment and growth of mesed Nile tilapia. The firstx@eriment was
conducted in 100 Aearthen ponds at the Institute of Agriculture and Animal Science, Chitwan,
Nepal to determine these effects. The second experiment was conducted on farm at Kathar,
Chitwan, Nepal to verify the results in working ponds. dhestation experiment had four

treatments with three replicates each: tilapia monocultu)e 1716 sahar to tilapia ratio £l 1:8

sahar to tilapia ratio @), and 1:4 sahar to tilapia ratiosT Tilapia were stocked at 2 fish i

(average size 114, and sahar were stocked at treatment densities (15.2 g average size) in each
pond. The ponds were fertilized weekly using diammonium phosphate (DAP) and urea at the rate
of 0.1 g P rh?d tand 0.4 g N m?d' *respectively. Tilapia were fed with acally made

pelleted feed (27% crude protein)Ciie rate of 2% body weight every other day after attaining

a size of 100 g. Results showed significantly increased average harvest size (P < 0.05) for
treatment 2, when sahar were stocked with tilapia coedpar the tilapia monoculture. The

number of recruits significantly decreased (P > 0.05) when sahar were stocked, and recruit
numbers were inversely proportional to stocking density of sahar. Stocking of sahar reduced
tilapia recruitment in a mixedex Nik tilapia pond culture system and produced better tilapia
growth and production. Stocking at a 1:16 sahar tpiéileatio gave the best overall

performance.

The onfarm experiment was composed of three treatments with three replicates each: tilapia
moncculture (To), 1:33 sahar to tilapia ratio §)l and 1:16 sahar to tilapia ratiosfTPonds were
fertilized every two weeks with DAP and urea at the same rate-s&tion experiment, but

there was no feeding. Garm results showed significantly highéapia growth with a 1:33

stocking ratio of sahar to tilapia compared to tilapia monoculture. As with teeatan

experiment, the number of recruits decreased with increasing stocking density of sahar. Lower
sahar stocking provided higher growth andduation of stocked tilapia, though there were

fewer recruits at these levels. There might have some growth depression of tilapia at higher sahar
stocking densities. Stocking sahar to Nile tilapia at 1:33 showed better overall performance than
monoculture bt not the 1:16 treatment in terms of Nile tilapia growth, production, growth of
sahar and gross income.
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Microcystins (MC) are secondary metabolites of toxic cyaateria. The algae and metétss

often combine to cause strong discoloration of the water, accumulation at the surface in discrete
scums and sometimes emit a sgyador (Figure 1, Figure 2A, Cat al. 1997, Lianget al.2001,
Zurawellet al.2005). MC belong to a family of extremely toxic compounds and are a health
hazard to aguatic animals and even humans (Blirad. 1998, 1999, Falconer 1991, Hernandez

et al, 2000, Lawtoret al. 1994). Researchers have identified blooms of cyanobacteria from
eutrophic freshwater bodies in many parts of the world, and their occurrence can create a major
water quality problem. For example, massive fish kills occasionally haverbleged to severe
cyanobacterial blooms. Chromic damages, such as development of liver tumors may arise from
long-term exposure to low concentrations of MC (Cleeal. 2006, Dinget al. 1998, 1999,

Ibelings and Chorus 2007, Lankeff al. 2004, Liet al. 2007, Sheret al.2003, Smith and Haney
2006, Zimbeet al.2006).
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The role of cortisol as the only corticosteroid in fish osmoregulation has recently been
challenged with the discovery of a mineralocorticlik@ hormone, 1ddeoxycorticosterone
(DOC), and necessitates new studies of the endocrinology of osmoregulatiorQddisg.an in
vitro gill explant incubation approach, D@@ediated regulation of ssited osmoregulatory
target genes in the gill was investigated and compared with that of cortisol in two euryhaline
teleosts, Mozambique tilapi®¢eochromis mossambicuand striped bas$Aorone saxatili}.

The effects were tested in gills from both freghter (FW} and seawater (S\Ajcclimated fish.
Both cortisol and DOC caused anrggulation of the Na++ -ATPasedl subunit in SW
acclimated tilapia but had no effect in Faclimated fish. Cortisol conferred an increase in
Na+,K+,2CI- cotransporter (NKCC) isoform 1a transcript levels in-Fald SWacclimated
tilapia, whereas DOC had a stimulatory effect only in-&Wlimated fish. Cortisol had no effect
onNKCCisoform 1b mRNA levels at both salinities, while DOC stimulatedigmform in SW
acclimated fish. In striped bass, cortisol conferred aregplation of Na+K+ -ATPas e U1l
NKCC transcript levels in FWand SWacclimated fish, whereas DOC resulted in dewn
regulation of these transcripts in F\&tclimated fish. It waalso found that both corticosteroids
may rapidly (30 min) alter the mitogeattivated protein kinasggnalingpathway in gill,

inducing phosphorylation of extracellular signedulated kinase 1 (ERK1) and ERK2 in a
salinity-dependent manner. The studyow/s a disparaterganizatiorof corticosteroid signaling
mechanisms involved in ion regulation in the two species and adds new evidence to a role of
DOC as a mineralocorticoid hormone in teleosts.
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Topmouth culterCuiter alburnug, a freshwater carnivorous fish of t8gprinidae is one of the

most popular fislspecies in aquatic market in China. The anatomy and histology features of fish
intestine are veq useful for understanding digestive physiology, diagnosing some intestinal
diseases and formulating suitable feeds. Thus, here we first characterize toprteuth cu

intestine via light microscope, transmission electron microscope and scan electron microscope.
The 'Z' shaped intestine can be divided into three parts (e.g. the anterior intestine, middle
intestine and posterior intestine), with an intestinal coeffiil€bf 0.68. The anterior intestine
possessed the longest mucosa folds and thickest muscularis among the three intestinal parts, and
microvilli were very weldeveloped whilst many mitochondria, endoplasmic reticulums and
lysosomes were found in which. Thiglicated the anterior intestine was a main region for
digestion and absorption of food in the topmouth culter. While the vacuoles observed in the
posterior intestine may be closely related to the intracellular digestion. Neutral and acid mucus
were stronglypresent throughout the intestine. This detailed descriptive paper will be very
helpful for studies of topmouth culter related to its digestive physiology, intestinal disease
control and feed nutrient.
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Cyanobacterial blooms in eutrophic freshwater systems are a worldwide problem, creating
adverse effects for many aquatic organisms by producing tuxiocystins and deteriorating
water quality. In this study, microcystins (MCs)Nhcrocystis aeruginosaandDaphnia magna
exposed tdv. aeruginosawere analyzed by HPL-®IS, and the effects dfl. aeruginosanD.
magnawere investigated. Whed. magnawas exposed tM. aeruginosdor more than 2 h,
MicrocystinLR (MC-LR) was detected. When exposed to 1.5 x 106, 3 x 106, 0.75 x 107, and
1.5 x 107 cell/mL of M. aeruginosa for 96 h, average survivBl. shagnafor treatments were
23.33%, 33.33%, 13.33%6167%, respectively, which were significantly lower than the average
100% survival in the control group (P < 0.05). The adverse effedis a¢ruginosaon body

length, time for the first brood, brood numbers, gross fecundity, lifespan, and populatieh grow
of D. magnawere densitydependent. These results suggest that the occurreMeaefuginosa
blooms could strongly inhibit the population growthDofmagnathrough depression of survival,
individual growth and gross fecundity. In the most serioussdns M. aeruginosablooms

could undermine the food web by eliminating fifeeding zooplankton, which would destroy

the ecological balance of aquaculture water bodies.

150


https://link.springer.com/article/10.1007/s00343-011-0518-4
https://link.springer.com/article/10.1007/s00343-011-0518-4

AQUAFISH RESEARCH REPORT 11-279

PROFITABILITY ANALYSIS OF SMALL -SCALE AQUACULTURE ENTERPRISES INCENTRAL UGANDA

Theodora S. Hyuha, James O. Bukeny3 Julius Twinamasikd', Joseph Molnas

1 Department of Agribusiness and Natural Resources, Faculty of Agricultural Sciences,
Makerere, University, Kampala, UganQa.

2Department of Finance, Agribusiness and Economics, Alabama A&M University, Normal,
Alabama, USA.

3 Office of International Agriculture, Auburn University, Auburn Alabama, USA.

Published in:
International Journal of Fisheries and Aquaculty&#911)2(15) 271-278.

The study had three overriding objectives. Firstly, to assess the profitability ofssraki|

aquaculture production enterprises in central Uganda; secondly, to ascertain the factors affecting
profitability; and thirdly, to identify the constints to fish farming in the regiddl he data were
collected through a survey questionnaire administered to a random sample of 200 small scale fish
farmers in the three major fish farming districts of Mpigi, Mukono and Wakiso in central

Uganda. The analiswas carried out using descriptive statistics, enterprise budgeting and
ordinary linear regression. Although the results show sstalle aquaculture enterprises to be
profitable in the study region, the estimated profit margins are relatively smatiingar

experience, fish price, record keeping, feed cost and volume of fish harvested were the most
influential factors in explaining profitability. The key factors identified as hindrances to
aquaculture development in the region included predators, ualaNigyl of credit facilities,

expensive feeds, shortage and poor quality of fingerlings.
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Heavy metal accumulation in aquatic ecosystems is a common phenoameoog bivalve filter
feeders. This study was carried out over asmitith period at Ada and Aveglo in Ghana, where
intense clam fishing represents a major livelihood. The study sought to investigate the
concentrations of some heavy metals, zinc, mangameseand mercury, in whole soft tissues of
three different size classes of the Volta estuary claatatea paradoxgn relation to
geoaccumulation of the metals in benthic sediments. The study also sought to examine whether
the levels of the metals iaen tissues were within acceptable limits for human consumption.

Clam sizes wereategorizedis small (2640 mm) medium (41155 mm) and large (above 55

mm) based on shell lengths and predominant sizes captured in the Volta estuary. Mercury levels
in clams ad sediments were determined using a Mercury Analyser while Zn, Mn and Fe were
determined using an Atomic Absorption Spectrophotometer. Heavy metal concentrations in
clams were within permissible limits with reference to WHO safety standards. There were no
significant spatial differences (p >0.05) in the concentrations of Mn, Zn, Fe and Hg in clams at
Ada and Aveglo. No relationship was observed between heavy metal concentrations in clams and
gecsediments indicating that metal accumulation in clams mapendirectly or solely derived

from sediments but from other sources such as dissolved metals in the water and seston. Highly
significant differences (p <0.0001) were observed between the clartlaizes and sediment
samples for iron. Total mercury comteations showed highly significant variations (p <0.0001)
between all the clam siagdasses and the sediment samples.
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Crayfish exoskeleton (CE) samples are generally less invasive and easy to be collected.
However, it is difficult to extract DNA from them. This study was intended to investigate CE as

a DNA source and design an easy and efficient DNA extraction protaoqmbligmerase chain
reactions. Specific primer pair (PHQ PPOR) was used to amplify extracted DNA from CE,

and compared to crayfish tail muscle DNA sample. Moreover, seven microsatellites markers
were used to amplify the CE DNA samples set. Since thaagtl DNA from CE is suitable for

gene amplification, the results present usefulness of CE as an easy and convenient DNA source
for PCRbased population genetic research.

153



AQUAFISH RESEARCH REPORT 11-282

HAEMATOLOGICAL AND SERUM BIOCHEMICAL CHARACTERIZATION AND COMPARISON OFWILD
AND CULTURED NORTHERNSNAKEHEAD (CHANNA ARGUSCANTOR, 1842)

Y. Gul}, Z. X. Gad, X. Q. Qiar?, W. M. Wang!

1College of Fisheries, Key Laboratory of Freshwater Biodiversity Conservation and Utilization,
Ministry of Agriculture,Key Laboratory of Agricultural Animal Genetics, Breeding and
Reproduction of Ministry of Education, Huazhong Agricultural University, Wuhan, China

2 Animal Husbandry and Fisheries Research Center of the Haid Group Co., Ltd, Guangzhou,
China

Published in
Journal of Applied Ichthyologf2011)27:122 128.

The objective of this study was to compare haematological and serum biochemical parameters of
cultured and wild specimens of the northern snakeh@aahnna argusto establish baseline

values. Thirty exually immature and disea$®ee wild fish (37.70 + 13.68 cm total length, 555.3

+ 449.0 g weight) and 30 cultured fish (36.82 + 1.72 cm total length, 450.5 + 58.8 g weight)

were examined. In cultured northern snakehead, the average values of alanoieasfarases

(370.1 IU L-1), aspartate amino transferases (1145.3-1),lalbumin (15.84 g 11), direct

bil l uri bi nl),(réa. (11406 mraoiHD,Iglucbse (21.54 mmol-1L) and cholesterol

levels (6.60 mmol 1) were significantly higher (P < 0.08)an in the wild fish. In wild

specimens the corresponding values were 9.81-1)294.1 U -1, 12.90 g k1 , 2. 57, ¢ mol
0.97, 2.36 and 4.38 mmolL1, respectively. No significant difference (P > 0.05) was found for

total protein, globulin, total bilubin, chromium, sodium, chloride or triglyceride levels between

wild and cultured populations. The mean values of the red blood cell (RBC) counts, hematocrit,
haemoglobin, and mean corpuscular volume (MCV) were significantly tiher0.05) in the

cultured population, while the values of the white blood cell (WBC) counts, erythrocyte
sedimentation rate (ESR), mean corpuscular haemoglobin (MCH), and mean corpuscular
haemoglobin concentration (MCHC) were significantly higher (P < 0.05) iwildgpopulaton.

The study showed that the environmental conditions significantly impacted the status of the fish.
It is suggested that these physiological parameters can be conveniently employed as health
monitoring tools in fish culture practices.
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Tilapia has become the shining star of aquacultutie farms starting and expanding across the

globe while consumption races ahead of even the most ambitious farm building plans. 2010 saw
farmed tilapia exceed 3.2 million metric tons per annum, surging further ahead of the salmon and
catfish industries. Ware also seeing an explosion of product forms in the grocery stores that is

only matched by the variety of preparations we see in the restaurant trade. The global adoption of
tilapia as a substitute for all kinds of witdught fish has driven demand heglevery year, even
through the global recession of recent years.
becomes more accurate every day. ltés wide ac
economic groups is similar to chicken. A variefybreeds and strains have been developed and

by most measures, tilapia is now the most highly domesticated of farmed fishes. Unique amongst
the major farmed fishes, tilapia maintains a key role in rural aquaculture improving the welfare

of the poorest faners while at the same time, it is reared inhigdesttech production systems

and is sold into international markets forsgale markets. Tilapia is still the darling of the
environmental community and the ntiaslustry cont

Three or four closely related species of tilapias readily hybridize in captivity and produce fecund

F1 progeny. This has provided a huge genetic base for the geneticists to Qeafocnselective

breeding. The domestication of tilapias has leeengr eat dr i ver of producti
and 20006s. There is also a concerted effort
maps are distributed we can expect a second wave of genetic research that should further

improve productivity All of this will have been accomplished without the need of transgenics or
genetically modified organisms. The basic biology of the fish along with the skill of traditional
breeders has provided all of the progress to this point and much more in theturear f

Tilapia continues its march towards eventually overtaking carp as the most important farmed fish
crop. With a much wider distribution of production and consumption and a hugefhadaco

added product forms, it is almost certain that tilapialpetion will someday eclipse that of carp.

As tilapia production and consumption grows globally, it is likely to become the foundation
product for all farmed fishes, just as chicken is the base for the poultry industry. So someday
soon instead of referring tilapia as the aquatic chicken we may be referring to chicken as the
Aterrestrial tilapiabo.
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The intensity with which 172 countries use freshwater for aguaculture was estimated by dividing
annual, freshwater aquaculture production (tonne/yr) by annual total natural renewable
freshwater (kriffyr). The freshwater aquaculture production: renewable freshwater ratio (AFR)
varied among countries from 0 to 15,000 tonné/Kadountrylevel AFRs were assigned to AFR
classes as follows: no freshwater aquaculture, 0 tonsgléw, < 100 tonne/kify medium, 100

1,000 tonne/kr#y high, > 1,000 tonne/kinThe number of countries in each AFR class follows:

no freshwater aquaculture, 35; low, 80; medium, 45; high, 12. There seems to be adequate
renewable freshwater to allow considerable expansion of freshwater aqueicepecially

outside of Asia.
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This study was conducted at Tri An Reservoir of Vietnam from November 2007 {@008eto
detemine the impact of tilapias)reochromis spp on the fisheries and biodiversiyf

indigenous species in the reservoir. Historical and currently data on fish caught and fish species
composition was collected. There are currently 19 different typeshirfidigiears in use at the
reservoir, of which 14 fishing gears caught tilapias. Of the five fishing gears with highest total
catches, only two caught tilapias. There were only 4.62% and 5.09% of tilapias in fishermen
harvest and landing point records, regpely. However, tilapiagOreochromis sppere " of

40 fish species caught from fishermen 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 i§Bdrbonymus gonionotushd tilapias. The

species with little or no economic value that are abundant in the reservoir (glass fish
Parambassis siamensisver spraiCorica sobornarepassayclocheilichthys repaonand

wrestling halfbealbermogenys pusilljsaccounted for 64% of estimated total fish harvest

(3823 tons) in the reservoir in 2008. The high production of low value sfiscéso evidenced

by their abundance at landing points, with glass fish amet sprat accounting for 355.91 and
243.68 of the total of 1661 tons landed in 2008. These indicated that the abundance of low
economic value fishes may affect fisheries and fish biodiversity much more than the impact of
alien tilapias species.

By usinggill nets instead of seining, fish species composition was composed of more species

with high economic value. Estimated tilapia catches and landing records show that tilapia species
are abundant (84.62 of the total 1661 tons at landing points), secondmntyost silver barb
(147.59 of 1661 total tons). This pattern hol
regularly as silver barb and other cultured fish species, indicating a favorable development of

tilapia species in the reservoir. Duritite peak catches of tilapias in August in 2008, the other

top five most commonly caught fishes are not at their peak catches, indicating a likely impact of
tilapias on other economically important fish species such as silver barb, commo@ygaipys

carpio), repassan andabiobarbus spilopleura

157



AQUAFISH RESEARCH REPORT 11-286

DURATION OFAPPETITEINHIBITION PREDICTSSOCIAL DOMINANCE IN NILE TILAPIA,
OREOCHROMIS NILOTICUS.

Emmanuel M. Vera Cruzt, Madelin B. ValdeZ, Remedios B. Bolivat, Russell J. Borsk?

1 College of Fisheries and Freshwater Aquaculture Cé8@tatral Luzon State University,
Science City of Mufioz, Nueva Ecija, Philippines
2North Carolina State University, Raleigh, North Carolina 27695, USA

Published in:
Better Science, Better Fish, Better Life: Proceedings of the Ninth International Symposium on
Tilapia in AquacultureShanghai, China, 224 April 2011 86-94.

This study investigated whether the result of contest for social dominance among individuals in
Oreochromis niloticugan be predicted by assessing the duration of appetite inhibition (DAI)
during the isolation period. Fifty athale juvenileO. niloticusof similar size were isolated for

10 days and were used in a social pair study. The DAI offestglvas observed when fish was
transferred to the isolation unit. Body weight of dominant and subordinate individuals was
recorded before and after the encounter. Eye color pattern (ECP) was also observed during the
social encounter. The study revealbdtttilapia with shorter DAI during the isolation had a
greater possibility to win the fight for social dominance. Formation of stable dominant
subordinate relationship was observed in 24 of the 25 tested pairs. A total of seventeen fishes
(70.93%) out othe 24 fishes that became dominant have shorter DAI compared to that of their
conspecifics (Binomial test, P = 0.03). This indicates that social dominance can be predicted
using the DAI of the fish during isolation. Reduced growth rate of both dominant and
subordinate fish and a walkescribed physiological end result of social stress were observed one
day after the social interaction. The significantly greater weight loss (P < 0.01) in subordinate
fish (2.88 £ 0.21 g) compared to dominant fish (2.11 + §)1® day after the establishment of
social hierarchy was mainly attributed to behavioral differences such as appetite rather than to
differences in physical activities. Death, which is the most overwhelming effect of stress, was
observed in the subordimaindividuals. All subordinate fish died within a week after the social
interaction.
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Feed constitutes 600% of total production costs of tilapi@(eochromis spp. Reduction€in
guantity of feed used for fish growout and in the cost of formulated feeds are two approaches to
containing feed costs. Our previous studies show that alternate day feeding at full ration
produces Nile tilapia@. niloticug of comparable body size and hest yield as those fed daily

at full ration. The reduced feed consumption and 100% improved feed conversion with fish on
the alternative day feeding strategy provided a significant cost savings to thatsssive

growout of Nile tilapia in ponds in théhilippines. The cost of commercial fish feeds are rising
sharply as the demand for fishmeal increases and its supply declines. We evaluated the growth
performance of tilapia fed on alternate daygh diets that incorporated plant ingredients widely
avalable in the Philippines or other setnopical or tropical regions (cassava meal, copra meal,
coconut oil, rice bran) and that contained porkmeal to replace fishmeal. Fish were grown out in
ponds for 120 days with isocaloricbalanced, 0% and 6% fishmetalcbntained 31% crude

protein and 6% crude fat. Fish showed similar performance on diets containing 0% and 6%
fishmeal. Final body weight, total length, specific growth rate were virtually identical in fish on
the two diets. Survival rates were 84% afda@for fish on the 0% and 6% fishmeal diets,
respectively. Feed consumption and feed conversion were also similar among the two groups.
Total extrapolated yield at harvest was 3062 and 3080 kg fish/hectare for the 0% and 6%
fishmeal groups, respectively.mAarginal budget analysis showed an 8% improved return on

fish fed the cheaper diet lacking fishmeal. This along with the alternative day feeding strategy
previously shown to be as effective as daily feeding protocols has the potential of reducing
overallfeed costs for growing marketable size tilapia by > 60%. Collectively, the results show
that substitution of diets containing fishmeal with cheaper and more sustainable sources of
protein are effective options for reducing the costs without negativelyctimgahe production

of tilapia.
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The study was conducted to evaluate the usgophilized testes from carabaB. (b.

carabanesiy bull (B. indicug and boar$. domesticysn the masculinization of Nile tilapig(
niloticus) fry, specifically, their efficacy in producing phenotypic males and their influence on
the growth and survival rate of Nile tilapia fry on a@®y treatment period in outdoor tanks.

The experimental treatments evaluated were: Treatmgmiphilizedtestes from carabao,
Treatment H lyophilized testes from bull, Treatment-llyophilized testes from boar, Contrel |
methyltestosterone (MT)reated diet and Control-luntreated diet. Percent phenotypic males,
specific growth rate and survival rateere determined after 28 days of treatment in outdoor
tanks.

Results revealed that Nile tilapia fry fed with Meated diet gave the highest percent

phenotypic males with a mean of 96.67%. Those fry fed with lyophilized testes from bull, boar

and caraba gave means 80.67, 79.33 and 72.67%, respectively. There was a significant

difference (P<0.05) among the treatments. Based onthe @hii ar e test (a O 0. 05
percentages of males produced from andrdageated fry which are significantly diffent from

that of untreated fry showed that lyophilized testes diets and MT treated diet were effective in
masculinizing Nile tilapia fry.

Lyophilized testes from bull, carabao and boar gave higher specific growth rate of tilapia fry
with means 15.85, 189 and 14.82%, respectively. Tilapia fry fed with lyophilized testes from
carabao and boar did not differ significantly (P>0.05) from-tvated fry but differed
significantly (P<0.05) from those untreated fry. Those fry fed with lyophilized testes fribm bu
were found to be significantly different (P<0.05) from the two controls. All the experimental
treatments gave relatively high survival rate of the tilapia fry with no significant differences
(P>0.05).
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Tilapia has now become a popular protein source to the poor, and also incré&xsimidiglle

class people. It serves as a typical model of a success story of farming outside its native area.
Annual tilapia production was only.5 tons in 1950 which surpassed 1.5 million tons in 2002;
increased by 1 million fold. Now it has surpassed even 3 million tons in 2010. Its production will
still continue to grow exponentially, if high quality fry are readily available especially in
countries like China where fry demand is in billions. How to produce and supply such a huge
guantity of high quality tilapia fry has been a question for the countries which have potential to
expand tilapia farming for domestic consumption and export matkefhailand, shortage of
premium quality tilapia fry was realized as early as 1980s as the main constraint to the growth of
commercial farming. Therefore, Asian Institute of Technology (AIT) developed a practical
technigque of masscale fry production thrgghCa series of oistation experimentation over a
decade. The technology is basically to producenalle fry by maintaining a large number of
broodfish in hapas, collecting eggs, incubating them artificially in clean and controlled system
and feeding withmethyttestosteron@MT) mixed with high quality feed as early as possible to
ensure over 99% males in the fry population.

In addition to developing the production technology, AIT also succes@figlseminated it

applying all sorts of strategies invatg public as well as private sector However, a key turning
occurred only after the success of a private hatchery in Thailand that triggering mushrooming of
many others. There are over 100 hatcheries of such type in Thailand alone. Now the same trend
can ke seen in Bangladesh. The technology has now been adopted by many farmers and
entrepreneurs of many countries especially in Asia and Latin America. However, in China where
about half of the global tilapia is produced, most farmers use hybridization teetinigroduce
monaosex fry. In Thailand, three hatcheries annually produce 200 million fry each. This means,
establishing about five such hatcheries could easily produce 1 billion high quality fry per year. A
hatchery in Hainan island of China has beeeatly established by a foreign company which has
claimed to achieve the same level of production. However, this technology has not been widely
adopted. Adoption of this technology could boost tilapia farming further increasing many folds
as the demand forsh for local consumption is huge, and so the export market. Exploring
potential and promoting this technology could bring a big leap in tilapia industry in China from
its current level. With a view to assisting the industry, establishing functional &éakagween

China and Thailand and other countries that facilitate cooperation among the researchers /
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scholars in sharing information and organizing study visits or trainings to government officials
and farm hatchery managers could serve as solutionspapé describes the techniques and
approaches applied by AIT hoping that it provokes policy makers, extension workers,

researchers and educators working especially in China, and also other countries to find various
ways of collaborations.
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This study was designed to evaluate and develop an efficient tilapia supply chain to foster the
development of viable fast food and supermarket purchases of tilapia from small scale producers;
with thefollowing specific objectives: Phasd IEvaluation: (1.) Develop tilapia supply chain

maps for each market level, i.e., producer, wholesale, restaurant, supermarket, fast food stores,
etc., to identify specific activities and services, key players, loglgssues, external influences,
anddlow of product, information and payment among market levels. (2.) Analyze tilapia supply
chain performance for efficiency, flexibility and overall responsiveness. (3.) Identify areas for
improvement in supply chain.@. behavioral, institutional and process), (4.) Provide
recommendations to improve the tilapia industry, in general and specific supply chain items.
Phase 2 Development Undertaking: (1.) Design specific improvement measures based on the
identified area®f improvement from Phase 1. (2.) Test the improvement measures in the market
place, then assess and refine the improvement meagijdlesign and implement measures to
ensure the sustainability of the improved supply chain of tilapia.

T h e c otiapia indysiryssupply chain is composed of the following parts, namely the
hatchery and nursery farms which are responsible for the introduction of improved brood stocks
to commercial or backyard fish farms which in turn responsible in providing impopuadidy

tilapia fishes for the endsers such as consumers and institutional buyers. The institutional
buyers could be further decomposed as processors, consolidators or traders, supermarkets,
specialty shops, food chains, restaurants, bars and carasergy others.

The provinces of Pampanga, Batangas and Laguna are the major tilapia sources while the cities

of Metro Manila, Angeles and Baguio are the major demand centers. Dagupan City, Pangasinan
being known as fbangus dransshipmant poitfof timdia andather t a | [
seafood for the Northern Luzon provinces including Cagayan Valley and the Cordillera

Administrative Regions. In addition to the major supply centers, Camarines Sur in Bicol Region

is becoming ékey source of tilapi&ries. The product flow of tilapia fries from the hatchery to

the nursery farms generally follows a continuousia8 cycle while tilapia fingerlings from

nursery to commercial or backyard farms follows thirty to forty-filey cycle depending on fish

sizes required by the customers. Direct buying and selling, wholesaling, and retailing at central

mar ket s t hr ocomsignatoy et & tamel MmMost common mar ket |
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tilapia industry. Consumers generally prefer whole live fish withisinging from 250 300

grams per fish (or-% piece€per kilogram) but the requirements of institutional buyers are more
varied depending on their customef3pidtesparef er en
kg or equivalent to 450 750 grams pefish. Grilled and barbequed tilapia are now becoming

more popular recipes in the major demand centers.

The major concerns of hatcheries and nurseries are the high cost of outbound logistics, which is
exacerbated by high competitive pressures of infepimlity but inexpensive stocks (e.g., non
sex reversed) and high levels of mortality due to environmental and cultural factors.

The fish farmsdéd major concerns include; expen
mislabeled@and other inputs, very low fisrecovery and longer culture period to reach larger
fishes. Their transaction costs include the cost of waiting for buyers, delays in delivery, intransit

mortaltyGand t ol |l fees or Agoodwill 6 as well as sh
staage and transport vehicles equipped with tanks and aerators or refrigeration facilities delimits
them to take mar ket opportunities. Il nterestin

technique to take advantage of markets preference on tathialarker skin.

The major concerns of processors are too few farms that could supply regul@ibsihed
guality and volume of tilapia, the lack of capital for market expansion, and competition with
cheaper imported counterparts.

Theconcernsof'der s i ncluding ficonsignaciono, suppli
(a) meeting the product quality and quantity orders on schedule (b) high logistics and transaction
costs of consolidating and distributing fishes from sources to destinatiaiss@r)ce of product

grades and standards.

The following are some recommendations to address the various issues and concerns namely
ofGhe various chain players: (1) encourage the establishment of more nursery farms for better
guality brood stocksvhile intensifying technology transfer to farmers for better health and
managemef tilapia (2) conduct market promotion activities highlighting the various niche
opportunities of tilapia among growers and consumers (3) motivate the participationlof smal
farmers in supply chains by setting up an incentive scheme through a mix of patronage refund
and profit sharing (4) institutionalize an accreditation program for feed manufacturers,
hatcheries, processors and the like to improve the quality assurgmoeloéts and services (5)
provide capital windows to improve facilities and reduce logistics and transaction costs in the
entire supply chains of tilapia.
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The treatment and discharge of aquaculture effluent and resulting negative impacts on the
envronment remains a critical issue that is threatening the sustainable growth of the aquaculture
industry. Three optimal sites has been selected to carry out IAA systems in order to deplete
eutrophication, two indigenous communities, one from the highland®ther one from the

wetlands were selected to produce agro and aqua products with the same amount of energy, also
a demonstration system is building at UJAT. Part of our progress so far is: two workshops; the
first one on integrated systems and the sdame on bioflocs systems with more than 60

attendants among farmers, students and technicians. In Caridad Guerrero the highland
indigenous community we have a 90% progress for the setting up phase, habanero pepper will be
growth with Tilapia water efflugts. In the wetland community there is a progress of 40% the

group is alreadprganizingand training is given, the demonstration system at UJAT has a 30%
progress, materials and instruments have been already purchased and the design was made. In
overall the project suffered a delayed due to major flooding events in the region.
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This study was conducted to identify why the overall contribution of the aquaculture industry to
local fish production in Ghana is low (<1%) although cage aquaculture has a potential to increase
producton. We administered 106 questionnaires to six respondent groups (current cage fish
farmers, potential adopters of cage aquaculture, farmers who have abandoned cage aquaculture,
Fisheries Commission, regional and district fisheries officers, and finamsiélitions) to obtain

insight into the constraints in cage aquaculture as well as opportunities that can be exploited to
promote cage aquaculture adoption. For the purpose of this study, potential adopters are
individuals who have fisielated livelihood including fishermen, pordased fish farmers and

fish traders. We also interviewed key informants in relevant government institutions. Preliminary
results indicate that lack of funds and lack of government extension services are the main
constraintsinege aquaculture in Ghana. Lack of funds
quality floating feed and could explain low production levels of current cage farmers, although
most (95%) suggested they could market their fish if they increased produletanof funds

also accounted for the inability of potential adopters and farmers who have abandoned cage
aguaculture to start or continue cage aquaculture respectively. Major opportunities identified
include 1) a high interest among potential adopterga)o start cage aquaculture and farmers

who have abandoned cage aquaculture (100%) to resume if constraints are removed, 2)
development of a feed production plant in Ghana by a private enterprise, 3) willingness of some
financial institutions to provideans for cage farmers, and 4) a number of government

initiatives to promote cage aquaculture. Our preliminary recommendations are that the Fisheries
Commi ssion should work with the financial 1ins
repay loansad guarantee loans made by the financial institutions. Also, there is a need for a

more specialized aquaculture extension service accessible to farmers to help with technical issues
built on the model of agricultural extension services in Ghana.
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No research program can enjoy lenm success without a periodic assessment of how it is

performing and what factors influence success and failure. While most such assessments are
informal and specific to a paetilar study, formal evaluations eventually become important at

the program level. A formal analysis the same as an informal one in the sense of comparing
research outputs with the inputs or efforts e
functob) . Approaches to research assessment thus
are to be understood, measured, and compared.

Assessment methods can be either quantitattypically statistical or the kinds of

institutional evaluation one seisa case study. In biological disciplines, at least, most statistical
analyses of the factors affecting research su
citations, or intellectual property as measures of research output. Methods are pacgimetric
parametric, dynamic or static. In the parametric approach, the bibliographic output measures are
regressed against current and lagged research expenditures, against other inputs or conditions
poorly represented by expenditures, and sometimes agains trend.

Adams and Griliches (1996), for example, examine U.S. university research performance in eight
scientific fields during the 1980s. They find at the level of a particular university or field that
diminishing returns to scale prevail in aeatc research. That is, increases in study size bring
lessthanpr oporti onate increases in the studyos pul
however, there appears to be approximate equality between research expenditure and publication

(or citation)performance, possibly because aggregate data incorporatestrdgknowledge

spillovers that are not captured in more disaggregated data. These methods have more recently

been applied to lifscience research by Smith (1998), Xia and Buccola (2005) t @nolo
GarciaValderrama (2006), Buccola, Ervin, and Yang (2009).

The bibliometric approach is, despite its widespread use, inadequate in a number of respects. The
first and probably most important difficulty is that publication, patent, and journabaitattes

mask much of the detail of a studyodés findings
magnitude, and importance. Much published output also becomes available only years after the

167



study has been completed. Finally, the bibliometricaggh is poorly suited to an exact
matching of a studyds outputs and inputs.

To help solve these difficulties, we examine here a new approach to research assessment. The
new method focuses directly on the information a research study has generatéal analbke

exact and more contemporaneous matching of that information to the skills, expenditures, and
capital devoted to the study. We apply the approach to the 116688 55 pastgamidgon

aguacultural research investigations which AquaFish CRSP isipgiisweleven countries.
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There is a growing demand for assessment of economic, environmental and social impacts of
new foodrelated technologies, including the impacts of new methods for aquaculture
management . This papedapae$eatsohbf-MDAmoddi ms ns nu
that can be applied to assess economic, environmental and social impacts in a wide array of
agricultural systems that incorporate aquaculture, crops, and livestock (Antle 2011; Antle and
Valdivia 2010). This model is widely applicable to assess imgmeztause it utilizes a generic

model structure that can be parameterized with data available from a variety of sources,
including farm surveys, experimental data, simulated data from biophysical simulation models,
and expert judgment. A key feature of thisdel is that it takes into account the fact that farmers
systematically selected themselves into adopting and nonadopting groups. Analysis shows that
this selection must be taken into account to obtain accurate estimates of impact.

To illustrate the us of the TOAMD model, we use it to implement an impact assesstént

integrated agriculturaquaculture (IAA) systems in southern Malawi developed by the World

Fish Center, using a WorldFish farm survey data collected in 2004, together with data from other
public sources. We use the TEMD model to demonstrate how itg®ssible to use available

data to move a conventional economic impact a
pat hwayo to estimate adoption rates in the re
distributional outcomes such as poverty, environmemtphcts such as soil and water quality,

and social and healfelated outcomes such as nutrition or gender impacts. The analysis predicts

an adoption rate of about 44%. In two districts, there is a substantial increase in protein

consumption associatedtwithe adoption of IAA and substantial reductions in poverty, whereas

in others the effects are smaller.
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Snakehead fish is the fish species which is mostly preferred by consumers in the Mekong Delta
of Vietnam. However, it is difficult to develop this industry due to a number of reasons. This
study was carried outitih the aims to describe the value chain of cultured snakeheads and to
analyze the distribution of cebtenefit among the chain actors in the delta. Among 10 common
market channels, two most important ones in term of total production were Channel 3 (Fish
farmersi Wholesaler§ Retailersi End consumers in the Mekong Delta), and Channel 9 (Fish
farmersi Wholesaler§ Wholesalers in Ho Chi Minh City). Profit was unbalant distributed

among the chain actors, mainly for the wholesalers {83.9% of total prbt of the whole

chain). In order to have an appropriate development of snakehead industry, to improve profit of
the whole chain and to have a better competition power, the followings should be given more
consideration: (i) more proper planning of cultuegda and technological supports, and

marketing of fish products; (ii) to encourage the application of pelette feed in order to reduce the
pressure on fresh water wild fish stocks; and (iii) to have incentive policies/regulations that help
to encourage thprocessors to export, especially processed products for ddongnarket

expansion in terms of higher production, more export value, and stable price of snakehead
products.
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Chame (Pacific Fat Sleeper) is considered a relevant upcoming fish species for aquaculture;
particularly in Ecuador and some preliminary trials in Mexico. Nevertheless, the reported
production for the last 15 to 20 yearscinture has been dependent of welaught juveniles.

Thus, we are conducting research focused on the achievement of controlled reproduction and
larvae production as well as to get relevant information on the reproductive biology of the fish.
At this momenive have successfully induced gamete release in both genders using the following
procedures: An experiment was conducted with 16 females d@idedhe following groups:

control group (0.5 ml/kg 0.9% saline solution), Desgyl@®L. HRHa i nj egtkg ed at 40
(priming dosage) and 80 &€OfOvegim® at@®@sndkgeriang dos e
single implant 75 &g (OvaplantE). Spawning re
for the Ovaplant group, and 25% for the LHRHa treatment but 0% fapr@dvaroup within 48

72h. Only one natural spawn was observed. ODbt
a relative fecundity of 80,000 to 100,000 cells per gram. All delivery treatments were effective to
induce spermiation in volumes from 0.5200 ml| per male (LHRHa inject
OvaprimE at 0.5 ml/kg or a single implant 75
sperm naturally up to 1ml throughout the reproductive season. Obtained data indicates that sperm
activation time is clse to 4 minutes, and overall concentration is within the range of 1 t@2X10

cells per milliliter. Increased sperm motility is achieved afterdihgtion on a 1:161:40 ratio in

Ringers Bblution. As optimal salinity values, both for fertilization ang #gubation, our results
indicate that there Iis no sperm activation ab
opti mal i ncubation salinity as no hatching wa
relevant due to the differences with etlspawning protocols previously used, given that other

trials reported the need of repeated injections of Human chorionic gonadotropin (HcG) up to

10,000 Ul per fish. Another difference with previous studies was the observance of only partial
spawns. We anclude that these protocols allow to successfully obtaining viable gametes for

chame larvae production.
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The study was conducted in nine &®earthen ponds at the Freshwater Aquaculture Center,
Central Luzon State University, Science City of Mufioz, Nueva Ecija, Philippines, to determine
the effect of using combined feed reduction strategies ogrtwveout culture of Nile tilapia in
fertilized earthen ponds. There were three treatments with three replicates: (I) 67% daily feeding
until harvest; (Il) 67% daily feeding for 60 days, 50% daily feeding until harvest; (1) 67% daily
feeding for 60 daysl00% alternate day feeding until harvest. Ponds were stocked with sex

reversed GIFT tilapia fingerlings at 4 fish4n

The study showed that Nile tilapia cultured in fertilized earthen ponds using different combined
feed reduction strategy had no sigeuiint difference in terms of growth performance. Final mean
weight and length of Nile tilapia in Treatment | were 183.1 +@dnd 20.1 + 2.9 cm,

Treatment Il had 168.5 + 39.9 g and 19.9 + 1.4 cm and Treatment Il had 183.1 + 16.0 g and
20.5 + 0.6 cm. Yilel after harvest in Treatments I, Il and Il were 2,968.7 + 439.6, 1,980.7 +
541.8 and 2,024.7 + 329.0 kg haespectively. Net tilapia yield in Treatment | was significantly
higher compared to the other treatments considering the higher survivalrefimeent.

Treatment | gave the highest net return among treatments with a mean value of US$705.90
followed by Treatment Il with a mean value of US$6.41 then Treatment Il with a mean value of
US$-36.12. Net return was low among treatments because twvttgurvival after the study.
Numerically, Treatment | showed the most profitable reduction strategy with the obtained
survival, however, analysis of variance showed no significant differences in net return among
treatments.

With this result, Treatmentseemed to have the best result for tilapia culture, however, previous

studies also showfgasibility of the use of other feed reduction strategies if more viable survival
is attained leading to better FCR and net return.
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Problems of limited number of dry feeds as supplement or replacement of tigehfmee led to

poor larval nutrition in many species of fish. Therefore, the suitability -6¢eding 8day- old

African catfish Clarias gariepinu$ posthatch larvae using live feefremia salindCand

formulated dry diet containing freshwater atyidistp (Caridina nilotica) during weaning was
investigated. The experiment ended after 21 days of culture and respective groups compared on
the basis of growth performance, survival, feed utilization and nutrient utilization. Larfad co
using 50%Artemia ah50% formulated dry diet resulted in significantly (P < 0.05) better growth
performance, food gain ratio (FGR), protein efficiency ratio (PER) and productive protein values
(PPV) than other treatments. The lowest growth performance occurred in larvaswsay

100% formulated and commercial dry diets. Better survival of over 90% was obtained in larvae
weaned using 50%Artemia and 50% dry diet, while abrupt weaning using 100% dry diets
resulted in lower survival (<75%). These results support a recomn@amoétofeedingC.
gariepinuslarvae using a formulated dry diet containdgniloticaand 50% live feed when

weaning is performed after 8 days posthatching period.
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A sustainableserint ensi ve pond aquaculture technology
crop6 and smal l i ndigenous fish species (SI8S)
in Bangladesh. This done through manipulations of the fish species combinations stocked,
considering the ecological effects produced by bottom feeders on the pond bottom and filter

feeders in the water column. The present paper presents results of experiments performed
simultaneously in 64 farmers' fish ponds, located in 4 distant agroecological regions of

Bangladesh. In each region each experiment involved 4 treatments, 4 replicates per treatment.

The control polyculture was the traditional stocking of 33 rdtabéo rohitg, 33 catla Catla

catla), and 34 common car&yprinus carpid per 100 M, with the addition of 250 SIS and 3

silver carp Hypophthalmichthys molitrjxper 100 M. In previous experiments this silver carp

addition was found to have no effects on the otisérdnd on the environment, compared to the
traditional stocking without silver carp. Interferences on the water column (Water treatment)

were achieved changing the density of the herbivorous fish (reducing catla density to 24/100 m

and increasing silver carp to 12/108)pand on the bottom (Bottom treatment) doing so on the
benthophagous fish (replacing 10/100aommon carp by mrigal). Both interferences were
simultaneously carried out in the Water and Bottom treatment. Harvegtight and biomass,

growth rate, survival and yield of each species and total yield, food conversion ratio and income
obtained in the different treatments and regions are presented and their interactions through the
food web are discussed. Performing shene experiment in four distant regions of the country

allowed observing if the effects of the Water column and/or Bottom interventions differ among
regions, and accelerat i-$gSa htee adh rsslearg yn att h ronu gt
The maniplations performed did not affect the small fish mola, which reproduced and yielded
equally well in all the polycultures. This allowed a continuous mola supply for consumption by

the farmers' families throughout the culture season, and opened the ogtmstme or sell the

larger amounts of mola gathered at final harvest. Manipulation of species composition proved to

be a useful tool to affect the pond ecosystem towards improving fish yield and corresponding
income. Just by substituting almost a thirdhed catla by silver carp increased total yield by

16%. When also almost a third of the common carp was substituted by mrigal, total yield

increased a further 3%. In both cases selling the whole production increased income by 27%,

which gives the farmer theption to keep part of the fish for family consumption.
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Survival and physiological responsel@fbeo victorianuguveniles under varying salinity

gradients were studied during a 6 h transpatin8y ranges were: 0, 0.25, 0.5, 1, 2, 4, 8 and 10
psu. To each transport bag, 100 juvehil@ictorianus(mean weight= 8.0+ 1.1 g, stocking
biomass= 16 kg hd) were transferred. Water temperature, dissolved oxygen (DO), pH, total
ammonianitrogen (TAN) and carbon dioxide (GOwere measured before and after transport.
Plasma cortisol, blood glucose, plasma sodium, plasma chloride and blood ammonia were also
determined. No juvenile mortalities occurred in salinity ranges of 1 to 4 psu.tésftsport,

survival and parameters of physiological response in the juvenile of L. victorianus were
significantly different among different salinity treatments (p<0.05). Low survival, of less than
70% occurred in control treatments (0 psu) and in se&@.25, 0.5 psu and at 10 psu. Increased
salinity correlated negatively with TAN and €@ water after transport. Plasma cortisol in
salinities of 0.5 to 8 psu, blood glucose and blood ammonia in salinities ranging from 1 to 4 psu
as well as plasma saah and plasma chloride in salinity ranging from 1 to 8 psu were similar
before and after transport. This study recommends salinity ranges of 1 to 4 psu for minimizing
the physiological effects associated with both the primary and secondary physiolagpcalses
induced by transport stress in juveriilevictorianus
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This paper reports the results of a survey conducted to assess the developmenbfmpacts
USAID-supported aquaculture training programs conducted at three institutions of higher

education in Kenya and Thailand. All program participants interviewed reported that they

acquired specific knowledge, skills, and attitudes during the traininghabd has had an

important impact on their professional development. The programs have also had a marked effect
on the institutions where the participants now work. Stesrh training in the U.S. and short

term training i n oneadmorebffeative trainmginmotlets thanisdegne r at e
training in the U.S.
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Biological assessment of aquatic ecosystems is widely employed as an alternative or complement
to chemical and toxicity testing due to numerous advantages of usinGibidé&iermine

ecaystem condition. These advantages, especially to developing countries, include the relatively
low cost and technical requirements. This study was conducted to determine the biological
impacts of aquaculture operations on effluesgeiving strean@n the Ashanti Region of Ghana.

We collected water, fish and benthic macroinvertebrate samples from 12 aquaculture-effluent
receiving streams upstream and downstream of fish farms and 12 reference streams between
May and August of 2009, and then calculated stmattand functional metrics for biotic
assemblages. Fish species with-gorarding mode of reproduction were more abundant in
reference streams than downstream (P = 0.0214) and upstream (P = 0.0251), -aedr sasd
spawning fish were less predominanteference stream than upstream (P = 0.0222) and
marginally less in downstream locations (P = 0.0539). A possible suis@bs response of
macroinvertebrate family richness and abundance was also observed, with nutrient (nitrogen)
augmentation from aqualture and other farming activities likely. Generally, there were no, or

only marginal differences among locations downstream and upstream of fish farms and in
reference streams in terms of several other biotic metrics considered. Therefore, the scale of
impact in the future will depend not only on the management of nutrient augmentation from

pond effluents, but also on the consideration of nutrient discharges from other industries like

fruit and vegetable farming within the study area.
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The AguaFish Collaborative Resela Support Program (CRSP) is dedicated to improving

gender equality in the aquaculture and fisheries sectors and in the CRSP by creating equal
opportunities for women and men in research, training and educational actR&gegynizing

the barriers andamplex issues women face, the AquaFish CRSP has taken a mindful approach
towards gender integration by focusing on women beneficiaries of its research and outreach, and
on women in the Program. Gender must be included in projects in a cross cutting and an
individual way. Despite these steps, gerskgregated statistics from AquaFish display
characteristics of a 0l e dicigncepDupng the aniginal Pend s e e n
Dynamics/Aquaculture CRSP (PD/A) and the subsequent Aquaculture @GR&SP) (1982

2008), 36.8% collectively, of degree students were women. In the AquaFish CRSP (2006
current), 55 women (55%) of degrees have been awarded to women. Although reaching a 50%
target for women is a major accomplishment, the same proportiohestaoing higher

positions in science or research careers. Surprisingly, women still make up less than 50% of the
CRSP shorterm trainees. More research is needed to understand leaks in the pipeline and
barriers to womends participation.
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Levels of seven hemolymph parameters (considered as indicators of physiological and immune
status of organisms) in pomdared (PR) and lake penltured (PC) adult Chinese mitten crabs
sampled from three experimental sites viz., a pond at Huangjin Lekeaanepen in the

Huangjin Lake and a pond at Lu Lake area vearalyzed Two sites in the Huangjin Lake area
where the pond meets the lake, possessed good water quality whereas at Lu Lake area where the
pond was not connected to the Lu Lake, the waatity was relatively poor. Hemocyanin

content and total hemocytes count in PR crabs from Lu Lake area were significantly lower than
those of PR and PC crabs from Huangjin Lake area, indicating PR crabs from Lu Lake area had
relatively poor physiologicand immune status. There were no significant differences in
hemolymph profiles between PR and PC crabs from Huangjin Lake area. These results indicate
that water quality had a significant effect on the physiological and immune status of cultured
Chinese ntten crabs. The results indicate that poedring is better for culture of Chinese

mitten crabs, especially in ponds which are connected to natural water resources.
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The expression of the prophenoloxidase (proPO) gene was investigated in nine tissues of red
swamp crayfishProcambarus clarkijiby realtime PCRafter challenges by CpG
oligodeoxynucleotide (ODN)eromonas hydrophiland white spot syndrome virus (WSSV).
The results can be summarized as follows: (i) the expression level of the proPO gene in
hemocytes was highest among nine studied tissues libéoohallenge; (ii) the expression of
proPO increased in all studied tissues after stimulation by CpG ODN and WSSV, and also
increased in all tissues, except the ovary, afteAtheydrophilachallenge; (iii) the whole
expression profiles were differestiggesting that different immune mechanisms may exist for
crayfish that are resistant to WSSV akdchydrophila although the expression in hemocytes was
similar before and after the WSSV aAddhydrophilachallenges.
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In mammals, leptin is an anorexigenic peptide hormone that regulates energy homeostasis. It is
produced predominantly by white adipose tissue and circulates as an endocrine indicator of
energy reserves. Teleost leptin has been characterized in a few fish species, but its regulation is
not well understood, particularly in response to nutritional stdtuthis study, we cloned a

putative leptin in striped bass¢rone saxatiliy and report the first characterization of leptin in

a Perciforme, the largest and most diverse order of fish. The striped bass leptin coding sequence
was 65% homologous with ffarfish, 52% with Atlantic salmon, and 46% with human. PCR
showed that leptin mMRNA was exclusively expressed in the liver, and not adipose or other
tissues. The leptin coding sequence of striped bass and the more widely cultured hybrid striped
bass varigt (HSB; Morone chrysopswhite basdV. saxatilig were identical. We then evaluated
whether the metabolic status of HSB might alter leptin gene expression. Juvenile HSB were
subjected to 3 weeks feed deprivation followed by 3 weeks of refeeding. QuamfRaiR

showed that fasting for 3 weeks reduced hepatic leptin mRNA levels relative to fed controls.
Leptin mRNA levels then increased upon refeeding, albeit levels were not completely restored to
those seen in control fish fed throughout the experimetmagaritoneal injection of human

leptin suppressed appetite in HSB. In as much as hepatic HSB leptin mRNA is regulated by
nutritional state and has a corresponding anorexigenic effect, our results suggest that leptin may
play a role in energy homeostasisthese advanced Perciformes.
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The red swamp crayfisiPocambarus clark)iwas introduced to China in the early 20th

century. It has been spread to almost all forms of fresh water bodies including lakes, rivers and
even paddyfields in most provinces of China. To clarify issues such as the initial entry point(s),
dispersal patt®, genetic diversity and genetic structurd’odcambarus clarkiin China, the

genetic structure and diversity Bf clarkii populations at 37 sampling sites (35 from China, one
from the USA and one from Japan) were analyzed using both mitochondriadepprences

(COl and 16S rRNA) and 12 nuclear microsatellites. Multiple tests including phylogenetic
analyses, Bayesian assignment and analysis of isolation by distance showed that (i) the
population from Japan and those collected from China, particutarty NanJing (BGt and XG)

and its some neighboring sites (CJr, NT and NB), have similar genetic composition, (ii)
relatively high genetic diversity was detected in Chinese populations, (il. ttlarkii

populations in China did not experience signifigaopulation expansions. Taken together,
Nanjing, Jiangsu province is the presumed initial entry point, and humedrated dispersal and
adaptive variation are likely responsible for the observed genetic pattérrclafrkii in China.
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Shifting rainfall and temperature regimes are bringing neweatges to the management of

water bodies and fish farms in s@aharan Africa (Dixoet al 2003). Culturing species that are
resilient to drought and stressful water quality conditions may be a major part of future African
aguaculture. Aibreathing fishs, such as the African Lungfistrotopterus aethiopicusan use
atmospheric oxygen to meet all or part of metabolic demands (Mieala2007). Airbreathing

fish have a role in managed fisheries and-foanagement culture systems where dissolved
oxygen oncentration is not a limiting factor. Among-hireathing fishes, the African Catfish
Clarias gariepinusan tolerate low levels of dissolved oxygen but its flesh is held in lower
esteem by consumers as compared to lungfish. The quaRgafasiusatfish flesh is high but

it is not a native species in Africa.

African lungfish is native to natural waters of Uganda (Greenwood 1958, 1986, Birt et al. 2006)
but populations are rapidly declining and the species is now endangered, mainly caused by
overexploitationenvironmentatiegradation and larggcale conversion of wetlands to

agricultural land (Goudswaard et al. 2002, Balirwa et al. 2003). Therefore, it is essential to
develop aguaculture to relieve pressure on natural stocks. This artildeeexipe potential of
African lungfish aquaculture to improve food security and livelihoods in Uganda; identifies
indigenous production practices and approaches; consumer perspectives and markets; and an
outlook for lungfish fisheries and aquaculture igdda and suBaharan Africa.
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The effects of aquaculture on the environment have been the subject of much examination, but
most of the focus has been on shrimp and salfleese are not the most common species grown
in aquaculture, nor the most common systems used. About 60% of production today uses lower
intensity culture to produce organisms in natural systems such as ponds. This paper is an
overview of the positive and gative environmental impacts of lower intensity aquaculture. The
ranked positive impacts of lower intensity aquaculture include: conservation aquaculture that
supplements reproduction in natural populations; improving the quality of natural waters through
filtering or consuming wastes by cultured organisms; reducing pressure on wild stocks by
providing alternative sources in the market; and replacing damaging employment with more
sustainable aquaculture jobs. Negative impacts include: escapement of edies spat become
invasive; eutrophication of receiving waters from pond effluents; release of parasites and
diseases into natural communities; escapement of unique genotypes resulting in genetic
alteration of native stocks; land degradation due to pondtagtion; release of antibiotics or

other drugs into receiving waters; depletdhnatural resources such as water; loss of benthic
biodiversity from settling of sediments; and reductions in natural populations by collection of
larval or juvenile fishSome impacts, especially the use of fishmeal and the transmission of
disease, are much less common in lower intensity aquaculture systems. Aquaculture has an
important role in current and future food production, and in many cases lower intensity
aguacultue provides a sustainable solution to increased aquaculture production.
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The Pacific fat sleeper is a potential species for aquaculture in Latin American countries.
Nevertheless, production depends on wildcaught juveniles, thus needing hatchery produced
larvae. Objective: the purpose of this study was to determine the idekti@as for viable

gamete release and larvae laboratory production. Methods: a total of 16 mature male and 16
female fish were allocated to one of four groups (n=4) that were injected with either saline
solution, DesglylAla6 LHRHa, salmon GnRHa + dompéoine, or implanted with salmon
GnRHa. Results: spermiation was observed in all treatments. Spawning rates were 100% at 24
and 48 h for the GnRHa implanted group, 25% for the LHRHa group, and 0% for the salmon
GnRHa + domperidone group (#& h post injectin). Conclusion: GnRHa and LHRHa are a
successfutool for chame induced reproduction. A gross morphological description of oocytes,
sperm quality, and first stages of larval development is included.
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The proximate composition, amino acid and fatty acid profiles in the fillets of wild - ol

cagecultured longsnout catfist.éiocassis longirostriswere determined to identify nutritional
differences. Wild fish showed higher (P < 0.05) mosstand viscerosomatic index (VSI), but

lower (P < 0.05) protein, ash and gross energy thanaageed fish. Pondcultured fish

contained lower (P < 0.05) protein and ash contents, but higher VSI compared-twoi lbagss

fish. The amino acid of glycineontent was higher (P < (0.05) in wild fish than in poauad

cagecultured fish. Most of the fatty acids had a significant dilference among all fish groups.

The percentages of total polyunsaturated fatt
andpondcultured fish than in cageultured fish. Pong¢ ul t ur ed fi sh ha8 highe
PUFASs, ei cosapentaenoic acid ( Ex/AX PuFAvratio s a h x a
than wild and cageultured fish. The differences among the wild, pcexd cagecultured fish

may be attributed to dietary components and environmental conditions of the fish.
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Integrated multirophic aquaculture (IMTA) seeks to biodiversify fed aquaculture (e.g. finfish or
shrimps) with extractive aquaculture, recapturing the inorganic (e.g. seaweeds) and organic (e.g.
suspensionand depositeeders) nutrients from fed aquacwé for their growth. The

combination fed/extractive aquaculture aims to engineer food production systems providing both
biomitigative services to the ecosystem and improved economic farm output through the co
cultivation of complementary species. Majethinking is needed regarding the definition of an
6aquacul ture farmd and how it works within an
environmental/societal services of extractive species should be recognized and accounted for in
the evaluation of the fulalue of these IMTA components. Seaweeds and invertebrates

produced in IMTA systems should be considered as candidates for nutrient/carbon trading
credits. While organic loading from aquaculture has been associated with localized benthic
impacts, there dwe also been occurrences of increased biodiversity and abundance of wild
species in response to moderate nutrient enrichment and the use of infrastructures as substrates.
To develop efficient food production systems, it will be important to understanasarttie

duality of nutrients (essential when limiting/polluting when in excess) to engineer systems
producing them in moderation so that they can be partially recaptured while maintaining their
concentrations optimal for healthy and productive ecosystd@ssures of species diversity,
colonization rates, abundance, growth and ecosystem functions with respect to nutrient
partitioning and recycling, species interactions and control of diseases could represent valid
indicators for the development of robustformance metrics.
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From May to September in 2010, water quality parameters such as water temperature, total
dissolved salt, dissolved oxygen, pH, transparency, nitrite nitrogen, ammonia nitrogen, nitrate
nitrogen, total nitrogen, reactive phosphorus, chloropdayglhd biochemical oxygen demand

were analyzed in 2Ritopenaeus vannamponds with different culturing metho@a Fengxian
District, Shanghai. Water used for Farm No. 1 was natural fresh watenGuad been

precipitated before being introduced to the ponds. Mixed salt were added to the freshwater for
culturing shrimp in Farm No. 2. Results were as follows: water temperature, dissolved oxygen
and pH didndét change dr amardtofLitoperaduy varmandihec ou | d
Proportion of nitrate nitrogen in ponds to TIN was the highest, the ratio of ammonia nitrogen to
TIN increased with time extension, and that of nitrite nitrogen to TIN increased obviously in the
later period of the cultureycle. Contents of reactive phosphorus decreased gradually while the
total phosphorus increased in the whole process of culture. Biochemical oxygen demand and
chlorophylta also increased gradually with the shrimp growing up. Muscle nutritional quality of
Litopenaeus vannam&om the two farms were analyzed and the result were as follows: contents
of crude protein and crude fat of shrimp muscle in Farm No. 1 were 16.30% and 1.42%
respectively, lower than those in shrimp muscle from Farm No. 2 which were 18.30% and
1.61%. Contat of total amino acids in shrimp from Farm No. 1 was 23.27%, and the essential
amincacid was 9.09%. While those in shrimp from Farm No. 2 were 27.52% and 10.74%
respectively. Contents of flavor amino acids in shrimp Farms No. 1 and 2 were 8.52% and
10.16% respectively.
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In order to overcome the losses caused by-thistance transportation, we try to use artificial
seawater foPenaeus vannaméirval breeding locally. In 2011, we added seawater crystal and
coarse salt to the natural freshwater from adjacent rivddaseus vannamearval breeding in
Fengxian district of Shanghai. During the breeding period, we monitored water gualiyyday

and the results were as following: DO was 7.3(x0.10) mg/L, pH was 8.00(+0.04), temperature
was 28.2(x0.20)°C, POP was 0.88(x14) mg/L, TP was 1.46(+0.14) mg/L, NON was
0.21(x0.02) mg/L, N®@i N was 1.52(+0.10) mg/L, TNHIN was 2.88(+x0.34) mg/L, TN was
7.01(x0.36) mg/L, and CODMn was 18.05 (x1.40) mg/L. Biological and chemical methods were
used for water quality control to create a good environment for larval growth.

190



AQUAFISH RESEARCH REPORT 12-313

STUDY ON VARIATION CHARACTERISTICS ANDCORRELATION ANALYSIS OF MAJOR ECOLOGICAL
FACTORS ININTENSIVE SHRIMP PONDS

Chen Jinling?, Lai Qiuming?, Su Shuyé, Ke Yangyong

1Ocean College of Hainan University, Haikou 570228, China

Published in:
South China Fisheries Scien(@012) 8(4): 49-56.

To study the variation characteristics and correlation of major ecological facitesive

shrimp farming ponds, we measured 16 aquatic ecological factors including the concentration of
chlorophyll a (Chia) as well as the density boplankton, heterotrophic bacteria and vibrio,

active phosphorus (P®-P), etc. in 3 farming ponds bftopenaeus vannamai Paipu,

Danzhou, from April to July in 2011. The results show that the values of DO, pH and
transparency decreased slowly, and the total suspended solids (TSS), chemical oxygen demand
(COD), nitrite nitrogen (N@ -N), ammonia nitrogen (N&f -N) as wel(as the density of
zooplankton, heterotrophic bacteria and vibrio slowly increased dih@gulture period. The
concentration of Ckh was low in the earlier stage but increased gradually in the mid and latter
stages; Chh had a very significant posigworrelatio@vith NOs--N and a negative correlation

with PO -P. The density of Copepod had a very significantly positive correlation with TSS and
a significantly positive correlation wiflhe density of heterotrophic bacteria, vibrio and rotifer,

but had no significant correlation with Ghaland COD. The density of heterotrophic bacteria had

a very significar@positive correlation with COD and TSS, but had a significantly negative
correlation with transparency. The density of vibrio was very significaotrelated with TSS

and COD, but had a significantly negative correlation with pH and DO.
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Seven criteria (water requirement, water temperature, soil texture, terrain slope, potential farm
gate sales, availability of farm inputs, and access to local and regional markets) were analyzed to
determine site suitability for tilapia and clarias farmindgJganda. Crisp and fuzzy approaches

of criterion classification were implemented using GIS, and the results were compared. There
was a statistically significant difference between maps generated by crisp and fuzzy approaches.
For both the crisp and tliezzy approaches, over 98% of the land was classified as moderately
suitable or suitable. Overall, the crisp method classified 16,322 hectares (0.09%) as very suitable
compared to zero hectares (0%) by the fuzzy method. Simultaneously, the crisp me¢hod gav
297,344 hectares (1.96%) as unsuitable compared to 168,592 hectares (0.96%) by the fuzzy
method. Of the 138 surveyed fishponds that were operational, the crisp method classified 71% as
suitable and 29% as moderately suitable, while the fuzzy methodieth34.7% as suitable and
28.3% as moderately suitable.
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The effect of the dietary protein level on growth and total body chemical composition of the
native cichlid Baysnook Petenia splendida masculinized and nemasculinized, was studied.
Five semipurified diets with protein levels 35, 40, 45, 50 and 55% crude protein (CP) were
formulated and evaluated by triplicate. Groups of 50 juveniles were each stocked tank3 L

and fed to apparent satiation for 42 days trial. At the end, weight gain (WG) (403.41%), body
length (BL) (6.58 + 0.10 cm) and specific growth rate (SRG) (1.67%/day) of the masculinized
fish were obtained with the 45% CP diet, and they were significdifferent (p = 0.002) from

the other treatments. In the case of-naessculinized fish, the 45 and 55% CP treatments showed
significant differences (p = 0.00001), with respect to other treatments, with a WG of 398 and
394%, SGR of 1.66 and 1.63%/dayotin productive value (PPV) of 28.91 and 29.21%, and
feed conversion rate (FCR) of 1.23 and 1.08 respectively. Protein body composition for
masculinized fish was different (p = 0.0001) only for fish fed 35% CP compared with fish at the
beginning of the xperiment. We conclude that the optimum protein requirement, estimated by
the brokerine model for masculinized and nomasculinizedP. splendidavas 45 and 44.8%

PC respectively.
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Common snookCentropomus undecimalis a protandric fish with a high commercial
importance and aquacultural potential in Mexico and the United States. IS#wdras indicate

that females have higher growth capacity than males. For this reason, the objective of this
research was t o e vesttadich(E)aliet supmementatioe antsex préportgon 1 7 b
for this species. In this sense, an experimestudy was conducted where fish were fed for
different time periods (7, 14, 21, 28, 35, and 42 days) with food impregnated with 50 mg of
E2/Kg, and one control diet without the presence of the steroid. After feeding times, fish were
raised for additiona204 days with the control diet to evaluate sex proportion, growth and
survival. Our results showed that fish fed withf@& 21 days or more had the highest female sex
proportion (93100%), while the control group showed the highest male proportion (100#)
highest growth (weight and total length) was detected in fish fed witbr 21 days (193.11 +

1.83 mm and 28.56 + 0.63 g) compared with the rest of the treatments. Survival did not show
statistical differences between treatments482). We conclde that high percentage ©f
undecimalifemales can be obtained when fish are fed for 21 days or more with artificial food
supplemented with £
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Worldwide, rapid expansion of the market @reochromisspp. (tilapia) has increased the

incentive for culturists to optimize the profitability ofgatuction techniques for these fishes. The
establishment of best management practices for tilapia production has been slow, in part because
they are omnivorous and relatively easy to grow. Their wide distribution in subtropical and
tropical areas and thesmaof adaptation to different culture methods have contributed to the

highly variable approaches that are used to cultivate tilapia commercially. Ongoing refinement of
the efficiency of tilapia culture in response to environmental, nutritional, and geasébles is

reliant on accurate assessment of growth rates. We describe herein a molecular method for the
rapid assessment of the growth status of these fish. Earlier trials of culture conditions have been
dependent on expensive commersiehle productin trials and labemtensive physical
measurements of growth, but expression of the indikkingrowth factorl (IGF-I) gene provides

a nearly instantaneous indicator of the growth status of these fishes. The relative accuracy and
efficiency of quantifyng the hepatic mRNA (messenger RNA) for this growth regulatory
compound and its applicability as a growth indicator or marker in tilapia are discussed. We
conclude that IGH mRNA abundance is suitable as an alternative approach to the assessment of
growthduring trials of the relative effectiveness of experimental culture conditions.

195



AQUAFISH RESEARCH REPORT 12-A05

ECONOMETRICASSESSMENT ORRESEARCHPROGRAMS A BAYESIAN APPROACH

Lin Qin?, Steven Buccola

1 Department of Agricultural anBesource Economics, Oregon State University, Corvallis, OR
97330

Published in
Agricultural and Applied EconqS$eattesWashsigianci at i o
Augustl12-14, 20121-23.

Effective researciproject assessment typicallyimpeded by project variety. In particular,

bibliometric approaches to science assessment tend to offer little information about the content

of the projects examined. We introduce here a new appiobabed on Bayesian thedryf
econometrically evaluatinthe factors affecting scientific discovery, and use the method to

assess a biological research program comprised of numerous heterogeneous projects. Our
knowledge metric not only flexibly accommodates project variety but accounts for information

in é@id@aias well as 0s uc c-absdutedeviabionstiityfdnctiersl. Us i ng
form to measure new scientific knowledge, we decompose knowledge gain into-guradse

and statisticahccuracy effect. The two effects are econometrically exammusghendently, and

then combined into the net knowledge production function. Research FTE and distance to study

site have statistically significant but moderate effects on the amount by which research shifts the
prediction of scientific outcome. Howevagientist education powerfully improves the research
studyobés predictive -pecoaenactyboosprecishenavar a
schooling improving precision by 4.3 percent. Largely on the basis of that precision effect,
increasingeturns to research project scale are evident.
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Giant river prawnacrobrachium rosenbergiifarming plays an important role in the economy
of Bangladesh. Presently, it is cultured in around 50 000 ha area wlthriotal production of

23 240 t. Traditional extensive prawn farming has been expanding over the last three decades
through the introduction and adoption of improved culture systems, such as culture of prawn
carps, prawsshrimpfish and prawsfish-rice asconcurrent and rotational systems. Efforts for

the development of improved techniques on broodstock management, seed production and
rearing and grovout of prawn have been made over the last decade. The outcomes-aostiow
feed for broodstock, productiaf postlarvae in net cages (hapa).-alhle prawn culture,
periphyton based prawtilapia culture, C/N based prawn culture, organic prawn farming, prawn
mola culture and prawoarpmola polyculture. Despite the development of culture technologies,
a numier of challenges for sustainable development of prawn farming need to be overcome to
realize the potentials of this promising sector. Good aquaculture practices at all levels and
application of measures for quality control and food safety would ensuegrsise

development of prawn farming in Bangladesh.
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Human genes encoding passive transporters;aoipled transporters, and exchangers are all
included in the s@alled SoLute Carrier (SLC) gene series (the Human Genome Organization
Gene Nomenclature Committee; http://www.genenames.org/), consisting of 51 families and at
least 378 genes (http://www.bioparadigms.org). Ortholog genes encoding for transport proteins
of the SLC series have comparatively been described in teleost fish, although their functional
properties, in terms of kinetic parameters, substrate specificities, and inhibition patterns of the
expressed transport proteins, have only sporadically beersedsesvitro. This chapter gives

the latest updates for the SLC families and their members in teleost fish as well as relevant links
to GenBank database and literature. By using a functional genomics approach, a list (version 1.0)
of all currently known SC families in teleost fish is provided in the form of SLC tables.
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The paper examines profitability and market performance of soalé fish traders selected
randomly from a crossection of nine fisimarkets in four districts in Central Uganda. Data were
collected through a structured questionnaire which was designed to solicit information on

t r a d e r-ec@nonsccltaiaaieristics, marketing characteristics, operating costs and returns,
and problemsssociated with fish marketing in the study area. Percentages were used to describe
the socieeconomic characteristics, market characteristic and problems associated with fish
marketing while gross profit and marketing performance models were used toideter

profitability, marketing margin and operational efficiency, respectively. The results suggest that
fish trade is carried out by both men and women. More men are involved in the trade of fresh
fish while more women are involved in the processed suhidneoked) fish trade. Some traders
dealt in more than one species of fish although a majority sold exclusively in one species. Gross
profit was estimated at USh358.40/kg and USh234.73/kg for wholesalers and retailers,
respectively, with marketing marging 19.32% and 16.67% for wholesalers and retailers,
respectively. The market operational efficiency was 279.27 percent, implying high efficiency in
fish marketing in the study area. The major pressing concerns which included high supply cost,
low prices, lav fish supply and increased arrests for selling immature fish were common to both
retail and wholesale marketing channels.
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The nibbling frequency of five carp species (r&labeo rohita mrigal Cirrhinus mrigala catla

Catla catla common carCyprinus carpio silver carpHypophthalmichthys molitrjxon bamboo
lateral sticks (kanchi) colonized by periphyton was examined in fed and unfed systems. There
were three treatments: (a) no carp and no supplemental feed (control), (b)tbhatg w

supplemental feeding (unfed treatment), and (c) carp with supplemental feeding (fed treatment).
For 12 h (07:3619:30) during six days, nibbling behavior was observed in real time via a digital
video camera and recorded on a camcorder for lateinge\Rohu, catla, and common carp

nibbled on the kanchi, while mrigal and silver carp did not. In rohu and catla, the nibbling
frequency was significantly higher in the unfed treatment than in the fed treatment (p<0.05);
supplemental feeding reduced nilolglifrequency by 81% and 91%, respectively. Hence, in
periphytonbased aquaculture systems, there is no need for a high density of substrates in ponds
that receive supplemental feed. Alternatively, the amount of supplied feed can be reduced to
force theseecies to consume more periphyton.
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As aquaculture production expands, we must avoid mistakes made during increasing
intensification of agriculture. Understanding environmental impacts and measures to mitigate
them is important for designing responsible aquaculture production systemsanehéyer

realistic goals that can make future aquaculture operations more sustainable and productive: (1)
improvement of management practices to create more efficient and diverse systems at every
production level; (2) emphasis on local decision making,dnoapacity development, and
collective action to generate productive aguaculture systems that fit into societal constraints and
demands; (3) development of risk management efforts for all systems that reduce disease
problems, eliminate antibiotic and draguse, and prevent exotic organism introduction into

local waters; and (4) creation of systems to better identify more sustainably grown aquaculture
products in the market and promote them to individual consumers. By 2050, seafood will be
predominantly sarced through aquaculture, including not only finfish and invertebrates but also
seaweeds.
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We use global value chain (GVC) theory to und
industry. We describe this GVC as buwgkiven with important food safety standards imposed

by governments of importing countries and new certification systemsopedroy

nongovernmental organizations (NGOs). Governance relations are clear between governments in
importing countries and Vietnam, and between importers and NGOs. Governance relations

become more fragmented further down the chain where large numberalb$sale producers

and traders operate. This fragmentation may adversely affect access to the most lucrative markets
and have the unanticipated effect of marginalizing ss@le farmers and traders.
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The worldwide growth of aquaculture has been accompanied by a rapid increase in therapeutic
and prophylactic usage ahtimicrobials including those importantOmman therapeutics.
Approximately 80% of antimicrobials used in aquaculture enter the environment with their
activity intact where they select for bacteria whose resistance arises from mutations or more
importanty, from mobile genetic elements containing multiple resistance determinants
transmissible to other bacteria. Such selection alters biodiversity in aquatic environments and the
normal flora of fish and shellfish. The commondlby the mobilome (the totalf all mobile

genetic elements in a genome) between aduaiit terrestrial bacteria together with the

presence of residual antimicrobials, biofil@ad high concentrations of bacteriophages where

the aquatic environment may also be contaminated witlogatts of human and animal origin

can stimulate exchange of genetic information between aquatic and terrestrial bacteria. Several
recently found genetic elements and resistance determinants for quinolones, tetracyclines, and
betalactamases are shared betweaquatic bacteria, fish pathogens, and human pathogens, and
appear to have originated in aquatic bacteria. Excessive use of antimicrobials in aquaculture can
thus potentially negatively impact animal and human health as well as the aquatic environment
ard should be better assessed and regulated.
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This paper used value chain analysis to determine economically gtdetunitieSfor

increased female participation in the aquaculture value chains in Kenya. The main opportunities
for women are as fish marketers and as fish farmers, especially in the Western Province of
Kenya. Fish marketing is economically maiable than fish farming with an overall bengfit

cost ratio of over 1.00 while the beneétibst ratios for fish farmers were less than 0.5. The
western region had the strongest fish production sector compé&ibkd @entral Province and

the RIift Valley andprovides relatively better opportunities for women participation in fish
production. In the Rift Valley Province, women could work as paid laborers on fish farms as this
region showed the largest employment impact on the community from a growth irrtisingfa
activities.
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An experiment was conducted in 12 earthen ponds of 2@ Kathar VDC, Chitwan, Nepal for

270 days to analyze the productivity and nutrient budget in some carp basedtpa\systems.

The experiment was conducted in a completely randomized design with four treatments in
triplicate each: a) Carps only or control (7000 fish/ha);([@) Carps (7000/ha) + tilapia

(3000/ha) (P); c) Carps (7000/ha) + tilap{@000/ha) + sahar (500/ ha)sfTand d) Carps

(7000/ha) + tilapia (3000/ha) + sahar (1000/ha).(Silver carp KHypophthalmichthys molitr)x
bighead carpAristichthys nobili, common carpQyprinus carpig, grass carp

(Ctenopharyngodon ideljarohu (abeo rohitg and mrigal Cirrhinus mrigalg of mean

stocking size 3.0, 4.2, 10.0, 18.8, 10.5, 2.2 g, respectively were stocked in all ponds at the ratio
of 4:2:1:1:1:1. The mean stocking size of Nile tilagtagochromis niloticusand saharTor

putitora) were 9.7 and 3.4 g, respectively. The ponds were fertilized weekly with urea-and di
ammonium phosphate @ 4 g N and 1 g#day. Fish were fed with locally made pellet feed

(20% CP) once in an alternate day at @ 2% body weight. At harvest, the ex&abislatyield

ranged from 1.5 to 1.7 t/hal/year in different treatments, without significant differences among
treatments (P>0.05). Inclusion of sahar in Nile tilapia ponds decreased recruits by 63 to 72%.
There were no significant differences in water gyglarameters among treatments, except
dissolved oxygen concentration, which was significantly loweniand T than T2and Ta

(p<0.05). Both nitrogen and phosphorous were gained from fish species and lost from soil and
water. There were no significagifferences in nitrogen and phosphorous contents of all inputs
and outputs among treatments. The unaccounted nitrogen and phosphorous loss ranged from 9.8
17.1% and 51:B4.4%, respectively. The nitrogen and phosphorous required for producing 1 kg
fish rarged from 337.8375.9 g and 130-350.9 g, without significant difference among
treatments. The nitrogen and phosphorous discharged for producing 1 kg fish ranged from 1.59
4.35 g and 18.3 g, respectively.
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The Common SnoolCentropomus undecimalisihabits riverine and marine areas of the

Southern Gulf of Mexico, where it is subject to intense use and exploitti@s been reported

that the genetic identification of fish stocks constitutes a valuable tool for wild population
management; nevertheless, there is no available information on the genetic identification on fish
stocks of this species in the region. Hna of this study was to determine the genetic

relationship betwee@. undecimalicaptured in marine and freshwater environments of the Gulf
of Mexico and the San Pedro River. For this, muscle tissue samples of 79 specimens were
obtained from areas lo@tt more than 300km apart. The genotype of each individual was
determined using seven microsatellite primer pairs. Five primers amplified efficiently presenting
between six and 28 alleles per locus. High ledElfieterozygosis were observed in samples

from both environments. Deviation from HWE due to an excess of heterozygotes was observed.
The values of genetic difference indicate an absence of population structure (FST=0.0075 and
RST=0.016, p=0.051) and similarity in the allele frequencies, defined liy®Neii ndex ( 0. 80!
Data showed the existence of a high gene flow due to the number of migrants (Nm=18.7). Our
results suggest that individuals living in these environments belong to the same genetic
population. We suggest the development of managementratetion plans for this fish

species population in the wild.

206



AQUAFISH RESEARCH REPORT 13-320

CIRCULATING LEVELS OFPLASMA IGF-I DURING RECOVERY FROMSIZE-SELECTIVEHARVESTING
IN MENIDIA MENIDIA

Tara A. Duffy !, Matthew E. Pich&, Russell J.Borski?, David O. Conovet

1School of Marine and Atmospheric Sciences, Stony Brook University, Stony Brook, NY, USA
117945000
2 Department of Biology, North Carolina State University, Raleigh, NC, USA 2763%

Published in:
Comparative Biochemistgnd Physiology Part A, Molecular & Integrative Physioldg913)
166(2):222- 227.

Selection for growthrelated traits in domesticated fishes often results in predictable changes
within the growth hormon#nsulin-like growth factor (GHIGF-1) axis. Little is known about the
mechanisms controlling changes in growth capacity resulting fisdrary-induced evolution.

We took advantage of a lostgrm study wher&lenidia menidiavere selected for size at age

over multiple generations to mimic fisheresluced selection. This selection regime produced
three populations with significant differees in intrinsic growth rate. These growth differences
partially rebounded, but persisted even after selection was relaxed, resulting in fast, intermediate,
and slowgrowing lines. Plasma IGE was measured in these populations as a potential target of
sdection on growth. IGFL was significantly correlated with current length and mass, and was
positively correlated with growth rate (§lin two lines, indicating it may be an appropriate
indicator of growth capacity. The slegrowing line exhibited higheoverall IGF1 levels

relative to the depressed I&Fseen in the faggrowing line, contrary to our prediction. We offer
possible explanations for this unusual pattern and argue that somatic growth is likely to be under
control of mechanism(s) downstreamlGF1. IGF1 provides an interesting basis for
understanding endocrine control of growth in response to artificial selection and recovery.
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Glucocortioids (GCs) regulate an array of physiological responses in vertebrates. Genomic GC
actions mediated by nuclear steroid receptors require a lag time on the order Giohdays to
generate an appreciable physiological response. Experimental evidenceumaslated that

GCs can also act rapidly through a nongenomic mechanism to modulate cellular physiology in
vertebrates. Causal evidence in the Mozambique til&ragchromis mossambicdusuggests

that the GC cortisol exerts rapid, nongenomic actionsamils, liver, and pituitary of this
euryhaline teleost, but the membrane receptor mediating these actions has not been
characterizedRadio receptobinding assays were conducte@t®ntify a putative GC

membrane receptor site @ mossambicug.he tisue distribution, binding kinetics, and
pharmacological signature of the GC membramaling activity were characterized. High

affinity (Kd = 9.527 + 0.001 nM), loveapacity (Bmax = 1.008 + 0.116 fmol/mg protein) [3H]
cortisol binding was identified on ema membranes prepared from the livers and a lower
affinity (Kd = 30.08 £ 2.373 nM), low capacity (Bmax = 4.690 + 2.373 fmol/mg protein) binding
was found in kidney membrane preparations. Competitors with high binding affinity for nuclear
GC receptors, mépristone (RU486), dexamethasone, andl@dxycorticosterone, displayed no
affinity for the membrane GC receptor. The association and dissociation kinetics of [3H] cortisol
binding to membranes were orders of magnitude faster (t1/2 2.6./in) than thas for the
intracellular (nuclear) GC receptor (t1/2 = 10.2 h). Specific [3H] cortisol membrane binding was
also detected in the gill and pituitary but not in brain tissue. This study represents the first
characterization of a membrane GC receptor in fisingisone of only a few characterized in
vertebrates.
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Compensatory growth (CG) is a period of accelerated growth that occurs following the
alleviation ofgrowth-stunting conditions during which an organism can make up for lost growth
opportunity and potentially catch up in size with rgtanted cohorts. Fish show a particularly
robust capacity for the response and have been the focus of numerous studestmstrate

their ability to compensate for periods of fasting once food is made available again. CG is
characterized by an elevated growth rate resulting from enhanced feed intake, mitogen
production, and feed conversion efficiency. Because little asvknabout the underlying
mechanisms that drive the response, this review describes the sequential endocrine adaptations
that lead to CG; namely during the precedent catabolic phase (fasting) that taps endogenous
energy reserves, and the following hyperasiatphase (refeeding) when accelerated growth
occurs. In order to elicit a CG response, endogenous energy reserves must first be moderately
depleted, which alters endocrine profiles that enhance appetite and growth potential. During this
catabolic phaseslevated ghrelin and growth hormone (GH) production increase appetite and
proteinsparing lipolysis, while insulitike growth factors (IGFs) are suppressed, primarily due

to hepatic GH resistance. During refeeding, temporal hyperphagia provides amirdhergy

and metabolic substrates that are then allo€exbmatic growth by resumed IGF signaling.
Under the right conditions, refeeding resGitshyperanabolism and a steepened growth

trajectory relative to constantly fed contr@Bhe response wanas energy reserves are re
accumulated and homeostasis is restored. We ascribe possible roles for select appetite and
growth-regulatory hormones in the context of the prerequisite of these catabolic and
hyperanabolic phases of the CG response in teleasiisemphasis on GH, IGFs, cortisol,
somatostatin, neuropeptide Y, ghrelin, and leptin.
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Prolactin (PRL) cells of the Mozambique tilap@reochromis mossambicuse osmoreceptors

by virtue of their intrinsic osmosensitivity coupled with their ability to directly regulate
hydromineral homeostasis through the actions of PRL. Layered upon this fundamental osmotic
reflex is an array of endocrine control of PRL synthasd secretion. Consistent with its role in

fresh water (FW) osmoregulation, PRL release in tilapia increases as extracellular osmolality
decreases. The hyposmoticaihduced release of PRL can be enhanced or attenuated by a
variety of hormones. Prolactielease has been shown to be stimulated by gonadetropin

releasing hormone (GnRH), -bfestradiol (E2), testosterone (T), thyrotropi@leasing hormone
(TRH), atrial natriuretic peptide (ANP), braimatriuretic peptide (BNP), -@/pe natriuretic

peptide (MP), ventricular natriuretic peptide (VNP), PRéleasing peptide (PrRP), angiotensin

Il (ANG 1), leptin, insulin-like growth factors (IGFs), ghrelin, and inhibited by somatostatin

(SS), urotensiil (U-I11), dopamine, cortisol, ouabain and vasoactivesiital peptide (VIP).

This review is aimed at providing an overview of the hypothalamic andleyrathalamic

hormones that regulate PRL release in euryhaline Mozambique tilapia, particularly in the context
on how they may modulate osmoreception, and atedhe multifunctional actions of PRL. Also
considered are the signal transduction pathways through which these secretagogues regulate PRL
cell function.
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To evalwate protein and lipid requirement of South American catfish suruBsaudoplatystoma
sp.) juveniles, nine senpurified diets containing three levels of protein (40%, 45% and 50%)
and three levels of lipid (12%, 16%dB0%) were tested. After\Beek feethg trial, body

weight increase averaged 2124.3 + 295.7%. Growth performance was significantly affected by
dietary level of protein (P < 0.05). At the 40% protein level, increasing level of dietary lipid had
a positive effect on final individual mean weidprotein sparing effect). Whole body protein

and moisture contents were affected by the dietary level of lipid (P < 0.05). Whole body lipid
content positively correlated with the level of dietary lipid (P < 0.05). Cannibalism related
mortality was obserd despite rearing fish in 24 h dark. Fatty acid composition of fish was
affected by the dietary lipid level (P < 0.05). Polyunsaturated fatty acids increased with the
increasing level of dietary lipid while saturated fatty acids and monounsaturateacfetty
decreased. Trypsin activity in the digestive tract of surubim was influenced by dietary levels of
protein and lipid (P < 0.05). Our preliminary results suggest that the optimum protein/lipid ratio
might be close to 45/16% for surubim juveniles.
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As an alternative food source to wild fisheries, aquaculture shows a great potential to help meet
the growing demand faeafood and animal protein. The expansion of aquaculture has been
achieved partly by system intensification, which has drawn vast criticisms of aquaculture for its
environmental, social and economic sustainability issues. Life cycle assessment (LCA) has
become the leading tool for identifying key environmental impacts of seafood production
systems. A LCA evaluates the sustainability of diverse aquaculture systems quantitatively from a
cradleto-grave perspective. It provides a scientific basis for analygystem improvement and

the development of certification and elebelling criteria. Current efforts focus on integrating

local ecological and socieconomic impacts into the LCA framework. A LCA can play an
important role in informing decision makers irder to achieve more sustainable seafood
production and consumption. This article reviews recent applications of LCA in aquaculture,
compares the environmental performance of different aquaculture production systems, explores
the potential of including baiversity issues into LCA analysis and examines the potential of

LCA in setting criteria for certification and edabelling.
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An undestanding of specific aquaculture systems and the impacts of their management practices
leads to sound and cesffective policies to protect the aquatic environment. Water samples

were collected in 2009 from fish ponds, streams that receive effluentdydirem ponds and
reference streams in Ghana to assess potential environmental impacts of pond aquaculture.
Although relatively dilute, fish ponds had higher levels of all physicochemical variables
measured compared to those of locations upstream andstteaum of farms, and to reference
locations. Total nitrogen and B@Were most clearly statistically significant. Of 292 earthen

fish ponds surveyed in central Ghana, approximately 92% were used foiGrigaehromis
monoculture oOreochromis Clarias polyculture. These had similar pond water (i.e. potential
effluent) quality but different management practices. The study ponds had the potential to pollute
effluentreceiving streams, but their actual impacts will depend on how pflodrés are

managed. Conventional treatment of effluents from these scel, lowvolume operations,

which discharge relatively dilute effluents infrequently, might not be efisttive.
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The research investigated the impacts of inclusion of column feederlLraleio( rohitd on

growth and production ifreshwater prawstarpmola polyculture system for a period of 172

days. Four stocking densities of Rohu were maintained as 500, 1,000, 1,500 and 2j800 ha
treatment Boo, Rioog Risooand Roog and A. Nahar, respectively in triplicates. All ponds each

120 ntwere stocked with juvenile freshwater praviagcrobrachium rosenbergiisilver carp
(Hypophthalmichthys molitr)x catla Catla catlg and small fish molaXmblypharyngodon

mola) at the fixed stocking densities of 20,000, 1,500, 1,000 and 20a£300dspectively.

Prawns were fed with pelleted feed twice daily started with 10% and gradually reduced to 3% of
body weight and continued throughout the study period. All fish were fed with mixture of soaked
rice bran and mustard oilcake (2:1) at the @t3% of the body weight daily. All the water

quality parameters and chlorophgliwere measured. The density of rohu significantly (P<0.05)
influenced the survival rate, growth and production of freshwater prawn. Catla and Mola
production were affectegidversely with increasing rohu density. The production of rohu
increased with increasing density although the individual weight decreased. The combined
production of all finfish was significantly lower inoRvhereas, the combined production of all
speciesncluding prawn did not differ significantly (P<0.05) among the treatments. The
treatments Rand Roo fetched higher net profit without significant difference between them.
Therefore, inclusion of rohu at a density of 506 hzay be recommended for prawarpmola
polyculture.
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