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INTRODUCTION 

Cambodia aquaculture represents about 10% of the total fisheries production (So Nam & Touch 
Bauntheng, 2011), while the Mekong delta in Vietnam nearly 60% (Le Xuan Sinh and Pomeroy, 2009). 
They have expanded, diversified and intensified; their contributions to aquatic food production have 
increased gradually and potentially.  They are highly diverse and consist of a broad spectrum of systems, 
practices and operations, ranging from simple backyard small, household pond systems to large-scale, 
highly intensive, commercially oriented practices.  The annual growth rate of aquaculture production in 
Cambodia is approximately 20% for the past decade (2001-2010) (So Nam & Touch Bunthang, 2011). 
According to a study conducted in FiA data 3,257 farmers own 16,547 cages representing 52% of the 
total production. Most of the freshwater cages are in Kandal (79%) with more than 12,000 cages. Other 
provinces around the Tonle Sap Lake and Mekong River have a lower number of cages, between 400 and 
600 cages per province:  Kampong Cham (4%), Siem Reap (4%), Pursat (3%), Battambang(3%), 
Kampong Chhnang (2%). Pangasius (in monoculture or polyculture associated with catfish, Leptobarbus 

hoevenii or carps and tilapia) and snakehead are the dominant species accounting for more than 90% of 
the cages. There are 40,479 earthen ponds owned by 52,284 farmers in the whole country. Most of the 
ponds are in southern part of Cambodia: Takeo province (19,046 ponds), Svay Rieng (9,315 ponds), Prey 
Veng (5,398 ponds), and Kampong Speu (3,986 ponds). Other provinces around Tonle Sap Lake have a 
lower number of ponds, between 250 and 1,100 ponds per province (So Nam & Srun Lim Song, 2011). 
Pangasius, hybrid catfish, snakehead, Chinese and Indian carps, and tilapia are preferably cultured in 
earthen ponds. The pond aquaculture production is estimated to about 42%.   
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In Vietnam, about 4,639 fish cages are operated in four Mekong delta provinces, especially in An Giang 
and Dong Thap provinces, while about 17,000 ha of earthen ponds are used for fish culture there (So et al, 
2010). The most commonly cultured fish species in the Lower Mekong Basin of Cambodia and Vietnam 
are snakehead (Channa micropeltes and C. striata), pangasiid catfish (Pangasianodon hypophthalmus), 
hybrid clarias catfish (C. btrachus x C. gariepinus), and giant freshwater prawn (Macrobrachium 

rosenbergii). Aquaculture of these carnivorous and omnivorous fish species is highly dependent on inland 
fisheries of small-sized fish species for sourcing key dietary nutrient inputs. It is estimated that approx. 
50,000 ton of freshwater small-sized fish is used for the above aquaculture development in Cambodia (So 
Nam et al., 2005). So Nam et al (2009) has identified approx. 200 small-sized fish species, which were 
used as feed for aquaculture development in the Lower Mekong basin of Cambodia and Vietnam. 
 
The striped snakehead Channa striata is an obligatory air breathing fish, which can survive dry season by 
burrowing in bottom mud of lakes, canals and swamps as long as skin and air-breathing apparatus remain 
moist and subsists on the stored fat. The snakehead inhabits ponds, streams and rivers, preferring stagnant 
and muddy water of plains and is found mainly in swamps, but also occurs in the lowland rivers, more 
common in relatively deep (1-2 m), still water. The striped snakehead is a voracious carnivore feeding on 
fish, frogs, snakes, insects, earthworms, tadpoles and crustaceans. It is a nest-breeding species. The nest is 
prepared by the parent fish by clearing an area at the water surface of aquatic and emergent vegetation. It 
undertakes lateral migration from the Mekong mainstream or other permanent water bodies, to flooded 
areas during the flood season and returns to the permanent water bodies at the onset of the dry season. 
The striped snakehead is commonly used for processing into prahoc, mam-ruot, and mam-ca-loc 
(varieties of fish paste) in Cambodia and Vietnam. It is very economic important on both cultures and 
captures throughout southern and southeastern Asia. The maximal total length published is 100 cm or 
maximal weight 3,000 g, but commonly found 60 cm (Vidthayanon 2002; Sokheng et al., 1999; Menon, 
1999). 
 
The government of Cambodia put a ban on snakehead farming in May 2005 and the reasons for this was 
the potential negative impacts on wild fish populations from wasteful snakehead seed collection and on 
other fish species diversity, and also potential negative effects on poor consumer groups from decreased 
availability of small-sized/low valued fish (So et al, 2007). After the ban on snakehead culture in 
Cambodia, snakeheads have illegally been imported from the neighboring countries, particularly from 
Vietnam, to supply high local market demands in Cambodia. Furthermore, the study showed that 
freshwater small-sized fish have illegally been exported to Vietnam for feeding the significantly and 
commercially developed snakehead aquaculture in Vietnam. The first phase study funded by AquaFish 
CRSP revealed that the incentives for choosing snakehead before other fish species by tens of thousands 
of fish farmers are strong as it generates more than 10 times higher profits than other fish species (So et 
al., 2009). Therefore, the ban does not only result in positive impacts on poor consumer groups from 
increased availability of freshwater small-sized fish in Cambodia, but also providing negative effects on 
livelihood of tens of thousands of snakehead farmers who depend on this livelihood for generating 
household income. In other words, these snakehead fish farmers have lost their important livelihoods and 
household income. Moreover, the ban also does not provide positive impacts on snakehead wild stocks as 
fishing pressure on wild snakehead using illegal and destructive fishing gears particularly electro-
shockers has been increased for the recent years in order to supply local and external markets (So et al., 
2009). 
 
In Vietnam, snakehead fish have been domesticated for almost two decades in the Mekong Delta (So, 
2009). Aquaculture of this domesticated snakehead fish has commonly and wisely been practiced, and 
recently intensified by using freshwater and marine small-sized fish as direct feed. The snakehead 
aquaculture production increased from 30,000 ton in 2009 (Le Xuan Sinh and Do Minh Chung, 2009) to 
40,000 ton in 2010 (Le Xuan Sinh, pers. comm., 2011). As a result, environmental issue and outbreak of 
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fish disease are the biggest problems, which cause high fish mortality due to poor water quality, and cause 
decreased income of hundred thousands of snakehead farmers in the Mekong Delta in Vietnam. As 
intensive snakehead aquaculture has been developed, many kinds of pathogens may cause serious 
diseases. 
 
Some fish farmers in Cambodia have illegally imported snakehead fingerlings or broodstocks from 
Vietnam to continue their livelihood activity. Bringing snakehead seed and broodstocks from Vietnam 
may also bring diseases into Cambodia fish farms then into natural water bodies in Cambodia. As a result, 
wild snakehead will be infected by diseased farmed snakehead imported from Vietnam. So development 
of Cambodian indigenous snakehead broodstocks by domestication breeding and weaning with 
formulated diets will contribute positively to socio-economic development of tens of thousands of fish 
farmer communities as well as protect natural aquatic ecosystems. At the same time, the development of 
indigenous snakeheads for aquaculture in Cambodia must be approached in a responsible manner that 
diminishes the chance for negative environmental, technical, and social impacts. Therefore, domestication 
breeding and weaning of wild snakehead in Cambodia and study of water quality as well as pathogenic 
agents in Vietnam is practical and necessary in order to reopen snakehead aquaculture in Cambodia and to 
sustain snakehead aquaculture in Vietnam. Moreover, lessons learnt from Vietnam will be carried over to 
Cambodia. The Minister of Ministry of Agriculture, Forestry and Fisheries of Cambodia, in his letter 
banning snakehead culture on September 3, 2004, clearly indicated that detailed impact assessment of 
snakehead culture, and domesticated snakehead seed and formulated feed for weaning and growing out 
snakehead fish are available, the ban will be lifted. 
 

OBJECTIVES 

The specific objectives of this investigation are as follows. 
1. To domesticate breeding of wild snakehead to address the snakehead banning issue in Cambodia 

in order to lift the ban on snakehead culture in Cambodia; 
2. To study environment impacts, fish diseases and biosecurity of snakehead farming in Vietnam; 

and  
3. To provide recommendations for policy and best practices development of snakehead farming. 

 
The objectives 1 and 3 will be achieved by the following studies of Part 1, while the objectives 2 as well 
as the objective 3 will be achieved by the studies of Part 2: snakehead fish diseases and water quality 
analysis, under the same investigation 09IND02UC.    
  

RESULTS 

Study 1: Semi-artificial breeding of the striped snakehead Channa striata 

 
1.1 Introduction 

The striped snakehead Channa striata is widely considered an excellent food fish in Asian countries, 
especially in the Lower Mekong Basin countries, including Cambodia, Laos, Thailand and Vietnam, and 
interest in farming this snakehead is growing. One key constraint to the culture of this species is the ban 
on snakehead culture in Cambodia due to lack of hatchery domestication breeding fingerlings as seed 
material. The collection of stocking material from the wild is not sustainable. Induced spawning may be a 
dependable alternative for obtaining high quality seed material. The mammalian hormone, human 
chorionic gonadotropin (HCG) has been used as an inducing agent for ovulation and spawning in 
snakeheads by colleagues at Can Tho University in Vietnam and initial results have been published in the 
University journal in Vietnamese language (Nguyen Van Trieu et al., 2005; Nguyen Huan and Duong 
Nhut Long, 2008; Bui Minh Tam et al., 2008). The success of induced breeding this species also depends 
on the amount of HCG (dose), number of injections and injection period (Bui Minh Tam et al., 2008). 
The effects between doses of the inducing agent and the injection period combinations on the spawning 
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performance of the recipient female have not been carefully studied. Hence, in the present study the 
breeding performance and larvae production of Channa striata was investigated at different doses of 
HCG, number of injections and the injection period combinations. 
 
1.2 Materials and methods 

Training and technology transfer 

Before the set up of experimental designs at the Freshwater Aquaculture Research and Development 
Center (FARDeC), its researchers have received training on snakehead on breeding, weaning, feeding 
strategies and feed formulation techniques (feed formulation based on the optimal diet composition: 
protein, lipid, mineral, fiber and energy obtained from the AquaFish CRSP first phase Investigation 
07SFT01UC, and on supplemented information from Samantary and Mohanty, 1997; Arockiaraj et al, 
1999) at Aquaculture and Fisheries College of Can Tho University, Vietnam. Practical work, 
experimental set up and snakehead farms and feed mill visits were also provided to the trainees. After the 
training, researchers from Can Tho University, Vietnam visited FARDeC, Cambodia to assist the trained 
staff to set up breeding and weaning experimental trials, prepare formulated diets and to provide advice 
on feeding strategies for the striped snakehead Channa striata. 
 
Broodstock collection and culture 

Thirty nine male and forty five female breeders of Channa striata were collected from the natural water 
bodies of Tonle Sap Great Lake in Kampong Thom province and stocked in the 300 m2 earthen pond at 
Freshwater Aquaculture Research and Development Center (FARDeC) (Figure 1). The body weight of 
the breeders ranged from 650 gram per fish to 800 gram per fish. Low value or small-sized fish were fed 
to the fish with a feeding rate of 2% of body weight of fish per day. Broodstock of snakehead was 
monthly sampled for checking fish maturation based on the methods of Nikolsky (1963) (Table 1; Table 2 
and Table 3). Total length, standard length and body weight distribution of the striped snakehead Channa 

striata used as experimental fish were measured and the sex of each specimen recorded in Table 4. 
 
Hormone composition 

The hormone used in this study is a commercial preparation of HCG (human chorionic gonadotropin). It 
comes as a white, lyophilized crystalline plug containing 5,000 international units (IU) per vial. Each vial 
of freeze-dried HCG is supplied with 5 ml of solvent containing phosphate-buffered water. The HCG was 
purchased and reconstituted in 1 ml of solvent provided with the pack. That was further diluted with 
normal saline solution to get required concentrations of injectable HCG. 
 
Experimental designs 

Experiment 1:Three groups of females were injected with 500, 1,000 and 1,500 IU HCG per kg body 
weight on day 2 after the last injection of three groups of males with the same dose of 1,500 IU HCG per 
body weight (Figure 2; Table 5). Each group of fish comprised three females or three males. The control 
group comprising three females and three males received 0.05 ml of solvent. Each pair of HCG treated 
fish (1 female: 1male) and control fish were semi-artificially bred in a 2,000-L cement tank where aquatic 
plants were applied to make nests for fish to lay/scatter eggs into.  
 
Experiment 2: Three doses 2,500, 3,000 and 3,500 IU HCG per kg body weight were administered to 
three groups of tested males, with the tested three groups of tested females receiving a dose of 1,000 IU 
HCG (Table 6). All male fish received two injections from each dose for two days, while all female fish 
were injected with only one injection on the second day. 
 
Experiment 3: This Experiment was set up similar to Experiment 2, but all tested male fish received three 
injections of HCG for three days from each of the three doses 3,000, 3,500 and 4,000 IU HCG per kg 
body weight (Table 7). All female fish were injected with only one injection on the third day at a dose of 
1,000 IU HCG per body weight.  
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Experiment 4: This Experiment was conducted to assess the potency of 3,500 IU HCG per body weight 
using larger number of fish than the Experiment 1, 2 and 3. Six trials were conducted, utilizing twelve 
male and female fish, receiving 3,500 IU HCG and 1,000 IU HCG per body weight, respectively (Table 
8). Control fish were always paired with hormone-treated fish. 
 
All experiments were conducted in twelve (2 x 1 x 1 m) cement tanks for semi-artificial breeding and 
twelve (1.2 x 0.8 x 0. 5 m) fiberglass aquaria for egg hatching of the striped snakehead Channa striata 
(Figure 3). The physico-chemical parameters of hatchery water viz. temperature, pH, dissolved oxygen 
and total alkalinity were 27–29 °C, 6.8–7.5, 5.6–6.9 ppm and 125–132 ppm, respectively during 
experimental period. Each female was selected from a pool of broodstocks based on the presence of fully-
yolked oocytes, using canulating method, and each male was selected based on the presence of long 
genital. Each female or male was conditioned in their respective cement tank for one day before the 
experiment commenced. 
 
Data collection 

For the Experiments 1, 2 and 3 the following data were collected, including spawning time (hour), 
spawning success (%), egg quantity (eggs/kg body weight), fertilization rate (%), and hatching rate (%) at 
the end of each period, while number of normal larvae (no. larvae/kg female) and survival rate of fish 
larvae (%) were also counted and recorded in Experiment 4. 
 

Data analysis  

The above collected data which are different among treatments of the same experiments were determined 
by one way ANOVA, with means separated using Duncan’s Multiple Range test at p = 0.05 using the 
Software Program SPSS 11.0. 
 
1.3 Results and Discussions 

Broodstock development and maturation 

Four stages of gonadal development of Channa striata were obtained in fish sampled as shown in Table 2 
and Table 3. The egg diameter varied from 0.2 – 0.71 mm in stage II to 0.96 – 1.62 mm in stage IV (Table 
2). All collected fish from Tonle Sap Great Lake reared in the earthen pond at Freshwater Aquaculture 
Research and Development Center (FARDeC) were mature. In May 46.7% of males and 60.5% of 
females were mature in stage IV, and this maturation rate of males and females increased to 88.8% and 
80.8%, respectively in July (Table 3), the highest values that could be considered as the best month for 
semi-artificial breeding of the striped snakehead Channa striata.  
 
Sex ratio and length and weight distribution 

Out of 84 specimens examined, 39 were males and 45 were females, giving a sex ratio of 1.0: 1.2 (Table 
4). The sex ratio showed an insignificant departure from the 1:1 sex ratio (P > 0.05). The mean body 
weight of males and females was 801.6 ± 4.9 g and 768.3 ± 10.2 g, which were not significantly different, 
while there were significant differences in the lengths between males and females for total length and 
standard length (Table 4).  
 
Experiment 1: Evaluation of HCG doses for injecting male and female striped snakehead Channa stirata 

on spawning performance and larval hatching during spawning induction: All females injected with 
1,000 IU HCG successfully spawned and provided a significantly higher number of eggs per kg body 
weight than females injected with 500 IU HCG and 1,500 IU HCG per kg body weight and non treated or 
control females (Table 5). There were no significant differences in spawning time (number of hours) 
among females injected with HCG doses of 1,000 IU HCG and 1,500 IU HCG per kg body weight, while 
these treatments were significantly different from the treatment of females injected with 500 IU HCG per 
kg body weight. For the control groups, no females manifested any signs of ovulation or spawning, 
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probably due to the lack of environment and physiological cues that would trigger final oocyte 
maturation. There was no fertilization among all HCG treated and non-treated or control females in this 
experiment, probably due to the HCG doses provided to all male fish that would be too low, resulted in 
the lack of physiological conditions to trigger the release of sperm. 
 

Experiment 2 Evaluation of HCG doses for two injections for the male striped snakehead Channa stirata 

on spawning performance and larval hatching during spawning inductionI: There were no significant 
differences in fertilization rate between males treated with 3,000 IU HCG and 3,500 IU HCG per kg body 
weight, while male fish treated with a HCG dose of 3,500 IU per kg body weight provided a significant 
higher hatching rate than male fish treated with 3,000 IU HCG per kg body weight (Table 6). No 
fertilization and hatching was observed when all males treated with 2,500 IU HCG per kg body weight.  
 
Experiment 3 Evaluation of HCG doses for three injections for the male striped snakehead Channa 

stirata on spawning performance and larval hatching during spawning induction: All HCG treated fish 
successfully spawned and provided no significant differences in spawning time (Table 7). All males 
treated with 3,500 IU HCG per kg body weight and females treated with 1,000 per kg body weight 
provided a significant higher number of eggs per kg body weight, fertilization rate and hatching rate than 
male fish injected with 3,000 IU and 4,000 IU HCG per body weight. 
 
Experiment 4: In this experiment, the difference in spawning success between control and hormone-
treated (1,000 IU HCG per kg body weight for females and 3,500 IU HCG for males) fish groups was 
highly significant (Table 8). The average hatching rate was 72.6%, working fecundity (number of normal 
larvae per kg female) 21,124 and survival rate of fish larvae after absorbing the yolk on day 3 after hatch 
was approx. 72%. These larvae were used for weaning experiments (See below sections). 
 
Therefore, the best spawning performance or success (100%), highest hatching rate (81%) and highest 
larval productions or survival rate (72%) for the striped snakehead Channa striata were obtained when 
fish were injected with a total dose of 4,500 IU HCG at 27–29 °C, i.e. female fish receiving only one 
injection at a dose of 1,000 IU HCG, and male fish receiving 3 injections at a dose of 3,500 IU HCG 
within a period of three days or 72 hours. Ovulation or spawning occurred within 9-10 hours. 
 
The report of Nguyen Van Trieu et al. (2005) in Vietnamese language demonstrated that they 
administered 2,000 IU HCG per kg body weight to female Channa striata and did not report the 
spawning success, but observed 75% hatching rate and 74% survival rate of 3-day old larvae. However, 
the lack of information on the selection criteria of breeders prior to injection, it is very difficult to 
compare their results with our present findings. Nguyen Huan and Duong Nhut Long (2008) reported in 
Vietnamese language that a dose of 1,000 IU HCG is effective for induced spawning in the giant 
snakehead Channa micropeltes, while Bui Minh Tam et al. (2008) found doses of 2,000-3,000 IU HCG 
per kg male and a dose of 500 IU per kg female to be effective for induced spawning in the giant 
snakehead, which are lower than the doses of the present study. The males were injected 2-3 days before 
the females, which this injection method is similar to the method of the present study.  
 
Successful spawning induction was also reported by Sahoo et al. (2007) using doses of 3,000-4,000 IU 
HCG per kg female at 14-17 h latency. The most effective dose observed from the present study is within 
the recommended hormone level for induction of ovulation or spawning in the Nile tilapia (3,500 IU.kg-1; 
Garcia-Abiado et al., 1994), African catfish (4,000 IU.kg-1; Eding et al., 1982), Japanese flounder (2,600-
8,400 IU.kg-1; Hirose et al., 1979), silver carp (2,750 IU.kg-1; Burlakov and Khachaeva, 1983), rabbitfish 
(2,000 IU.kg-1, Agson, 1991), and snapper (1,000 IU.kg-1; Pamkhurst and Carragher, 1992), but greater in 
sea bream (400 IU.kg-1; Eckstein et al., 1978; Gordon and Zohar, 1978; Zohar and Gordon, 1979), and 
grouper (600 IU.kg-1; Tseng and Poon, 1983). However, the dose is significantly less than that 
recommended by Kuo (1975) for mullet (60,000 IU.kg-1). 
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Study 2: Weaning wild striped snakehead (Channa striata) using formulated feed 

 

2.1 Introduction 

Aquaculture of snakeheads in Cambodia is mainly dependent on freshwater small-sized fish (FSF) for 
sourcing key dietary nutrient inputs (So Nam et al., 2009; So Nam et al., 2005), and feeding cost is the 
highest cost for the fish farmer. The recent study by So Nam et al. (2009) revealed that more than 200 
FSF species, with nearly 50,000 ton (accounting more than 10% of total freshwater fisheries production in 
Cambodia; So Nam et al., 2005) are used for aquaculture in Cambodia. Many problems are raised among 
many snakehead farms. The main problems are poor quality of FSF and variable nutritional composition 
because of inappropriate storage. Risk of disease introduction and outbreaks, environmental pollution and 
high feed conversion in snakehead rearing contributed more concerns. Moreover, the growing 
competition between human and aquaculture usage of FSF led to increasing its price to the farmer (Le 
Xuan Sinh et al, 2009; So Nam et al., 2009; Rachmansyah et al., 2009; So Nam et al., 2007). One key 
constraint and challenge to the culture of this species is the ban on snakehead culture by the government 
of Cambodia due to the lack of formulated diets (So Nam et al., 2009). To address the above key issues, 
Tran Thhi Thu Hien and her colleagues at Can Tho University in Vietnam and University of Rhode 
Island, USA (Tran Thhi Thu Hien Bengtson, 2009) had successfully develop cost-effective and high-
performing compounded feeds under laboratory and on-farm trial conditions that would allow less 
reliance on FSF and would have lower environmental impacts, the so called AquaFish CRSP Snakehead 
Formulated Feed (Figure 4). This study, therefore, was designed to wean wild striped snakehead (Channa 

striata) using this formulated feed in order to produce fingerlings and first generation broodstrocks (i.e. F1 
breeders) at the hatchery of Freshwater Aquaculture Research and Development Center (FARDeC) in 
Cambodia. 
 
2.2 Materials and methods 

Training and technology transfer 

The same as and please see section 1.2. 
 
Experiment 1: Effects of weaning methods using formulated feed for the striped snakehead (Channa 

striata) on survival rate, dead rate and cannibalism rate 

Experimental fish 

Before starting the experiment, all 3-day old larvae after hatch were nursed in 1000-L fiber tanks (Figure 
5) and fed with Moina for 7 days, then fed with Moina and freshwater small-sized fish (FSF) for 10 days, 
20 days and 30 days to obtain 20 day-old fish, 30 day-old fish and 40 day-old fish, respectively. 
Replacement of Moina by FSF was applied gradually at a rate 10%.day-1 until 100% of Moina was 
substituted by FSF.  
 
Experimental design 

We tested three ages of fish to begin weaning with freshwater small-sized fish gradually replaced by 45% 
crude protein formulated feed (Table 9; Tran Thi Thu Hien and Bengtson, 2009) for 30 days: 20 day-old 
(20-dof), 30 day-old (30-dof) and 40 day-old (40-dof) fish (Table 10). For 20-dof treatments, the weaning 
procedure consisted of 10% of freshwater small-sized fish replaced daily, every two days and every three 
days by formulated feed until fish were fed exclusively on formulated feed. Similarly, for the 30-dof and 
40-dof treatments, freshwater small-sized fish biomass was replaced by formulated diet at a rate of 10% 
per day, per two days and per three day for each treatment. Control treatment, 20-dof fish were fed with 
Moina replaced by freshwater small-size fish 20% per day within five consecutive days and then fed with 
freshwater small-sized fish until the end of the experiment (Table 10). 
  
Fish were randomly assigned in 30 (2 x 1 x 1 m) hapas placed in 2,000 m2 ponds, i.e. 10 treatments and 3 
replicates per treatment, at a stocking density of 200 fish/hapa or 100 fish/m2. The fish were fed to 



FINAL REPORTS: INVESTIGATIONS 2009–2011 

 296 

satiation by hand twice daily at 09:00 h and 16:00. Dead fish and cannibalism were weekly recorded 
(Table 11). Water temperature, pH and dissolved oxygen also recorded weekly, ranging from 28.2 – 29.5; 
5.4 – 6.7; and 5.7 – 6.9 ppm, respectively. Differences among  treatments were determined by one way 
ANOVA with means separated using Duncan’s Multiple Range test at p = 0.05 using SPSS 11.0. 
 
Experiment 2: On-station trial on growth-out of the striped snakehead Channa striata fed with freshwater 

small-sized fish vs. formulated feed   

Experimental fish and designs 

Before starting the experiments, all the 30 day-old fish were reared in 10 (5 x 3 x 1.5 m) hapas, placed in 
2,000 m2 ponds, with a stocking density of 100 fish/m2 and fed with freshwater small-sized fish combined 
with 45% crude protein formulated feed (Table 9) for 30 days at the hatchery of Freshwater Aquaculture 
Research and Development Center (FARDeC), Cambodia. Replacement of freshwater small-sized fish by 
formulated feed was applied gradually at a rate 10% every three days until 100% of freshwater small-
sized fish was substituted by pellet feed, then the fish were fed with formulated or pellet feed till day 30th 
(i.e. the age of the fish was 60 days old).  
 
Experiment 2 was set up by using the above 60 day-old fish of the striped snakehead Channa striata to 
evaluate effects of freshwater small-sized fish and 40% crude protein pellet feed on growth performance, 
survival rate, feed intake, feed conversion ratio, and abnormal rate, and to develop first generation of 
broodstock (F1) for further domestication breeding. Fish were randomly stocked in six (5 x 3 x 1.5 m) 
hapas placed in 2,000 m2 ponds (Figure 6) at a stocking density of 750 fish/hapa, i.e. being three hapas for 
fish fed with freshwater small-sized fish and three hapas for fish fed with pellet feed. The fish were fed to 
satiation by hand twice daily at 09:00 h and 16:00. Total fish weight in each hapa was determined every 
month and dead fish were recorded and weighed for calculating feed conversion ratio (FCR). After 
feeding, the remaining feed was weighed daily. Water temperature, pH and dissolved oxygen were 
measured biweekly, ranging from 27.9 - 30.5 oC; 5.2 – 6.7; and 5.4 –7.1 ppm, respectively. The 
experiment lasted 10 months. Collected data, which were different among  treatments, were determined 
by one way ANOVA with means separated using Duncan’s Multiple Range test at p = 0.05 using SPSS 
11.0. 
 
2.3 Results and Discussions 

Experiment 1: Effects of weaning methods using formulated feed for the striped snakehead (Channa 

striata) on survival rate, dead rate and cannibalism rate: Survival rates of fish in treatments 20-dof-1, 20-
dof-2 and 20-dof-3 were significantly lower than those of all other treatments, while these treatments had 
significantly higher cannibalism than those of all other treatments (Table 11). This reveals that the age of 
these fish is too young to accept formulated feed resulting in significant higher cannibalism (18 – 26%). 
Survival rate and cannibalism rate of fish in treatment 30-dof-3 was 75% and 12%, respectively, and were 
not significantly different from those of fish in the control treatment (fish fed with Moina and freshwater 
small-sized fish) and in treatment 40-dof-3, but significantly higher than those of fish in treatments 30-
dof-2, 30-dof-2, 20-dof-1, 20-dof-2 and 20-dof-3. Therefore, the fish aging 30 days old can gradually and 
successful accept formulated feed in replacement of small-sized fish in the rate of 10% every three days.  
 

Experiment 2: On-station trial on growth-out of the striped snakehead Channa striata fed with freshwater 

small-sized fish vs. formulated feed: The final weight of fish fed with freshwater small-sized fish (468 g) 
significantly higher than that of fish fed with formulated or pellet feed (314 g) (Table 12), but this figure 
is lower than the striped snakehead fed with small-sized fish in the Mekong delta of Vietnam (0.5 -1.1 
kg/fish; So Nam, 2009; Le Xuan Sinh and Pomeroy, 2009). Similarly the final weight of the snakehead 
fish fed with pellet feed in this study is lower than the fish fed with pellet feed in Dong Thap and An 
Giang provinces (467 - 726 g/fish; Tran Thi Thanh Hien and Bengtson, 2011). This higher growth rate in 
both cases reflects the longer and successful domestication captive breeding of striped snakehead in the 
Mekong Delta of Vietnam.  However the survival rate of fish in both treatments was not significantly 
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different after a growth-out period of 10 months, although a slightly higher survival rate was found in 
treatment of fish fed with freshwater small-sized fish (60%) than that (56%) in treatment of fish fed with 
pellet feed. These survival rates are similar to the rates of striped snakehead fed with small-sized fish (45-
60%; So Nam, 2009; Le Xuan Sinh and Pomeroy, 2009) and to the fish fed with pellet feed (56-73%; 
Tran Thi Thanh Hien and Bengtson, 2011) in the Mekong Delta of Vietnam. The high mortality rate of 
striped snakehead fed with small-sized fish found in the Mekong Delta is caused by parasite infected 
diseases (40-50%; Pham Minh Duc et al., 2011; Le Xuan Sinh and Pomeroy, 2009).   
 
Table 13 shows that FI and FCR were significantly higher in treatment of fish fed with freshwater small-
sized fish (3.9 g.fish-1.day-1 and 4.2, respectively) than in treatment of fish fed with pellet feed (1.25 
g.fish-1.day-1 and 1.68, respectively), but no significant differences were seen in PER. It is likely that the 
significant reductions in FI and FCR were due to different moisture levels in the diets that the fish 
received, since the moisture of freshwater small-sized fish is 72.7 %, whereas formulated feed is 9.38% 
(Tran Thi Thu Hien and Bengtson, 2009). The treatment of fish fed with pellet feed (17.4%) had a 
significantly higher abnormal rate than the treatment of fish fed with freshwater small-sized fish. The 
FCR of striped snakehead fed with small-sized fish in the Mekong Delta of Vietnam (3.7 - 4.5; Tran Thi 
Thanh Hien and Bengtson, 2011; Le Xuan Sinh and Pomeroy, 2009) is similar to the FCR in this study, 
while the FCR of fish fed with pellet feed in this study is higher than the that of fish fed with pellet feed 
in the Mekong Delta of Vietnam (1.3 - 1.6).  
 
In this study, the poorer growth rate of fish fed with pellet feed compared with fish fed with freshwater 
small-sized fish, probably due to that the experimental fish used originate from the wild breeders, which 
have been collected from Tonle Sap Great Lake and first time brought into the hatchery of FARDeC for 
induced spawning. In order words, the experimental fish used in this study are wild fish, while the 
experimental fish of the same species used in the study of Tran Thi Thu Hien and Bengtson (2009) at Can 
Tho University, Vietnam have been successfully domestication induced spawning for nearly two decades 
at hatcheries in Vietnam. Similarly, the study conducted by colleagues at Can Tho University showed that 
the growth rate and survival rate of the giant snakehead Channa micropeltes fed with formulated feed is 
significantly lower or poorer than the fish fed with small-sized or low value fish in Vietnam (Tran Thi 
Thu Hien, pers. comm., 2011), probably due to that the giant snakehead have been just recently 
domestication breeding for nearly 5 years. 
 
The striped snakehead Channa striata is an obligatory air breathing and a carnivorous fish species. In this 
study, although they were weaned from freshwater small-sized fish to formulated feed, live food is still 
their favorite feed. The diet containing no freshwater small-sized fish reduced attraction of fish to feed 
(Tran Thi Thu Hien and Bengtson, 2009). Utilization of commercial pellet feed nowadays is more 
popular, especially for carnivorous fish in order to reduce the dependence on small-sized fish or low value 
fish, feeding cost and environmental impact. Several studies on replacing of small-sized fish or low value 
fish by formulated feed in several species achieved better growth rate and more profit, such as this species 
(Tran Thi Thu Hien and Bengtson, 2009); tiger grouper, Epinephelus fuscoguttatus (Rachmansyah et al., 
2009); Japanese sea bass, Lateolabrax japonicus and red drum, Sciaenops ocellata (Cremer et al., 2001); 
Sea bass, Lates calcarifer  (Aquacop et al., 1989).  Cremer et al. (2001) replaced small-sized fish or low 
value fish with formulated diets in cage culture of red drum (Sciaenops ocellata) (172g/fish in initial 
weight) and Japanese sea bass Lateolabrax japonicus) (74g/fish) and concluded that fish consuming 
formulated diet (43% crude protein, 12% lipid) with 35% soybean meal showed better growth and less 
feeding cost than fish fed with small-sized fish.  
 
In this study, Channa striata showed a high cannibalism in pellet feed treatments. Lower survival rate 
may be related to snakehead behavior. Conversely, Hung et al. (1999) reported that Pangasius bocourti 
had a low cannibalism even in the artificial feeding treatment.  Simply providing formulated feeds led to 
cannibalism in Channa striata in a previous study (Qin et al., 1996). In fishes, cannibalism is usually 
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associated with heterogeneous size variation, lack of food, high density, lack of refuge area and light 
condition. Among these variables, size variation and unsuitable food are considered the primary causes of 
cannibalism (Tran Thi Thu Hien and Bengtson, 2009). 
 
 

CONCLUSIONS 

The present investigation demonstrated that the wild striped snakehead Channa striata broodstocks can 
successfully be developed, mature and semi-artificially induced spawning using HCG at doses of 1,000 
IU.kg-1 for female fish and 3,500 IU.kg-1 for male fish at the hatchery of Freshwater Aquaculture 
Research and Development Center (FARDeC), Cambodia. The male fish receive 2-3 injections within 2-3 
days before the female fish, which is received only 1 injection. With this optimal HCG doses, the 
spawning success is 100%; spawning time after the last injection of female and male fish is 9 hours; 
number of eggs spawned per kg female is 32,000; the fertilization rate is 87%; hatching rate is 73%; and 
the larval production and survival rate is 21,000 larvae per kg female and 72%, respectively. 
 
The striped snakehead Channa straita aging 30 days old after hatch can gradually and successful accept 
formulated feed in replacement of small-sized fish in the rate of 10% every three days for a period of 30 
days of feeding, and then be successfully grown out with a complete 40% crude protein pellet feed for a 
period of ten months to achieve a final weight of 314 g.fish-1, a survival rate of 56%, and a FCR of 1.68. 
The F1 broodstocks which can accept formulated or pellet feed are available for future domestication 
breeding and weaning at FARDeC, Cambodia. This has very important implications for protecting 
freshwater small-sized fish, which are usually fed to snakehead. 
 

RECOMMENDATIONS 

The following recommendations should be carefully considered for policy and action plan development in 
order to lift the ban on snakehead and achieve sustainable development snakehead aquaculture in 
Cambodia:   
 

 To collect from different natural water bodies over the country and develop sufficient numbers of 
Channa striata broodstcoks at hatcheries in Cambodia in order to conduct R & D on breeding and 
weaning techniques to produce high quality fish seed for sustainable snakehead aquaculture 
development; 

 To biologically characterize the snakehead Channa striata from different populations within 
Cambodia freshwater bodies (i.e. Tonle Sap Great Lake, upper and lower stretch of Mekong 
River and Bassac River, their associated floodplains) for determining good or favorable traits for 
aquaculture development; 

 To assess genetic diversity and populations of snakehead collected from different locations within 
Cambodia for maintaining diversity of wild stocks and overall conservation of this species, and 
for enhancing the diversity of snakehead breeders when conducting domestication/breeding 
program for this fish; 

 To domesticate breeding of wild snakehead to address the snakehead banning issue in Cambodia 
in order to lift the ban on snakehead culture in Cambodia; 

 To develop practical formulated diets for broodstock, nursery and grow-out culture of snakehead 
to replace small-sized fish from captured fisheries; 

 To evaluate the growth performance of snakehead in different culture systems by using practical 
formulated diets; and 

 Provide extension services to snakehead farmers regarding technologies of snakehead breeding, 
weaning and growth-out using formulated diets; and 
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 To encourage the involvement of public and private sectors and development partners to invest on 
the value chain of snakehead aquaculture development, especially the private sector to formulate 
and improve commercially manufactured feed for snakehead aquaculture; it can be better 
integrated into local economy with less import of ingredient, and be market at a lower price. 
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Figure 1. AquaFish CRSP earthen pond of wild striped snakehead breeders (Channa striata) collected 
from the Tonle Sap Great Lake at the FARDeC hatchery, Cambodia 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Figure 2 Conditioning and HCG injection of tested male and female breeders of the striped snakehead 
Channa striata   
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Figure 3 Breeding cement tanks (2 x 1 x 1 m), with aquatic plants for the striped snakehead Channa 

striata scatter their eggs into 
 
 
 

 
 
Figure 4 AquaFish CRSP snakehead formulated feed by College of Aquaculture and Fisheries, Can Tho 
University, Vietnam 
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Figure 5 Fiber tanks used for nursing larvae of the striped snakehead Channa striata at FARDeC 
hatchery, Cambodia 
 
 
 

 
 
Figure 6 Hapas used for growing out striped snakehead (Channa striata) fed with formulated feed at 
FARDeC, Cambodia 
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Table 1 Stages of gonad development classified by Nikolsky (1963) 
 
Variable Stage Gonad development  

Immaturity I Young individuals which have not yet engaged in reproduction. Gonads 
of very small size. 

Resting 
 

II Sexual products have not yet begun to develop. Gonads of very small 
eggs not distinguished to the naked eyes. 

Maturation III Eggs distinguishable to the naked eyes. A very rapid increase in weight 
of the gonad in progress, testes changes from transparent to a pale rose 
color. 

Maturity IV Sexual product, ripe gonads have achieved their maximum weights but 
the sexual products are not still extruded when light pressure is applied. 

Reproduction V Sexual products are extruded in responses to very light pressure on the 
belly. Weight of the gonads decreases rapidly from the start of spawning 
to its completion. 

Spent VI The sexual products have been discharged, genital aperture is inflamed, 
gonads have appearance of a deflated sac and ovaries usually containing 
a few left over eggs and the testes contain residual sperm. 

 
 
Table 2 Four stages of gonad development of the striped snakehead Channa striata  
 
Variable Stage Egg diameter (mm) Gonad development  

Immaturity I Slightly granular Slightly granular, transparent with clear nucleus. 
Resting 
 

II 0.20 – 0.71 Clearly granular, not visible nucleus, some spherical shape 
and opaque.  

Maturation III 0.72 – 0.95 Spherical, yellow in color with oil globules and large ova 
translucent. 

Maturity IV 0.96 – 1.62 Spherical, golden yellow, translucent with oil globules. 
 
 
 
 
Table 3 Monthly maturation rate of gonad development stages of the male and female striped snakehead 
Channa striata 
  

Month Stage I (%) Stage II (%) Stage III (%) Stage IV (%) Stage V (%) 

Male Female Male Female Male Female Male Female Male Female 

March 3.4 7.9 20.2 15.3 76.4 53.3 0.0 23.5   
April  2.6 5.5 9.7 81.2 42.9 13.3 44.8   
May   2.1 3.6 51.2 35.9 46.7 60.5   
June     35.7 27.5 64.3 72.5   
July     11.2 19.2 88.8 80.8   
August       60.5 63.5 39.5 36.5 
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Table 4 Total length, standard length and body weight distribution of the striped snakehead Channa 

striata used as experimental fish 
 
Parameter Sex Number Range Mean 

Total length (cm) Male 39 45.9 – 55.3 46.8 ± 3.2a 
 Female 45 41.4 – 60.1 42.6 ± 2.7b 
     
Standard length (cm) Male 39 42.3 – 49.7 43.2 ± 2.5a 
 Female 45 38.6 – 52.5 39.8 ± 1.3b 
     
Body weight (g) Male 39 692.4 – 855.4  801.6 ± 4.9a 
 Female 45 625.7 – 785.7 768.3 ± 10.2a 
 

 

 

Table 5 Evaluation of HCG doses for injecting male and female striped snakehead Channa stirata on 
spawning performance and larval hatching during spawning induction  
 

Description Dose of HCG (IU) per kg body weight 

 Control Male Female 

 0 1,500 500 1,000 1,500 

Day 1 0 500 0 0 0 
Day 2 0 1000 500 1000 1500 
Spawning time (h)1  -   15.8 ± 2.2a 10.5 ± 0.8b 8.6 ± 2.6b 
Spawning success (%)2 0   33.3 100.0 66.7 
Egg quantity (eggs/kg) 0   5,198 ± 688a 22,115 ± 1019b  15,939 ± 1251c 
Fertilization rate (%) 0   0 0 0 
Hatching rate (%) 0   0 0 0 

Data are means of three observations ± SE. Means in the same row with different superscripts are significantly different 

(P<0.05). 
1 Spawning time refers to number of hours post injection when female fish lay eggs. 
2 Spawning success refers to number of ovulated females as a percentage of treated females.    

 

 

 

Table 6 Evaluation of HCG doses for two injections for the male striped snakehead Channa stirata on 
spawning performance and larval hatching during spawning induction  
 
Description Dose of HCG (IU) per kg body weight 

 Female Male 

 1,000 2,500 3,000 3,500 

Day 1 0 500 1,000 1,500 
Day 2 1,000 1,000 2000 2,000 
Spawning time (h)1   14.9 ± 1.7a 11.1 ± 0.9b 9.3 ± 0.7b 
Spawning success (%)2  66.7 66.7 100.0 
Egg quantity (eggs/kg)  10,198 ± 1,581a 27,115 ± 2,917b  32,792 ± 1,251b 
Fertilization rate (%)  0a 79.5 ± 2.1b 87.2 ± 3.3b 
Hatching rate (%)  0a 71.9 ± 1.7b 81.21 ± 4.4c 
Data are means of three observations ± SE. Means in the same row with different superscripts are significantly different 

(P<0.05). 
1 Spawning time refers to number of hours post injection when female fish lay eggs. 
2 Spawning success refers to number of ovulated females as a percentage of treated females.    
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Table 7 Evaluation of HCG doses for three injections for the male striped snakehead Channa stirata on 
spawning performance and larval hatching during spawning induction  
 
Description Dose of HCG (IU) per kg body weight 

 Female Male 

 1,000 3,000 3,500 4,000 

Day 1 0 500 500 500 
Day 2 0 1,000 1,000 1,000 
Day 3 1,000 1500 2,000 2,500 
Spawning time (h)1   12.3 ± 0.4a 10.1 ± 0.9a 8.3 ± 2.7a 
Spawning success (%)2  100.0 100.0 100.0 
Egg quantity (eggs/kg)  22,835 ± 2,407 a 33,088 ± 2,971b  17,985 ± 1,911c 
Fertilization rate (%)  81.2 ± 1.9a 93.6 ± 2.2b 49.2 ± 5.3c 
Hatching rate (%)  65.4 ± 2.7a 79.8 ± 3.7b 40.9 ± 4.4c 
Data are means of three observations ± SE. Means in the same row with different superscripts are significantly different 

(P<0.05). 
1 Spawning time refers to number of hours post injection when female fish lay eggs. 
2 Spawning success refers to number of ovulated females as a percentage of treated females.    

 

 
 
 
Table 8 Number of ovulated and spawning females, egg quantity, fertilization rate, hatching rate and larvae 
production following with the injection of HCG potency of 3,500 IU per kg body weight  
Description Dose of HCG (IU) per kg body weight 

 Male and female Female Male 

 Control 1,000 3,500 

Day 1 0 0 500 
Day 2 0 0 1,000 
Day 3 0 1,000 2,000 
Spawning time (h)1  -  9.2 ± 0.6 
Spawning success (%)2 0  100.0 
Egg quantity (eggs/kg) 0  31,935 ± 1,874 
Fertilization rate (%) 0  86.8 ± 4.1 
Hatching rate (%) 0  72.6 ± 3.3 
Number of normal larvae per kg female 0  21,124 ± 1,025 
Survival rate of fish larvae (%)3 0  71.8 ± 7.2 
1 Spawning time refers to number of hours post injection when female fish lay eggs. 
2 Spawning success refers to number of ovulated females as a percentage of treated females.    

3 Survival rate of fish larvae refers to number of fish larvae as percentage of hatched larvae after absorbing the yolk on day 3 

after hatch. 
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Table 9 The formulation of formulated feed (45% crude protein and 4.5 gross energy per g) for 
the striped snakehead Channa striata developed by Tran Thi Thu Hien and Bengtson (2009) 
Ingredient Ratio (%) 

Fish meal 32.7 
Soy bean meal 31.8 
Rice bran 20.0 
Cassava meal 7.12 
Vitamin 1.00 
Mineral 1.00 
Fish oil 3.32 
Binder 0.29 
Lysine 0.44 
Methionine 0.28 
Threonine 0.40 
Fish solution attractant 1.5 
Phytase 0.02 
Total 100.00 

 

 

Table 10 Experimental designs for replacing freshwater small-sized fish by 10% formulated feed fed to 
three ages of experimental fish for every day, every two days and every three days: 20 days, 30 days and 
40 days old fish (20-dof-1, 2, 3; 30-dof-1, 2, 3 and 40-dof-1, 2, 3) 
Treatment Feed Fish age (day) Replacement ratio 

Control Moina + FSF 20 20% FSF every day 
20-dof-1 FSF + formulated feed 20 10% formulated feed per day 
20-dof-2 FSF + formulated feed 20 10% formulated feed every two days 
20-dof-3 FSF + formulated feed 20 10% formulated feed every three days 
30-dof-1 FSF + formulated feed 30 10% formulated feed per day 
30-dof-2 FSF + formulated feed 30 10% formulated feed every two days 
30-dof-3 FSF + formulated feed 30 10% formulated feed every three days 
40-dof-1 FSF + formulated feed 40 10% formulated feed per day 
40-dof-2 FSF + formulated feed 40 10% formulated feed every two days 
40-dof-3 FSF + formulated feed 40 10% formulated feed every three days 
FSF: Freshwater small-sized fish 

 
 
Table 11 Survival rate, dead rate and cannibalism rate of three different ages of striped snakehead 
(Channa striata) gradually fed with formulated feed 
Treatment Survival rate (%)  Dead rate (%) Cannibalism rate (%) 

Control 85.6 ± 4.2a 9.6 ± 3.2a 4.8 ± 4.5a 
20-dof-1 36.2 ± 6.3bc 45.9 ± 6.8b 17.9 ±10.1bc 
20-dof-2 38.9 ± 3.7c 40.4 ± 8.5bc 20.7 ± 7.6bc 
20-dof-3 41.1 ± 15.3c 33.1 ± 11.2c 25.8 ± 5.1c 
30-dof-1 68.9 ± 6.9d 21.7 ± 6.3d 9.4 ± 15.3d 
30-dof-2 62.2 ± 9.6d 17.4 ± 10.2d 20.4± 3.3d 
30-dof-3 74.6 ± 7.1ae 13.3 ± 2.1ae 12.1 ± 2.9ae 
40-dof-1 63.9 ± 9.4e 29.7 ± 15.5be 6.4 ± 5.1e 
40-dof-2 80.4 ± 5.4ae 14.7 ± 13.9ae 4.9 ± 4.4e 
40-dof-3 82.5 ± 2.3ae 8.1 ± 2.8ae 9.4 ± 3.9ae 
Data are means of three observations ± SE. Means in the same column with the same superscript are not significantly different 

(P<0.05). 
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Table 12 Total body weight gain (g.fish-1), daily weight gain (g.fish-1.day-1) and survival rate (%) of 
Channa striata in treatments where freshwater small-sized fish and formulated feed applied 
Feed Initial 

weight  

Final weight  Total weight 

gain  

Daily weight 

gain  

Survival 

rate 

Freshwater small sized fish 9.8 ± 0.05a 467.9 ± 92.8a 458.1 ± 92.6a 1.5 ± 0.3a 60.2 ± 8.1a 
      
Pellet feed 9.7  ± 0.17a 313.5 ± 110.4b 303.8 ± 110.2b 1.0 ± 0.4b 55.9 ± 12.3a 
Data are means of three observations ± SE. Means in the same column with the same superscript are not significantly different 

(P<0.05). 

Total gain weight = Final weight – Initial weight 

Daily gain weight = (final weight – initial weight)/experiment time 

Survival rate = (numbers of fish at the end of experiment / numbers of initial fish) x 100 

 
 
 
Table 13 Feed intake (g.fish-1.day-1), feed conversion ratio, protein efficiency ratio (protein gain-1) of the 
striped Channa striata in treatments where freshwater small-sized fish and pellet feed applied (% of 
moisture matter basis) 
Feed FI FCR PER Abnormal rate (%) 

Freshwater small sized fish 3.9 ± 0.18a 4.2 ± 0.07a  2.11 ± 0.03a 6.3 ± 1.8a 
     
Pellet feed 1.25 ± 0.11b 1.68 ± 0.05b 1.81 ± 0.07b 17.4 ± 3.7b 
Data are means of three observations ± SE. Means in the same column with different superscripts are significantly different 

(P<0.05). 

FI (Feed Intake) = (Feed intake/no fish)/ No days 

FCR (Feed Conversion Ratio) = Feed intake / Weight gain  

PER (Protein Efficiency Ratio) = (Final body weight – Initial body weight) / Protein intake 

Abnormal rate = (number of abnormal fish/total number of survived fish) x 100 
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INTRODUCTION 

In the recent years, aquaculture played an economically important strength in Mekong Delta. Catfish, 
snakehead fish and freshwater prawn contributed in increasing of freshwater aquaculture production. Of 
which, snakehead was an important species in culture in Mekong Delta (Nguyen Van Thuong, 2004). 
There are some popular culture systems, including of pond culture, hapa culture, cage culture and nylon 
tank (Le Xuan Sinh and Do Minh Chung, 2010). Collecting information of provinces in Mekong Delta 
showed that the snakehead production in region was about 30,000 tons, of which Channa micropelte was 
7,500 tons (2009). However, the farmers in Mekong Delta attended to small scale systems and 
spontaneous systems (Le Xuan Sinh and Do Minh Chung, 2010). There are 4 species of Chanidae in 
Mekong Delta, comprising of Channa gachua, Channa lucius, Channa striata, Channa micropelte. 
Channa striata and Channa micropelte are main cultured species in Mekong Delta now. 

Intensive culture in snakehead connected to increasing in culture stocking density. This result in 
ordinarily out-breaks of diseases in aquatic animals which is quite disadvantageous for aquaculture 
activity. Some disease agents affecting to snakehead was recorded, including of bacteria, parasites and 
fungi that influenced to farmer’s income. 
Objectives of this study are to define disease agents infecting cultured striped  snakehead (Channa 

striata), and to study water quality in snakehead culture ponds. These results will provide the basic 
information of disease and water quality problems of snakehead culture.  

To achieve these objectives, the following studies were conducted: (1) assessment of water quality in 
snakehead culture ponds in An Giang, Dong Thap and Can Tho provinces; (2) study on status of 
snakehead farming in Dong Thap province; (3) isolation and identification of pathogens, which are 
parasites, fungi and bacteria infecting fingerling and grown-out snakehead in An Giang and Dong Thap 
provinces; and (4) pathogenicity of fungi and bacteria isolated from fingerling snakehead. 

 

RESULTS 

Study 1: Assesment of water quality in snakehead culture ponds 

1.1 Introdution 

Water quality plays an important role in aquaculture activities because of all activities of aquatic animals 
were under the water. The degree of intensive culture in aquaculture well developed with higher culture 
stocking density, more feeding and chemicals utilization. These affect water quality, namely some water 
quality parameters in culture ponds. Rich-nutrition factor in the water impacts the balance in the 
relationship between the host, pathogens and environment in a cultured pond. This stimulates for higher 
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sensitivity in host to the pathogens then diseases outbreaks. Moreover, the cultured snakehead in Mekong 
Delta were fed with small-sized fish, which affects indirectlty to the fish health. Besides, using more 
chemicals to prevent and treat diseased fish was and are popular that results in reducing the water quality. 
However, study on snakehead culture pond’s conditions was not considered. Therefore, present study was 
carried out to asses the water quality in cultured snakehead ponds in An Giang and Dong Thap provinces 
and to provide the basic information on changing of water quality parameters during culture period, 
especially in the dry and wet seasons.  
 
1.2 Methodology 

The study was conducted in snakehead culture ponds in Long Xuyen and Chau Thanh district (An Giang 
province) and Lap Vo and Tam Nong district (Dong thap province) and Co Do district (Can Tho city) 
from February to August, 2010. Some water quality factors, comprising of pH, DO, N-NH4

+, N-NO2ˉ, N-
NO3ˉ was collected once for month at 8:00-9:00 am in 6 months (Table 1, Table 2 and Table 3). 
Temperature was measure by thermometer in sampling point. The other factors were sampled by 
preresentative samples, which were collected at 5 sampling points, mixed and sampled. Samples were 
frozen by Horiba D-58 machine (manufactured by Japan). 
 

1.3 Results  

The results of water quality factors surveyed in An Giang, Dong Thap and Can Tho was illustrated in 
Table 1, Table 2 and Table 3. The average temperature of snakehead cultured ponds fluctuated from 28.3 
to 32.7oC, from 26.7 to 32.5oC and from 28.05 to 28.8oC in An Giang, Dong Thap and Can Tho, 
respectively. Two main reasons for the small variation of temperature in cultured ponds were the water 
deep (2.5-4.0 m) and the water exchange time of these ponds (2-4 times/day). Therefore, oscillate 
amplitude of pond water was less than water temperature in the inlet drainage. 
 
The pH value of snakehead cultured ponds varied from 7.25 to 8.75 which was similar to the value 
reported by Truong Quoc Phu (2006) that the suitable pH value for fish culture is 6.5–9. The average pH 
value of cultured ponds in An Giang province flutuated from 7.25-7.81, Dong Thap province from 7.33-
7.80 and Can Tho city from 8.18-8.75. The pH value highly fluctuated in the third sampling month of 
snakehead culture, which constituted 7.25 in An Giang and 7.32 in Dong Thap and the fourth sampling 
month which was 7.95 in An Giang and 7.63 in Dong Thap. This was explained that fish in the ponds in 
this period were infected by parasites and bacteria, and pond water were exhanged more time to decrease 
the organic matter, which was from intensive feeding, and reduce pathogent infections; this resulted in 
low density of phytoplankton in the ponds. Farmers limed the pond’s bank making the pH value in the 
pond higher than in the inlet drainage with 6.93-7.49 in An Giang and 7.06-7.11 and Dong Thap 
provinces. 
 
N-NH4

+ concentration in snakehead culture ponds fluctuated from 1.25 to 1.95 ppm. This value was in 
suitable value for fish growth (0.2-2 ppm) (Boyd, 1990). In sampling period, the first sampling was 
lowest value of N-NH4

+ and gradually increased in continuous months. However, the fluctuation of N-
NH4

+ content was higher than the end of culture period because of more water exchange time. The 
unequal content of N-NH4

+ in culture ponds and inlet drainage was recorded, 1.25-1.84 ppm compared to 
0.04-0.41 ppm in An Giang province, 1.28-1.95 ppm compared to 0.03-0.08 ppm in Dong Thap province 
and 1.54-1.59 ppm compared to 0.09-1.62 ppm in Can Tho city. 
 
N-NO2

- concentration in culture ponds in An Giang province was 0.066-0.329 ppm, Dong Thap province 
0.040-0.209 ppm and Can Tho city 0.03-0.08 ppm. Boyd (1990) recommended  the concentration of N-
NO2

- for fish culture should be lower than 1 ppm. This is concluded that N-NO2
- concentration in 

snakehead culture ponds is optimal. Similarily, N-NH4
- concentration was higher in snakehead ponds 

compared to inlet drainage in An Giang and Dong Thap provinces, while  in Can Tho N-NH4
- 

concentration was higher in inlet drainage than in the snakehead ponds. 
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N-NO3
- concentration in sampling ponds was gradually reduced in the end of culture period. N-NO3

- 
concentration in inlet drainage in An Giang (0.033-0.163 ppm), Dong Thap (0.072-0.224 ppm) and Can 
Tho (0.06-0.07 ppm) was recorded and considerably lower than the concentration in culure ponds in An 
Giang (0.434–1.735 ppm), Dong Thap (0.266–1.229 ppm) and Can Tho (0.04-0.53 ppm). 
 
In conclusion, the temperature variation in snakehead culture ponds in An Giang and Dong Thap 
provinces was low. N-NH4

+ and N-NO2
- concentration gradually increased in the end of culture period, 

while N-NO3
- concentration gradually decreased. The sudden fluctuation of water quality, espectively in 

the second, third and fourth culture months affected snakehead culture health. However, in Can tho city, 
all water quality parameters increased for the whole culture period. 
 

Study 2: Study on diseases in striped snakehead (Channa striata)  

2.1 Introduction 

Disease problems in aquaculture are essensially considered, espectively in intensive more popular culture 
systems. The development of culture area and diversification of cultured species that incurred the 
concerns on seed quality, feed supply, custody skills and management in fish health. In culture condition, 
diseases ordinarily occur in conditions of high denisity and rich nutrition, which both affect the balance 
between fish and pathogens and fish will be more sensitive to pathogens (Bui Quang Te, 2006). 
Snakehead with Channa striata and Channa micropelte were cultured popularly in Mekong Delta with 
many kinds of systems such as pond culture, hapas culture and cage culture. In recent years, studies on 
snakehead was carried out by Le Xuan Sinh and Do Minh Chung, 2009; Nguyen Thi Diep Thuy, 2010; 
and Sarowar et al., 2010. These studies were provided the data on general information of snakehead 
culture systems as well as information of disease problems that occurred in cultured snakehead. Basing on 
the previous studies, some pathogens were confirmed infecting snakehead, comprising of parasites, fungi 
and bacteria. The prevalence infection of each pathogen was different and based on the culture conditions. 
However, a specific study on the pathogens that infecting to snakehead in two provinces of An Giang and 
Dong Thap was not carried out. Therefore, this study was conducted to determine the sorts of pathogen 
infecting to snakehead in rearing and culturing conditions. 
 

2.1 Methodology 

2.1.1 Investigation on status of snakehead farming in Dong Thap province 

The investigation was carried out from February to May, 2011 in Tam Nong district, Dong Thap 
province. 
 

Methods of secondary data collecting: secondary data were collected from the reports of local agencies 
and sectors consisted of Fisheries Stations of Tam Nong (Dong Thap provine), Department of Fisheries 
Resources Management of Dong Thap province, newspapers and magazines of aquaculture, websites of 
aquaculture and relating aquaculture documentations. 
 

Methods of primarily data collecting: primarily data were recorded by directly interviews with 20 farmers 
in Dong Thap province using questionnare with information on farmer’s information, culture skills, 
custody and fish health management and status of diseases out breaks. 
2.1.2 Study on parasites infecting reared and cultured snakehead fish 

The study on parasites infecting reared and cultured snakehead fish was performed from 02-05/2011 and 
02-08/2010, respectively, in An Giang and Dong Thap. Parasites were identified basing on morphology 
that was described by Ha Ky and Bui Quang Te (2007). Moreover, the prevalence of parasite infection 
and infection intensity of parasites were calculated basing on Dogiel (1960) (cited by Nguyen Thi Thu 
Hang et al., 2008) 
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Methods of identification of ectoparasites: wet smear of muscus in skin and fin and examined under 
microscope with X 200 magnification. When parasites were observed the camera was used to take 
pictures and to identify. 
 

Methods of identification of indoparasites: fish were operated and segrerated internal organs (intestine 
and stomach) successively. Wet smear was used and observed under microscope. Parasites presented in 
the smear, photographs were taken and parasites  were identified and classified. 
 

2.1.3 Study on fungi infecting reared and cultured snakehead fish 

Study samples were collected from 03-04/2011 (reared fish) and from 02-08/2010 (cultured fish) in An 
Giang and Dong Thap provinces. Samples were isolated and identified in the Department of Aquatic 
Biology and Pathology, College of Aquaculture and Fisheries, Can Tho University. 
 

Wet mount observation: fish apparent was observed by naked eyes with cotton-like in fish skin; wet 
mount observation was carried out based on Gam et al. (1980) and Hatai et al. (2000). Wet mount 
preparation was described by cutting a small specimen with a drop of cotton-blue stain in the slide and 
observing under a light microscope in magnification of x200 or  x400 to define the existence of hyphae or 
conidia. 
 

Isolation: wet mount observation with existence of fungi, fish samples was performed to isolate fungi. 
The procedure was illustrated by steps: 2 mm diameter of specimen was washed 3 times in sterile 
physiological saline; and sample was inoculated on GYA (1% glucose, 0.25% yeast-extract and 1.5% 
agar). Ampicilin and streptomycin were added with 500g/ml for each to the medium to inhibit bacterial 
growth. Plates were incubated at 25-30ºC for 1-4 days and subcultured into fresh GYA plates in 3 times to 
have pured fungal isolates (Hatai et al., 2000). 
 

Identification: fungi were identified based on Coker (1923), Johnson (1956), Scott (1961) and Seymour 
(1970) (for lower fungi) and de Hoog et al. (2000) (for higher fungi) with morphological characteristics.  
 

2.1.4 Study on bacteria infecting reared and cultured snakehead fish 
Fish samples were collected in culture ponds in An Giang and Dong Thap provinces from February to 
August, 2010. Samples were isolated and identified at the Department of Aquatic Biology and Pathology, 
College of Aquaculture and Fisheries, Can Tho University. 
 

Isolation: fish were killed and weighted. Observation by naked eyes and disease syndromes were 
recorded. Fish were cleaned by alcohol (70%) and then samples were taken by incision in the infectinous 
area or internal organs (liver, kidney, spleen) with sterile incision knife. Samples were taken by sterile 
loop and culture on the TSA medium plates. Plates were incubated at 28°C for 24-48 hours. Recoding 
coloni colour, shape and subculture were performed until pure culture plates. 
 

Identification: bacterial strains were identified acording to methods of Barrow and Feltham (1993) and 
test kit API 20E, manufactured by  BIO MÉRIEUX company, was used to identify based on 
morphological and biochemical characteristics. 
 

2.1.5 Pathogenicity 

a. Pathogenicity to snakehead of Achlya sp. VN1101 

Experimental fish: snakehead (10 g/fish) were collected in reared pond in Can Tho. 50 fish were 
acclimatized in fibreglass tanks for one week before experiment started at the College of Aquaculture and 
Fisheries, Can Tho University in April, 2011. Fish were fed with commercial feed to satisfaction. 
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Fungal preparation: isolate of Achlya sp. VN1101 was isolated in diseased snakehead fingerling in 
clinical sign of cotton-like in the fish body. Fungal specimen of Achlya sp. VN1101 was cultured in GY 
broth (1% glucose, 0,25% yeast-extract) at 28oC in 2-3 days, rinsed 3 times in sterile tap water and placed 
in 25 ml of sterile tap water in 18 hours. The spore suspensions were filtered throught two layers of sterile 
medical gauze to obtain spore suspension without hyphae. The number of spore was defined by counting 
in a haemocytometer and adjusted to 5x105 (high dose) and 2.5x103 (low dose) spores/ml. 
 

Pathogenicity test:  the experiment included 3 treatments which were 1 control treatment (1 replicate) and 
2 experimental treatment (2 replicates). Plastic tanks was used with 10 individuals and 20 L of fresh water 
for each. Fish were directly inoculated into the left dorsal trunk muscle under dorsal fin of 0.1 ml of spore 
suspension in experiment group and 0.1 ml sterile distilled water in control group. The challenged fish 
were fed by commercial feed daily two times. Challenged fish were observed twice a day and noted the 
disease symptom and mortality. Re-isolation and re-identification were carried out in diseased fish 
observed. 
 

b. Pathogenicity to snakehead of Aeromonas hydrophila  

Experimental fish: snakehead (20±5.0 g/fish) were collected in reared pond in Can Tho. 180 fish were 
acclimatized in fibreglass tanks (250 L) one week before experiment started at the College of Aquaculture 
and Fisheries, Can Tho University in May, 2011. Fish were fed with commercial feed to satiation. 
Bacterial preparation: Aeromonas hydrophila CĐ1012 was isolated from diseased snakehead fish with 
separation and hemorrhage in the fish body in Co Do district, Can Tho city. Bacterial strain was cultured 
in agar plates at 28oC in 24h, centrifuged in 3 times and suspended in sterile physiological saline (0.85% 
NaCl). Ten-fold dilution method was used to adjust the bacterial suspension with desired dilution. The 
concentrations of bacteria were 3.67x104, 3.67x105, 3.67x106, 3.67x107 CFU/ml which was used to form 
the challenge test. 
 
Pathogenicity test: the challenge test comprised 6 treatments corresponding to 1 negative control test, 1 
possitive control test and 4 concentrations of bacterial suspension. 15 fish were introduced into each tank. 
Each treatment composed 2 replicates and was randomly set. Each fish was injected with 0.1 ml of 
bacterial suspension in the peritoneum in experiement group and 0.1 ml sterile sanility in positive control 
treatment and without injection to negative control treatment. Fish were not fed during the experiment 
period of 14 days. Fish activity and mortality were noted. Lethargic fish were sampled, re-isolated and re-
identified by traditional method and PCR technique. 
 

2.2 Results and discussions 

2.2.1 Investigation on status of snakehead farming in Dong Thap province 

Culture system: snakehead culture systems in Dong Thap province were well developed (Fig. 1). Hapa 
system with different sizes placed in eathern ponds was effective system because of being easy in manage 
of water quality and feeding. Almost ponds had feed tray for holding feed for snakehead to catch. 
Snakehead feed was commonly small-sized fish.  
 

Age and education level of snakehead farm owners: the average age of owners was 44.7±9,12 years old. 
The minimum and maximum age of the owners was 26 and 60 years old, respectively. The age of 40-60 
years old contributed to 70% and under 40 year old was remaining. Education level of owners was 
primary (60%), secondary (20%) and senior high school (20%). 
 

Experiences and culture skill improvement: the results of the investigation showed the average number of 
years farmers spent for culturing snakehead was 9±4,4, and the farmers having shortest experience was 4 
years and longest experience was 20 years. Although, difficulties in culture commonly happened by the 
water pollution and diseases outbreaks. The owners improved culture skills based on the former’s 
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experiences and attending additional trainings provided by provincial fisheries officers, which constituted 
50% of total farmers. 
 

Water quality management: 75% of owners used test kit for testing key water quality parameters and 25% 
was sensory. Water exchange in culture ponds was carried out directly from rivers without any treatment. 
This maybe cause difficulty in control of  fish disease outbreaks. 
 

Status of diseases in snakehead fingerling: some common disease outbreaks in snakehead fingerling 
were illustrated in Fig. 2. Parasites infecting the fish was recorded in a very high proportion of 70%. 
Parasite infection in culture fish usually occured in the period of April to October. Moreover, fungal 
infection leading to 30-50% fish mortlity occurred from August to November annually. Futhermore, 
bacterial infection regconized from April to August, which resulted in 15-40% mortality. White spot in 
fish liver has just recorded, and was harmful to culture fish, causing high mortality. Treatment of such 
disease was difficult and farmers lost their production and income. The common methods used for 
treatment of diseased fish was water exchange and chemicals utilization such as sulfate copper (CuSO4) 
used for parasite infection disease and iodine for fungal infection disease.  
 

2.2.2 Study on parasites infecting reared and cultured snakehead fish 

a. snakehead fingerlings in nursery ponds  

Total of 142 samples were identified for parasite infection on snakehead fingerlings. The results showed 
that 8 parasite genera, of which 5 ectoparasite genera and 3 indoparasite genera, were identified and 
classified from snakehead fingerlings. 
 

Ectoparasites 
Ectoparasites infecting snakehead fingerlings included Trichodina, Epistylis, Chilodonella, Dactylogyrus, 
Trianchoratus (Fig. 2). The main infected organs were fish skin and gills. 
 

Trichodina: microscopic observation was demonstrated Trichodina was classified with saucer-shaped, 
adhesive disc concave with denticulate ring (Fig. 2A), similar to the description of Shwani et al. (2010). 
The prevalence infection and infection intensity of Trichodina were 93.7% and ++, respectively. 
Trichodina probably damage snakehead fingerling. These findings agree with Ha Ky and Bui Quang Te 
(2007) results of the prevalence infection and infection intensity of Trichodina, with 90-100% and 50-100 
individuals/len.  
 

Epistylis: morphology of Epistilis was observed with bell-shaped, oral disc and collar and a stalk; 
Epistilis branch from parasitic area (Fig. 2B). The prevelance of infection with Epistylis was 71.8% and 
infection intensity was ++; in this situation, Epistilis migh affect snakehead fingerlings. However, 
Epistilis ordinarily estimated as an indicator organism to assess water quality (Nguyen Thi Thu Hang et 

al., 2008). Therefore, the presence of Epistilis in culture conditions should be linked to poor water quality 
of snakehead ponds. 
 

Henneguya: Henneguya was observed in the wet smear which was described as ellipsoidal shape, a polar 
capsule and a tail (Fig. 2C). Henneguya was also recorded by Azevedo and Matos (1996). The prevelance 
of infection was 3.52%, being lower than the rate rported by Azevedo and Matos (1996) in Hoplias 

malabaricus (6.7%) and the infection intensity was low (+), probably not affecting snakehead fingerlings. 
 

Chilodonella: Chilodonella is a oval to foliate shape. The body has ciliary band in the ventral right side 
(Fig. 2D). Morphological characteristics of Chilodonella was illustrated by Reda (2011). The prevelance 
of Chilodonella in snakehead fingerling was 13.4% and intensity of infection was low (+). Therefore 
Chilodonella did not affect snakehead fingerlings and cause fish mortality and was not harmful to fish 
health. 
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Trianchoratus: the body is tube-shaped, eyespots and adhesive disc which included of 7 pairs of margin 
hooks and 2 pairs of central hooks (Fig. 2E). Trianchoratus was noted as a parasite in snakehead in 
Thailand with infection prevelannce was 40% and intensity was 13 (Theerawoot, 2008), showing a higher 
infection rate than this study (5.63%) and lower infection intensity (+). 
 

Gyrodactylus: there is a similarity in morphological characteristics between Trianchoratus and 

Gyrodactylus, but no eyespot is found in Gyrodactylus. Adhesive disc has 2 ventral hooks and 16 
marginal hooks (Fig. 2F). The prevalence of infection was 12.7% and intensity was 4 individuals/slide. 
Based on the prevalence and intensity, Gyrodactylus was probably non-affective to snakehead fingerlings. 
 

Indoparasites 

Indoparasites were identified in snakehead fingerlings, comprising of 5 genera with Proteocephalus, 
Spinitectus, Pallisentis (Fig. 3). Indoparasites parasite on fish intestine and stomach. 
 

Spinitectus: Spinitectus colonize in fish stomach. The body is cylindrical,  bifurcate distal tip of spicule, 
of which 16-26 spines for each and the number of spicule increasingly in body endian. Spinitectus body 
was observed with tapering posterior end (Fig. 3C). The prevalence of Spinitectus was 19% and intensity 
was 15 individuals/stomach. Higher infection prevalence (63.8%) and lower intensity (1 individual/ 
stomach) was report in knife-fish by Bui Quang Te (2001).  
 

Pallisentis: Pallisentis  parasite in fish intestine. Pallisentis body is cylindrical, vermiform, with a knob-
like anterior and a tapering posterior end. The anterior portion includes proboscis, comprising of 4 circles 
of hook with 10 hooks in each circle. This was also described by Farooqi (1958) in freshwater eel. The 
prevalence of Pallisentis detected from snakehead fingerlings was 16.9% and intensity was 2-11 
individuals/intestine. 
 

Proteocephalus: Proteocephalus was found in fish intestine. The body is cylindrical, aspinose with 4 
suckers and lot of smaller hooks surrounding apical disc (Fig. 3B). Proteocephalus was also regnonized 
in Sinocyclocheilus grahami by Pin (1997). The prevalence and intensity of Proteocephalus detected from 
snakehead fingerlings was 3,52% and 5 individuals/slide, respectively. 
 

b. Cultured snakehead in grow-out ponds 

Total of 296 samples of grown-out snakehead were collected. The results showed that 23 parasite genera 
were detected (Table 4). Infested area was different in different parasites which were demonstrated in 
Table 5. The present study was noted the prevalence infection and intensity infection of parasites in 
grown-out snakehead were considerably high. Gyrodactylus infested with highest prevalence infection of 
72.6% and intensity of 13 indiciduals/slide on fish skin. However,  Lamproglena infested with lowest 
prevalence and intensity of 0.7% and 2 individuals/slide, respectively. Parasite infection was noted in 
correlating to bacterial infection in ordinarily. In conclusion, parasites was a secondary pathogen that 
infested to grown-out snakehead. 
 
Protozoa infested to grown-out snakehead included of Myxobolus, Trichodina, Chilodonella, Epistylis, 
Tripartiella, Apiosoma, Henneguya. Genus of protozoa colonized on fish skin and gills. Infection was 
usually recorded in the early months of cultured period. These parasites were also reported by Bui Quang 
Te (2001),  
 

Myxobolus and Henneguya: Myxobolus infested fish with prevalence of infection was 37.2% and 
intensity was low (+). Sitja-Bobadilla et al. (1993) assesed that Myxobolus  parasites on organs of 
freshwater fish with prevalence of 68%. Moreover, prevalence of Myxobolus in carp which was 96% was 
regconized (Ha Ky and Bui Quang Te, 2000). 
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Henneguya was found in snakehead gills in the first and third sampling months of culture period (in An 
Giang province) and the second month (in Dong Thap province). The prevalence of infection was 4.4% 
and intensity was low (+). This genus, however, was not found other samples. In Mekong Delta, 
Henneguya infested Anabas testudineus and Ophiocephalus micropeltes with average prevalence of 
infection of 66.7% and high intensity (Ha Ky and Bui Quang Te, 2007). So, the infection prevalence and 
intensity of this genus in this study did not affect cultured snakehead in An Giang and Dong Thap 
provinces. 
 

Trichodina and Tripartiella: Trichodina and Tripartiella belong to the Family Trichodonidae, Order 
Mobilina (Ha Ky and Bui Quang Te, 2007). The prevalence of infection and intensity of Trichodina and 
Tripartiella in grown-out snakehead was 31.8% and 14.2%, respectively. The intensity of both parasites 
was low (+). Trichodina and Tripartiella were found in gills and skin which contributed low percentage. 
The infection of Trichodina and Tripartiella in this study did not affect grown-out snakehead because of 
the lower prevalence and intensity infection. However, Ha Ky and Bui Quang Te (2000) reported that fish 
were infected with 90-100% and 50-100 individuals/slide of prevalence and intensity, respectively. 
 

Chilodonella: Chilodonella belong to the Family Chilodonellidae, Order Cyrtophorida (Ha Ky and Bui 
Quang Te, 2007). Chilodonella was found in fish gills in the second and third sampling month in An 
Giang and Dong Thap provinces, respectively. The prevalence of infection was 1.7% and the intensity 
was high with +++. Arthur and Te (2006) reported that Chilodonella exists in culture condition when the 
water quality is poor and stocking density was high. This estimation was similar to snakehead culture 
condition in sampling time. However, it is concluded that Chilodonella was not an important pathogen 
infecting grown-out snakehead.  
 

Epistylis and Apiosoma: Epistylis and Apiosoma belong the Family Epistylididae, Order Peritrichida (Ha 
Ky and Bui Quang Te, 2007). Epistylis and Apiosoma was found from the second to fouth sampling 
month in An Giang province and in the first sampling month in Dong Thap province. The prevalence and 
intensity of Epistilis and Apiosoma in cultured snakehead was 17.2% and ++ and 13.9% and +, 
respectively. The prevalence and intensity of Epistilis and Apiosoma of this study was lower than the 
study of Nguyen Thi Thu Hang et al. (2008) in catfish: 2.7% and 30 individuals/len and 5.3% and 7 
individuals/len, respectively. 
 

Trianchoratus: Trianchoratus belong to the Family Ancyrocephalidae, Order Dactylogyridea (Ha Ky and 
Bui Quang Te, 2007). Trianchoratus was found in snakehead gills. Bui Quang Te and Vu Thi Tam (2000) 
concluded that Trianchoratus parasite on fish gills was advantageous for other pathogens such as fungi, 
bacteria and other organisms.  
 

Gyrodactylus: Gyrodactylus classificated to the Family Gyrodactylidae (Ha Ky and Bui Quang Te, 2007). 
The prevalence and intensity of infection of Gyrodactylus were 72.6% and 6 individuals/slide, 
respectively. Gyrodactylus was found in fish skin and gills.  
 

Cestoidea: Cestoidea were found in fish intestine in the third sampling month (in An Giang province) and 
the second sampling month (in Dong Thap provin). The prevalence and intensity of infection of Cestoidea 

were 1.4% and 1 individuals/intestine. Similar findings were reported by Ha Ky and Bui Quang Te (2007) 
in Polyonchobothrium (Fig. 3A) colony in fish intestine and liver in Mekong Delta with low prevalence 
(7.4%) and intensity (1-3 individuals/intestine). In this study, the prevalence and intensity of infection of 
Proteocephalus were 2.0% and 2 individuals/intestine, respectively. Proteocephalus mainly presented in 
fish intestine which sampled in the second sampling month (An Giang) and the third sampling month 
(Dong Thap). 
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Trematoda: Exochis belong to the Family Cryptogonimidae, Order Opisthorchiida (Ha Ky and Bui 
Quang Te, 2007). Metacercaria of Exochis was detected only one time in the fourth sampling month (in 
An Giang) in fish fins, with prevalence of 3.0% and intensity of 2 individuals/slide. In addition, 
Metacercaria of Clonorchis was also found in the fish fins, with prevalence of 3.7% and intensity of 2 
individuals/slide. Clonorchis (Fig. 10B) belong to the Family Opisthorchidae, Order Opisthorchiida (Ha 
Ky and Bui Quang Te, 2007). Moreover, the spore of Haplorchis was found in fish fins in the second 
sampling month (An Giang), with prevalence of 5.1% and intensity of 3 individuals/slide. Haplorchis  
belong to the Family Galactosomidae, Order Strigeata (Ha Ky and Bui Quang Te, 2007). Thien et al. 
(2009) revealed that this parasite infest fish in the stage of Metacercaria. This agrees with the present 
study. Scolex infection to grown-out snakehead was in stage of Metacercaria, with small spot in fish 
muscle. Furthermore, scolex also infected snakehead cultured in Nam Binh and Nam Đinh provinces with 
higher prevalenc (18.5%) and intensity (21-50 individuals/slide) (Kino et al., 1998; Ha Ky and Bui Quang 
Te, 2007). 
 

Nematoda: Nematoda was found in fish stomach, only Neocamallanus in both fish stomach and intestine. 
Spinitectus infested snakehead with prevalence of 17.9% and intensity of 5 individuals/stomach. 
Spinitectus was found in all sampling  periods, with healthy and unhealthy fish. Neocamallanus existed in 
snakehead intestine, stomach and bladder (Fig. 3D). The prevalence and intensity of Neocamallanus was 
4.7% and 1-3 individuals/organ, respectively. Moreover, Gnathostoma and Capillaria was found only in 
the second and fourth sampling month in An Giang province with prevalence of 1.4% and 1.0% and 
intensity of 2 individuals/stomach and 1 individual/stomach, respectively (Fig. 3E and 3F). Gnathostoma 

was found in snakehead stomach for the first time. In addition, Capillaria  parasites were mainly found on 
fish fingerling (Moravec et al., 2001). This agrees with our findings. 
 

Acanthocephala: Pallisentis was found in fish intestine in sampling months of 1, 2, 3, 5 (An Giang) and 
1, 2, 4, 6 (Dong Thap).  The prevalence of infection of Pallisentis was 27.4% and 2 individuals/intestine, 
respectively. Pallisentis belong to the Family Quadrigyridae, Order Acanthogyrida (Ha Ky and Bui 
Quang Te, 2007). Bui Quang Te (2001), reported that Pallisentis colonized in intestine of snakehead with 
the prevalence of 20% and intensity of 3-53 individuals/intestine. 
 

Crustacea: Ergasilus existed in snakehead gills with the prevalence of 6.4% and intensity of 2 
individuals/fish. Ergasilus belong to the Family Ergasilidae, Order Copepoda (Ha Ky and Bui Quang Te, 
2007). Ergasilus was found in the second sampling month in both An Giang and Dong Thap provinces. 
Ergasilus was noted by Yunia et al., 2007 that they infected freshwater and marine fish. Ha Ky and Bui 
Quang Te (2007) regconized Ergasilus infecting snakehead gills, with the prevalence of 11.3% and 
intensity of 2 individuals/fish. This result showed a lower prevalence and intensity infection of Ergasilus 
in cultured snakehead in An Giang and Dong Thap provinces.  
Besides, Lamproglena was found in fish gills, with with the prevalence of 0.7% and intensity of 2 
individuals/fish. Lamproglena was only found in the second sampling month in An Giang province. 
Lamproglena chinensis not only infected snakehead but also knife-fish and climbing perch with higher 
prevalence of 5,6% and similar intensity (Tran Ngoc Tuan, 2010). 
Moreover, Lernaea was found in the sampling months of 1 and 4 (An Giang) and 3 (Dong Thap). The 
prevalence of infection of Lernaea was 2.0% and 1 individual/fish, respectively. Kabata (1981) defined 
that Lernaea infected different stages of freshwater fish, but mainly in fingerling stage. In addition, 
Argulus was observed in the sampling months of 3 and 4 in An Giang and Dong Thap provinces, with the 
prevalence of 4.7% and intensity of 2 individuals/fish. In the previous study, Argulus chinensis was 
recorded in Channa striata and Ophiocephalus micropeltes (0.4-0.8 kg), with the intensity of 30-50 
individuals/fish, which cause high fish mortality (Bui Quang Te, 2008). Therefore, Argulus may be 
harmful to grown-out snakehead. 
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2.2.3 Study on fungi infecting snakehead fingerlings and grown-out snakehead 

a. Snakehead fingerlings in nursey ponds 

Isolation and identification 

Total of 14 isolates of fungi were isolated from snakehead fingerlings, with clinical signs (Fig. 4). Fungal 
isolates were named from VN1101 to VN1114 (Table 6). The morphological characteristics of fungal 
isolates were similarity. The isolates VN1101 was studied for morphology. The colony grew rapidly on 
GYA medium at 28oC with 60 mm in diameter (in 3-4 days of incubation). Colony colour was whitish. 
Aerial mycelium was abundant and dense (Fig. 5A). The hyphae was stout, non-septate and apical 
zoosporangia formation. Zoospores were spherical shape produced in zooaporangium (Fig. 5B). 
Zoospores release and aggregate at the tip of zoosporangium as irregular ball (Fig. 5D). Cysts rise to 
secondary zoospores, further encyst and then germinate into hyphae (Fig. 5E). Based on morphological 
characteristics, comprising of hyphae and zoospores and the key of Coker (1923) identificated that the 
isolates VN1101 isolated from snakehead fingerling in Dong Thap province belonged to genera of 
Achlya. Frequency of genera of Achlya was 46%. Achlya belong to the Class Oomycetes, Order 
Saprolegniales, Family Saprolegniaceae (Neish and Hughes, 1980). 
 
Pathogenicity of isolate Achlya sp. VN1101 isolated from snakehead fingerling with clinical signs of 
fungal infection was carried out (Fig. 6). After 7 days of challenged test, the result of experiment was 
recorded, clinical signs (Fig. 7A) and mortality were considerably high in both low dose and high dose, 
which were illustrated in Table 8. Moreover, re-isolation and re-identification of fungi in challenged fish 
were performed. The results showed that Achlya was isolated from unhealthy fish (Fig. 7B). However, no 
fungi was isolated from healthy fish in control treatment. Therefore, Achlya sp. VN1101 was primitive 
pathogen in cotton-like disease in snakehead fingerlings (5-10 g/fish). 
 

b. Cultured snakehead in grow-out ponds 

Isolation and identification 

14 isolates fungi, including of 3 isolates of lower fungi and 11 isolates of higher fungi, were isolated from 
grown-out snakehead with clinical signs (Table 6). Basing on morphological characteristics, growth 
ability and hypae and conidia characteristics, fungal isolates identified were genera Achlya (A001, A002 
và A003), genera Fusarium (Fu001 và Fu002), genera Acremonium (Ac001, Ac002, Ac003, Ac004 và 
Ac005) and genera Geotrichum (Ge001, Ge002, Ge003 và Ge004), which were showed in Table 5. 
However, no fungi were isolated from snakehead without clinical signs. The Figure 16 showed the 
frequency of fungal isolates isolated from grown-out snakehead. 
 
Achlya 

The clinical signs of cultured snakehead infested by Achlya showed reduction in appetite, abnormal body, 
floating on the water surface or the head out of the water, darker skin and ulcerative formation. The 
mycelium grow in the infectinous places with whitish colour and cotton-like. Snakehead samples, 
weighting of 96.6±38.4 g to 165±28.6 g, were collected in culture ponds in An Giang and Dong Thap 
provinces. Achlya was isolated only in the first sampling month in ponds. 
Fungal colony grew quickly on GYA at 28oC with 58 mm in diameter after 4 days incubated. Colony had 
white colour with aerial mycelium, which were white and floccose. The hyphae were stout and aseptate. 
Cultivation on low nutrient medium, after 18 hours, the hyphae grew rapidly with  a septate nearly to the 
hyphal tip and formed spores agglomerating in portion of septate to hyphal tip. Sporangium was 
11.5±0.68x3.8±2.83 µm in size. Zoospores released and clustered in the sporangium tip. Spores were 
spherical or elipsoid with flagella and good swimmers. Based on morphological characteristics and the 
classification key of Scott (1961), fungi isolates isolated from cultured snakehead was genera Achlya with 
frequency of 21.4%. Achlya belong to Oomycetes, the Family Saprolegniaceae, Order Saprolegniales 
(Scott, 1961).  
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Acremonium  

Snakehead were infected by Acremonium in cultured ponds, with body weight of 244±42.3 g to 313±18.3 
g. Clinical signs were recorded with swimming along pond banks, dense muscus on the body surface and 
white spot in whole body (Fig. 8A). Acremonium was isolated from fish skin in the second sampling 
month in An Giang and the second and third month  in Dong Thap.  
 
Colony grew rapidly on GYA at 28oC with 40 mm in diameter after 6 days of incubation. Fungal colony 
was applenate and smooth. Colony colour was white in margin and yelowish in center (Fig. 8B). The 
hyphae were septate, hyaline, branching and dense with 1-2 µm (Fig. 8C). Conidia were normally 1-cell, 
hyaline, spherical or ellipsoid shape with 3.1±0.82x1.3±0.22 µm, accumulate in conodiophore apex (Fig. 
8D). Conidiospore, branched from creeping hyphae, was phialide shape, tapering toward ot the apex with 
visible collarete and casually septate visibility in the basal cells (Fig. 8E). Based on morphological 
chacteristics and classification key of de Hoog et al. (2000), fungal isolated from cultured snakehead was 
belonging to genera Acremonium  with frequency of 35.7%. Acremonium belong to Class Hyphomycete, 

Family Hypocreaceae, Order Hypocreales (de Hoog et al., 2000). 
 

Acremonium was recorded as a pathogent in black gill disease in marine crustacean (Duc et al., 2009). In 
previous study, Acremonium sp. was isolated from climbing perch with fungal infection” (Tran Ngoc 
Tuan, 2010). This is the first time Acremonium was isolated from cultured snakehead in An Giang and 
Dong Thap province. 
 

Fusarium  
Snakehead were infected by Fusarium in cultured ponds in weighting of 258±32.3 g to 288±17.5 g. 
Clinical signs were recorded with poor swim, swim with head out of water, dense muscus on the body 
surface, scabrous scales, swelling adomen and haemorrhage in visceral organs (Fig. 9A). Fusarium was 
isolated from cultured snakehead in the second and the third sampling month in An Giang and the second 
and third month in Dong Thap.  
 
Colony grew rapidly on GYA at 28oC with 46 mm in diameter after 6 days of incubation. Fungal colony 
was applenate and smooth. Colony colour was white, pinkish (Fig. 9B). The aerial mycelium were white, 
abundant and softly floccose. The hyphae were septate and branching with 2.3-5.2 µm in diameter (Fig. 
9C). Macroconidia were 1-5 septate, dosiventral, falcate, slightly curved with sometimes foot-shape basal 
cells, 19.8±3.61x2.9±0.63 µm in size (Fig. 9E). Basing on morphological chacteristics and key of de 
Hoog et al. (2000), fungal isolated from cultured snakehead was belonging to genera Fusarium with 
frequency of 14.3%. Fusarium belong to the Class Hyphomycete, Family Hypocreaceae, Order 
Hypocreales (de Hoog et al., 2000). 
 
In similar to Acremonium, Fusarium was studied in black gills of marine crustacean (Alderman and 
Polglase, 1985; Rhoobunjongde et al., 1991; Khoa et al., 2004; Khoa and Hatai, 2005). Moreover, 
according to Theo nghiên cứu của Hatai et al. (1986), Fusarium was also a main pathogen infecting red sea 
bream Sparagus sp. with white spots in the body surface (Hatai et al., 1986). In addition, Fusarium was 
isolated from climing perch Anabas testudineus with fungal infection (Tran Ngoc Tuan, 2010). This is the 
first time Fusarium was isolated in cultured snakehead in An Giang and Dong Thap provinces. 
 

Geotrichum 
Geotrichum was recorded infecting snakehead of 258±18.6 g to 338±23.3 g in the second and third 
sampling month in An Giang and Dong thap provinces. Fish were noted to the clinical signs with poor 
swimmers, exothalmic, dense muscus in body surface, white spot in body and scabrous scales (Fig. 10A 
and 10B). 
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Colony grew on GYA at 28oC with 35 mm in diameter after 6 days of incubation. Fungal colony was 
applenate, smooth and yelowish in colony center (Fig. 10C). The hyphae were hyaline, branching and 
septate (Fig 10D). Conidia were formed in the hyphae tip, conidiophores, or by arthroconidia (Fig. 10E 
and 10F). Conidia were hyaline, 0-3 septate, spherical or cylindrical shape with  shape with 
8.6±2.28x2.6±0.81 µm (Fig. 10F). Basing on morphological chacteristics and key of de Hoog et al. 
(2000), fungal isolated from cultured snakehead was belonging to genera Geotrichum  with frequency of 
28.6%. Geotrichum belong to the Class Hemiascomycetes, Family Dipodascaceae, Order 
Saccharomycetaceae (de Hoog et al., 2000). 
 
In previous sudy, Geotrichum sp. was isolated from fungal infection in climbing perch with clinical signs of 
scabrous scales and dense muscus in the fish body (Tran Ngoc Tuan, 2010). Such clinical signs were also 
recorded in this study. 
 

2.2.2.4 Study on bacteria infecting reared and cultured snakehead fish 

Total of 296 snakehead samples was isolated and identified to 81 strains of bacteria infecting cultured 
snakehead with the clinical signs. Based on morphological characteristics and biochemical and 
physiological tests, bacterial strains were classified in 5 genera (Table 7), including of Aeromonas (38.3% 
in frequency of apparence), Edwardsiella (17.3%), Vibrio (16.0%), Streptococcus (14.8%) and 

Pseudomonas (13.6%). However, no bacterial strains were isolated from healthy fish. The results showed 
that Aeromonas was isolated during the whole culture period, Edwardsiella was ordinarily isolated in the 
second sampling month and Streptococcus was only isolated in market size (the fifth sampling month). 
 

Aeromonas 

Total of 31 Aeromonas strains were isolated from cultured snakehead in An Giang (whole sampling 
period or 6 sampling months) and Dong Thap (5 sampling months) provinces. The clinical signs were 
recorded with poor swimming fish, haemorrhage and ulcerative lesion in the fish body, haemorrhage in 
fish fins, oral cavity and fish tongue (Fig. 11A). Moreover, red fluid with smell, bruising liver, 
haemorrhage in stomach, kidney and blader and intestine without feeds were noted in operating of 
abdominal cavity (Fig. 11B).  
 
Bacterial colony grew rapidly on TSA at 28oC with round, whitish, slightly convex (Fig. 11C). 
Biochemical tests indicated that Gram-negative, rod-shape (Fig. 11D), motile, oxidase and catalase-
positive, O/F-fermenting and O/129-inhibiting. Based on morphological characteristics, biochemical tests 
and classification key of Barrow and Feltham (1993) defined bacterial strains isolated from cultured 
snakehead was Aeromonas with frequency of apparence of 38.3%. Aeromonas belong to the Family 
Aeromonadaceae, Order Aeromonadales. The exam of API 20E kit on biochemical properties identified 
two isolates of 9 and 74 were Aeromonas hydrophila, but some differences were demonstrated by API 
20E kit on the other strains, which were classified to genus of Aeromonas. 
 

Aeromonas hydrophila was recorded as a main pathogen causing of haemorrage in cage-culture of basa  
catfish, carp and walking catfish with the same clinical signs shown in present study (Tanasomwang and 
Saitanu, 1979; Angka, 1990). Therefore,  Aeromonas was a probable pathogen causing haemorrhagic 
signs in cultured snakehead in An Giang and Dong Thap provinces. 
 
Pathogenicity to fingerling snakehead of Aeromonas hydrophila was carried out with some biochemical 
characteristics, which were illustrated in Table 8. The results of experiment on pathogenicity of 
Aeromomas hydrophila to snakehead showed similarl clinical signs of natural snakehead infection and the 
cumulative mortality was noted (Fig. 12). Died fish were noted in all concentration of bacterial 
suspension excepting to negative control treatment. The concentration of 3,67x106 CFU/ml of bacteria 
showed the earliest time of fish dead was 15 hours after injection. In contrast, the longest was 37 hour in 
treatmet of concentration of 3.67x104 CFU/ml of bacterial suspension. The present study result was 
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similar to a previous study result of Rahman et al. (2004) in injecting A. hydrophila to Channa punctatus 
that the result showed LD50 of bacterial suspension was 3,42x107 CFU/ml after 15 days. Highest mortality 
was 100% when injecting to bacterial concentration of 3.42x109 CFU/ml. On the contrary, there were no 
fish was observed in the bacterial concentration of 105 CFU/ml. Therefore, A. hydrophila was defined as a 
main pathogen that caused haemorrhage in snakehead fingerlings by the traditional identification methods 
(Fig. 13) and PCR technique applied in which bacterial strains re-isolated had a band of 209 bp (Fig. 14). 
 

Edwardsiella  

Total of 14 Edwardsiella strains were isolated from cultured snakehead in the only the second sampling 
month in An Giang and Dong Thap provinces. The fish samples weighted 150-280 g/fish. The clinical 
signs were recorded with poor swimming fish, pale body sign and ulcerative lesion in the fish body with 
smell (Fig. 15A). Moreover, white spots existing in liver, kidney and spleen were noted in abdominal 
cavity (Fig. 15B).  
 
Samples were taken and cultured on TSA and incubated at 28oC in 48 hours. Bacterial colony grew 
quickly with whitish colour (Fig. 15C). Biochemical tests indicated that Gram-negative (Fig. 15D), rod-
shape, oxidase-negative, catalase-positive and O/F-fermenting. Based on morphological characteristics, 
biochemical tests and classification key of Barrow and Feltham (1993) identification of bacterial strains 
isolated from cultured snakehead was Edwardsiellas with frequency of apparence of 17.3%. Edwardsiella 

belong to the Family Enterobacteriaceae, Order Enterobacteriales. API 20E kit was examined that 
identification of two isolates of 58 and 80 were Edwardsiella tarda, but some differences were 
demonstrated by API 20E kit on the other strains, which were classified to genus of Edwardsiella. 
 

Edwardsiella  ictaluri  was isolated in the first time on chanel catfish Ictalurus punctatus (Hawke, 1979). 
Furthermore, E. ictaluri was noted to cause white spot clinical sign on other catfish Ictalurus fuscatus, 
Ictalurus catus and Pangasianodon hyphothalmus (Plunb and Sanchez, 1983; Furguson et al., 2001). This 
species were also detected in cultured snakehead fish in the Mekong delta. 
 

Vibrio  

Total of 13 Vibrio strains were isolated from cultured snakehead in the second sampling month in An 
Giang and Dong Thap provinces. Vibrio was isolated in the second and third sampling month with the 
clinical signs which were exothalmic, fins torn, white spot on the body surface and pale liver, kidne and 
spleen and sweeling bladder in visceral organs.  
 
Bacterial colony grew on TSA at 28oC in 24 hours with round, slight orange colour. Biochemical tests 
showed that Gram-negative, rod-shape, oxidase and catalase-positive, O/F-fermenting and O/129-
sensitive. Based on morphological characteristics, biochemical tests and classification key of Barrow and 
Feltham (1993) Vibrio widentified from cultured snakehead was Aeromonas with frequency of apparence 
of 16.0%. Vibrio belong to the Family Vibrionaceae, Order Vibrionales. The exam of API 20E kit on 
biochemical properties identified two isolates of 24 and 27 were Vibrio cholerae, but some differences 
were demonstrated by API 20E kit on the other strains, which were classified to genus of Vibrio. 
 

Vibrio harvegi and V. samonicida were recorded as a main pathogen damaging to fishes, bivalvia and 
crustacean (Toranzo and Barja, 1990; Sǿrum et al., 1992). The clinical signs are small red spot on the fish 
body, removing of scales and forming of ulcerative lesion and fins torn or necrosis (Tolmasky et al., 
1995). A similarity was found in present study to the previous studies. 
 

Pseudomonas  

The study isolated a total of 11 Pseudomonas strains from cultured snakehead in An Giang and Dong 
Thap provinces. Bacterial strains were isolated in the third sampling month (fish weight was 280-320 g) 
and the sixth sampling month (fish weight was 850-1100 g). The clinical signs were noted with poor 
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swimming fish, spinning swim, imbalance with the head down, haemorrhage in both body sides. 
Moreover, swelling of liver, spleen and gallbladder were noted in abdominal cavity.  
After 24 hours, bacterial colony grew rapidly on TSA at 28oC with round, whitish, slightly convex. 
Biochemical tests indicated that Gram-negative, rod-shape, motile, oxidase and catalase-positive, O/F-
nonfermenting. Based on morphological characteristics, biochemical tests and classification key of 
Barrow and Feltham (1993) bacterial strains isolated from cultured snakehead was Pseudomonas with 
frequency of apparence of 13.6%. Pseudomonas belong to the Family Pseudomonadaceae, Order 
Pseudomonadales. The exam of API 20E kit on biochemical properties identified two isolates of 75 and 
81 were Pseudomonas fluorescens, but some differences were demonstrated by API 20E kit on the other 
strains, which were classified to genus of Pseudomonas. 
 
According to Sindermann (1990) defined that P. anguilliseptica, P. chlororaphus caused haemorrhage 
signs in marine fish. Moreover, P. flourescens and P. pseudoalcaligenes were believed that mainly 
distributed and caused haemorrhage in freshwater fish (Ahne et al., 1982; Wiklund et al., 1994). 
Pseudomonas was isolated in the cultured snakehead culture in An Giang and Dong Thap provinces, 
although the genus was isolated in other aquatic animals. 
 

Streptococcus 

Total of 12 Streptococcus strains were isolated from cultured snakehead in the only the second sampling 
month in An Giang and Dong Thap provinces. The fish samples weighted 580-820 g/fish (in the fifth 
sampling). The clinical signs were noted with abnormal swimming behavior, body swelling, scabrous 
scales and ulcerative lesion in the body (Fig. 16A). Moreover, necrosis of liver and kidney and normal 
spleen were regconized in abdominal cavity (Fig. 16B).  
 
Bacterial colony grew quickly on TSA at 28oC in 48 hours. The colonies were round, yellow, slightly 
convex (Fig. 16C). The results of biochemical and physiological tests demonstrated that Gram-positive, 
spherical-shape, non-motile (Fig. 16D), oxidase and catalase-negative, O/F-fermenting. Basing on 
morphological characteristics, biochemical tests and classification key of Barrow and Feltham (1993) 
bacterial strains isolated from cultured snakehead was Streptococcus with frequency of apparence of 
14.8%. Streptococcus belong to the Family Streptococcaceae, Order Lactobacillales. 
 

Streptococcus was firstly found in Lates calcarifer and Mugil cephalus with hemorrhagic signs (Plumb et 

al., 1974). Furthermore, Streptococcus  probably caused haemorrhage in Oreochromis niloticus, 
Pangasius bocourti and Cyprius carpio (Robinson and Meyer, 1966). The present study showed the first 
regconization of Streptococcus in cultured snakehead culturing in An Giang and Dong Thap. 
 

CONCLUSIONS 

The main water quality parameters are successfully recorded in this study.  The results of this study 
illustrated that temperature and pH value in snakehead cultured ponds in An Giang and Dong Thap 
provinces were not considerably varied. In the whole cultured period, the concentration of N-NH4

+ and N-
NO2

- increased, while the concentration of N-NO3
- reduced  in the posterior end. 

The average age of snakehead farming households was 44.7±9.12. The education level was low, with 
60% of households attainding primary school. On average, snakehead farming households had 9±4.4 
years experiences in culturing snakehead in the Mekong delta. Improvement of snakehead culture skills 
was mostly from the gain of experiences and participation in trainings provided by provincial fisheries 
officers. Water quality management was applied by the majority of household (75%) such as the use of 
test kits. Most of the snakehead farming household (70%) complain parasite infection to their snakehead 
fish. Therefore, parasite infection is the key issue in snakehead farming in the Mekong Delta of Vietnam. 
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The potential pathogens, including parasites, fungi and bacteria infesting snakehead fingerlings and 
cultured snakehead in An Giang and Dong Thap provinces, Vietnam are successfully identified, classified 
and documented. Nine genera of parasites were identified from 142 samples of snakehead fingerlings in 
nursery ponds, including of Dactylogyrus, Trichodina, Epistylis, Trianchoratus, Chilodonella, 
Proteocephalus, Spinitectus, Pallisentis. Trichodina had the highest prevalence infection of 93.7%, while 
Proteocephalus and Henneguya had lowest prevalence infection of 3.52% and intensity of lowest (+). 
There were 23 genera of parasites identified from cultured snakehead sampled from growth-out ponds in 
An Giang and Dong Thap provinces. Of which, 6 new genera were found in cultured snakehead, 
comprising of Henneguya, Chilodonella, Epistylis, Tripartiella, Gnathostoma and Capillaria. 
Gyrodactylus was noted with the highest prevalence infection of 72.6% and the lowest was found in 
Lamproglena (0.7%). 
 

Achlya sp. was isolated from snakehead fingerlings in nursery ponds in the first and second month of 
culture period. The frequency of apparence was 46% in the whole isolated fungi recorded. The optimum 
temperature for Achlya sp. VN1101 growth was 28oC. The results demonstrated that Achlya sp. VN1101 
was main pathogen causing cotton-like in snakehead fingerlings revealed by pathogenicity experiment. 
There were 4 genera of fungi isolated from cultured snakehead in grow-out ponds in An Giang and Dong 
Thap provinces, including Acremonium (frequency of apparence was 35.7%), Geotrichum (28.6%), 
Achlya (21.4%) and Fusarium (14.3%). The fungi were regconized in the first three months of culture 
period, and Achlya was only noted in the first month of the cultured period when the fish was 96.6-165 g 
in weight.  
 
81 bacterial strains were indentified from unhealthy fish. Bacterial strains were grouped to 5 genera based 
on morphological and biochemical characteristics, comprising of Aeromonas  (frequency of apparence of 
38.3%), Edwardsiella (17.3%), Vibrio (16.0%), Streptococcus (14.%) and Pseudomonas (13.6%). Of 
which, Edwardsiella was only isolated in the second month of the cultured period when fish was 175.7-
295.3 g in weight, and Streptococcus was also detected in the fifth cultured month when fish was 620.4-
850 g in weight. Besides, Aeromonas hydrophila was believed as a primary pathogen to snakehead 
fingerlings revealed by pathogenicity experiment. The clinical signs were observed, consisting of 
haemorrhage in fish body and fins, red spot in ventral area, and scales damage and loss. 

 

RECOMMENDATIONS 

The implement sustainable snakehead aquaculture development in the Mekong Delta of Vietnam the 
following recommendations are proposed for policy and action plan development for snakehead disease 
and health management: 

 At least eight kinds of chemicals have been used by snakehead farmers in the Mekong Delta for 
treating diseases, social, envrironmental and economical risk and impact assessment should be 
conducted to sustain this industry; 

 Research into traditional or low environmental impact snakehead disease treatment by using local 
available plants or herbs; 

 Research into how to control and treat diseases in snakehead and how to manage fish health 
better. 

 Further research into snakehead virus diseases;  

 Promote and implement awareness raising by producing and disseminating extension materials, 
for example snakehead fish disease cards to snakehead farmers; 
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 Train snakehead farmers and provincial fisheries extension officers on snakehead fish disease and 
health management; 

 Knowledge, skills and information gained from this study on snakehead fish diseases should be 
transfer to colleagues in Cambodia; 

 A national list of snakehead fish diseases should be development and legalized; 

 Strengthen the national and sub-national capability in epidemiology, risk analysis, disease 
surveillance, contingency planning, and information management, reporting and communication 
related to the biosecurity of snakehead aquaculture industy;  

 A trans-boundary framework for snakehead disease and health management between Vietnam 
and Cambodia should be established to prevent or reduce trans-boundary diseases caused by 
spread of snakehead pathogens, which have caused significant damage in recent years in Vietnam 
and Cambodia; and 

 Encourage public and private sectors to invest on health management and biosecurity of 
snakehead aquaculture industry because of the social and economic importance of the snakead 
fishery and aquaculture sector.    
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Figure 7: Experimentally infected with Achlya sp. VN1101: A) Fungal isolate Achlya sp. VN1101 
in broth GY; B) washed in tap water in 3 times; C) Incubation in tap water; D) conidia fillter; E) 
Conidia solution; F) Adjusment conidia for experiment infection; G) Intramuscularly infected with 
0.1 mL conidia. 
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Figure 8: Experimentally infected with Achlya sp. VN1101: A) Clinical sign as siminar as fungal 
infection in pond (arrow); B) Reisolated fungal Achlya sp. VN1101 on GYA at 28oC, after 3 days 
incubation.   
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Figure. 9: Fungal Acremonium infected on snakehead fish in growth out pond: A) White skin with 
excess mucus; B) Colony of Acremonium; C) fungal with septate (1000x); D) Conidia (arrow, 1000x); E) 
Conidiophore (arrow, 1000x).  
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Figure. 10: Fungal Fusarium infected on snakehead fish in growth out pond: A) Concentrated mucus and 
rough scales; B) Colony Fusarium isolate on GYA at 28oC after 6 days incubation; C) Fungal hyphae 
with septate (arrow, 1000x); D) Conidiophore (arrow) (stained with cotton-blue, 1000x); E) Conidia with 
septate (arrow, 1000x).  
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Figure 11: Fungus Geotrichum infected on snakehead fish in growth out pond: A) access mucus and 
rough scales; B) white spot; C) Colony Geotrichum  isolate on GYA at 28oC after 6 days incubation; D) 
Fungal hyphae with septate (arrow, 1000x); E) Conidiophore (arrow) (stained with cotton-blue, 1000x); 
E) Conidia with septate (arrow, 1000x). 
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Figure 12: Bacteria Aeromonas isolated from snakehead fish disease in growth out pond: A) fish with red 
spot on body (arrow); B) Liver with red spot (arrow); C) Colony of isolate Aeromonas on TSA; D) Short 
rod shape and Gram negative (1000x).  
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Figure 13: The cumulative mortality of snakehead fish experimentally injected with Aeromonas 
hydrophila CT1107. 
 
 

 

Figure 14: Bacterial isolate Aeromonas hydrophila CT1107 reisolated from experimental injected fish: 
A) Aeromonas hydrophila on TSA; B) Shape of Aeromonas hydrophia Gram negative, rod (1000x). 
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Figure 15: PCR for detected Aeromonas hydrophila: Band M: Maker; Band 1: Negative control (-) 
Aeromonas hydrophila; Band 2: Possitive control (+) Aeromonas hydrophila; Band 3: samples isolate 
CT1107, Band 4: samples isolate CT1109. 

 

 

 

 

 

 

  

 

 

 

 

Figure 16: Bacteria Edwardsiella isolated from snakehead fish disease in growth out pond: A) fish with 
ulcerative on body; B) Kidney with white nodules; C) Colony of isolate Edwardsiella on TSA; D) Rod 
shape and Gram negative (1000x).  
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Figure 17: Bacteria Streptococcus isolated from snakehead fish disease in growth out pond: A) fish with 
ulcerative on body; B) Kidney dark red; C) Colony of isolate Streptococcus on TSA; D) Sphere shape and 
Gram possitive (1000x).  
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Table 1: Water quality parameters on snakehead fish cultured pond in An Giang and Dong Thap Province in 2010 

Parameters 
Location 

(Province) 

Samples 

site 

Cultured period (month) 

1 2 3 4 5 6 

Temperature 

(oC) 

An Giang 
Pond   30.3±0.58 31.7±0.58 28.3±0.58 32.7±0.00 32.0±0.00 30.3±0.29 

inlet 30.3±0.58 31.0±1.00 29.0±0.00 32.0±0.00 32.3±0.58 30.0±0.00 

Dong Thap 
Pond 31.3±0,58 30.3±0.29 26.7±0.58 32.5±0.50 30.3±0.58 31.0±0.00 

inlet 30.0±0.00 31.0±0.00 29.7±0.58 31.7±0.58 31.0±0.00 30.7±0.58 

pH 

An Giang 
Pond 7.48±0.05 7.65±0.05 7.25±0.09 7.95±0.57 7.81±0.52 7.80±0.25 

inlet 6.93±0.09 7.49±0.21 7.19±0.15 7.34±0.19 7.11±0.03 7.25±0.07 

Dong Thap 
Pond 7.80±0.53 7.35±0.04 7.32±0.09 7.63±0.10 7.33±0.04 7.48±0.09 

inlet 7.06±0.06 7.10±0.06 7.06±0.06 7.08±0.04 7.06±0.04 7.11±0.09 

DO  

(ppm) 

An Giang 
Pond 5.18±0.11 5.10±0.23 4.91±0.89 4.58±1.79 4.38±1.35 4.11±0.21 

inlet 5.20±0.02 5.20±0.14 4.95±1.18 4.65±0.27 4.43±0.67 4.12±1.11 

Dong Thap 
Pond 4.86±1.01 4.35±0.32 4.68±0.20 4.43±0.76 4.57±0.34 4.29±0.71 

inlet 5.15±0.30 4.56±0.91 4.87±0.19 4.54±0.37 4.76±0.93 4.36±0.47 

N-NH4
+ 

(ppm) 

An Giang 
Pond 1.25±0.98 1.75±0.51 1.39±0.11 1.53±0.13 1.58±0.22 1.84±0.33 

inlet 0.04±0.02 0.11±0.02 0.08±0.04 0.41±0.52 0.07±0.05 0.25±0.18 

Dong Thap 
Pond 1.28±0.96 1.59±0.56 1.43±0.31 1.64±1.35 1.79±0.94 1.95±0.78 

inlet 0.03±0.01 0.05±0.04 0.02±0.01 0.03±0.00 0.05±0.04 0.08±0.01 

N-NO2
- 

(ppm) 

An Giang 
Pond 0.066±0.013 0.083±0.051 0.225±0.028 0.304±0.057 0.321±0.061 0.329±0.216 

inlet 0.010±0.003 0.023±0.010 0.057±0.046 0.035±0.032 0.011±0.007 0.061±0.038 

Dong Thap 
Pond 0.040±0.021 0.056±0.007 0.075±0.010 0.131±0.063 0.144±0.090 0.209±0.162 

inlet 0.020±0.002 0.031±0.018 0.025±0.005 0.032±0.010 0.023±0.016 0.042±0.038 

N-NO3
- 

(ppm) 

An Giang 
Pond 0.434±0.348 1.735±0.532 1.196±0.490 0.472±0.160 0.520±0.233 0.470±0.278 

inlet 0.066±0.048 0.163±0.032 0.093±0.044 0.033±0.034 0.044±0.027 0.104±0.068 

Dong Thap 
Pond 1.066±0.352 1.229±0.387 0.355±0.072 0.301±0.089 0.301±0.089 0.266±0.050 

inlet 0.099±0.007 0.224±0.053 0.081±0.021 0.110±0.010 0.117±0.048 0.072±0.054 
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Table 2: Water quality parameters on snakehead fish cultured pond in Co Do District. Can Tho Province in 2010-2011 

 

Parameters Samples site 
Cultured period (month) 

2 3 4 

Temperature 

(oC) 

Pond 28.05±0.75 28.80±0.14 28.65±0.49 

inlet 27.3 28.5 27.7 

pH 
Pond 8.18±0.09 8.39±0.09 8.75±0.16 

inlet 8.36 8.43 8.78 

DO 

(ppm) 

Pond 4.81±1.21 4.68±0.29 4.51±0.92 

inlet 5.12 4.93 4.66 

N-NH4
+ 

(ppm) 

Pond 1.54±0.06 1.56±0.07 1.59±0.08 

inlet 0.09 1.26 1.62 

N-NO2
- 

(ppm) 

Pond 0.03±0.01 0.07±0.00 0.08±0.01 

inlet 0.12 0.14 0.27 

N-NO3
- 

(ppm) 

Pond 0.04±0.01 0.28±0.22 0.53±0.01 

inlet 0.07 0.06 0.07 
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Table 3: Water quality parameters on snakehead fish fingerling cultured pond in Tam Nong District. Dong Thap Province in 2011 

Parameters Location (Province) Samples site 
Nursing period (week) 

2 3 

Temperature(oC) Dong Thap 
Pond 31.83±0.56 31.55±0.26 

inlet 31.87±0.58 31.60±0.46 

pH Dong Thap 
Pond 8.30±0.32 8.48±0.19 

inlet 8.43±0.45 8.10±0.26 

DO (ppm) Dong Thap Pond 4.52±0.12 4.23±0.97 

  inlet 5.18±1.02 4.97±0.56 

N-NH4
+ (ppm) Dong Thap 

Pond 1.16±0.31 2.27±1.14 

inlet 0.63±0.23 1.21±0.17 

N-NO2
- (ppm) Dong Thap 

Pond 0.09±0.05 0.04±0.02 

inlet 0.09±0.03 0.05±0.01 

N-NO3
- (ppm) Dong Thap 

Pond 0.31±0.18 0.31±0.24 

inlet 0.27±0.04 0.26±0.16 
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Table 4: Parasitic incedence on snakehead fish in growth out pond in An Giang and Dong 

Thap Provinces in 2010 

 

No. Parasites found Site infected Intensity of infection Infected rate (%) 

1 Trichodina Skin, gill 1-25 ind/observation  93.66 

2 Epistylis Skin, gill 2-39 ind/observation 71.83 

3 Chilodonella Skin, gill 1-7 ind/observation 13.38 

4 Gyrodactylus Gill 1-4 ind/lame 12.68 

5 Trianchoratus Gill 1-3 ind/lame 5.63 

6 Proteocephalus Intestine 1-5 ind/lame 3.52 

7 Spinitectus Stomach 1-15 ind/stomach 19.01 

8 Pallisentis Stomach 2-11 ind/intestine 16.9 

9 Henneguya Gill 1-5 ind/observation 3.52 
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Table 5: Parasites found on fish based on monthly cultured by Provinces in 2010 

 

No Parasites found 

Site 

infect

ed 

An Giang Province Dong Thap Province 

Cultured period (Mon) 
Cultured period  

(Mon) 

1 2 3 4 5 6   1 2 3 4 5 6 

1 Trichodina 

Sk
in

 

+  +       +     

2 Apiosoma + +       +  +    

3 Myxobolus + +  +  +    +  + +  

4 Epistylis  + + +     +      

5 Gyrodactylus + + + + +    + + + +  + 

6 Tripartiella +   +     + +     

7 Lernaea +   +       +    

8 Argulus   + +       + +   

9 Henneguya 

G
ill

 

+  +       +     

10 Chilodonella  +         +    

11 Trichodina +  +  +      +    

12 Trianchoratus  +          +   

13 Lamproglena   +            

14 Ergasilus  +        +     

15 Gyrodactylus + + +      + + + + +  

16 Haplorchis 

Fi
n 

 +             

17 Clonorchis   +            

18 Exochis    +           

19 Polyonchobothrium 

In
te

st
in

e 

  +       +     

20 Proteocephalus  +         +    

21 Neocamallanus + + +       +  + +  

22 Pallisentis + + +  +     +  +  + 

23 Spinitectus 

St
om

ac
h 

+ + + +  +    + +   + 

24 Neocamallanus  + +        + + +  

25 Gnathostoma    +           

26 Capillaria  +             

27 Neocamallanus SB
  

            +  

Note: SB: Swim Bladde; (+): Parasite present 
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Table 6: Fungus infected on snakehead fish in growth out pond in An Giang and Dong Thap 
Provinces in 2010 

 

No. Fungus 

An Giang Province Dong Thap Province 

Cultured period  

(Mon) 

Cultured period  

(Mon) 

1 2 3 4 5 6   1 2 3 4 5 6 

1 Achlya  +        +      

2 Fusarium   + +       +     

3 Acremonium   +        + +    

4 Geotrichum   + +       + +    

(+): Fungus  present 

 

 

 

 

Table 7: Bacteria isolated from snakehead fish in growth out pond in An Giang and Dong Thap 
Provinces in 2010 

 

No. Bacteria 

An Giang Province Dong Thap Province 

Cultured period (Mon) Cultured period (Mon) 

1 2 3 4 5 6   1 2 3 4 5 6 

1 Pseudomonas    +   +     +   + 

2 Aeromonas  + + + + + +   + + + + +  

3 Edwardsiella   +        +     

4 Vibrio   + +       + +    

5 Streptococcus      +        +  

(+): Bacteria  present 
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Table 8: Biochemical characteristics of bacterial isolates from snakehead fish diseases in growth 
out pond in 2010-2011 
 

Bacterial isolate Namely Gram Motility Oxidase Catalase O/F O/129 

DT1012* - + + + +/+ - 

CT1101 - + + + +/+ - 

CT1102 - + + + +/+ - 

CT1103 - + + + +/+ - 

CT1104 - + + + +/+ - 

CT1105 - + + + +/+ - 

CT1106 - + + + +/+ - 

CT1107 - + + + +/+ - 

CT1108 - + + + +/+ - 

CT1109 - + + + +/+ - 

CT1110 - + + + +/+ - 

CT1111 - + + + +/+ - 

CT1112 - + + + +/+ - 

* Bacterial isolate for experimental injection 

DT: Dong Thap; CT: Can Tho 
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