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PREAMBLE 

Aquaculture America 2018 
Las Vegas, Nevada, USA 
19 – 22 February 2018 

Sessions organized by Dr. Hillary Egna 

From 19-22 February 2018 AquaFish Innovation Lab partners gathered at Aquaculture America in Las 
Vegas, Nevada, USA. On 22 February, AquaFish held a technical session called “AquaFish Innovations for 
International Aquaculture” which featured 20 presentations about AquaFish-supported work. The 
session was organized and chaired by AquaFish Innovation Lab Director, Hillary Egna. Sunila Rai and 
Theodora Hyuha jointly co-chaired the session. Throughout the conference, AquaFish partners and 
Management Team staff gave an additional 14 presentations and presented several posters.  
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AQUAFISH TECHNICAL SESSION AGENDA 
AQUAFISH INNOVATIONS FOR INTERNATIONAL AQUACULTURE 

Thursday, February 22, 2018, 08:30 - 17:00  

08:30 Effect of different feeding strategies on growth performance and economic returns of Nile 
tilapia (O. niloticus) production in semi-intensive system 
Daniel Adjei-Boateng 

08:45 Effect on iron-amino acid chelate supplemented fish feeds on growth performance of Nile 
Tilapia Oreochromis niloticus in an aquaponic system in Kenya 
Kenneth Rono 

09:00 Effects on nutritional conditioning on growth of Nile tilapia fry 
Courtney A. Deck 

09:15 Digestibility and ammonia excretion rates of low-cost nursery diets for Nile tilapia 
Oreochromis niloticus fry 
Kwasi Obirikorang 

09:30 Pellet feed improvements through vitamin C supplementation for snakehead fish Channa 
striata culture in Vietnam 
Minh Duc Pham 

09:45 Development of technique for mass production of housefly Musca domestica maggots 
Nazael Madalla 

10:00 Break 

11:00 Effects of stocking density on fry survival and growth of sahar Tor putitora 
Narayan P. Pandit 

11:15 Performance of domesticated (Vietnamese) vs. non-domesticated (Cambodian) snakehead 
Channa striata during weaning and growout 
Panna Nen 

11:30 Aquaculture of African lungfish Protopterus aethiopicus in Uganda: Captive breeding and 
larval rearing 
John Walakira 

11:45 Potential for polyculture of tilapia Oreochromis niloticus and freshwater perch Anabas 
testudineus with pangasius catfish Pangasius hypopthalamus in the hyposaline waters of 
southern Bangladesh 
Zahid Parvez Sukhan 

12:00 Induced spawning of sahar Tor putitora in Terai region of Nepal 
Jay D. Bista 
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12:15 Consumer preferences and consumption patterns for fish in Uganda 
Zech Halasi 

12:30 Lunch 

14:00 Do household fish ponds improve family nutrition? A study in Nepal 
James Diana 

14:15 Involving women in field-testing of a periphyton enhanced aquaculture system for nutrition 
security 
Sunila Rai 

14:30 A school pond education program for creating awareness on aquaculture in Nepal 
Dilip Kumar Jha 

14:45 Economic benefits of reduced inputs and polyculture of tilapia with major Indian carps 
Mst. Kaniz Fatema 

15:00 Sustainable pearl farming using new techniques of spat collectors in Zanzibar 
Narriman Jiddawi 

15:15 Growth and production performance of air-breathing climbing perch Anabas testudenius and 
major carps in polyculture 
Shahroz Mahean Haque 

15:30 Integration of mola Amblypharyngodon mola in prawn-carp gher farming systems to increase 
household nutrition and earnings for rural farmers in southwest Bangladesh 
Khandaker Anisul Huq 
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AquaFish Innovation Lab Technical Session 
Abstracts and Presentations 

Effect of different feeding strategies on growth performance and economic returns of Nile tilapia (O. 
niloticus) production in semi-intensive system  

Daniel Adjei-Boateng*, Anthony Aliebe, Nelson W. Agbo, Emmanuel A. Frimpong 

Department of Fisheries and Watershed Management, KNUST, Kumasi, Ghana 

The production of Nile tilapia in semi-intensive system has been practiced for many years especially in 
Africa due to Nile Tilapia's ability to utilize natural food produced through pond fertilization. The 
objective was to find out if tilapia fed at half ration and on alternate days had comparable performance, 
feed utilization and economic returns to those fed at full ration over 15-week period in fertilized ponds. . 
Sex-reversed all-male O. niloticus (~35g) were cultured in fertilized ponds at Tano-Odumasi of the 
Ashanti Region, Ghana. Seven hundred fish were stocked into each pond (350 m2) with each treatment 
replicated three times. The fish were fed with commercial feed (30% crude protein) at 5% body weight 
initially and 2% towards the end of the experiment. Fish growth, feed conversion efficiency and 
economic returns were considered under the three strategies. Pond water quality variables measured 
were found to be within suitable range for optimum growth of Nile tilapia. 

Results of the study showed no significant differences (P<0.05) in growth performance variables in terms 
of weight gain (WG), specific growth rate (SGR), daily growth rate (DGR) among the treatments. Higher 
growth of fish observed in the control group were not significantly different (P<0.05) compared to the 
other treatments. Feed given varied significantly among the feeding strategy and feed conversion ratio 
was significantly better (P<0.05) in fish group fed on alternate day (0.86) and half ration (0.94) compared 
to the control group (1.25). Economic analysis showed that profit returns were highest for the alternate 
day feeding strategy (GH₵ 2,269.41) and least for the full ration feeding strategy (GH₵ 995.88). It is 
possible to achieve similar fish yield in Nile tilapia semi-intensive production with the reduced feeding 
strategies and full ration feeding. Alternate day full ration feeding strategy is recommended to tilapia 
farmers since it proved to be the most profitable strategy. 
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Effect	of	Different	Feeding	Strategies	on	
Growth	Performance	and	Economic	Returns	of	
Nile	Tilapia	Production	in	Semi-intensive	

System.
Aliebe, A., Adjei-Boateng, D., Agbo, N. W., Frimpong, E. A.

Department of Fisheries & Watershed Management
Faculty of Renewable Natural Resources

Kwame Nkrumah University of Science & Technology, Kumasi, Ghana

INTRODUCTION

• Nile tilapia:
➢ second most cultured fish with global production of 5.6 MMT in 2015

(Fitzsimmons et al., 2013; FAO, 2017).

➢ major protein source in developing countries (Jegede, 2013).

• Feed (40-70%)  production cost in intensive tilapia farming
(Tacon and De Silva, 1997; Agbo, 2008).

• Semi-intensive system
➢ natural food produced through fertilization to reduce feed input thus increasing

yield and profit.
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Feeding strategies in fertilized ponds:  

• Delayed supplemental feeding: 42, 75, 80 and 91 days after stocking 
(Lin et al., 1997; Brown et al., 2000; Abdelghany et al., 2002).

• Reduced Feeding: 50%, 67% and 75% 
(Brown et al., 2000; Lin and Yi, 2003; Duodo-Prah, 2014).

• Mixed-Feeding Schedules: 33% CP alternated with 22% CP 
(Patel and Yakupitiyage, 2003). 

• Alternated Feeding: Daily alternation of commercial feed (~33% CP) 
(Bolivar et al., 2006). 

INTRODUCTION

SPECIFIC OBJECTIVES

• To assess the  effect of three feeding strategies on the performance 
and feed utilization of Nile tilapia production in fertilized ponds.

- H0: There is no difference in growth performance among the three feeding 
strategies.

• To determine the economic returns of Nile tilapia (O. niloticus) grown 
under the three feeding strategies in fertilized earthen ponds

- H0 : There is no difference in economic returns among the treatments. 
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MATERIALS AND METHODS

• Study Area: Pilot Aquaculture Centre
(PAC), Fisheries Commission located at
Tano - Odumasi.

• Experimental Design:
- Expt. units: 9, 350m2 ponds; depth,1.3 m
- Treatments: 3 feeding strategies each

triplicated
▪ Full ration
▪ Half Ration
▪ Alternate Day Full Ration

- Treatment Assignment: - Completely
randomized design

Fish: All male Nile tilapia mean weight 35.0 ± 14.8g. 

Stocking Density: 2fish/m2; 700 fish per pond 
Commercial tilapia feed (Raanan) was used for the trial. 

Fish fed at 5% bw followed by  2%. 

Fish were fed twice daily at 10am and 4pm 

Feeding was adjusted fortnightly after sampling. 

Fish were hand-sexed before stocking 

MATERIALS AND METHODS
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Determination of Growth performance and feed utilization 

• 30 fish randomly sampled fortnightly to determine growth.

• Growth performance variables: Final Weight (g), Weight Gain (%), Daily
Growth Rate (DGR, g/day), Specific Growth Rate (SGR, %.day-1), Survival (%),
Fish Yield (kg).

• Feed utilization variables: Feed conversion ratio (FCR) and feed intake (FI,
g/fish).

MATERIALS AND METHODS

Water quality

• Temperature, dissolved oxygen and pH were collected weekly.

• Secchi depth was measured every two weeks

• Chlorophyll-a was used as a proxy for primary productivity following the
standard procedure HMSO (1983).

• The Wagtech photometer used to determine ammonia, nitrite and total
phosphate

MATERIALS AND METHODS
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Economic Analysis

• A partial enterprise budget used to assess the economic performance of fish 
production under the 3 strategies. 

• On-farm fixed and variable cost, and revenue from sales of fish at farm gate. 
• Labour was GH₵10($2.3)/day  and feed price GH₵ 3.25 ($0.74) 

Statistical Analysis
• All data were subjected to one-way analysis of variance (ANOVA) and differences 

between the treatment means compared by the Tukey multiple comparison test. 

• Significant differences were considered at alpha level of 0.05. 

MATERIALS AND METHODS

Effects of feeding strategies on Growth 
Performance and feed utilization of O. niloticus
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RESULTS	AND	DISCUSSION	
Effects varying feeding strategies on Growth Performance of O. niloticus in fertilized ponds 

• Generally, reducing the ration did 
not have negative effect on fish 
growth. 

RESULTS	AND	DISCUSSION	

Variable Full Ration Half Ration Alternate Day Full 
Ration

Initial mean weight (g) 35.01 ± 14.81 35.01 ± 14.81 35.01 ± 14.81

Final mean weight (g) 211.29 ± 17.09 185.62 ± 42.53 173.31 ± 20.43

Weight Gain (%) 503.55 ± 48.83 416.37 ± 128.70 380.18 ± 68.12

DGR (g fish-1 day-1) 2.05 ± 0.20 1.75 ± 0.49 1.61 ± 0.24

SGR (%.day-1) 2.09 ± 0.09 1.89 ± 0.27 1.85 ± 0.14

Survival (%) 91.48 ± 6.99 90.71 ± 5.02 91.62 ± 6.76

FCR 1.25 ± 0.23 0.94 ± 0.20 0.86 ± 0.21

FI (g/fish) 219.11 ± 28.98a 134.32 ± 7.38b 116.64 ± 20.69b

Fish yield (kg) 406.43 ± 17.60 350.75 ± 20.55 334.35 ± 18.88

Growth performance and feed utilization of Oreochromis niloticus fed different 
feeding strategies culture period of 15 weeks.

 
10



• Feed reduction strategies (half ration or alternate day) resulted in minor changes in
growth.

• No difference (p> 0.05)  in growth indices (SGR, DGR, WG) among the
treatments although the control group had slightly better growth response.

• Feed given was significantly higher (p˂ 0.05)  in control group. 

• Growth performance of Nile tilapia in semi-intensive systems increases with
increasing supplemental feeding

(Diana et al., 1994; Brown et al., 2000; Bolivar et al., 2006; Duodo-Prah, 2014).

RESULTS	AND	DISCUSSION	

Variable Full Ration Half Ration Alternate Day
Temperature (°C) 27.5 ± 1.03 27.71 ± 1.23 27.52 ± 0.96
DO (mg/L) 2.91 ± 2.04 2.45 ± 1.63 2.65 ± 1.73
pH (range) 6.8 ± 0.34 6.72 ± 0.34 6.77 ± 0.33
NH3 (mg/L) 0 ± 0.00 0 ± 0.00 0 ± 0.00
Secchi Depth (cm) 15.5 ± 1.91 16.40 ± 2.22 16.61 ± 4.10
Chlorophyll-a (µg/L) 806.40 ± 489.50 817.32 ± 547.46 897.54 ± 604.17
Nitrite (mg/L) 0.03 ± 0.07 0.04 ± 0.07 0.02 ± 0.04
Phosphate (mg/L) 12.48 ± 16.69 13.19 ± 10.46 23.24 ± 22.04
Water depth (m) 0.97 ± 0.11 0.82 ± 0.08 1.01 ± 0.18

RESULTS	AND	DISCUSSION	

Each value is the mean ± SD of data from three replicates. Mean values with different superscripts in the same row are significantly 
different at P < 0.05. Absence of letters indicates no significant difference between all the treatments. DO – Dissolved Oxygen, N =7.

Mean values of water quality Variables in the different treatments over the culture period.
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Effect of different feeding strategies on economic returns 
of Nile tilapia (O. niloticus) production in fertilized 
earthen ponds.

Parameters Unit Full Ration Half Ration Alternate Day Full 
Ration

Yield kg 548.63 ± 19.40 535.63 ± 25.62 529.89 ± 24.42
Gross revenue GH₵ 5,486 (1,247) 5,356 (1,217) 5,298 (1204)
Total costs (TC) GH₵ 4,490 (1021) 3,774  (858) 3,029 (689)
Breakeven
Yield above TC GH₵ 449.04 377.42 302.95
price above TC GH₵ 8.18 7.05 5.72
Net return 
above TC GH₵ 995 (226) 1,582 (360) 2,269 (516)
Economic 
Efficiency

% 22.18 41.92 74.91

RESULTS	AND	DISCUSSION	

Table 3: Economic analyses of O. niloticus fed at different feeding strategies.
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• All the feeding strategies were profitable 
(Figure 4).

• Half ration and alternate day were more 
profitable because  production cost was 
lower 16% and 33% respectively.

• Diana et al., (1996) and Brown et al., (2000) similarly, 
reported higher profits for reduced feeding 
strategies.

• The alternate day recording the highest 
profit proving the most economic efficient 
(75%) feeding strategy; Bolivar et al., (2006).

RESULTS	AND	DISCUSSION	

Figure 4: Comparative profit return in Nile tilapia culture under 
different feeding strategies

CONCLUSIONS

• No difference performance between tilapia fed at full ration and at 
the reduced rations.

• Half ration and alternate day feeding strategy reduced feed by 39 
and 47%. 

• Tilapia pond farmers encouraged to boost natural food production to 
reduce quantity of feed used and adopt the alternative day feeding 
approach to increase profitability. 
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Effect on iron-amino acid chelate supplemented fish feeds on growth performance of Nile Tilapia 
Oreochromis niloticus in an aquaponic system in Kenya  

Kenneth Rono, Julius O. Manyala*, David Lusega, Charles Ngugi, Kevin Fitzsimmons and Hillary 
Egna 
 
University of Eldoret 
Department of Fisheries and Aquatic Sciences 
P. O. Box 1125, Eldoret, KENYA 
manyalajo@yahoo.com 

 
Aquaponics is an environmentally friendly production system involving reuse of waste and nutrients in 
production of fish and vegetables. This study investigated the effect of iron bis-glycine supplement in 
fish feeds on growth performance of mono-sex Nile tilapia (Oreochromis niloticus) and spinach (Spinacia 
oleracea) in a small aquaponic system. The study was conducted at the University of Eldoret for 119 
days. Complete randomized design was used. Supplementation rates in fish diets constituted 30g Fe kg-
1, 20g Fe kg-1, 10g Fe kg-1 and 0g Fe kg-1 respectively. Nile tilapia fry with a mean weight of 0.475 ± 
0.025g were stocked in 12 aquaria in an aquaponic system. The 30g Fe kg-1 treatment resulted in the 
highest fish growth performance with final weights of 11.606 ± 0.55g, an SGR of 2.516 ± 0.01 and a good 
FCR of 1.10 ± 0.107 compared to the 0g Fe kg-1 treatment that exhibited the lowest mean weight of 
4.354 ± 0.295g, an SGR of 1.744 ± 0.02 and a higher FCR of 2.081 ± 0.797. In the carcass composition 
analysis, 30g Fe kg-1 treatment exhibited a significant difference (p < 0.05) for  higher ash content, crude 
protein and lower crude lipids (16.350 ± 0.03%, 65.607 ± 0.74% and 12.20 ± 0.256%, respectively) while 
treatment 0g Fe kg-1 showed lowest ash content, crude protein and crude lipids (10.59 ± 2.12%, 59.671 
± 0.676% and 18.20 ± 0.465% respectively). The hemoglobin and hematocrit levels were higher at 30g Fe 
kg-1 (45.090 ± 0.704 % and 15.630 ± 0.935g dL-1) and lower at 0g Fe kg-1 treatment (29.773 ± 0.213% 
and 9.9244 ± 0.071g dL-1). We recorded a decrease in glucose levels with increased supplementation of 
iron amino acids chelates. The 0g Fe kg-1 demonstrated higher glucose levels (26.8 ± 0.0289mg dL-l) and 
lower levels at 30g Fe kg-1 (13.433 ± 0.169 mg dL-1). These results revealed that 30g Fe kg-1 iron amino 
acid chelate supplementation had better nutritional attributes as feedstuff for O. niloticus growth than 
the two other dietary treatments. Iron amino acid chelate supplementation at appropriate levels of 
concentration may be desirable in complete diet formulations for enhancement of physiological 
efficiency and accumulation of body proteins for growth efficiency. The study recommends the 
incorporation of iron amino acid chelate in on-farm formulated diets where complete diets are not 
easily accessible for small scale farmers. 
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DQG�SRWDVVLXP�WKDW�DUH�VXLWDEOH�IRU�WKH�SODQW�
JURZWK�DQG�DOVR�WKH�S+�EDODQFH�IRU�ERWK�
SODQWV�DQG�ILVK�

؟ 'HILFLHQF\�RI�VRPH�PLFURQXWULHQWV�LQ�SODQWV
؟ $SSOLFDWLRQ�RI�PLFURQXWULHQW�GLUHFWO\�

LQWHUIHUHV�ZLWK�ZDWHU�TXDOLW\�
؟ 'LUHFW�DSSOLFDWLRQ�RI�LURQ�DIIHFW�ILVK�JURZWK�

SHUIRUPDQFH�DQG�KHDOWK

-867,),&$7,21�2)�7+(�678'<�
؟ (PHUJLQJ�XVH�RI�LURQ�ELV�JO\FLQH�LV�WKRXJKW�WR�EH�

VXLWDEOH�WR�VROYH�GHILFLHQF\�RI�PLFURQXWULHQWV
؟ ,WV�LPSRUWDQW�IRU�FKORURSK\O�IRUPDWLRQ�ZKLFK�LV�

UHVSRQVLEOH�IRU�SKRWRV\QWKHVLV�DQG�JLYHV�SODQWV�WKHLU�
JUHHQ�FRORU

؟ ,PSURYHV�WKH�IXQFWLRQ�RI�HQ]\PHV�LQ�SURWHLQ�
PHWDEROLVP�DQG�HQKDQFHV�WKH�IXQFWLRQV�RI�FDOFLXP

؟ 3OD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�SURGXFWLRQ�RI�
KDHPRJORELQ�ZLWK�SURWHLQ�DQG�FRSSHU�DV�ZHOO�DV�
R[\JHQDWLRQ�RI�UHG�EORRG�FHOOV�DQG�O\PSKRF\WHV�LQ�
ILVK

؟ ,PSURYH�JURZWK�DQG�KHDOWK�RI�WKH�ILVK
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2%-(&7,9(6����
*HQHUDO�REMHFWLYH�
$VVHVV�PLFUR��QXWULHQWV�VXSSOHPHQWDWLRQ�LQ�ILVK�IHHGV�RQ�
WKH�JURZWK�RI�1LOH�WLODSLD��2UHRFKURPLV�QLORWLFXV��DQG�VSLQDFK�
�6SLQDFLD�ROHUDFHD��LQ�VPDOO�DTXDSRQLF�V\VWHP�SURGXFWLRQ�
XVLQJ�LURQ�DPLQR�DFLG�FKHODWH��
6SHFLILF�REMHFWLYHV�
Â¦ 7R�GHWHUPLQH�JURZWK�UDWH�RI�PRQRVH[�PDOH�2��QLORWLFXV�DW�

GLIIHUHQW�OHYHOV�RI�LURQ�DPLQR�DFLG�FKHODWH�LQ�DTXDSRQLF�
V\VWHP��

Ã¦ 7R�HYDOXDWH�WKH�JURZWK�RI�6SLQDFLD�ROHUDFHD�DW�GLIIHUHQW�
OHYHOV�LURQ�DPLQR�DFLG�FKHODWH�LQWDNH�LQ�DQ�DTXDSRQLF�
V\VWHP�

2%-(&7,9(6����
6SHFLILF�REMHFWLYHV��&RQWG��
Ä¦ 7R�GHWHUPLQH�LURQ�DPLQR�DFLG�FKHODWH�FRPSRVLWLRQ�LQ�WKH�

FDUFDVV��RI��PRQRVH[�PDOH�2��QLORWLFXV�DW�GLIIHUHQW�OHYHOV�RI�
VXSSOHPHQWDWLRQ�LQ�DQ�DTXDSRQLF�V\VWHP�

Å¦ 7R�GHWHUPLQH�FKORURSK\OO�RI�6SDQDFLD�ROHUDFHD�DW�GLIIHUHQW�
OHYHOV�RI�LURQ�DPLQR�DFLG�FKHODWH�LQWDNH�LQ�DQ�DTXDSRQLF�
V\VWHP��

Æ¦ 7R�GHWHUPLQH�GLIIHUHQW�PLFUR�DQG�PDFUR��QXWULHQW�DW�
GLIIHUHQW�OHYHOV�RI�LURQ�DPLQR�DFLG�FKHODWH�LQWDNH�LQ�DQ�
DTXDSRQLF�V\VWHP

Ç¦ 7R�GHWHUPLQH�GLIIHUHQW�ZDWHU�TXDOLW\�SDUDPHWHUV�DW�GLIIHUHQW�
OHYHOV�RI�LURQ�DPLQR�DFLG�FKHODWH�LQWDNH�LQ�DQ�DTXDSRQLF�
V\VWHP��
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0$7(5,$/6�$1'�0(7+2'6�����

���������

� ÁNI�XO ÂÁNI�XO ÃÁNI�XO ÄÁNI�XO ÁNI�XO ÂÁNI�XO

� ÃÁNI�XO ÄÁNI�XO ÁNI�XO ÂÁNI�XO ÃÁNI�XO ÄÁNI�XO
:DV�FRQGXFWHG�
DW�8QLYHUVLW\�RI�
(OGRUHW��8R(��
KDWFKHU\�DW��WKH�
'HSDUWPHQW��RI�
)LVKHULHV�DQG�
$TXDWLF�
6FLHQFHV�IRU�D�
SHULRG�RI�����
GD\V�

3ODWH����([SHULPHQWDO�GHVLJQ�DQG�VWDUW�RI�H[SHULPHQW�

0$7(5,$/6�$1'�0(7+2'6�����
([SHULPHQW�
FRQGXFWHG�DW�
8QLYHUVLW\�RI�
(OGRUHW��8R(��
KDWFKHU\�DW��WKH�
'HSDUWPHQW��RI�
)LVKHULHV�DQG�
$TXDWLF�6FLHQFHV�
IRU�D�SHULRG�RI�����
GD\V�

3ODWH����6XFFHVVIXO�SODQW�JURZWK�LQ�WKH�DTXDSRQLF�V\VWHP�
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0$7(5,$/6�$1'�0(7+2'6����
؟ )U\�ZLWK��������������J�ZHW�ZHLJKW�ZHUH�VWRFNHG�ZLWK�

WKH�VDPH�VWRFNLQJ�GHQVLWLHV������LQ�HDFK�DTXDSRQLF�
V\VWHP�

؟ ��SLHFHV���������FP��ZHUH�SODQWHG�LQ��HDFK�DTXDSRQLF�
V\VWHP

؟ $OO�WKH�WUHDWPHQWV�ZHUH�UHSOLFDWHG�WKUHH�WLPHV�LQ�D�
FRPSOHWHO\�UDQGRPL]HG�GHVLJQ�OD\RXW�

؟ (DFK�WUHDWPHQW�GLHWV�ZLWK�VXSSOHPHQW���IH�NJ�����IH�NJ�
DQG���IH�NJ�LURQ�ELV�JO\FLQH�DQG�FRQWURO���IH�NJ��ZHUH�
DGPLQLVWHUHG�UHVSHFWLYHO\�IRU�WKH�H[SHULPHQW�

),6+�)(('�)2508/$7,21�
؟ ,QJUHGLHQWV�ZHUH�ORFDOO\�SXUFKDVHG�DQG�IRUPXODWHG�DW�WKH�

VDPH�FUXGH�SURWHLQ������&3��VXSSOHPHQWHG�ZLWK�GLIIHUHQFH�
OHYHO�RI�LURQ�ELV�JO\FLQH�����������DQG������UHVSHFWLYHO\�

؟ ([SHULPHQWDO�GLHWV�ZHUH�IRUPXODWHG�EDVHG�RQ�:LQIHHG�
�YHUVLRQ������FRPSXWHU�SURJUDP�

'HWHUPLQDWLRQ�RI�3UR[LPDWH�&RPSRVLWLRQ�
؟ 'ULHG�GLHWV�DQG�FDUFDVV�RI�WKH�H[SHULPHQWDO�ILVK�RQ�HDFK�GLHW�

ZHUH�VXEMHFWHG�WR�WKH�DQDO\VLV�XVLQJ�WKH�$2$&��������
PHWKRGV�EHIRUH�DQG�DIWHU�H[SHULPHQW�

؟ )RU�WKH�FRPSRVLWLRQ�DQDO\VLV�RI�PL[WXUH�FRQWHQW��IDW��FUXGH�
SURWHLQ�DQG�DVK

 
20



),6+�	�3/$17�6$03/,1*
)LVK�VDPSOLQJ�
؟ $OO�WKH�ILVK�IURP�HDFK�WDQN�ZHUH�LQGLYLGXDOO\�ZHLJKHG�DQG�

WKHLU�WRWDO�OHQJWK�PHDVXUHG�HYHU\�WZR�ZHHNV�
3ODQWV�VDPSOLQJ�
؟ $OO�WKH��SODQWV�ZHUH�LQGLYLGXDOO\�PHDVXUHG�IRU�KHLJKW��DQG�

OHDYHV�QXPEHU�FRXQWV�HYHU\�WZR�ZHHNV�ZKLOH�ZHW�DQG�GU\�
ZHLJKWV�ZHUH�RQO\�PHDVXUHG�DW�LQLWLDO�VWDJH�DQG�WKH�ILQDO�
VWDJH؟� &KORURSK\OO�D�DQG�E�ZHUH�PHDVXUHG�DIWHU�HYHU\����ZHHNV؟ (OHPHQWV�.��1D�ZHUH�GHWHUPLQHG�XVLQJ�IODPH�SKRWRPHWHU؟ )H��0Q�DQG�=Q�ZHUH�GHWHUPLQHG�XVLQJ�DQ�DWRPLF�DEVRUSWLRQ�
3HUNLQ�(OPHU������VSHFWURSKRWRPHWHU؟� 3� DQG� 1� ZHUH� PHDVXUHG� E\� DXWRPDWHG� FRORULPHWU\� DIWHU� D�
.MHOGDKO�GLJHVWLRQ�

:$7(5�6$03/,1*�
؟ 'LVVROYHG�R[\JHQ��WHPSHUDWXUH��S+�DQG�FRQGXFWLYLW\�ZHUH�

PHDVXUHG�WKUHH�WLPHV�D�ZHHN�LQ�ILVK�DQG�SODQWV�FRPSRQHQW�
ZKLOH

؟ $PPRQLD��QLWUDWH�DQG�LURQ�ZHUH�PHDVXUHG�ZHHNO\�XVLQJ�<6,�
SKRWRPHWHU������

'DWD�DQDO\VLV�
؟ 7KH�VWDWLVWLFDO�GLIIHUHQFHV�LQ�ZDWHU��ILVK�DQG�SODQWV�JURZWK�

GDWD�ZHUH�VXEMHFWHG�WR�QRUPDOLW\�WHVW�
؟ 2QH�ZD\�DQDO\VLV�RI�YDULDQFH��$129$��ZHUH�DSSOLHG�WR�

GHWHUPLQH�GLIIHUHQFHV�RQ�ILVK�JURZWK��VSLQDFK�KHLJKWV��
PLQHUDOV��FKORURSK\OO�OHYHOV��SUR[LPDWH�FRPSRVLWLRQ�DQG�
SK\VLRORJLFDO�UHVSRQVH�DPRQJ�DOO�WUHDWPHQW��

؟ .UXVNDO�:DOOLV��ZDV�DSSOLHG�WR�GHWHUPLQH�GLIIHUHQFHV�RQ�
VSLQDFK�OHDYHV�QXPEHU��
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7DEOH��� )LVK�GDWD�IURP�DQ�DTXDSRQLFV�H[SHULPHQW�FRPSDULQJ�WKH�JURZWK�RI�
�2��QLORWLFXV����DW�IRXU�GLIIHUHQFH�LURQ�DPLQR�DFLG�FKHODWH�WUHDWPHQWV

+<g<ZIjIgh
0gI<jZI[jh

ÁNI�XO ÂÁNI�XO ÃÁNI�XO ÄÁNI�XO

�[QjQ<Y�YI[OjP Ä�ÂÃÇÈ�á�Á�ÁÇÃÇ< Ä�ÂÃÇÈ�á�Á�ÁÇÃÈ< Ä�ÂÃÇÈ�á�Á�ÁÇÃÉ< Ä�ÂÃÇÈ�á�Á�ÁÇÃÇ<

�Q[<Y�YI[OjP Ç�ÁÇÃ�á�Á�ÂÅÄ< È�ÂÁÃ�á�Á�ÂÃÉD È�ÅÆÈÉ�á�Á�ÁÊÇÇE É�ÊÅÊ�á�Á�ÂÇG

�[QjQ<Y�qIQOPj Á�ÅÈÆÄ�á�Á�ÁÃÆÃ< Á�ÅÈÆÄ�á�Á�ÁÃÆÃ< Á�ÅÈÆÄ�á�Á�ÁÃÆÃ< Á�ÅÈÆÄ�á�Á�ÁÃÆÃ<

�Q[<Y�qIQOPj Å�ÄÆÅ�á�Á�ÃÊÆ< Ç�ÃÁÈ�á�Á�ÄÂÉD È�ÅÁÇ�á�Á�ÄÁÇE ÂÂ�ÇÁÇ�á�Á�ÆÆG

7IQOPj�O<Q[ Ä�ÉÈÉÈ�á�Á�ÃÇÊÉ< Æ�ÈÄÂÈ�á�Á�ÃÊÃÉD Ç�ÊÄÁÈ�á�Á�ÃÉÁÉE ÂÂ�ÂÄÁÈ�á�Á�ÆÃÅÉG

�<QYs�qIQOPj�O<Q[ Á�ÁÄÁÆ�á�Á�ÁÁÃÂ< Á�ÁÅÆ�á�Á�ÁÁÃÄD Á�ÁÆÅÇ�á�Á�ÁÁÃÃE Á�ÁÉÈÇ�á�Á�ÁÁÅÂG

Ú�<QYs�qIQOPj�O<Q[ Ä�ÁÆÅ�á�Á�ÃÂÃ< Å�ÆÂÄ�á�Á�ÃÄÆD Æ�ÅÆÈ�á�Á�ÃÃÂE É�ÈÇÅ�á�Á�ÅÂÄG

/�. Â�ÈÅÅ�á�Á�ÁÃ< Ã�ÁÃÄ�á�Á�ÁÂÃD Ã�ÂÇÃ�á�Á�ÁÃE Ã�ÆÂÇ�á�Á�ÁÂG

Ú�/�. ÂÈÅ�ÅÁÂ< ÃÁÃ�ÄÃÃD ÃÂÇ�ÃÃÉE ÃÆÂ�ÇÁÂG

/kgpQp<Y�Ú ÊÉ�ÄÄÄ�á�Á�ÃÊÄ< ÊÉ�ÈÁÉ�á�Á�ÂÃÈ< ÊÊ�ÁÉÄ�á�Á�ÂÁÄE ÊÉ�ÈÁÉ�á�Á�ÂÂÃ<

�. Ã�ÁÉÂ�á�Á�ÈÊÈ< Â�ÂÈÆ�á�Á�ÁÄÉD Â�ÂÈ�á�Á�ÁÂÆE Â�ÂÁ�á�Á�ÂÁÈG

7DEOH��� 3ODQW�JURZWK�GDWD�IRU�6SLQDFK��6SLQDFLD�ROHUDFHD��LQ�DQ�
DTXDSRQLFV�V\VWHP�DW�IRXU�GLIIHUHQFH�LURQ�DPLQR�DFLG�FKHODWH�
WUHDWPHQWV�RYHU�WKH�H[SHULPHQWDO�SHULRG�RI����ZHHNV

3DUDPHWHUV
7UHDWPHQWV

�IH�NJ ��IH�NJ ��IH�NJ ��IH�NJ

,QLWLDO�OHDYHV�QR ���������D ���������D ���������D ���������D

)LQDO�OHDYHV�QR �������������D ������������E �������������F �������������G

,QLWLDO�KHLJKWV ���������D ���������D ���������D ���������D

)LQDO�KHLJKWV �������������D ������������E �������������F �������������G

,QLWLDO�ZHW�ZHLJKWV �������������D �������������D �������������D �������������D

)LQDO�ZHW�ZHLJKWV ������������D �����������E �������������F ������������F

,QLWLDO�GU\�ZHLJKWV ��������������D ��������������D ��������������D ��������������D

)LQDO�GU\�ZHLJKWV ���������������D ���������������E ��������������F ��������������G

:HLJKW�JDLQ ��������������D �������������E ��������������F ��������������F
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)LJXUH���� 0HDQV�3��.�DQG�1�FRQFHQWUDWLRQ��PJ�/�����6(��RI�6SLQDFLD�
ROHUDFHD�SHUIRUPDQFH�LQ�DQ�DTXDSRQLF�V\VWHP�IHG�IURP�GLIIHUHQFH�
LURQ�DPLQR�DFLG�FKHODWH�VXSSOHPHQWDWLRQ�RYHU�WKH�H[SHULPHQWDO�
SHULRG�RI����ZHHNV

)LJXUH��� 0HDQV�1D�FRQFHQWUDWLRQ��PJ�/�����6(��RI�6SLQDFLD�ROHUDFHD�
SHUIRUPDQFH�LQ�DQ�DTXDSRQLF�V\VWHP�IHG�ZLWK�GLIIHUHQFH�LURQ�
DPLQR�DFLG�FKHODWH�VXSSOHPHQWDWLRQ
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7DEOH����&DUFDVV�FRPSRVLWLRQ�RI�2��QLORWLFXV�IHG�RQ�GLIIHUHQW�IRXU�
WUHDWPHQWV������������DQG����IH�NJ���LURQ�DPLQR�DFLG�FKHODWH��LQ�
DTXDSRQLF�V\VWHP�

]Zd]hQjQ][�¥Ú¦
0gI<jZI[jh

ÁNI�XO ÂÁNI�XO ÃÁNI�XO ÄÁNI�XO

�hP�E][jI[j ÂÁ�ÆÊÁáÃ�ÂÃ< ÂÃ�ÂÂÁáÂ�ÁÅ< ÂÆ�ÉÆÁáÁ�ÃÄÁD ÂÇ�ÄÆÁáÁ�ÁÄD

gkGI�YQdQGh ÂÃ�ÃÁÁáÁ�ÃÆÇ< ÂÅ�ÅÊÃáÁ�ÂÂÅD ÂÇ�ÆÇÈáÁ�ÄÆÄE ÂÉ�ÃÁÁáÁ�ÅÇÆG

gkGI�dg]jIQ[ ÆÊ�ÇÈÂáÁ�ÇÈÇ<�� ÇÄ�ÈÊÅáÁ�ÃÂÂD� ÇÅ�ÉÊáÁ�ÁÉE�� ÇÆ�ÇÁÈáÁ�ÈÅÁE��

!]QhjkgI�E][jI[j É�ÃÅÆáÂ�ÁÃÆ< È�ÇÉÂáÁ�ÆÅÂ< É�ÃÂÅáÁ�ÊÉÅ< È�ÉÈÅáÁ�ÃÅÂ<

7DEOH��� 0HDQ�ZDWHU�FKHPLVWU\�SDUDPHWHUV�IRU�WKH�IRXU�WUHDWPHQWV������������
DQG���IH�NJ���LURQ�DPLQR�DFLG�FKHODWH��LQ�DTXDSRQLF�V\VWHP�

3DUDPHWHU
)LVK�&RPSRQHQW

�IH�NJ ��IH�NJ ��IH�NJ ��IH�NJ
$PPRQLD �������������D �������������E �������������F �����������G

1LWUDWH �������������D �������������E �����������F �����������G

,URQ ���������������D �������������F �������������F �����������G

S+ �������������D �������������E �������������E �������������G

'2 �������������D �������������D �������������D �������������D

7HPSHUDWXUH ������������D ������������D ������������D ������������D

&RQGXFWLYLW\ ����������D ����������E �����������F ����������F

SODQWV�FRPSRQHQW
$PPRQLD �������������D �������������E �������������F �������������G

1LWUDWH �����������D �����������E �����������F �����������G

,URQ ���������������D �����������E �����������F �����������G

S+ �������������D �������������E �������������F �������������G

&RQGXFWLYLW\ ����������D ����������E �����������F ����������F

7HPSHUDWXUH ������������D ������������D ������������D ������������D
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0<DYI�É� !I<[�PIZ<j]Y]OQE<Y�YIpIY�$�[QY]jQEkh�Ng]Z�GQNNIgI[EI�¥Á��ÂÁ��ÃÁ�<[G�
ÄÁNI�XO¦�jgI<jZI[jh�¥Qg][�<ZQ[]�<EQG�EPIY<jI¦�Q[�<fk<d][QE�hshjIZ

�+DHPDWRORJLFDO�
SDUDPHWHU�

7UHDWPHQW

�IH�NJ ��IH�NJ ��IH�NJ ��IH�NJ

*OXFRVH��PJ�G/��� ������������D ��������������E ��������������F ��������������G

+HPRJORELQ��J�G/��� �������������D �������������E �������������G ������������G

+DHPDWRFULWV���� ������������D ������������E ������������F ������������G

7DEOH���� 0HDQ�VSLQDFK�FKORURSK\OO�D��DQG�E��IRU�WKH�IRXU�WUHDWPHQW�
LURQ�DPLQR�DFLG�FKHODWH�VXSSOHPHQW�������������DQG�
��IH�NJ��LQ�DTXDSRQLF�V\VWHP�

&KORURSK\OO�OHYHOV
7UHDWPHQWV

�IH�NJ ��IH�NJ ��IH�NJ ��IH�NJ

&KORURSK\OO�D�
�PJ�&KO�D�P/��� ������������D �������������E ��������������F �������������G

&KORURSK\OO�E�
�PJ�&KO�E�P/��� ������������D ������������E �������������F ��������������G
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&21&/86,21�����
� �g][�EPIY<jI�<ZQ[]�<EQG�qQjP�ÄÁNI�XO�O<pI�jPI�PQOPIhj�NQhP�Og]qjP�<[G�
dIgEI[j<OI�hkgpQp<Y�N]YY]qIG�Ds�ÃÁ��ÂÁ�<[G�ÁNI�XO�jgI<jZI[jh�gIhdIEjQpIYs��

� �QhP�dg]rQZ<jI�E]Zd]hQjQ][�qQjP�/kddYIZI[j<jQ][�]N�Qg][�<ZQ[]�<EQGh�
EPIY<jI�<j�ÄÁNI�XO�O<pI�PQOPIg�EgkGI�dg]jIQ[�<[G�<hP�E][jI[j�Q[�jPI�NQhP�NYIhP�
<h�E]Zd<gIG�qQjP�ÃÁNI�XO��ÂÁNI�XO�<[G�ÁNI�XO��

�ÁNI�XO�O<pI�jPI�PQOPIg�YIpIYh�]N�EgkGI�YQdQGh�N]YY]qIG�Ds�ÂÁNI�XO��ÃÁNI�XO�
<[G�ÁNI�XO�gIhdIEjQpIYs�

�ÄÁNI�XO�QZdg]pIG�P<IZ<j]EgQjh��OYkE]hI�<[G�PIZ]OY]DQ[�<h�E]Zd<gIG�j]�
ÃÁNI�XO��ÂÁNI�XO�<[G�ÁNI�XO�gIhdIEjQpIYs�

�!<Eg]�<[G�ZQEg]��[kjgQI[jh�E][EI[jg<jQ][h�]N�![��"<���I�����<[G�;[�qIgI�
PQOPIg�Q[�jPI�YI<pIh�]N�<fk<d][QE�Og]q[�dY<[jh�qQjP�Qg][�EPIY<jI�<ZQ[]�<EQGh�
hkddYIZI[j<jQ][�]N�ÄÁNI�XO�<h�E]Zd<gIG�j]�ÃÁNI�XO��ÂÁNI�XO�<[G�ÁNI�XO�
jgI<jZI[jh

&21&/86,21�����
�%HVW�UHVXOW�RI�DOO�FKORURSK\OO�D�DQG�E�SDUDPHWHUV�ZDV�REWDLQHG�
IURP���IH�NJ�WUHDWPHQWV�DQG�SRRU�LQ��IH�NJ�WUHDWPHQW
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Effects on nutritional conditioning on growth of Nile tilapia fry  
Courtney A. Deck*, Scott A. Salger, Kaniz Fatema, and Russell J. Borski 
  
Department of Biological Sciences, North Carolina State University, Raleigh, NC USA 
cadeck@ncsu.edu 

  
Global production of farmed Nile tilapia (Oreochromis niloticus) has increased exponentially over the 
past 30 years. Feed comprises 50-70% of production costs for tilapia, with protein being the most 
expensive component. We have previously shown that alternate day feeding and pond fertilization 
improves feed efficiency and increases gut microbe diversity of tilapia grown in ponds with no 
detriments to the survival rate of the fish. To further these studies, experiments have been performed 
to determine whether larval nutritional conditioning, the concept that critical events early in life have 
lifelong effects on growth and health and may modify the gut transcriptome and microbial community in 
favour of improved food conversion efficiency.   
 
We conditioned newly hatched fry on an initial low protein (25% crude protein) diet versus a typical 48% 
crude protein diet for various time intervals (7, 14, 21 days) to determine if reducing protein in the diet 
early in life may subsequently enhance growth or affect protein processing, uptake, and utilization later 
in life (Fig. 1). Following this initial exposure to low protein, fry were then grown out for up to 49 days on 
either the 25% reduced protein or the typical 38% protein diet. We show that tilapia fry fed a 25% 
protein diet for 14 days, followed by either the reduced 25% or 38% protein growout diet, had greater 
mean weights (Fig. 2) and lengths than fry fed the initial 48% protein diet. There were also no 
differences in survival rates for fry offered the 25% protein diet when compared to fry offered the 48% 
protein diet. This study suggests for the first time that tilapia may better utilize dietary nutrients 
following an early period of low protein exposure. The effects of the reduced protein diet on gut gene 
expression and microbial content following nutritional conditioning will also be discussed. 
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In Ghana nursery facilities are generally missing from the aquaculture production chain and this compels 
fish farmers to purchase fish directly from the hatcheries at very small sizes to stock in grow-out ponds 
which sometimes results in high mortalities. Some farmers have adopted the practice of nursing fish 
before stocking in grow-out ponds in Ghana but formulated commercial feeds are prohibitively 
expensive. This research is thus a preliminary study to evaluate the potential for using mixtures of 
soybean and copra meals as partial replacements of fishmeal in feeds for Nile tilapia (Oreochromis 
niloticus) fry/fingerlings. 
 
Nutrient digestibility and postprandial ammonia excretion rates were examined. Three iso-nitrogenous 
(48%), and isolipidic (7%) diets (Diet 1, 2 and 3) were formulated with the oilseed mixtures as partial 
replacements to fishmeal (Table 1) and with a fishmeal-based commercial diet serving a as control. Diets 
were randomly assigned to triplicate groups of fish (Initial mean weight 0.89g±0.14 g) for the 
digestibility trials which spanned a total of nine (9), days. The partial inclusion of oilseed meals did not 
significantly affect apparent protein and lipid digestibilities although ash and dry matter digestibilities 
were significantly reduced (p<0.05). The inclusions of the plant proteins caused an increase in ammonia 
excretion (Fig 1). Overall, the oilseed diets showed some potential although further refinements of 
ingredient might be required to improve somatic growth, dry matter digestibility and reduce ammonia 
excretion rates. 
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Pellet feed improvements through vitamin C supplementation for snakehead fish Channa striata 
culture in Vietnam 

Tran Thi Thanh Hien, Pham Minh Duc*, Nguyen Van Khanh, Tran Thi Tuyet Hoa,  Tran Minh Phu 
and David A. Bengtson 
  
College of Aquaculture and Fisheries, Cantho University 
Campus II, 3/2 street, Xuan Khanh Ward, Ninh Kieu District, Cantho City, Vietnam 
pmduc@ctu.edu.vn 

  
In Vietnam, snakehead fish is considered as one of the most valuable cultured fish. However, 
enhancement of fish health is an important issue for snakehead culture, because bacterial disease is a 
serious problem and vertebral anomalies have also been observed. Our objective was to determine 
optimal vitamin C levels in feed for snakehead fish culture. Several benefits have been attributed to 
ascorbic acid (AA) supplementation in fish such as growth, survival, reduction of skeletal deformities, 
disease resistance and stress response. 
 
Laboratory feeding trial: The study was conducted to find out the optimal dietary vitamin C levels in 
terms of the growth performance of snakehead fish and economic aspects. The 8-week growth trial 
included six treatments with five replications each: 0, 125, 250, 500, 1000 and 2000 mg vitamin C (L-
ascorbate-2-monophosphate) equivalent kg-1 diet. The diet, based primarily on soybean meal (SBM) 
and fish meal, contained 45% protein, 9% lipid and 4.2 Kcal.g1. Eighty snakehead fingerlings (6.24±0.17 
g.fish1) were assigned randomly in 0.5 m3composite tanks with continuous aeration. Fish were fed 
twice daily. Growth rates and protein efficiency ratio were significantly greater in treatments with 
vitamin C supplementation compared with control treatment and optimal growth was obtained at 500 
mg.kg-1. Red blood cell counts and lysozyme in treatments with vitamin C supplementation tended to 
rise significantly proportional to the concentration of vitamin C. White blood cell counts in treatments 
with vitamin C supplementation were 2.1-3.6 times higher than those in the treatment without vitamin 
C supplementation. A bacterial challenge following the feeding trial showed best survival for fish fed AA 
levels of 250 mg.kg-1 or more. 
 
On-farm pond trial: Based on our laboratory results, effects of AA on snakehead in ponds to simulate 
farm conditions was tested using the following treatments: (i) commercial feed; (ii) commercial feed 
plus hand mixed AA at 500 mg.kg-1; (iii) commercial feed plus hand mixed AA at 750 mg AA.kg-1; (iv) 
commercial feed plus hand mixed AA at 1000 mg AA.kg-1; (v) SBM diet without AA; (vi) SBM diet plus 
500 mg AA.kg-1; (vii) SBM diet plus 750 mg AA.kg-1; (viii) SBM diet plus 1000 mg AA.kg-1.The 
experiment was conducted in two experimental ponds (only SBM diet without AA placed in one pond 
and the rest in the other pond) with three replicate hapas each. Stocking density was 150 fish.m2 and 
culture period was 5 months until market size was attained. Growth rates and protein efficiency ratio 
were greater in treatments with vitamin C supplementation compared with control treatment. 
Production cost was lowest for fish fed AA levels of 500 mg.kg-1 
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The development of sustainable snakehead farming           
in Viet Nam 2006-2017  

Asia Project: Cambodia and Viet Nam
Improving food security, household nutrition and trade through 

sustainable aquaculture in Cambodia and Viet Nam

• Inv#1: Genetic diversity of snakehead in Cambodia and Viet Nam
• Inv#2: Guidance and policy recommendations for sustainable 

snakehead aquaculture and aquatic resource management in 
Cambodia and Viet Nam

• Inv#3: Sustainable snakehead aquaculture in Cambodia
• Inv#4: Pellet feed improvements through vitamin C 

supplementation for snakehead culture
• Inv#5: Enhancing food security and household nutrition vulnerability 

of women and children with a focus on nutrient dense commonly 
consumed fish from capture fish and aquaculture in the dry season in 
Cambodia. 
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              Content of the presentation

➢ Soybean meal diet (SBM diet) for snakehead 
and role of vitamin C

➢ Laboratory feeding trial 

➢ Farm feeding trial

               I. Soybean meal diet for snakehead 

SBM Diet:     
- 45% protein 
- 9% lipid       
- 4.2 Kcal/g 
(Hien et al., 2016) 

Ingredients Content (%)
Kien Giang fish meal (60%)
Soybean meal (47%)
Cassava meal
Rice bran
Mineral premix
Oil
Carboxymethyl cellulose
Lysine
Methionine
Fish solution
Phytase
Total

35.8
33.4
8.26
15.0
2.00
3.08
0.4
0.4

0.28
1.5

0.02
100
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            I. Role of vitamin C 

➢  Growth rate of large yellow croaker higher 8% 
when supplemented 500 mg vitamin C               
(Ai et al., 2006).

➢  Survival rate of Japanese sea bass higher 
12.5% when supplemented 500 mg vitamin C in 
feed (Ai et al., 2004).

➢  Lysozyme of Nile tilapia increased 3% when 
supplemented 500 mg vitamin C               
(Ibrahem et al., 2010).

       II. Laboratory feeding trial
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             II. Laboratory feeding trial (cont.)

     

             II. Laboratory feeding trial (cont.)

  Growth rate

  Survival rate
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             II. Laboratory feeding trial (cont.)

Protein efficiency ratio

Feed conversion ratio

Fig. 1. Requirement of dietary vitamin C on growth responses of snakehead

             II. Laboratory feeding trial (cont.)
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             II. Laboratory feeding trial (cont.)

  Total erythrocytes

  Total leukocytes

             II. Laboratory feeding trial (cont.)

  Lysozyme (after 8 weeks  
           feeding diet with AA)

  Lysozyme (after bacteria   
        A. hydrophila injection)

 
62



Fig. 2. Cumulative mortality over 14 d in snakehead fed diets with different levels of 
Vitamin C for 8 weeks, then inoculated intraperitoneally with Aeromonas hydrophila. 

             II. Laboratory feeding trial (cont.)

•Commercial feed (CF)
•CF + hand mixed 500 mg AA/kg feed
•CF + hand-mixed 750 mg AA/kg feed
•CF + hand mixed 1000 mg AA/kg feed
•SBM diet without AA
•SBM diet + 500 mg AA/kg feed
•SBM diet + 750 mg AA/kg feed
•SBM diet + 1000 mg AA/kg feed

     

III. Farm feeding trial
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        III. Farm feeding trial (cont.)

  Growth rate

  Yield

        III. Farm feeding trial (cont.)

  Survival rate

  FCR
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        III. Farm feeding trial (cont.)

  Lysozyme

  Hunchback

        III. Farm feeding trial (cont.)

  Production cost

  Feed cost

 
65



        III. Farm feeding trial (cont.)

  Profit

➢ In conclusion, this study demonstrated that dietary 
AA supplementation is able to improve growth 
performance, immune responses, and survival of 
snakehead against $��K\GURSKLOD infection

➢ The requirement of AA by snakehead was 
determined as for growth rate 277 mg.kg-1 feed in 
the laboratory study

➢ The diet supplemented with AA at 500 to 1000 
mg.kg-1 feed is an appropriate concentration 
range for improving growth performance and 
immunity of snakehead in farms. 

    III. Farm feeding trial (cont.)
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Development of technique for mass production of housefly Musca domestica maggots 
Nazael A. Madalla*, Hezron Lugano, & Sebastian W. Chenyambuga 
 
*Department of Animal, Aquaculture and Range Sciences, Sokoine University of Agriculture  
P. O. Box 3004, Morogoro, Tanzania. nmadalla@suanet.ac.tz 

  
Aquaculture in Tanzania has remained subsistence partly due to lack of quality affordable aquafeeds. 
This is because conventional sources of protein such as fishmeal and oil seed cakes are scarce and costly. 
Housefly maggots are locally available, affordable and contain high protein, thus potential alternative 
protein source. However, a limiting factor is lack of appropriate culture technique for mass production 
of maggots with convenient harvesting. Thus culture unit was designed composed of a plastic enclosure 
with 40 cm diameter and 21.5 cm height consisting of two chambers (Plate 1). 
 
The top chamber served as a culture unit where the substrate was placed. The bottom chamber served 
as harvesting unit and was separated from the top chamber using a 2 mm nylon mesh. The mesh 
allowed dropping of maggots into harvesting unit due to photosensitivity of maggots when exposed to 
light upon opening of the culture unit. Five substrates in triplicates namely, cattle manure, poultry 
manure, pig manure, cattle offal and kitchen leftovers were used were used assess suitability of the 
developed system as well as the culture conditions. About 2.5 kg of substrate and 250 gm of attractant 
(mixture of blood, small pieces of meat debris and rotten eggs) were placed into culture unit and 
houseflies allowed to lay eggs. Harvesting was done from day four where maggots were cleaned with 
water, blanched and then weighed. Prior to harvesting, temperature was recorded. Substrates were 
refreshed weekly for the whole trial period of three weeks. Harvesting maggots was more convenient as 
they were easily collected from the harvest chamber after opening lid of the culture unit. Cattle offal 
resulted in significantly higher maggot yield while least was from cattle manure (p<0.05) (Table 1). 
Temperature was significantly higher in poultry manure (p<0.05); however, there was no relationship 
between temperature and yield, r = .191, p (one-tailed) > .10. Thus cattle offal where easily available is 
most suitable substrate for culturing housefly maggots. Efforts are now underway to upscale this 
production technique for production of larger volumes of maggots. 

 
 

 
  

 
68



5FDIOJRVF�GPS�.BTT�1SPEVDUJPO�PG�)PVTFGMZ�
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*OUSPEVDUJPO

� /FFE�GPS�RVBMJUZ�BGGPSEBCMF�QSPUFJO�TPVSDFT�UP�TVQQPSU�UIF�
HSPXJOH�JOEVTUSZ
± $POWFOUJPOBM�QSPUFJO�TPVSDFT�TVDI�BT�GJTINFBM�BOE�PJM�TFFE�

DBLFT�BSF�TDBSDF�BOE�DPTUMZ
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ǫ3FTVMUT
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$PODMVTJPO

� $PODMVTJPO
± 5XP�DIBNCFSFE�DVMUVSF�VOJU�JT�BQQSPQSJBUF�GPS�NBTT�

QSPEVDUJPO�PG�NBHHPUT�BOE�DPOWFOJFOU�IBSWFTUJOH
± $BUUMF�PGGBM�QSPEVDF�IJHI�ZJFME�PG�NBHHPUT

� 'VSUIFS�TUVEJFT
± 6QTDBMJOH�UIF�UXP�DIBNCFSFE�DVMUVSF�VOJU�GPS�NBTT�

QSPEVDUJPO�PG�NBHHPUT
± *NQSPWJOH�ǣOVUSJUJWFǤ�WBMVF�PG�QPPS�ZJFMEJOH�TVCTUSBUFT
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Effects of stocking density on fry survival and growth of sahar Tor putitora 
Narayan P. Pandit*, Jay D. Bista, Rahul Ranjan, Madhav K. Shrestha, and James S. Diana 
  
 Department of Aquaculture  
 Agriculture and Forestry University, Rampur, Chitwan, Nepal 
 panditnp@gmail.com 

  
Sahar (Tor putitora) is a high value indigenous fish species of Nepal. We achieved success in induced 
spawning of sahar using synthetic hormone in the sub-tropical climate of Nepal. An experiment was 
conducted for 90 days to determine the optimum density of sahar for fry rearing. Sahar fry of average 
initial weight 0.28 to 0.32 g were stocked at four different stocking densities in 2 m2 nylon hapas fitted 
in concrete tanks. The treatments were: 5 fish/m2 (T1); 10 fish/m2 (T2); 15 fish/m2 (T3); and 20 fish/m2 
(T4). Each density treatment was replicated thrice. Fish were fed with commercial pelleted feed (32% 
CP) twice daily at 5% of the biomass. In situ water temperature, pH and dissolved oxygen were 
monitored weekly at 6.00-7.00 am. 
 
The mean harvest weight and daily growth rate of fingerlings were highest in T1, intermediate in T2, and 
lowest in T3 and T4 (p˂0.05; Table 1). The condition factor, specific growth rate and survival rate were 
not affected by stocking density (p˃0.05). Temperature, pH and dissolved oxygen ranged from 28.5-31.5 
oC, 7.3-9.6 and 6.0-9.5 mg/L, respectively. The present results demonstrated that sahar fry can be 
successfully reared up to density of 20 fish/m2 in nylon hapa with good survival and growth, although 
overall growth and harvested weight were considerably higher in the lowest density treatment. 
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Performance of domesticated (Vietnamese) vs. non-domesticated (Cambodian) snakehead Channa 
striata during weaning and growout 

Phanna Nen*, Phen Chheng, Nam So, Tran Thi Thanh Hien, Bui Minh Tam, Hillary Egna and David 
A. Bengtson 
 
Inland Fisheries Research and Development Institute, Phnom Penh, Cambodia 

 
In Cambodia, snakehead Channa striata collected as wild juveniles have traditionally been cultured in 
small cages and ponds. The main type of feed used was small-sized or low-value fish (SS fish). The 
government of Cambodia put a ban on snakehead farming in September 2004 due to the potential 
negative impacts on wild fish populations from snakehead seed collection and on SS fish species 
diversity. New breeding, weaning and feed technologies from Vietnam were transferred to 
Cambodia.  Because Cambodian broodstock fish have not yet been domesticated, the opportunity 
existed to evaluate the survival and growth of larvae from wild vs. domesticated broodstock and 
subsequent grow-out of the weaned fish.  
  
The experiment was conducted at the Freshwater Aquaculture Research and Development Center 
(FARDeC), Prey Veng province, Cambodia.   In addition to available breeders already at FARDeC (referred 
to here as F1, the offspring of Cambodian wild-caught fish), adult wild C. striata from Cambodian waters 
in Tonle Sap (TS) and The Mekong River (MR), were collected and conditioned for spawning at FARDeC. 
Domesticated snakehead (VN) were purchased from a hatchery in Vietnam and conditioned at FARDeC 
for spawning. Larvae were fed live Moina, followed by ground SS fish. The experiment began at 17 day 
after hatched with replacement of SS fish by formulated feed using the Vietnamese protocol. The 
experiment consisted of four treatments with six replicates each, with larvae originating from the four 
broodstock groups: F1, TS, MR and VN.  All treatments were subjected to the same weaning protocol in 
100-L tanks at 5 fish/L fed to satiation by hand twice daily. Following weaning, fish from each treatment 
and replicate were transferred to corresponding treatments and replicates in ponds at FARDeC for the 6-
month grow-out phase of the study.  Each replicate was now contained in a 3 m x 1 m x 1.5 m hapa net. 
Fish were fed commercial pelleted feed to satiation by hand twice daily. 
 
Domesticated snakehead grew significantly faster (ca. 10 g) than non-domesticated Cambodian fish (ca. 
4-5 g) in the hatchery, followed by continued rapid growth (to ca. 350 g vs. 140-150 g) in the grow-out 
phase, largely due to increased feed consumption.  Cannibalism rates ranged from 40-42% in the 
hatchery phase except for MR fish (57%) and in the grow-out phase, cannibalism was lowest for 
domesticated snakehead and highest for MR non-domesticated snakehead (12-45%, respectively). 
Results will inform Cambodian aquaculture policy following the lifting of the ban in 2016. 
 
This research was funded in the past by the AquaFish Innovation Lab under USAID CA/LWA No. EPP-A- 
00-06- 00012-00 and by US and Host Country partners. The opinions expressed herein are those of the 
author(s) and do not necessarily reflect the views of the AquaFish Innovation Lab or the US Agency for 
International Development. 
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Aquaculture of African lungfish Protopterus aethiopicus in Uganda: Captive breeding and larval 
rearing 

J. Walakira*, C. Aruho, B. Kimera, E. Ganda, L. Nakasiga, J. Molnar, B. Readings and R. Borski 
  
National Fisheries Resources Research Institute, Uganda. 
  

The African lungfish (Protopterus aethiopicus) supports many communities in Uganda, and has 
aquaculture potential. It's an air-breathing fish that can withstand stressful water quality conditions in 
the wild. Fish farmers can access from natural environments, which is not environmentally sustainable. 
This study reveals the genetic diversity of P. aethiopicus collected from Lakes Wamala, Kyoga, 
Nawampasa, Bisina, Edward and George, which guide its aquaculture and biodiversity. Lungfish fertilized 
eggs can hatch at a range of 24-32C but optimally at 27C. Hatchability in captivity is 21.7 ± 7.2 % (SD) 
while its mean fecundity (wild brood) =1922.41 ±1227.6. Salt and temperature improves hatchability. 
Larvae fed on decapsulated Artemia sp. and microdiet (35-57% Crude Protein) indicate a fish can be 
raised on artificial commercial diets. Developing low-cost sustainable breeding techniques will 
contribute to improve nutrition and livelihoods of vulnerable communities 
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Potential for polyculture of tilapia Oreochromis nilotius and freshwater perch Anabas testudineus with 
pangasius catfish Pangasius hypopthalamus in the hyposaline waters of southern Bangladesh 

Zahid P. Sukhna*, M. Lokman Ali, S. Mahen Haque, M. Gias Uddin, 
M. Jabir Al Mehedi, and Russell Borski 
  
Patuakhali Science and Technology University 
Patuakhali-8602, Bangladesh 
zpsukhan@gmail.com 

 
Pangasius catfish (Pangasius hypopthalamus), tilapia (Oreochromis niloticus), and freshwater perch 
(Anabas testudineus; locally known as Koi) are three of the most successful freshwater aquaculture 
species in Bangladesh. We previously established that Pangasius can be cultured in hyposaline waters, 
allowing for use of coastal waters affected by salinity encroachment. In the present study, we assessed 
the potential for culturing Pangasius with the higher valued tilapia and freshwater Koi in hyposaline 
waters of coastal Bangladesh as a means of improving the food security and economic viability of these 
salinity affected region's poor communities. The experiment was conducted in 16 farmer's ponds in the 
Patuakhali district of Bangladesh at a salinity of 5-6 ppt. Four culture types were examined (Table 1) with 
fish being fed commercial pellet feed (CP 28-30%) twice daily at a total rate of 10% down to 3% body 
weight per day. 
 
The study revealed that Koi can be cultured in saline waters as high as 6 ppt and that the highest yields 
could be obtained through solo culture of Pangasius (T1). However, due to the higher market value of 
tilapia and greater increases in body weight of both Pangasius and tilapia, the largest profit came from 
the co-culture of these two species (T2).  This was followed by co-culture of Pangasius with Koi 
(T3).  Conversely, the lowest yield and profit resulted from the culture of all three species together (T4). 
Thus, the results suggest that tilapia is the optimal candidate for polyculture with Pangasius in 
hyposaline waters with a Koi polyculture providing the second greatest profit margin. Adoption of such 
aquaculture practices in coastal Bangladesh could increase earnings and improve the livelihoods of the 
people inhabiting these areas. 
 
(Supported by the AquaFish Innovation Lab - USAID) 
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٫ 3RQG�SUHSDUDWLRQ
؟ 3RQGV�ZHUH�GULHG�DQG���GD\V�ODWHU�OLPH�ZDV�DSSOLHG�DW�WKH�UDWH�RI���.J�

SHU�GHFLPDO��
؟ 7KHQ� ZDWHU� ZDV� VXSSOLHG� LQ� WKH� H[SHULPHQWDO� SRQGV� IURP� WKH�

$QGKDUPDQLN� ULYHU� PDLQWDLQLQJ� VDOLQLW\� RI� ���� SSW� E\� DGGLQJ�
IUHVKZDWHU��

)LJ��'U\LQJ�DQG�OLPLQJ�WR�SUHSDUH�SRQG�IRU�FXOWXUH

٫ 6WRFNLQJ�
$IWHU�SRQG�SUHSDUDWLRQ��ILQJHUOLQJ�RI�3DQJDVLXV�DQG�IU\�RI�7LODSLD�DQG�
.RL�VWRFNHG��

7KH�DYHUDJH�LQLWLDO�ZHLJKW�RI�GLIIHUHQW�ILVKHV�ZHUH����J������J��DQG�����J�
IRU�3DQDVLXV��7LODSLD��DQG�.RL��UHVSHFWLYHO\�

)LJ��6WRFNLQJ�RI�IU\�DQG�ILQJHUOLQJV
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٫ )HHGLQJ
7KH�ILVKHV�ZHUH�IHG�ZLWK�FRPPHUFLDO�SHOOHW�IHHG��/LO\�%UDQG�WLODSLD�IHHG�
ZLWK�&3���������DW�����GRZQ�WR����ERG\�ZHLJKW�WZLFH�GDLO\�

٫ 6DPSOLQJ�SURFHGXUH
)RUWQLJKWO\�VXEVDPSOLQJ�RI�WKH�H[SHULPHQWDO�ILVK�ZHUH�GRQH�XVLQJ�D�FDVW�
QHW�WR�PHDVXUH�JURZWK�SHUIRUPDQFH�RI�ILVK�DQG�WR�DGMXVW�IHHGLQJ�UDWH��

)LJ��6DPSOLQJ�SURFHGXUH

7UDLQLQJ�RI�)DUPHUV
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6DPSOLQJ�RI�)LVK
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)LVK�+DUYHVWLQJ��
)LVK�ZHUH�KDUYHVWHG��DIWHU�����GD\V�RI�FXOWXUH�
SHULRG��'XULQJ�KDUYHVWLQJ��OHQJWK�DQG�ZHLJKW�RI����
ILVK�IURP�HDFK�SRQG�ZHUH�PHDVXUHG�WR�FDOFXODWH�
JURZWK�SDUDPHWHUV���$V�ZHOO�DV�WKH�QXPEHU�RI�WRWDO�
ILVK�ZDV�FRXQWHG�WR�REVHUYH�VXUYLYDO�UDWH���

��3!������ZHUH�REVHUYHG�LQ�ZHLJKW�JDLQ��6LJQLILFDQW�GLIIHUHQFHמ
VXUYLYDO�UDWH��VSHFLILF�ZHLJKW�JDLQ��6*5���WRWDO�\LHOG��DQG�QHW�SURILW�
DPRQJ�WKH�VSHFLHV�LQ�GLIIHUHQW�WUHDWPHQW��
�1R�VLJQLILFDQW�GLIIHUHQFH�ZHUH�REVHUYHG�IHHG�FRQYHUVDWLRQ�UDWLRQמ
�)&5���
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�3DQJDVLXV�RQO\���WKH���OWKRXJK�KLJKHU�\LHOG�ZHUH�IRXQG�LQ�7$מ
SURILW�ZDV�IRXQG�KLJKHU�LQ�7���3DQJDVLXV�DQG�7LODSLD��DV�WKH�
PDUNHW�SULFH�RI�7LODSLD�LV�KLJKHU�WKDQ�WKH�3DQJDV�
�6HFRQG�ODUJHVW�SURILW�ZDV�IRXQG�LQ�7��ZKHUH�3DQJDVLXV�FXOWXUHGמ
ZLWK�.RL
�3DQJDV��7LODSLD��DQG���RZHVW�\LHOG�DQG�SURILW�ZDV�IRXQG�LQ�7/�מ
.RL���

3DUDPHWHUV
7� 7� 7� 7�

3DQJDVLXV 3DQJDVLXV 7LODSLD 3DQJDVLXV .RL 3DQJDVLXV 7LODSLD .RL

6WRFNLQJ���P�� � � � � � � � �

,QLWLDO�ZHLJKW��J� ��������� ��������� ��������� ��������� ��������� ��������� ��������� ���������

)LQDO�ZHLJKW��J� �������� �������� �������� �������� �������� �������� �������� ��������

:HLJKW�JDLQ��J� ��������D ��������E ��������F ��������D ��������F ��������D ��������F ��������F

6XUYLYDO�UDWH���� ����������D ����������D ����������D ����������D ����������E ����������D ���������E ����������F

6*5����SHU�GD\� ����������D ����������E ����������F ����������D ����������F ����������DE ����������F ����������F

)&5 ���� ���� ���� ����

<LHOG��NJ�KD� ���������D
�������� �������� �������� ������� ������� ������� �������

����������E ���������F �������G

3URILW��86'�KD� �������D �������E �������D �������F

7DEOH���3URGXFWLRQ�SDUDPHWHUV�IRU�FXOWXUHV�RI�3DQJDVLXV��7LODSLD��DQG�
.RL�
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)LJ��:HLJKW�JDLQ��J��RI�3DQJDVLXV��7LODSLD�DQG�.RL�LQ�GLIIHUHQW�WUHDWPHQWV�WKURXJK�WKH�
VWXG\�SHULRG

٫ :HLJKW�JDLQ��J��

)LJ��6XUYLYDO�UDWH�RI�3DQJDVLXV��7LODSLD�DQG�.RL�LQ�GLIIHUHQW�WUHDWPHQWV�WKURXJK�WKH�
VWXG\�SHULRG

٫ 6XUYLYDO�UDWH�����
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)LJ��6*5�RI�3DQJDVLXV��7LODSLD�DQG�.RL�LQ�GLIIHUHQW�WUHDWPHQWV�WKURXJK�WKH�VWXG\�SHULRG

٫ 6SHFLILF�*URZWK�5DWH��6*5�����SHU�GD\��

)LJ��7RWDO�<LHOG��NJ�KD��RI�3DQJDVLXV��7LODSLD�DQG�.RL�LQ�GLIIHUHQW�WUHDWPHQWV�WKURXJK�
WKH�VWXG\�SHULRG

٫ 7RWDO�<LHOG�
�NJ�KD��
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)LJ��3URILW��86'�KD��RI�3DQJDVLXV��7LODSLD�DQG�.RL�LQ�GLIIHUHQW�WUHDWPHQWV�WKURXJK�WKH�
VWXG\�SHULRG

٫ 3URILW��86'�KD��

؟ 7KH� VWXG\� UHYHDOHG� WKDW� .RL� FDQ� EH� FXOWXUHG� LQ� VDOLQH�
ZDWHUV�DV�KLJK�DV���SSW��

؟ 7LODSLD� LV� WKH� RSWLPDO� FDQGLGDWH� IRU� SRO\FXOWXUH� ZLWK�
3DQJDVLXV�LQ�K\SRVDOLQH�ZDWHUV�

؟ � .RL� SRO\FXOWXUH� ZLWK� 3DQJDVLXV� SURYLGLQJ� WKH� VHFRQG�
JUHDWHVW�SURILW�PDUJLQ��

؟ 7LODSLD� DQG� .RL� VKRXOG� QRW� FXOWXUH� ZLWK� 3DQJDVLXV�
WRJHWKHU� GXH� WR� VRPH� DQWDJRQLVWLF� UHODWLRQ� DPRQJ� WKUHH�
VSHFLHV�

؟ �$GRSWLRQ� RI� 7LODSLD� DQG� .RL� VHSDUDWHO\� LQ� 3DQJDVLXV�
DTXDFXOWXUH� LQ� K\SRVDOLQH� ZDWHUV� FRXOG� LQFUHDVH� WKH�
LQFRPH� DQG� LPSURYH� WKH� OLYHOLKRRG� RI� WKH� SHRSOHV� LQ�
FOLPDWH�DIIHFWHG�DUHD��

&RQFOXVLRQ
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Induced spawning of sahar Tor putitora in Terai region of Nepal 
Jay D. Bista*, Narayan P. Pandit, Rahul Ranjan, Madhav K. Shrestha,  
and James S. Diana 
  
 Department of Aquaculture 
 Agriculture and Forestry University, Rampur, Chitwan, Nepal 
 jdbista@gmail.com 

  
Sahar (Tor putitora) is a high value indigenous riverine species of Nepal which is declining in its natural 
habitat and has been declared an endangered species. Limited seed production using natural 
propagation has restricted its expansion in culture as well as rehabilitation in natural waters. We 
achieved success in artificial propagation of sahar using synthetic hormone. The breeding program was 
conducted at the Agriculture and Forestry University (AFU), Rampur, Chitwan and the Center for 
Aquaculture Research and Production (CARP), Kathar, Chitwan, Nepal during February to April 2017. 
Sixty five male (0.5-1.8 kg) and forty five female (1.1-2.1 kg) brood fish were reared in 500 m2 earthen 
ponds at 1000 kg/ha and transferred to 25 m2 concrete tanks one month before the breeding season. 
Fish were fed with 32% crude protein feed at 3% body weight per day. Maturity was observed weekly by 
sampling fish and testing softness of the abdomen. Female broodfish with a soft and extended abdomen 
were injected with synthetic hormone (Ovulin) at 0.6 mL/kg body weight. Males did not receive any 
hormone. After 24-26 hours of injection, ova from injected females were obtained by simple hand 
stripping and fertilized with milt collected from males. The fertilized eggs were incubated in Atkin 
hatching trays. A total of 16 females were induced to spawn, and they produced 1630.80±184.30 
(mean±SE) eggs per kg body weight. Mean hatching and larval survival rates were78.4±1.9 and 
74.7±1.1%, respectively (Table 1). This study demonstrated that mass seed production and larval rearing 
of sahar is possible in the subtropical region of Nepal using induced breeding. When using natural 
spawning, a high frequency of females are not taken until they are overly mature, even with daily 
evaluation of maturity. Induced spawning reduces the number of over-matured females by 
synchronizing the stripping time of injected brood fish. 
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�,1'8&('�63$:1,1*�2)�6$+$5�7RU�
SXWLWRUD�,1�7(5$,�5(*,21�2)�1(3$/

-D\�'��%LVWD��1DUD\DQ�3��3DQGLW��5DKXO�5DQMDQ��0DGKDY�.��6KUHVWKD��DQG�
-DPHV�6��'LDQD

'HSDUWPHQW�RI�$TXDFXOWXUH�
$JULFXOWXUH�DQG�)RUHVWU\�8QLYHUVLW\��1HSDO
�

,QWURGXFWLRQ

� 6DKDU� �7RU� SXWLWRUD�� LV� HFRQRPLFDOO\� LPSRUWDQW� KLJK� YDOXH�
LQGLJHQRXV�VSHFLHV�RI�1HSDO�DQG�ZHOO�NQRZQ�DV�VSRUW�ILVKLQJ

� 'HVSLWH� WKHLU� LPSRUWDQFH�� WKHLU� ELRORJLFDO� GLYHUVLW\� LV� EHLQJ�
WKUHDWHQHG�E\�YDULRXV�DQWKURSRJHQLF�DFWLYLWLHV�

� ,W�LV�ORQJ�PLJUDWRU\��PLJUDWH�XSZDUG��WR�VPDOO�ULYHUV�IRU�QDWXUDO�
VSDZQLQJ�GXULQJ�UDLQ\�VHDVRQ���

� 6DKDU�LV�VWLOO�WDNHQ�LQ�FDSWXUH�ILVKHULHV�LQ�ODNHV�DQG�ULYHUV�EXW�DW�
SUHVHQW�DWWHPSWV�WR�FXOWXUH�DQG�FRQVHUYH�RI�7RU�VSS��KDV�EHHQ�
LQLWLDWHG�LQ�1HSDO
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6DKDU�LV�RQH�RI�WKH�EHVW�FDQGLGDWH�IRU��

$TXDFXOWXUH

6SRUW�ILVKLQJ

5DQFKLQJ�IRU�
FRQVHUYDWLRQ�DQG�
VXVWDLQDEOH�XVH

2EMHFWLYH

*HQHUDO�REMHFWLYH�
� 7R�DVVHVV�WKH�EUHHGLQJ�SHUIRUPDQFH�RI�6DKDU�LQ�7HUDL��
UHJLRQ�RI��1HSDO

6SHFLILF�REMHFWLYHV
� 7R�DVVHVV�WKH�EUHHGLQJ�VHDVRQ�RI�VDKDU�LQ�7HUDL

� 7R�HYDOXDWH� WKH�EUHHGLQJ�SHUIRUPDQFH�RI� VDKDU�ZLWK��
LQGXFHPHQW�RI�KRUPRQH

� 7R� DVVHVV� WKH� JURZWK� DQG� VXUYLYDO� UDWH� RI� IU\� LQ�
WURSLFDO�FOLPDWH
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0HWKRGRORJ\

� ([SHULPHQWDO�VHWXS
± DW�DTXDFXOWXUH�IDUP��$)8��IURP�

$XJXVW������WR�$SULO������
� %URRG�ILVK�VHOHFWLRQ�

± ����EURRGV�����IHPDOH�DQG����PDOH��
± 5HDULQJ�LQ�RQH�HDUWKHQ�SRQG������P�����

DQG����IHPDOH�EURRGV�ZHUH�VKLIWHG�RQH�
PRQWK�EHIRUH�VSDZQLQJ�VHDVRQ�

± 7ZR�FHPHQWHG�SRQG�����P���
����

� )HHGLQJ�PDQDJHPHQW
± )HG�ZLWK�������&3�FRQWDLQLQJ�IHHG�#����RI�WRWDO�
ELRPDVV�

� 0DWXULW\�REVHUYDWLRQ
± %URRG�ILVK��RQO\�IHPDOH��ZHUH�FKHFNHG�IRU�PDWXULW\�LQ�
DOWHUQDWH�GD\�GXULQJ�VHDVRQ

� 6SDZQLQJ�PHWKRG
± ,QGXFHG�VSDZQLQJ�PHWKRG�ZDV�DSSOLHG�E\�XVLQJ�
2YDSULPH�KRUPRQH
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0DWXULW\�REVHUYDWLRQ

%URRG�ILVK�KDXOLQJ

0DWXULW\��REVHUYDWLRQ

8VH�RI�KRUPRQH

2YDSULP��*RQDGRWURSLQH�
5HOHDVLQJ�+RUPRQH��ZDV�DSSOLHG�
#�����PO�NJ�RI�IHPDOH�ERG\�
ZHLJKW�DV�SUDFWLFHG�LQ�FDUSV�
KDWFKHULHV�LQ�1HSDO�
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+DWFKHU\�RSHUDWLRQ

(JJ�LQFXEDWLRQ
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� 1XUVLQJ�DQG�IU\�UHDULQJ�ZDV�GRQH�DV�SUDFWLFHG�LQ�FDUS�
VSHFLHV

��������3RQG�GU\LQJ
���������/LPLQJ
����������0DQXULQJ�
�����������:DWHU�PDQDJHPHQW�DQG
������������6WRFNLQJ�RI�KDWFKOLQJ�

1XUVLQJ�RI�KDWFKOLQJV

�3UR[LPDWH�FRPSRVLWLRQ�RI�)ORDWLQJ�IHHG

6�1 'HVFULSWLRQ �
� &UXGH�3URWHLQ ��

� &UXGH��)DW �

� $VK �

� )LEHU �

� 1)(( ��

� 0RLVWXUH ��

�«�1LWURJHQ�IUHH�HWKHU�H[WUDFW
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5HVXOW�DQG�GLVFXVVLRQ

3HUIRUPDQFH�RI�LQGXFHG�VSDZQLQJ

3DUDPHWHU 0HDQ�6(
%UHHGLQJ�GXUDWLRQ ����������WR���������
:DWHU�WHPSHUDWXUH���&� ���������
7RWDO�IHPDOH�VSDZQHUV ��
0HDQ�ZHLJKW�RI�IHPDOHV��NJ� ���������
0HDQ�ZHLJKW�RI�PDOHV��NJ� ���������
0HDQ�WRWDO�HJJ�VSDZQHG��FRXQW� ��������������
0HDQ�HJJ�QXPEHU�SHU�NJ�ERG\�ZHLJKW ��������������
0HDQ�HJJ�QXPEHU�SHU�JU�HJJ�ZHLJKW ���������
0HDQ�IHUWLOL]DWLRQ�UDWH���� ��������
,QFXEDWLRQ�SHULRG��KRXU� �����
0HDQ�KDWFKLQJ�UDWH���� ��������
0HDQ�KDWFKOLQJ�VXUYLYDO����� ��������
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�'HVFULSWLRQ 1DWXUDO ,QGXFHG
�7RWDO�QR�RI�VSDZQHUV� � ��

�2YHU�PDWXUHG�EURRG � �

�1RW�UHVSRQGHG � �

�7RWDO�HJJ�VSDZQHG��JU� ����� �����

���+DWFKOLQJ�SURGXFWLRQ ���� �����

�+DWFKOLQJ�WR�IU\ ���� �����

� �����

�%UHHGLQJ�SHUIRUPDQFH�

5HSURGXFWLYH�EHKDYLRU�RI�6DKDU�

� 0DOH� JHW�PDWXULW\�ZLWKLQ� RQH� \HDU�� WKRXJK� WKH� VL]H� RI� ILVK�
HYHQ�VPDOOHU���������JP��

� )HPDOH�ILVK�JHW�PDWXULW\�DW�WKH�DJH�RI�����\HDUV��!�����J��

� 7KH�PDWXUH�EURRGV�JHW�RYHU�PDWXULW\�ZLWKLQ�YHU\�VKRUW�WLPH�
� 6DKDU�LV�ZHOO�UHVSRQGHG�WR�LQGXFHG�VSDZQLQJ�DV�SUDFWLFHG�LQ�
RWKHU�FDUSV�LQ�1HSDO

� )HFXQGLW\�LV�ORZHU�WKHQ�RWKHU�FDUSV�EXW

� &DQ�EUHHG�WZLFH�LQ�D�\HDU�ZKLFK�LV�QRW�LQ�FDUSV

� 6XUYLYDO�RI�KDWFKOLQJ�WR�IU\�LV�KLJKHU�WKHQ�RWKHU�FDUSV
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� 3RQG�UHDUHG�6DKDU�EUHHG�WZLFH�LQ�D�\HDU�LQ��$XWXPQ�DQG�
6SULQJ�EXW�VSULQJ�LV�PRUH�IDYRUDEOH�LQ�1HSDO��

� +LJKHU�VSDZQLQJ�UDWH�FDQ�EH�DFKLHYHG�E\�IUHTXHQW�FKHFNLQJ�RI�
IHPDOH�DQG�LQGXFLQJ�KRUPRQH�WR�DYRLG�RYHU�PDWXULW\�

� 0DVV�VFDOH�VHHG�SURGXFWLRQ�FDQ�EH�SRVVLEOH�E\�LQGXFLQJ��
KRUPRQH�WR�ODUJH�QXPEHUV�RI�IHPDOH�DW�D�WLPH�

� 7KLV�WHFKQRORJ\�QHHG�WR�EH�JLYLQJ�RXW�LQ�*RYHUQPHQW�DQG�
SULYDWH�KDWFKHULHV�IRU�SURGXFLQJ�ODUJH�QXPEHU�RI�IU\�DQG�PDGH�
DYDLODEOH�WR�ILVK�JURZHU�

� 5HFHQWO\�)LYH�*RYW�)DUPV�LQ�WURSLFDO�UHJLRQ�VWDUW��WR�FXOWXUH�
VDKDU�WR�JURZ�XS�EURRG�ILVK�IRU�KDWFKHU\�RSHUDWLRQ�

� 7KLV�LV�WKH�LPPHGLDWH�LPSDFW�RI�WKLV�SURMHFW�
� %XW�WKH�JURZWK�LV�YHU\�VORZ�QHHG�WR�EH�DVVHVV�IXUWKHU�UHVHDUFK�
RQ�JURZWK�UHODWHG�DVSHFWV�

&RQFOXVLRQ�DQG�5HFRPPHQGDWLRQ�

��DƀŅûĤŅę�ėŎŬ�ŹĠĤŰ�ŬăŰăØŬõĠ�ƕØŰ�ŨŬŎƔĤûăû�òƛ�ŹĠă
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̦®��R'̧�
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Molnar Joseph, Sloans Chimatiro Kalumba and Hillary Egna  
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The current government policy on aquaculture is promotion of the subsector to complement dwindling 
capture fisheries supplies from the wild to improve nutrition and eradicate poverty. Much as the 
government is pursuing this policy there exists limited information on consumer behavior between 
captured and farmed fish. The objective of this study was to establish consumer preferences and 
consumption patterns for the two categories of fish. This study was carried out in selected districts 
representative of Uganda's fish consuming community that is, Nebbi, Kampala, Busia, Kasese, Kisoro and 
Kabale. A total of 350 consumers were randomly selected and interviewed using a structured 
questionnaire. Descriptive statistics and regression analysis were used to analyze the data. 
 
The results show that consumers' average age was 33 years, had a household size of 6.74 persons and 
earning 628,200UGx monthly. Distance to the fish source was 3.49km and 70% of the respondents had 
eaten fish as a protein source for an average of 23 years. 92.5% bought tilapia which was mainly (62.2%) 
captured fish. When buying fish, 70% of fish consumers considered fish species as the most important 
attribute. The majority (55%) of consumers purchased their fish from traditional markets and the rest 
from roadside markets and landing sites. On average, consumers bought fish about 6 times per month, 
resulting in total consumption of 13.86kgs. There was a general preference (56%) for fish above 500gm. 
Many consumers (67.5%) preferred smoked fish and mainly (75%) prepared fish by boiling. 30% of the 
Consumers indicated that farmed fish in most cases was small size (< 300gm) and bonny. Some 
considered small size as a deterrent to their taking farmed fish as their purchase choice. 33% testified to 
have ever tasted farmed fish and noted its soil like smell. 
 
Econometric results show that distance to fish market / supply source, annual household income, 
education level and perceived quality significantly affected fish consumption patterns. In view of the 
results, it is recommended that researchers should breed fleshy easy to farm fish species which can 
grow to 500gm preferred by consumers. In order to address the issue of muddy fish smell, there may be 
a need to design fish production systems that avoid fish proximity with mud during the production 
process or have fish flushed with flesh water for the last week before sell to have any debris cleaned 
from the gills area. 
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Do household fish ponds improve family nutrition? A study in Nepal 
James S. Diana*, N. P. Pandit, and Madhav Shrestha  
  
University of Michigan  
School for Environment and Sustainability 
440 Church Street 
Ann Arbor, MI 48109-1041USA 
jimd@umich.edu 

  
Malnutrition and micronutrient deficiencies are major concerns afflicting the people of Nepal and other 
countries in the region. Fish has been recognized as a nutritionally beneficial food source around the 
world, and small-scale fish culture has recently increased in this region with the inclusion of household 
ponds in rural communities. This study focused on the value of household ponds by comparing fish 
consumption and indicators of health for children and women in households with fishponds, to those 
without ponds. In Kathar, Chitwan and Kawasoti, Nawalparasi, 51 and 55 households, respectively, each 
including children between the ages of one and five years and owning at least one fish pond were 
recruited for participation through door-to-door visits. Similarly, in Majhui, Chitwan and Pragatinagar, 
Nawalparasi, 54 and 55 households, respectively, that did not own fish ponds were recruited. 
 
Mothers from locations with fish ponds consumed significantly more fish than those without ponds 
(132% more), and also reported 126% higher rates of fish consumption by their children. Owners of 
household ponds also consumed fish more frequently (97% more) than did households without ponds. 
Health of children evaluated using details on stunting and wasting indicated that there were no 
significant differences between households with or without ponds. However, children from our study 
groups averaged 19% underweight, 18% stunted, and 12% wasted. These values are quite low, 
compared to 2013 estimates for the entire country for stunted (40.5%) and underweight (28.8%), but 
not for wasted (10.9%) children, and suggest that the inclusion of fish in child diets may provide 
essential nutrition to promote healthy growth and development for children in the region. 
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Involving women in field-testing of a periphyton enhanced aquaculture system for nutrition security 
Sunila Rai*, Madhav Shrestha, James S. Diana and Hillary Egna 
 
Agriculture and Forestry University, Rampur, Chitwan, Nepal 
 

An on-farm trial of carp polyculture was carried out with participation of women farmers from 
Sundardeep Women Fish Farmer's Cooperative (15 farmers) in Chitwan District and Mishrit Fish 
Farmer's Cooperative (22 farmers) in Nawalparasi District to field-test the enhancing effect of 
periphyton on feed ration and fish production. Farmers stocked 6 carp species and 2 small indigenous 
species (SIS) in ponds. Farmers were divided into two groups. One group fed their fish with dough of rice 
bran and mustard oil cake with 50% feeding, while the other group installed bamboo substrates in their 
ponds and fed their fish with half the amount of the feed used by the first group. Farmers netted and 
weighed fish monthly to check fish growth and calculate ration. Farmers were provided with a book to 
record fish that were consumed, sold, or died. Final harvest was done by netting fish in December 2015 
after eight months of culture. The netted fish were counted, weighed, and returned to the pond as the 
farmers wanted to keep fish for their biggest festival, "Maghi", in mid-January. In aggregate, 84% of 
farmers consumed fish at home, and 40% of farmers sold carps. About 95% farmers sold carps at the 
pond site, while 5% sold in nearby local markets. In case of farm site sales, both men and women were 
involved, whereas selling at local markets was solely done by women. The trial showed that culturing 
carps and SIS with 50% feeding rates and with bamboo substrates in ponds resulted in 22% higher fish 
production compared to culture of carps with normal feeding. More interestingly, the gross margin of 
the half-fed, periphyton enhanced carp polyculture was almost double that of the normal fed 
polyculture system. Periphyton enhanced Carp-SIS polyculture has a potential of enhancing family 
nutrition and women empowerment among small scale women farmers. 
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A school pond education program for creating awareness on aquaculture in Nepal 
Dilip K. Jha*, Narayan P. Pandit, Nabin B. Khanal, Ishori S. Mahato, Madhav K. Shrestha, James S. 
Diana, and Hillary Egna 
  
 Department of Aquatic Resources 
 Agriculture and Forestry University (AFU), Nepal 
 dkjha.ait@gmail.com 
  

Malnutrition among children is a global health concern, especially prevalent in Asia and Africa. Proper 
nutrition in school age children is essential for maintaining growth, cognitive development and lifelong 
health. Our objective was to create awareness on the nutritional value of fish as a supplement to regular 
diets by establishing fish ponds in schools and educating adolescent students on aquaculture. One pond 
each was established in four schools in the Chitwan and Nawalparasi districts of Nepal. A total of 121 
students, including 57 males and 64 females, were trained in this program. Carps and tilapia were 
provided for each school from nearby government fish hatcheries, and were stocked in each pond at 
normal densities. The materials necessary to maintain ponds, including feed and fertilizer, were 
provided to each school. Pre- and post-training tests were conducted for participating students. Results 
showed the knowledge of students on fish culture and nutritive value of fish was significantly increased 
(p<0.05). The number of students scoring <40% decreased while number of students scoring 61-80% and 
>80% increased after training (p<0.05). Another interesting observation was the increase in 
consumption of fish (13.1±7.1times per year) and its frequent inclusion in the diet after training as 
compared to before training (7.7±3.3, p<0.05). The reason for this increased consumption was better 
awareness about nutritive value of fish. Surprisingly, members in 14.5% of participating students 
families constructed ponds after getting training. Thus, development of school ponds increased 
awareness on the value of nutrition and fish consumption in rural households by teaching school 
children and participating teachers about aquaculture. 
 
In the second phase of program two additional fish ponds were constructed, one each in two public 
schools of Chitwan and Nawalparasi districts. Forty students of grade 8, 9 and 10 and three teachers 
were selected from each school to provide regular training on different aspects of fish culture along with 
role of fish in human nutrition. In addition to the new ponds, phase two also included providing water 
quality testing materials and nets to participating schools from both phases. In addition to student 
training, informal education activities were also carried out for women groups, which included forming 
two women's fish farming groups in the school community for each district. A linkage was developed so 
that the women's fish farming groups could ultimately work with the teachers and students to ensure 
the long term sustainability of the school ponds. 
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Economic benefits of reduced inputs and polyculture of tilapia with major Indian carps 
Mst. Kaniz Fatema*, Md. Abdul Wahab, S. A. S. A.Tahmid, Amit Pandit, S. M. Masud Rana, Sagiya 
Sharmin Suchana, Tajmin Naher, Md. Faridujjaman, Shahroz Mahean Haque, Hillary Egna and 
Russell J. Borski 
  
Department of Fisheries Management, Faculty of Fisheries,  
Bangladesh Agricultural University, Mymensingh-2202, Bangladesh 
kanizhossain@gmail.com 
 

The aim of these studies was to determine if reductions in feed inputs and introduction of native Indian 
carp, rohu (Labeo rohita) and catla (Catla catla), can increase economic benefits of tilapia culture in 
earthen ponds in Bangladesh. Two on-station pond trials were carried out for 150 days at the Fisheries 
Field Laboratory at Bangladesh Agricultural University. In the first study, ponds consisting of four 
treatments (T1, T2, T3, and T4) with four replications each were stocked with sex-reversed Nile tilapia 
(Oreochromis niloticus, 5 fish/m2) without (T1) or with (T2) addition of rohu (0.25 fish/m2) and fed a full 
daily ration of feed (CP, 35% protein; 10%-3% body weight/day). Ponds were fertilized weekly (28 kg N 
and 5.6 kg P ha/week) in the other treatments and tilapia were grown in the absence (T3) or presence 
of Rohu (T4) at half the daily feed ration as T1 and T2. The survival rates (75-81 %) of tilapia was similar 
among treatments. The specific growth rate (SGR, %/day) of tilapia was higher in the T3 (1.87 ± 0.00) 
and T4 (1.85 ± 0.03) than the T2 (1.76 ± 0.05), and T1 (1.71 ± 0.06) groups (p < 0.05). Feed efficiency was 
significantly better in the T3 and T4 groups relative to those treatment fish fed the full ration. Gross 
production of tilapia was higher in the T4 (5,385.23 ± 276.98a kg/ha) followed by T3 (5,340.62 ± 156.47 
kg/ha), T2 (4,440.99 ± 440.04 kg/ha) and T1 (4,089.83 ± 518.46 kg/ha) groups, respectively. Rohu gross 
production was similar among the T2 and T4 groups. A significantly higher net return (BDT 743,977/ha; 
benefit cost ratio of 2.92) was found in T3 followed by T4 (BDT 673,750/ha; benefit cost ratio of 2.72), 
T2 (BDT 286,469/ha; benefit cost ratio of 1.49) and T1 (BDT 226,675/ha; benefit cost ratio of 1.37) 
groups, respectively.  
 
In the second study, ponds consisting of three treatments (T1, T2, and T3; 4 replicates each) were 
stocked with sex-reversed Nile tilapia (5 fish/m2) and rohu (0.625 fish/m2; T1), or catla (0.625 fish/m2; 
T2), or with both rohu and catla (0.32 fish/m2 and 0.31 fish/m2, respectively; T3). All ponds were fed a 
half daily ration of feed and ponds were fertilized weekly. Gross production of tilapia was higher in T2 
(7,737.78 ± 646.51 kg/ha) followed by T1 (6,867.11 ± 570.36 kg/ha), and T3 (6,272.23 ± 183.44 kg/ha), 
respectively. Rohu gross production was higher in T1 and catla production was higher in T2. There was 
no significant difference in net return or benefit cost ratio between treatments.   
 
Based on the higher net return and benefit-cost ratio it may be concluded that pond fertilization with 
feeding at half ration is substantially more cost effective over standard full feeding for growout of 
tilapia. Addition of major Indian carps to tilapia culture may also provide further income benefits to 
farmers as net production of fishes is greater in polyculture than tilapia monoculture systems regardless 
of the feeding regimen applied. Since tilapia growth was little impacted by feeding at half ration, but 
tended to grow better when polycultured with either Catla or Rohu alone compared with Rohu-Catla 
combined, it might be preferential to polyculture tilapia with only one of the carp species.  Regardless, 
the results indicate profits can increase by 200% if tilapia are grown with native Indian carps and 
provided half the standard ration level typically used for tilapia monoculture. 
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䙜7KHVH� IHHG�PLQLPL]DWLRQ� WHFKQLTXH�DQG�DGGLWLRQDO�SURGXFWLRQ�RI� FDUSV�DUH�YHU\�PXFK�
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Sustainable pearl farming using new techniques of spat collectors in Zanzibar 
Narriman.S Jiddawi , Maria Haws* 
 
University of Dar es Salaam, Institute of Marine Sciences, P. O. Box 668, Zanzibar, Tanzania 
n_jiddawi@yahoo.com 
  

Marine pearl culture is an important aquaculture industry in the world. Currently, there is a growing 
interest in pearl culture production among Tanzanian coastal societies primarily due to opportunity as 
an alternative income generation activity and also  a way of using the ocean in a  sustainable manner. 
Attempts to culture pearls have been successful but in Zanzibar and order to make it sustainable spat 
collection experiments were initiated in two villages of Bweleo and  Nyamanzi.  Community were trained 
on how to use these various spat collection techniques and how to maintain them until the oysters are 
ready for seeding. Different types of spat collectors were used and this will be elaborated in the 
presentation.  The targeted species were P. margaritifera and  Pteria sp. Based on the results of this 
study, it is possible to obtain good numbers of pearl oyster spats and grow them. It is also possible to 
produce relatively good quality half-pearls within a short period of 9 months using P. margaritifera. The 
establishment of such an industry would provide much needed alternative income activity among 
Tanzanian coastal communities while serving in utilizing coastal resources in a sustainable way. The 
women were also involved in the experiments and ere provided more training on entrepreneurship 
skills. 
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,QWURGXFWLRQ
� 3HDUO�SURGXFWLRQ��LV�D�WKULYLQJ�EXVLQHVV�IRU�FRDVWDO�
FRPPXQLWLHV�LQ�PDQ\�SDUWV�RI�WKH�ZRUOG��+RZHYHU�WKH�
IDUPLQJ�RI�KDOI�SHDUOV��PDEH��LQ�=DQ]LEDU��7DQ]DQLD�LV�D�
QHZ�YHQWXUH�ZKLFK�VWDUWHG�LQ�����

� 7KH�PRVW�FRPPRQ�VSHFLHV�RI�SHDUO�R\VWHU�IRXQG�DORQJ�
WKH�(DVW�$IULFDQ�FRDVW�LV�WKH�EODFN�OLS�SHDUO�R\VWHU��
3LQFWDGD�PDUJDULWLIHUD�DQG�WKH�:LQJHG�3HDUO�2\VWHU��
3WHULD�VS�

,QWURGXFWLRQ
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,QWURGXFWLRQ

%HQHILWV�RI�SHDUO�FXOWXUH

� 3HDUO�IDUPLQJ�LV�DQ�DWWUDFWLYH�EXVLQHVV�YHQWXUH�
EHFDXVH�
± KLJK�YDOXH�RI�WKH�ILQDO�SURGXFW�
± �WKH�UHODWLYH�HDVH�RI�SURGXFLQJ�KDOI�SHDUOV��
± �ODUJH��KLJK�TXDOLW\�PDEH�VHOOV�IRU���������HDFK���
± $�VLQJOH�SHDUO�R\VWHU�FDQ�SURGXFH�EHWZHHQ���WR���KDOI�
SHDUOV

± ILQDO�SURGXFW�LV�OLJKWZHLJKW�DQG
QRQSHULVKDEOH
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2EWDLQLQJ�SHDUO�R\VWHUV
� 3HDUO�R\VWHUV�FDQ�EH�

± &ROOHFWHG�IURP�WKH�UHHI�DV�HLWKHU�
DGXOWV�RU�\RXQJ�SHDUO�R\VWHUV��FDOOHG�
VSDW���7KH�IDUPHUV�XVXDOO\�KDG�WR�JR�
WR�WKH�UHHIV�WR�FROOHFW�DGXOW�R\VWHUV�

± ,Q�=DQ]LEDU��LW�LV�FRPPRQ�WR�VHH�
VPDOO�SHDUO�R\VWHUV�DWWDFKHG�WR�
ZRRGHQ�VWDNHV��XVHG�WR�JURZ�
VKHOOILVK�RU�RQ�VHDZHHG

± 3XWWLQJ�DUWLILFLDO�PDWHULDO�LQ�ZDWHU�
ZKHUH�VPDOO�SHDUO�R\VWHU�ODUYDH�FDQ�
VHW�RQ�WKH�PDWHULDO�DV�VSDWV��JURZ�
DQG�WKHQ�EH�UHPRYHG�WR�EH�LPSODQWHG�
ZDV�WKXV�IRXQG�WR�EH�D�IHDVLEOH�LGHD

± �

6SDW�FROOHFWLRQ
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6SDW�FROOHFWLRQ

� 8VXDOO\�WKH�VSDW�FROOHFWRUV�DUH�KXQJ�LQ�DUHDV�
ZKHUH�WKHUH�LV�WKH�SUHVHQFH�RI��HQRXJK�DGXOW�
SHDUO�R\VWHUV�LQ�WKH�VXUURXQGLQJ�ZDWHUV�WR�
UHOLDEO\�SURGXFH�KLJK�QXPEHUV�RI�VSDW�

� 6SDW�FROOHFWLRQ�RFFXUV�ZKHQ�DQ\�PDWHULDO�
GHVLJQHG�WR�DWWUDFW�VSDW�VHWWOHPHQW�LV�SODFHG�
LQ�WKH�ZDWHU�DQG�WHQGHG��3URSHUO\�GHVLJQHG�
VSDW�FROOHFWRUV�DOVR�SURWHFW�WKH�VPDOO�VSDW�
ZKLOH�WKH\�JURZ

�

6SDW�FROOHFWLRQ
� ,W�LV�LPSRUWDQW�WR�VHOHFW�WKH�FRUUHFW�W\SH�RI�
PDWHULDO��FKRRVH�WKH�ULJKW�DUHDV��SODFH�WKH�
FROOHFWRUV�LQWR�WKH�ZDWHU�DW�WKH�ULJKW�WLPH��
DQG�SURYLGH�SURSHU�PDLQWHQDQFH�RI�WKH�
FROOHFWRUV�DQG�WKH�OLQHV�

� �,Q�WKLV�KLV�H[SHULPHQW��ZH�XVHG�PHVK�EDJV�
FORWK��FRFRQXW�VKHOOV�DQG�UXEEHU�WU\UHV�DQG�
KXQJ�RQ�VXEPHUJHG�PDLQOLQHV�DQFKRUHG�WR�
WKH�ERWWRP�DQG�VXVSHQGHG�ZLWK�IORDWV�
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6SDW�FROOHFWRUV

&RFRQXW�VKHOOV 5XEEHU�W\UHV� 0HVK�EDJV

6SDW�FROOHFWLRQ
� $ERXW�D�PRQWK�DIWHU�WKH�FROOHFWRUV�KDYH�EHHQ�VHW�
RXW��WKH\�ZHUH�FKHFNHG�DQG�VRPH�ZHUH�IRXQG�
KLGLQJ�EHQHDWK�WKH�VKHOOV�DQG�LQVLGH�WKH�FORWKLQJ�
PHVK�EDJV

� 7KH�FKRLFH�RI�PDWHULDO�LV�YHU\�LPSRUWDQW�DV�LW�ZLOO�
LQIOXHQFH�WKH�OLNHOLKRRG�RI�SHDUO�R\VWHU�ODUYDH�
VHWWLQJ�XSRQ�LW��DQG�WKH�HDVH�DQG�FRVW�RI�FROOHFWLQJ�
VSDW��

� 3HDUO�R\VWHU�ODUYDH�VHW�RQ�D�ZLGH�YDULHW\�RI�
PDWHULDOV�LQ�QDWXUH��EXW�DSSHDU�WR�SUHIHU�GDUN�
PDWHULDOV�DQG�WKH�XQGHUVLGHV�RI�KDUG�REMHFWV��
ZKLFK�PD\�RIIHU�SURWHFWLRQ�

 
203



� 7KH�VSDW�FROOHFWLRQ�H[SHULPHQW�LQYROYLQJ�ZRPHQ�XVLQJ�
QHZ�VSDW�FROOHFWRUV�ZDV�GRQH�IURP�0D\��������WR�-XQH�
�����DQG�SURGXFHG�D�WRWDO�RI������3LQFWDGD�PDUJDULWLIHUD�
VSDW�DQG������3WHULD�VSDWV�DW�%ZHOHR�DQG�1\DPDQ]L�
UHVSHFWLYHO\

6SDW�FROOHFWLRQ

%ZHOHR
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6SDW�

3UREOHPV�HQFRXQWHUHG
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Growth and production performance of air-breathing climbing perch Anabas testudenius and major 
carps in polyculture 

Shahroz Mahean Haque*, Askiur Rahman, Joythi Saha, TahminToma, Sadika Haque, Md. Abdul 
Wahab, Hillary Egna, and Russell J. Borski 
  
Email: Shahrozm2002@yahoo.com  
Department of Fisheries Management, Bangladesh Agricultural University, Mymensingh, 
Bangladesh 
  
Department of Agricultural Economics, Bangladesh Agricultural University, Mymensingh, 
Bangladesh 
Department of Biology, North Carolina State University, Raleigh, 
Oregon State University  
 

The use of Koi or climbing perch (Anabas testudenius) in aquaculture has grown substantially over the 
past decade in Bangladesh because it has a high market value and is rich in nutrients. Further, being an 
air-breathing fish, Koi have a strong capacity to tolerate poor oxygen environments. Koi production is 
currently limited to monoculture systems with intensive use of commercial-grade feeds. Feed 
constitutes almost 80% of the total costs for producing Koi and thus methods to reduce feed inputs can 
provide significant economic benefits, particularly if fish are co-cultured with carps that rely primarily on 
natural pond productivity rather than direct consumption of formulated feeds. Thus, the aim of the 
present study was to investigate growth and production of Koi when used in polyculture with major 
Indian carp species, Rui (Labeo rohita) and Catla (Catla catla) relative to that observed in with 
monocultures. We also examined the effects of combining reduced feed ration and pond fertilization on 
Koi-carp polyculture. 
 
The experiment consisted of four treatments, with three replicates each (12 ponds; 100 m2 area, 1.5 m 
depth). T1 consisted of a Koi monoculture (5/m2) with full daily feeding while the other three treatments 
consisted of a Koi-carp polyculture (Catla, 0.2/m2; Rui, 0.8/m2; Koi, 5/m2) with full daily feeding (T2), 75% 
daily feeding (T3), or 50% daily feeding (T4). Additionally, the ponds for T3 and T4 were fertilized weekly 
with urea and triple super phosphate (28 kg/ha N, 5.6 Kg P/ha) to boost pond productivity. Koi were fed 
a full daily ration of commercial feed (CP feed) according to current practice (20% down to 5% body 
weight/day) or a fraction of this based on treatment groups. 
 
After 126 days, the average weight gains for Koi were 54.79, 96.63, 119.6 g, and 120.5g in T1-4, 
respectively. The body lengths for Koi were highest in T3 (18.22 cm), followed by T4 (17.97 cm), and 
lowest in T1 (9.5 cm). Average weights of Rui at the end of the study were 273, 298, and 340 g for T2-T4, 
respectively, while that for Catla was 456, 339 and 396 g for T2-T4, respectively. Survival of Koi ranged 
from 45 - 57% with the highest rate occurring in T4.  Catla and Rui survival was 67- 80% and 58 - 61%, 
respectively. The results demonstrate 1) that Koi growth is enhanced when polycultured with carps 
versus in monoculture, 2) addition of carps to Koi culture improves overall fish production over 
monoculture alone, and 3) reducing daily ration by 50% along with pond fertilization has little impact on 
growth of Koi or carps. Based on this research, Koi polyculture with carps is substantially more beneficial 
in terms of fish production than the current practice of Koi monoculture. This along with reductions in 
feed ration allow considerable improvement in feed conversion and cost savings with little impact on 
fish production. (Supported by the AquaFish Innovation Lab - USAID) 
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6KDKUR]�0DKHDQ+DTXH��-R\WKL�6DKD��7DKPLQ7RPD��6DGLND�+DTXH��0G��$EGXO�:DKDE��+LOODU\�(JQD��DQG�5XVVHOO�-��%RUVNL
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'HSDUWPHQW�RI�)LVKHULHV�0DQDJHPHQW��%DQJODGHVK�$JULFXOWXUDO�8QLYHUVLW\��0\PHQVLQJK��%DQJODGHVK
6KDKUR]P����#\DKRR�FRP�

ؚ7R�PHHW� WKH� GHPDQG� IRU� SURWHLQ� VRXUFH��PDMRULW\� RI� WKH� SHRSOH� RI�
%DQJODGHVK�GHSHQG�ODUJHO\�RQ�ILVKHV�ZKLFK�DUH�FKHDS�LQ�FRPSDULVRQ�
WR�RWKHU�SURWHLQ�VRXUFHV

ؚ�7KHUH�LV�LQFUHDVLQJ�LQWHUHVW�LQ�KDUG\�ILVKHV�SDUWLFXODUO\�WKRVH�RI�DLU�
EUHDWKLQJ� ILVK� IDUPLQJ� LQ� %DQJODGHVK�� $PRQJ� YDULRXV� SURGXFWLRQ�
LQSXWV��WKH�FKRLFH�RI�IDVW�JURZLQJ�VSHFLHV�ZLWK�GHVLUDEOH�DTXDFXOWXUH�
WUDLWV�LV�D�SUHUHTXLVLWH�IRU�HQKDQFLQJ�ILVK�SURGXFWLRQ�LQ�FXOWXUH�EDVHG�
ILVKHULHV

�7=;8->,=287
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��������,QWURGXFWLRQ

�$LU�EUHDWKLQJ� ILVKHV� SURYLGH� D� VLJQLILFDQW� DGYDQWDJH� IRU� SRQG� FXOWXUH�� DV�
WKH\� WHQG� WR� EH� UHVLOLHQW� WR� KDUVK� FRQGLWLRQV�� SDUWLFXODUO\�GXULQJ�SHULRGV� RI�
ORZ�R[\JHQ��ZKLFK�FDQ�RFFXU�ZLWK�KLJK�WHPSHUDWXUHV��GURXJKW�RU�SRRU�ZDWHU�
TXDOLW\��
��&OLPELQJ� SHUFK� �$QDEDV� WHVWXGLQHXV�� ORFDOO\� NQRZQ� DV� NRL� LV� DQ� LPSRUWDQW� DLU�
EUHDWKLQJ� ILVK� DQG� DQG� HFRQRPLFDOO\� LPSRUWDQW� JURXS� RI� � ILVK� LQ� %DQJODGHVK��
3RSXODULW\�RI� WKLV� VSHFLHV� IRU� � FXOWLYDWLRQ� LV�DOVR�KLJK�GXH� WR�KLJK�QXWULWLRQDO�YDOXH��
H[WUHPH�KDUGLQHVV�� IDVW�JURZWK��DELOLW\� WR�VXUYLYH� LQ� ORZ�R[\JHQ� OHYHO��DQG�HIILFLHQW�
IHHG�XWLOL]DWLRQ��

��������,QWURGXFWLRQ

&XUUHQWO\�� LQ� %DQJODGHVK� SURGXFWLRQ� RI� .RL� �$QDEDV� WHVWXGLQHXV�� FOLPELQJ�
SHUFK�� LV� OLPLWHG�WR�PRQRFXOWXUH�V\VWHPV�ZLWK� LQWHQVLYH�VWRFNLQJ�DQG�XVH�RI�
FRPPHUFLDO�JUDGH�IHHGV��$V�IHHG�FDQ�FRPSULVH�XS�WR�����RI�WRWDO�SURGXFWLRQ�
FRVWV�� WKH�FXUUHQW� FXOWXUH�SUDFWLFHV� IRU� WKHVH� ILVK� OLPLW�SDUWLFLSDWLRQ�E\�VPDOO�
KRPHVWHDGV� DQG� WKHUHIRUH� FRPSULVH� D� VLJQLILFDQW� LPSHGLPHQW� WR� IXUWKHU��
H[SDQVLRQ�RI�WKLV�LQGXVWU\��

)XUWKHU�� WKH� XVH� RI� KLJK�OHYHOV� RI� IHHG� LQSXWV� KDV� OHG� WR� D� SHUVLVWHQW�
GHWHULRUDWLRQ�RI�SRQG�ZDWHU�TXDOLW\�

�����,QWURGXFWLRQ�FRQW¶G«�
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�3RO\FXOWXUH� LV� DQ� HQYLURQPHQWDO� IULHQGO\� ILVK� FXOWXUH� DSSURDFK�� PDLQO\�
EDVHG�RQ�QDWXUDO�XWLOL]DWLRQ�RI�ZDWHU�DQG�QXWULHQWV�ZLWK� OLWWOH�GHSHQGHQFH�
RQ�VXSSOHPHQWDO�IHHG

5XL�DQG�&DWOD�DUH�LQGLJHQRXV�ILVK�LQ�RXU�FRXQWU\�DQG�KDYH�EHHQ�XVHG�LQ�RXU�
UHVHDUFK��7KH\� DUH� FRPPHUFLDOO\� LPSRUWDQW� ILVKHV� EHFDXVH� WKH\�KDYH�KLJK�
PDUNHW�GHPDQG��QXWULWLRQDO�YDOXH�DQG�GHOLFLRXV�WDVWH�DQG�HDV\�WR�FXOWXUH�

�����,QWURGXFWLRQ�FRQW¶G«�

٫7R� HYDOXDWH� WKH� IHDVLELOLW\� DQG� SURILWDELOLW\� RI� VHPL�LQWHQVLYH� SRO\FXOWXUH� RI�
.RL�ZLWK�,QGLDQ�FDUSV��5RKX�DQG�&DWOD��LQ�SRQGV��
٫�
٫7R� HYDOXDWH� WKH� HIIHFW� RI� UHGXFHG� IHHG� DQG� IHUWLOL]DWLRQ� UHJLPHV� RQ� WKH�
SURGXFWLRQ�RI�ILVKHV�LQ�GLIIHUHQW�WUHDWPHQWV�

٫� 7R� H[DPLQH� WKH� HIIHFWV� RI� FRPELQLQJ� UHGXFHG� IHHG� UDWLRQ� DQG� SRQG�
IHUWLOL]DWLRQ�RQ�.RL�FDUS�SRO\FXOWXUH�

٫7R� ILQG� RXW� HFRQRPLFDOO\� IHDVLEOH� SRO\FXOWXUH� V\VWHP�� WR� PD[LPL]H�
FRVW�EHQHILWV�IRU�ORFDO�IDUPHUV�

2EMHFWLYHV�
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�����7DEOH��([SHULPHQWDO�GHVLJQ

�����������3DUDPHWHU

����

��7UHDWPHQW��

���

��7UHDWPHQW��

����

��7UHDWPHQW��

�����

�����7UHDWPHQW�����

��5RKX��/��URKLWD� �������������� ��������������P�� �����������������P�� ��������������P��

�&DWOD��&��FDWOD� �������������� ��������������P�� �����������������P�� �������������P��

.RL������

�$�WHVWXGLQHXV�
�������������P�� ��������������P�� ����������������P�� ������������P��

�)HUWLOL]DWLRQ ��������������� ������������ ����������������1�3� ������������1�3�

���)HHGLQJ�SURWRFRO
��������������

���VDWLDWLRQ�GDLO\

����������������

���VDWLDWLRQ�GDLO\

����������������

�����VDWLDWLRQ��GDLO\

�������������

���VDWLDWLRQ��GDLO\

5HSOLFDWHV��1� ��������������� ���������������� ������������������� ���������������

�3RQG�QXPEHU ������������������ ������������������� �������������������� ������������������

���0DWHULDOV�$QG�0HWKRGV�FRQW¶G«

0DWHULDOV�$QG�0HWKRGV

� 'XUDWLRQ� RI� WKH� H[SHULPHQW� �� ���� GD\V� �� ��WK�0DUFK� WR� ��WK�
-XO\�������

� /RFDWLRQ�� )LVKHULHV� )LHOG� /DERUDWRU\� &RPSOH[�� )DFXOW\� RI�
)LVKHULHV��%$8��0\PHQVLQJK

� 1XPEHU�RI��3RQGV�����
� 'HSWK��ZDWHU�GHSWK�����P
� ([SHULPHQWDO�6SHFLHV��.RL��$QDEDV�WHVWXGLQHXV���5RKX��/DEHR�
URKLWD���&DWOD��&DWOD�FDWOD��
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0DWHULDOV�	�0HWKRG«

4SRH�HV]MRK

)\GEZEXMSR

0MQMRK����/K�'E3�TIV�HIGMQEP

;EXIV�JMPPMRK

*IVXMPM^EXMSR��9VIE�ERH�874�EX����
OK�2�LE�ERH���OK�4�LE

4SRH�4VITEVEXMSR

)LQJHUOLQJ�&ROOHFWLRQ�	�
6WRFNLQJ

/SM
�b�K�

6YM�
�b���K�

'EXPE

��b���K�

7XSGOIH�SR���XL�1EVGL������

9XMPM^EXMSR� SJ� JIIH� [EW�
[IPP� GSRWMHIVIH� EW� XLI�
XVIEXQIRXW��[LIVI�TIPPIX�
JIIH� [EW� SRP]� YWIH�
GEPGYPEXIH� FEWIH� SR� XLI�
FSH]� [IMKLX� SJ� OSM��
1ENSV� GEVTW�� VSLY� ERH�
GEXPE� [IVI� I\TIGXIH� XS�
JIIH� SR� XLI� REXYVEP�
TVSHYGXMSR�� 8LI� VEXI�
[EW� WLS[IH� MR� XLI�
VIWIEVGL�HIWMKR�

*IIHMRK

؟ 3RQG�3UHSDUDWLRQ
٫ �$OO�SRQGV�KDG�WR�FRPSOHWHO\�IUHH�IURP�ILVKHV�WKURXJK�VHYHUDO�WLPHV�QHWWLQJ�

DQG�DIWHU�WKDW�WKH�DSSOLFDWLRQ�RI�URWHQRQH�ZDV�GRQH�
�
٫ �/LPLQJ�ZDV�GRQH�DW�D�VWDQGDUG�UDWH�RI���NJ�&D2�SHU�GHFLPDO�

٫ �$OO�SRQGV�ZHUH�IHUWLOL]HG�LQLWLDOO\�

؟ )LQJHUOLQJV�6WRFNLQJ
٫ )LQJHUOLQJ�RI��.RL��a��J���5RKX��a���J��DQG�&DWOD��a���J��ZHUH�FROOHFWHG�

IURP�ORFDO�VXSSOLHU�DQG�ZHUH�DFFOLPDWL]HG�DQG�VWRFNHG�LQ����H[SHULPHQWDO�

SRQGV�RQ���WK�0DUFK������

0DWHULDOV�$QG�0HWKRGV�&RQW¶G«�
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)HHGLQJ�6WUDWHJ\
��&RPPHUFLDO�ILVK�IHHG�ZDV�XVHG�WZLFH�D�GD\��HDUO\�PRUQLQJ�DQG�

HYHQLQJ��

��)HHG�ZDV�DSSOLHG�EDVHG�RQ�WKH�ERG\�ZHLJKW�RI�.RL���.RL�ZHUH�

IHG�D�IXOO�GDLO\�UDWLRQ�RI�FRPPHUFLDO�IHHG��&3�IHHG��DFFRUGLQJ�WR�

FXUUHQW�SUDFWLFH������GRZQ�WR����ERG\�ZHLJKW�GD\��RU�D�IUDFWLRQ�

RI�WKLV�EDVHG�RQ�WUHDWPHQW�JURXSV��DW����������������EZ�GD\��

�)XOO�GDLO\�IHHGLQJ���7��DQG�7��������GDLO\�IHHGLQJ��7����RU�����
GDLO\�IHHGLQJ��7����
$GGLWLRQDOO\��WKH�SRQGV�IRU�7��DQG�7��ZHUH�IHUWLOL]HG�ZHHNO\�ZLWK�
XUHD�DQG�WULSOH�VXSHU�SKRVSKDWH�����NJ�KD�1������.J�3�KD��WR�ERRVW�
SRQG�SURGXFWLYLW\��

4L]WMGEP�4EVEQIXIV

8IQTIVEXYVI��{'¦

8VERWTEVIRG]��GQ

'LIQMGEP�4EVEQIXIV

T,��,]HVSKIR�MSR�GSRGIRXVEXMSR

(MWWSPZIH�S\]KIR��QKP��

8SXEP�EPOEPMRMX]

2MXVEXI�RMXVSKIR��QKP��

2MXVMXI�RMXVSKIR��QKP��

%QQSRME�RMXVSKIR��QKP��

4LSWTLEXI�TLSWTLSVYW��QKP��¦

'LPSVSTL]PP�E��vKP��

;EX
IV�5

YEPM
X]�4

EVEQ
IXIV

�

1SRMX
SVMR

K

0DWHULDOV�$QG�0HWKRGV�&RQW¶G«�
؟ /jkGs�]N�7<jIg�-k<YQjs�+<g<ZIjIgh

��������&ROOHFWLRQ�:DWHU�6DPSOH�7HPSHUDWXUH�DQG�7UDQVSDUHQF\�ZDV�GRQH�LQ�WKH�ILHOG��
IRUWQLJKWO\���:DWHU�VDPSOHV�ZHUH�FROOHFWHG�IRUWQLJKWO\�IURP�HDFK�SRQGV�LQ�VPDOO�SODVWLF�
ERWWOHV���7KHQ�WKH�FROOHFWHG�VDPSOHV�ZHUH�WDNHQ�LQWR�:DWHU�4XDOLW\�DQG�3RQG�'\QDPLFV�
IRU��FKHPLFDO�ZDWHU�TXDOLW\�DQDO\VLV

�����
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7<jIg�/<ZdYI�]YYIEjQ][�<[G��[<YshQh�]N�7<jIg�
-k<YQjs�+<g<ZIjIgh

PY]g]dPsYY�<�<[<YshQh�dg]EIhh

0DWHULDOV�	�0HWKRG«

�QOkgI��P]YY]g]dPsYY�<�<[<YshQh�dg]EIhh
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؟ /jkGs�]N�+Y<[Xj][
��������&ROOHFWLRQ�DQG�3UHVHUYDWLRQ�RI�3ODQNWRQ�6DPSOH
������3ODQNWRQ�VDPSOHV�ZHUH�FROOHFWHG�IRUWQLJKWO\�IURP�HDFK�SRQG��7KHQ�WKH�

FROOHFWHG�SODQNWRQ�VDPSOHV�ZHUH�SUHVHUYHG�LQ�����EXIIHUHG�IRUPDOLQ�
LQ� VPDOO� SODVWLF� ERWWOHV� DQG� WDNHQ� LQWR� :DWHU� 4XDOLW\� DQG� 3RQG�
'\QDPLFV�/DERUDWRU\��)DFXOW\�RI�)LVKHULHV��%DQJODGHVK�$JULFXOWXUDO�
8QLYHUVLW\��0\PHQVLQJK��%DQJODGHVK�IRU�VXEVHTXHQW�VWXGLHV�

����4XDOLWDWLYH�DQG�4XDQWLWDWLYH�6WXG\�RI�3ODQNWRQ
���������)URP�HDFK�����PO�SUHVHUYHG�VDPSOH����PO�VXE�VDPSOH�ZDV�H[DPLQHG�

XVLQJ� D� � 6HGJHZLFN�5DIWHU� �6�5�� FHOO� DQG� D� ELQRFXODU� PLFURVFRSH�
�6ZLIW�� 0������� DQG� WKHQ� DOO� SODQNWRQLF� RUJDQLVPV� SUHVHQW� LQ� ���
VTXDUHV�RI�WKH�FHOO�FKRVHQ�UDQGRPO\�ZHUH�LGHQWLILHG�DQG�FRXQWHG��

���������

0DWHULDOV�$QG�0HWKRGV�&RQW¶G«�

������������������������������������������������������������������������������

������

� � 

�

�

�

�

� :KROH�SURFHVV�RI�SODQNWRQ�FROOHFWLRQ��3LFWRULDO�
9LHZ���+HUH��$��3ODQNWRQ�QHW�E\�ZKLFK�SODQNWRQ�
VDPSOLQJ� ZDV� GRQH�� %�� &ROOHFWLRQ� RI� SODQNWRQ�
VDPSOH�� &�� 3ODQNWRQ� VDPSOHV� ZHUH� WDNHQ� LQWR�
ERWWOH�� '�� 3ODQNWRQ� VDPSOHV� ZHUH� SUHVHUYHG� LQ�
����IRUPDOLQ��(��%RWWOH�RI�3ODQNWRQ�VDPSOH�ZDV�
WDNHQ� LQWR� ODERUDWRU\�� )�� 6HGJH�ZLFN�5DIWHU� FHOO�
E\�ZKLFK�FRXQWLQJ�RI�SODQNWRQ�VDPSOH�ZDV�GRQH��
*�� 3ODQNWRQ� VDPSOH� ZDV� WDNHQ� LQWR� 6HGJH�
ZLFN�5DIWHU� FHOO�� DQG� +�� &RXQWLQJ� RI� SODQNWRQ�
VDPSOH�XQGHU�PLFURVFRSH�

0DWHULDOV�$QG�0HWKRGV�&RQW¶G«�
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�� � � �%HQWKLF�PDFUR�LQYHUWHEUDWH� VDPSOHV�ZHUH�
FROOHFWHG� IRUWQLJKWO\� IURP� WKUHH� GLIIHUHQW�
ORFDWLRQV�RI�HDFK�SRQG�E\�XVLQJ�DQ�(NPDQ�
GUHGJH�

� �7KH� VDPSOHV� ZHUH� IOXVKHG� WKURXJK� D� ����
PP� QHW�� &ROOHFWHG� RUJDQLVPV� ZHUH� WDNHQ�
LQWR� YLDO� DQG� WKHQ� SUHVHUYHG� LQ� ����
IRUPDOLQ�DQG�WDNHQ�LQWR�:DWHU�4XDOLW\�DQG�
3RQG� '\QDPLFV� /DERUDWRU\�� )DFXOW\� RI�
)LVKHULHV�� %DQJODGHVK� $JULFXOWXUDO�
8QLYHUVLW\�� �0\PHQVLQJK�� %DQJODGHVK� IRU�
ODERUDWRU\�DQDO\VLV�

&IRXLSW�'SPPIGXMSR

���������

�`Ė�ĥēűİĥ��ĥÄ��ÔĥűÿİŤ�²İĖĖÔ²űĆİĥ��ĥÄ�
ŤűƁÄƯ

7KH��SODQNWRQ�DQG�EHQWKLF�PDFUR�LQYHUWHEUDWH�VDPSOHV�ZHUH�FROOHFWHG�
IRUWQLJKWO\�
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6DPSOLQJ�DQG�+HDOWK�0RQLWRULQJ��NRL�
��6DPSOLQJ�RI�ILVKHV�ZDV�GRQH�DW����GD\¶V�LQWHUYDO�IRU�.RL

��6DPSOLQJ�ZDV�GRQH�E\�XVLQJ�D�VHLQH�QHW�

��/HQJWK�DQG�ZHLJKW�ZHUH�PHDVXUHG�E\�XVLQJ�D�VFDOH�DQG�GLJLWDO�EDODQFH

؟ )LVK�6DPSOLQJ��)RUWQLJKWO\�VDPSOLQJ�ZDV�GRQH�E\�XVLQJ�D�VHLQH�
QHW�WR�PRQLWRU�WKH�JURZWK�RI�NRL�DQG�WR�DGMXVW�WKH�IHHGLQJ�UDWH��7KH�
ZHLJKW�RI�ILVK�ZDV�PHDVXUHG�E\�XVLQJ�DQ�HOHFWULF�EDODQFH�DQG�WKH�
OHQJWK�RI�ILVK�ZDV�PHDVXUHG�E\�XVLQJ�D�PHDVXULQJ�VFDOH��

؟ �+DUYHVWLQJ
������$IWHU�����GD\V�RI�FXOWXUH�SHULRGV��DOO�ILVKHV�ZHUH�KDUYHVWHG�RQ�
��WK��-XO\��������3ULPDULO\��WKH�SDUWLDO�KDUYHVWLQJ�RI�ILVKHV�ZDV�
SHUIRUPHG�E\�UHSHDWHG�QHWWLQJ�XVLQJ�D�VHLQH�QHW��)LQDO�KDUYHVWLQJ�
ZDV�GRQH�E\�SRQG�GHZDWHULQJ�

 
217



�3ODQNWRQ�DEXQGDQFH�ZDV�FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�IRUPXOD��$]LP�HW�
DO���������

����������1��FHOOV�/�� ��3�ð�&�ð�������/
����������
:KHUH�
����������������1� �QXPEHU�RI�SODQNWRQ�FHOOV�RU�XQLWV�SHU�OLWHU
������������������RI�RULJLQDO�ZDWHU

��������3� �QXPEHU�RI�SODQNWRQ�FRXQWHG�LQ����ILHOGV

��������&� �YROXPH�RI�ILQDO�FRQFHQWUDWH�RI�WKH�VDPSOH��PO�

��������/� �YROXPH��O��RI�WKH�SRQG�ZDWHU�VDPSOH

&DOFXODWLRQ�RI�%HQWKLF�)DXQD�
7KH�DEXQGDQFH�RI�EHQWKLF�RUJDQLVP�ZDV�H[SUHVVHG�DV�GHQVLW\��LQGLYLGXDO���P���E\�IROORZLQJ�WKH�IRUPXOD�RI�

:HOFK����������
��������������������
���������1� �2ð��������$�ð�6�

�:KHUH��
�������������1 �1XPEHU�RI�PDFURVFRSLF�RUJDQLVPV�RI�SURIXQGDO�ERWWRP���P����
�������������2 �1XPEHU�RI�RUJDQLVPV�DFWXDOO\�FRXQWHG��
�������������$ �7UDQVYHUVH�DUHD�RI�(NPDQ�GUHGJH�LQ��FP���DQG�
��������������6 �1XPEHU�VDPSOHV�WDNHQ�DW�RQH�VDPSOLQJ�VWDWLRQ

0DWHULDOV�$QG�0HWKRGV�&RQW¶G«�

± æ

0
Ã
�0

Â
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6WDWLVWLFDO�DQDO\VLV

؟ 6366�YHUVLRQ�����

؟ �2QH�ZD\�$129$

؟ �6LJQLILFDQFH�ZDV�DVVLJQHG�DW�������

OHYHO

)LQDO�)LVK�6DPSOLQJ��
/HQJWK�DQG�ZHLJKW�RI�ILVK�ZHUH�
PHDVXUHG�

3DUDPHWHUV ����������������������������������������0gI<jZI[j  IpIY�]N�

hQO[QNQE<[EI7UHDWPHQW�� 7UHDWPHQW�� 7UHDWPHQW��� 7UHDWPHQW��

7HPSHUDWXUH���&� ÃÊ�ÅÃáÁ�ÅÈ ÃÉ�ÉÉáÁ�ÉÉ ÃÊ�ÇÄáÁ�ÃÆ ÄÂ�ÄÉáÂ�ÄÃ "/

7UDQVSDUHQF\�FP� ÄÈ�ÊÃáÂ�ÆÉ ÄÉ�ÄÄáÃ�ÊÄ ÄÉ�ÈÂáÁ�ÆÂ ÄÈ�ÈÂáÃ�ÄÊ "/

$ONDOLQLW\��PJO��� ÂÃÃ�ÊÃáÅÇ�ÈÃ ÊÃ�ÅÃáÃ�ÂÄ ÉÈ�ÇÄáÊ�ÂÊ ÊÆ�ÁÉáÉ�ÂÇ "/

S+ È�ÃÂáÁ�ÂÈ È�ÁÄáÁ�ÂÅ È�ÃÃáÁ�ÂÄ È�ÄÃáÁ�ÅÅ "/

'LVVROYHG�2[\JHQ

�PJO���

Ç�ÅÂáÁ�ÃÁ Ç�ÃÆáÁ�ÄÉ Ç�ÁÅáÁ�ÄÈ Æ�ÈÈáÁ�ÆÄ "/

1LWUDWH��PJO��� Á�ÁÅáÁ�ÁÂ Á�ÁÅáÁ�ÁÂ Á�ÁÇáÁ�ÁÄ Á�ÁÅáÁ�ÁÂ "/

1LWULWH��PJO��� Á�ÃÁáÁ�ÁÈ Á�ÄÇáÁ�ÁÆ Á�ÄÁáÁ�ÁÃ Á�ÄÂáÁ�ÂÂ "/

�������$PPRQLD���PJO��� Á�ÂÁáÁ�ÁÅ Á�ÂÆáÁ�ÁÊ Á�ÂÄáÁ�ÁÄ Á�ÃÉáÁ�ÃÄ "/

3KRVSKDWH��PJO��� Â�ÆÂáÁ�ÁÆ Â�ÆÈáÁ�ÅÈ Â�ÇÆáÁ�ÂÆ Â�ÉÈáÁ�ÆÁ "/

&KORURSK\OO�D����JO��� ÂÊÂ�ÊÇGáÂÂ�ÉÉ ÃÃÂ�ÊÂ<áÂÇ�ÉÊ ÃÁÉ�ÁÂDáÂÈ�ÈÈ ÂÊÊ�ÆÃEáÃÁ�ÆÉ «

����������5HVXOWV
7DEOH��0HDQ���6'��YDOXHV�RI�:DWHU�4XDOLW\�SDUDPHWHUV��UHFRUGHG��IURP�WKH�

SRQGV�DPRQJ��IRXU�WUHDWPHQWV
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7DEOH��0HDQ�DEXQGDQFH���6(���î���ñ�FHOOV�O��RI�SODQNWRQ���
SRSXODWLRQV�UHFRUGHG��IURP�WKH�SRQGV�DPRQJ��IRXU�WUHDWPHQWV

����������9DULDEOHV���
����������������������������������������������������75($70(17 �/HYHO��RI����
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The fish farmers of the Southwest Bangladesh Khulna region use a combined freshwater prawn 
(Machrobrachium rosenbergii) and carp (Labeo rohita) culture in seasonal paddy fields, a practice 
referred to as "gher farming". The farmers typically sell the prawns in overseas markets to fetch higher 
prices, leaving family members (particularly women and children) malnourished from lack of complete 
protein and vitamins. The present study sought to mitigate this problem by incorporating nutrient-rich 
Mola (Amblypharyngodon mola) for home consumption into traditional prawn-carp gher farming 
systems. Mola is a nutrient-dense, small indigenous fish that self-recruits and lives off natural pond 
biota. Hence it can be grown at little additional costs to farmers, yet can provide an important source of 
nutrition for them. 
 
The first experiment investigated the effect of Mola incorporation on prawn production using the 
following treatments: a traditional prawn-carp culture (T1), a prawn-Mola culture (T2), and a prawn-
carp-Mola culture (T3) with stocking densities of 2, 1, and 0.1/m2 for prawn, Mola, and carp, 
respectively. The biomass produced by the end of the 6-month experimental period is shown in Table 1. 
Results indicate that production of prawn increases, while carp production is little effected by 
introduction of Mola. These findings indicate that integrating Mola into prawn-carp gher farming 
systems has no negative impact on the production of either species and could enhance total seafood 
production. 
 
A second experiment sought to optimize Mola stocking densities in prawn-carp gher ponds. Three 
experimental systems were examined containing 2/m2 prawn, 0.1/m2 carp, and either 1 (T1), 2 (T2), or 
4/m2 (T3) Mola. A fourth control system (T4) contained only carp and prawn stocked at the same 
densities. The biomass recorded at the end of the study period was 455.58±14.69, 462.77±15.60, 
456.28±13.94, and 362.25±17.84 kg/ha for prawn and 588.11±16.47, 572.19±17.28, 586.75±15.39, and 
502.92±16.84 kg/ha for carp in T1-4 while Mola production was 298.55±11.55, 376.21±15.34, and 
397.66±18.41 kg/ha in T1-3. Considering the initial stocking weight for Mola in T2 was lower than T4, 
and final production was similar between the two groups, the results suggest that stocking brood Mola 
at a density of 2 pieces/m2 in prawn-carp gher farming systems provides optimal production of all three 
species. 
(Supported by the AquaFish Innovation Lab - USAID) 
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The potential effect of aquaculture on the genetic purity of natural populations of Nile tilapia 
Oreochromis niloticus in Ghana 

Gifty Anane-Taabeah*, Emmanuel A. Frimpong, and Eric Hallerman  
  
Virginia Polytechnic Institute and State University 
Department of Fish and Wildlife Conservation 
Blacksburg, Virginia, USA 
giftya85@vt.edu 
 

Aquaculture is undoubtedly one of the avenues of ensuring food security in a growing Africa. However, 
the rapid expansion of aquaculture in the region, particularly in sub-Saharan Africa, could threaten the 
local adaptation and genetic diversity within wild populations. Hatchery operations and the sale of 
fingerlings are loosely regulated, which could result in the importation of alien strains deemed to have 
growth advantage over native strains. The purpose of this study was to obtain baseline information 
about the genetic impact of aquaculture on natural populations of the Nile tilapia Oreochromis 
niloticus in Ghana.  
We employed a combination of methods to provide data. First, we interviewed local fishers and key 
informants to assess indigenous knowledge of sympatric tilapia species including O. niloticus, 
Sarotherodon spp., and Coptodon (Tilapia) zillii, which naturally occur in major rivers in Ghana. We then 
surveyed selected farms and hatcheries in the Eastern and Western regions near two rivers: Volta and 
Tano, to obtain information about their sources of broodstock and fingerlings, and to collect O. 
niloticus samples for genetic analysis. Finally, we collected wild samples of O. niloticus from an upstream 
location "distal" to the aquaculture facilities, and from a downstream location "proximal" to the 
aquaculture facilities. 
 
We found a high level of indigenous knowledge of sympatric tilapia species from our interviews with the 
local fishers and key informants. Of the 47 individuals interviewed, about 96% were familiar with O. 
niloticus and the common co-occurring tilapia species even though O. niloticus was sometimes confused 
with Coptodon zillii due to their morphological similarities. Interestingly, some fishers described O. 
niloticus as "fish farm tilapia" and all other tilapia species as "local tilapia". In the Western region, locals 
reported an increasing number of O. niloticus in the catches from the Juen lagoon in recent times and 
attributed that to O. niloticus escape into the wild after a cage farm operated on the Tano River suffered 
structural damage. Regarding broodstock and fingerling sources, majority of the farmers reported 
growing the Akosombo strain of O. niloticus, which is the government approved strain, but some did not 
disclose their sources. A few farmers stated that they sometimes resorted to wild broodstock. We found 
morphological differences in terms of body shape and coloration between O. niloticus samples collected 
from farms and those collected from the wild. Additionally, O. niloticus samples were different when 
compared among cage farms than among pond farms. It is unclear whether the morphological 
differences observed are driven by environmental conditions or due to farmers growing different 
strains. Ongoing genetic analysis should provide answers about the genetic makeup of samples collected 
and help unravel this mystery. Pending genetic results, it is evident from the survey responses that an 
effective monitoring plan is required to safeguard O. niloticus genetic purity in Ghana. 
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Nile tilapia native range

Source: Ragnon et al., 1996.

Source: FAO, 2018.

• Africa
• Middle East
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Global aquaculture production

a

c

d
Sources: (a) Tveteras (2016); (b) Dr. Emmanunuel Frimpong; (c) www.sms.si.edu; (d) www.myfwc.com

b

Aquaculture in Ghana: Current status

• Rapid expansion within last decade
¾Research and development

¾“Akosombo strain”

• Active lobbying for superior strains 
¾ Genetically Improved Farmed Tilapia (GIFT)

• Comparative study of the GIFT strain and Akosombo strain

• No information about strains grown by farms
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To obtain baseline information about the genetic impact of aquaculture 
on natural populations of the Nile tilapia Oreochromis niloticus in Ghana.

• Which strains of Nile tilapia are currently farmed in Ghana?

• Is there a signal of alien strains?

• How is aquaculture impacting wild populations of Nile tilapia?

Goal

Research questions

Surveys and sampling
• Assessed indigenous knowledge
• Assessed morphological variations
• Obtained tilapia fin-clips 

� Farmed populations
¾Government hatcheries
¾Cluster of major farms

� Wild populations
¾Downstream “proximal”
¾Upstream “distal”
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Genetic analysis
� Extracted DNA, PCR 

standardization

� Genetically characterize 
populations

– Mitchondrial DNA 

¾D-loop, ND1, CO1

– 10 microsatellites loci

¾UNH 130, UNH180, UNH858, 
UNH178, UNH991

Indigenous knowledge

Sarotherodon sp.
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Morphological variations
Wild tilapia Farmed tilapia - Ponds Farmed tilapia - Cages

Tilapia strains farmed in Ghana

• USA Grocery tilapia 
¾ Walmart

¾ Kroger
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National Agricultural Research Organisation 
Aquaculture Research and Development centre 
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gertrude.atukunda@gmail .com 

 
The purpose of extension service provision to farmers is to meet farmers' needs including knowledge, 
skills and other services so as to improve productivity and general socio-economic wellbeing of 
household members. Such interventions are needed in aquaculture as a way of increasing fish 
production since fish supply from the natural sources has drastically declined. Drawing from the Actor 
Oriented Perspective, this paper explores individual farmer and household level characteristics that 
influence interactions between aquaculture extension service providers with members of households 
practicing fish farming in ponds. 
 
Survey data were collected from a random sample of households involved in fish farming and 
supplemented with information obtained from Focus Group Discussions (FGDs) with fish farmers. 
Additional information was got from interviews with extension service providers. Data obtained from 
the survey was analysed using SPSS while Atlas.ti was used to analyse information from FGDs. Findings 
revealed that fish farmers perceived the level of extension service provision as low as demonstrated by 
few and erratic farm visits.  Yet, fish farmers experienced various constraints related to technical 
competence about rearing fish and financing of the fish enterprises. Alongside government fisheries 
extension staff, farmer to farmer extension encounters were common while use of Information 
Communication Technologies such as radio and cell phones was minimal.  Membership to fish farmer 
groups significantly influenced the frequency of extension visits (p<0.05) compared to individual farmer 
demographic and socio-economic factors. Relevant training is necessary to enable extension staff help 
farmers build and sustain farmer organisations. Strong farmer groups promote effective delivery of 
extension services; enhance learning, knowledge sharing and application. 
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DQG�SROLF\�OHYHO�
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6WDWHPHQW�RI�WKH�UHVHDUFK�SUREOHP

7KH�UROH�RI�ZRPHQ�LQ�DTXDFXOWXUH�GRHV�QRW�VHHP�
WR�EH�IXOO\�XQGHUVWRRG�

� 2EVFXUHG�E\�RIILFLDO�VWDWLVWLFV�WKDW�GR�QRW�

GLVDJJUHJDWH�GDWD�E\�JHQGHU

� /LPLWHG�VWXGLHV�RQ�IDFWRUV�LQIOXHQFLQJ�

ZRPHQ·V�UROHV��DQG�EHQHILWV�DORQJ�WKH�
DTXDFXOWXUH�YDOXH�FKDLQ�

2EMHFWLYHV
�� 7R�HVWDEOLVK�WKH�JHQGHU�GLYLVLRQ�RI�ODERXU�LQ�WKH�

DTXDFXOWXUH�YDOXH�FKDLQ

�� $VVHV�LQVWLWXWLRQDO�IDFWRUV�LQIOXHQFLQJ�WKH�UROH�

RI�ZRPHQ�LQ�DTXDFXOWXUH�YDOXH�FKDLQ

�� $VFHUWDLQ�ZRPHQ·V�VRFLR�HFRQRPLF�EHQHILWV��

IURP�DTXDFXOWXUH
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6WXG\�DUHD�DQG�PHWKRGV

6HOHFWHG�FKDUDFWHULVWLFV

&HQWUDO 1RUWK
3RS¶Q��SHU�6T�P� ��� ��
3RYHUW\�OHYHOV���� � ��
0HDQ�WHPS�& ���� ����
7RSRJUDSK\ KLOO\ ORZODQG�:DWHU�
VRXUFHV VZDPSV VSULQJV

'DWD�FROOHFWLRQ�PHWKRGV

� :RPHQ�*URXS�GLVFXVVLRQV
� 0HQ�*URXS�GLVFXVVLRQV
� ,QWHUYLHZV�ZLWK�VHOHFWHG�LQIRUPDQWV

)LJ�����0DS�RI�8JDQGD�VKRZLQJ�VWXG\�GLVWULFWV

*HQHULF�DTXDFXOWXUH�YDOXH�FKDLQ�DFWRUV

.(<

���������������� �3UHGRPLQDQWO\�PDOHV
���������������� �3UHGRPLQDQWO\�IHPDOHV )LJ����9DOXH�FKDLQ�DFWRUV�E\�JHQGHU
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*HQGHU�GLYLVLRQ�RI�ODERXU�LQ�SRQG�DTXDFXOWXUH
$FWRUV

$FWLYLW\ 0DOHV )HPDOHV

3RQG�VLWH�VHFWLRQ�DQG�
FRQVWUXFWLRQ

ƃ Ƃ

6WRFNLQJ ƃ Ƃ
6DPSOLQJ ƃ Ƃ
3RQG�PDLQWHQDQFH ƃ Ƃ

6RXUFLQJ�LQ�SXWV ƃ Ƃ
6XSHUYLVLQJ�ZRUNHUV ƃ Ƃ
)HHGLQJ�ILVK ƃ Ƃ
+DUYHVWLQJ ƃ Ƃ

6HOOLQJ�ILVK ƃ Ƃ
.HHSLQJ�UHFRUGV ƃ Ƃ

$TXDFXOWXUH�YDOXH�FKDLQ�DFWLYLWLHV�E\�
JHQGHU

)LJ����:RPDQ�IHHGLQJ�ILVK )LJ����0HQ�VDPSOLQJ�ILVK
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)DFWRUV�LQIOXHQFLQJ�ZRPHQ·V�UROH�LQ�
DTXDFXOWXUH

+RXVHKROG�OHYHO�IDFWRUV
� 6RFLR�FXOWXUDO�SHUFHSWLRQV�DQG�SUDFWLFHV�UHJDUGLQJ�KRXVHKROG�
UHVRXUFHV�SDUWLFXODUO\�ODQG

� $TXDFXOWXUH�YLHZHG�DQG�XQGHUWDNHQ�SULPDULO\�IRU�LQFRPH�
JHQHUDWLRQ

� 0HPEHUVKLS�WR�ILVK�IDUPHUV�JURXSV��GRPLQDWHG�E\�PHQ���
ZRPHQ�H[SHFWHG�WR�EHORQJ�WR�ZRPHQ�JURXSV

� /LPLWHG�DFFHVV�WR�FDSLWDO

)DFWRUV�RXWVLGH�WKH�KRXVHKROG�VSKHUH
� ([WHQVLRQ�DGYLFH�RIWHQ�ELDVHG�WRZDUGV�PHQ
� /LPLWHG�SURPRWLRQ�DQG�XVH�RI�,&7V
� 7UDLQLQJ�VFKHGXOLQJ��WDUJHWLQJ�LQ�IDYRXU�RI�WKH�H[WHQVLRQ�
ZRUNHU�

:RPHQ·V�VRFLR�HFRQRPLF�EHQHILWV��IURP�
DTXDFXOWXUH

� )LVK�IRU�KRPH�FRQVXPSWLRQ
± FKDQJH�RI�GLHW
± +HDOWK�QXWULWLRQ�RI�FKLOGUHQ�DQG�PRWKHUV

� ,QFRPH
� (PSOR\PHQW
� ,PSURYHG�UHODWLRQV�
� 6RFLDO�VWDWXV
� .QRZOHGJH�DQG�VNLOOV
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(PHUJLQJ�RSSRUWXQLWLHV�IRU�ZRPHQ¶V�
SDUWLFLSDWLRQ�LQ�DTXDFXOWXUH�YDOXH�FKDLQ

� ,QFUHDVLQJ�UHFRJQLWLRQ�RI�UROH�RI�ZRPHQ�LQ�

DTXDFXOWXUH�E\�PDOH�FRXQWHUSDUWV�

� 3DUWQHULQJ�ZLWK�\RXWKV��WKH�FDVH�RI�.DVRRND�

<RXWK�)LVK�)DUPHUV�

� (PHUJLQJ�ZRPHQ�JURXSV�LQFOXVLYH�RI�YDULRXV�

DFWRUV�DW�GLIIHUHQW�QRGHV�RI�WKH�YDOXH�FKDLQ

&RQFOXVLRQ�DQG�UHFRPPHQGDWLRQV

� ,QGLYLGXDO�DQG�SROLF\�LQWHUYHQWLRQV�VHHP�WR�EH�
SRVLWLYHO\�DGGUHVVLQJ�KRXVHKROG�OHYHO�IDFWRUV
� $ZDUHQHVV�FUHDWLRQ�RQ�ZRPHQ¶V�HPSRZHUPHQW�
WKURXJK�ZRPHQ¶V�IXQG

� 6DYLQJV�JURXSV
� )UHH�JRYHUQPHQW�LQSXWV��WKRXJK�PRUH�RI�D�GLVWRUWLRQ�
WKDQ�SURPRWLRQ�

� ([WHQVLRQ�QHHGV�WR�UHFRJQLVH�DQG�EXLOG�RQ�WKH�
FKDQJLQJ�SDWWHUQV�LQ�ZRPHQ¶V�UROHV

� 7UDLQLQJ�VKRXOG�DOVR�WDUJHW�ZRPHQ�DQG�SURYLGH�
FRPSOHWH�LQIRUPDWLRQ�DORQJ�WKH�YDOXH�FKDLQ
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Which author is which gender authorship position as a proxy for the status of gender in aquaculture 
literature 

Morgan Chow*, Hillary Egna and Jevin West 
  
The Nature Conservancy 
Seattle, Washington, USA 
AND 
AquaFish Innovation Lab, Oregon State University 
Corvallis, Oregon, USA 
Morgan.chow@oregonstate.edu 
 

Examining authorship position in aquaculture facilitates an improved understanding of status of women 
in the discipline, as authorship is a critical factor in professional success in academia and beyond. In a 
review of more than eight million papers in the JSTOR Corpus across disciplines in natural and social 
sciences and humanities, West et al. 2013 found that men predominate in the first and last author 
positions and women are underrepresented in single-authored papers. Other studies have assessed 
women authorship in other disciplines such as law and medicine, and found that a gender gap in 
published literature still persists. 
 
This study applies the large sample size and methodology of West et al. 2013 to the broad discipline of 
aquaculture, and compares these results to gender authorship in the International Aquaculture Curated 
Database (IACD) - a compilation of 543 peer-reviewed publications supported by four long-term 
international aquaculture programs headquartered at Oregon State University and a curated database 
of aquaculture journals in the Web of Science. Results reveal that the percentage of women authors 
(13.8%) was similar for the JSTOR aquaculture subsample and the IACD (15.7%), yet significantly lower 
for that of the Web of Science database (3.7%). Women are not well represented any of the databases, 
and remain underrepresented as authors in any position in aquaculture journals. To contextualize our 
findings with the percentage of women graduating in the field, we examined the number of women 
graduates in agricultural, biological, natural, and social sciences who earned Bachelor's, Master's, and 
PhD's in the U.S. from 1991-2015. Results from the U.S. Department of Education's National Center for 
Education Statistics shows that the percent of women graduates each year has increased with women 
representing more than 50% of graduates in 2015. While this does not represent international 
graduates, it still provides some contextualization for the proportion of women in the discipline. 
Learning how authorship has changed in the aquaculture discipline over the last few decades is critical 
for promoting gender equity for future aquaculture scholarship and the sustainability of the professional 
discipline. 
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WHICH AUTHOR IS WHICH?

Gender Authorship Position as a Proxy for the Status of 
Gender Integration in Aquaculture Literature
Morgan Chow1, Jevin West2, and Hillary Egna1

1. Oregon State University
2. University of Washington

Aquaculture America
Las Vegas, Nevada
February 20, 2018

Publications are an important factor for promotions, future funding, and 
tenure-tracked positions

The process is NOT always straightforward AND authors listed first or last 
generally receive the most credit (Laurance 2006; Tscharntke et al 2007)

Authorship order has intent, can be politically motivated, and is 
culturally embedded within a system 

Research Question: Are women publishing in the field of 
aquaculture proportionate to their involvement in the field? 

WHY LOOK AT AUTHORSHIP IN AQUACULTURE?
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Fisheries
Discipline

1665-1989 1990-2011

Ichthyology

5.5% 
Women

13.9% Women

94.5% Men 86.1% Men

Aquatic 
Ecology

12.7%
Women

24.6% Women

87.3% Men 75.4% Men

WHAT WE KNOW ABOUT GENDER AND AUTHORSHIP IN 
SCIENTIFIC LITERATURE

Women represent roughly 1/2 of all 
biological scientists, but their 
representation as full faculty and 
managers is much lower, suggesting 
the perpetuation of a leaky pipeline.

Women are less likely to be 
promoted, publish less, 
receive less grant funding, and 
fewer patents than their male 
colleagues

OUR APPROACH

JSTOR Corpus JSTOR aquaculture 
subsample IACD Web of Science

~500 articles 
whose research 
was supported 

by four 
international 
aquaculture 

programs 
developed by Dr. 

Hillary Egna, 
since 1983

Expansive 
database of 
publications 

across multiple 
disciplines, 

dating back to 
1665

Extracted articles 
from the Corpus 

from several 
aquaculture 

journals, dating 
back to 1913

Extracted articles 
from the most 

reputable 
aquaculture 

journals since 
1980 to compare 

to the IACD
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%WOMEN AUTHORS in four “datasets” of Peer-Reviewed AQUACULTURE Literature

Dataset #Journals #Articles #Authorship Time
Period

% Genders 
Unknown

JSTOR 2227 1.8
million 

2.8 million 1666-2011 26.7%

JSTOR
Sub-
sample

8 23,381 43,146 1913-2016 23.7%

IACD 121 543 1706 1983-2016 <1%

Web of 
Science

185 496,745 1980-2016 69%

OUR APPROACH

OUR APPROACH

JSTOR Corpus

JSTOR aquaculture 
subsample

IACD

Web of Science

Compiled Datasets

Calculated 
authorships by 

gender

Analysis

Women 
graduates

Calculate and Analyze Contextualize

Aquaculture 
journal 

creation

Aquaculture 
discipline

West et 
al. 

(2013) 
method

U.S. Social 
Security 

Database of 
names
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%WOMEN AUTHORS in four “datasets” of Peer-Reviewed AQUACULTURE Literature

Authorship 
Position of 
women

International
Aquaculture 
Curated Database 
(IACD)

JSTOR –
Aquaculture 
subsample

JSTOR
Corpus

Web of 
Science 

Any 
position

15.7% 13.8% 16.1% 8.5%

Single
Author

≥1990: 11.1% 11.0% (All 
years)

All years:
17.0%
<1990: 
12.0%
≥1990: 
26.0%

17.7%

First 
Author 

14.2% 15.8% 19.2% 5.1%

Last Author 14.0% 16.5% 19.6% 3.6%

FINDINGS

WOMEN AUTHORSHIP BY POSITION OVER TIME IN IACD
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PERCENT WOMEN GRADUATES IN SCIENCE ALONGSIDE PERCENT FIRST AND 
LAST AUTHORSHIP POSITIONS 

In IACD and Web of Science Datasets
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CONCLUSIONS

• Data shows that gap in women authorship is closing 

• However, women authorship is still low considering the 
increasing proportion of women graduates in the 
sciences 
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FUTURE CONSIDERATIONS

• Generate JSTOR authorship positions over time

• Calculate % women in aquaculture internationally

• Applications for IACD dataset on Data Verse
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SO WHAT?

RECOMMENDATIONS

• Continue to track gender authorship  in scholarly literature

• Promote standardized practices for assigning authorship position on 
peer-reviewed papers 

• Provide atmosphere to encourages women scientists to remain in 
academia through mentoring, opportunities for promotion, reviewers 
on publications, etc. 

• Encourage organizations and individuals to consider how structures 
that propagate gender inequities can be overturned to promote better 
outcomes
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Effect of consumption of complimentary traditional food on the growth and iron status of 6 to 15 
months old Cambodian children in Preveng Province, Cambodia 

Touch Bunthang1, Corazon CV. Barba 2, Marites G. Yee 2, Erlinda I. Dizon 2, So Nam1, Chheng Phen1, 
Robert Pomeroy3 ,Hillary Egna4, and Wilma A. Hurtada 2 
 

1 Inland Fisheries Research and Development Institute, Phnom Penh, Cambodia   
2 Institute of Human Nutrition and Food, College of Human Ecology, University of the Philippines, 
Los Baños, Philippines  
  
3 University of Connecticut, Department of Agricultural and Resource Economics, Groton, 
Connecticut, USA 
4 College of Agricultural Science, Oregon State University, Corvallis, Oregon 97331   
  

With prevalent malnutrition problems largely due to food and nutrition insecurity, locally available foods 
need to be maximized for increased consumption. The effect  of two rice-based complementary foods 
prepared using edible spider (Winfood CF) and small fish (Winfood-Lite) vis-à-vis two corn soya blend 
products (CSB+ and CSB ++)  was explored in this single-blind randomized intervention trial among 126 
Cambodian infants aged 6 months without severe wasting (<-3 weight-for-length z-score), pitting 
edema, signs of vitamin A deficiency or anemia (Hb<80g/L). The samples were recruited and randomized 
from 7 communes in Pea Raing District, Prey Veng province, Cambodia.  Intervention was daily 
supplementation with one of the four products for nine months: 50g/d form 6-8 months, 75g/d from 9-
11 months and 125 g/d from 12-15 months of age. 
 
Mean weight and height of infants significantly improved and remained within normal range at endline. 
The weight for age Z score (WAZ), length for age Z score (LAZ) and weight for height Z scores (WHZ) also 
increased. In contrast, there was a three-fold decrease in serum ferritin though it remained within 
normal range. Hemoglobin levels remained unchanged and indicated anemia.  No difference in weight, 
length, WAZ, LAZ, WHZ, serum ferritin and hemoglobin was observed between the four groups of 
children indicating that the Winfoods had the same effect as the CSB products on iron status and 
growth. There is a weak but positive association between ferritin and weight, length and age, 
hemoglobin and vitamin C intake. Weight and gender were also correlated. 
 
The study concludes that Winfood products (Windfood CF and Winfood Lite) are at par with CSB 
products (CSB+ and CSB++). The promotion and utilization of nutritious and locally available foods should 
be sustained and   enhanced to increase consumption either in their natural or processed state.   The 
conduct of further studies on the nutritional impact of the edible spider and small fish, as well as 
reviews of their proportion in product formulation are likewise suggested. 
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Supply chain analysis of carp in Terai, Nepal 
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In order to examine the supply chain of carp (Rohu Labeo rohita, Naini Cirrhinus mrigala, Bhakur Catla 
catla, Silver carp Hypophthalmichthys molitrix, Bighead carp Aristichthys nobilis, Grass 
carp Ctenopharyngodon idella and Common carp Cyprinus carpio) from farm to plate, a study was 
carried out in three districts of Terai, Nepal namely Makwanpur, Chitwan and Nawalparasi districts. 
Altogether 102 respondents (20 grow out farmers, 9 fish traders and 5 consumers in each district) were 
selected randomly for survey from three districts. The survey was carried out from May to September 
2016. Data were collected by using semi-structured questionnaire interview of respondents, key 
informants and field observation. Data were analysed by using One Way Anova followed by Duncan's 
Multiple Range Test. Market survey showed that carp is sold in two forms, live and fresh forms. Four 
types of supply chains in live carp and seven types of supply chains in fresh carp were identified. The 
longest chain included middleman, wholesaler and retailer as intermediaries between farmer to 
consumer whereas shortest chain was directly from farmer to consumer without intermediaries. Supply 
chain of live carp was comparatively shorter than fresh carp to minimize fish loss due to handling stress. 
Grow out farmers in Nawalparasi earned significantly (P<0.05) higher profit of 156±1 Rs/kg than Chitwan 
and Makwanpur due to higher selling price and low variable costs incurred. In live carp supply chain, 
middleman received higher margin (34-36%) in three districts whereas in fresh carp supply chain, 
retailers earned higher profit in Makwanpur (50%) and Nawalparasi (56%), and middleman in Chitwan 
(50%). Unless infrastructure is well developed for fish marketing, unnecessary intermediaries should be 
eliminated to reduce post harvest loss. 
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Forecasting farm-gate catfish prices in Uganda using SARIMA model 
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Over the last ten years, the aquaculture subsector has emerged as a vibrant sector in Uganda and is 
being considered as a strategic sub-sector for promoting agricultural diversification. With improved 
market prices, government intervention for increased production, and stagnating supply from capture 
fisheries, aquaculture has attracted entrepreneur farmers seeking to exploit the business opportunity 
provided by the prevailing demand. As production has adjusted over time so have prices. Farm-gate 
prices have been highly volatile and are potentially a major factor in explaining why catfish farmers and 
processors are operating at narrow net margins. Price fluctuations translate into significant price risk, 
since the magnitude and the direction of the month-to-month changes are often unknown to producers. 
The farmer has to frequently assess whether to harvest now to capture a known price, or to continue to 
feed to deliver a larger catfish at an unknown future price. Thus, the knowledge of future prices and 
factors influencing prices would be helpful to fish producers in decision making. It is against this 
background that a seasonal ARIMA forecasting model was developed to improve the prediction of 
catfish prices in Uganda. 
 
Monthly farm-gate prices for African catfish covering the period 2006-2013 were obtained from 
Aquaculture Management Consultants in Uganda. Catfish prices, expressed in Uganda Shillings per 
kilogram, were deflated using a consumer price index. Stationarity of the series was examined using the 
ADF and PP test statistics. The optimal number of lags was determined using the Schwarz information 
criteria. Investigation was also done by examining the ACF and PACF functions. Using the AIC and BIC, six 
tentative SARIMA models were tested and the best model SARIMA (1,1,1) (0, 1,1)12 was selected by 
picking the model with the least values. 
 
The estimates parameters are 0.6532 for the non-seasonal AR term and 0.9012 and 0.8095 for the non-
seasonal and seasonal MA terms, respectively (Table 1). Based on 95% confidence level, we conclude 
that all estimated coefficients are significantly different from zero, and thus the model is ideal for 
forecasting catfish prices. 
 
The forecasted in-sample results are reported in Table 2. It can be noticed from the results that 
forecasted catfish real prices are close to their actual values. Moreover, all the actual prices fall within 
the 95% Confidence Intervals of the forecasts, which further confirmed the reliability of the fitted 
model. 
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This study was conducted to increase survival and growth in the period from 3 to 45 days old. The 
results showed that supplemented probiotic combining with enriched rotifers accelerated the growth of 
goby fry period 3 - 15 days old. At 15 to 30 days of age, the use of enriched Artemia at the beginning of 
the experiment (15 dph) combined with the addition of Moina on 25 dph (NT5) significantly increased 
the survival rate of marble goby. Moina and Tubifex as food gave the best performance of marble goby 
at 30-45 days of age. 
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Recent advances in the culture of native marine species from the coast of Tabasco, Mexico 
Contreras-García María J.*, Contreras-Sánchez Wilfrido, Mcdonal-Vera Alejandro, Cruz-Rosado 
Leonardo, Hernández-Franyutti Arlette, Hernández-Vidal Ulises, Martínez-García Rafael, González-
González Guillermo, Heredia-Álvarez Rama K. Q., Ramón-Zapata Felipe, and Vázquez-Gómez Jenny  
  
Marine Aquaculture Station, División Académica de Ciencias Biológicas, Universidad Juárez 
Autónoma de Tabasco  
contrer_mar@hotmail.com 

 
Marine fishes represent an important source of food for inhabitants of the coastal region of Tabasco. 
Their fisheries are the only source of income for several communities and aquaculture is seen as the 
future for sustained resource management since catch volumes are decreasing at a constant rate. At the 
Marine Aquaculture Station located in Jalapita Tabasco, we continue our efforts for domesticating native 
marine species of fish. Broodstocks originated from wild populations are currently been assessed from 
three species of snooks: Centropomus undecimalis, C. poeyi and C. parallelus. The protocol for induced 
reproduction is complete including hormone type, dose and spawning timing. Spawning is achieved 
either with wild broodstock or sex-reversed females. We are currently working on larviculture and 
feeding regimes. Live food include phytoplankton (Tetraselmis chuii and Nannochloropsis oculata); 
zooplankton (Brachionus rotundiformis, Brachionus plicatilis and Artemia spp). In recent years, some 
species of the family Lutjanidae were incorporated (Lutjanus griseus, Lutjanus analis, Lutjanus 
cyanopterus), as well as, the sparid Archosargus probatocephalus. We have developed strong ties with 
the aquaculture and fisheries sectors, workshops and seminars have been conducted, particularly 
oriented towards Centropomid aquaculture, restocking and good fishing practices. Our next challenges 
are consolidating larviculture, evaluation of growth under culture conditions and massive release of 
juveniles in the neighboring coastal lagoons. 
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A review of over a decade of global investment in aquaculture feed technologies 
Jenna Borberg*, Stephanie Ichien, Amanda A. Hyman, Cole Ensminger and Hillary Egna 
 
AquaFish Innovation Lab 
Oregon State University 
Corvallis, OR 97331 
Jenna.Borberg@oregonstate.edu 
 

Investment in science and innovation is fundamental to developing effective solutions to global food 
security challenges, and transferring information and technologies to farmers and industry is essential 
for scaling up farming technologies and best practices for broad adoption. Capturing the quantitative 
impacts of investment in research and capacity building requires identifying relevant indicators and 
metrics, setting targets and benchmarks, and regular monitoring and evaluation of progress. Qualitative 
impacts, however, are much more challenging to capture and yet of equal importance.  
The authors undertook an internal evaluation of the impacts of USAID's investment in a research 
program that has been funded since late 2006, The Feed the Future Innovation Lab for Collaborative 
Research on Aquaculture & Fisheries (AquaFish Innovation Lab, previously AquaFish Collaborative 
Research Support Program). For a decade, AquaFish has partnered with US and host country individuals 
and institutions to undertake innovative aquaculture research; develop new and improved technologies 
that are relevant to local conditions and on-the ground needs; transfer information and technologies to 
fish farmers, industry, academics, government agencies, and others; and enhance individual and 
institutional capacity so that host countries can build upon successes and lead new lines of research 
once the program ends.  
 
This review capture both qualitative and quantitative outputs and impacts of AquaFish work in 
aquaculture feed technologies in Africa, Asia, and Latin America and the Caribbean. With feeds 
comprising the greatest production cost for fish farmers (about 60-80%), the development and transfer 
of sustainable and affordable feeds and feed strategies for small- and medium-scale aquaculture has 
been a significant portion of the AquaFish research portfolio. AquaFish has successfully developed 
solutions on alternative feeding strategies and feed ingredients that decrease production costs, reduce 
reliance on animal protein content in feeds, increase overall fish yield, and decrease environmental 
impacts associated with aquaculture effluents. The review considered innovativeness of the technology, 
stage of development, technology transfer, impacts, and scalability. Some highlighted feed technologies 
include: alternate day feeding in the Philippines and Bangladesh that improves farmer profits and 
reduces effluents, feed formulations for snakehead in Cambodia and Vietnam that utilizes soy protein, 
and feed development for tilapia in Tanzania that replaces fish meal with earthworm and maggot meal. 
AquaFish has advanced sustainable aquaculture globally by developing and transferring these 
technologies and best management practices to small- and medium-scale producers and other 
stakeholders. Finding ways to reduce feed costs and responsibly include locally sourced ingredients will 
continue to have significant and long-lasting benefits for the fish farming sector and more broadly. 
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•  The	AquaFish	Innova0on	Lab	(formerly	AquaFish	CRSP)	has	
been	funded	by	USAID	since	2006	to	lead	research	and	

capacity	building	for	small-	and	medium-scale	aquaculture	

development	in	Africa,	Asia,	and	La0n	America	and	the	

Caribbean.		

•  With	feeds	comprising	the	greatest	produc0on	cost	for	
fish	farmers	(about	60-80%),	the	development	of	

sustainable	and	affordable	feeds	and	feed	strategies	has	

been	a	significant	por0on	of	the	AquaFish	research	

porPolio.	

•  This	review	highlights	examples	of	the	most	impacPul	feed	
technologies	developed	by	AquaFish,	capturing	over	a	

decade	of	global	research	investment	in	aquaculture	feed	

technologies.	

Background	and	Overview	
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Evalua&on	Ques&ons:		Iden0fied	the	most	impacPul	feed	
technologies	developed	by	AquaFish,	considering	the	

following:	

1.  How	innova0ve	is	the	technology?	
2.  At	what	stage	of	development	is	the	technology?	

3.  What	are	the	major	outputs	and	impacts?		
4.  Has	the	technology	been	transferred?	To	whom?	

5.  Is	the	technology	scalable?	
	

Timeframe:	2006-2018	

Methods	

Geographic Focus: 18 countries in which AquaFish has 
conducted research were considered. 

Methods	
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ASIA	REGION	
•  Bangladesh:	Enhanced	Biodiversity	of	Gut	Flora	and	Feed	Efficiency	of	Pond	Cultured	
Nile	:lapia	Under	Pulsed	Feeding	Strategies	

•  Cambodia	and	Vietnam:	Feeding	Strategies	and	Feed	Ingredients	for	Sustainable	
Snakehead	Culture	

•  China:	Bioflocs	in	an	Integrated	Shrimp	Culture	System 		

•  Nepal:	Periphyton	Enhancement	and	Reduced	Feeding	Rates	for	Polyculture	Ponds 		

•  Philippines:	Fishmeal-Free	and	Lower	Protein	Diets	Improve	the	Cost	Effec:veness	of	
Culturing	Nile	Tilapia	in	Ponds 		

	

AFRICA	REGION 		
•  Ghana:	Evalua:on	of	Two	Feed	Types	on	the	Growth	Performance	and	Cost	
Effec:veness	of	Nile	:lapia	(Oreochromis	nilo:cus)	Cultured	in	Ponds 		

•  Kenya:	Feed	Formula:ons	for	Tilapia	using	Locally	Available	Agricultural	By-Products 		

•  Tanzania:	Moringa	Leaf	Meal,	Housefly	Maggot	Meal,	and	Earthworm	Meal	as	Protein	
Supplements	in	Fish	Diets 		

	

LATIN	AMERICA	REGION 		
•  Mexico:	Elimina:on	of	a	Feed	Steroid	(17α-methyltestosterone)	Using	Bacterial	
Degrada:on	in	Nile	:lapia	Masculiniza:on	Systems	

	

Results:	AquaFish	Feed	Technologies	
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Results:	AquaFish	Feed	Technologies	
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AquaFish	has	focused	on	two	primary	areas	of	feeds	
research:	

	

1.  Feed	Reduc&on	Strategies	-	The	high	cost	of	commercial	

fish	feeds	remains	a	barrier	to	the	profitability	of	

aquaculture	opera0ons,	and	is	exacerbated	by	
overfeeding	and	poor	feed	u0liza0on.		

2.  Alterna&ve	Feed	Ingredients	-	Commercial	fish	feeds	are	

oeen	expensive,	lack	reliable	ingredients,	and	typically	

are	not	environmentally	sustainable.		

Results:	AquaFish	Feed	Technologies	

Feed	Reduc&on	Strategies	–	By	u0lizing	primary	produc0vity	
in	ponds	and	enhancing	its	growth	through	fer0liza0on,	

AquaFish	has	enabled	fish	producers	to	significantly	reduce	

the	quan0ty	of	feeds	used	without	compromising	produc0on.		

	

Highlighted	technologies:	
•  Alternate-day	feeding	for	0lapia	in	the	Philippines	

and	Bangladesh		

•  Periphyton	enhancement	in	a	carp	polyculture	

system	in	Nepal	

	

Results:	Feed	Reduc0on	Strategies	
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Results:	Feed	Reduc0on	Strategies	

Objec&ve:	Reduce	feeds	for	Nile	0lapia	through	alternate-day	
feeding	in	the	Philippines	and	Bangladesh	

Methods:	(1)	Conducted	trials	to	replicate	alternate-day	feeding	
successes	in	other	areas	of	the	world,	and	(2)	Examined	

gastrointes0nal	microbiome	and	feed	efficiencies.	

Results:			
•  Feed	ra0ons	can	be	reduced	by	up	to	50%	through	

alternate-day	feeding	and	pond	fer0liza0on,	improving	

economic	returns	with	lihle	impact	on	yield.	

•  Experiments	in	Bangladesh	replicated	results,	proving	that	

alternate-day	feeding	for	grow-out	of	0lapia	reduces	costs	
by	50%.	

•  Fish	fed	on	an	alternate-day	feeding	strategy	had	higher	
diversity	of	intes0nal	microbiota	and	feed	efficiency	

increased	by	almost	140%.	

Results:	Feed	Reduc0on	Strategies	

Objec&ve:	Reduce	feeds	for	Nile	0lapia	through	alternate-day	
feeding	in	the	Philippines	and	Bangladesh	
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Results:	Feed	Reduc0on	Strategies	

Methods:	Tested	4	treatments	comparing	produc0on	for	carp	
monoculture	and	carp	polyculture	systems	under	reduced	feed	

condi0ons	and	with	periphyhton	enhancement.	

Objec&ve:	Improve	upon	reduced	feeding	strategies	through	
periphyton	enhancement	in	a	carp	polyculture	system	in	Nepal		

Objec&ve:	Improve	upon	reduced	feeding	strategies	through	
periphyton	enhancement	in	a	carp	polyculture	system	in	Nepal		

Results:	Feed	Reduc0on	Strategies	

Results:			
•  50%	feed	reduc0on	paired	with	periphyton	enhancement	

in	a	carp	polyculture	system	resulted	in	the	highest	net	

fish	yield.		

•  Researchers	in	Nepal	are	building	on	this	ini0al	success	by	
collabora0ng	with	women’s	fish	farmer	groups	to	iden0fy	
the	best	substrates	for	periphyton	growth.		The	top	four	

substrates	being	tested	include:	split	bamboo	mat,	whole	

bamboo,	plas0c	bohles,	and	banana	leaf’s	midrib.	
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Alterna&ve	Feed	Ingredients	-	AquaFish	research	on	
alterna0ve	and	local	protein	sources	in	feeds	is	resul0ng	in	

more	sustainable	and	lower-cost	feeds	that	are	reducing	

reliance	on	fish	and	fish	meal.	

	

Highlighted	technologies:	
•  Developing	more	affordable	feeds	using	invertebrates	

and	Moringa	leaf	for	0lapia	diet	in	Tanzania	

•  Including	soy	protein	in	place	of	small-sized	fish	for	

snakehead	diet	in	Vietnam	and	Cambodia	

	

Results:	Alterna0ve	Feed	Ingredients	

Results:	Alterna0ve	Feed	Ingredients	

Objec&ve:	Develop	more	affordable	feeds	using	local	ingredients	
as	alterna0ve	protein	sources	for	Nile	0lapia	in	Tanzania	

Methods:	(1)	Evaluated	the	chemical	composi0on	of	earthworm	
meal	and	housefly	maggot	meal	as	poten0al	feed	ingredients,	(2)	

Developed	9	feeds	and	tested	growth	performance,	feed	u0liza0on,	

and	cost	effec0veness.	
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Results:	Alterna0ve	Feed	Ingredients	

Results:	
•  More	expensive	protein	sources	can	be	replaced	by	up	to	

35%	housefly	larvae	or	earthworm	meal.	

•  Researchers	are	further	exploring	ideal	protein	levels	of	
housefly	larvae	and	earthworm	meal	in	combina0on	with	

Moringa.	
•  Using	local	ingredients	for	0lapia	diet	in	Tanzania	can	

reduce	reliance	on	costly	feeds.	

Objec&ve:	Develop	more	affordable	feeds	using	local	ingredients	
as	alterna0ve	protein	sources	for	Nile	0lapia	in	Tanzania	

Objec&ve:	Reduce	the	reliance	of	small-sized	fish	for	snakehead	
diet	in	Vietnam	and	Cambodia	

Results:	Alterna0ve	Feed	Ingredients	

Methods:	(1)	Develop	and	test	a	pelleted	feed	for	snakehead	
consump0on,	(2)	Conduct	feed	experiments	to	determine	if	soy	

protein	can	effec0vely	replace	fishmeal	in	snakehead	diet.	
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Objec&ve:	Reduce	the	reliance	of	small-sized	fish	for	snakehead	
diet	in	Vietnam	and	Cambodia	

Results:	Alterna0ve	Feed	Ingredients	

Results:		
•  Developed	a	pelleted	feed	that	showed	greater	profits	

than	for	fish	raised	using	chopped	small	fish.		

•  Soy	protein	concentrate	can	replace	up	to	40%	of	fishmeal	

in	snakehead	diet,	while	retaining	produc0on	levels	and	

fish	health.		
•  Transfer	of	the	feed	technology	from	Vietnam	to	

Cambodia	helped	lie	the	ban	on	snakehead	farming	in	

Cambodia	in	2016.	

•  Nearly	2,000	stakeholders	have	been		
trained	through	75	workshops.	

•  The	technologies	have	been	scaled	up		
and	commercialized	in	Vietnam.	

•  AquaFish	feeds	research	is	reducing	the	quan0ty	of	feeds	
used	and	the	reliance	on	fish	meal	and	other	costly	and	

unsustainable	ingredients.	

•  Alternate-day	feeding	with	pond	fer0liza0on	can	reduce	
produc0on	costs	by	up	to	50%	for	0lapia	and	carp.		

•  Enhancing	periphyton	in	ponds	in	polyculture	systems	has	
the	poten0al	to	further	improve	produc0on	under	

reduced	feed	condi0ons.	

•  Soy	protein	can	replace	up	to	40%	of	fishmeal	in	

snakehead	diet,	enabling	Cambodian	farmers	to	legally	

and	sustainably	culture	snakehead.		
•  Local	ingredients,	including	invertebrates	and	Moringa	

leaf,	show	promise	as	viable	protein	replacements	for	

0lapia	feeds.		

	

Summary	of	Findings	
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•  AquaFish	partners	are	con0nuing	to	build	upon	these	
successes	through	innova0ve	research	and	training	

farmers	on	new	feed	technologies	and	best	prac0ces.	

•  This	body	of	work	can	help	inform	future	aquaculture	

feeds	research	and	technology	development	beyond	the	

life	of	the	AquaFish	program.	

•  Finding	ways	to	reduce	feed	costs	and	responsibly	include	
locally	sourced	ingredients	will	con0nue	to	have	significant	

and	long-las0ng	benefits	for	the	fish	farming	sector	and	

more	broadly.		
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The government of Nepal introduced Nile tilapia (Oreochromis niloticus "Chitralada" strain) in 1985 from 
Thailand, yet tilapia remained inside the fence of government farms until 1996 when research on tilapia 
began at the Institute of Agriculture and Animal Science (IAAS), Tribhuvan University, Nepal. In 2004, a 
new strain of Nile tilapia (GIFT - genetically improved farm tilapia developed by ICLARM and WorldFish) 
was introduced from the Asian Institute of Technology, Thailand to the Fisheries Research Center, 
Tarahara, part of the Nepal Agricultural Research Council (NARC). NARC subsequently initiated research 
in its Tarahara and Begnas Research Stations. Then in 2009, IAAS Rampur imported GIFT tilapia from 
WorldFish, Bangladesh. Lately in 2012, Himalayan Aqua Agritech introduced red tilapia from Nam-Sai 
farm Thailand and are maintained at AFU farm Chitwan and NARC farm Parwanipur. 
 
Involvement of IAAS Aquaculture Program with the USAID-supported Aquaculture CRSP began in 2001 
and has continued under the AquaFish Innovation Lab (also partly funded by USAID) through the present 
time. In 2010, IAAS transitioned to a new university structure with the establishment of Nepal's 
Agriculture and Forestry University (AFU) in Chitwan. At AFU, increasing public and private interest in 
tilapia, has resulted in increased emphasis on tilapia research. AFU has conducted a number of projects 
both at university and farmers' ponds, largely through AquaFish support, and shared the outcome of this 
research during workshops with government development and extension officials as well as NARC 
research scientists. The AFU-AquaFish collaboration has so far succeeded in farm trials at government 
farms and in farmer's ponds at Dayanagar Rupendehi, the fish farming pocket area in collaboration with 
the Directorate of Fisheries Development (DoFD), Nepal. This has led DoFD to include verification trials 
using tilapia in government farms along with a program for private hatchery development of mono-sex 
fry production, as part of their annual plan. The AFU fish hatchery and a private hatchery have started 
production of mono-sex fry to distribute to private farms. 
 
Small-scale famers of AFU's on-farm research sites in Kathar, Chitwan and Kawasoti, Nawalparasi have 
begun farming tilapia and selling them in local markets. The AFU aquaculture farm produces tilapia for 
local sale. Some bigger farmers in Chitwan are producing tilapia with carps, which have a long history of 
cultivation in Nepal. Farmers in the Morang District of eastern Nepal are culturing tilapia. Danger of 
unwanted introduction of mixed-sex tilapia in natural waters has been the concerns for government and 
aquatic diversity conservationist. Currently, tilapia represents a major portion of the wild catch in Phewa 
and Begnas lakes of Pokhara though it was not intentionally introduced. Four percent of fish farmers are 
reported to be involved in tilapia farming, and tilapia contributed 1.5% of total aquaculture production 
in 2014-2015. Controlled culture of mono-sex tilapia in ponds has been the emphasis of AFU. We believe 
that incorporation of Nile tilapia in polyculture with carps, and tilapia monoculture will increase in future 
Nepalese aquaculture. 
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Aquaculture in Uganda dates from the early 1950s having been introduced by the colonial government 
as a means to promote access to fish by rural poor communities. The target groups were households 
with low fish consumption due to limited access to lakes and rivers, the main sources of fish. Due to 
patriarchal system that determine household headship in Uganda, interventions particularly those 
requiring use of household land tend to focus on men as owners of land and therefore often obscure the 
role of women along the aquaculture value chain. Women's participation in aquaculture is limited to 
provision of farm labour but play important decision-making over fish consumption by household 
members. Following a number of successful experiments using various fish species, technologies for 
rearing fish in earthen ponds were popularised among target households who had access to water 
sources.  
 
The study is informed by the 'efficiency approach' of Women in Development thinking and focused on 
analysing the contribution of women through active involvement in aquaculture to realise financial 
independence and poverty alleviation.The paper explores the role of women in aquaculture value chain 
in Uganda from institutional and household standpoint in relation to women's decisions and 
participation in pond fish farming. In addition, the paper examines women's understanding and 
perceptions of fish as a dietary asset for household members and determinants of fish diet in 
households. Opportunities to improve women's benefits in aquaculture are also explored focusing on 
access to training, extension servicesand strategies to promote women cooperatives. 
 
Information was obtained through in-depth interviews with women involved in different aspects of 
aquaculture including policy planning level, training, production, marketing and fish provisioning at 
household level. Preliminary results show that despite women's under-representation in aquaculture 
related work, they play an important role that is currently not optimally recognised to maximise their 
full potentialto increase the benefits of aquaculture. The study also observed that the achievement of 
food (fish) level security at household level lies with women given their decision making and influencing 
role over the kind of diet for household members.  
 
Efforts to increase fish production require engaging women to organise themselves from aquaculture 
planning stage through production and marketing.Policy support to existing women's initiatives in 
aquaculture is recommended. 
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The river catfish (Pangasius hypopthalamus) was introduced to Bangladesh in the 1990's from Thailand, 
and has since become a thriving aquaculture industry with over 3 million tonnes produced annually. 
Pangasius is typically cultured in freshwater, however with the coastal waters of Southern Bangladesh 
being affected by salinity encroachment, we sought to determine whether catfish could be cultured in 
these hyposaline waters. This region is severely impacted by overfishing, and is underutilized due to 
increasing susceptibility to rising sea levels linked to global climate change. Thus, the aim of the present 
study was to assess the effect of salinity on growth and survival of Pangasius and in turn, determine the 
optimum tolerable salinity for culture of this species. 
 
Overwintered Pangasius fingerlings were stocked at a density of 2/m2 in 18 ponds (averaging 400 m2 
and 1.3 m deep) within the coastal Patuakhali district of Bangladesh. The experiment consisted of six 
treatments spanning a range of salinities: T1 (0-5 ppt), T2 (5-7 ppt), and T4 (10-12 ppt) did not involve 
prior conditioning while T3 (10-12 ppt), T5 (12-18 ppt), and T6 (18-22 ppt) had the fish acclimatized in 6 
ppt water for 24 h prior to the start of the experiment. The fish were held at the experimental salinities 
for 7 days, during which time they were fed twice daily (09:00 and 14:00 h) with commercial feed (Mega 
floating feed, 28% CP, 7% fat) at a rate of 10% body weight per day. Survival rates were calculated for 
each treatment at the end of the 7-day period.     
 
In T1 (0-5 ppt) and T2 (7-8 ppt), the survival rate was 100%. For T3 (10-12 ppt), in which the fingerlings 
were first acclimatized at 6 ppt, the survival rate was also 100% however in T4, where fingerlings were 
stocked directly at 10-12 ppt, survival rate was 87% with mortalities occurring as early as 5 days. For fish 
acclimated to 12-15 ppt (T5), survival rate was 30% while at the highest salinity (T6), all fingerlings died 
within one day. The results indicate that Pangasius catfish are able to survive in waters of up to 12 ppt 
when allowed a prior acclimation period in more dilute waters (6 ppt). A subsequent 6-month pond 
study evaluating growth performance of Pangasius catfish in different salinities (0 ppt, 6.5 ppt and 10.8 
ppt) was conducted. The survival rate, weight gain, SGR, feed conversion ratio (FCR), yield, and benefit 
cost ratio (BCR) were similar (P>0.05) among the treatments. The results suggest that Pangasius catfish 
can be successfully cultured in salinities as high as 12 ppt. The ability to grow Pangasius in hyposaline 
waters of coastal Bangladesh or other regions can provide additional earnings and food sources for 
communities impacted by seawater encroachment linked to rising sea levels and climate 
change.  (Supported by the AquaFish Innovation Lab - USAID) 
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2II�IODYRU�FRPSRXQG��

%\�VHQVRU\�WHVW�PXVW\�DQG�ZRRG\�IODYRU�ZHUH�IRXQG��LQ�IUHVKZDWHU�
SDQJDV��GXH�WR�QR�ZDWHU�H[FKDQJH�DQG�SODQNWRQ�EORRP�

1R�RII�IODYRU�FRPSRXQG�ZHUH�IRXQG�VDOLQH�ZDWHU�ILVK�GXH�WR�UHJXODU�ZDWHU��
H[FKDQJH��E\�WLGDO�ZDWHU�
�
,Q�%DQJODGHVK�RII�IODYRXU�FRPSRXQG�DUH�UHVSRQVLEOH�IRU�ORZ�SULFH�RI�
SDQJDV�

'XH�WR�SODQNWRQ�EORRP�ZDWHU�TXDOLW\�RI�SRQG�LV�GHJUDGHG��*HRVPLQ�DQG�
��0HWK\OLVRERUQHRO��0,%��DUH�SURGXFHG�LQ�SROOXWHG�ZDWHU��0,%�FDXVHV�D�
�PXVW\��RU��ODJRRQ��DQG�JHRVPLQ�UHVXOWV�LQ��HDUWK\��RU��ZRRG\��IODYRUV�RI�
ILVK�

7UDLQLQJ�RI�)DUPHUV
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Feminization of Protandrous Hermaphrodites Centropomus poeyi into functional females using 17ß-
estradiol 

Juan Manuel Vidal-López, Wilfrido M. Contreras-Sánchez, Arlette Hernández-Franyutti, María de 
Jesús Contreras-García and María del Carmen Uribe-Aranzábal 

Laboratorio de Acuicultura Tropical. División Académica de Ciencias Biológicas, Universidad Juárez 
Autónoma de Tabasco, Km 0.5 Carretera Villahermosa, Tabasco, C. P. 86040. 

Several Centropomid species support important recreational and commercial fisheries in the Gulf of 
Mexico, among them, the Mexican snook Centropomus poeyi is a unique species that spends most of its 
life history in fresh water, but requires to migrate to the coasts to spawn. It is considered endemic to 
Mexico with a distribution range reported only in watersheds discharging to the Gulf of Mexico. Very 
limited information has been generated concerning its biology, ecology or population status. In our 
laboratory we have confirmed the condition of protandric hermaphrodite through histological 
examination. Based on empirical observations, C. poeyi in captivity has advantages over other 
Centropomids (i.e. large size, high tolerance to handling, grow-out in a wide range of salinities, and fast 
growth). However, handling broodstock poses complications since females range from 5 to 10 kilograms 
generating high risk of loss and expenses during maintenance of the spawners. Therefore, the aim of 
this study was the production of batches of reproductive females at an early age and a small size 
through induced sex inversion using 17β-estradiol. For this, we conducted a study where low and high 
dosages of 17β-estradiol (10, 20, and 30 mg kg-1) and (40, 50, and 60 mg kg-1) impregnated in the food 
were assessed. Fish fed with 50 and 60 mg kg-1 of 17β-estradiol showed 100% feminization, while the 
control group presented only males (Fig 1). At four years of age, sex-reversed fish remained as females, 
producing oocytes and were capable of spawning, while fish from the control groups were ripe males 
with running milt. 
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FEMINIZATION OF PROTANDROUS 
HERMAPHRODITES Centropomus poeyi INTO 

FUNCTIONAL FEMALES USING 17ß-ESTRADIOL

Juan Manuel Vidal-López*, Wilfrido M. Contreras-Sánchez, Arlette Hernández-Franyutti, 
María de Jesús Contreras-García y María del Carmen Uribe-Aranzábal

UNIVERSIDAD JUÁREZ AUTÓNOMA DE  TABASCO
División Académica de Ciencias Biológicas

Laboratorio de Acuicultura Tropical

Snooks constitute one of the most 
important fisheries in Mexico 

• High commercial value
• Good flavor
• Big size
• Nice meat color

Background
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The Mexican snook is one of the local fish species with high economic 
interest being an important component of the snook fishery in Mexico.

However, the resource is 
under a very strong pressure

C. poeyi

The Mexican Snook is endemic to 
the coasts of the Gulf of Mexico

It has features that make it a good candidate 
for aquaculture
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Objetive

To evaluate the feminizing effects of 17-β estradiol
in the food of young of the year C. poeyi and 
determine reproductive viability of the females 
produced

Experiments

Dosis 
de 

estrad
iol

Low dosages

Completely randomized experiment:
Experiment I (0, 10, 20, 30 mg of E2 per kg of food)
20 juveniles per Experimental Unit
60 days of administration

High dosages

Completely randomized experiment:
Experiment II (0, 40, 50, 60 mg of E2 per kg of food)
10 juveniles per Experimental Unit
60 days of administration

Feeding: 
❖ Food preparation After Popma & Green (1990).
❖  Apparent satiation five times/day 8, 10, 12, 14 & 17 hours

Survival and growth:
➢ Total countings at the end of the experiments
➢ Weight and Total Length at 0, 30, 180, and 300 DPT

Materials and Methods 
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Sex ID using Conventional Histology

Fixation (Bouin  48 h) Dehidration and 
clearing (1-1.5 h)

Staining (H-E y Masson) Parafin inclusionCutting (7µ)

Experiment Sampling days n Total/treatment

Low dosages 30 – 180 -300 3 – 3 - 3 27

High Dosages 30 – 180 -300 3 – 2 – 1 18

 2015 –  2017  Jul – Sep, 2017

Females treated with 50 and 60 mg/kg of E2 were kept Spawning 
induction

Reproductive functionality 

Ovocitos en cánula > 
a 150 µ.

Five out of 30 females obtained with E2 (50 
and 60 mg/kg) were selected on the basis 
of having oocites >150µ. They were 
implanted with a 150 µg/Kg of LHRHa  for 
induction of final maturation and spawning

Treatment evaluation 
Egg number
Fertilization rate
Hatching

E2 treated females: 
Weight: 449.46 ± 161.33 g  
TL: 37.17 ± 4.47 cm

Control group males:       
Weight: 317.36 ± 11.36 g  
TL: 34.50 ± 3.75 cm

Running milt after 
abdominal pressure

oocites >150µ

 
401



Statistical 
Analysis

Contingency Tables χ2  For sex proportion

One-way ANOVA (Weight and length) 

Statgraphics Centurión® v XVI
Pα = 0.05

0 10 20 30

❖ Significant feminization in all treatments p < 0.001

❖ 100% females when fish were fed 50 and  60 mg per kg of food for 60 days.

❖ Higher feminization than Vidal et al. (2012) and Passini et al. (2016) for C. undecimalis using
E2 in food and implants, respectively.

❖ In C. parallelus up to 100 % females were obtained when 25 mg E2 kg-1 were used for 45 days
(De Carvalho et al., 2014).

Results 

(a)

(b)

(c) (c)

(a)

(b)

(c) (c)
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No morphological or structural anomalies 
nor regression towards male after 300 
days post treatment

Females 
E2 Treatments

Males
Control Treatments

30 180 300

DPT

Hystological analysis of ovaries and testis
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Treatment 
(E2 mg/kg)

30 DPT (n=9)
Average ± SE

180 DPT (n=9)
Average ± SE

300 DPT (n=9)
Average ± SE

Survival
n (%)

0 17.19 ± 0.24a  
85.93 ± 0. 96a

35.13 ± 1.35a  
189.22 ± 2.93a

40.02 ± 1.36a  
192.11 ± 5.39a 60 (100)

10 18.36 ± 0.38a 
98.12 ± 1.15b

44.32 ± 2.49b  
197.87 ± 4.59b

48.32 ± 1.59b  
209.53 ± 2.02b 60 (100)

20 18.72 ± 0.40a 
99.33 ± 2.47b

61.88 ± 1.53c  
207.00 ± 4.52bc

70.72 ± 0.89c  
237.00 ± 2.35bc 60 (100)

30 18.47 ± 0.25a 
99.23 ± 2.45b

63.37 ± 0.86c  
211.94 ± 1.84c

73.59 ± 1.31c  
257.50 ± 2.75c 60 (100)

Survival and Growth
low dosages

Treatment 
(E2 mg/kg)

30 DPT (n=9)
Average ± SE

180 DPT (n=9)
Average ± SE

300 DPT (n=9)
Average ± SE

Survival
n (%)

0 35.93 ± 0.96a  
164.90 ± 1.22a

49.18 ± 0.35a  
173.10 ± 1. 66a

175.03 ± 1.93a 
270.6 ± 1.43ª 30 (100)

40 50.34 ± 1.93ab 
183.60 ± 2.34b

57.48 ± 0.30b  
198.30 ± 0.54b

179.97 ± 1.56a 
272.0 ± 1. 67ª 30 (100)

50 54.89 ± 2.33b  
187.20 ± 1.78b

57.93 ± 0.33b  
195.37 ± 1.53b

178.10 ± 0.97a 
282.6 ± 2. 32ª 30 (100)

60 55.46 ± 1.17b  
184.70 ± 184.67b

58.80 ± 0.41b  
215.57 ± 1.84c

193.73 ± 1.02b 
279.3 ± 1. 86a 30 (100)

Survival and Growth
High dosages
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Reproductive Functionality

✓ Five females induced with LHRH-a implants

✓ 80 % spawned and produced fertile eggs.

✓ We obtained an average of 386,425 eggs (± 43,922)
Fertilization rate of 76.4% (± 14.71).

✓ Average amount of larvae produced per femlaes was
243,621 (± 3,813).

mm

Viable Females 1were obtained, producing 
high numbers of eggs and larvae

Feminization of Centropomus poeyi juveniles 
is feasible using 50 mg/kg .

E2 estimulates growth. The larger the dose, the 
larger the effect, remaining for 300 DPT.

The gonadal development observed was 
normal for up to 300 DPT

Conclusions
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It is not the same 
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Reducing off-flavour compounds geosmin and 2-methylisoborneol in tilapia through different 
cultivation technologies 

LIU Liping1∗, ZHANG Kai1, LI Kang1, ZHOU Menghai1, ZHAN Jia2,LIANG Qinlang2, WU Zongwen2 
  
(1. Key Laboratory of Freshwater Fishery Germplasm Resources, Ministry of Agriculture, Shanghai 
Ocean University, Shanghai 201306, China; 2. Ningbo Academy of Inspection and Quarantine of 
the P.R. China, Ningbo 315012, China; 3. Tongwei Group Co. Ltd, Sichuan, Chengdu 610041, China) 
E-mail: lp-liu@shou.edu.cn 

Off flavor in aquatic products is a rising concern among consumers and researchers. This study compares 
the effects of four different tilapia cultivation systems, namely tilapia-water spinach integrated system, 
sewage discharging system, sewage discharging and tilapia-water spinach integrated system with tilapia 
monoculture system as control on the water quality, tilapia production and off-flavor contents in water 
and tilapia. Using gas chromatography and mass spectrum (GC-MS) based on microwave assisted 
distillation followed by purge-and-trap, the off-flavor compounds geosmin (GSM) and 2-
methylisobomeol (2-MIB) were determined in water and tilapia tissue. The results showed that the 
production of the tilapia-water spinach integrated system was the highest among the systems (P <0.05). 
The contents of ammonia nitrogen and nitrite in the sewage discharging and tilapia-water spinach 
integrated system were significantly lower (0.64±0.06mg/L and 0.086±0.005mg/L, respectively). In 
addition, the concentration of 2-MIB and GSM in the tilapia muscle of the sewage discharging and 
tilapia-water spinach integrated system (0.31±0.02 μg/kg and 0.53±0.042 μg/kg respectively) were 
significantly lower than in the control group (0.67 ± 0.022 μg/kg and 0.87±0.018 μg/kg respectively). The 
results indicated that the sewage discharging and tilapia-water spinach integrated system reduced the 
accumulation of off-flavor compounds in water and tilapia muscle in the intensive tilapia farming 
system. 
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➢ Tilapia (Oreochromis spp) is one of the main farming species in the world, and the 
culture has expanded rapidly with the production of 6.26 million tons in 2016(FAO, 
2015). 

➢ However, due to the cultivation conditions and the water quality affected by 
environment, there is often unpleasant smell of off-flavor in tilapia tissue. 

➢ Exploring the causes of off-flavor, controlling and eliminating the earthy taste of 
aquatic products has become a rising concern in the fishery production activities.

Introduction

Geosmin combines with 2-methylisoborneol(MIB), which concentrates in the fatty skin 
and muscle tissues，are responsible for the muddy smell in many commercially 
important freshwater fish. 

geosmin 2-methylisoborneol(MIB)

Introduction
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◆ Geosmin is produced by the gram-positive bacteria Streptomyces, a genus of 
Actinobacteria in the order Actinomycetes, and released when these 
microorganisms die. 

◆ Some algae, particularly blue-green algae (cyanobacteria) such as Anabaena, 
produce MIB together with other odorous chemicals such as geosmin. 

◆ These chemicals can be smelled musty or earthy odor and the human nose is 
extremely sensitive to geosmin and MIB able to detect them at concentrations as 
low as parts per trillion-.

Introduction

cyanobacteria

Streptomyces

sedi
me
nt

water
MIB

Geosmin

odorous 
flavor

pon
d

Introduction
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System setup
➢Tilapia 

tanks(5m×3m×1.2m),cemen
ted;
➢11 

fish/m2，54.54±2.29g/fish; 
water spinach 150g/m2

➢3 replicates for each 
treatment, 12 weeks.

sewage discharging system

sewage discharging and tilapia-water 
spinach integrated system

tilapia monoculture system(Control) 

tilapia-water spinach integrated system

Material & methods

methods

MIB & GSM detection in water：P&T 
GC-MS/MS

MIB & GSM detection: microwave 
assisted distillation-P&T GC-MS/MS

Water quality：D.O, pH, W.T,  nitrite, 
ammonia

tilapia：weight gain, SPR，survival 
rate, net production and FCR

Material & methods

 
412



The earthy compounds were extracted in homemade microwave distillation 
equipment. 
The microwave power and distillation time were set different to optimize the recovery 
of target compounds. 
Target compounds were purged from 5mL distillate and absorbed onto the trap for 11 min. 

Material & methods

Fig.1 Extract Ion Chromatograms map of MIB and GSM

2.1 Method validation

Material & methods
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Fig.2 Component mass spectrogram of MIB and GSM

2.1 Method validation

Material & methods

2.2 Optimization of the 
extraction methods

Fig.3 Effect of microwave power and treatment time on the extraction efficiency of MIB and GSM from fish meat

Results
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Fig.4 Effect of split ratio of GC/MS, purge time, sample temperature and salt percentage on the extraction efficiency 
of 2-MIB and GSM from fish meat

2.2 Optimization of the detection methods

Results

2.3 Calibration curves, limits of detection, and recovery for 2-MIB and geosmin

Table1  Spike recovery of 2-MIB and GSM from tilapia samples

a Relative standard deviation. b Target ions for quantitation.

Analyte
t

R

（min）

Selected ions

(m/z)

Linearity

（R）

Spiked Concentration（μg/L）

2 5 20

Recovery

（%）
RSDa（%）

Recovery 

（%）
RSD（%）

Recovery 

（%）

RSD

（%）

2-MIB 5.950 95b,108,135 0.998 84-87 2.8 85-102 12 91-96 4.3

GSM 7.569 112b,125,97 0.998 90-112 12.9 95-101 4.3 81-83 1.8

 

Results
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index control tilapia-water 
spinach integrated

sewage discharge group sewage discharge and tilapia-water 
spinach integrated

tilapia
 
initial weight

54.54 54.54 54.54 54.54

 
final weight

407.47±8.08a 478.57±14.96c 428.27±17.26b 461±10.47c

biomass(kg/m³) 3.67±0.07a 4.31±0.13b 3.85±0.16a 4.14±0.09b

specific growth rate(%) 2.39±0.02a 2.59±0.04b 2.45±0.05a 2.54±0.03b

body weight increase 5.11±0.12a 6.18±0.22c 5.42±0.26b 5.92±0.16c

survival rate/% 100±0.00a 100±0.00a 100±0.00a 100±0.00a

feed conversion rate 1.19±0.03a 0.99±0.04b 1.13±0.05a 1.03±0.03b

water spinach
net production of water 
spinach/(kg·m‒3)

 0.60±0.04a  0.69±0.03b

Tab. 2 Growth performance of tilapia and water spinach cultured in each treatment
Note：the value in the same line with different superscript letters are significantly different(P＜0.05).

Results

Fig. 5 Variations of water temperature, pH, D.O during the trial

Water quality variations

Results
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Fig. 6 Variations of nitrite-N, TAN during the trial

Water quality, growth performance, and comparison on the content of geosmin and 
2-methylisoborneol in different tilapia cultivation systems

Water quality variations

Fig. 7 Variations of 2-MIB in water from each 
treatment during the trial

Fig. 8 Variations of GSM in water from each 
treatment during the trial

c b a a
aa

aa
b

bc

c
a aaaaa a

b b bc c

Water quality, growth performance, and comparison on the content of geosmin and 
2-methylisoborneol in different tilapia cultivation systems

Content of geosmin and 2-methylisoborneol in different tilapia cultivation systems
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2.4  Variations of MIB and GSM in tilapia fillet from each treatment during the trial

Fig. 10 Variations of GSM in tilapia from 
each treatment during the trial

Fig. 9 Variations of 2-MIB in tilapia from each 
treatment during the trial

Water quality, growth performance, and comparison on the content of geosmin and 
2-methylisoborneol in different tilapia cultivation systems

Conclusion

✓ An analytical method was established for determining geosmin (GSM) 

and 2-methylisobomeol (MIB) as off-flavor compounds in tilapia tissue 

using gas chromatography and mass spectrum (GC-MS) based on 

microwave-assisted distillation followed by purge-and-trap. 

✓ The sewage discharging and tilapia-water spinach integrated system 

reduced the accumulation of off-flavor compounds in water and tilapia 

muscle in an intensive tilapia farming system.
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Prospects

To monitor the dominant microorganisms including blue-green 

algae and actinomycetes.
Research 
shortage

It provides methods to reduce the off-flavor compounds in tilapia 

culture system, and criteria to improve tilapia products quality.Prospects

Thanks for your attention.
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An overview of the status and potential of the mud crab fishery in coastal Bangladesh: Prospect, 
strategies, approaches 

Mojibar Rahman*, Shahroz Mahean Haque 
  
*Department of Fisheries Management, Bangladesh Agricultural University.Mymensing 2202, 
Bangladesh 
shahrozm2002@yahoo.com 

Public awareness of the potential of the Mud crab fishery in coastal areas of Bangladesh has been 
particularly strong, in recognition of climate resilience and the particularly high export value of crabs. 
Endemic crabs show promise for cultivation, with potentially excellent economic and nutritional 
rewards.  Despite such favorable prospects, the crab culture industry has remained undeveloped, and is 
restricted almost entirely to the fattening or growout of wild-caught juveniles; hatchery technology has 
not yet advanced sufficiently to deliver a reliable and abundant source of seedstock.  The high 
aquaculture and export potential of the sector hinges on favorable biological, social and economic 
factors; coastal interest and international demand and price are compelling industry incentives.  From a 
commercial perspective, efforts to close the life cycle of the burrowing mud crab Scylla serrata have had 
only limited success, and the hatchery and nursery phases of mass culture remain serious bottlenecks to 
mass culture.  The current study has focused on the underlying perceptions and circumstances of crab 
fishery in coastal Bangladesh, as relevant to the potential for continuing aquaculture development. Our 
analysis focused on qualitative opportunities, approaches and impediments, using Strengths, 
Weaknesses, Opportunities and Threats (or SWOT) analysis.  This was conducted to explore issues 
integral to the development of the crab sector toward sustainable growth of the industry in coastal 
Bangladesh.  Interviews, focus groups, and a workshop were carried out in support of the analytical 
process.   Evaluation and analysis of primary and secondary data revealed several unifying trends, such 
as consistently escalating price and demand, biological tolerance of variable and at times adverse 
environmental conditions, relatively low levels of investment required for farming, good benefits, 
appealing polyculture and integrated farming characteristics, availability of suitable resources, and 
nearly optimal climate and water quality conditions in coastal Bangladesh.  Impediments to industry 
growth include a daunting dependence on wild-caught juvenile crabs.  Challenges include the lack of 
suitable hatchery operation, limited technical knowledge, unavailability of specialized feeds, shallow and 
somewhat unstable domestic markets, susceptibility of young crabs to mortality, scarcity of technical 
and market support, and inadequate strategic policy.  These must be considered together with 
promising incentives for industry development: high market potential, farming interest, prospects for 
employment generation, nutritional quality, and apparently robust business opportunities.  Continuous 
extractive practices and compromised habitat quality have led to significant depletion of wild stocks, 
complicating a value chain already troubled by indiscriminate patterns of harvest.  Market competition 
from imported crabs must be factored into plans for industry growth and development; these and other 
threats impose limitations on the capacity for sustainable expansion of the mud crab industry in coastal 
Bangladesh.  Some recommendations are also detailed in the interest of adopting a responsible 
integrated coastal fisheries management approach and strategic policy development.  This planning 
approach is based on anticipation of technological, environmental, regulatory and commercial 
management factors. Important guidance to industry development can be gained by considering past 
regional successes and failures with other crustaceans.  For example, the remarkably successful growth 
of the mitten crab (Eriocheirsinensis) industry in China may have value as a model for the mud crab 
industry in Bangladesh. 
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An Overview of the Status and Potential of the 
Mud Crab Fishery in Coastal Bangladesh: 

Prospect, Strategies, Approaches 

Md. Mojibar Rahman
Ph.D Research Fellow

Bangladesh Agricultural University

2/22/2018 Aquaculture America 2018                                                                            
1

How mud crab fishery can be utilized and 
developed sustainably in the coastal 
region of Bangladesh?

The mud crab fishery can be developed into 
a viable & sustainable aquaculture, capture 
fisheries & trade activity in Bangladesh 

2/22/2018 Aquaculture America 2018               2
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▪ To benchmark & analyze the current situation & 
embedded issues of 

2/22/2018 Aquaculture America 2018               3

Objectives 

▪ To imply issues under SWOT as a matter of urgency to provide an 
outline for particular recommendations in terms of true management 
perspective & strategic decision-making to redound thriving of this 
sector.

▪ To assist in drawing a master plan as preamble for collaboration & 
collective action plans by private sector, govt. body, academicians,
policy makers, development agencies & researchers.

Importance

Mud crabs:

▪ Widely distributed species

▪ Crab fishery is rapidly increasing

▪ Production 1300 thousands tons

▪ Important coastal aquaculture species

▪ Most edible, popular and costly

2/22/2018 Aquaculture America 2018               4
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Importance (Cont’d)

▪ Fishery gained popularity

▪ Commercially important sp.

▪ Huge coastal landscape

▪ Very potential sector

▪ Thriving on crab aquaculture

▪ High demand and prices

▪ Ranked 2nd in exports 

Mud crabs fishery in coastal Bangladesh:

2/22/2018 Aquaculture America 2018               5

Different crab culture systems coexist in Bd

Crab Fattening 2. Grow-out culture 

3. Soft-shell crab 
production

2/22/2018 Aquaculture America 2018               6
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Literature review 

Key informant interview 

Focus group discussion

Workshop: SWOT Analysis

Research methodology 

2/22/2018 Aquaculture America 2018               7

▪ An SWOT is commonly used to initiate strategic planning 
in the fields of business & management

                Helms and Nixon (2010)

▪ Applications of SWOT to marine & freshH2O fisheries 
have appeared in recent years in peer-reviewed journals            

                                  Loefflad et al., 2014

▪ Applications of SWOT analysis to aquaculture systems 
are found more prevalent
                                                                 Rimmer et al., 2013

Why SWOT Analysis 

2/22/2018 Aquaculture America 2018               8
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Study Areas

Source: Islam et al., 2012

Coastal region of Bangladesh

2/22/2018 Aquaculture America 2018               9

Results

2/22/2018 Aquaculture America 2018               9
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STRENGTHS (internal positives)
▪ High demand and price in local & international markets

▪ Crab itself less susceptible to disease & resistant to adverse 
environmental conditions

▪ Crab can tolerate a wide range of environmental factors

▪ Technically easy to culture with a short crop cycle

▪ Polyculture are carried out efficiently

▪ Crabs can easily fed trash fishes

▪ Diversified farming systems are occupied 

▪ Increase farm production and income for impoverished HHs

▪ Generating huge employment opportunities

▪ Crab fishery involved more than 300,000 people

2/22/2018 Aquaculture America 2018             10

WEAKNESS (internal negatives) 

▪ Aquaculture is entirely depended on wild-caught seeds
▪ Hatchery technology for seed production is absent
▪ Limited improved or sustainable production technology
▪ High stocking mortality in farms
▪ Commercial feed has not been developed or introduced yet
▪ Lack of capital & limited access to credits for fatteners
▪ No standard grading & pricing system
▪ Limited or no domestic consumption
▪ Poor transportation facilities lead mortality
▪ Poor background data on stock assessment
▪ Inadequate research initiatives to develop this sector
▪ Lack of sustainable & appropriate policy
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OPPORTUNITIES (external positives)

▪  Well-suited water bodies are available
▪ Crab aq. can be adopted in changing climate conditions
▪ Improved technology can enhance farming production
▪ Large-scale shrimp farmers are shifting to crab farming
▪ Success in hatchery seeds supply will ensure rapid growth
▪ Poor women may be benefited through improved value chain
▪ High export market potential with growing demand & price 
▪ International market has potential demand for value addition
▪ Potential for enterprise & industrial development 
▪ Human resources are available to support a new industry
▪ Domestic consumers can enhance local demand
▪ Appropriate policy & initiatives can help sustainable fishery
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THREATS (external negatives)

▪ Export trade based on harvesting wild stock may not be 
sustainable

▪ Excessive & indiscriminate harvesting may lead rapid depletion 
of wild stock & threaten species

▪ Dependence for seed on natural sources can hamper fishery 
growth

▪ Rapid depletion of wild population can create bio-diversity 
degradation

▪ Large-scale international competitors can challenge BD crab’s 
demand & consumer preference

▪ Harvesting in breeding season & damage natural habitats & 
ecology can disrupt natural propagation
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Conclusion
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•Strengths can be utilized & opportunities can be welcomed  as 
these are the main vehicles for  sustainable exploitation and 
rapid growth of this potential sector

•Problems & limitations can be addressed by proper monitoring 
& critical examining to transfer weaknesses as asset to robust 
the sector viable towards economical,
•commercial, sociological & ecological return

•Data predict, crab fishery in the coastal zone will epitomize the 
blue economy & contribute to the tangible outcomes in support 
of SDGs. 

Recommendations
▪ Determined initiatives should be taken to produce hatchery raised 

crab seeds commercially through induced breeding and larval rearing.

▪ Study for crab stock assessment is clearly warranted to known 

whether the species is already overexploited or underexploited & 

based on that findings, an effective strategic approach can be made for 

further development. 

▪ Enforcement & proper application of law & a restriction policy should 

be applied to avoid such harvesting that leads indiscrimination & 

habitat degradation
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Recommendations (Cont’d)
▪ Crab farmers must be trained on BMP, also introduce to improved 

technology to enhance production

▪ Breeding & nursery grounds need to be identified & crab sanctuary 

can be established on a priority basis for species conservation & 

long-term sustainable exploitation

▪ Transport systems should be modern & crab friendly to reduce 

mortality

▪ Crab marketing systems should be open for fair pricing

▪ The exploration and identification of more export markets is needed
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 Fig: women harvest crab and tying by string

Special Case (women in crab aquaculture)  
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Fig: women checking crab, applying feeds & preparing lime

Special Case (women in crab aquaculture)  
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 Fig: women mince fish for crab, checking crabs, making gear

Special Case (women in crab aquaculture)  
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Fig: women making money through selling crabs to local  
markets

Special Case (women in crab aquaculture)  
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Thank you very much
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