
Ethel Tettey, Masters student, attends to her thesis experiment 
studying the dietary protein requirements of Claroteid catfish 
(Chrysichthys nigrodigitatus) at the KNUST aquaculture lab 
(photo courtesy of Emmanuel Frimpong). 
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By Susan Johnson, UC Davis

When	Emmanuel	Frimpong	was	a	post-graduate	
student at Kwame Nkrumah University of Science 

and	Technology	(KNUST)	in	Kumasi,	Ghana,	he	spent	
his	first	year	accomplishing	very	little	in	aquaculture.		At	
the time, fourteen years ago, there were no advanced 
courses	in	aquaculture	or	fisheries,	no	ongoing	research,	
no textbooks or journals, and only two lecturers in the 
fisheries	and	watershed	management	department.		To	
pursue	a	quality	education	in	aquaculture	and	fisheries	
Frimpong	had	to	leave	Ghana	to	study	abroad.		

Now,	thanks	to	support	from	the	AquaFish	Innovation	
Lab,	KNUST	offers	not	only	an	undergraduate	program	

mailto:aquafish%40oregonstate.edu?subject=
http://aquafishcrsp.oregonstate.edu/
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Goings-On In 
the Pond...

On Thursday 27 February 2014, Kat Goetting, 
the Outreach and Communication 

Manager of the AquaFish Management 
Team,	presented	a	talk	at	a	U.S.	Peace	Corps	
Recruiting	Event	at	Oregon	State	University.	
Both	groups	play	a	vital	role	in	Feed	the	Future,	
the	U.S.	Government’s	Global	Hunger	and	
Food	Security	Initiative	that	began	in	2009.		
AquaFish	and	Peace	Corps	both	currently	work	
in	Kenya,	Ghana,	Tanzania,	Uganda,	Nepal,	
and Cambodia, all of which are Feed the 
Future	focus	countries.

AquaFish Innovation Lab welcomes new 
members to the External Program Advisory 

Council (EPAC): Nancy Gitonga from FishAfrica 
in	Kenya,	and	Liping	Liu	of	Shanghai	Ocean	
University	in	China.		EPAC	provides	advice	to	
the	Director	on	program	direction,	input	for	
RFPs,	and	evaluations	of	project	performance.		

The AquaFish Regional Center for 
Excellence (RCE) coordinators work to 

build	community	among	AquaFish	partners,	
identify	potential	additional	partnerships,	and	
bridge	the	knowledge	gap	from	local-regional	
perspectives	to	global	development.
The AquaFish RCE coordinators are: 

•	Latin America: Wilfrido Contreras 
(Universidad Juárez Autónoma de Tabasco, 
Mexico), and Maria Celia Portella (Sao Paulo 
State University, Brazil)

•	Africa:	Héry	Coulibaly	(Direction	Nationale	
de la Peche, Mali), and Charles Ngugi 
(Ministry	of	Fisheries	Development,	Kenya)

•	Asia: Remedios Bolivar (Central Luzon State 
University,	Philippines),	and	Yuan	Derun	
(Network of Aquaculture Centres in Asia-
Pacific,	Thailand)

The AquaFish Management team is excited 
to have new staff members Caleb Price and 

Paris	Edwards	as	the	Outreach	and	Capacity	
Building Coordinator and the Research and 
Gender	Coordinator,	respectively.	

The AquaFish Management Team 
participated	in	Oregon	State	University’s	

(OSU) Earth Day Fair, teaching OSU students 
and Corvallis, Oregon, community members 
about aquaculture and the work that AquaFish 
does	to	promote	sustainable	practices.	

The Central American University (UCA) 
has been working with communities on 

the	Pacific	Coast	of	Nicaragua	for	seven	
years	to	find	ways	to	better	protect	a	key	
fisheries resource and determine how
fishers	can	derive	more	value	from	their	
efforts.	Black	cockles	(Anadara	spp.)	are	
a	valuable	fishery	resource	in	much	of	the	
tropical	world,	including	the	coasts	of	Latin	
America. They are particularly important
to women, children, and the elderly as 
these stakeholders generally do not have 
the	ability	to	fish	for	finfish.	Cockles	are	a	
mainstay for these stakeholders and very 
often their only source of income. AquaFish
understands	these	realities,	and	supported	
research on black cockles and further 
development	of	the	fishery	in	partnership	
with UCA and coastal communities in 
Nicaragua.

MANAGEMENT AND VALUE-ADDED 
EFFORTS FOR BLACK COCKLES IN 
NICARAGUA

By Maria Haws, University of Hawaii at Hilo

Woman collecting cockles in the 
mangrove forests of Nicaragua 
(photo courtesy of Maria Haws).

Nicaragua continued on page 9....
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AQUAFISH INNOVATION LAB ANNUAL

MEETING

AquaFish	partners	from	14	countries	
gathered in Seattle on 8-9 February 2014 

to	discuss	AquaFish	research	and	projects.		The	
AquaFish Management Team organized two 
workshops,	an	annual	program	meeting,	and	
a meeting for SIRTD Associate Award Project 
participants.	One	workshop	was	on	the	Global	
Experiment,	the	other	on	Impact	Assessment.		
Additionally,	research	presentations	were	
given in two AquaFish-organized sessions 
at	the	World	Aquaculature	Society’s	(WAS)	
Aquaculture America, titled “Low-Cost Feed 
and	Input	Solutions	for	Sustainable	Small-Scale	
Aquaculture	in	Developing	Countries,”	and	
“Low-Cost Solutions for Sustainable Small-Scale 
Aquaculture	in	Developing	Countries.”

AquaFish Innovation Lab Annual Meeting 
participants in Seattle, Washington (photo credit 
Morgan Chow). 

The Global Experiment Workshop (photo credit 
Morgan Chow).

AQUAFISH RESEARCH PRESENTED 
AT WAS AQUACULTURE AMERICA 
2014: “LOW-COST FEEDS AND LOW-
COST SOLUTIONS FOR SMALL-SCALE 
SUSTAINABLE AQUACULTURE IN 
DEVELOPING COUNTRIES” 

The	production	of	Nile	tilapia	in	Nepal	was	
found to increase when given a half ration 

of	feed	along	with	fertilization,	as	opposed	to	
all-feed	or	all-fertilization,	reported	Narayan	
Pandit,	of	Nepal’s	Agriculture	and	Forestry	
University.		Daniel	Adjei-Boateng	of	Purdue	
University	presented	results	that	showed	that	
tilapia	production	did	not	differ	significantly	
between that half-feed/fertilization regime 
versus	full-feed	and	no	fertilization	in	Ghana.	

These were just some of the insights shared 
during	two	AquaFish-sponsored	sessions	in	
Seattle	at	the	World	Aquaculture	Society’s	
Aquaculture America conference, in 
February	2014.		The	sessions	brought	together	
researchers	working	on	topics	from	biofloc	
technology	to	genetics	to	marketing.

North	Carolina	State	University’s	Russell	Borski	
told attendees that alternate-day feeding 
could	reduce	feed	costs	for	milkfish	by	50%	
for	ponds	and	32.9%	for	sea	cages.	Although	
daily	milkfish	growth	slowed	slightly	in	both	
sea	cages	and	ponds	on	the	alternate-feed	
schedule, he said, survival rates rose slightly 
in both, and the savings on feed translated 
into	15-20%	more	profit	for	farmers.	These	
findings	are	promising,	as	milkfish	farming	–	
and	demand	for	milkfish	feed	–	continues	to	
grow	in	the	Philippines.	Md.	Abdul	Wahab,	
of Bangladesh Agricultural University, found 
similar	results	in	a	study	on	stinging	catfish	
(Heteropneustes fossilis), which had highest 
production	with	daily	feeding	at	half-ration	
levels.

The session featured many other research 
findings	on	increasing	input	efficiency:
1.	 Testing	Induction	of	Periphyton	Growth	as	

a Low-Cost Possibility for Sustainable Small-

WAS continued on page 4....
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Other	presentations	included:
1.	 Production Performance of Dedhuwa 

(Esomus danricus) in Monoculture and 
Polyculture	with	Carp	in	Chitwan,	Nepal	
(Sunila	Rai	et	al.)	[pdf]

2.	 Sustainable Strategy for Controlling Fish 
Disease Conditions Using Banana (Musa sp.) 
Leaf Extracts in Uganda (John Walakira et 
al.)	[pdf]

3.	 Role of Collaborating Programs in 
Aquaculture	Development	in	Mali	(Héry	
Coulibaly	et	al.)	[pdf]

4.	 Pond Aquaculture Best Management 
Practices	in	Ghana:	To	Adopt	Or	Not	To	
Adopt	(Yaw	Ansah	et	al.)	[pdf]

5.	 Using	On-Farm	Experiments	to	Untangle	
the	Causes	of	Low	Productivity	of	Tilapia	
(Oreochromis niloticus) Grown in Ponds in 
Ghana	(Emmanuel	Frimpong	et	al.)	[pdf]

6.	 Estimating the Actual and Potential 
Production	Capacity	of	Aquaculture	Ponds	
in	Ghana	(Iris	Fynn	et	al.)	[pdf]

7.	 An	Ecological	Approach	Towards	Optimizing	
Pond-Specific	Fertilization	Efficiencies	for	
Semi-Intensive	Aquaculture	(Christopher	
Knud-Hansen)	[pdf]

8.	 Optimal	Stocking	Density	for	Small	
Indigenous	Species,	Punti	(Punti sophore) 
and Dedhuwa (Esomus danricus) Large-
Carp	Culture	Systems	in	Rural	Nepal	(Bailey	
Keeler	et	al.)[pdf]

9.	 Environmentally Friendly Cage Culture: 
A Successful Model of Small-Scale 
Aquaculture for Livelihood of Fishing 
Communities	in	Nepal	(Jay	Dev	Bista	et	al.)	
[pdf]

10.	Aquaculture	Product	Development	and	
Marketing Innovations for Sustainable Small-
Scale	Aquaculture	in	Kenya	(Sammy	K.	
Macharia	et	al.)	[pdf]

11.	Low	Cost	Production	Systems	for	Tropical	
Gar (Atractosteus tropicus) (Wilfrido 
Contreras	et	al.)	[pdf]

12.	How	Changes	in	Seafood	Supply	and	
Demand	in	China	Will	Impact	Aquaculture	
in	Asia	and	the	Rest	of	the	World	(Liping	Liu	
et	al.)	[pdf]

More	information	on	presentations	and	other	
details can be found at www.aquafishcrsp.
oregonstate.edu/page/WAS2014	and www.was.
org/ 

The Fish Site, a website that features the latest 
news	 in	 the	 aquaculture	 and	 fishing	 industry,	
featured	research	presented	by	AquaFish	partners	
Russell Borski and Sebastian Chenyambuga at 
Aquaculture	America	2014.		Visit	thefi	shsite.com to 
read	the	stories.	

Scale	Tilapia	Culture	in	Yucatan,	Mexico	
(Ana	Milstein	et	al.)	[pdf]

2.	 Effect of Feeding Level and Frequency on 
Performance	of	Nile	Tilapia	(Oreochromis 
niloticus) Fed Diets Containing Moringa 
Leaf	Meal	and	Sunflower	Seed	Cake	
(Sebastian	Chenyambuga	et	al.)	[pdf]

3.	 Mobilization and Recovery of Energy 
Storage	in	Nile	Tilapia	Submitted	to	Fasting	
and	Refeeding	(Caroline	Nebo	et	al.)	
[pdf]

4.	 Enhancement of Pond Productivity 
by Organic Manure Fertilization and 
Supplementary	Feeding	in	Kenya	(Julius	
Manyala	et	al.)	[pdf]

5.	 Effect of Fertilization and Feeding Level on 
the	Productivity	of	Tilapia	Pond	Culture	in	
Ghana	(Daniel	Adjei-Boateng	et	al.)	[pdf]

6.	 Alternate Day Feeding is More Cost 
Effective than Daily Feeding for Culture of 
Milkfish	in	Brackishwater	Ponds	and	Sea	
Cages	(Russell	Borski	et	al.)	[pdf]

7.	 Effect of Different Fertilization and Feeding 
Systems on Water Quality and Growth 
Performance	in	Nile	Tilapia	(Oreochromis 
niloticus) (Narayan	Pandit	et	al.)	[pdf]

8.	 Effect of Different Feeding Regimes on 
Growth and Production Performance 
of	Air	Breathing	Stinging	Catfish,	Shing	
(Heteropneustes fossilis),	and	Major	Carps	
in	Pond	Polyculture	(Md.	Wahab	et	al.)	
[pdf]

The afternoon session featured a broader 
range	of	topics	and	focused	on	low-cost	
solutions.		Similar	to	the	morning	presentations,	
this session attracted a large, interested 
audience.	Both	sessions	seemed	to	be	
valuable to not only the AquaFish community 
but other aquaculture researchers searching 
for	ways	to	decrease	input	costs	while	
maintaining	high	production	and	revenue.

....WAS continued from page 3.

http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Rai%20polyculture%20carp%20AAS%202014.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Walakira_490_27.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Coulibaly%20Mali%20AAS%20Seattle%202014.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Ansah_344_27.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Frimpong%20AAS%20Seattle%202014.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Fynn%20AAS%20Seattle%202014.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Knud-Hanson%20Pond%20Fert%20AAS%20Seattle%202014.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Keeler%20SIS%20AAS%20Seattle%202014.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Bista%20AAS%20Pres%20Seattle%202014.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Macaria%20420-27.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Contreras%20Gar%20AAS%20Seattle%202014.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/LIping%26%20Yuan%20AAS%20Seattle%202014.pdf
http://aquafishcrsp.oregonstate.edu/page/WAS2014
http://aquafishcrsp.oregonstate.edu/page/WAS2014
http://www.was.org/
http://www.was.org/
http://www.thefishsite.com/fishnews/22529/aquaculture-america-2014-the-advantages-of-alternative-day-feeding-of-milkfish-in-the-philippines
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Milstein%20Periphyton%20Mexico%20AAS%202014.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Madalla%20Feeds%20AAS%20Seattle%202014.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Nebo%20Fasting%20AAS%20Seattle%202014.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Manyala%20Fert%20AAS%20Seattle%202014.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Adjei-Boateng%20Ferts%20Feeds%20Ghana%20AAS%20Seattle%202014.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Borski%20Alternate%20Day%20Feeding%20AAS%202014.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Shrestha%20Feeds%20Ferts%20AAS%202014.pdf
http://aquafishcrsp.oregonstate.edu/Documents/Uploads/FileManager/Wahab%20Feeds%20ABF%20Polyculture%20AAS%202014.pdf
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“Students are trained to acquire 
the	requisite	practical	skills	in	fish	
farming	without	compromising	

the integrity of the aquatic 
environment,”	said	Steve	Amisah.

....Educating continued from page 1.

in Aquaculture and Water Resources 
Management, but  Masters and PhD degrees 
in	Aquaculture.		Within	the	year,	a	Masters	
degree in Aquaculture Business Management 
and Aquaculture Economics will be available 
at	KNUST.	

“AquaFish has steadily built 
capacity	in	all	fronts,	leading	
to	the	development	of	the	
Master’s	program	which	is	
awaiting	accreditation,”	
commented	Dr.	Frimpong,	
now	an	associate	professor	
at Virginia Polytechnic Institute and State 
University	and	an	AquaFish	US	Co-Principal	
Investigator.		“[Both	programs]	efficiently	
integrate research, extension, and teaching/
training	in	capacity	building.”

The	new	degree	programs	have	been	
developed	through	the	lens	of	food	security	
challenges,	in	particular	the	animal	protein	
deficiency	and	more	than	a	40%	gap	between	
domestic	fish	production	and	consumption	
in	Ghana.		The	importance	of	research	
reaching farmers, environmental sustainability, 
and	business	aspects	of	aquaculture	will	be	
emphasized	in	the	curriculum.		

“Students are trained to acquire the 
requisite	practical	skills	in	fish	farming	without	
compromising	the	integrity	of	the	aquatic	
environment,”	noted	Dr.	Steve	Amisah,	Dean	
of the Faculty of Renewable Natural Resources 
of the College of Agriculture and Natural 

Resources	at	KNUST	and	AquaFish	Host	Country	
Principal	Investigator.	“Thus	the	program	
encourages	best	management	practices	in	fish	
farming	without	sacrificing	economic	benefits.”

AquaFish	has	played	a	significant	role	
throughout	the	accreditation	process,	

providing	technical	support	
and	input.	In	addition	to	
curriculum	development,	
KNUST refurbished its 
research	facilities,	provided	
staff training, built the 
department’s	library	
resources,	and	purchased	

needed	equipment	and	research	supplies.		
The	department	now	employs	five	PhD-level	
and	two	MS-level	faculty.		All	aspects	of	the	
department	were	improved	to	provide	high-
quality facilities and build both human and 
institutional	capacity.	

AquaFish has a long history of building 
capacity	around	the	world.		Since	2006,	
AquaFish	has	supported	351	degrees		-	
48%	were	earned	by	women	-	and	forged	
partnerships	with	over	80	institutions.	The	recent	
efforts	in	Ghana	are	a	product	of	the	rich	and	
in-depth	collaboration	AquaFish	has	facilitated	
between Oregon State University, Purdue 
University,	Virginia	Tech,	and	KNUST.		The	
collaborative	relationships	AquaFish	has	forged	
are	producing	benefits	that	will	go	beyond	the	
life	of	the	program	and	will	have	a	sustainable	
impact	for	years	to	come.

KNUST students 
and participants in 
the feed trials that 
were part of the 
Strategic Investment 
in Rapid Technology 
Dissemination (SIRTD) 
Best Management 
Practices (BMP) 
Associate Award 
(photo credit Hillary 
Egna).
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Rezwana had long wanted to attend an 
agricultural university where she would be 
able to research ways in which Bangladeshi 
aquaculture	could	be	expanded	and	
made	more	sustainable.	She	believed	the	
lack	of	adequate	knowledge	about	fish	
culture and management technologies 
was	a	primary	factor	in	the	low	per	unit	fish	
production.	Rezwana	hoped	to	continue	the	
development	of	sustainable	technologies	in	
aquaculture that are better suited for rural 
farmers	in	Bangladesh.		Under	the	guidance	
of	Dr.	Md.	Abdul	Wahab,	an	AquaFish	Host	
Country	Principal	Investigator	at	Bangladesh	
Agriculture University (BAU), Rezwana did just 
that.		From	July	through	October	2012,	those	
studies culminated in four months of AquaFish-
supported	research	on	the	water	quality	and	
growth	and	production	of	Nile	tilapia	and	
silver	carp	in	polyculture	ponds	under	different	
fertilizer	and	feed	conditions.	The	lessons	and	
techniques	learned	from	that	experimental	
research will be disseminated throughout the 
country	through	workshops	and	on-farm	field	
trials	over	the	next	few	years.

In four months of data collection and analysis, 
Rezwana and the research team recorded 
how	water	quality	and	fish	production	were	
affected by three different feeding and 
fertilizing regimes: 1) fertilizing with no added 
feed; 2) feeding at full ration level with no 

GRADUATE STUDENT PROFILE: 
REZWANA SHARMIN

AQUAFISH STUDENT CORNER

fertilization; and 3) feeding at half ration 
level	with	fertilization.	For	tilapia,	the	average	
weight	at	harvest	and	specific	growth	rate	was	
significantly	lower	in	the	ponds	under	the	first	
treatment (only fertilization) than those under 
the	second	or	third	treatments.	Tilapia	grew	
faster	and	had	higher	feed	efficiency	under	
the third (fertilized/half-feed) treatment than 
under	the	second	(only-feed)	treatment.	Silver	
carp	harvest	weight,	on	the	other	hand,	did	
not	differ	significantly	between	treatments,	
but grew slightly faster under the fertilized/
half-feed treatment than the feed only 
strategy.	The	combined	net	production	was	
higher under the fertilized/half-feed treatment 
than the other two, and that treatment had 
the	highest	benefit-cost	ratio.	The	results	
of	the	study,	conducted	at	the	University’s	
Fisheries Field Laboratory in the Mymensingh 
region, means that a combined fertilizer and 
supplemental	feeding	at	a	50%	ration	could	
be	more	economical	than	raising	the	fish	on	
feed	or	fertilizer	alone.		As	a	result,	Bangladeshi	
fish	farmers	may	be	able	to	diversify	their	crops	
with no loss in harvest biomass or income if 
they	utilized	this	regimen.

Rezwana	hopes	this	AquaFish-supported	
research will result in more farmers raising 
tilapia	and	silver	carp	in	low-cost	operations	
with	higher	profit	margins.	“The	proposed	
system	will	reduce	the	costly	feed	inputs	and	
make	optimum	use	of	natural	food	organisms,	
thus leading to an environment-friendly system 
with	higher	economic	return,”	she	says.

She sees many areas in which Bangladeshi 
aquaculture	could	be	improved:	inadequate	
supply	of	quality	seed	fish,	lack	of	quality	fish	
feed,	uncertain	availability	of	rain	water	to	fill	
ponds,	lack	of	funds	for	farmers	to	purchase	

Graduate Student continued on page 11....

By Matthew Berger, AquaFish Innovation Lab

Rezwana 
Sharmin

Rezwana analyzes 
samples in the lab 
at Bangladesh 
Agriculural University 
(photo courtesy of 
Rezwana Sharmin). Bangladesh’s	aquaculture	

operations	contribute	
over	half	of	the	country’s	
seafood	production.	
According to FAO, it ranked 
5th	in	the	world	in	farmed	
fish	production	in	2011.	But	
Rezwana Sharmin thinks 
her country could be doing 
more.
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AQUAFISH ALUMNI CORNER

WHERE ARE THEY NOW?: 
AQUAFISH ALUMNI WILFRIDO 
CONTRERAS VISITS OSU

“FISHERY BIOLOGY, REPRODUCTION AND CULTURE OF THE 
COMMON SNOOK, CENTOPOMUS UNDECIMALIS”

By Caleb Price, AquaFish Innovation Lab

The	word	“snook”	may	conjure	up	thoughts	of	
the	infamous	television	program	“The Jersey 

Shore”.	But	to	a	room	full	of	fisheries	students	
and	professors	at	Oregon	State	University	(OSU)	
last February, that word held a much different 
meaning.

Similar to salmon, the snook is a diadromous 
species	–	meaning	it	moves	between	
freshwater	and	saltwater	environments.	But	
unlike	salmon,	the	snook	is	a	hermaphroditic	
fish,	which	means	that	its	physiology	allows	it	
to change sex from male to female, or vice 
versa.	This	is	one	curiosity	that	drew	people	
to	a	special	seminar	on	the	topic	given	by	Dr.	
Wilfrido	Contreras,	a	fisheries	professor	and	
VP of Research at the Universidad Juárez 
Autónoma de Tabasco (UJAT) in Mexico -- a 
long-time	participant	in	AquaFish	research.

During his talk, entitled “Fishery biology, 
reproduction	and	culture	of	the	common	
Snook, Centopomus undecimalis,”	Dr.	
Contreras	spoke	about	what	he	learned	from	
years	of	research	on	snook.	Conversations	after	
the	talk	proved	informative	to	both	speaker	
and	audience.	“I	found	it	very	interesting	to	
hear	from	OSU	professors	that	other	hormones	
besides T3 and T4, (forms of testosterone) 
are	now	being	used	for	linking	physiological	
changes	and	migrations	in	fish,”	said	Dr.	
Contreras.

But	the	research	topic	wasn’t	the	only	thing	
that	made	this	seminar	special.	It	was	a	kind	
of homecoming for Wilfrido, who earned a 
Masters	degree	and	a	Ph.D	in	fisheries	science	
at	OSU,	supported	by	funding	from	the	
Aquaculture	CRSP.	He	completed	his	doctoral	

dissertation	in	2000,	which	focused	on	finding	
safe and reliable masculinization techniques for 
sex	reversal	in	Nile	tilapia.

Wilfrido	returned	to	UJAT	after	completing	
his	Ph.D	and	worked	on	building	capacity	
for	aquaculture	production	and	research	
in	Mexico.	He	has	served	as	a	principal	
investigator	on	AquaFish	projects	that	have	
supported	the	education	of	more	than	30	
students,	and	helped	promote	aquaculture	for	
conservation	and	food	security.	He	recently	
assumed	the	position	of	Vice	President	of	
Research at UJAT, where he guides research 
efforts	at	a	large	agricultural	university.		
Currently,	Dr.	Contreras	serves	as	a	Coordinator	
for the AquaFish Regional Center for 
Excellence	(RCE)	in	Latin	America.

During	his	visit	to	OSU,	Dr.	Contreras	met	with	a	
group	of	professors	interested	in	collaborating	
on	fisheries	research	in	Mexico.		He	was	
pleased	to	return	to	Oregon.	“The	University	is	
growing	a	lot.	I	am	surprised	with	the	number	
of	programs	offered	online.”		The	trip	was	also	
nostalgic,	says	Wilfrido.	“I	miss	the	pizza	from	
American Dream, the Thai food, the rain (just 
kidding!), and the many friends that I had the 
chance	to	see	while	visiting”.	

Wilfrido Contreras (photo courtesy of the 
AquaFish Innovation Lab). 
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CREATING SYNERGIES: 
ASIA REGIONAL MEETING

Aligning	research	priorities,	coordinating	
linkages, enhancing regional collaboration, 

and	evaluating	past	successes	were	the	
priorities	of	the	first	AquaFish	Asia	Regional	
Meeting,  held on 9-10 December 2013 at the 
Inland	Fisheries	Research	and	Development	
Institute	(IFReDI)	in	Phnom	Penh,	Cambodia.			

A shared focus on gender, human nutrition, 
USAID’s	mission	of	interaction	and	general	
outreach,	capacity	building,	technology	
development,	and	impact	assessment	
opened	up	opportunities	for	collaboration	

By Morgan Chow, AquaFish Innovation Lab

Nen Phanna (left) and Jay Dev Bista (right) 
in discussion during the AquaFish Innovation 
Lab Asia Regional Meeting (photo courtesy 
of Chheng Phen). 

Asia Regional Meeting participants engaged in 
discussions between sessions. Top (left to right): 
Hillary Egna and Md. Abdul Wahab. Bottom (left to 
right): May Myat Noe Lwin and Md. Ashraful Islam 
(photos courtesy of Chheng Phen). 

AquaFish Asia Regional Meeting participants (photo courtesy of Chheng Phen).

amongst	researchers’	projects	in	Bangladesh,	
Nepal,	Cambodia,	Vietnam,	Burma,	China,	
and	the	Philippines.

Dr.	Hillary	Egna	introduced	Phase	II	Focus	
Areas for Asia, as well as information 
from	past	research	efforts	such	as	the	
Global	Experiment,	Experimental	Pond	
Unit	Analysis,	and	Value-Chain	Analysis.	US	
Lead	Project	and	Host	Country	PIs	gave	
summary	presentations	on	their	work	thus	
far,	detailing	where	synergies	will	happen	
on	the	ground.		Projects	include	enhancing	
household	consumption	of	indigenous	fish,	
linking trade and markets for aquaculture 
development,	and	promoting	the	integration	
of	finfish	and	shellfish	into	pond	polyculture	
systems.		Other	discussions	covered	the	
Feed the Future Monitoring System (FTFMS) 
and	the	best	technologies	from	Phase	I.		Dr.	
Egna	closed	the	meeting,	and	participants		
had	the	opportunity	to	observe	fishing	and	
aquaculture	activities	in	the	Tonle	Sap	region.	
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Cockle collectors have been adversely 
affected by regulations and establishments 
of	marine	protected	areas	(MPAs)	that	
prohibit	them	from	collecting	cockles	
since	they	have	few	alternatives.	Cockle	
populations have also dramatically
declined,	despite	stringent	laws	and	a	
closed	season.		When	UCA	started	working	
with cockle collectors, the situation 
seemed	dire	since	the	cockle	population	
was continuing to decline while cockle 
collectors	remained	in	poverty.	This	
situation is not unique to Nicaragua; it is 
played	out	on	coasts	around	the	world	as	
human	populations	increase	and	resources	
are threatened by multiple factors.

UCA	took	a	multi-pronged	approach	to	
search for viable, long-term solutions that 
would	benefit	both	the	cockle	resource	
as well as those that are dependent
upon	it.	First,	efforts	were	made	to	assess	
the situation, working closely with the 
stakeholders.		Researchers	gathered	
accurate information while building trust 
with the stakeholders, which provided
opportunities	for	interactions	that	helped	
build	capacity	in	the	region.	UCA	also	
began working with the communities to 
conduct	surveys	of	cockle	populations	and	
test the concept of community-based no-
take	zones.		

At the same time, a survey of cockle 
collecting communities in Nicaragua 
showed that at least 37.2 million cockles
are	collected	annually	despite	declining	
populations,	yet	the	cockle	collectors	earn	
only	a	few	cents	per	dozen.		Market	studies	
and a value-chain analysis revealed that 
prices for the collectors had improved very
little over the years and most of the value 
accrues	to	the	final	retailers	in	larger	urban	
areas.	

Improving the management of the cockle
population	is	one	potential	solution.	UCA	

worked closely with cockle collectors 
to	first	test	the	concept	of	voluntary	no-
take zones as a way to help maintain
or	possibly	restore	cockle	populations.	
The	first	community	to	work	with	UCA	
was Asseradores, where 78 cockle-
collecting	families	established,	protected,	
and monitored four no-take zones in 
mangrove	areas	for	seven	years.	At	this	
time, monitoring results show that cockle 
populations	inside	and	adjacent	to	the	
no-take	zones	increased	by	266%.			Results	
were readily observable within the first
year,	inspiring	the	community	to	continue	
this work and to begin other management 
efforts.

....Nicaragua continued from page 2.

The community-based, solar-electric powered 
depuration center in Asseradoes, Nicaragua (photo 
courtesy of Maria Haws).

Nicaragua continued on page 10....

Location of the community of Aserradores in 
the Department of Chinandega, Nicaragua.
(Source:www.ineter.gob.ni.)
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A	number	of	options	were	considered	
for adding value to the cockles at the 
community	level.	These	were	fairly	limited	
given the isolation of the communities 
and their lack of resources and technical 
training.	One	idea	was	a	depuration	
center.	Depuration	is	a	relatively	simple	
process	whereby	shellfish	are	left	to	purge	
themselves of pathogens in clean water
for	a	few	days.		Previous	studies	had	shown	
that the cockles were contaminated with 
coliform	bacteria,	presenting	a	health	
threat serious enough that consumers 
indicated that they might be willing to pay
a	higher	price	for	cleaner	cockles.	
Establishing	a	community-operated	
depuration	system	was	a	challenging	effort	
given the isolation of the area, low level 
of community education, and costs. But
UCA was able to leverage the initial USAID/
AquaFish investment with other donors, 
including	Japan,	the	European	Union,	
the Alliance for Energy and Environment, 
and the CIDEA Institute, to come up
with	$155,000	to	design,	build,	and	train	
community	members	in	its	operation.	The	
small	depuration	center	is	powered	by	
solar	electric	power	and	operated	by	
community members who have been 
trained	in	post-harvest	handling	methods.		
Cockle collectors in the community harvest 

....Nicaragua continued from page 9. an	average	of	100	dozen	cockles	per	
day. The	depuration	center	can	depurate	
about	100	dozen	every	five	days,	less	than	
the	harvesting	capacity	but	still	significant.	
There	are	plans	to	add	municipal	power	
to	increase	the	depuration	capacity.		This	
community-operated	depuration	center	
is believed to be the only one of its kind in 
Latin	America.

It	is	projected	that	once	operating	at	full	
capacity,	the	consolidation,	depuration,	
and sales of cockles will generate about 
$68,000 in added value if only half of the 
cockle	collecting	families	participate.	This	
will represent	an	annual	income	of	$1,800	
per	family,	a	significant	contribution	to	the	
village	economy.

The	depuration	center	also	functions	as	a	
meeting	place	for	the	cockle	collectors.	
This allows them to meet on a regular basis 
and continue their management and 
commercialization	activities.		Many	other	
coastal communities can learn from the 
co-managed	protected	areas	and	the	
depuration	center	in	Asseradores	for	best	
practices	in	natural	resource	management.	

PONDERINGS...

Women and children in Asseradores have 
benefitted from the community-based Cockle 
management project in Nicaragua (photo 
courtesy of Maria Haws).

Fish, at their own sweet whim
Softly glide, move and swim, 

Colors feasting frenzied eye, 
Make	also	fine	attire	simply
Creating	bubbles	the	fish	play	well
Leaving	onlookers	in	Beauty’s	spell!	
Exotic hues dots and lines
Of	fish	dash	in	aqua	shines!	
Thus	full	of	patterns	charming
Arrest us in mood enchanting, 
Aqua	transparent	screens	the	dance
Of	fish,	leaving	us	in	wordless	trance.
The	petal-like	fish,	soft	and	mellow
Form	traffic	in	tub	to	and	fro.	

-Minnoor Srinivasan
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AQUAFISH ATTENDS FEED THE FUTURE 
INNOVATION LAB COUNCIL PARTNERS 
MEETING IN NEPAL

AquaFish	Host	Country	PI,	Madhav	Shrestha	
from the Agriculture and Forestry University 

in	Nepal,	and		Rama	Nanda	Mishra	from	the	
Directorate	of	Fisheries	Development	in	Nepal,	
represented	Dr.	Hillary	Egna	and	AquaFish	at	
the Feed the Future Innovation Lab Council 
and	AquaFish	Partners	Meeting	in	Nepal,	10-14	
March	2014.	During	the	Animals in Production 
Systems session,	Dr.	Shrestha	presented	on	Fish	
Production	Systems	in	Nepal.	

The	meeting	focused	on	scaling	up	
technologies	and	emphasized	the	focus	
on	nutrition.		There	was	also	discussion	of	
collaborating	more	with	the	private	sector	
and	finding	better	ways	of	communicating	
research	results.		Day	two	of	the	workshop	
focused	on	interventions	in	various	projects	
that	will	improve	women’s	livelihoods.		After	
the	workshop,	some	participants	visited	sites	
within the Knowledge-based Integrated 
Sustainable Agriculture and Nutrition (KISAN) 
Project	in	the	mid-western	region	of	Nepal.	

This	is	the	first	time	this	meeting	has	been	
held	in	Asia.		Previous	meetings	were	held	
in	Ghana,	Tanzania,	and	Uganda.	The	first	
meeting	took	place	in	Kampala,	Uganda,	
in 2011, when the Collaborative Research 
Support	Programs	(CRSPs)	met	with	USAID	and	
other	regional	partners.		The	meetings	serve	to	
bring together Innovation Labs and USAID to 
focus	on	regional	issues.	

....Graduate Student continued from page 6.

bring together Innovation Labs and USAID to 

developed	markets.	But	the	most	pressing	issue	
she	points	to	is	a	knowledge	gap	regarding	
best	management	practices,	particularly	as	
related	to	poor,	rural	fish	farmers.

Rezwana	hopes	her	research	will	help	fill	that	
gap,	and	credits	AquaFish	and	its	in-country	
research	team	for	helping	to	address	these	
issues.	“AquaFish	always	[supports]	new	fish	
culture	techniques,”	she	says.	“Their	funding	
system	is	better	than	other	organizations.	When	
my research was going on, I was so excited 
about	the	upcoming	results	because	it	was	a	
new	technology	in	our	country.”

She	is	already	seeing	signs	of	positive	
change.	Polyculture	operations	raising	carp,	
pangasius,	catfish,	tilapia,	air-breathing	fishes,	
crab,	and	marine	or	freshwater	shrimp	are	
growing,	and	demand	for	farmed	fish	both	
in Bangladesh and abroad is continuing to 
expand.	Combined	with	increasing	numbers	
of	young	people	entering	the	industry	and	
new,	developing	programs	in	aquaculture	
practices	and	research,	the	future	looks	
bright	for	Bangladeshi	aquaculture.	She	
hopes	that	with	AquaFish’s	help	she	can	be	
part	of	continued	research	to	develop	new	
aquaculture	technologies	that	are	appropriate	
for	Bangladesh.

Rezwana’s	research	on	tilapia	and	silver	
carp	ponds	resulted	in	a	Master’s	in	Fisheries	
Management in June 2013 that was funded 
by	AquaFish.	She	is	currently	working	as	a	
Research Fellow in the Water Quality and 
Pond	Dynamics	Lab	at	BAU.	She	hopes	to	
see more funding for research in her country, 
“so	that	more	students,	especially	my	female	
friends,	can	participate	in	aquaculture	and	
fisheries	research	and	can	contribute	to	the	
economy of our country through increasing 
the	fish	production	in	a	sustainable	manner.”	
Rezwana noted the increasing numbers of 
women	pursuing	Fisheries	and	Aquaculture	
Master’s	at	BAU.	She	is	hopeful	that	more	
professional	development	and	research	
opportunities	for	these	students	will	allow	
for	even	more	women	to	join	the	field.

Cage cum pond in rural Nepal (photo 
courtesy of AquaFish Innovation Lab).

By Morgan Chow, AquaFish Innovation Lab
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Notices of Publication
Notices of Publication announce recently 
published	work	carried	out	under	AquaFish	
sponsorship.	To	receive	a	full	copy	of	a	
publication,	please	contact	the	author(s)	
directly. All	past	and	present	Notices	of	
Publication can be found on the AquaFish 
website at: aquafishcrsp.oregonstate.edu/
nops.php

Economically Feasible Options for Increased 
Women Participation in Kenyan Aquaculture 
Value Chain (13-17)

L.Z.B.	Ndanga,	K.K.	Quagrainie,	and	J.H.	Dennis

This	paper	used	value	chain	analysis	to	
determine	economically	viable	opportunities	
for	increased	female	participation	in	the	
aquaculture	value	chains	in	Kenya.	The	main	
opportunities	for	women	are	as	fish	marketers	
and	as	fish	farmers,	especially	in	the	Western	
Province	of	Kenya.	Fish	marketing	is	
economically	more	viable	than	fish	farming	
with	an	overall	benefit–cost	ratio	of	over	1.00	
while	the	benefit–cost	ratios	for	fish	farmers	
were	less	than	0.5.	The	western	region	had	the	
strongest	fish	production	sector	compared	to	
the Central Province and the Rift Valley and 
provides	relatively	better	opportunities	for	
women	participation	in	fish	production.	In	the	
Rift	Valley	Province,	women	could	work	as	paid	
laborers	on	fish	farms	as	this	region	showed	the	
largest	employment	impact	on	the	community	
from	a	growth	in	fish	farming	activities.

This	abstract	was	excerpted	from	the	original	
paper,	which	was	published	in	Aquaculture	
(2013),	414-415:	183-190.

Nitrogen and Phosphorus Budget Analysis of 
Carp Based Polyculture Ponds in Chitwan, 
Nepal (13-18). 

S.	Gurung,	M.K.	Shrestha,	and	N.P.	Pandit

An	experiment	was	conducted	in	12	earthen	
ponds	of	200	m2 at Kathar VDC, Chitwan, 
Nepal	for	270	days	to	analyze	the	
productivity	and	nutrient	budget	in	some	carp	
based	polyculture	systems.	The	experiment	

was	conducted	in	a	completely	randomized	
design	with	four	treatments	in	triplicate	each:	
a)	Carps	only	or	control	(7000	fish/ha)	(T1);	b)	
Carps	(7000/ha)	+	tilapia	(3000/ha)	(T2);	c)	
Carps	(7000/ha)	+	tilapia	(3000/ha)	+	sahar	
(500/ha)	(T3);	and	d)	Carps	(7000/ha)	+	tilapia	
(3000/ha)	+	sahar	(1000/ha)	(T4).	Silver	carp	
(Hypophthalmichthys molitrix),	bighead	carp	
(Aristichthys nobilis),	common	carp	(Cyprinus 
carpio),	grass	carp	(Ctenopharyngodon 
idella), rohu (Labeo rohita) and mrigal 
(Cirrhinus mrigala) of mean stocking size 
3.0,	4.2,	10.0,	18.8,	10.5,	2.2	g,	respectively	
were	stocked	in	all	ponds	at	the	ratio	of	
4:2:1:1:1:1.	The	mean	stocking	size	of	Nile	
tilapia	(Oreochromis niloticus) and sahar (Tor 
putitora)	were	9.7	and	3.4	g,	respectively.	
The	ponds	were	fertilized	weekly	with	urea	
and	di-ammonium	phosphate	@	4	g	N	and	1	
g P/m2/day.	Fish	were	fed	with	locally	made	
pellet	feed	(20%	CP)	once	in	an	alternate	
day	at	@	2%	bodyweight.	At	harvest,	the	
extrapolated	fish	yield	ranged	from	1.5	to	
1.7	t/ha/year	in	different	treatments,	without	
significant	differences	among	treatments	
(P>0.05).	Inclusion	of	sahar	in	Nile	tilapia	ponds	
decreased	recruits	by	63	to	72%.	There	were	
no	significant	differences	in	water	quality	
parameters	among	treatments,	except	
dissolved oxygen concentration, which was 
significantly	lower	in	T1and	T3	than	T2	and	T4	
(p<0.05).	Both	nitrogen	and	phosphorous	were	
gained	from	fish	species	and	lost	from	soil	and	
water.	There	were	no	significant	differences	
in	nitrogen	and	phosphorous	contents	of	all	
inputs	and	outputs	among	treatments.	The	
unaccounted	nitrogen	and	phosphorous	loss	
ranged	from	9.8	--	17.1%	and	51.2	--	64.4%,	
respectively.	The	nitrogen	and	phosphorous	
required	for	producing	1	kg	fish	ranged	from	
337.5	--	375.9	g	and	130.3	--	150.9	g,	without	
significant	difference	among	treatments.	The	
nitrogen	and	phosphorous	discharged	for	
producing	1	kg	fish	ranged	from	1.59	--	4.35	g	
and	1.6	--	9.3	g,	respectively.	

This	abstract	was	excerpted	from	the	original	
paper,	which	was	published	in	Our	Nature	
(2013),	11(2):	116-125.

Notices of Publication continued on page 13....
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Genetic Variability of the Common Snook 
Centropomus undecimalis (Perciformes: 
Centropomidae) in Connected Marine and 
Riverine Environments (13-319). 

U.	Hernández-Vidal,	J.	Lesher-Gordillo,	W.M.	
Contreras,	and	X.	Chiappa-Carrarra

The Common Snook, Centropomus	undecimalis, 
inhabits riverine and marine areas of the Southern 
Gulf of Mexico, where it is subject to intense use 
and	exploitation.	It	has	been	reported	that	the	
genetic	identification	of	fish	stocks	constitutes	a	
valuable	tool	for	wild	population	management;	
nevertheless, there is no available information 
on	the	genetic	identification	on	fish	stocks	of	this	
species	in	the	region.	The	aim	of	this	study	was	to	
determine	the	genetic	relationship	between	C.	
undecimalis	captured	in	marine	and	freshwater	
environments of the Gulf of Mexico and the 
San	Pedro	River.	For	this,	muscle	tissue	samples	
of	79	specimens	were	obtained	from	areas	
located	more	than	300km	apart.	The	genotype	
of each individual was determined using seven 
microsatellite	primer	pairs.	Five	primers	amplified	
efficiently	presenting	between	six	and	28	alleles	
per	locus.	High	levels	of	heterozygosis	were	
observed	in	samples	from	both	environments.	
Deviation	from	HWE	due	to	an	excess	of	
heterozygotes	was	observed.	The	values	of	
genetic difference indicate an absence of 
population	structure	(FST=0.0075	and	RST=0.016,	
p=0.051)	and	similarity	in	the	allele	frequencies,	
defined	by	Nei’s	index	(0.805).	Data	showed	the	
existence	of	a	high	gene	flow	due	to	the	number	
of	migrants	(Nm=18.7).	Our	results	suggest	that	
individuals living in these environments belong 
to	the	same	genetic	population.	We	suggest	the	
development	of	management	and	protection	
plans	for	this	fish	species	population	in	the	wild.	

This	abstract	was	excerpted	from	the	original	
paper,	which	was	published	in	Revista de Biologia 
Tropical	(International	Journal	of	Tropical	Biology)	
(2014),	62(2):	627-636.

Circulating Levels of Plasma IGF-I During 
Recovery from Size-Selective Harvesting in 
Menidia menidia (13-320). 

T.A.	Duffy,	M.E.	Picha,	R.J.	Borski,	and	D.O.	
Conover

Selection for growth-related traits in 
domesticated	fishes	often	results	in	
predictable	changes	within	the	growth	
hormone-insulin-like	growth	factor	(GH-IGF-1)	
axis.	Little	is	known	about	the	mechanisms	
controlling	changes	in	growth	capacity	
resulting	from	fishery-induced	evolution.	We	
took advantage of a long-term study where 
Menidia menidia were selected for size at 
age	over	multiple	generations	to	mimic	
fisheries-induced	selection.	This	selection	
regime	produced	three	populations	with	
significant	differences	in	intrinsic	growth	
rate.	These	growth	differences	partially	
rebounded,	but	persisted	even	after	
selection was relaxed, resulting in fast, 
intermediate,	and	slow-growing	lines.	Plasma	
IGF-1	was	measured	in	these	populations	as	
a	potential	target	of	selection	on	growth.	
IGF-1	was	significantly	correlated	with	
current	length	and	mass,	and	was	positively	
correlated with growth rate (g d-1) in two 
lines,	indicating	it	may	be	an	appropriate	
indicator	of	growth	capacity.	The	slow-
growing line exhibited higher overall IGF-1 
levels	relative	to	the	depressed	IGF-1	seen	
in the fast-growing line, contrary to our 
prediction.	We	offer	possible	explanations	
for	this	unusual	pattern	and	argue	that	
somatic growth is likely to be under 
control of mechanism(s) downstream to 
IGF-1.	IGF-1	provides	an	interesting	basis	
for understanding endocrine control of 
growth	in	response	to	artificial	selection	and	
recovery.

This	abstract	was	excerpted	from	the	original	
paper,	which	was	published	in	Comparative	
Biochemistry and Physiology Part A, 
Molecular & Integrative Physiology (2013), 
166(2):	222-227.		

....Notices of Publication continued from page 12.
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Characterization of Membrane Receptor 
Binding Activity for Cortisol in the Liver and 
Kidney of the Euryhaline Teleost, Mozambique 
tilapia (Oreochromis mossambicus) (13-321). 

W.M.	Johnstone	III,	K.A.	Mills,	R.A.	Alyea,	P.	
Thomas,	and	R.J.	Borski

Glucocorticoids (GCs) regulate an array 
of	physiological	responses	in	vertebrates.	
Genomic GC actions mediated by nuclear 
steroid	receptors	require	a	lag	time	on	
the order of hours to days to generate 
an	appreciable	physiological	response.	
Experimental	evidence	has	accumulated	
that	GCs	can	also	act	rapidly	through	a	
nongenomic mechanism to modulate cellular 
physiology	in	vertebrates.	Causal	evidence	
in	the	Mozambique	tilapia	(Oreochromis 
mossambicus) suggests that the GC cortisol 
exerts	rapid,	nongenomic	actions	in	the	gills,	
liver,	and	pituitary	of	this	euryhaline	teleost,	
but	the	membrane	receptor	mediating	
these	actions	has	not	been	characterized.	
Radioreceptor	binding	assays	were	conducted	
to	identify	a	putative	GC	membrane	receptor	
site in O. mossambicus.	The	tissue	distribution,	
binding	kinetics,	and	pharmacological	
signature of the GC membrane-binding 
activity	were	characterized.	High	affinity	(Kd	
=	9.527	±	0.001	nM),	low-capacity	(Bmax	=	
1.008	±	0.116	fmol/mg	protein)	[3H]	cortisol	
binding	was	identified	on	plasma	membranes	
prepared	from	the	livers	and	a	lower	affinity	
(Kd	=	30.08	±	2.373	nM),	low	capacity	(Bmax	
=	4.690	±	2.373	fmol/mg	protein)	binding	was	
found	in	kidney	membrane	preparations.	
Competitors	with	high	binding	affinity	for	
nuclear	GC	receptors,	mifepristone	(RU486),	
dexamethasone, and 11-deoxycorticosterone, 
displayed	no	affinity	for	the	membrane	GC	
receptor.	The	association	and	dissociation	
kinetics	of	[3H]	cortisol	binding	to	membranes	
were	orders	of	magnitude	faster	(t1/2	=	1.7–2.6	
min) than those for the intracellular (nuclear) 
GC	receptor	(t1/2	=	10.2	h).	Specific	[3H]	
cortisol membrane binding was also detected 
in	the	gill	and	pituitary	but	not	in	brain	tissue.	
This	study	represents	the	first	characterization	
of	a	membrane	GC	receptor	in	fishes	and	one	
of	only	a	few	characterized	in	vertebrates. 

This	abstract	was	excerpted	from	the	original	
paper,	which	was	published	in	General	and	
Comparative	Endocrinology	(2013),	192:	107-
114.

Endocrine Regulation of Compensatory Growth 
in Fish (13-322). 

E.T.	Won	and	R.J.	Borski.	

Compensatory	growth	(CG)	is	a	period	of	
accelerated growth that occurs following 
the alleviation of growth-stunting conditions 
during	which	an	organism	can	make	up	for	
lost	growth	opportunity	and	potentially	catch	
up	in	size	with	non-stunted	cohorts.	Fish	show	
a	particularly	robust	capacity	for	the	response	
and have been the focus of numerous studies 
that	demonstrate	their	ability	to	compensate	
for	periods	of	fasting	once	food	is	made	
available	again.	CG	is	characterized	by	an	
elevated growth rate resulting from enhanced 
feed	intake,	mitogen	production,	and	feed	
conversion	efficiency.	Because	little	is	known	
about the underlying mechanisms that 
drive	the	response,	this	review	describes	the	
sequential	endocrine	adaptations	that	lead	to	
CG;	namely	during	the	precedent	catabolic	
phase	(fasting)	that	taps	endogenous	energy	
reserves,	and	the	following	hyperanabolic	
phase	(refeeding)	when	accelerated	growth	
occurs.	In	order	to	elicit	a	CG	response,	
endogenous	energy	reserves	must	first	be	
moderately	depleted,	which	alters	endocrine	
profiles	that	enhance	appetite	and	growth	
potential.	During	this	catabolic	phase,	
elevated	ghrelin	and	growth	hormone	(GH)	
production	increase	appetite	and	protein-
sparing	lipolysis,	while	insulin-like	growth	factors	
(IGFs)	are	suppressed,	primarily	due	to	hepatic	
GH	resistance.	During	refeeding,	temporal	
hyperphagia	provides	an	influx	of	energy	and	
metabolic substrates that are then allocated 
to	somatic	growth	by	resumed	IGF	signaling.	
Under the right conditions, refeeding results 
in	hyperanabolism	and	a	steepened	growth	
trajectory	relative	to	constantly	fed	controls.	
The	response	wanes	as	energy	reserves	are	
re-accumulated	and	homeostasis	is	restored.	
We	ascribe	possible	roles	for	select	appetite	
and growth-regulatory hormones in the 
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context	of	the	prerequisite	of	these	catabolic	
and	hyperanabolic	phases	of	the	CG	response	
in	teleosts,	with	emphasis	on	GH,	IGFs,	cortisol,	
somatostatin,	neuropeptide	Y,	ghrelin,	and	leptin.

This	abstract	was	excerpted	from	the	original	
paper,	which	was	published	in	Frontiers	in	
Endocrinology	(Lausanne)	(2013),	4:	74.	

Genetically-Improved Tilapia Strains in Africa: 
Potential Benefits and Negative Impacts (14-323).

Y.B.	Ansah,	E.A.	Frimpong,	and	E.M.	Hallerman.	

Two	genetically	improved	tilapia	strains	(GIFT	
and Akosombo) have been created with 
Oreochromis niloticus	(Nile	tilapia),	which	is	native	
to	Africa.	In	particular,	GIFT	has	been	shown	to	
be	significantly	superior	to	local	African	tilapia	
strains	in	terms	of	growth	rate.	While	development	
economists	see	the	potential	for	food	security	
and	poverty	reduction	in	Africa	from	culture	
of	these	new	strains	of	tilapia,	conservationists	
are	wary	of	potential	ecological	and	genetic	
impacts	on	receiving	ecosystems	and	native	
stocks	of	tilapia.	This	study	reviews	the	history	
of	the	GIFT	technology,	and	identifies	potential	
environmental	and	genetic	risks	of	improved	and	
farmed	strains	and	tilapia	in	general.	We	also	
estimate	the	potential	economic	gains	from	the	
introduction	of	genetically	improved	strains	in	
Africa,	using	Ghana	as	a	case	country.	Employing	
a	combination	of	the	Economic-Surplus	model	
and Monte Carlo simulation, we found the mean 
net	present	value	(NPV)	of	the	introduction	of	the	
GIFT	strain	in	Ghana	to	be	approximately	1%	of	
the	country’s	gross	domestic	product.	Sensitivity	
analysis indicated that the difference in growth 
or yield between the GIFT and locally-available 
strains	has	the	largest	effect	on	mean	NPV.	We	
conclude	that	improvements	in	management	
practices	and	infrastructure	could	increase	
the	yield	and	profitability	of	the	local	strains	
even	if	genetically-improved	strains	are	not	
introduced.	These	improvements	also	will	ensure	
the	realization	of	the	full	potential	of	introduced	
strains.

This	abstract	was	excerpted	from	the	original	
paper,	which	was	published	in	Sustainability	
(2014),	6:	3697-3721.

Effects of Dietary Protein Levels on 
Growth Performance of Claroteid Catfish, 
Chrysichthys nigrodigitatus, Fingerlings (14-
324). 

N.W.	Agbo,	S.	Amisah,	E.	Tettey,	and	E.A.	
Frimpong

A	10-week	experiment	was	conducted	to	
determine	the	optimal	protein	requirement	
of Chrysichthys nigrodigitatus, claroteid 
catfish	in	twelve	60-L	indoor	flow	through	
rectangular	glass	tanks	provided	with	
aerated	underground	water.	Four	
isoenergetic diets were formulated to 
contain	varying	crude	protein	(CP)	levels	
of	32.1%,	34.6%,	42.8%,	and	47.1%	using	fish	
meal/soybean	meal	as	protein	sources.	
Each	diet	was	fed	to	triplicate	group	of	12	
fingerlings	(initial	weight	16.30	±	0.07	g,	mean	
±	SE)	in	a	completely	randomized	design.	
A digestibility trial was conducted with all 
the	diets	after	the	growth	trial.	Results	after	
ten weeks of feeding showed an increase 
in	body	weight	gain	(BWG%)	and	specific	
growth rate with increasing levels of dietary 
protein	up	to	42.8%	(P	<0.05)	but	a	decline	
at	47.1%	CP.	Protein	efficiency	ratio	followed	
similar	trend	but	there	were	no	significant	
differences	between	the	treatments.	Feed	
conversion ratio (FCR) reduced as dietary 
protein	level	increased,	with	the	minimum	
FCR	in	the	42.8%	protein	diet,	although	
this	was	not	significantly	different	from	the	
34.6%	and	47.1%	protein	diets.	Analysis	of	
dose	(protein	level)-response	(BWG%)	with	
polynomial	broken	stick	regression	suggested	
that	the	optimal	dietary	protein	requirement	
for the juvenile of C. nigrodigitatus 
was	42.8%.		Key	words:	Dietary	protein	
requirement,	growth	performance,	feed	
utilization, Chrysichthys nigrodigitatus, weight 
gain.

This	abstract	was	excerpted	from	the	original	
paper,	which	was	published	in	Annals	of	
Biological	Research	(2014),	5(4):	17-22.
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Overcompensation of Circulating and Local 
Insulin-Like Growth Factor-1 During Catch-
Up Growth in Hybrid Striped Bass (Morone 
chrysops×Morone saxatilis) Following 
Temperature and Feeding Manipulations (14-
325). 

M.E.	Picha,	P.R.	Biga,	N.	Galt,	A.S.	McGinty,	
K.Gross,	V.S.	Hedgpeth,	T.D.	Siopes,	and	R.J.	
Borski 

Teleosts and other aquatic ectotherms have 
the	ability	to	withstand	prolonged	periods	of	
low	water	temperatures	(cold-acclimation)	
and	fasting,	and	can	often	respond	with	
phases	of	accelerated	(compensatory)	growth	
when	favorable	conditions	are	restored.	We	
assessed	whether	complete	feed	restriction	
prior	to	(24	°C,	days	0–23)	and/or	during	
(14	°C,	days	24–114)	a	simulated	period	of	
cold-acclimation	could	elicit	episodes	of	
compensatory	growth	(CG)	and	catch-
up	growth	upon	warm-up	to	24	°C	and	
satiation	feeding	(days	115–148).	Control	
hybrid	striped	bass	(HSB: Morone chrysops 
× Morone saxatilis) were fed to satiation 
throughout	the	entire	experiment	under	these	
temperature	fluctuations.	Compensatory	
growth	and	ultimately	catch-up	growth	
were	achieved	in	groups	of	HSB	that	were	
deprived	of	feed	during	either	the	initial	
period	at	24	°C	(days	0–23),	during	the	cold-	
acclimation	period	(14	°C,	days	24–114),	or	
during	both	of	these	periods	(days	0–114).	
Further,	it	appears	that	HSB	are	better	able	
to	compensate	for	weight	loss	when	skeletal	
length	is	not	significantly	compromised	during	
the	treatment	period,which	occurred	in	HSB	
feed	restricted	during	cold-acclimation	only.	
Themost	dramatic	CG	responses	were	defined	
by	specific	growth	rates	(SGRs)	up	to	4.2	times	
that	of	controls	and	were	accompanied	by	
hyperphagia	and	improvements	in	temporal	
and	overall	feed	conversion.	Levels	of	plasma	
insulin-like growth factor (IGF)-1 and muscle 
IGF-1	mRNA	were	significantly	correlated	
to	growth	rate	for	all	groups	throughout	the	
experiment	(R2=	0.40,	0.23,	respectively),	with	
an	overcompensation	of	both	observed	in	HSB	
with the most elevated SGRs during the CG 
response.	Interestingly,	opposing	trends	were	

observed	between	muscle	mRNA	expression	
of	growth	hormone	receptor	(GHR)-1	and	
-2,	with	fasting	at	24	°C	and	14	°C	resulting	in	
depressed	levels	of	GHR-1	and	elevated	levels	
of	GHR-2	relative	to	controls.	Levels	of	muscle	
myostatin	(MSTN)-1	mRNA	were	significantly	
depressed	in	HSB	fasted	at	24	°C	and/or	14	
°C	while	MSTN-2	mRNA	was	lower	following	
initial	feed	restriction	at	24	°C.	Likewise,	levels	
of	unprocessed	pro-MSTN	(precursor)	and	
mature	MSTN	protein	were	both	depressed	in	
fasted	fish	at	24	°C.	This	study	demonstrates	
that	a	previous	period	of	feed	restriction	and	
cold-acclimation followed by realimentation 
at	more	favorable	water	temperatures	
produces	a	strong	CGresponse	and	catch-
up	growth	in	fish.	These	studies	also	suggest	
that	an	overcompensation	of	circulating	
and local IGF-1 along with changes in MSTN 
mRNA	and	protein	expression	may	contribute	
to accelerated growth rates characteristic 
of	CG.	Furthermore,	our	studies	indicate	that	
overall	feed	conversion	can	improve	by	
as	much	as	30%	with	CG	induced	through	
temperature	and	feeding	manipulations	with	
no	adverse	effects	on	growth	of	HSB.	This	raises	
the	possibility	that	CG	protocols	can	improve	
production	efficiency	of	HSB	and	other	
temperate	teleosts	in	pond	or	tank	culture.

This	abstract	was	excerpted	from	the	original	
paper,	which	was	published	in	Aquaculture	
(2014),	428-429:	174-183.

Combined Effects of Stocking Density and 
Background Colour on Growth Performance 
and Survival of Nile Tilapia (Oreochromis 
niloticus, L.) Fry Reared in Aquaria (14-326).

M.A.	Opiyo,	C.C.	Ngugi,	and	J.	Rasowo

The effect of tank background colour and 
stocking density on growth rates and survival 
of	Nile	tilapia	(Oreochromis niloticus)	fry	(0.32	
g)	were	investigated.	The	fish	were	reared	
in aquarium with blue, black and clear 
backgrounds at two stocking densities of 2 
fish	L-1	and	4	fish	L-1.	The	outside	walls	and	
bottoms	of	each	aquarium	were	painted	to	
achieve one of two colours (blue and black), 
while non-coloured (clear) aquarium served 
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Upcoming	Meetings	and	
Events...

The	AquaFish	Innovation	Lab	is	proud	to	
support	workshops	and	meetings	designed	

to facilitate increased knowledge and 
communication	in	aquaculture.		Upcoming	
meetings	and	workshops	include...	

For	more	meeting	and	employment	
opportunities,	visit	our	Education	&	Employment	
Opportunities	Network	(EdOpNet)	database	
online, at aquafishcrsp.oregonstate.edu/edop.
php

Latin American & Caribbean Aquaculture 2014 
4-7 November 2014
Guadalajara, Mexico  
www.marevent.com/LAA2014_MEXICO.html

Gender in Aquaculture and Fisheries 5 2014
12-15 November 2014
genderaquafish.org/gaf5-2014-lucknow-india/
gaf5-organization/

The 10th Indian Fisheries and Aquaculture 
Forum (10ifaf)
12-15 November 2014
10ifaf.in/

2nd International Symposium on Aquaculture 
and Fisheries Education (ISAFE2)
22-24	April	2015
Shanghai, China
www.aarm-asialink.info/isafe-committee.html	

World Aquaculture 2015
26-30	May	2015
Jeju Island, South Korea
www.was.org/eventCalendar.aspx	

as	a	control.	The	fish	were	fed	a	commercial	diet	
(40%	crude	protein)	at	a	daily	rate	of	5%	of	their	
body	weight	twice	a	day	for	70	days.	The	best	
growth	rates,	weight	gain,	specific	growth	rate,	
food conversion ratio and survival were achieved 
in	larvae	reared	under	2	fish	L-1	stocking	density	
in	the	blue	back-	ground.	Fish	performance	was	
significantly	(P<0.05)	retarded	in	larvae	reared	
in	aquarium	with	black	background.	Increased	
aggression was observed under high density or 
when	the	fish	were	reared	in	clear	backgrounds.	
Fish reared on black backgrounds were 
distinctively	darker	compared	to	those	reared	
in	the	blue	and	clear	backgrounds.	These	results	
suggest O. niloticus	should	be	reared	at	2	fish	L-1	
in	aquaria	with	blue	backgrounds. 

This	abstract	was	excerpted	from	the	original	
paper,	which	was	published	in	the	Journal	of	
Fisheries	Science	(2014),	8(3):	228-237.
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AquaFish Innovation Lab
Oregon State University
Corvallis  OR  97331 USA
aquafish.oregonstate.edu

AquaFish	Innovation	Lab	and	Aquaculture	publications	
can be accessed online at aquafishcrsp.oregonstate.edu/
publications.php
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