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By James Tidwell, KSU Aquaculture Division Chair, Shawn Coyle, KSU Aquaculture Research Associate,  
and Leigh Anne Bright, KSU Aquaculture Research Associate

The largemouth bass, Micropterus salmoides (LMB) is a large 
North American freshwater predator that shows promise 

as an aquaculture species. While diet accounts for an extreme-
ly high proportion of production costs (>50%), the numbers of 
studies conducted on LMB nutrition to date are limited.  LMB are 
carnivores by nature but are increasingly raised on pelleted feeds 
for food-fish production. Ethnic populations in major metropol-
itan areas throughout the United States and Canada prefer live 
fish ≥ 1.25 lb., so the goal is to economically raise bass to this 
size for these large-city markets.

Competing demand for LMB sport-fish stocking and live food-fish 
markets has maintained wholesale prices of US >$5/lb. for live 
bass which is considerably higher than market prices of $1.00 
- $3.90 per lb. for catfish, trout, tilapia and hybrid striped bass.  
However, production costs for largemouth bass are also higher as 
producers typically feed more expensive higher nutrient dense 
diets in an effort to increase growth and reduce mortalities relat-
ed to dietary stress and disease.  Most fish feed manufacturers 
now offer diets formulated specifically for LMB with very high 
protein and lipid levels and low carbohydrate content to reduce 
disease although the justification for this is virtually unknown.  

Recent evidence appears to indicate that dietary nutrients have 
an influence on immune function and disease resistance. Defi-

ciencies or excesses of certain nutrients can both have profound 
effects on disease incidence and survival in fish, largely through 
effects on defense mechanisms. Infectious diseases are among 
the greatest challenges facing development and economic suc-
cess of warm-water aquaculture where losses can be as high as 
50%. Diseases cost the warm-water aquaculture industry millions 
of dollars annually in terms of reduced production, wasted feed, 
and expenditures for chemotherapeutics. 

Dietary carbohydrates (CHO) are widely included in fish diets to 
enhance their physical quality, provide inexpensive energy and 
allow for pellet expansion during extrusion (to make the pellet 
float). However, there are instances of nutritional problems 
when excessive CHO are fed to carnivorous fish. Optimal levels 
of dietary CHO for carnivorous fish have been reported to range 
from 7 to 20%. Hepatic lesions have long been reported in LMB 
fed commercial dry diets too high in CHO. Histological examina-
tions indicate glycogen accumulation and massive necrosis of the 
liver. LMB may not metabolize CHO well, presumably due to their 
carnivorous nature; excess CHO may be stored as glycogen in the 
liver causing loss of liver function and reducing their ability to 
handle stress. 

Largemouth bass appear to be more vulnerable to different dis-
eases during different seasons and their immunity may also be 
influenced by nutritional status. In order to investigate the full ef-
fect of different nutritional regimes, it is important to investigate 
seasonal fish health indicators over time in populations of fish 
receiving feeds of different nutritional qualities. The objective of 
this study was to evaluate growth, survival, body composition, 
blood parameters, parasite and bacteriology status and liver 
histology of LMB when fed diets containing different levels of 
dietary CHO over an 18 month grow-out period.

One year old LMB (3.8 fish to the lb.) were stocked into twelve 
0.1 acre ponds at a density of 4,000/acre in April of 2014.  Three 

Effect of Dietary Carbohydrate on Fish Health Indicators in Largemouth Bass 
During Second Year Grow-out in Ponds
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Kentucky has an estimated 100 or more fee fishing operations 
that require approximately 2,000,000 lbs. of catfish worth 

an average of $2,000,000 per year. Kentucky produces only about 
20% of the fish used in the state’s fee fishing ponds, or approxi-
mately 400,000 lbs. per year. In recent years, the catfish proces-
sors have shifted their product demand to larger (up to 4 lbs.) fish 
in order to market larger shank fillets. Previously, catfish of 1 to 
2 lbs. were processed.  Catfish larger than 2 lbs. are more expen-
sive to grow, take longer to reach marketable size and present 
a greater financial risk to the farmer.  The following information 
and conference abstract was presented during the 2014 World 
Aquaculture Society Aquaculture America Conference held in the 
convention center in Seattle Washington on February 12th.

The majority of Kentucky fee fishing operations charge a daily 
admission fee; for example, an entrance fee of $15.00 for 8 
hours of fishing with a catch limit of 8 fish.  Since fee fishing 
operations buy fish by weight (i.e.  $1.50 / lb.) from live fish haul-
ers, lake owners prefer to buy catfish weighing approximately 1.5 
to 2 lbs.   Although some larger fish are stocked and function as 
an enticement or trophy fish, it would not be profitable for these 
operations to sell large numbers of big fish at a price per pound 
equal to that of smaller ones.

Due to high catfish feed prices (approximately $550.00 / ton), 
Kentucky catfish growers have been reluctant to sell fish when 
prices are below $1.10 lb.  Fish larger than 4 lbs. are often 
bought at a reduced price when stocking fee fishing operations 
or when they are sold to processing plants.  Consequently, the 
benefits of growing fish larger than 2.0 lb. appear to be minimal.  
Catfish are more expensive to grow as feed consumption and 
cost typically increase with fish size, particularly in the multi-
ple batch production methods currently used.  In addition to 
growth, larger fish begin to use energy for sexual maturation and 

reproduction.  Mortality and the risk of major fish loss increases 
investment loss during the prolonged grow-out period. 

In an effort to minimize feed cost and to reduce the sale of large, 
less profitable fish, harvesting 1.5 to 2.0 lb. channel catfish is rec-
ommended for the Kentucky fee fishing market.  Harvesting fish 
with grading socks or live cars with net bar mesh sizes of 1.70” or 
1.75” is most appropriate to capture fish of this size.

ponds were randomly assigned to receive one of three propri-
etary formulation diets containing different protein, lipid and 
carbohydrate concentrations: Trout (40-14-17), Steelhead (48-
16-12) and Bass (50-18-10); and a locally 
manufactured experimental diet, KSU (45-
16-11).  Fish were fed daily to apparent 
satiation and were sampled mid-summer 
and at harvest to determine fish health 
through gross morphological examination, 
microscopy and histology of liver tissue.  
All fish were harvested in October of 2014 
to determine growth and survival.

Fish fed the Trout diet containing the 
lowest protein and lipid and the highest 
carbohydrate levels were significantly 
(P<0.05) smaller (1.16 lbs.) than fish fed 
the other diets which were similar in size (1.24-1.28 lbs.).  There 
was no difference in survival (87% overall) of fish fed the four di-
ets.  Morphological examination of livers of ten fish sampled from 

each group suggested that fish fed the Trout diet had livers that 
were more off-colored and generally considered of poor condi-
tion compared to fish fed the other diets.  However, a closer look 

through histological examination suggested 
that approximately 10% of fish examined 
had elevated risk for development of liver 
disease regardless of diet. This suggests 
that the disease susceptibility may have 
been due to a genetic reason in common to 
all the fish in the batch used in this study.  
Similarly, the different diets did not seem 
to make a difference in parasitic and bacte-
rial infection rates found in the fish.

Although the potential for disease pre-
vention in fish by dietary changes exists, 
additional information is required on the 

specific effects of nutrients in pathogenesis of common diseases 
and how these effects are influenced by other physiological and 
environmental factors.

By Forrest Wynne, Kentucky State University State Extension Aquaculture Specialist, Graves County Cooperative Extension Office, 
Mayfield, KY. Phone (270) 247-2334. Email: forrest.wynne@kysu.edu

By Ken Semmens, Ph.D., Kentucky State University Aquaculture 
Research Center, Frankfort, KY 40601. Ken.Semmens@kysu.edu 

Continued on page 7

A fertile pond will provide enough natural food for young pad-
dlefish to yield about 300 pounds/acre in a season.   If paddle-
fish learn to eat pelleted feed, yields will increase significantly.  
Previous work at Kentucky State University demonstrated yields 
up to 3500 lbs/acre.

In 2016, Ken Semmens, Assistant Professor in Aquaculture, and 
his team shattered that mark when they grew over 9200 lbs/acre 
young of the year (YOY) paddlefish in a 0.1 acre pond.  On May 
28, 2015,   small paddlefish trained to eat pelleted feed were 
stocked into the pond.  At stocking, the 6900 fish weighed about 

Size Selective Channel Catfish Harvest to Stock Kentucky Fee Fishing Ponds

How many pounds of paddlefish can 
be grown in a pond? 
How	  many	  pounds	  of	  paddlefish	  can	  be	  grown	  in	  a	  pond?	  	  
	  

By	  Ken	  Semmens,	  Ph.D.,	  Kentucky	  State	  University	  Aquaculture	  Research	  Center,	  
Frankfort,	  KY	  40601.	  Ken.Semmens@kysu.edu	  	  

	  

A	  fertile	  pond	  will	  provide	  enough	  natural	  food	  for	  young	  paddlefish	  to	  yield	  
about	  300	  pounds/acre	  in	  a	  season.	  	  	  If	  paddlefish	  learn	  to	  eat	  pelleted	  feed,	  
yields	  will	  increase	  significantly.	  	  Previous	  work	  at	  Kentucky	  State	  University	  
demonstrated	  yields	  up	  to	  3500	  lbs/acre.	  

	  
Year/Investigator	  

Number	  
Stocked/acre	  

Initial	  Fish	  
Weight	  (lb)	  

Fish	  Weight	  at	  
Harvest	  (lb)	  

Yield	  
(lbs/acre)	  

1991	  -‐	  Tidwell	   12,000	   0.008	   0.24	   340	  
1991	  -‐	  Tidwell	   24,000	   0.008	   0.30	   509	  
2008	  -‐	  Onders	   30,000	   0.06	   0.45	   1926	  
2008	  -‐	  Onders	   45,000	   0.06	   0.38	   2717	  
2008	  -‐	  Onders	   60,000	   0.06	   0.39	   3506	  

	  

In	  2016,	  Ken	  Semmens,	  Assistant	  Professor	  in	  Aquaculture,	  and	  his	  team	  
shattered	  that	  mark	  when	  they	  grew	  over	  9200	  lbs/acre	  young	  of	  the	  year	  (YOY)	  
paddlefish	  in	  a	  0.1	  acre	  pond.	  	  On	  May	  28,	  2015,	  	  	  small	  paddlefish	  trained	  to	  eat	  
pelleted	  feed	  were	  stocked	  into	  the	  pond.	  	  At	  stocking,	  the	  6900	  fish	  weighed	  
about	  15	  pounds.	  	  On	  November	  19,	  2015,	  937	  lbs	  of	  young-‐of-‐the-‐year	  (YOY)	  
paddlefish	  weighing	  an	  average	  of	  0.83	  lbs	  each	  were	  harvested.	  	  	  Feed	  
conversion	  was	  estimated	  to	  be	  0.9	  lb	  feed/lb	  gain	  indicating	  that	  natural	  foods	  
contributed	  to	  the	  diet.	  	  

This	  result	  is	  an	  example	  of	  how	  we	  continue	  to	  improve	  on	  methods	  developed	  
by	  other	  investigators.	  	  Compared	  to	  catfish	  and	  trout,	  paddlefish	  are	  slow	  to	  
respond	  to	  the	  feed	  and	  take	  much	  longer	  to	  eat.	  	  Instead	  of	  feeding	  by	  hand	  
once	  or	  twice	  a	  day,	  we	  used	  a	  belt	  feeder	  to	  slowly	  add	  feed	  over	  a	  period	  of	  12	  
hours	  or	  more.	  	  Rather	  than	  feeding	  during	  the	  day,	  we	  fed	  at	  night	  through	  the	  
hot	  summer	  months	  and	  also	  during	  the	  day	  in	  the	  fall.	  	  	  Like	  the	  experiment	  
conducted	  in	  2008,	  we	  stocked	  a	  lot	  of	  fingerlings	  that	  were	  trained	  to	  eat	  a	  
floating	  pellet.	  	  	  We	  also	  fed	  a	  high	  protein	  (45%)	  diet	  and	  carefully	  observed	  the	  



4   KENTUCKY AQUATIC FARMING  VOLUME 28, NO. 1, SPRING 2016

Siddhartha Dasgupta, Professor and Principal Investigator, Kentucky State University, Frankfort, Kentucky, Siddhartha.dasgupta@kysu.edu
Richard Bryant, Research Associate, Kentucky State University, Frankfort, Kentucky, richard.bryant@kysu.edu
Alejandro Velasquez, Graduate Student, Kentucky State University, Frankfort, Kentucky, alejandro.velasquez@kysu.edu

Abstract

Extension personnel serving small-scale farms should be aware of 
production and marketing options that can be profitable for these 

farmers.  One option is catfish, which can be grown at a small-scale 
in the United States.  Identifying local markets for catfish might help 
increase farm revenues and create new risk management opportuni-
ties.  This paper provides results of marketing catfish at local Hispanic 
grocers, farmers’ markets, and community-supported agriculture (CSA) 
operations.  Whole catfish was preferred by Hispanics, and the majority 
of farmers’ market and CSA patrons were willing to buy fresh fillets at 
prices that could make small catfish operations profitable. 

Introduction
In the 1890 Land Grant system, Extension personnel often find them-
selves in an advisory role to small-scale and limited-resource farmers.  
Aquaculture is typically not practiced by this group of farmers because 
U. S. aquaculture can be an investment-heavy industry.  However, these 
farmers could benefit from aquaculture provided it can be implemented 
at a small-scale using low-investment methods and the fish can be sold 
profitably in local food markets.  

Catfish aquaculture is popular in the southern United States, including 
Kentucky, where the fish is part of the region’s traditional foods.  In 
recent years, the U. S. catfish industry has struggled due to the effects 
of cheaper, imported fish such as tilapia and basa/tra (Vietnamese pan-
gasius catfish).  However, if catfish is highly valued in local food markets, 
there could be opportunity for small-scale growers to operate profitably.

Dasgupta, Wurts, and Durborow (2007) discussed the economics of cat-
fish farming at a small scale using existing farm ponds and other low-in-
vestment techniques.  They outlined that 1,000-1,200 juvenile catfish can 
be stocked annually per water-acre, which produced approximately 1,000 
pounds of food-sized fish.  This low-investment production system could 
be adopted as a subsidiary enterprise to other local food operations such 
as horticulture.  This paper complements Dasgupta, Wurts, and Durborow 
(2007) by presenting data which show that small-scale, low-investment 
catfish operations might be profitable in local markets.

This paper contains results involving marketing of whole and filleted 
channel catfish among Hispanic consumers and patrons of farmers’ mar-
kets and community-supported agriculture (CSA) in Kentucky.  Hispanic 
consumers were chosen for this study because Kentucky has a relatively 
high Hispanic population: the United States Census Bureau estimated 
the Hispanic population in 2013 at 3.3% of Kentucky’s population (U. S. 
Census Bureau, 2014); additionally, anecdotal evidence suggested that 
Hispanics were willing to buy whole fish.  Farmers’ markets were select-
ed for this study because of Kentucky’s strong farmers’ market network 
with nearly 150 markets in 120 counties.  Kentucky also has several CSA 
operations that sell mostly produce with limited animal protein options.  
Locally-grown catfish could nicely complement the vegetables, fruits, 
and eggs that farmers’ markets and CSAs sell to their patrons.  All catfish 
used for this project were sourced from Kentucky growers.

Literature Review
In states with mainly small-scale farms, Extension services should 
disseminate information related to direct and niche marketing.  Wade 
et al. (2015) informed Extension professionals about products that had 
sales potential in West Virginia’s farmers’ markets.  By surveying market 
patrons, they showed that cheese, asparagus, milk, grapes, peas, eggs, 
kale, meat and celery were more desirable than vegetable transplants 
or jams/jellies.  They also discovered that the high price of food and 
inconvenient business hours/market locations were the main reasons 
keeping some consumers from farmers’ markets.  

Methods — Whole Catfish  
Consumers at one Hispanic grocery in Lexington and two in Shelbyville were 

elicited for their willingness to buy whole catfish during Fall 2011 and Spring 
2012.  These cities were chosen because of their high Hispanic population 
(in 2010 both cities accounted for 6.9% and 9.1% of total county popula-
tion, respectively).  

A Becker-Degroot-Marschak (BDM) experimental auction was used in this 
survey.  BDM auctions have been used often to elicit the value of food 
items (Corrigan & Rousu, 2008; Wertenbroch & Skiera, 2002).  In this 
auction, one respondent at a time bid the maximum that he/she would 
pay for a product against a computer-generated random bid.  Bid winners 
were allowed to buy the product at the lower bid price.  During each 
auction, a few whole catfish were displayed, while the fish for sale were 
kept on ice nearby.  The auction was conducted in Spanish; interested 
consumers were instructed about the auction process and were told that 
they could buy catfish only if they bid high enough to win.  This auction 
provided a distribution of consumers’ willingness to pay (WTP) for whole 
catfish.  After the auction, the sales potential of catfish was demonstrated 
when four Hispanic grocers (two in Lexington, one in Shelbyville and one 
in Louisville) started selling whole catfish.  Weekly orders were recorded, 
providing important information for future suppliers. 

Catfish Fillets
During 2012, consumer surveys were conducted at four Kentucky farm-
ers’ markets and CSAs that were located in the urban corridor between 
Lexington and Louisville.  This region was chosen because it has a large 
concentration of local food markets.  Consumers were given two catfish 
fillets, a recipe, and a questionnaire; they were instructed to try the 
fish before completing the questionnaire.  A modified payment-card ap-
proach was used to elicit their WTP for catfish fillets (Hu, Woods, Bastin, 
Cox, & You, 2011), where consumers selected their WTP from a wide 
range of alternative prices.

Results — Whole Catfish
The Hispanic survey produced 73 useful responses.  Most respondents 
were relatively young, with 77 percent being under the age of 40.  The 
majority of respondents were from Mexico (52%) and Peru (39%).  The 
data also showed that most of the respondents had a household size of 
four.  Ninety-four percent of the respondents were weekly shoppers at 
Hispanic grocery stores, despite the availability of many grocery options 
such as Wal-Mart, Kroger, and Save-A-Lot stores. 

The majority of the Hispanic respondents (76%) cooked fish at home at 
least twice per month, and 75 percent preferred freshwater fish over 
marine fish.  Table 1 shows that 68 percent strongly preferred catfish, 81 
percent indicated a willingness to buy whole catfish, and 86 percent pre-
ferred fresh, gutted catfish.  Catfish fillets were unpopular: only 15 per-
cent wanted fresh fillets and no one wanted frozen fillets.  Ninety-seven 
percent considered the freshness of fish to be very important; however, 
only 38 percent considered a fish’s local origin to be important.

Table 1.
Preference of Hispanic Consumers for Catfish

The BDM auction results gave a distribution of Hispanic respondents’ 
bids for whole catfish. Figure 1 illustrates that 97% of respondents were 
willing to pay $3 per pound or more for the product.  Nearly three-quar-
ters of respondents were willing to pay $4 per pound or more for whole 
catfish and 63% were willing to pay $5 per pound or more.  The average 
WTP was $4.66 per pound.

Local Markets for Catfish in Kentucky

1	  

	  

 
Table 1. 

Preference of Hispanic Consumers for Catfish 
 

Overall preference for catfish Strong preference (68%) 
Preference (20%) 

Did not like (11%) 
No opinion (1%) 

Preferred catfish products Live fish (25%) 
Fresh, gutted fish (53%) 

Fresh fillets (15%) 
Willing to buy whole catfish Yes (81%) 
Willing to buy fresh, gutted catfish Yes (86%) 
 
The BDM auction results gave a distribution of Hispanic respondents’ bids for whole catfish. 
Figure 1 illustrates that 97% of respondents were willing to pay $3 per pound or more for the 
product.  Nearly three-quarters of respondents were willing to pay $4 per pound or more for 
whole catfish and 63% were willing to pay $5 per pound or more.  The average WTP was $4.66 
per pound. 
 
 
 

 
Figure 1. Willingness To Pay for Whole, Unprocessed Catfish by Hispanic Consumers 
 
 
A week after this survey, whole catfish were supplied to four Hispanic grocers to investigate 
their sales for the next few months.  The price paid by the grocers ranged from $1.50 and $1.70 
per pound and the fish were retailed at $5 per pound.  Records showed that some grocers initially 
ordered 60 pounds per week, while others ordered 20 pounds per week; however, all grocers 
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Figure 1. Willingness To Pay for Whole, Unprocessed Catfish by Hispanic 
Consumers

A week after this survey, whole catfish were supplied to four Hispanic 
grocers to investigate their sales for the next few months.  The price 
paid by the grocers ranged from $1.50 and $1.70 per pound and the fish 
were retailed at $5 per pound.  Records showed that some grocers ini-
tially ordered 60 pounds per week, while others ordered 20 pounds per 
week; however, all grocers eventually converged on ordering 30 pounds 
per week.  Catfish were delivered on Fridays because store owners indi-
cated that they sold well on weekends.

Catfish Fillets
Farmers Market 
Seventy one farmers’ market patrons responded to the survey.  They were 
mostly Caucasian (92%), female (68%), 58 percent were between 30 and 
50 years old, and 78 percent had college degrees.  They were frequent 
farmers’ market shoppers with 69 percent shopping weekly and an 
additional 27 percent shopping a few times per month.  The most-often 
reported household size was 2.  

These respondents were familiar with fish because more than half of 
them cooked fish at home either weekly or twice monthly.  Catfish was 
popular: 39 percent cooked catfish at home, and 24 percent ate catfish 
in restaurants.  The locally-grown catfish was well received: 84 percent 
of respondents liked the flavor of the fillets, 82 percent considered the 
freshness of the fish to be important, and 91 percent considered the 
local-sourcing of the catfish to be important. 

The farmers’ market survey elicited the WTP for fresh catfish fillets.  Figure 
2 illustrates the distribution of the WTP and shows that 89 percent of 
farmer’s market respondents were willing to pay between $6 and $8 per 
pound, with an average of $7.14 per pound.

 

Figure 2. Willingness To Pay for Fresh Catfish Fillets By Farmers’ Market 
and CSA Patrons

CSA
Eighty CSA patrons responded to the the survey.  The respondents were 
mostly Caucasian (96%), female (59%); 67 percent were between ages 
of 30 and 50 years, 89 percent had college degrees, and the most-often 
reported household size was 2.  

The survey results showed that 93 percent of the respondents liked eating 
freshwater fish.  Thirteen percent indicated that they ate catfish every 
month and 45 percent reported eating catfish a few times per year.  The 
catfish fillets were also well-received by these consumers: 92 percent 

liked the taste, 97 percent liked the freshness, 93 percent liked all atrrib-
utes of the fillets, and 73 percent of respondents wanted the fillets to be 
a regular CSA item.

Figure 2 illustrates the distribution of CSA patrons’ WTP for fresh catfish 
fillets.  Figure 2 shows that 49 percent of CSA patrons were willing to 
pay between $6 and $8 per pound for catfish fillets, with an average 
WTP of $6 per pound.  

Conclusions
The paper indicates a significant interest among Hispanic consumers to 
buy whole catfish.  This was revealed through a survey and demonstrat-
ed via sales of whole catfish supplied to Hispanic grocers.  Catfish fits 
into traditional Hispanic cooking as part of soups that require the whole 
fish.  This probably explains their preference for whole fish over fillets.  

Hispanic consumers were willing to pay $4.66 per pound for whole catfish 
(e. g., whole fish on ice).  For a two pound catfish, that will cost consumers 
$9.32 per fish.  Kentucky farmers are acquainted with direct sales to His-
panic consumers.  There is evidence that many small-scale poultry farmers 
are selling broilers to Hispanic consumers for $7 to $10 per bird.  Hence, 
Hispanic consumers are willing to pay a similar amount for a whole catfish 
or a live chicken.  Research by the author, Dr. Dasgupta, had shown that 
a small-scale poultry enterprise for direct-to-consumer sales will cause a 
farmer to either breakeven or lose income, in most circumstances.  

Dasgupta, Wurts, and Durborow (2007) evaluated the breakeven price of 
whole catfish, produced at a small scale, to be $0.82 per pound, based on 
2007 input prices.  Recent data, from Caporelli and Lazur (2014), indicated 
the breakeven price for small-scale catfish production at $1.20 per pound.  
At this price, sales of whole fish would be profitable if sold directly to 
Hispanic consumers.  

Given that catfish production costs are lower than broiler production, 
the profit potential is higher with catfish than with direct-sales of chick-
ens; i. e., small-scale farmers need to be vigilant in making enterprise 
and marketing choices.  Extension professionals in Kentucky who often 
keep abreast of specialty crops and direct marketing opportunities for 
farmers, should also be aware of the profit potential that small-scale 
catfish farming offers.  While these results are specific to Kentucky, it is 
likely that they are applicable to many southern states.  

The paper also indicates that fresh catfish fillets are in demand among 
patrons of farmers’ markets and CSAs.  The majority of these survey respon-
dents liked the flavor of the fillets and their willingness to pay was close to 
the product’s current retail price, which ranges from $6 to $8 per pound.  

Caporelli and Lazur (2014) identified the breakeven price for catfish fil-
lets at $2.97 per pound.  An average WTP of $7.14 per pound (farmers’ 
markets) and $6 per pound (CSA) indicates a sizeable profit margin.  
However, the challenge is for sellers to process small volumes of fish on 
a regular basis.  This will involve either building or renting certified fish 
processing facilities and regularly filleting fish.  Another challenge is for 
sellers to negotiate fillet prices with CSA owners.  However, the oppor-
tunity exists for current vendors at farmers’ markets and CSA owners to 
diversify into catfish production and processing enterprises.
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Table 1. 

Preference of Hispanic Consumers for Catfish 
 

Overall preference for catfish Strong preference (68%) 
Preference (20%) 

Did not like (11%) 
No opinion (1%) 

Preferred catfish products Live fish (25%) 
Fresh, gutted fish (53%) 

Fresh fillets (15%) 
Willing to buy whole catfish Yes (81%) 
Willing to buy fresh, gutted catfish Yes (86%) 
 
The BDM auction results gave a distribution of Hispanic respondents’ bids for whole catfish. 
Figure 1 illustrates that 97% of respondents were willing to pay $3 per pound or more for the 
product.  Nearly three-quarters of respondents were willing to pay $4 per pound or more for 
whole catfish and 63% were willing to pay $5 per pound or more.  The average WTP was $4.66 
per pound. 
 
 
 

 
Figure 1. Willingness To Pay for Whole, Unprocessed Catfish by Hispanic Consumers 
 
 
A week after this survey, whole catfish were supplied to four Hispanic grocers to investigate 
their sales for the next few months.  The price paid by the grocers ranged from $1.50 and $1.70 
per pound and the fish were retailed at $5 per pound.  Records showed that some grocers initially 
ordered 60 pounds per week, while others ordered 20 pounds per week; however, all grocers 
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eventually converged on ordering 30 pounds per week.  Catfish were delivered on Fridays 
because store owners indicated that they sold well on weekends. 
 
Catfish Fillets 
 
Farmers Market  
 
Seventy one farmers’ market patrons responded to the survey.  They were mostly Caucasian 
(92%), female (68%), 58 percent were between 30 and 50 years old, and 78 percent had college 
degrees.  They were frequent farmers’ market shoppers with 69 percent shopping weekly and an 
additional 27 percent shopping a few times per month.  The most-often reported household size 
was 2.   
 
These respondents were familiar with fish because more than half of them cooked fish at home 
either weekly or twice monthly.  Catfish was popular: 39 percent cooked catfish at home, and 24 
percent ate catfish in restaurants.  The locally-grown catfish was well received: 84 percent of 
respondents liked the flavor of the fillets, 82 percent considered the freshness of the fish to be 
important, and 91 percent considered the local-sourcing of the catfish to be important.  
 
The farmers’ market survey elicited the WTP for fresh catfish fillets.  Figure 2 illustrates the 
distribution of the WTP and shows that 89 percent of farmer’s market respondents were willing 
to pay between $6 and $8 per pound, with an average of $7.14 per pound. 
 

 

 
Figure 2. Willingness To Pay for Fresh Catfish Fillets By Farmers’ Market and CSA Patrons 
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Andrew Ray, Ph.D., Assistant Professor, Kentucky State University Aquaculture

Dr. Andrew Ray and his team have been conducting re-
search on production and marketing characteristics of 

indoor-grown marine shrimp.  Over 30 inland marine shrimp 
farms currently exist in the US, and the profit-potential of these 
facilities is currently being evaluated.  By growing shrimp in a 
closed building, producers can increase biosecurity, produce 
shrimp more consistently, grow shrimp year-round, and locate 
production centers near markets. If a consistently productive 
system can be developed it may be sited nearly anywhere, and 
can be situated near and sized for the markets it supplies.  This 
may fit well with local-foods movements, allow for live animal 
distribution, and reduce transportation costs, allowing farmers 
to receive a substantial price for their product.  Shrimp is the 
most popular seafood item in the US, but high-quality, fresh, 
never-frozen product is difficult to acquire, especially in land-
locked locations.   
Indoor systems 
experience minimal 
water quality varia-
tion such as that of 
temperature, DO, 
or pH.    

To explore indoor 
shrimp production 
dynamics a project 
was conducted in 
the Aquaculture 
Production Tech-
nologies (APT) 
Laboratory at KSU.  
The APT Lab is a 
14,000 ft2 building 
housing a variety 
of recirculating aquaculture systems.  The air temperature of the 
building is maintained at approximately 73°F year-round using 
electric boilers.

A 900 gallon rectangular raceway was used as a nursery and out-
fitted with an external 50 gallon capacity settling chamber, and 
a 50 gallon capacity biological filter filled with plastic bio-media.  
Litopenaeus vannamei 10 day-post larvae (PL) were obtained 
from a hatchery in Florida and stocked into the nursery at a den-
sity of 9.5 PLs/gallon.  

After the nursery phase, 5,250 shrimp weighing an average of 
0.55g were stocked in a 5,300 gallon fiberglass grow-out raceway 

with water containing artificial sea salt at a salinity of 20 parts 
per thousand, ppt (seawater being about 35 ppt).  The internal 
dimensions of the grow-out raceway were 8’ wide x 26’ long 
x 3.5’ working depth.  The raceway was equipped with a 1 HP 
pump which delivered water to three aeration nozzles distrib-
uted around the raceway and one such nozzle that fed a foam 
fractionator.  The nozzles inside the raceway drew air in through 
snorkels extending above the water surface, and they directed 
water around a central wall.  The fractionator nozzle delivered 
finely aerated water into the foam fractionator which was used 
as needed to maintain turbidity at approximately 40 NTU.  The 
grow-out tank was managed as a biofloc system (“turbidity par-
ticles” acting as a food source and substrate for helpful bacteria 
to grow on), with the only external filtration being the foam frac-
tionator to remove dissolved and suspended solids.  Two 3,000 

watt submersible 
heaters in the 
grow-out raceway 
maintained a water 
temperature of ap-
proximately 84°F.  

There were 6” of 
tank free board 
above the water 
surface and 18” 
of vertical netting 
surrounding the 
tank.  Regardless, 
457 shrimp jumped 
out of the grow-
out tank during 
this project, mostly 
on two occasions.  

Netting was then placed tightly over the top of the tank which 
prevented shrimp from escaping.  Lights being turned on and off 
in the building may have startled the shrimp, resulting in much 
of the jumping.  

Shrimp were grown in the grow-out tank for 98 days.  Shrimp 
weighed 24.3 g at harvest, and there were 91.8 kg (202 
pounds) harvested.  Survival was 69%, although adding the 
shrimp that jumped out of the tank would have made the 
survival 80%.  The feed conversion rate (FCR) was 1.3:1 and the 
growth rate was 1.7 g/week.  

Harvested shrimp were sold at a farmers’ market in Frankfort, 

Indoor Marine Shrimp Production at Kentucky State University

The growout shrimp production tank at KSU. (left); The nursery tank which had a settling cham-
ber (foreground) and a biofilter (behind the settling chamber). (right)

Parameter Value
Final Weight (g) 24.3
Growth Rate (g/wk.) 1.7
Biomass (kg/m3) 4.6
FCR 1.3
Survival (%) 69.1

Question (range of options) Chefs (n = 5) Consumers (n = 27)
What is your opinion of the KY-grown shrimp?

Taste (1-5, where 1 is the best) 2.0 ±	  0.0 1.3 ± 0.1
Texture (1-5, where 1 is the best) 2.2 ± 0.5 1.3 ± 0.1

Freshness (1-5, where 1 is the best) 1.0 ± 0.0 1.0 ± 0.0
Size (1-5, where 1 is the best) 2.2 ± 0.2 1.3 ± 0.1

Overall (1-5, where 1 is the best) 2.2 ± 0.2 1.1 ± 0.1
Appearance (1-5, where 1 is the best) 1.8 ± 0.2 1.1 ± 0.1

What would you expect to pay? (open question) - USD/Kg 21.6 ± 2.4 25.9 ± 2.3
What is the maximum you would pay? (set selections) - USD/Kg 26.0 ± 2.5 28.6 ±  1.5
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The pump that supplied water to the aeration  
nozzles and the foam fractionator that controlled 
solids accumulation.

KY.  There are approximately 8,100 such farmers’ markets around 
the US in cities of all sizes.  The city of Frankfort has a popula-
tion of approximately 27,500 residents with a mean per capita 
income (in 2013) of $24,100 USD.  
The shrimp were sold fresh, on ice 
at $12/pound.  A total of 82 pounds 
were sold at this market in only 1.5 
hours.  Also at the farmers’ market, 
samples of shrimp were cooked and 
offered to patrons who were asked 
to complete a survey regarding their 
opinion of the shrimp.

Shrimp were dispersed to chefs in 
Louisville, KY through two distribu-
tion centers.  Shrimp were also giv-
en to two chef/restaurant owners 
and a grocery store in Lexington, KY.  
Consumers and chefs who tried the 
shrimp were given a questionnaire.  
In total, 5 chefs and 27 consumers 
completed questionnaires.  One of 
the questions was, “what is your 
opinion of the KY-grown shrimp 
that you have been provided.”  This 
question had 6 subcategories: taste, 
texture, freshness, size, overall 
opinion, and appearance.  For each 
subcategory the respondent could 
select: loved it = 1, liked it = 2, its 
okay = 3, disliked it = 4, or hated 
it = 5.  Another question asked, 
“what price would you expect to 
pay for these shrimp (whole, fresh, 
on-ice),” and respondents could fill 
in any number.  Another question 
asked, “what is the maximum that 
you will pay for fresh, KY-grown, 
whole marine shrimp,” and respon-
dents had the following options 
“will not buy, $8/lb. or less, $9/lb., $10/lb., $11/lb., $12/lb., 
$13/lb., $14/lb., $15/lb., $16/lb., $17/lb., $18/lb., $19/lb., and 
$20/lb. or more.   

The recurring costs of nursery and grow-out production for this 
project were approximately $5/lb.  Electricity cost was calculat-
ed at $0.04 per kWh and accounted for 25% of production cost, 

labor at $10/hr. accounted for 28%, 
feed was 29% of the cost, post larvae 
were 16%, and other consumables 
such as salt were 2%.  If 14 grow-out 
tanks were used, one tank could be 
harvested once per week all year-
round.  If more tanks are used, an 
economy of scale effect should be 
realized, bringing down costs.  Other 
cost considerations include infra-
structure, taxes, distribution cost, 
and possibly others.  These should be 
considered carefully and will vary de-
pending on a farmer’s circumstances.

Shrimp grew very well during this 
project, they had a low FCR, and a 
substantial amount of the mortality 
that occurred is easily preventable.  
Consumers appear willing to pay 
more than chefs, possibly because 
chefs are motivated more by the 
profitability of their restaurants.  
Survey respondents were very 
accepting of the product and scored 
it high.  The highest scoring attribute 
for both chefs and consumers was 
freshness of the product, a quality 
that cannot easily be achieved with-
out year-round, indoor, local shrimp 
production.  A direct-to-consumers 
approach for shrimp sales may be 
a lucrative venture.  At a price of 
$12/lb., there appears to be room 
for profit, and according to survey 
responses a higher price may be 
acceptable to consumers.  Future ef-

forts at KSU will focus on increasing shrimp stocking density and 
survival to enhance production output and augment potential 
profitability of this approach.  

15 pounds.  On November 19, 2015, 937 lbs of young-of-the-year (YOY) paddlefish weighing an average of 0.83 lbs each were harvest-
ed.   Feed conversion was estimated to be 0.9 lb feed/lb gain indicating that natural foods contributed to the diet. 

This result is an example of how we continue to improve on methods developed by other investigators.  Compared to catfish and trout, 
paddlefish are slow to respond to the feed and take much longer to eat.  Instead of feeding by hand once or twice a day, we used a 
belt feeder to slowly add feed over a period of 12 hours or more.  Rather than feeding during the day, we fed at night through the hot 
summer months and also during the day in the fall.   Like the experiment conducted in 2008, we stocked a lot of fingerlings that were 
trained to eat a floating pellet.   We also fed a high protein (45%) diet and carefully observed the fish feeding activity each day.  If all the 
feed was eaten one day, the fish received a little more feed at the next feeding, but if it was not eaten, we cut back.   

These observations are from just one pond so it is not an experiment that will be published in a peer reviewed journal, but we have 
learned more about how many pounds of paddlefish can be grown in a pond.  It will be interesting to see how these methods work 
during the second season.  

Continued from page 3



Please RSVP to  
Ms. Carolyn Harris at (502) 597-8103, or 

carolyn.harris@kysu.edu  

Directions to KSU Research and Demonstration Farm 

From Frankfort, travel south on Rt. 127. Cross I-64, then turn left 
(east) onto Mills Lane at an intersection with a Gulf gas station, a 
traffic light, and a "Kentucky State University Research Farm" sign. 
Follow Mills Lane east for 1.5 miles. The farm is on the right, marked 
with a green and yellow sign. Follow the main driveway straight into 
the parking area. Click here for an interactive map. https://
www.google.com/maps/place/1525+Mills+Ln,+Frankfort,+KY+40601/
@38.1193975,-84.88977,12z/data=!4m2!3m1!
1s0x8842768253a2131f:0x240a5757475c346a 
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