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When you look out over a catfish farm, the 
main thing you see is water.  Sometimes the 

ponds seem to stretch to the horizon, as if you are 
looking out over an inland sea criss-crossed with 
narrow earthen levees. Water is such an obvious 
part of catfish farming that if someone were to 
ask how much water is used to grow catfish, you 
would probably reply, “A whole lot.”

But how much water is actually used in catfish 
farming? Can we use less water to grow fish? And 
how does water use in catfish farming compare to 
that used to grow other crops?

Those are important questions because high 
rates of groundwater withdrawal for agriculture 
are causing unsustainable declines in water levels 
in the Mississippi River alluvial aquifer. Declines 
have been greatest in the central Delta, where  
rice and catfish farming are concentrated and, 
coincidentally, lateral aquifer recharge rates from 
deeply incised rivers bounding the Delta on west 
and east are lowest. So we conducted a study to 
answer those questions.

How Is Water Used?
We pump water into catfish ponds for three 

reasons.  First, and most obvious, water is used 
to fill ponds. In fact, our abundant groundwater 
is one of the main reasons that the Delta is such a 
good place to grow catfish—farmers can fill ponds 
anytime they want, without having to pump water 
from streams (which may contain wild fish or 
pollutants) or wait for rains (which are not very 
dependable).  Each time a pond is drained and 
refilled, we use an average of about 60 inches of 
pumped water.

We also pump water to replace water lost 
during the production cycle. Lost water includes 
evaporation plus water that seeps through pond 
bottom soils.  Ponds have large surface areas 
exposed to the air, and evaporation rates can be 
high—more than a quarter inch per day during 
the summer.  Regrettably, nothing can be done 
to reduce water lost to evaporation other than to 
reduce pond area, which sounds like a bad idea 

Water Use in Catfish Farming
Craig Tucker1, Jonathan Pote2, and Charles Wax3
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Figure 1. Average annual use of pumped groundwa-
ter in ponds with two seepage rates and four inter-
vals between draining and refilling ponds.

Figure 2. The 3/3 (top) and 6/3 (bottom) water-level 
management plans.

until we consider it in the context of production 
intensification (which we do later in this article).  
Seepage losses vary depending on the type of soil 
under the pond.  Losses range from less than 0.02 
inches per day for ponds built on heavy buckshot 
clay to more than 0.3 inches per day for ponds 
built on sandy soils.          

The third reason we might pump water into 
ponds is in a futile attempt to improve water quali-
ty or cure fish diseases. In the early years of catfish 
farming, pumping water to flush ponds was a con-
sidered a panacea for anything that went wrong 
while growing catfish. We now know that no water 
quality problem or fish disease can be corrected or 
cured by trying to flush large ponds. Simply put, 
using water to flush ponds is a waste and we did 
not consider water used to flush ponds when we 
calculated budgets in the next section.

How Much Water Is Used?
Average annual pumped water use is shown in 

Figure 1 for ponds with two seepage rates (0.02 
and 0.3 inches per day) and four intervals between 
refilling (1, 3, 5, and 10 years). These water budgets 
assumed that pumped water was added to refill 
ponds whenever water levels dropped 3 inches due 
to evaporation and seepage.

Seepage rate has a large effect on the need to 
pump water and the first rule of water conserva-
tion in catfish farming should be to avoid building 
ponds on sandy soils.

Ponds used to raise fingerling catfish are filled 

and drained each year to reduce carryover of 
pathogens and predators. Pumped water use is 
high for fingerling ponds, but they represent only 
a small fraction of overall pond acreage.

Some foodfish ponds are also drained and 
refilled each year, but most are used for several 
years without draining. Total water use for ponds 
drained and refilled every 3, 5, or 10 years was cal-
culated by annualizing pumped water used to fill 
ponds evenly across the years of water reuse. For 
example, for ponds drained once every 10 years, 6 
inches of pumped water (60 inches divided by 10 
years) was added to the annual water budgets. In 
effect, annualizing pumped water use in this man-
ner simulates farm-wide water use if the farmer 
rotates the pond-draining schedule on a farm so 
that a fraction of ponds on the farm is drained and 
refilled each year.

Reusing water for multiple years saves a lot of 
water because the Delta is blessed with abundant 
rainfall that offsets a large proportion of water 
lost to evaporation and seepage. That is, once a 
pond is filled, pumped water needed to maintain 
water levels is quite low. For example, 24 inches 
of pumped water (shown on Figure 1 as a dashed 
line) are needed each year to maintain water levels 
in ponds that seep 0.02 inches per day. Notice how 
total water use (water pumped to fill ponds and to 
maintain water levels) approaches the dashed line 
when water to fill ponds is annualized across sever-
al years. The upshot is that water pumped to initial-
ly fill ponds is the major contributor to water use 
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Figure 3. Average annual use of pumped groundwa-
ter in ponds with either the 3/3 or 6/3 water-level 
management plans and four intervals between 
draining and refilling ponds.  Ponds are assumed to 
seep 0.02 inches per day.

Figure 4. A simple staff gage for implementing the 
6/3 water-level management plan. The stake is driv-
en into the pond bottom so that the top indicator is 
at the level of pond overflow. When water level drops 
to the bottom indicator, water is pumped until the 
level reaches the middle indicator, leaving 3 inches of 
storage to capture subsequent rainfall.

in catfish farming, and reusing water for multiple 
years greatly reduces long-term pumped water use.

Drop-fill Water Conservation
The best-known water conservation practice in 

catfish farming is based on managing pond water 
levels to capture as much rainfall as possible. Cap-
turing rainfall offsets the future need for pumped 
water. Water-level management practices are de-
scribed by two numbers called the “drop/fill.” The 
first number (“drop”) is how many inches water 
levels are allowed to drop due to evaporation and 
seepage before adding pumped water. The second 
number (“fill”) is how many inches of groundwater 
are then added.

We investigated two drop/fill scenarios. The 3/3 
scenario (the top illustration in Figure 2) allows 
water levels to drop 3 inches due to evaporation 
and seepage losses and then 3 inches of ground 
water is pumped to bring water up to the level of 
the overflow device. This is the baseline scenario.  
If it rains the day after the pond is topped off, most 
of the rain overflows into a ditch. The other drop/
fill scenario (6/3) is a water-conservation practice 
where pumped water is never added to fill ponds 
to the level of the overflow device.  Rather, water 
levels are allowed to drop 6 inches and then 3 inch-
es of groundwater are added to provide 3 inches of 
water storage.  So, if it rains the day after a pond is 
topped off, the rainfall is captured (unless it rains 

more than 3 inches) and the captured rain partially 
offsets the future need for pumped water.   

The impact of rainfall capture is shown in 
Figure 3.  Rainfall capture reduces only the need 
for pumped water to maintain water levels and 
has no effect on water needed to fill ponds. As 
such, pumped-water savings are greatest when 
combined with water reuse for multiple years. 
For ponds drained and refilled every year, water 
needed to fill ponds (assumed to be 60 inches) is 
the largest need for pumped groundwater, and the 
6/3 plan reduces average annual groundwater use 
from 83 to 77 inches per year, or only about 9%.  
For ponds drained and refilled every 10 years, the 
6/3 plan reduces average annual water use from 31 
to 24 inches per year, or by about 23%.

The 6/3 plan currently is one of three water 
conservation options included in Yazoo-Missis-
sippi Delta Water Management District permit 
applications for groundwater use. The 6/3 plan is 
simple to use, requiring only a simple staff gage 
(a wooden stick works fine; see Figure 4) showing 
the pond overflow level, a mark 3 inches lower 
showing the “stop-refilling” level, and a mark 
3-inches below that showing the “need-to-pump” 
level. The 6/3 plan saves money because it reduces 
groundwater pumping and has no negative effect 
on fish production.  As such, it should be used in 
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all catfish farming.
Overall, the message is this: site selection to 

avoid porous sandy soils and re-using pond water, 
even for only a couple of years, greatly reduces 
long-term water use. The 6/3 rainfall-capture  
plan helps reduce water use, save money, and is 
easy to use.

How Do We  
Compare?

Aside from water 
used to fill ponds, the 
major water losses in 
catfish farming (evapo-
ration and seepage) are 
surface-area phenomena 
and doubling pond area 
doubles overall water 
use. This has two im-
portant practical impli-
cations. First, per-acre 
water use in pond aquaculture is high and options 
to reduce water use are limited.  Second, after 
selecting sites with low seepage, reusing water for 
multiple crops, and capturing as much rainfall as 
possible, the only way to reduce water use in pond 
aquaculture is to reduce pond acreage.

Pond acreage (and aquaculture water use) has 
already been reduced by more than half since 
2003 as a result of economic drivers that have 
caused conversion of ponds to row crop produc-
tion or other land uses. How much total ground-
water this has saved is an open question because 
some of the old pond acreage may be used to 
grow irrigated crops. Rather than simply taking 
ponds out of production, another way to reduce 
pond acreage and water use is to intensify produc-
tion—that is, grow more fish on less land.

The impact of production intensification is 
measured as an improvement in the “water-use 
index,” which tells us how many gallons of wa-
ter are used to grow a pound of food. Water-use 
indexes allow direct comparison of water use 
among different types of agriculture and can 
show water savings associated with culture inten-
sification.

The water-use index for any farming activity 
must account for water used in all segments of 
production. For catfish, the index includes water 

used in fingerling production, broodfish ponds, 
and water used to grow feedstuffs (soybeans, corn, 
etc.) and manufacture feed for all production 
phases.

The average water-use index for channel catfish 
grown in traditional ponds is about 900 gallons/

pound. Intensifying 
production by using 
new technologies such 
as hybrid catfish grown 
in split ponds has a 
large impact on the 
water-use index because 
more fish are grown in 
less water and hybrid 
catfish grown in inten-
sive ponds usually have 
better feed conversion 
ratios (which means 
that less water is used to 
grow grain feedstuffs). 

The overall water-use index for catfish farming 
is 350 gallons per pound when hybrid catfish are 
grown in split ponds built on clay soils, water 
reused for 10 years, and rainfall captured with the 
6/3 plan. This index is competitive with most other 
types of animal agriculture (Table 1).

For More Information
This summary is based on a much longer report 

that considers a wider range of conditions and 
provides a more detailed discussion of methods, 
results, and implications.  The complete report also 
presents ranges of water use for exceptionally dry 
and wet years, rather than the averages used in this 
summary.  The full report is:
• Tucker, C.S., Pote, J.H., Wax, C.L. and Brown, 
T.W. 2015. Improving water-use efficiency for 
ictalurid catfish aquaculture in northwest Missis-
sippi, USA. Aquaculture Research. doi:10.1111/
are.12893

The paper can be accessed at http://onlineli-
brary.wiley.com/doi/10.1111/are.12893/abstract

1USDA-ARS Warmwater Aquaculture Research 
Unit
2MSU – Dept. of Agricultural and Biological Engi-
neering
3MSU – Dept. of Geosciences

Crop gallons/pound
Pond aquaculture (global) 1800
Beef cattle 1800
Catfish (traditional ponds) 910
Swine 600
Poultry 500
Cage-cultured salmon 350
Raceway-grown trout 350
Catfish (hybrids in split ponds) 350
Grains 250
Fruits 100
Vegetables 50

Table 1. Water use for food production.
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Fish-eating birds have a long history of con-
flict with humans due to their impact on both 

commercial and natural resources. Of particular 
concern is their depredation of farm-raised fish 
species and the resulting financial impact on 
producers. Catfish production is the largest aqua-
culture industry in the nation, and the majority of 
production occurs in the Mississippi Delta. This 
area holds numerous aquaculture operations con-
taining thousands of ponds that have high densi-
ties of catfish and are spatially clustered together. 
This arrangement has prompted human-wildlife 
conflict by providing a readily available food 
source for fish-eating birds migrating or wintering 
in the State. 

Double-crested cormorants are the greatest 
avian predator of catfish aquaculture, and their 

impact on the industry has received a great deal 
of attention in the past. The USDA Wildlife Ser-
vices, National Wildlife Research Center (NWRC) 
conducted surveys during the winters of 2000 
and 2003 to determine cormorant impacts on 
Mississippi’s catfish aquaculture. This research 
found cormorants consuming catfish resulted 
in an estimated financial loss between $5.6 and 
$12 million dollars annually. At the time of these 
surveys the aquaculture industry was at its peak in 
Mississippi, but has since experienced an estimated 
60% decrease. Cormorant numbers, however, may 
have changed little since the early 2000’s. With less 
acreage devoted to aquaculture it is important to 
determine how cormorants have adjusted their 
foraging behavior and to what extent they current-
ly use catfish ponds. These birds may concentrate 

Evaluation of Habitat Use and Foraging Ecology of 
Fish-eating Birds Wintering in the Mississippi Delta
Paul Burr1 and Brian Dorr2

Double-crested cormorants roosting in a Mississippi Delta cypress break.
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on the remaining aquaculture ponds and have 
a larger impact on the industry, or they may be 
foraging more on natural habitat found in the area, 
such as oxbow lakes. Ideally, cormorants will seek 
out other foraging options and use aquaculture to a 
lesser extent. However, if cormorants are selecting 
for aquaculture ponds rather than available natural 
habitat, producers may be experiencing even great-
er losses compared to past 
estimates. To answer these 
questions and others, the 
NWRC and Mississippi State 
University are teaming up to 
conduct research on fish-eat-
ing bird foraging ecology in 
the Mississippi Delta. 

While the overarching 
focus of this work is on the 
double-crested cormorant, 
great blue herons, and great 
egrets are also of interest as 
they utilize similar foraging habitat in the Delta 
and impact aquaculture as well. There are four 
primary objectives proposed for this research. 
First, we want to compare current estimates of 
cormorants foraging on catfish aquaculture with 
those made in the early 2000’s. This objective will 
determine how cormorants have responded to the 
reduction of aquaculture and their present-day 
impact on the catfish industry. Secondly, we will 
assess foraging habitat selection for cormorants, 
great blue herons, and great egrets in the Delta. 
Although dominated by aquaculture, the Del-
ta contains many natural water bodies that can 
be foraged. We will compare the distribution 
and abundance of these species between natural 
habitat and catfish ponds to quantify the selection 
of each. Thirdly, we will evaluate the influence of 
characteristics of aquaculture ponds on the level 
of use by each of the three species listed above. For 
example, we will be investigating such things as 
pond size, pond contents, stocking practices, and 
more. Determining which factors these species 
use to select catfish ponds will add insight into 
their decision making behavior on foraging, and 
provide information that can potentially be used 
to help mitigate future damage. Lastly, we will 
use cormorant roost survey data collected by the 
NWRC from 1996 through 2010 to examine how 

the abundance and distribution of cormorants has 
changed throughout time in the Mississippi Delta. 
We will also supplement this data by collecting 
current roost data during the winters of 2015 and 
2016. Cormorants require roosts in their daily 
activities, and monitoring these roosts provides 
abundance estimates of cormorants throughout 
the entire Delta. Using this long time series data 

set, we will evaluate how 
cormorant populations 
wintering in the Delta has 
changed from year to year, 
and examine seasonality 
changes in their distribution 
and abundance. 

To complete objectives 
one through three, we 
conducted aerial surveys 
during the winter months 
of 2015/2016 to count cor-
morants, herons, and egrets 

on randomly selected catfish ponds and natural 
waterbodies in the primary producing catfish 
area of the Delta. We conducted two surveys per 
month from November through April, and con-
tacted catfish producers to gather information of 
specific ponds to address objective three. We also 
conducted roost surveys in tandem with each of 
these foraging surveys for objective four, and will 
conduct at least one more year of roost surveys to 
extend the data set. We have successfully gathered 
all data for the first year of this study, and are cur-
rently working on analysis procedures. The objec-
tives outlined above will be addressed in a Ph.D. 
dissertation written by Paul Burr at Mississippi 
State University.

We would like to take this opportunity to thank 
all of the catfish producers and their employees for 
their assistance during our surveys. The success of 
this research is highly dependent on their cooper-
ation and we appreciate their collective support. 
We look forward to working with them in the 
future and providing them with our findings at the 
completion of our work. For comments or ques-
tions regarding this research, please contact Paul 
Burr via email at pcb124@msstate.edu.

1Mississippi State University – Dept. of W, F, & A
2USDA Wildlife Services, NWRC

Aerial view of cormorants feeding in a  
Mississippi Delta catfish pond.
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Larval and juvenile channel catfish are produced 
in numerous private hatcheries throughout 

the southeastern U.S. The combination of open 
facilities, moisture, and warm weather during the 
catfish spawning season causes mosquito-infesta-
tion problems. Mosquitoes make working in the 
hatchery unpleasant for farm workers. Besides 
causing unpleasant working conditions, mosquito 
bites can cause blistering, bruising, or inflamma-
tory reactions, and mosquitoes are vectors for 
viruses that can be transmitted to humans, includ-
ing West Nile Virus.

The most common solution to mosquito prob-
lems in catfish hatcheries is widespread use of 
mosquito repellents applied to exposed skin and 
clothing. DEET (N,N-diethyl-m-toluamide) is the 
active ingredient in most personal insect repellents.

DEET was developed in the 1940’s by the U.S. 
Department of Agriculture for the U.S. Army for 
protection against biting insects and control of dis-
ease transmission. In the U.S., DEET is contained 
in 225 registered products with over 3.9 million 
pounds used annually.

Oddly, the toxicity of DEET to channel catfish 

DEET Toxicity to Channel Catfish Sac Fry
Charles Mischke1, David Wise1, Craig Tucker2, and Travis Brown2
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— the most widely cultured fish in the U.S. — is 
unknown. Further, the early life stages of fish are 
particularly sensitive to environmental pollut-
ants and the toxicity of this widely used chemical 
should be established to ensure it is safe to use 
around the sensitive sac-fry developmental stage 
present in hatcheries.

Researchers at the NWAC conducted toxicity 
tests of DEET to catfish fry (2 to 3 days post-
hatch). Test solutions were made by dissolving the 
appropriate amount of DEET (Ben’s 100 Max For-
mula, Tender Corporation, Littleton, New Hamp-
shire, 98.11% DEET) in well water. The 24-hour 
LC10 and LC50 values (the concentration of DEET 
lethal to 10 or 50% of the test fish in 24 hours, 
respectively) were determined.

In addition to the toxicity testing, a trial was 
conducted to determine the amount of active 
ingredient dispensed from two different appli-
cators: a pump sprayer (Ben’s 100 Max Formula, 
1.25 fluid ounce, Tender Corporation, Littleton, 
New Hampshire, 98.11% DEET) and an aerosol 
can (Ben’s 30% DEET Wilderness Formula, 6 fluid 
ounce aerosol, Tender Corporation, Littleton, New 
Hampshire, 30% DEET). For the pump sprayer, 
one pump (from a full bottle) was sprayed onto a 
pre-weighed paper towel in a plastic weigh boat, 
and the amount dispensed was weighed. Five rep-
licate trials were conducted to determine the mean 
and standard error active ingredient dispensed. 
For the aerosol can (from a full can), the product 
was dispensed into a pre-weighed paper towel in a 
plastic weigh boat for 5 seconds, and the amount 
dispensed was weighed. Five replicate trials were 
conducted to determine the mean and standard 
error active ingredient dispensed.

The 24-hour LC10 was 274 ppm, and the 24-
hour LC50 was 345 ppm (Table 1). When discuss-
ing chemical toxicity to aquatic organisms, it is 
convention to categorize chemicals from super 
toxic (96-hour LC50 <0.01 ppm) to practically 

non-toxic (96-hour LC50 >100 ppm). Although 
this test was 24-hours and not 96-hours, the 
concentration required to kill 50% of the organ-
isms was well above the 100 ppm threshold to be 
considered practically non-toxic.

The pump sprayer (98.11% active ingredient) 
dispensed 113.3 +/- 0.57 mg (mean +/- SEM) 
active ingredient per pump. This would require 
2.4 pumps directly into the hatchery trough for 
every liter of water to achieve the 24-hour LC10. 
The aerosol can (30% active ingredient) dispensed 
526.8 +/- 6.71 mg (mean +/- SEM) active ingre-
dient per second. Although the aerosol can was 
only 30% DEET, it dispensed large amounts of 
product compared to the pump bottle.  None-
theless, to reach 24-hour LC10 concentrations, it 
would require spraying the aerosol can directly 
into the hatchery trough for 0.5 seconds for each 
liter of water. Typical hatchery troughs hold 380 
to 450 liter of water, which would require spraying 
directly into the trough for 190 to 225 seconds, 
not accounting for exchange rate from fresh water 
flowing through the tanks.

In hatcheries where air movement by fans is 
not sufficient to control mosquitoes, using insect 
repellent products containing DEET as an active 
ingredient should be safe. However, this study only 
determined acute toxicity of a single exposure; 
repeated exposures may increase mortalities. As 
with the use of any chemicals, follow label direc-
tions and take care to avoid drift into hatchery 
troughs. As a general precaution, one should not 
spray the parts of the hands and arms that will be 
submersed in hatchery trough water; but because 
DEET falls into the practically non-toxic category, 
there should be no problem spraying the repellent 
around worker’s head, body and legs.

1Mississippi State University – MAFES
2USDA-ARS Warmwater Aquaculture Research 
Unit

 LC test LC value (95% CI)
 24-hour LC10 274 (246.9 – 293.2)
 24-hour LC50 345 (327.0 – 365.9)

Table 1.  Acute toxicity, expressed as lethal concentration (24-hour LC10 and LC50  
values and 95% confidence interval), of DEET to 2- to 3-day-old channel catfish sac fry. 
All results are given in ppm active ingredient.
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The Aquatic Research and Diagnostic Labora-
tory is dedicated to the success of Mississippi’s 

commercial catfish industry through service, re-
search, and teaching. Our staff and fish health pro-
fessionals strive to support the industry’s efforts to 
produce a high quality, economical and profitable 
product. Our goals are derived from the needs of 
the industry and aimed at developing management 
strategies for controlling the impact of diseases that 
affect profitability. These goals can only be accom-
plished through mutual respect, cooperation, and 
the maintenance of a close supportive relationship 
with our clients.

Diagnostics
In 2015, the Aquatic Research and Diagnostic 

Laboratory (ARDL) received a total of 599 case 
submissions (Table 1). Of these, 525 were submit-
ted by producers representing 39 different farms 
and 74 were submitted by USDA-ARS and Missis-
sippi State researchers. There were also 708 water 
samples submitted for analysis. 

Individal case submissions represent a compos-
ite sample of fish collected from a single pond on a 
given day. The numbers reported are derived sole-
ly from submissions processed by the ARDL and 
do not necessarily reflect actual disease incidence 
in the industry. Routine diagnostic procedures 
include evaluation of gill biopsies and skin scrapes 
for parasites, external and internal examination 
for signs of disease, bacterial and viral cultures, 
histopathology, and water quality evaluation. The 
ARDL works closely with Mississippi Agriculture 
Forestry and Experiment Station (MAFES) fish 
health professionals to offer treatment recommen-
dations, monitor disease trends, provide surveil-
lance for new and emerging diseases, provide field 
service investigation, and maintain a database of 
epidemiologic information on diseases of cat-
fish. The ARDL supports the research efforts of 
other National Warmwater Aquaculture Center 
units, including MAFES, MSU Extension Service, 

College of Veterinary Medicine (CVM), and US-
DA-ARS Warmwater Aquaculture Research Unit. 
Furthermore, the laboratory provides an outlet 
for the dissemination of information gained from 
research efforts back to producers.

Bacterial diseases were the predominant di-
agnosis for the submissions. Columnaris disease 
(both external Columnaris and when the etiolog-
ical agent Flavobacterium columnare was isolated) 
was diagnosed in 325 submissions, 317 of which 
were producer cases and 8 from researchers. This 
represent 54.3% of total case submissions. None of 
these bacterial isolates were resistant to the 3 an-
tibiotics tested (i.e. Terramycin, Romet and Aqua-
flor). Edwardsiella ictaluri, the causative agent of 
Enteric Septicemia of Catfish (ESC) was isolated 
from 162 submissions (27.0% of total diagnostic 
cases) with all but 4 cases from producers. Anti-
microbial resistance seen in 22 isolates, although 4 
isolates were repeat submissions, with fish sub-
mitted from one pond three times and another 
pond twice). Twenty were resistant to Terramycin 
with intermediate resistance to Aquaflor and 2 
were resistant to Terramycin with intermediate 
resistance to both Romet and Aquaflor. There 
were 12 Edwarsiella tarda cases, ten of which were 
from hybrid catfish, while the remaining two were 
isolated from channel catfish and largemouth 
bass, respectively. All E. tarda were sensitive to 
the 3 antibiotics tested. There were 26 atypical 
Aeromonas hydrophila cases, which demonstrated 
lesions and biochemical profiles associated with 
the more virulent strain of A. hydrophila. Four 
A. hydrophila cases had lesions suggestive of the 
emergent atypical strain, but possessed a different 
biochemical profile. No antibiotic resistance was 
seen in these 30 isolates. There were an additional 
10 Aeromonas isolates that could not be identi-
fied to species based on biochemical profiles. One 
these isolates was resistant to Terramycin.

Of the parasitic diseases, there were 55 cases 
of proliferative gill disease (9.2% of case submis-

2015 Aquatic Research and Diagnostic Laboratory 
Summary Report
Lester Khoo1, Patricia Gaunt1, and Matt Griffin1
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sions), 14 cases of Bolbophorus trematode (2.3% of 
case submissions), and 2 cases of Ichthyophthirius 
multifiliis (Ich) (0.3% of case submissions). Lastly 
there were 10 cases of channel catfish virus.

Of the 580 catfish cases, 320 were channel catfish, 
250 were hybrid catfish, 
and 10 were blue catfish. 
With increased interest 
in hybrid catfish, we have 
listed the number of hy-
brid and blue catfish cas-
es in Table 2. Hybrid and 
blue catfish comprised 
41.74% and 1.67%, re-
spectively of diagnostic 
case submissions.

We are here to serve 
the industry and encour-
age producers to contin-
ue to take advantage of 
the diagnostic service.

Research
Faculty of the ARDL have cooperated with re-

searchers from Alabama in the development of rapid 
diagnostic methodologies for an unusually virulent 
strain of Aeromonas hydrophila, which has been 
implicated in significant losses in Alabama. This new 
diagnostic assay is currently being used to evaluate 
the transmission of this bacteria, as well as deter-
mine its prevalence and persistence in catfish ponds.

Research continues on the life cycle of another 
digenetic trematode, Drepanocephalus spathans, a 
parasite of double-crested cormorants, which has 
demonstrated the ability to infect juvenile channel 
catfish. Current research has focused on the longev-
ity of the parasite in fish, as well as development of 
a molecular diagnostic assay to detect the parasite 
in catfish tissues. In addition, life cycle studies and 
malacological surveys continue in efforts to charac-
terize the digenetic trematodes transmitted by rams 
horn and ghost snails in catfish ponds.  Research 
has demonstrated both rams horn and ghost snails 
release Bolbophorus and Drepanocephalus cercariae 
that are infective to catfish, emphasizing the need 
for adequate snail control.

Work has continued with the development of 
molecular based techniques to detect and quantify 
pathogens in the pond environment. Currently, 

the ARDL employs assays for detection of Ed-
wardsiella ictaluri, Henneguya ictaluri, Bolbophorus 
damnificus, Aeromonas hydrophila, Flavobacterium 
columnare, Edwardsiella tarda, and the newly de-
scribed E. piscicida. These assays allow researchers 

to measure pathogen levels in 
the pond, providing a meth-
od to evaluate management 
schemes aimed at controlling 
diseases caused by these 
pathogens.

A cooperative venture 
with MAFES researchers, as 
well as scientists at CVM in 
Starkville continues on eluci-
dation of the life-cycle of the 
myxozoan parasite Henne-
guya ictaluri in hybrid catfish. 
The causative agent of prolif-
erative gill disease, H. ictaluri 
does not appear to complete 

its life cycle as efficiently in hybrid catfish as in 
channel catfish. Comparatively, blue catfish appear 
completely refractory to infection by this parasite. 
Efforts to establish whether or not hybrid catfish 
can serve as a host in the life-cycle of this parasite 
will continue in 2016.

In a continuing effort to understand the par-
asitic fauna associated with pond-raised catfish, 
researchers at the ARDL and CVM in Starkville, 
have characterized several species of myxozoan 
parasites present in commercial catfish ponds. 
This work has led to the elucidation of 2 previous-
ly undocumented myxozoan life-cycles, both of 
which use channel catfish as an alternative host.

In addition, work continues towards developing 
methodologies that allow for reliable reproduction 
of the H. ictaluri life-cycle in the laboratory. This 
would provide a valuable research tool in develop-
ment of management strategies to reduce the inci-
dence and prevalence of proliferative gill disease.

In cooperation with MAFES researchers, re-
searchers with the ARDL and MAFES continue to 
investigate the effects of temperature and other wa-
ter quality parameters on the benthic oligochaete 
Dero digitata, the intermediate host of H. ictaluri. 
Developing an improved understanding of the oli-
gochaete biology will provide information that can 
be used to better manage around this disease.

Table 1. 2015 Annual Case Summary 
for the ARDL.
 Number of % of Total
Disease Cases Cases
Columnaris 325 54.3%
ESC 162 27.0%
PGD 55 9.2%
Saprolegnia 22 3.7%
Anemia 16 2.7%
Bolbophorus 14 2.3%
CCV 10 1.7%
Brown Blood 3 0.5%
Ich 2 0.3%
VTC 1 0.2%
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        Number of Cases
 Hybrid Blue 
Disease Catfish Catfish
Aeromonas hydrophila 3 
Aermonas spp, Anemia, Bolbophorus 1 
Ammonia Toxicity 3 
Anemia 5 2
Anemia, PGD  1
Anemia, Saprolegnia  1
Bolbophorus 3 
Bolboporus, PGD 1 
CCV 2 
Columnaris 94 1
Columnaris, Aeromonas sp., PGD 1 
Columnaris, Aeromonas sp. 1 
Columnaris, Anemia 1 
Columnaris, Bolbophorus 3 
Columnaris, E. tarda, PGD 1 
Columnaris, PGD 4 
Edwardsiella tarda 5 
E. tarda, External Columnaris, PGD 1 
E. tarda, Anemia, PGD 1 
E. tarda, PGD 2 
ESC 25 1
ESC, Columnaris 12 
ESC, PGD 1 
External Columnaris 6 
Ich 1 
Increased intramuscular fat 1 
Brown Blood 2 
Necrotizing myositis 1 
No Infectious agents Identified 45 1
Parasitism (Dermal Henneguya)  1
PGD 10 
PGD, Methemaglobinemia 1 
PGD, Saprolegnia, External Columnaris 4 
Saprolegnia 1 
Saprolegnia, External Columnaris 7 1
Saprolegnia, External Columnaris, High Ammonia 1 1
Total 250 10

We also solicit producers’ help with anemia in 
our efforts to understand its cause. Although there 
are several diseases and toxins that can result in 
an anemic condition in fish, the etiology of the 
profound anemia that is seen typically in foodfish 

is unknown. Producers with anemic fish are also 
highly encouraged to submit those fish and keep 
accurate records on pond information.

1Mississippi State University - CVM

Table 2. Number of Hybrid Catfish and Blue Catfish Cases Submitted in 2015.



14   NWAC NEWS November 2016

Catfish fry and small fingerlings are general-
ly fed higher protein feeds than food fish, 

because small fish have a higher protein require-
ment. In nursery ponds, once the fry reach about 
1 to 2 inches and come up to the surface, they are 
typically fed small floating pelleted feeds or “mini 
pellets” containing 35% protein, part of which is 
supplied by fish meal. As fish grow they may be 

switched to slightly larger pellets containing 35% 
or 32% protein. Prices of commercial 35% pro-
tein fingerling feeds have increased to $600 to 700 
per ton in the past few years. Reducing feed cost 
without compromising fish performance would 
improve profits for catfish fingerling producers. 

We conducted a feeding trial in 2015 to evalu-
ate dietary protein level and source on hybrid cat-

Dietary Protein Level and Source for Catfish Fingerlings
Menghe Li1, David Wise1, Charles Mischke1, and Penelope Lucas1
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fish fingerling production. Four diets containing 
35% or 32% protein with fish meal or pork meat, 
bone, and blood meal (PMBB) (7.5% of diet) were 
tested. The 35% protein diet with fish meal was 
similar to commercial catfish fingerling feeds in 
diet composition and was used as the control. All 
diets were formulated to meet or exceed all known 
nutrient requirements for channel catfish. 

Twenty 0.1 acre ponds were fertilized 3 weeks 
before stocking with urea according to recom-
mended dose and schedule to ensure natural foods 
were available. Small hybrid catfish fingerlings 
with an average weight of 4.5 pounds per 1,000 
(2.4 inches) were stocked at a density of approx-
imately 70,000 fish per acre based on sample 
weight and count of 1,000 fish. We started with 
small fingerlings instead of swim-up fry to mini-
mize variations in survival among ponds. The fish 
were fed once a day to apparent satiation from July 
to October for 113 days. 

At the end of the study, we did not observe 
significant differences in total amount of feed fed, 
gross yield, feed conversion ratio, or observed 
mortality in fish fed 35% or 32% protein diets 
containing fish meal or PMBB (Table 1). Overall 
estimated survival exceeded 100%, which is likely 
related to inaccuracies inherent to population 
estimates by count and weight measurements. 
Regardless of inaccuracies in stocking and har-
vest estimates, all replicated ponds were treated 
alike, and relative comparisons among treatments 
showed diets had no significant effects on growth 
and survival. There were also no significant dif-
ferences in the number of desirable zooplankton 
or ammonia and nitrite levels in the pond water 
among dietary treatments.

Early laboratory studies have shown swim-

up channel catfish fry require 50% protein for 
maximum growth. When the fry grow to about 3 
inches, the protein requirement is reduced to 40% 
to 45%. Diets containing 32% to 36% protein can 
meet the protein requirement of 4-inch fish. The 
present study shows 32% protein diets can support 
the same growth as 35% protein diets for hybrid 
catfish fingerlings grown from about 2.5 to 8 inch-
es in ponds.

Whether fish meal is needed in catfish feeds has 
been a subject of debate, and results from research 
have been inclusive. Several laboratory studies with 
channel catfish and blue catfish fingerlings have 
demonstrated the inclusion of fish meal in all-plant 
diets improves growth and feed efficiency, while 
other studies have shown fish meal can be com-
pletely replaced by other animal and plant protein 
sources. Results from the present study show all 
fish meal can be replaced with PMBB without af-
fecting hybrid catfish fingerling performance.

At the time of feed purchase (June 2015), the 
control diet (35% protein with fish meal) cost 
$614 per ton. The 32% protein diet with fish meal, 
35% protein diet with PMBB, and 32% protein 
diet with PMBB cost $20, $69, and $89 per ton 
less than the control, respectively, which are 
equivalent to annual savings of $120, $414, $534 
per acre, if a total of 6 tons of feed per acre were 
fed in a growing season. Although feed prices 
often fluctuate, the 32% protein diet with PMBB 
would provide considerable savings for hybrid 
catfish fingerling producers by eliminating the 
high cost fish meal. An additional trial is planned 
to further evaluate catfish fingerling diets includ-
ing all-plant diets and lower protein diets.

1Mississippi State University – MAFES

 Total Gross Final Feed Observed 
 feed fed yield weighta conversion mortality 
Diet (pounds/acre) (pounds/acre) (pounds/1,000) ratio (#/pond)
35% protein w/FM 13,532 11,202 148 1.24 14
35% protein, w/PMBB 13,727 11,135 162 1.27 4
32% protein, w/FM 12,944 10,707 152 1.24 21
32% protein, w/PMBB 13,986 11,724 166 1.23 25
aEstimated based on sample weight of 1,000 fish per pond.

Table 1. Production characteristics of hybrid catfish fingerlings fed diets containing 
35% or 32% protein with 7.5% fish meal (FM) or pork meat, bone, and blood meal 
(PMBB) for 113 days.
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Catfish production in the U.S. has decreased 
by half in the past ten years as a result of 

increased feed and energy costs, competition from 
lower-priced imports, and more lucrative land-use 
alternatives. To remain competitive in the face of 
adverse economic conditions, an increasing num-
ber of catfish farmers have been stocking hybrid 
catfish for food fish production as an alternative to 
channel catfish. In general, 
hybrid catfish have ex-
cellent production char-
acteristics such as lower 
feed conversion, tolerance 
to low dissolved oxygen 
concentrations, increased 
resistance to many diseas-
es, tolerance to high stock-
ing densities in ponds, 
higher dressout percentage 
and fillet yield, and poten-
tial ease of harvest. Based 
upon these traits, many 
farmers use hybrid catfish 
on their farms, and processing of hybrid catfish 
has increased from less than 5% in 2002 to 40% in 
2014.

In general, with catfish culture, fish length is 
not measured; instead, several samples of fish 
are batch weighed and counted, and the results 
scaled to represent the average weight of 1,000 
fish, and that value is compared to a standardized 
length-weight table to predict average fish length. 
Unfortunately, there is little data pertaining to a 
standard length-weight relationship for hybrid 
catfish fingerlings that the commercial catfish 
industry or researchers can use. Thus, we deter-
mined the length-weight relationship for a range 
of pond-raised hybrid catfish fingerlings produced 
on commercial farms and at research facilities in 
Alabama and Mississippi.

This study was conducted on a number of 

farms in Alabama and at the Mississippi State 
University, Delta Branch Experiment Station, 
Stoneville, Mississippi from 2008 to 2013. All fish 
production occurred in earthen ponds filled with 
water from wells, rainfall, and some by runoff. For 
each year, from April to November, fish were fed 
daily with a commercial floating catfish feed (28%, 
32%, or 35% crude protein). All fish were fasted 

for about 18 hours before 
handling, and samples 
were randomly collected at 
stocking, throughout the 
production period, and at 
harvest. Individual length 
measurements of hybrid 
fingerlings were made with 
a fish measuring board 
and ruler, and weight mea-
surements were performed 
using calibrated electron-
ic scales. Fish appearing 
abnormal or displaying 
frayed caudal fins were not 

sampled.
The overall length-weight relationship for 

hybrid catfish can be described by the equation: 
Y = 0.408676755X2.868474309 (R2 = 0.996, n = 4663) 
where Y is the predicted individual fish weight 
(pounds per 1,000 fish), and X is measured total 
length in inches (Figure 1). Predicted weights 
for hybrid catfish in Table 1 as determined by 
the model closely coincide with the actual mean 
weights for each length-group indicating the 
possibility of future use by industry personnel and 
researchers.

Interestingly, the commercial industry standard 
length-weight table for channel catfish fingerlings 
was developed by Waldrop and Brunson (1992). 
That table has been used for more than two de-
cades and is currently used for hybrid catfish 
fingerlings. Unfortunately, in some cases, a fish 

A Length-Weight Relationship for Hybrid  
Catfish Fingerlings
Travis Brown1, Chuck Mischke2, Luke Roy3, and Menghe Li2

 
 
 

 
 
Figure 1.  Length-weight relationship for pond-raised hybrid catfish fingerlings. 
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culturist may predict a greater total length - from 
average weight - for hybrid catfish fingerlings 
when using channel catfish fingerling tables (Table 
1). Our work indicates it may be more suitable and 
accurate to use a length-weight table construct-
ed from a model supporting the same fish type. 
Slight deviations in the prediction accuracy of the 
individual model used can affect the market price 
since catfish fingerlings are sold by estimated total 
length (cents per inch) from measured weight 
(pounds per 1,000 fish). For example, if a farmer 
purchased hybrid catfish fingerlings that had an 
average individual weight of about 91.5 pounds 
per 1,000 fish, the estimated total length would be 
6.6 inches (our model), 6.9 inches (Steeby 1995), 
and 7.0 inches if employing the length-weight 
table of Waldrop and Brunson (1992). Payments of 
$0.025 per inch for 1,000,000 fingerlings would be 
$165,000, $172,500, or $175,000, respectively. In 
contrast, the equation that Steeby et al. (1991) de-
veloped for channel catfish would result in a pre-
dicted average length of 6.5 inch fish or $162,500 
length-valued fingerlings. 

In summary, the results from the present study 
provide length-weight correlates for hybrid cat-
fish fingerlings. These relationships and resulting 
information can be used as a starting point and 
baseline for standardized length-weight tables for 
research institutions and the commercial industry. 
However, slight deviations in sampling error and/

or use of incorrect length-weight tables can make 
dramatic differences in projected length and re-
sulting cost of hybrid catfish fingerlings when sold. 
Future projects dedicated to sampling pond-raised 
hybrid catfish would add to the total number of 
length-weight measurements which should further 
improve the model developed in this study.

For detailed information concerning this article 
please refer to the following publications:
• Brown, T. W., C. C. Mischke, L. A. Roy, and 
M. H. Li. 2016. A length-weight relationship for 
pond-raised hybrid catfish fingerlings. Journal of 
the World Aquaculture Society 47:93-96.
• Steeby, J. A., R. L. Busch, and C. S. Tucker. 1991. 
A length-weight relationship for channel catfish 
grown under commercial conditions in Mississip-
pi. The Progressive Fish-Culturist 53:57-60.
• Steeby, J. A. 1995. A centimeter-based length-
weight relationship for channel catfish fingerlings 
grown under commercial conditions in Mississip-
pi. The Progressive Fish-Culturist 57:161-163.
• Waldrop, J. and M. W. Brunson. 1992. A chan-
nel catfish length-weight chart. For Fish Farmers 
1992(1):6-8. Mississippi State University, Missis-
sippi, USA.

1USDA-ARS Warmwater Aquaculture Research 
Unit
2Mississippi State University – MAFES
3University of Arkansas at Pine Bluff

 Total Hybrid catfish Hybrid catfish Channel catfish Channel catfish 
 length actual mean weight predicted weightb predicted weightc predicted weightd 
 (inches) (lbs/1000a) (lbs/1000) (lbs/1000) (lbs/1000)
 1 0.7 0.4  0.9   0.7 
 2 3.4 3.0  3.0   3.1 
 3 9.6 9.5  8.0   8.8 
 4 22.0 21.8  17.9   19.1 
 5 40.8 41.3  34.7   35.3 
 6 71.5 69.7  60.1   58.8 
 7 111.3 108.5  96.1   91.0 
 8 157.7 159.2  147.2   133.3 
 9 228.0 223.2  223.5   187.1 
aPounds (lbs) per 1000 fish.    
bPredicted weights for hybrid catfish are based on the equation given in the text or Figure 1. 
cPredicted weights for channel catfish by Steeby 1995. 
dPredicted weights for channel catfish by Waldrop and Brunson 1992, the industry standard. 

Table 1. Length-weight relationships measured in inches and pounds per thousand fish 
(lbs/1000) for each length-group for pond-raised hybrid catfish fingerlings.
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Many catfish farmers are building split ponds to 
improve production performance. Split-ponds 

are constructed by dividing an existing catfish pond 
into two unequal sections. The smaller basin holds 
fish and the larger basin removes fish waste and 
produces oxygen. High-volume pumps circulate 
water between the two basins through culverts, 
pipes, or sluiceways. Aerators in the fish-culture 
basin provide dissolved 
oxygen at night.

Several different types 
of pumps and pond 
designs have been built 
by catfish farmers as 
they adopted the gen-
eral idea of split-pond 
aquaculture. We con-
ducted a study to assess 
performance and costs 
of four different pump-
ing systems used in 
split-ponds. We evaluat-
ed relationships among 
rotational speed, power 
input, water flow rate, 
and pumping efficiency.

Four, split ponds 
were constructed at the 
Thad Cochran National 
Warmwater Aquaculture 
Center, Stoneville, Mississippi. Each split pond 
had a 1.5-acre fish-culture basin that was about 
6-feet deep and a 5.5-acre waste-treatment lagoon 
that was about 4-feet deep (Figure 1). Each pond 
had two conveyance structures connecting the two 
basins and one of four types of pump. Pumps test-
ed were a high-speed screw pump, a high-speed 
impellor pump, a paddlewheel aerator modified 
for pumping, and a large, slow-turning twin pad-
dlewheel. Pumps were powered by 3-phase electric 
motors appropriately sized to the pump.

Conveyance structures varied for the different 
pumps tested. First, the split-pond with the twin, 
slow-rotating paddlewheel had three corrugated 
galvanized metal culverts (4-foot diameter) and 
three concrete box culverts (6- by 6-foot) installed 
through a levee dividing each pond into two 
sections for water inflow and outflow. Second, the 
split-pond with the paddlewheel aerator had two 

corrugated galvanized 
metal culverts (5-foot 
diameter) installed 
through the levee for 
inflow and outflow. The 
two remaining split-
ponds had identical 
conveyance structures 
used with the high-
speed screw and axial 
flow pumps. Two circu-
lar pipes were installed 
through a levee and 
each pump was attached 
with a flange to the first 
pipe (2.5-foot diame-
ter, smooth walled steel 
pipe) which pushed 
water horizontally into 
the fish basin from the 

waste lagoon. The second 
pipe was used for the 

return flow from the fish basin to the waste lagoon 
and was corrugated (3-foot diameter) high density 
polyethylene culvert that was double-walled with a 
smooth surface on in the inside.

Performance
Rotational speeds ranged from 0.5 to 3.5 rpm 

for a twin, slow rotating paddlewheel pump; 12.5 
to 56.5 rpm for a paddlewheel aerator pump; 60 to 
240 rpm for a high-speed screw pump; and 150 to 
600 rpm for an axial-flow pump (Table 1). Power 

Pumping Systems Used in Commercial-Size,  
Split-Ponds: Performance and Costs
Travis Brown1, Craig Tucker1, and Billy Rutland2

Figure 1. Aerial photo of one of the split ponds used 
in the study.
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input varied directly with flow rate and ranged 
from 0.3 to 18 hp for all four pumps. Water flow 
rates ranged from about 2,300 to 20,500 gallons 
per minute (gpm) and increased with increas-
ing rotational speed for all pumps tested. Water 
discharge per unit power input (a measure of 
pumping efficiency) ranged from about 690 to 
14,000 gpm per hp for the pumps tested. In gener-
al, pumping efficiency decreased as water flow rate 
increased (Table 1).

Although water flow requirements have not 
been defined for split-ponds, commercial-scale 
split-ponds are normally 5 to 10 acres and use 
pumps that are capable of circulating approxi-
mately 10,000 to more than 20,000 gpm. If water 
flow rates on the higher end are desired (>13,000 
gpm), the twin, slow-rotating paddlewheel and 
paddlewheel aerator are the only circulators tested 
capable of providing that water flow. One solution 
to achieving higher water flows with screw- or 
axial-flow pumps would be to use two or more in 

a split-pond or use larger high-speed pumps and 
conveyance structures. However, initial investment 
cost would double or triple and operational cost 
would increase. A last resort would be to construct 
smaller sized split-ponds, but this would more 
than likely increase construction cost even more.

Costs
Initial investment cost for each pump and 

complete pumping system ranged from $5,850 
to $22,900, and $15,335 to $78,660, respectively 
(Table 2). The least expensive pump to operate 
was the twin, slow-rotating paddlewheel pump, 
followed by the paddlewheel aerator pump, high-
speed screw pump, and axial-flow pump (Figure 
2). Of the units tested, the axial-flow pump was 
the most expensive to operate. As examples, 
assuming a desired water flow rate of about 8,000 
gpm, an operational period of 12 hours per day 
over 210 days, and an electrical cost of $0.14 per 
kilowatt-hour, the total operating cost would be 

  Rotational Power Water flow 
  speed required rate Efficiency
 Pump type (rpm) (hp) (gpm) (gpm/hp)
 Slow-rotating paddlewheel 0.5 0.32 3,080 9,576
  1.0 0.52 6,118 11,807
  1.5 0.69 9,577 13,977
  2.0 1.04 12,645 12,161
  2.5 1.54 15,228 9,882
  3.0 1.91 17,827 9,334
  3.5 2.63 20,508 7,792
 Paddlewheel aerator 12.5 0.67 4,023 6,005
  25.0 1.46 7,394 5,062
  37.5 3.18 10,126 3,188
  50.0 6.62 12,708 1,920
  56.5 9.26 14,722 1,590
 High-speed screw pump 60 0.98 2,264 2,314
  120 2.05 4,500 2,195
  180 3.93 6,770 1,724
  240 6.74 9,143 1,357
 Axial-flow pump 150 4.21 3,238 769
  300 7.91 6,250 791
  450 12.61 9,129 724
  600 18.00 12,479 693

Table 1. Performance of four different pumps and pumping systems used to circulate 
water in split-pond aquaculture systems.
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approximately $150 for the twin, slow-rotating 
paddlewheel, $450 for the paddlewheel aerator, 
$1,350 for the high-speed screw pump, and $2,800 
for the axial-flow pump (Figure 2).

Slow-turning 
paddlewheels 
were used in the 
original parti-
tioned aquacul-
ture system be-
cause circulators 
operated contin-
uously, thereby 
putting a premi-
um on efficiency 
and low mainte-
nance require-
ments. However, 
slow-turning 
paddlewheels are 
expensive and 
require special-
ized design and 
fabrication as 
compared to pad-
dlewheel aerators which are widely available and 
relatively inexpensive. Unfortunately, compared to 
slow-turning paddlewheels, paddlewheel aera-
tors are more expensive to operate as circulators. 
Both paddlewheel-type circulators require large 
water-conveyance structures and overall system 
costs are expensive. High-speed screw pumps and 
axial-flow pumps are more expensive to operate 
than paddlewheel-type circulators, but are easier 
and less expensive to install.

Our results show that four different pumping 
systems can be effectively installed and used to 
circulate water in split-ponds, although, rotation-
al speed, required power input, water flow rate, 

efficiency, initial investment cost, and operation-
al expense varied greatly between the pumping 
systems tested. Although operational costs are not 
currently as important as upfront capital costs in 

economic deci-
sions regarding 
split-pond de-
sign, they may be 
a larger concern 
in the future as 
energy costs in-
crease. Long term 
studies are un-
derway to better 
define the rela-
tionship between 
water flow rate 
and fish produc-
tion as well as the 
useful life of the 
pumping systems 
tested. That infor-
mation will help 
identify the most 
efficient pumping 

system, expected maintenance and repairs sched-
ules, and deprecation.

For detailed information concerning this article 
please refer to the following publication:
• Brown, T. W., C. S. Tucker, and B. L. Rutland. 
2016. Performance evaluation of four differ-
ent methods for circulating water in commer-
cial-scale, split-pond aquaculture systems. Aqua-
cultural Engineering 70:33-41.

1USDA-ARS Warmwater Aquaculture Research 
Unit
2Mississippi State University – MAFES

Figure 2. Operational costs of a twin, slow-rotating paddlewheel, 
paddlewheel aerator, high-speed screw pump, and axial-flow pump 
used to circulate water (12 hours per day) in a split-pond aquacul-
ture system over a 210-day culture period at mutable water flow 
rates. Electrical energy cost was assumed to be $0.14 per kilo-
watt-hour—the standard electrical rate in west Mississippi.

  Pump Conveyance Installation Total Per acre 
 Pump type cost ($) structure cost ($) cost ($) cost ($) cost ($)
 Slow-rotating paddlewheel 22,900 48,655 7,105 78,660 11,237 
 Paddlewheel aerator 5,850 23,910 3,240 33,000 4,714 
 High-speed screw 7,500 5,675 2,160 15,335 2,191 
 Axial-flow 16,720 5,675 2,160 24,555 3,508

Table 2. Initial investment costs for the components and installation of four pumping 
systems used to circulate water in split-pond aquaculture systems. Each split-pond had 
a total water area of ~7.0 acres.  
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The mission of the USDA-NIFA Southern 
Regional Aquaculture Center (SRAC) is 
to support aquaculture research, develop-

ment, demonstration, and education to enhance 
viable and profitable U.S. aquaculture production 
to benefit consumers, producers, service indus-
tries, and the American economy. Projects that are 
developed and funded are based on industry needs 
and are designed to directly impact commercial 
aquaculture development in the southern region 
and the nation. For more information on these 
or other SRAC projects, go to http://www.srac.
msstate.edu/projectreports.html

Impact of Lesser Scaup and  
Double-crested Cormorants

Researchers at University of Arkansas at Pine 
Bluff, Mississippi State University, Virginia Tech 
University, and the USDA Wildlife Services Na-
tional Wildlife Research Center have been award-
ed $300,000 over the next 2 years to look at dep-
redation of aquaculture fish by waterbirds. Lesser 
scaup have increased their use of baitfish ponds 
in recent years, especially as the number of ponds 
has decreased with declining catfish production. 
Scaup are perceived to consume large quantities 
of baitfish and sportfish, especially golden shiner, 
fathead minnow, and goldfish on baitfish farms, 
and redear sunfish and other species on sportfish 
farms. Double-crested cormorants are known to 
depredate catfish and create serious economic 
concerns among producers. Current information 
is needed on cormorant roost locations, numbers 
of birds per roost, roost distance from active and 
inactive catfish ponds in Mississippi, and how 
cormorants may modify their use of roost sites 
as commercial aquaculture decreases. Ultimately, 
these two studies are needed to estimate economic 
losses of fish caused by these birds and to generate 
management recommendations for producers.

Improved Reproduction Using  
A New Spawning Aid

Researchers at the USDA ARS Warmwater 

Aquaculture Research Unit, Louisiana State Uni-
versity, and Kentucky State University have been 
awarded $200,000 over the next two years to eval-
uate a potential spawning aid. There are a limited 
number of spawning aids available for use within 
commercial operations allowable on foodfish spe-
cies. Researchers will determine the dosage effica-
cy and margins of animal safety in female channel 
catfish and evaluate the influence of implants on 
testes maturation within blue catfish males. Ovula-
tion induction and spermiation will also be evalu-
ated in largemouth bass, an increasingly important 
aquaculture species in the U.S. Researchers will 
identify effective doses of GnRH IIa on spawning 
induction in the marine baitfish species pinfish 
and pigfish and the ornamental species red-tailed 
black sharks and a Synodontis catfish species. 
Development and approval of an Investigational 
New Animal Drug (INAD) exemption will be re-
quired for commercial use of GnRH IIa. The trials 
conducted in the proposed research will provide 
critical background information on performance 
and safety that will guide the formation of future 
FDA compliant trials.

Split-Pond Aquaculture Systems
Researchers at the USDA-ARS Warmwater 

Aquaculture Research Unit, USDA-ARS Natural 
Products Utilization Research Unit, Mississip-
pi State University, University of Arkansas at 
Pine Bluff, and Auburn University were awarded 
$465,000 in February 2014 to research split-pond 
systems. Split-ponds have been rapidly adopted in 
commercial catfish farming, with more than 1,300 
acres of ponds in use in Mississippi, Arkansas, and 
Alabama. However, basic design and system com-
ponents vary greatly among current systems. This 
project will evaluate split-pond designs for catfish 
aquaculture and evaluate the culture of warmwater 
species of commercial value other than catfish. 
The outcome of this project will be improved 
designs for catfish systems and a set of recom-
mended engineering and management criteria for 
non-catfish species.

SRAC is Funding Vital Research Needs in the Region
Jimmy Avery1, 2
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Reducing Individual Variability and 
Providing Year Round Harvest of 
Channel-Blue Hybrid Catfish

Researchers at Auburn University and the 
USDA-ARS Warmwater Aquaculture Research 
Unit were awarded $300,000 in March 2015 for 
a two year project to evaluate production perfor-
mance of channel-blue hybrid catfish. The goal of 
this project is to 1) evaluate production methods 
that will provide year-round availability of hybrid 
catfish food fish, and determine the cost of pro-
duction and 2) evaluate management techniques 
that will reduce the size variation of hybrid catfish 
food fish, determining impacts of these techniques 
on net production and production costs.

Improvement of Blue Catfish  
Germplasm

Researchers at the USDA-ARS Warmwater 
Aquaculture Research Unit and Louisiana State 
University were awarded $45,000 in April 2014 
for a three year project to look at cryopreserved 
sperm from blue catfish. The requirement to 
sacrifice the blue male to obtain sperm limits the 
genetic progress unless techniques for preserving 
that sperm are employed. This project will develop 
a repository of cryopreserved sperm from dif-
ferent blue catfish strains and individuals within 
strains to initiate estimation of genetic merit of 
blue catfish males for hybrid offspring production 
traits and develop a database to provide a frame-
work for efficient storage and retrieval of cryopre-
served blue catfish sperm samples and associated 
information. This database will provide informa-
tion to potential user groups on a genetic merit for 
growth and carcass yield of hybrid catfish. 

Virulent Aeromonas hydrophila
Researchers at Auburn University, Mississippi 

State University, and the USDA Wildlife Services 
National Wildlife Research Center were awarded 
$375,000 in June 2014 for a two year project on 
virulent Aeromonas hydrophila. This disease has 
the potential to severely impact the catfish indus-
try in several southern states. This project will 
evaluate 1) specific vaccine candidates to prevent 
the disease, 2) evaluate the effect of specific disin-
fectants on the abundance of the bacteria on sein-
ing equipment and other farm-associated equip-

ment, and 3) determine the correlation between 
in-pond environmental factors and epidemic A. 
hydrophila abundance in pond water, sediment, 
and/or fish. This project is expected to develop 
control measures effective at preventing or treat-
ing infections in catfish and improved biosecurity 
measures to prevent the spread of A. hydrophila.

Probiotic and Prebiotic  
Supplements

Researchers at Texas A&M University, Auburn 
University, USDA-ARS Warmwater Aquaculture 
Research Unit, and University of Arkansas at 
Pine Bluff were awarded $300,000 in May 2015 
for a two year project to evaluate probiotics and 
prebiotics in commercial production. The goal of 
this project is to increase profitability of intensive 
aquaculture through the application of commer-
cial prebiotic and probiotic compounds as func-
tional diet supplements.  This project will focus on 
testing of such products which may lead to im-
proved health, production efficiency, and survival 
of prominent species cultured in the southern U.S. 
under intensive pond and recirculating aquacul-
ture system conditions.

Projects Under Review or  
Development

The following projects have proposals that are 
in review or are in the development phase:
• Field-testing of a Rapid Assay to Detect the Ma-
rine Parasite Amyloodinium ocellatum in Com-
mercial Aquaculture Facilities
• Evaluation of Protein and Lipid Concentrations 
in Commercially Available Tilapia Feeds and Their 
Effects in Intensive Systems
• Channel Catfish Females for Hormone Induction
• Farmed Southern Oysters
• Commercial Production of Native Freshwater 
Ornamental Species
• Economic Impact of the U.S. Catfish Industry
• Management Strategies for Edwardsiella ictaluri 
in Ornamental Fish
• Utilization of Probiotics in Finfish Hatcheries to 
Improve Survival

1 USDA NIFA SRAC
2 Mississippi State University – Extension Service
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Mississippi Sate University has hired Dr. 
Ganesh Kumar as an Assistant Research 

Professor to conduct research on improving the 
production, economic, and financial efficiencies of 

various catfish production sys-
tems. Ganesh is originally from the 
southern tip of India. He earned 
his BS degree in Fisheries Science 
from Kerala Agricultural Universi-
ty, India (1999) and his master’s in 
Inland Aquaculture from Central 
Institute of Fisheries Education, 
Mumbai India (2001). Subsequent-

ly, Ganesh worked as technical and marketing 
consultant for the two international shrimp feed 
giants, Charoen Pokphand (C.P. feeds) and Cargill 
Foods.

This experience led him to the University of 
Arkansas at Pine Bluff where he earned his sec-
ond MS degree in Aquaculture Marketing (2007). 
Since 2008 his research has focused on economic 
aspects of hybrid fingerlings, alternative feeds, and 
feeding and stocking strategies. Ganesh earned his 
PhD in Aquaculture Economics (2015) as UAPB’s 
first PhD student. His dissertation focused on the 
adoption, economic feasibility, and risks of split 
ponds and intensively aerated ponds. Ganesh 
is planning to continue research on these new 
systems along with monitoring the progress of its 
adoption in the catfish industry. He also plans to 
develop user friendly financial management tools 
for catfish farmers.

Dr. Kumar is a member of Catfish Farmers of 
Arkansas, World Aquaculture Society, American 
Fisheries Society, and International Association of 
Aquaculture Economics and Management. Ganesh 
can be reached at gkk27@msstate.edu or (662) 
686-3586.

MSU has hired Dr. Suja Aarattuthodiyil as a 
Senior Research Associate to help develop basic 
and applied programs in disease research and fish 
health management. Her skill sets are in the area 
of fish pathology, cell culture, molecular biology, 
and immunology. Suja is originally from South 

India where her academic career concentrated in 
the area of aquaculture health management. She 
has an MS degree in Fish Pathology, a MS degree 
in Fish Nutrition, and a PhD in 
Biochemistry and Molecular Biolo-
gy from the University of Arkansas 
for Medical Sciences (2012).

Dr. Aarattuthodiyil acquired 
industry experience at a disease di-
agnostic and water quality laborato-
ry for Cargill in India which served 
shrimp farmers. She worked at 
UAPB in fish pathology and obtained certification 
as an AFS/FHS Aquatic Animal Health Inspector. 
Before leaving UAPB, Suja was the director of the 
UAPB Fish Diagnostic Laboratory, one of the few 
laboratories approved by USDA-APHIS to inspect 
fish for export. This function was critical to the 
bait fish industry and allowed for the shipment of 
bait fish into states that had banned all importa-
tion of fish due to concerns over VHS.

Suja is a member of American Society for 
Microbiology, World Aquaculture Society, Amer-
ican Fisheries Society, and Sigma Xi. She can be 
reached at bsa122@msstate.edu or 662-686-3243. 

Dr. Bryan Musungu is a new postdoc in the 
USDA ARS Warmwater Aquaculture Research 
Unit. He is supervised by Dr. Sylvie Quiniou. Bry-
an is originally from Fayetteville, NC and earned 
his BS degree in molecular biology 
from Coker College (2007). He 
then moved to Southern Illinois 
University Carbondale to complete 
his PhD in Plant Biology (2016) 
with a specialization in Bioinfor-
matics.

Bryan’s dissertation focused on 
development of systems biology 
tools to aid in understanding the 
resistance host pathogen interaction for corn and 
Aspergillus flavus, the major producer of aflatox-
in. He plans to continue his research to develop 
systems biology tools to improve breeding and 
functionally analyze the host-pathogen interac-

New Faces at NWAC
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tions for channel catfish.
Dr. Musungu is a member of American Phy-

topathological Society, American Association for 
Plant Biology, and The National Society for Mi-
norities in Agriculture. Bryan can be reached at 
bryan.musungu@ars.usda.gov or 662-686-3542.

Ambika Tiwari is a Research Associate III 
involved in water quality analysis and algae iden-
tification. Ambika is originally from Nepal. She 

obtained her undergraduate degree 
from the Institute of Agriculture 
and Animal Science, Nepal (1990) 
and her MS degree in Agricultural 
Science/Water Quality from Florida 
A&M University (2013). 

She has worked as an agricul-
tural Extension agent and Assistant 
Agronomist in Nepal. After moving 

to the U.S., she worked with Florida Department of 
Environmental Protection in two different capac-
ities. First, she worked as a Biological Scientist II 
in DEP’s biology lab and got involved in taxonom-
ic identification of algae and diatoms. Later she 
moved to DEP’s groundwater cleanup program and 
started working as a site manager/Environmental 
Specialist II. While working as an Environmental 
Specialist, she got involved in site management 
activities for several rehabilitation projects.

Ambika is one of the founding members of 
the Association of Nepalese Agricultural Profes-
sionals of Americas and has been treasurer since 
2015. She is involved in various volunteer and 
social organizations such as American Red Cross 
Society, International Nepali Literary Society, 
and Nepalese Association in Southeast America. 
Ambika can be reached at atiwari@drec.msstate.

edu or 662-686-3241.

Marsha Lewis joined the MSU 
College of Veterinary Medicine 
almost 2 years ago. She is a Re-
search Associate II and together 
with James Steadman is responsible 
for the day to day operations of the 
Aquatic Research and Diagnostic 

Laboratory. She assists the faculty in performing 
diagnostic workups, does water quality analysis, 
and assists in ongoing research projects.

Marsha received her BA degree in Psychology 
from the University of Oklahoma (1997) and a BS 
degree in Biology/Pre-Med from Alcorn State Uni-
versity (1995) where she graduated with Honors 
and Cum Laude. Marsha received her MS degree 
in Biological Science/Natural Science from Delta 
State University (2014).

Prior to joining CVM, Marsha worked as a Bi-
ological Science Technician/Assistant Quarantine 
Officer for the USDA/ARS Biological Control of 
Pests Research Unit here in Stoneville. Her prima-
ry responsibilities included maintaining insect and 
plant cultures, colony maintenance, egg collection 
and sampling, conducting experiments and data 
collection. Some of the insect pests Marsha reared 
and maintained colonies for were the infamous 
“Kudzu bug” Megacopta cribraria, Halyomorpha 
halys, and Bagrada hilaris.

Dust’n Lunsford transferred to the USDA 
APHIS Wildlife Services Mississippi program in 
December 2015 as a Wildlife Specialist-Aquacul-
ture. His role is to respond to issues 
concerning migratory bird depre-
dation on catfish farms in Missis-
sippi. The program helps farmers 
secure USFWS migratory bird 
depredation permits and assists in 
harassing/hazing double-crested 
cormorants and American white 
pelicans on farms, loafing areas, 
and roosting sites.

Dust’n graduated from Arkansas Tech Uni-
versity with a degree in Fisheries and Wildlife 
Science (2011). After graduation he was hired 
by the Arkansas Game and Fish Commission 
at the Joe Hogan State Fish Hatchery in Lonoke 
working with various species of freshwater fish 
production. Mr. Lunsford began his career with 
USDA APHIS Wildlife Services in northern 
Virginia (2014) and worked on bird dispersal on 
a 1,500-acre landfill, beaver removal, and vulture 
harassment/hazing.

If you have any questions about depredation 
permits or lethal/non-lethal control of dou-
ble-crested cormorants or American white pel-
icans stop by his office at the NWAC or contact 
him at Dust’n.D.Lunsford@aphis.usda.gov or 
(228) 990-1852 (cell).


