University of Nebraska - Lincoln

DigitalCommons@University of Nebraska - Lincoln

—— e I U.S. Department of Agriculture: Animal and
USDA Wildlife Services - Staff Publications Plant Health Inspection Service

7-1-2021

Economic Losses of Catfish to Avian Predation: A Case Report

Ganesh Kumar
Mississippi State University, gkk27 @msstate.edu

Shraddha Hegde
Mississippi State University

David Wise
Mississippi State University

Charles Mischke
Mississippi State University

Brian Dorr
USDA APHIS, NWRC

Follow this and additional works at: https://digitalcommons.unl.edu/icwdm_usdanwrc

b‘ Part of the Natural Resources and Conservation Commons, Natural Resources Management and
Policy Commons, Other Environmental Sciences Commons, Other Veterinary Medicine Commons,
Population Biology Commons, Terrestrial and Aquatic Ecology Commons, Veterinary Infectious Diseases
Commons, Veterinary Microbiology and Immunobiology Commons, Veterinary Preventive Medicine,
Epidemiology, and Public Health Commons, and the Zoology Commons

Kumar, Ganesh; Hegde, Shraddha; Wise, David; Mischke, Charles; and Dorr, Brian, "Economic Losses of
Catfish to Avian Predation: A Case Report" (2021). USDA Wildlife Services - Staff Publications. 2491.
https://digitalcommons.unl.edu/icwdm_usdanwrc/2491

This Article is brought to you for free and open access by the U.S. Department of Agriculture: Animal and Plant
Health Inspection Service at DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion
in USDA Wildlife Services - Staff Publications by an authorized administrator of DigitalCommons@University of
Nebraska - Lincoln.


https://digitalcommons.unl.edu/
https://digitalcommons.unl.edu/icwdm_usdanwrc
https://digitalcommons.unl.edu/usdaaphis
https://digitalcommons.unl.edu/usdaaphis
https://digitalcommons.unl.edu/icwdm_usdanwrc?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F2491&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/168?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F2491&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/170?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F2491&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/170?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F2491&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/173?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F2491&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/771?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F2491&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/19?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F2491&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/20?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F2491&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/770?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F2491&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/770?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F2491&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/763?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F2491&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/769?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F2491&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/769?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F2491&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/81?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F2491&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unl.edu/icwdm_usdanwrc/2491?utm_source=digitalcommons.unl.edu%2Ficwdm_usdanwrc%2F2491&utm_medium=PDF&utm_campaign=PDFCoverPages

North American Journal of Aquaculture 83:127-137, 2021
© 2020 American Fisheries Society

ISSN: 1522-2055 print / 1548-8454 online

DOI: 10.1002/naaq.10170

FEATURED PAPER

U.S. government works are not subject to copyright.

Economic Losses of Catfish to Avian Predation: A Case Report

Ganesh Kumar,* (©) Shraddha Hegde,

David Wise,

and Charles Mischke

Thad Cochran National Warmwater Aquaculture Center, Mississippi State University, Post Office Box 197, Stoneville,

Mississippi 38776, USA

Brian Dorr

U.S. Department of Agriculture, Animal and Plant Health Inspection Service, Wildlife Services, National Wildlife
Research Center, Mississippi Field Station, Post Office Drawer 6099, Mississippi State University, Mississippi 39762,

Us4

Abstract

Avian predation in catfish aquaculture has been a persistent issue throughout the history of the industry, and as

production has expanded predation from piscivorous birds has intensified. Catfish ponds in the Mississippi River delta
(in the Mississippi migratory flyway) provide a constant and readily accessible supply of forage for birds. Intensive
foraging by fish-eating birds has led to a specific regulatory policy and numerous on-farm and regional management
efforts. However, in 2016, legal challenges lead to recision of some federal policies and uncertainty as to allowable
management, resulting in limitations on bird depredation. Estimating the extent of fish losses to avian predators is dif-
ficult, as loss estimates from farms are often confounded with disease- and management-related mortalities. This study
details the reported losses to birds that were observed in commercial-scale catfish ponds at the Thad Cochran
National Warmwater Aquaculture Center, Stoneville, Mississippi, during periods of limited bird management. The
observed fish losses attributed to birds ranged from 33% to 95% loss in survival and potential yield losses of 4,396 to
8,889 Ib/acre, increasing production costs and decreasing net returns. Net economic losses when accounting for nega-
tive net returns and lost profits ranged from US$3,518 to $4,060/acre. Losses of this magnitude on commercial fish
farms are economically detrimental, especially because catfish farms lack the compensatory economic relief programs
that are available in other agriculture sectors. Roost dispersal activities that are organized by federal agencies and
avoiding delays in issuing bird depredation permits are vital for mitigating this persistent and growing regulatory
problem in the U.S. catfish industry.

Avian predation has been an issue throughout the his-
tory of catfish aquaculture in the southern United States.
(Dorr and Taylor 2003; Dorr and Fielder 2017; Engle
et al. 2020). Catfish operations, especially those that are
located in the Mississippi River delta region of the Missis-
sippi flyway, provide a constant and readily accessible
supply of forage for birds. The most serious avian preda-
tors in the southeastern USA are the double-crested cor-
morant (DCCQO) Phalacrocorax auritus, the great blue
heron Ardea herodias, the American white pelican

(AWPE) Pelecanus erythrorhynchos, and the great egret
Ardea alba (Stickley and Andrews 1989; Glahn and King
2004). All are native migratory birds that are protected
under the Migratory Bird Treaty Act of 1918, limiting
lethal control by producers (Engle 2003; Engle and Stone
2013). The population of avian predators, especially
DCCO and the AWPE, has rapidly risen (Dorr et al.
2012a, 2012b, 2014a, 2014b; NABCI 2014) and now justi-
fies greater management attention (DOI 2019). Growing
bird predation on catfish farms is further worsened by
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industry contraction of farming area (Hanson 2019) and
intensified production (Tucker et al. 2014; Kumar and
Engle 2017a, 2017b; Kumar et al. 2018, 2020).

Double-crested cormorants are common throughout
North America and historically have been the primary
avian predator on catfish operations in the southeastern
USA (Glahn and King 2004). The DCCO migrates along
the Mississippi River to and from the breeding grounds in
the Upper Midwest and Canada to wintering sites in the
lower Mississippi River valley. Aside from small resident
breeding populations, the DCCO feed on catfish ponds in
the greatest numbers in February and March during the
annual migration (Dorr et al. 2012b). The most recent sur-
veys estimate the North American population of DCCO
at over 841,000 with about 548,000 migrating through the
lower Mississippi valley (USFWS 2020).

Before 1990, the AWPE was not recognized as a major
avian predator on commercial catfish farms, but over the
past 30 years pelicans have become a source of significant
economic losses in Mississippi, Arkansas, and Alabama
(King 1995; King and Werner 2001; King et al. 2010;
Wise et al. 2008). Information concerning population dis-
tribution and numbers is sparse. The eastern AWPE popu-
lation follows a similar migratory route as the DCCO and
is most common on farms in Mississippi, Alabama, and
Arkansas during the late fall and winter months (Novem-
ber—April) when human activity on farms is minimal. This
coupled with the nocturnal feeding habits of the AWPE
make their management difficult (Glahn and King 2004).
There are no current surveys estimating bird numbers, but
in 1981 the eastern population was estimated to be
~120,000 birds. Birds typically forage in small flocks of
<50 birds, but larger flocks foraging on catfish ponds of
250 birds are common, and as many as 2,000 pelicans
have been observed on a typical catfish pond (King and
Werner 2001). Each pelican is estimated to consume about
6.6 1b fish/d, and if left unharassed can decimate a pond
population of catfish (Glahn and King 2004). More
importantly, the AWPE is also a disease vector for the
trematode Bolbophorous damnificus, which has a greater
economic impact than losses resulting from simple fish
predation (Wise et al. 2008). The economic impact on cat-
fish aquaculture is difficult to assess, but predation and
disease losses associated with the AWPE led to several
farm closures in Mississippi and Louisiana (King and
Werner 2001).

Many studies have attempted to quantify catfish losses
to DCCO primarily through producer surveys, bioener-
getic projections, or the results from simulated experimen-
tal conditions using captive birds (Stickley et al. 1992;
Glahn and Brugger 1995; Glahn and Stickley 1995; Glahn
et al. 2000, 2002; Glahn and Dorr 2002; Dorr et al.
2012a, 2012b, 2014a; Dorr and Engle 2015). These studies
have suggested that DCCO consumed about 4% to 14%
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of the catfish pond biomass. Wywialowski (1999) esti-
mated the national industrywide losses to piscivorous birds
at US$12 million in 1997. Bioenergetic modeling estimates
that the average DCCO consumes =1.11b fish/d, equiva-
lent to 12-13 fish/d (Glahn and Brugger 1995). Extrapola-
tions from a controlled experimental predation study
estimated that 30 DCCO could consume 22,000 catfish
over 100d of feeding and estimated the national industry-
wide economic impact at $25 million (Glahn and Dorr
2002; Glahn and King 2004). Dorr et al. (2012a) more
specifically attributed losses to DCCO predation in the
Mississippi River delta alone at $6 and $12 million during
2000-2001 and 2003-2004, respectively.

Farmers spend considerable resources harassing birds
from catfish operations in attempts to minimize their
losses. A 2017-2018 industrywide study (Engle et al. 2020)
found that catfish farmers spent an average of $281/acre
to harass birds, making bird-control costs one of the top
five costs of raising catfish. The study also estimated the
industrywide value of catfish losses to DCCO at $47 mil-
lion/year based on an improved method of fish loss esti-
mation (Christiec 2019). The cumulative effects of
increased bird control costs ($18 million/year) and the
value of the catfish lost to predation by DCCO caused
substantial negative economic effects on catfish farms,
averaging $65 million/year (Engle et al. 2020). An accu-
rate assessment of the economic losses that are associated
with AWPE is not available, but the economic losses that
are associated with trematode infestations are more wide-
spread in the catfish industry. Depending on disease sever-
ity, trematode infections can cost farmers between $374
and $1,060/acre in food fish production (Wise et al. 2008).
Such loss estimates demonstrate the need to develop effec-
tive bird-control strategies to minimize predation on cat-
fish aquaculture operations.

Estimating the extent of fish losses from avian preda-
tors on commercial operations is difficult, as documented
fish loss estimates are usually linked to disease'- and/or
management-related mortalities (Wise et al. 2004). Farm-
level research verification studies requesting catfish pro-
ducers to quantify losses to birds in the absence of bird
depredation are impractical. Efforts at predation simula-
tion studies on small (0.02 ha) research ponds (Dorr and
Engle 2015) have been informative but are limited by
issues of scale and variation in production practices. Doc-
umenting the actual fish losses to birds on catfish farms in
the absence of lethal controls can only be provided from
documented losses in commercial-scale research ponds.

'Birds are also a link in catfish diseases such as trematodes (Wise
et al. 2008) and act as zoomites for several major catfish diseases such as
Edwardsiellosis, columnaris, and Aeromonas (Griffin et al. 2018; Cun-
ningham et al. 2020), thus causing indirect economic losses that are diffi-
cult to quantify.



ECONOMIC LOSSES OF CATFISH TO AVIAN PREDATION

This study details the impacts of fish-eating birds on
two production studies conducted in commercial-scale
experimental ponds that are located at the Thad Cochran
National Warmwater Aquaculture Center (TCNWAC)
during discrete production seasons from 2010 to 2012
and in 2017. Earlier economic studies involving bird pre-
dation accounted only for the value of fish lost to birds
as foregone revenue. However, the true extent of eco-
nomic loss on farms is captured through estimating lost
profits (Hegde and Kumar 2019; Li et al. 2020; Asche
et al, in press). Such estimations on farms are absent
due to the difficulty of quantifying specific costs and
returns (Engle et al. 2020). This paper discusses the eco-
nomic losses from avian predation in the absence of
lethal control on commercial-scale catfish research ponds
that are managed at various stocking densities and man-
agement practices.

METHODS

The first case study (traditional multiple-batch ponds)
documents fish losses to birds in traditional multiple-batch
production during three continuous production seasons
during 2010-2012 at the TCNWAC facility. The second
case (intensively aerated ponds) investigated the economics
of fish losses to DCCO in intensively aerated ponds. In
both studies, nonlethal harassment techniques such as pro-
pane cannons, horns, and vehicles were only employed on
a limited scale during production.

Traditional multiple-batch ponds.— The first case study
documented fish losses to birds in traditional multiple-
batch production during three continuous production
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seasons during 2010-2012 at the TCNWAC facility. The
production trail was conducted on the northeast edge of
the farm compound (Figure 1), a remote section of the
facility that is near a wooded area with minimal traffic.
Cormorants, egrets, pelicans, and herons were present in
this section, but the most problematic piscivorous birds
were the DCCO and AWPE. During the springs of 2010—
2012, six, 7-acre ponds were stocked with Channel Catfish
Ictalurus punctaus fingerlings averaging 0.04 to 0.1 Ib/fish
at 6,028-7,686 fish/acre as part of a yield verification of
continuous production in multiple-batch ponds (Tucker
et al. 1994). The ponds were fed and monitored according
to accepted industry practices (Li and Robinson 2012).
Until 2010, production from this facility was typical, with
bird sightings around the ponds being normal. However,
by 2011 commercial catfish farms that are close to
TCNWAC discontinued operations, resulting in increased
bird-predation pressure on the facility. The species and
estimated numbers of migratory birds that were sighted on
the facility in the 2011 and 2012 seasons (William Rutland,
Station Manager TCNWAC, unpublished data) were as
follows: DCCO (8,000-10,000 birds; November—April),
great egret (5,000-10,000 birds; August-November),
AWPE (500-1,000 birds; March—April), and great blue
heron (500 birds; all year). Nonlethal techniques had lim-
ited success and only moved birds to other areas of the
operation or temporarily drove birds to a nearby loafing
site.

All of the ponds were partially harvested to remove
most of market-sized fish during fall (October—November)
of each growing season, and annual production variables
such as yield, average weight at harvest, total feed fed,

Aeration rate: 2.5 hp/acre
Stocking density: 6,000-7,000 Channel Catfish/acre

FIGURE 1. A layout of the 42-acre pond facility located away from the main research facility, 2010-2012. The traditional multiple batch production
trials of 2010-2012 were conducted in this remote location. Photo credit: Google Earth. [Color figure can viewed at afsjournals.org.]
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and estimated”> feed conversion ratio (FCR) were
recorded. The ponds were understocked with Channel
Catfish fingerlings in the springs of 2011 and 2012 to sim-
ulate multiple-batch conditions. Complete harvest of all
six ponds took place during December 2012, recording
final production variables such as gross yield, net yield,
weight gain, average weight at harvest, survival, total feed
fed, and FCR. The annual production variables were com-
pared across the three years of production.

Intensively aerated ponds.— The second case investi-
gated the economics of fish losses to DCCO in intensively
aerated ponds using hybrid catfish (3 Blue Catfish I fur-
catus X @ Channel Catfish I punctatus) fingerlings at rela-
tively higher stocking densities (10,000 to 15,000
fingerlings/acre) and aeration rates (10 hp/acre) during
2017. The study was intended to validate stocking and
aeration rate recommendations in intensively aerated
ponds. On January 31, 2017, three ponds (2.0 acre) were
stocked at 10,391 fish/acre and three ponds (3.75 acre)
were stocked at 15,570 fish/acre, using hybrid catfish fin-
gerlings averaging 0.1 Ib. Regulatory delay in the issue of
bird permits in the fall of 2016 prevented the lethal taking
of DCCO. Although nonlethal-harassment techniques such
as pyrotechnics, propane cannons, horns, and vehicles
were employed throughout the production season, the
TCNWAC pond facility was inundated daily with habitu-
ally problematic DCCO in two replicate ponds in each
density treatment. On average, there were between 30 and
50 birds in the affected ponds, but on weekends with the
presence of a minimal workforce as many as 300 birds
could be observed on the ponds. For unknown reasons,
birds were not observed on the remaining replicates.

Following the natural DCCO migratory pattern, the
birds migrated north in early April 2017 and no DCCOs
were observed on the facility past this time. The ponds
were seined to determine the extent of fish losses in ponds
where DCCO were observed foraging. The seined fish
were weighed, and count and weight measurements were
used to estimate survival using the seinability coefficient’
(0.90) following Kumar and Engle (2010). The fish were
immediately released back into the ponds, and the study
continued through the remainder of the production sea-
son. The fish were fed once daily and managed according
to standard industry protocols (Kumar and Engle 2017a;
Kumar et al. 2019).

The fish in all six of the ponds were harvested using com-
mercial methods after 204 d. A subsample of 500 fish/pond
was weighed in small batches (20-25) to estimate average

>The FCRs are estimated as the ponds were not completely harvested
until 2012.

3The seinability coefficient provides an estimate of the proportion of
the fish population that is caught in one seine from a pond. Typically,
hybrids have a high seinability coefficient of ~ 90%.
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weight. Production variables such as gross yield, net yield,
weight gain, average weight at harvest, growth rate, sur-
vival, total feed fed, and feed conversion ratio (FCR) were
calculated. The averages of the production variables for the
four ponds that were affected by birds were compared with
those for the two ponds that were not affected by birds.
Economic analysis.— A standard enterprise budget anal-
ysis was employed to quantify the cost and returns of sce-
narios representing typical catfish production that is
unaffected by birds relative to production that is affected by
birds. Annual production budgets were developed for tradi-
tional multiple-batch systems for three production years
across 2010-2012. Traditional multiple-batch production
budgets (Kumar et al. 2020) were based on the average
annual values provided in Table 1 and subjected to a break-
even price analysis. The breakeven price above variable
costs (BEP/VC; $/Ib), total costs (BEP/TC; $/1b), and net
returns ($/acre) were calculated. The budgets from Kumar
et al. (2020) were used as the basis for the economic analy-
sis, with updated input use (feed, fingerlings, electricity use,
and seining and harvesting costs). A 5-year average price of
feed ($369/ton) and fish ($1.00/Ib) were used to capture the
market variations that were observed in recent years (Han-
son 2019). For the intensively aerated pond scenarios, the
enterprise budgets were developed for a S5-acre pond
(implied to be part of a 330-acre farm) using the average
production variables from Table 2. The additional invest-
ments that were required (Kumar et al. 2017a, 2019) for the
construction and renovation of small 5-acre intensively aer-
ated ponds were spread over the useful life of the investment
(10 years). The annual depreciation costs were calculated by
using a straight-line depreciation method. The interest on
investment was charged at the rate of the opportunity cost
of capital (10%; Campo and Zuniga-Jara 2018) and added
to the annual fixed costs in the budgets for each treatment.
The profitability of catfish production is heavily depen-
dent on fish yield (Tucker et al. 1994; Engle 2003; Kumar
et al. 2018, 2020; Engle et al. 2020). Hence the inability to
produce sufficient yield from catfish ponds due to yield risk
(Engle 2003, 2010) such as bird predation would not only
increase the cost of production per unit (Ib) of fish produced
but also cause farmers to forego profits that could have
been earned by harvesting fish under normal growing cir-
cumstances in the absence of yield risks (Hegde and Kumar
2019; Li et al. 2020). Therefore, calculations of economic
loss from bird predation also consider foregone profits. This
study quantified the net economic losses that were associ-
ated with bird predation scenarios by adding net returns
and the associated foregone profits, with the latter
accounted as (foregone) costs. Thus, the profits ($/acre)
received from a regular-production scenario in intensive
and traditional multiple-batch production scenarios lacking
bird-related losses were used as the foregone costs that were
associated with scenarios that were affected by birds.
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TABLE 1. Production (mean + SD) and economic variables of traditional multiple-batch production ponds, 2010-2012. Production in 2010 was typi-
cal and is considered the base year of evaluation, while 2011 and 2012 had progressively higher observed bird depredation. Average values of treat-
ment were used in the economic analysis because the study was not intended to quantify predation losses to birds. However, production variables such
as gross yield and feeding rates were statistically significant between the treatments (z-tests; P <0.05), justifying the use of actual treatment mean val-

ues in enterprise budgets.

Variables Units 2010 2011 2012
Production variables
Number of ponds n 6 6 6
Stocking density nlacre 7,686 + 1,123 6,300 + 987 6,028 + 674
Weight at stocking Ib/fish 0.097 +0.09 0.069 +0.07 0.035+0.01
Gross yield Ib/acre 6,445 + 3,296 2,049 + 945 340 + 221
Feeding rate ton/acre 4.7+£2.2 3.8+0.7 1.4+0.2
FCR? ratio 1.6 +0.3 4.7+2.6 224 +2.0
Economic variables
Total costs $/acre 4,411 3,533 2,366
Total revenue $/acre 6,445 2,049 340
Net returns $/acre 2,034 —1,484 -2,026
BEP/VC $/1b 0.59 1.42 5.14
BEP/TC $/1b 0.68 1.72 6.96

?FCR values in 2010 and 2011 were estimated based on actual feed fed and harvested quantities of market-size fish (>1.25Ib) from the continuous cropping that is typ-

ical in multiple-batch production.

TABLE2. Production (mean=+SD) and economic variables of inten-
sively aerated ponds in 2017. The average values of treatment were used
in the economic analysis because the study was not intended to quantify
predation losses to birds. However, production variables such as gross
yield, feeding rate, and survival were statistically different (z-test; P <
0.05) between the treatments, justifying the use of actual treatment mean
values in the economic analysis.

Bird-affected

Variables Units  Control ponds ponds
Production variables
Number of n 2 4
ponds
Stocking nlacre  13,535+3,996 12,703 +2,864
density
Initial biomass Ib/acre 1,396 + 247 1,294 + 171
Weight at Ib/fish  0.11 +0.01 0.10+0.01
stocking
Gross yield Ib/acre 16,845+ 6,415 7,956 + 671
Harvest size Ib/fish  1.56+0.13 1.44+0.10
Survival % 79+1 46 + 13
Feeding rate  ton/ 16.9+6.4 7.5+0.5
acre
FCR ratio 2.2+0.1 2.3+0.2
Growth rate g/d 3.56 +0.15 3.40+0.25
Economic variables
Total costs $/acre 14,236 9,123
Total revenue $/acre 16,845 7,956
Net returns $/acre 2,609 -1,167
BEP/VC $/1b 0.71 0.87
BEP/TC $/1b 0.85 1.15

RESULTS

Traditional Multiple-Batch Ponds

The gross production of Channel Catfish from tradi-
tional multiple-batch production from commercial-scale
ponds at the TCNWAC facility was 6,445 Ib/acre in 2010
(Table 1). There was no apparent disease- or management-
related fish losses in this section of the facility during the
time of this study. However, the fish production from this
42-acre section of ponds registered significant losses to
birds in the subsequent 2 years, with fish production of
2,049 and 340 Ib/acre in 2011 and 2012, respectively. This
reduction in gross yield in 2011 and 2012 corresponded to
68% and 95% reductions, respectfully, relative to produc-
tion in 2010. The estimated FCRs in 2011 and 2012 were
high relative to that in 2010 (Table 1).

The economic performance of catfish production from
the TCNWAC facility indicated profitability in a typical
year (2010) when it is devoid of excessive bird predation.
The 2010 breakeven prices covering variable ($0.59/1b)
and total costs ($0.68/1b) were lower than the fish prices,
thus registering net returns of $2,034/acre (Table 1). How-
ever, the resultant reduction in fish production due to bird
predation in 2011 and 2012 increased the cost of produc-
tion by 153% and 923%, respectively. The net returns
from fish production in 2011 and 2012 were negative
(-$1,484 and -$2,026/acre, respectively), primarily due to
the relatively higher revenue shortfall from 2010. The
resultant economic losses due to bird predation after
accounting for lost profit ($2,034/acre) were —$3,518 and
—$4,060/acre in 2011 and 2012, respectively (Figure 2).
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FIGURE 2. Economic losses ($/acre) from bird depredation in traditional multiple-batch production ponds, 2010-2012.

Intensively Aerated Ponds

The gross yield and survival of the two intensively aer-
ated ponds that were without bird predation were 16,845
Ib/acre and 79%, respectively. In contrast, the gross pro-
duction from the four intensively aerated ponds that were
affected by birds was 53% less (7,956 Ib/acre) than that
from the ponds that were unaffected by bird predation
(Table 2). Survival in the bird-affected ponds ranged from
31% to 62%, while survival in the ponds that were unaf-
fected by birds ranged from 78% to 79% (Figure 3A, B).
The average survival (46%) from the bird-affected ponds
was 42% lower than survival from the unaffected ponds.
Because no apparent disease or management-related fish
losses were observed during the production cycle, the rela-
tive losses (42%) were attributed to bird predation. The
total feed consumption in the bird-affected ponds was
reduced by 56% relative to that in ponds that were unaf-
fected by birds. Such disparity in feed consumption was
observed starting about week 5 of the study (Figure4).
This is typical, as commercial farmers report similar
observations of predator presence negatively affecting cat-
fish feeding activity. The mean weekly daily feeding rate
of the ponds that were affected by birds permanently
lagged behind that of the unaffected ponds. There were no
significant differences in production variables such as feed
conversion ratio, growth rate, and mean weight at harvest
between the two treatments (Table 2).

The economic analysis suggested that although the total
costs that were incurred in the bird-affected ponds
($9,123/acre) were relatively less than those in the ponds
that were unaffected by birds ($14,236/acre), the relative
shortfall in revenue was high (53%), primarily from

reduced fish production due to bird predation (Table 2).
This increased the cost of production (breakeven prices)
covering the variable cost and total cost by 23% and 35%,
respectively, in the bird-affected ponds. The net returns
from the ponds that were unaffected by birds were $2,609/
acre, while returns from the bird-affected ponds were
—$1,167/acre. The resultant economic loss in the inten-
sively aerated ponds due to bird predation, accounting for
lost profit ($2,609/acre), was —$3,776/acre (Figure 5).

DISCUSSION

The consequences of increased avian predation have
been a controversial subject in aquaculture and natural
fisheries (Hatch 1995; Siegel-Causey 1999; Wires et al.
2001; Dorr et al. 2014a, 2014b; Dorr and Fielder 2017;
Engle et al. 2020), and they have been a persistent eco-
nomic issue in catfish farming. This is evidenced by legal
challenges resulting in policy changes, leading to aspects
of this research. Quantifying fish losses to birds is difficult
on commercial catfish operations primarily because fish
losses due to birds as reported by farms are confounded
with disease- or management-related mortalities.

This work documents the production economic losses
at the TCNWAC facility in two separate case studies.
Although not designed to measure bird predation, this
study documented fish losses from birds on a commercial
scale in the absence of lethal control. The first case docu-
mented catfish losses to birds under traditional multiple-
batch production in commercial-scale research ponds.
Multiple-batch production is the most widely adopted
commercial cropping strategy for raising Channel Catfish,
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FIGURE 3. Layout and individual production variables of intensively aerated ponds stocked at (A) 10,391 hybrid catfish fingerlings/acre, 2017 and
(B) 15,570 hybrid catfish fingerlings/acre, 2017. The dark box represents data from a pond that was unaffected by birds. Photo credit: Google Earth.

[Color figure can viewed at afsjournals.org.]

with about 82% and 93% of farms adopting this practice
on their farms in 2009 (USDA 2010) and 2015 (Kumar
et al. 2020), respectively. Although less intensive, relatively
lower profit margin (Engle et al. 2020; Kumar et al. 2020)
from these production practices makes them sensitive to
yield risks. The documented fish losses from this study
were high, with 68% and 95% fish losses in 2011 and
2012, respectively, relative to the typical production of
6,445 lb/acre. Multiple species of common piscivorous
birds such as DCCO, AWPE, the great blue heron, and
the great egret were present on the ponds that were
involved in the case study, but the observed fish losses
were mainly attributed to the foraging activity of DCCO
and AWPE.

Such extreme loss of yield resulted in a high cost of
production of $1.72/1b and $6.96/1b, respectively, in 2011
and 2012. The economic loss was $3,518 and $4,060/acre

in 2011 and 2012, respectively, when accounting for lost
profits and net returns. In response to such extensive dam-
age from fish-eating birds and the inability to effectively
harass birds from remotely located ponds with less human
activity, the section of ponds that was involved in this case
study was withdrawn from further catfish production after
2012. Such events have also been anecdotally reported on
commercial operations in remote locations near preferred
bird-loafing sites and minimal management inputs. Most
of the farms fitting these criteria are no longer in opera-
tion (Jimmy Avery, Mississippi State Extension Service,
personal communication).

The second case study evaluated catfish predation losses
exclusively to DCCO in intensively aerated ponds that
were stocked with hybrid catfish fingerlings. This single-
batch production strategy for hybrid catfish grow out is
being increasingly adopted by U.S. catfish producers, as
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greater production from these ponds, typically 12,000-
18,000 Ib/acre (Bott et al. 2015; Kumar and Engle 2017a;
Torrans and Ott 2018), spreads the fixed costs over greater
volumes of fish production, thus achieving cost efficiencies.
Compared with multiple-batch systems, the breakeven
yields that are required to cover the total costs of produc-
tion in intensively aerated systems are higher (Kumar
et al. 2018, 2019, 2020; Engle et al. 2020), causing preda-
tion losses to be a greater source of economic risk.

This study documented relative yield losses of 8,889 Ib/
acre* from bird predation, primarily due to extensive pre-
dation from DCCO. The loss in survival that was attribu-
ted to predation by DCCO was 42%, which increased the
cost of production by 35% and resulted in negative net

“Lost revenue (at a fish price of $1.00/lb) was $8,889/acre. However,
true economic losses should account only for lost profits and not lost rev-
enues when data is available (Engle 2010; Asche et al, in press).
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returns. However, the result for net economic losses due
to bird predation is much higher, as it includes forgone
profits that could have been earned in the absence of bird
predation. The combined effect of lost profits and negative
net returns caused an economic loss of $3,776/acre from
bird predation.

Documented fish losses to piscivorous birds at the
TCNWAC facility illustrates the extent of economic dam-
age that can occur at a pond and farm level if only non-
lethal harassment techniques are used. In the absence of
supplemental lethal control, birds appeared to habituate
to nonlethal methods and increase predation. If they were
occurring on commercial catfish farms on any given scale,
the magnitude of fish losses as reported in this study
would be economically detrimental, especially because cat-
fish farms lack the compensatory economic relief pro-
grams that are available to other agriculture sectors.

Mitigating fish losses to birds on commercial catfish
farms involves several activities such as securing depreda-
tion permits from the government, purchase of various
bird-scaring devices, and employing manpower and trucks
to harass birds from preying fish off farms. Additionally,
it consumes significant time, labor, and management away
from fish production. The direct losses to bird predation
as well as the actual costs of bird control impose a
tremendous economic burden on catfish producers (Engle
et al. 2020). Different nonlethal harassment methods that
are used on catfish operations include frightening strate-
gies, exclusion wirings/nets, and using buffer prey to
reduce damage (Mott and Boyd 1995). However, recent
studies (Burr 2019; Dorr and Fielder 2017; Hegde and
Kumar 2019) suggest these nonlethal-harassment methods
are ineffective if they are not used in combination with
lethal control measures. These data demonstrate the
importance of maintaining bird-depredation orders, issued
by the Department of Interior and managed by the U.S.
Fish and Wildlife Service, to minimize economic losses on
commercial catfish farms that are caused by migratory pis-
civorous birds.

CONCLUSIONS

Fish loss to piscivorous birds is a significant economic
issue on catfish farms. Documented fish losses from
commercial-scale research ponds demonstrate the potential
economic impact of piscivorous birds on catfish produc-
tion if control measures are based solely on nonlethal
techniques. The economic losses that are reported in this
study from single- and multiple-batch production ranged
from $3,518 to $4,060/acre. While these results cannot be
extrapolated across the commercial catfish industry, they
highlight the fact that, without the lethal take of birds,
damages of these proportions on a few ponds on a farm
can significantly affect farm profitability. Fish losses to
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federally protected birds are a regulatory issue, and effec-
tive bird-harassment policies are critical to maintaining
the profitability of domestic aquaculture. Roost dispersal
activities that are coordinated by federal agencies and the
timely issue of bird depredation permits are vital for miti-
gating this persistent and growing problem in the U.S. cat-
fish industry.
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