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379 LETHAL 	CONTROL OF PISCIVOROUS BIRDS 

Effects of lethal control at aquaculture 
facilities on populations of piscivorous 

birds 

J(~rroldL. Bolnrct, Lncirci A. TJ*.YO~,ttrcd Philip A. .Unstrr~ngolr, 

Abstract 	We used depredation permit records to document the extent of lethal control at aqua- 
culture facilities in a 9-state region of the southeastern United States from 1987 to 1995, 
and used Christmas Bird Count (CBC) data (1 987-1 995) to evaluate the effects of this pro- 
gram on winter populations of piscivorous birds. During these 9 years, 904 depredation 
permits (including 21 species) were issued, primarily for double-crested cormorants 
(Phalacrocorax auritus) (94% of permits issued), great blue herons (Ardea herodias) 
(80%), and great egrets (Ardea alba) (601Y0j. For all species and years, 108,701 birds were 
authorized to be taken; of these, 64,011 (59%) were reported taken, primarily double- 
crested cormorants (55%), great blue herons (21 %), and great egrets (13%). Most 
(74-78'10) of these species were taken in Arkansas. Overall, actual take did not exceed 
65% of the authorized take for any species. For states where double-crested cormorants, 
great blue herons, or great egrets were taken, there was no negative association (r> -
0.42, P20.26) between number of birds taken annually and the respective mean number 
of birds observed/CBC that same year. Also, number of these species taken annually rep- 
resented do/'of the respective continental breeding populations. We conclude that 
number of double-crested cormorants, great blue herons, and great egrets taken with 
depredation permits at aquaculture facilities in the southeastern United States did not 
adversely affect regional winter or continental breeding populations of these species. 

Key words 	Ardea alba, Ardea herodias, aquaculture, double-crested cormorant, great blue heron, lethal 
control, Phalacrocorax auritus, southeastern United States, wildlife damage management 

Aquaculture production has increased dramati- (Phalacrocomx auritus), great blue herons (Ardea 
cally in the southeastern United States in recent herodias), and great egrets (Ardea alba). These 
years. For example, number of hectares of catfish species are federally protected in the United States 
ponds in Mississippi has increased from 0 to by the Migratory Bird Treaty Act. 
>40,000 since 1965 (Brunson 1991). In 1993. the Numerous nonlethal techniques are available to 
value of aquaculture in the United States was esti- alleviate depredations by piscivorous birds (Mott 
mated at $875 million (Price and Nickum 1995). and Boyd 1995); however, few (e.g., winter roost 
This expansion of the aquaculture industry has dispersal [Mott et al. 19921) are considered cost- 
resulted in increased conflicts between aquacul- effective (Trapp et al. 1995). Currentl!: the United 
ture facility operators and wildlife, particularly pis- States Department of Agriculture,himal and Plant 
civorous birds such as double-crested cormorants Health Inspection Service, Wildlife Services (WS) 
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program has the responsibility to address migratory 
bird depredations (hcord 1995). From requested 
on-site evaluations of aquaculture facilities,WS per- 
sonnel determine the type of resource affected and 
the number and species of birds involved, estimate 
economic loss, and document control methods that 
have been used to reduce damage (Mastrangelo et 
al. 1996). From these evaluations, integrated dam- 
age management plans that emphasize nonlethal 
control techniques are cieveloped. If nonlethal con- 
trol is deemed ineffective to adequately reduce 
damage, nlanagement plans may then be amended 
to include recommendations to the United States 
Fish and Wildlife Sen7ice (USFMS) to issue depreda- 
tion permits (Mastrangelo et al. 1996). 

Trapp et al. (1995) stated the need to evaluate the 
impact of issuing bird depredation permits on 
local, regional, and national populations of piscivo- 
rous birds. Two recent studies (Coon et al. 1996, 
hlastrangelo et al. 1996) described integrating 
depredation permits into damage management 
plans at aquaculture facilities and the number of 
double-crested cormorants, great blue herons, and 
great egrets taken with depredation permits in the 
Mississippi Delta region. However, these studies 
did not fully evaluate effects of lethal control on 
piscivorous bird populations. Our objectives were 
to determine: 1) number and distribution of pisciv- 
orous birds taken with depredation permits at 
aquaculture facilities in the southeastern United 
States; and 2) effects of this lethal control program 
on regional winter populations of the species most 
frequently taken: double-crested cormorants, great 
blue herons, and great egrets. 

Methods 
We obtained data on depredation permits for a 9- 

state region (hla.,Ark.. Ga., Flor., La.. Miss., N. C., S. C., 
and Tenn.) of the southeastern United States for 
1987-1995 (C. Simonton, United States Fish and 
Wildlife Service, unpublished data). Information on 
depredation permits included number of permits 
issued, number of birds authorized to be taken, and 
number of birds reported taken for each state by 
species (or group of species; e.g., gulls [Larzssspp.], 
other herons) each year. We obtained winter popu- 
lati011 data for double-crested cormorants, great blue 
herons, and great egrets from 1987 to 1995 
Audubon Christmas Bird Counts for these same 
states (National Audubon Society 1988- 1996). 

To determine the effect of depredation permits on 

winter populations of cormorants, herons, and 
egrets, we first determined the total number of these 
species taken annually under depredation permits 
by state from 1987 to 1995. We then determined the 
mean number of each species obserued/CBC by 
state and year. Number of CBCs cond~lcted varied 
arnong states and years (n=  10-53). For each state 
where cormorants, herons, or egrets were taken 
during 21  Far ,  we used simple correlation analyses 
(SAS Institute 1988) to determine the association 
between number of birds taken annually and mean 
number of birds observed/CBC initiated during 
December of that same year. We established statisti- 
cal significance at P<0.10. Although we recognize 
the potential limitations of using CBC data for infer- 
ential comparisons, it is currently the only systemat- 
ically collected regional data available for winter 
populations of these species. 

Results 
From 1987 to 1995, 904 depredation permits 

were issued for 2 1  species, primarily double-crest- 
ed cormorants (94%), great blue herons (80%), and 
great egrets (60%). For all species and years, 
108,701 birds were authorized to be taken, of 
which 64,011 (59% of authorized take) were taken 
(Table 1). Species composition of birds taken 
included 55% double-crested cormorants, 2 1% great 
blue herons, 13% great egrets, and 11% other. No 
other species or group of species represented >5% 
of the total take. Actual take did not exceed 65%of 
the authorized take for any species. 

For all species, number of depredation permits 
issued increased from 7 in 1987 to 199 in 1995 
(45.1% mean annual increase [ a i l )  (Table 2). 
Similarly, number of birds authorized to be taken 
and number of birds taken increased at annual rates 
of 37.7% and 47.3%, respectively. 

Number of depredation permits issued that 
included cormorants increased from 6 in 1987 to 
186 in 1995 (46.5% xi.). Number of depredation 
permits issued for herons and egrets increased sim- 
ilarly, 43.9% (6 in 1987, 159 in 1995) and 46.5% (4 
in 1987, 124 in 1995) a.i., respectively. In contrast, 
number of cormorants authorized to be taken and 
number of cormorants taken increased at greater 
rates (57.1% [210 in 1987, 12.264 in 19951 and 
69.5% [67 in 1987.7,756 in 19951 a.i.. respectively) 
than did the authorized and actual take for herons 
(34.4% [285 in 1987,4,073 in 19951 and 38.9% [I45 
in 1987,2,798 in 19951 xi.) and egrets (35.5% [210 
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in 1987, 3,203 in 19951 and 47.4% [GO in 1987, 
1,975in 19951 a.i.). 

Arkansas had the greatest number of depredation 
permits issued (396.4496 of total) and the greatest 
number of birds taken (48,762 birds, 76%of total), 
followed by Mississippi (360 permits, 40.0%;8,980 
birds, 14%),Louisiana (40 permits, 4%;2.495 birds, 
4%),North Carolina (86 permits, 10%;1,385 birds, 
2%),Alabama(32 permits, 4%;1,128 birds, 2%),and 
Georgia (19 permits. 2%; 682 birds, 1%) (Table 3). 
Florida. South Carolina, and Tennessee each com-
prised 51%of the total number of depredation per-
mits issued and number of birds taken. 

For the three states (Ark.,Miss.,and La.) with the 
greatest combined take of cormorants, herons, and 
egrets, the mean number of these species 
observed/CBC generally increased or w-as approxi-
mately stable during 1987-1995 (Figure 1). An 
exception was dramatic fluctuations in the mean 
number of cormorants observed annually in 
Mississippi,a consequence of 17,000-20,000 birds 
observed on a single CBC in 1987 and 1991. 

Table 1 .  Number of depredation permits issued, number of birds 
authorized to be taken, and number o i  birds taken at aquacul-
ture tacilities in the southeastern United States, 1987-1995. 

No. ot times No. of birds " i~of 
permits authorized No. of birds authorized 

Species issued to be taken taken take 

Double-crested 
cormorant 

Great blue 
heron 

Great egret 

Other heronsa 

Grebest' 

Amcr~can 
white peltcan 

Snowy egret 

GullsC 

An l i i ng~  

other" 

Total permits 
iss~red 

a Primarily little blue herons (Egretfa c,jerulea); also green-
backed (Butorides virescens), tri-colored ( E .  tricolor), 
black-crowned night (Nycticorax nycticorax), and yello~v-
crowned night (N. violacea) herons. 

Primarily pied-billed grebes (Podilymbus podiceps); also 
horned grebes ipodiceps auritus). 

Primarily ring-billed gulls (Larus delawarensis); also 
includes Franklin's gulls ( L .  pipixcan). 

includes kingiishers. 

Total number of permits is less than sum of column as 21 
species can occur on a depredation permit. 

Throughout the Southeast,the total number of each 
species obsen7ed during CBCs also appeared stable 
or increased slightly (Figure 2). The high total nun+ 
ber of cormorants observed in 1988 and 1990 was 
a consequence of >100,000 birds being reported 
for 2 CBCs in each year. The annual maximum num-
ber of cormorants, herons, :md egrets observed 
from 1987 to 1995 during CBCs was 381.836; 
17,944:and 20.428: respectively. 

For states where 21  double-crested cormorant, 
great blue heron, or great egret was taken, there 
were no negative associations (ry-0.42, P20.26) 
between the number of birds taken in that state 
and the respective mean number of birds 
observed/CBC in that same state (Table 4). Eight 
comparisolls resulteci in positive associations (vy 
O.(iO, P<O.10). 

Discussion 
Most birds were taken at aquaculture facilities in 

the Mississippi River Delta region, the area of the 
southeastern United States with the greatest num-
ber of hectares in aquaculture production and the 
greatest biomass of fish produced. However, the 
total number of depredation permits issued and the 
number of birds reported taken in each state may 
not accurately reflect the magnitude of the prob-
lem or the extent of loss For example, in 1995. 
Mississippi had approximately twice as much pro-
duction area (40,000 ha) for aquaculture as did 
Arkansas (23,000 ha) (hdrews et al. 1997).)..et about 
5 5 times more birds were taken inArkansas(48,-62) 
than in Mississippi (8.980) This inverse relationship 
may be the result of Arkansas' approximately 12.000 

Table 2. Number of depredation permits issued annually tor 
avizn species at aquaculture facilities in the southeastern 
United States, 1987-1 995. 

No ot No. of birds "/(,of 
permits authorized No. ot b~rds author~zed 

Yew tssued to be taken taken take 

1987 7 

1988 9 

1989 53 
1990 93 
1991 120 

1992 125 

1993 145 
1991 153 

1995 199 
All years 904 
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Table 3.  Number of birds taken (depredation permits issued) by state at aquaculture facilities, southeastern U n ~ t e d  States, 1987-1 995. 

Suecies Ala. Ark. Fla. Ga. La. Miss. N.C. S.C. Tenn. Al l  states 

Double-crested 
cormorant 32511 91 26 3091368) 

Great b l ~ ~ e  
heron 411(30) 9 881 (323) 

Great egret 277(9) 6,384(249) 

Other herons.' 17(41 2,921 (21 1) 

Grebes') 986(5 1 ) 

American 
M hite pel~can 479(56) 

Snowv egret 9 0 ( 2  731 11 651 

Gullsc 299119) 

Anh~nga 42112) 

other"  8(2) 730125) 

Al l  speciese 1,128132) 48,7621396) 

a Primarily little blue herons; also Includes green-backed, tri-colored, black-crowned night, and yellow-crowned night herons. 

') Prin7arily pied-billed grebes; also includes horned grebes. 

Primarily ring-billed gulls; also includes Franklin's gulls. 

Includes kingfishers. 

Cornbinetl values for number of depreciation permits i s s ~ ~ e d  are less than sum of columns as 21  species can occur on a depre- 
dation uermit. 

ha of ponds in baitfish production, which attract 
large numbers of herons and egrets (Hoy 1994). 
The number of herons and egrets taken in Arkansas 
was about 4 and 6 times greater, respectively, than 
the numbers taken in Mississippi. Also, dispersal of 
cormorants at roosts in the Mississippi Delta area of 
Mississippi (Mott et al. 1992) may have caused 
these birds to relocate to areas where they are not 
considered a problem, thus reducing the number of 
cormorants taken in that state. 

For all species, the actual take was substantially 
less than the take authorized under depredation 
permits. probably because producers were unable 
to take the number of birds permitted. In 
Mississippi, producers took only about 12% of the 
cormorants authorized to be taken (Hess 1994). 

The overall stability of winter population trends 
for cormorants, herons, and egrets it1 the southeast- 
ern United States from 1987 to 1995 and the lack of 
negative association between these population 
trends and the number of individuals taken for each 
species suggest that lethal control at aquaculture 
facilities did not adversely affect state or regional 
winter populations. The fact that there were 8 sig-
nificant positive associations between the number 
of birds taken and the mean number of birds 
observed during CBCs indicates that as bird popu- 
lations increased. more depredation problems 
developed, resulting in more birds being taken. 

The annual rate of increase in the number of 
depredation permits issued or birds taken probably 
does not reflect an identical increase in depredation. 
It is likely that additional factors were involved, 
including increased awareness by aquaculture pro- 
ducers of the availability of permits and an 
increased number of WS personnel available to 
assist aquaculture producers with management 
plans for their facilities. 

Table 4. Associations (r) between the number of birds taken 
arinuallv at aquaculture facilities and mean number of birds 
ot)served/Christmas Bird Count in  that same year tor a 9-state 
region of the southeastern United States, 1987-1995 [n=9 for 
erch comparison). 

-

Species 

Dou ble-crested Great 
cormorant blue heron Great egret 

St'lte r P r P r P 

Ala. 

Ark. 

FIJ. 

GC1. 

La. 

M I S S .  

N.C. 

S.C. 

Tein.  

Dashed lines indicate no  individuals of a species were taken in  
that state. 
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Breeding populations of double-crested cor-
morants, particularly the Interior population, have 
increased dramatically in recent years (Hatch 1995). 
For example, the Atlantic population increased from 
about 25,000 pairs in 1972 to 96.000 pairs in 1992 
(Hatch 1995). Also, the Great Lakes population has 
increased 29% annually since the early 1970s to 
38,000 occupied nests in 1992 (Weseloh et al. 
1995). These increases were likely caused in part by 
reduced human persecution and declining levels of 
organochlorine contaminants at breeding colonies 
(Weseloh et al. 1995). However,recent exploitation 
of catfish at aquaculture facilities in winter also may 
have enhanced overwinter survival of cormorants 
and other piscitwrous birds (Erwin 1995). 

Combined Canadian and United States popula-
tions of double-crested cormorants were estimated 

2000 - 200 
Lu 

Mississippi a 
Z 
Q. 150 Y) 

, \\ > Z 
J\ 0 

1000 j- LT 
, ---- /- /'loo W 

I 
L L  
0 
LT 
W 
m 

0 I 

Louisiana 

YEAR 

Figure 1 .  Mean number of double-crested cormorants (circles), 
great b lur  herons (squares), and great egrets (triangles) 
observedlChristmas Bird Count in Arkansas, Mississippi, and 
Louisiana, 1987-1 995. 

recently at >350,000 breeding pairs (Belant and 
Tyson 1997). Most birds that winter in the south-
eastern Gnited States are from the Interior and 
Atlantic populations (Dolbeer 1991),which repre-
sented 2320,000 breeding pairs (Belant and Tyson 
1997). For several populations, 0.6-4 nonbreeding 
cormorants per breeding pair have been estimated 
(McLeod and Bondar 1953, Price and Weseloh 
1986,Watson et al. 1991). Thus,we estimate a min-
imum continental population of 1 million cor-
morants, with the actual population probably >2 
million. The number of cormorants taken annually 
at aquaculture facilities in the southeastern United 
States conservatively represented 20.5%of the esti-
niated continental population. 

Population estimates for great blue herons and 
great egrets are less complete than are those for 
cormorants. Conservative estimates for breeding 
pairs of great blue herons and great egrets in the 
United States and Canada are 2133,000 and 
>36.000. respectively (Belant and Tyson 1997).-

Thus, we estimate that the number of herons and 
egrets taken annually in the southeastern United 
States represented 21% and <3%of the respective 
nesting populations. These estimates do not 
include immature or nonbreeding adult herons or 
egrets; thus, the percentage of the total population 
taken for each species annually is less. 

We conclude that number of double-crested cor-
morants,great blue herons,and great egrets taken at 
aquaculture facilities in the southeastern United 
States from 1987 to 1995 did not adversely affect 
regional winter or continental breeding popula-
tions of these species. We recommend continued 
monitoring of lethal control via depredation 

Y E A R  

F~gure2. Total number of double-crested cormorants (circles), 
great blue herons (squares), and great egrets (triangles) 
observed during Christmas Bircl Counts in the southeastern 
Llnited States. 1987-1 995. 
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permits at aquaculture facilities and winter and 
breeding populations of piscivorous birds to ensure 
that populations are not adversely affected. 
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