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ABSTRACT: Fish population densities were measured at various d~stancesfrom 2 large colonies of
double-crested cormorants Phalacrocorax auritus to test the hypothesis that seabirds deplete prey close
to their colonies. Fish densities were significantly lower in bays used by cormorants for feeding than in
those outside their foraging range. Our findings provide direct evidence for prey depletion, and support
Ashmole's (1963) hypothesis that seabird populations are limited by food supplies during the breeding
season.

INTRODUCTION
Ashmole (1963) proposed that seabird populations in
tropical and possibly higher latitude regions are regulated by food supply during the breeding season. He
suggested that feeding activity creates prey-depleted
'halos' around colonies, ultimately resulting in reduced
reproductive success and increased age at first breeding. Several lines of indirect evidence support this
hypothesis: bioenergetics models indicate that food
requirements at large colonies may b e a significant
fraction of available fish stocks (reviewed by Furness
1982); Furness & Birkhead (1984) found that colony
sizes of 4 seabird species in Great Britain were negatively correlated with numbers of conspecifics at other
colonies within the foraging ranges; Gaston et al.
(1983) and Hunt et al. (1986) reported negative correlations between colony sizes and fledging masses for 2
murre species; and Hunt et al. (1986) found negative
correlations between colony sizes and chick growth
rates for 3 Nearctic seabird species.
Such indirect support for Ashmole's hypothesis is
subject to alternative interpretations, and d u e to practical difficulties in censusing the mobile and patchily
distributed prey of most seabirds, prey depletion has

"

Presect address: Department of Marine Science, University
of Puerto h c o , Mayaguez, Puerto Rico 00708, USA
Present address: Science Branch, Department of Fisheries
and Oceans, Box 5030, Moncton, New Brunswick E1C 986,
Canada

O Inter-Research/Printed in F. R Germany

never been tested directly (Birkhead & Furness 1985).
Double-crested cormorants Phalacrocorax auntus feed
predominantly on relatively sedentary benthic fishes
(Dunn 1975, Pilon et al. 1983, Gallant 1986, V. L. Birt
unpubl.) which can be systelnatically censused by
divers, so are ldeal subjects for a n investigation of prey
depletion. In the present study, fish densities were
measured relative to distance from 2 cormorant colonies to test the hypothesis that densities decrease with
proximity to colonies.

METHODS
Ram Island (46"32'N, 63O45'W; Fig. l ) , located in
Malpeque Bay, Prince Edward Island, Canada, is the
site of a large (2800 pairs, Gallant 1986),recently established (ca 1976) double-crested cormorant colony; a n
additional 530 pairs breed at Cape Tyron, 19 km to the
east (Gallant 1986). Cormorants from these sites regularly feed in nearby Malpeque, New London a n d Bedeque Bays but are rarely seen in Tracadie a n d St.
Peter's Bays, which are over 40 km away a n d outside
the cormorants' typical foraging range (Mendall 1936,
V. L. Birt unpubl.; Fig. 1). Small numbers of doublecrested cormorants also nest at Durell Point a n d Cherry
Island (Fig. l ) , but birds from these colonies do not
regularly feed in St. Peter's or other north shore bays.
Numbers a n d species of fish in Malpeque Bay (15
transects) a n d New London, Tracadie and St. Peter's
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Fig. 1. Study bays and colonies of doublecrested cormorants on Prince Edward Island. (MBJ Malpeque Bay, (NLB) New
London Bay; (TB) Tracadie Bay; (SPB) St.
Peter's Bay; (BB) Bedeque Bay. (RI) Ram
Island, 2800 nests; (CT) Cape Tryon, 530
nests; (DP) Durell Point, 27 nests; (Cl)
Cherry Island, 450 nests (Gallant 1986)

Bays (5 transects each) were recorded in July 1985 by 2
SCUBA-equipped divers swimming l m apart along a
60 m lead-weighted transect line. Dive sites were
approximately evenly spaced throughout areas within
the foraging depths of double-crested cormorants (1.5
to 8 m , Lewis 1929, Ross 1973),a n d data for the 2 divers
were pooled. Numbers of cormorants in the vicinities of
transects were also recorded. Most breeding cormorants had large chicks in July, although there was considerable variation in nesting chronology.

RESULTS AND DISCUSSION
All 4 bays were silty with Zostera marina in shallow
areas a n d had similar depths, visibilities, temperatures
a n d bottom morphologies, although St. Peter's Bay was
slightly deeper and colder (Table 1).Numbers of cormorants near transects in Malpeque and New London

Bays were significantly higher than in Tracadie and St.
Peter's Bays (Table 1; Kruskal-Wallis analysis of variance corrected for ties; H = 11.3; n = 30; p = 0.01).
Flounders (lengths 5 to 25 cm), cunners ( < 5 c m ) and
three-spined sticklebacks (-5 cm) were the most common fish seen. Densities of (1) flounders and (2) all fish
types eaten by cormorants were significantly higher in
Tracadie and St. Peter's Bays than in Malpeque and
New London Bays (Table 1; Kruskal-Wallis analysis of
variance corrected for ties; H = 23.8, n = 30, p < 0.001
for flounders; H = 12.2, n = 30, p = 0.007 for all fish).
Densities of flounders and of all fish types eaten by
cormorants decreased with proximity to nearest colony
(Fig. 2; Spearman's Rank Correlation; r, = 0.75, n = 30,
p <0.0001 for flounders; r, = 0.42, n = 30, p = 0.02 for
all fish). Large numbers of cunners were seen in Malpeque Bay, but few were recorded in the other bays.
An analysis of stomach contents of Ram Island cormorants in 1985 revealed mostly cunners, flounders

Table 1. Physical and biotic features of 4 Prince Edward Island bays. Means f l sd
Mean
transect
depth
(m)

-I emp.

("c)

bottomsurface

Xlean
dist. to
nearest
colony
(km1

?.!can
cormorants
near
transects

4.8? 3.2
6 6 f 0.6
42.4 C 0.8
64.1 2 3.6

2.9Y 2.5
4.0i 4.3
0
0.2? 0.4

"'lrnber

Flounder"

Mean number of fish
cunnerB
Other

Total

-

Malpeque
N e w London
Tracadic
St Peter's

+

3.0 l 3
4.6 2 0 6
3.8C 0.7
5.1 ? i.2

15-15
16-17
17-19
12-22

0 5 11.6
0.4-t- 0.9
17.656.8
17.0k6.2

6.0f 12.3
0 2 2 0.4
0.2e 0.4
0.220.4

"

Family Pleuronectldae

C

1 eelpout Gymnelis virid~s,1 sculpin Myoxocephalus sp., 1 adult American eel .4nguilla rostrdta
31 three-spined sticklebacks Gasterosfeus aculeatus

" Tautogolabrus adspersus
D

~-

6.75 l2 3
0 2 5 0.6'
0 0 1 0.0
0.6r 0.9
6.2 t 1 3 . 3 ~ 24.0t 16.8
O.O+ 0.0 17.2t6.1
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Fig. 2. Numbers of flsh in relation to distance of
transect from nearest double-crested cormorant
transects in Malcolony. (a) Malpeque Bay; (0)
peque Bay with large numbers of cunners; (+) New
London Bay; ( A ) Tracadie Bay; (m) St. Peter's Bay
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(winter flounder Pseudopleuronectes americanus and
American plaice Hippoglossoides pla tessoides) and
grubbies Myoxocephalus aenus (35.5 %, 18.1 % and
11.9 % respectively by mass, Gallant 1986). Fish surveys conducted in Malpeque Bay prior to the founding
of the Ram Island colony indicated abundant fish,
including winter flounder, cunner, three-spined stickleback, grubby and American eel (Stafford 1912, Needler 1940). Heavy siltation and colonization by Zostera
marina have occurred in P.E.I. bays since the 1930's
and may have altered the benthic fauna, but the 4
study bays did not differ noticeably with respect to
siltation and Z. manna. Large numbers of decapod
crustaceans and other invertebrates were seen in Malpeque and New London Bays, indicating that these
bays still support marine life. There is no commercial
finfish fishery in the bays, and although great blue
herons Ardea herodias and ospreys Pandion haliaetus
also occur in the area, cormorants are the major avian
predators on benthic fish.
Our results suggest that cormorants breeding at Ram
Island and Cape Tryon have depleted prey in nearby
bays. More conclusive evidence would require a series
of samples, both before and after birds began feeding
in a given location. If adult cormorants each expend
1650 kJ d-' (3 X BMR, Lasiewski & Dawson [l9671
prediction for a 2.05 kg nonpasserine [Kury 19681) and
have a digestive efficiency of 0.85 (Dunn 1975), then
breeding birds at Ram Island and Cape Tryon require
13 X 10"~ d-' or 2.2 tonnes fish d-' (assuming an
average energy density for fish of 6 kJ g-l, Ricklefs
1974). This estimate is conservative as it does not
include food requirements of chicks and non-breeders,
but nonetheless suggests that birds at these 2 colonies
consume substantial quantities of fish.
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The observation of large numbers of cunners on
some transects in ~MalpequeBay (Table 1, Fig. 2) does
not refute the prey depletion hypothesis; these fish
were all juveniles and occurred only in rocky areas.
This type of habitat, which provides refuge for small
fish, was not encountered in other bays. The absence of
adult cunners in Malpeque Bay suggests that juveniles
are recruited from outside the bay and are consumed
before attaining adult size.
Double-crested cormorant populations have increased dramatically in northeastern North America in
recent years, partly due to decreased human disturbance (Vermeer & Rankin 1984).If food supplies replace
human factors in limiting populations, then colonies
may be expected to expand until mortality, migration
and reproductive success produce 'a balance between
colony size and available food (Ashmole 1963). Ram
Island cormorants now feed primarily in Bedeque Bay,
16 km away and near the limit of their foraging range
(Mendall 1936), and breeding success and population
growth may be predicted to decline in the near future.
It should be emphasized that cormorants have not been
found to feed extensively on commercially important
fish species (such as salmon and trout), and that there is
no commercial finfish fishery in the bays used by Ram
Island cormorants. Much more research is needed to
determine both whether other colonial seabirds deplete
food resources, and how changes in prey density and
distribution affect reproductive success, mortality and
migration. Seabird populations that are limited by food
may be vulnerable to competition with commercial
fisheries.
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