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COMPARISON OF PELLETS VERSUS COLLECTED BIRDS FOR SAMPLING DIETS OF
DOUBLE-CRESTED CORMORANTS!
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Abstract. For many fish-eating birds, two types of
samples can be used to determine diets of adults during
both breeding and nonbreeding periods: esophagus and
gizzard contents of birds collected at feeding sites, and
pellets (indigestible residue) cast up at roosts or breed-
ing colonies. We compared these two methods for
Double-crested Cormorants (Phalacrocorax auritus)
collected on the North Platte River, Wyoming and
nesting at a nearby colony both before and after fin-
gerling trout were stocked in the river. Before stocking,
there were no significant differences between pellets
and collected birds in percent masses of different fish
types in different length classes. After stocking, the
two methods yielded similar results for different length
classes, but differed in relative proportions of suckers
and trout. Patterns in percent occurrence of crayfish in
the diet suggest that the time of day adults are col-
lected might affect comparability of the two methods.

Key words: diet sampling, Double-crested Cor-
morant, Phalacrocorax auritus, fish-eating birds, oto-
liths, pellets, trout, sucker.

Two methods can be used to sample diets of adult fish-
eating birds during both breeding and nonbreeding pe-
riods. The first is analysis of esophagus or gizzard con-
tents from birds that are collected, usually by shooting
(Baltz and Morejohn 1977, Ottenbacher et al. 1994,
Glahn et al. 1995). The second method is analysis of
pellets (indigestible residue) cast up by adults at col-
onies or roosting sites (Keller 1995, Brown and Ewins
1996). A third type of sample, sometimes combined
with pellets (e.g., Craven and Lev 1987), is more re-
cently ingested material regurgitated when birds at col-
onies are disturbed (Blackwell et al. 1995, Findholt
and Anderson 1995). However, when searching a dis-
turbed colony for regurgitations it is often not possible
to distinguish regurgitations of adults versus chicks,
which might be fed different foods (Harris and Wan-
less 1993, Veldkamp 1995). In contrast, pellets usually
are not produced by cormorant chicks < 7 weeks old
(Russell et al. 1995, Trauttsmansdorff and Wassermann
1995, Zijlstra and Van Eerden 1995).

Collecting birds away from colonies or roosts, es-
pecially pelagic divers, can be difficult and time-con-
suming. Also, sensitive population status of the birds
or proximity to people can make shooting birds bio-
logically or politically undesirable. For these reasons,
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sample sizes of colonial diving birds in given months
or years are usually < 25 and often < 10 (e.g., Baltz
and Morejohn 1977, Kennedy and Greer 1988, Otten-
bacher et al. 1994), although greater samples are some-
times possible at wintering concentrations (Glahn et al.
1995). Collecting birds also requires that all important
feeding sites be located and sampled.

Gathering pellets at colonies or roosts does not re-
quire killing birds, can provide integrative samples of
all feeding sites, and can result in larger sample sizes
with less time and effort (Veldkamp 1995, Warke and
Day 1995). However, this method cannot be used if
colonies or roosts are inaccessible (e.g., on cliffs), are
directly over water where pellets cannot be retrieved
(on pilings, etc.), or have too few birds to yield enough
pellets in a given period. Also, disruption of colonies
while gathering pellets, causing increased predation on
eggs and young and nest abandonment, might often
have greater impacts on bird populations than shooting
adults away from colonies (Bunnell et al. 1981). For
cormorants, the latter problem is especially great in-
areas such as the Intermountain region of western
North America, where colonies often contain only 20—
200 cormorant nests (Findholt 1988) and many dep-
redating gulls.

Otoliths (hard inner-ear bones of fish) found in pel-
lets or collected birds often are used to identify fish
species and estimate lengths of fish remains (Craven
and Lev 1987, Martucci et al. 1993, Veldkamp 1995).
However, in some studies of captive cormorants, di-
gestive acids partly or completely dissolved some oto-
liths. These changes caused underestimates of size for
larger fish and of total numbers of smaller fish, and
distorted the apparent species composition of prey
(Johnstone et al. 1990, Harris and Wanless 1993, Veld-
kamp 1995). Other workers have concluded that these
effects are negligible (Martucci et al. 1993), do not
apply to field situations (Zijlstra and Van Eerden
1995), and can be largely eliminated by excluding oto-
liths that are clearly eroded (Suter and Morel 1996).
Regardless of these concerns, otoliths continue to be
used (Suter 1995, Veldkamp 1995, Warke and Day
1995) because they greatly increase the number of
food items identified.

Despite variations in desirability and possibly results
of pellets versus collected birds, the two methods have
not been compared at the same location and time dur-
ing known changes in prey availability. We performed
such an analysis for Double-crested Cormorants (Phal-
acrocorax auritus) feeding on an inland coldwater riv-
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er before and after the river was stocked with finger-
ling trout.

METHODS

Our study was conducted on the North Platte River
near Casper, Wyoming, and on two nesting islands in
Soda Lake, 2.5 km north of Casper. Nesters included
both Double-crested Cormorants (maximum of 243
and 77 pairs on the two islands, respectively, in 1994)
and several hundred pairs of California Gulls (Larus
californicus). The 83-km section of river upstream of
Casper to Gray Reef Dam was stocked on 27 June
1994 with 54,100 rainbow trout (Oncorhynchus my-
kiss) and 38,900 cutthroat trout (O. clarki), both spe-
cies 11.4-12.6 cm long.

From this section of river, we shot and collected 12
cormorants from 2 to 23 June, and 11 cormorants from
30 June to 14 July. In the previous year, we found that
cormorants collected while actively foraging often had
empty esophagi and gizzards, whereas birds collected
while drying their wings (typically on rocks in the riv-
er) usually contained food.

Fresh pellets (moist, mucus-coated capsules cast up
by adult birds; Harris and Wanless 1993) were gath-
ered from both nesting islands before trout stocking on
24 June (31 pellets) and after stocking on 1 July (15
pellets). Lack of vegetation, high densities of cormo-
rant nests, and many breeding gulls made these colo-
nies very sensitive to human disturbance; visits every
other week caused complete abandonment of one of
the islands the previous year. Thus, we restricted pellet
collection to single visits before and after stocking.
The colony was searched between 06:30 and 07:30 to
minimize heat stress on nestlings not brooded during
our presence.

We gathered pellets only in the area of cormorant
nests, which were generally < 1 m apart. In over 200
hr of dawn-to-dusk observations during incubation and
early brood-rearing the previous year, the dense nest-
ing areas were seldom if ever entered by adults that
were not obviously paired. In studies of Great Cor-
morants (Phalacrocorax carbo) and European Shags
(P. aristotelis), chicks < 7 weeks old did not produce
pellets, apparently digesting all calcareous materials
(Russell et al. 1995, Trauttmansdorff and Wassermann
1995). These results indicate that fresh pellets we col-
lected were mostly from nesting adults. To exclude
pellets from earlier periods, we did not analyze dry
pellets that were presumably over 2 days old. We also
did not analyze regurgitations of recent ingesta found
while searching for pellets, because both chicks and
adults can regurgitate during disturbances.

From cormorants collected on the river, we removed
the esophagus and gizzard as soon as birds were re-
trieved, and stored them in a cooler for 1-4 hr before
processing. In the laboratory, food contents were re-
moved by thorough rinsing, whole fish were identified
and measured, and otoliths were retained for analysis.
Otoliths were later mounted in epoxy on microscope
slides, and sanded (without prior sectioning) with 600-
grit sandpaper to expose growth rings. Mounted oto-
liths were examined at 40X magnification under a
compound microscope, and the maximum distance be-
tween the center of the nucleus (Williams and Bedford

1974) and the edge of the thick end of each otolith
was measured with an ocular micrometer. This method
was intended to reduce error in measurements of total
otolith length caused by variable erosion of the op-
posite, thinner end of the otolith. We also excluded
from analysis otoliths that were clearly eroded (Suter
and Morel 1996). Total fish length was estimated from
separate regression equations relating otolith radius to
total fish length for trout, suckers (Catastomus com-
mersoni and C. catastomus), and minnows (mainly
Rhinichthys cataractae and Pimephales promelas)
(Derby and Lovvorn 1997). Fresh masses of fish in
each length class were calculated from allometric
equations of mass versus total length for samples of
whole fish of the different species.

In both pellets and collected birds, we matched pairs
of otoliths (two occur in each fish) whenever possible,
so numbers of fish analyzed equaled the number of
matched pairs plus the number of unmatched otoliths.
These sucker species do not eat fish, nor do rainbow
trout in all studies to date in Wyoming (e.g., Hubert
et al. 1994); electroshocking on 9-10 May 1994 re-
vealed almost no cutthroat trout of piscivorous size in
the study area. Thus, otoliths in diet samples probably
did not result from otoliths in the stomachs of prey
eaten by cormorants. Percent masses of each fish type
(trout, sucker, minnow) in each of five length classes
(8-cm intervals from 0 to 40 cm) were calculated for
each individual sample (pellet or collected bird) (ag-
gregate percentage method of Swanson et al. 1974).
Crayfish (Cambaridae) and tiger salamanders (Ambys-
toma tigrinum) could not be counted based on miscel-
laneous fragments, so for these foods we recorded only
percent occurrence (percentage of individual samples
containing the food item).

To test for differences between sampling methods in
percent masses of fish in different length classes, we
performed analyses of variance (ANOVA) with PROC
GLM (SAS Institute Inc. 1987). We used arcsine
square root transformations to stabilize variances. For
percent occurrence of crayfish and salamanders, we
used percentage tests (Sokal and Rohlf 1981).

RESULTS

In both pellets and collected birds, prey items consist-
ed of trout, suckers, minnows, crayfish, and salaman-
ders. We first examined overall variations between pel-
lets and collected birds in percent masses of different
fish types in different length classes (Fig. 1). Before
trout stocking, a 3-way ANOVA (method X fish type
X length class) showed that percent mass differed only
among fish types (P < 0.01), with no effects of meth-
od, length class, or any interactions (all P > 0.14).
After stocking, percent mass was again unaftected by
sampling method overall (P = 0.53 for main effect),
but results of the two methods differed depending on
fish type (P < 0.01 for method X fish-type interaction,
P = 0.15 for method X length interaction). Conse-
quently, we used two-way ANOVAs (method X
length) within each fish type separately after stocking.
For trout and suckers separately, effects of method,
length, and their interaction were all significant (all P
< 0.04), whereas for minnows there was no main ef-
fect of method or interaction of method with length
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FIGURE 1.

Wl COLLECTED BIRDS

Percent fresh masses of fish in pellets gathered at nest sites, and in esophagi and gizzards of

cormorants collected on the North Platte River, before and after trout stocking on 27 June 1994. Sample sizes
before stocking were 31 pellets and 12 collected birds, and after stocking were 15 pellets and 11 collected birds.
Total numbers of fish were 18 for pellets and 61 for collected cormorants before stocking, and 49 for pellets

and 209 for collected cormorants after stocking.
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FIGURE 2. Percent occurrence (percentage of indi-
vidual samples that contained a prey item) of crayfish
and salamanders in pellets gathered at nest sites, and
in esophagi and gizzards of adult cormorants collected
on the North Platte River, before and after trout stock-
ing on 27 June 1994. Sample sizes as in Figure 1.
Within period and prey type, bars sharing the same
letter are not significantly different (percentage tests,
P > 0.05).

(both P = 0.68; P < 0.01 for main effect of length).
Thus, the two methods differed mainly after stocking,
owing mostly to more trout 816 cm long in collected
birds and more suckers 8-24 cm long in pellets (Fig.
1).

Percent occurrence of crayfish was higher in pellets
than in collected birds both before trout stocking (71%
vs. 17%) and after stocking (53% vs. 9%) (percentage
tests, P < 0.01, Fig. 2). Percent occurrence of sala-
manders did not differ between pellets (10%) and col-
lected birds (25%) before stocking (P = 0.09), but was
higher in pellets (13%) than in collected birds (0%)
after stocking (P = 0.02).

DISCUSSION

Comprehensive aerial surveys (Derby and Lovvorn
1997) revealed no sites other than Soda Lake and the
North Platte River with appreciable numbers of cor-
morants, and Soda Lake was too saline to support trout
and suckers. Thus, differences between methods in
fractions of trout and suckers (Fig. 1) were probably
not influenced by feeding away from the river. Possible
explanations include (1) sucker otoliths are less easily
digested and persist longer until pellet ejection the fol-
lowing dawn and (2) cormorants foraged mostly on
trout early in the day before the typical time of col-
lection, but fed mainly on suckers in the afternoon.
Because of partial or total digestion, otoliths some-
times underestimate fish length and alter relative num-
bers of different species (Johnstone et al. 1990), but
this effect is not always observed (Martucci et al.
1993). We measured otolith radius rather than total
length to minimize effects of digestion of the thinner
end of otoliths (see Methods), and used fairly broad
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length classes to minimize incorrect placement of fish
in the next lower class. Zijlstra and Van Eerden (1995)
argued that much of the differential digestion of oto-
liths found in captive cormorants results from higher
gastric secretions in birds stressed by experimental
conditions, and that such findings do not apply to wild
birds. Because the difference between trout and suck-
ers between methods was not evident before stocking
but was large after stocking, we feel that differential
digestion was not the major explanation.

Patterns of crayfish occurrence suggest that the time
of day birds are collected might be important. Presence
of crayfish in diet samples was easily detected by the
distinctive reddish color of such samples, even when
there were few recognizable body parts. Thus, we feel
that differences in crayfish occurrence between sam-
pling methods (Fig. 2) were minimally affected by dif-
ferential digestion. Adult cormorants usually eject one
pellet per day in the morning before leaving colonies
or roosts to feed, and all indigestible materials appear
to be expelled at that time (Russell et al. 1995, Zijlstra
and Van Eerden 1995). Thus, pellets integrate meals
of adults over an entire day. In contrast, we collected
most cormorants on the river before noon, during a
feeding period after the morning pellet ejection. Great-
er occurrence of crayfish in pellets than in collected
birds suggests that cormorants fed on crayfish later in
the day than most birds were collected, fed at sites
away from the river where no birds were collected, or
both. Given the lack of alternative feeding sites, cray-
fish were probably taken in the afternoon from either
the river or Soda Lake, after a morning feeding session
on the river. Data on salamander occurrence (Fig. 2)
also suggest that patterns of prey taken, rather than
variable digestion, were the main cause of differences
between methods. Several studies of gulls have shown
diel schedules in prey types delivered to chicks (see
Discussion in Brown and Ewins 1996), which also
may reflect foraging patterns and diets of adults. No
studies have addressed possible differential regurgita-
tion of foods for chicks, which might affect the gut
contents of adults before and after feeding young (col-
lected birds versus pellets, respectively).

Regardless of why they occurred, the differences be-
tween methods are important in evaluating impacts of
birds on stocked trout. Pellets alone would indicate no
appreciable shift in diet after stocking, and effects of
cormorants on trout would appear low (Fig. 1). If only
collected birds were used, it would appear that cor-
morants shifted to eating stocked trout with substantial
impacts.

Aggregate percentages, in which percent composi-
tions are calculated for each individual sample (Swan-
son et al. 1974), have some shortcomings. Because rel-
ative sizes of individual samples are not considered in
calculations, samples with very small total masses and
perhaps revealing less about diets have equal weight
with very large samples with more extensive contents.
For example, a cormorant that has been relatively un-
successful at foraging before being collected in the
morning might contain only a few fish that do not rep-
resent the composition of larger, adequate meals. How-
ever, this sample has the same influence on aggregate
percentages as another more successful bird containing

a more typical, adequate meal. Pooled samples avoid
this problem and can yield appreciably different results
(as in our case), but provide lower power for statistical
tests. This discrepancy between analytical approaches
is not solved by increased sample size.

For aggregate percentages, larger sample sizes of
pellets and collected birds might reduce differences be-
tween sampling methods. However, larger samples
would require much greater expense to collect birds
and probably substantial disruption of nesting activities
because of more frequent visits to the colony. Our
searches for pellets were quite thorough, and are rep-
resentative of samples attainable in single visits to col-
onies of this size (~200 nests). Our results are based
only on Double-crested Cormorants in such environ-
ments, and should not be extended uncritically to other
cormorant species or habitats. However, in sampling
diets to evaluate effects of cormorant predation on fish,
we suggest that collected birds and pellets gathered at
colonies can lead to different inferences, and that daily
schedules of hunting for different prey might explain
such patterns.

We thank the Wyoming Game and Fish Department
for funding and logistical support, and M. Z. Derby
for field and laboratory assistance. P. J. Ewins, W. A,
Hubert, S. Jackson, and R. Veldkamp commented on
the manuscript.

LITERATURE CITED

BaLtz, D. M., AND G. V. MOREJOHN. 1977. Food hab-
its and niche overlap of seabirds wintering on
Monterey Bay, California. Auk 94:526-543.

BLAacKwELL, B. E, W. B. KroOHN, AND R. B. ALLEN.
1995. Foods of nestling Double-crested Cormo-
rants in Penobscot Bay, Maine, USA: temporal
and spatial comparisons. Colon. Waterbirds 18:
199-208.

BrowN, K. M., anD P. J. Ewins. 1996. Technique-
dependent biases in determination of diet com-
position: an example with Ring-billed Gulls. Con-
dor 98:34—41.

BunNELL, E L., D. DUNBAR, L. Koza, AND G. RYDER.
1981. Effects of disturbance on the productivity
and numbers of White Pelicans in British Colum-
bia—observations and models. Colon. Waterbirds
4:2-11.

CRAVEN, S. R., aND E. Lev. 1987. Double-crested
Cormorants in the Apostle Islands, Wisconsin,
USA: population trends, food habits, and fishery
depredations. Colon. Waterbirds 10:64-71.

DerBY, C. E., AND J. R. LovvorN. 1997. Predation on
fish by cormorants and pelicans in a coldwater
river: a field and modeling study. Can. J. Fish.
Aquat. Sci., in press.

FINDHOLT, S. L. 1988. Status, distribution and habitat
affinities of Double-crested Cormorant nesting
colonies in Wyoming. Colon. Waterbirds 11:245—
251.

FINDHOLT, S. L., AND S. H. ANDERSON. 1995. Diet and
prey use patterns of the American White Pelican
(Pelecanus erythrorhynchos) nesting at Pathfinder
Reservoir, Wyoming. Colon. Waterbirds 18:58—
68.

GLAHN, J. E, P. J. DixsoN, G. A. LITTAUER, AND R. B.



McCoy. 1995. Food habits of Double-crested
Cormorants wintering in the delta region of Mis-
sissippi. Colon. Waterbirds 18 (Spec. Publ. 1):
158-167.

Harris, M. P, AND S. WANLESS. 1993. The diet of
Shags Phalacrocorax aristotelis during the chick-
rearing period assessed by three methods. Bird
Study 40:135-139.

HuBerT, W. A., R. D. GiBsoN, R. A. MCDOWELL, AND
A. C. STEWART. 1994. Diet of Eagle Lake rain-
bow trout in Lake DeSmet, Wyoming. N. Am. J.
Fish. Manage. 14:457-459.

JOHNSTONE, I. G., M. P. HARRIS, S. WANLESS, AND J.
A. GrRAVES. 1990. The usefulness of pellets for
assessing the diet of aduit Shags Phalacrocorax
aristotelis. Bird Study 37:5-11.

KELLER, T. 1995. Food of Cormorants Phalacrocorax
carbo sinensis wintering in Bavaria, southern Ger-
many. Ardea 83:185-192.

KENNEDY, G. J. A, aND J. E. GREER. 1988. Predation
by cormorants on the salmonid populations of an
Irish river. Aquacult. Fish. Manage. 19:159-170.

Martucct, O., L. PIETRELLI, AND C. ConsiGLIO. 1993.
Fish otoliths as indicators of the Cormorant Phal-
acrocorax carbo diet (Aves, Pelecaniformes).
Boll. Zool. 60:393-396.

OTTENBACHER, M. J., D. K. HEPWORTH, aAND L. N.
BERG. 1994, Observations on Double-crested
Cormorants (Phalacrocorax auritus) at sportfish-
ing waters in southwestern Utah. Great Basin Nat.
54:272-286.

RusseLL, A. E, S. WANLESS, aAND M. P. HarrIs. 1995.
Factors affecting the production of pellets by
Shags Phalacrocorax aristotelis. Seabird 17:44—
49.

SAS InsTiTUTE INC. 1987. SAS/STAT guide for per-
sonal computers. 6th ed. SAS Institute, Inc., Cary,
NC.

SHORT COMMUNICATIONS 553

SokaL, R. R., aND E J. RodLr. 1981. Biometry. 2nd
ed. W, H. Freeman, San Francisco.

SUTER, W. 1995. The effect of predation by wintering
cormorants Phalacrocorax carbo on grayling Thy-
mallus thymallus and trout (Salmonidae) popula-
tions: two case studies from Swiss rivers. J. Appl.
Ecol. 32:29-46.

SUTER, W., AND P. MOREL. 1996. Pellet analysis in the
assessment of Great Cormorant Phalacrocax car-
bo diet: reducing biases from otolith wear when
reconstructing fish length. Colon. Waterbirds 19:
280-284.

SwansoN, G. A, G. L. Kraru, J. C. BARTONEK, J. R.
SERIE, AND D. H. JoHNSON. 1974. Advantages in
mathematically weighting waterfowl food habits
data. J. Wildl. Manage. 38:302-307.

TRAUTTMANSDORFF, J., AND G. WASSERMANN. 1995,
Number of pellets produced by immature Cor-
morants Phalacrocorax carbo sinensis. Ardea 83:
133-134.

VELDKAMP, R. 1995. Diet of cormorants Phalacro-
corax carbo sinensis at Wanneperveen, The Neth-
erlands, with special reference to bream Abramis
brama. Ardea 83:143-155.

WARKE, G. M. A, anD K. R. Day. 1995. Changes in
abundance of cyprinid and percid prey affect rate
of predation by cormorants Phalacrocorax carbo
carbo on salmon Salmo salar smolt in northern
Ireland. Ardea 83:157-166.

WiLLiams, T, anND B. C. BEDFORD. 1974. The use of
otoliths for age determination, p. 114-123. In T.
B. Bagenal [ed.], The ageing of fish. Unwin
Brothers, Surrey, UK.

ZULSTRA, M., AND M. R. VAN EERDEN. 1995. Pellet
production and the use of otoliths in determining
the diet of cormorants Phalacrocorax carbo si-
nensis: trials with captive birds. Ardea 83:123—
131.



