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Evidence of secondary consumption of fish by 
double-crested cormorants 
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ABSTRACT: In 1993, we analyzed 742 regurgitant samples of nestling double-crested cormorants 
Phalacrocorax auritus from 10 colonies in Penobscot Bay, Maine, USA. A total of 21 species of fish were 
identified from otoliths. Further, we recovered 15 fish stomachs from regurgitant samples 14 of which 
contained otoliths. We compared lengths of otoliths for a given taxon represented in both regurgitants 
and fish stomachs recovered from regurgitants, and found no significant difference. We concluded that 
otoliths occurring in regurgitant samples can result from secondary consumption (i.e. the consumption 
of a prey fish containing otoliths in its stomach). Further, we caution that the use of otoliths in diet 
analyses of double-crested cormorants can lnflate estimates of species percent occurrence and number. 
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INTRODUCTION 

The value of a prey species to a predator is depen- 
dent upon nutritional needs, foraging locations, prey 
abundance and vulnerability, and differential digestion 
of prey (Hyslop 1980, Duffy & Jackson 1986, Furness 
1990). Typically, the analysis of diets of marine mam- 
mals and seabirds requires the identification of species 
through the examination of partially digested remains, 
especially hard components such as otoliths of fishes. 
Researchers have been cautioned concerning the use of 
otoliths in estimation of prey size, number, and percent 
occurrence (Hyslop 1980, Duffy & Jackson 1986, 
Jobling & Breiby 1986, Harris & Wanless 1991, 1993, 
Bowen et al. 1993). However, the implications, relative 
to data analyses, of otoliths or other hard remains oc- 
curring in faeces, pellet, regurgitant, or stomach sam- 
ples as a result of secondary consumption (i.e. the con- 
sumption of predatory fish and the stomach contents of 
the fish) by marine mammals or seabirds (Perrin et al. 
1973, Beach et al. 1981, 1982, Mead et al. 1982, Zon- 
fnllo 1986) have not been specified. Here, we report 
evidence linking otoliths recovered from regurgitants 
of nestling double-crested cormorants to the prey of 
predatory fish and discuss the significance of secondary 
prey consumption to diet analyses based on otoliths. 

METHODS 

We collected regurgitants of nestlings in colonies 
located on 10 coastal islands in Penobscot Bay, Maine, 
USA (44" 01.0' to 44" 22.7' N, 68" 45.9' to 69" 02.5' W). 
These islands range from 1 to 4 ha, with nesting sub- 
strate composed of grass, forbs, shrubs, and rock 
(Korschgen 1979). We visited colonies during the day 
during the first and second week of July, when 
nestlings were ca 2 wk old, and again during the last 
2 weeks of July 1993. 

Nestlings regurgitate readily when approached, 
thus we consider our samples representative of nest- 
ling rather than adult diets. We preserved regurgitants 
in 80 % ethanol while in the field. Samples were stored 
below 0°C prior to analysis. 

To identify prey remains, we used several sources 
(Gosner 1978, Robins et al. 1986, Scott & Scott 1988, 
Page & Burr 1991). In addition, we built a reference 
collection of fish, scales, vertebrae, and otoliths. We 
determined taxa of otoliths using a dissecting micro- 
scope, an otolith identification guide (Brodeur 1979), 
and our reference collection. All items identifiable as 
individuals or parts of individuals were segregated into 
major taxa. We removed any scales or skeletal remains 
immediately visible. After the initial discovery of a par- 
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tially digested fish stomach lined with 
otoliths, we dissected any stomach found 
in a regurgitant, as well as the stomachs 
of any intact piscivorous fish. The remain- 
ing contents were flushed with water 
through 1.00 and 0.10 mm strainers. We 
then collected additional scales and 
skeletal remains for species identification. 

We measured otolith lengths using 
vernier calipers. No otoliths that were 
broken or exhibited extreme abrasion 
were measured. Because our objectives 
did not include the use of otoliths in 
regressions of length of prey on otolith 
length, lengths were not measured in all 
samples. We tested the null hypothesis 
that mean otolith lenqth for otoliths of a 

Table 1. Phalacrocorax auritus. Taxa and percent occurrence of otoliths 
recovered from 197 regurgitant samples of nestling double-crested cor- 

morants on colonies in Penobscot Bay, Maine, USA during July 1993 

Prey Taxonomic classification Percent 
occurrence 

Smallmouth bass 
Unidentified clupeid 
Blueback herring 
Alewife 
Atlantic herring 
Rainbow smelt 
White perch 
Unidentified gadid 
Atlantic tomcod 
Atlantic cod 
Unidentified hake 
Longfin hake 
Offshore hake 

Micropterus dolomieu 
Clupeidae 
Alosa aestivalis 
Alosa psuedoharengus 
Clupea harengus 
Osmerus mordax 
Morone anlericana 
Gadidae 
Microgadus tomcod 
Gadus morhua 
Gaddae 
Urophycis chesteri 
Merluccius albidus - 

given taxon recovered from regurgitants 
does not differ from those of the same 
taxon recovered from fish stomachs taken 
from regurgitants. Otoliths recovered 
from the same regurgitant or the same 
fish stomach are not independent. Thus, 
within each regurgitant, we calculated 
the average length of those otoliths of a 
given taxon that were not found within 
the stomach of a fish. Likewise, we calcu- 
lated the average length for otoliths of the 
same taxon recovered from a fish stom- 

Pipefish Sygnathus fuscus 0.5 
Unidentified Cottidae 31.5 
Grubby Myoxocephalus aenaeus 1 .O 
Longhorn sculpin Myoxocephalus octodecemspinosus 0.5 
~ o c k  gunnel ~ h o l i s  gunnellus l .S 
Cunner Ta utogola brus adspersus 6.6 
Wrymouth Cryptacanthodes maculatus 5.1 
Ocean pout Macrozoarces americanus 3.0 
Unidentified flounder Unidentified family 1 .S 
Summer flounder Paralichthys dentatus 0.5 
Gulf Stream flounder Paralichthys albigutta 0.5 
Yellowtail flounder Limanda ferruginea 1 . O  

Pleuronectes americanus 3.0 

ach. Our data were not distributed nor- 
mally, so we used the nonparametric Wilcoxon 2- cis chesten, and unidentified, i.e. otoliths not identifi- 
sample test with normal approximation (SAS 1988) and able to species) occurring in 62.9 % of the regurgitants 
a critical region of a = 0.05 for comparisons of otolith containing 1 or more otoliths (Table 1). 
length means. However, because the Wilcoxon 2-sam- Further, from regurgitants we recovered 15 fish 
ple test is of low power, the probability of a Type I1 stomachs, 14 of which contained otoliths and 1 which 
error is high. Thus, to utilize a more powerful test, we  contained an intact prey fish (Table 2). Twelve of the 
wrote a FORTRAN program that randomly selected 5 fish were benthic species (sculpins Myoxocephalus 
otolith length means of a respective taxon and cate- spp., cunner Tautogolabrus adspersus, and wrymouth 
gory (i.e. from regurgitant or fish stomach), calculated Cryptacanthodes maculatus) that are seasonal resi- 
the average of the means, then repeated the process dents of shallow, subtidal and intertidal habitats in the 
for an additional 99 random permutations. We tested Gulf of Maine (Tyler 1971, Monng 1990, Ojeda & Dear- 
the resulting data sets for normality and homogeneity born 1990). Food items in the remaining 3 stomachs 
of variances, then compared otolith length means were not identifiable to family or species. 
using a t-statistic with a critical region of a = 0.05 (SAS Otoliths recovered from fish stonlachs represented 3 
1988). known taxa and unidentified hake (Table 2) .  The 

mean of the average lengths for hake otoliths recov- 
ered from 14 fish stomachs (0.42 cm; total of 50 

RESULTS otoliths measured) was not different (Z = -0.8543, p > 
IZI = 0.3930) from that of otoliths from 90 regurgitants 

We collected 742 regurgitants from which we identi- (0.43 cm; total of 490 otoliths measured). Further, our 
fied 35 species of fish and 8 species of invertebrates. A comparison of otolith length means from the random- 
total of 197 of the regurgitants contained otoliths that ization process indicated no significant difference 
could be identified at least to family (Table 1). Twenty- between hake otoliths from fish stomachs and those 
one species were identified from otoliths, with species from regurgitants (n = 100, t = 0.301 1, df = 98, p > It1 = 
of hake (offshore Merluccius albidus, longfln Urophy- 0.7640). 
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Table 2. Phalacrocorax aun.tus. Piscivorous fish, recovered 
from regurgitants collected from nestling double-crested 
cormorants on 10 colonies in Penobscot Bay, Maine, USA, 

during July 1993, that contained otoliths in their stomachs 

Species of fish Stomachs with Taxa of otoliths 
recovered otoliths recovered 

-- 

Cunner 1 Unidentified hake 

Sculpin" 9 Offshore hake 

Unidentified 3 Sculpin 
Atlantic tomcod 
Unidentified hake 

Wrymouth 1 Unident~fied hake 

aExcludlng 1 stomach containing intact round hernng 

Likewise, the mean of the lengths for 10 sculpin 
otoliths recovered from the 1 fish stomach in which we 
found sculpin otoliths (0.28 cm) did not differ (Z  = 
-1.6254, p > 121 = 0.104) from the mean of the average 
lengths of sculpin otoliths recovered from 63 regurgi- 
tants (0.41 cm; total of 145 otoliths measured). Our 
attempts to produce a normally distributed data set 
through randomization (i.e. using 100 to 200 random 
permutations) were not successful, although a normal 
distribution is theoretically possible as the number of 
random permutations approach infinity (Conover 
1980). However, we chose not to continue the random- 
ization process with the sculpin data, relying instead 
on our results from the nonparametric Wilcoxon 2-sam- 
ple test. 

Three of the taxa recovered from fish stomachs 
(sculpin, round herring Etrumeus teres, and Atlantic 
tomcod Microgadus tomcod) were represented also by 
otoliths and other physical remains in regurgitants. 
Similarly, all other species represented by otoliths in 
regurgitants, but not recovered from fish stomachs, 
were present as other remains. We recovered no evi- 
dence of hake species, other than otoliths, from the 742 
regurgitants. 

DISCUSSION 

The analysis of a food sample from a cormorant often 
entails teasing apart a mass of well digested prey and 
indigestible remains (such as otoliths). The presence of 
otoliths, however, does not necessarily confirm that 
a species was preyed upon by cormorants. Otoliths 
recovered from a cormorant regurgitant might repre- 
sent feeding by the cormorant's prey. Our initial recov- 
ery of otoliths from a fish stomach was fortuitous, in 
that the stomach was found separated from the body, 
partially digested, and open. The same taxon of otolith 

(in this case unidentified hake) was recovered from the 
stomach and throughout the regurgitant. We have 
demonstrated, through a comparison of lengths of 
otoliths for a given taxon represented in both regurgi- 
tants and fish stomachs, that there is overlap in size of 
prey taken by cormorants and predatory fish. More- 
over, the possibility exits that a species, well repre- 
sented by otoliths in regurgitants, occurs solely as a 
result of secondary consumption. For example, while 
hake species occurred in 62.9% of regurgitants that 
contained otoliths, no other physical remains of hake 
species were recovered from 742 regurgitants. Al- 
though we cannot confirm that cormorants did not prey 
upon hake species, the lack of physical remains, other 
than otoliths, is strongly supportive of secondary con- 
sumption. 

Although secondary consumption of prey by marine 
mammals and seabirds has been recognized (Perrin et  
al. 1973, Beach et  al. 1981, 1982, Mead et al. 1982, Zon- 
frillo 1986), no consideration has been given as to how 
information from secondarily consumed otoliths might 
affect one's results and conclusions. For example, in 
their investigation of pellets of Cape cormorants Pha- 
lacrocorax capensis as indicators of diet, Duffy & Lau- 
renson (1983) support the use of otoliths but recognize 
limitations when additional diet (i.e. stomach or regur- 
gitant samples) and foraging ecology data are not con- 
sidered. However, secondary consumption of otoliths is 
not discussed. Jobling & Breiby (1986) state that the 
identification and counting of otoliths recovered from 
stomach or regurgitant samples can provide a quanti- 
tative estimate of prey species numbers. Such esti- 
mates are questionable if some or all otoliths are con- 
sumed secondarily. Thus, whether diet analyses are 
conducted for descriptive purposes or to quantify pre- 
dation on fisheries (Milton & Austin-Smith 1983, Birt et  
al. 1987, Craven & Lev 1987, Kennedy & Greer 1988, 
Milton et  al. 1988, Hobson et al. 1989, Campo et al. 
1993, Karwowski et al. 1994), we urge caution in the 
inclusion of otolith data. Further, we suggest detailed 
examinations of the stomachs of piscivorous fish and 
any separated fish stomachs recovered from regurgi- 
tant or stomach samples. Should otoliths be recovered 
from the stomachs of prey fish, consideration must be  
given to differentiating between predation by the cor- 
morant and its prey, or excluding otolith data. 
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