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INTRODUCTION

The great cormorant (Phalacrocorax carbo L. 1758) is

a widespread waterbird that feeds almost entirely on

fish (Cramp & Simmons, 1977; Johnsgard, 1993). Its

populations have been increasing (although stabilised

recently) since the 1970s throughout its European

range (Debout et al., 1995; Van Eerden & Gregersen,

1995; Marion, 2003; Volponi & Addis, 2003), mainly

attributed to the legal protection and increase in fish

productivity due to eutrophication of aquatic habitats

(Russell et al., 1996). As a consequence, severe con-

flicts with angling and fisheries interests have been

risen in many countries (Russell et al., 1996; Cowx,

2003). Therefore, much research on great cormo-

rant’s diet, energetics, and impact on fish populations

has been conducted, especially during the last ten

years (e.g. Grémillet et al., 1995; Keller, 1995; Veld-

kamp, 1995a, b; Goutner et al., 1997; Lorentsen et al.,
2004). Subsequently, management and control plans

were formulated and applied (Kirby et al., 1996;

BildsÆe et al., 1998; Marion, 2003).

The great cormorant numbers have also been

increasing in Greece since the 1970s. The breeding

population of 550 pairs counted in 1971 (Handrinos &

Akriotis, 1997) soared to an all-time high (5,360 pairs)

in 2002 (Liordos, 2004). The bird’s fish-eating habits

along with its population explosion prompted an

urgent need for studies on great cormorant’s diet and

its impact on fish populations and fisheries. Five stud-

ies on the diet of the great cormorant have been car-

ried out in Greece. Goutner et al. (1997) reported the

diet of nestlings in the Axios Delta in 1993 and 1994

and Liordos et al. (2002) reported the diet of wintering

great cormorants at the Amvrakikos Gulf. Dimitriou

et al. (2003) examined the effects caused by great cor-

morant depredation on commercial fish at Bouka

lagoon, Messolonghi, while Kazantzidis & Naziridis

(2003) studied the effect of great cormorants on fish-

ery in the lake Kerkini. Liordos & Goutner (2007)

compared the bird’s diet in three wintering areas.

In this essay we: (1) describe, for the first time in

Greece, the diet of great cormorants in two major

Greek colonies through the analysis of pellet con-

tents; (2) compare diet composition between areas;

and (3) evaluate the commercial value of the fish

consumed.
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MATERIALS AND METHODS

The study was conducted in the Axios Delta and at

lake Mikri Prespa colonies (Fig. 1), both of them des-

ignated as Wetlands of International Importance

under the Ramsar Convention. The Axios Delta (40Æ

27′ – 40Æ 38′ N, 22Æ 33′ – 22Æ 52′ E) belongs to a large

wetland complex covering a total of 68.7 km2, situat-

ed near the city of Thessaloniki (Athanasiou, 1990).

The breeding colony included three heron species

and was located on an islet at a riverine forest of ta-

marisks (Tamarix hampaena), common alders (Alnus
glutinosa), and willows (Salix sp.) (Kazantzidis et al.,
1997). Lake Mikri Prespa (40Æ 44′ N, 21Æ 04′ E) in

the far northwestern Greece, along with lake Megali

Prespa, is situated at an altitude of 853.5 m a.s.l. Of

its surface (47.35 km2), 92% belong to Greece and

the rest to Albania. Great cormorants are nested on

the Vidronissi island, at a stand of ancient juniper

(Juniperus foetidissima) trees.

Great cormorants regurgitate an indigested mate-

rial (e.g., bones, scales, otoliths) in the form of pellets

almost daily (Van Dobben, 1952; Zijlstra & Van Eer-

den, 1995). They are egested early in the morning and

are thought to reflect the complete diet of the previ-

ous day (Zijlstra & Van Eerden, 1995). Only com-

plete and fresh pellets were collected, early in the

morning, soon after the birds departed from their

colony. Upon collection, the specimens were individ-

ually sealed in a plastic bag and tagged with an iden-

tification number, and then stored in a freezer at

–20ÆC. Pellets were thawed on the day of analysis and

processed according to Carss et al. (1997). Our sam-

ples were rather egested by breeding adults, or possi-

bly non-breeding individuals, as suggested by Veld-

kamp (1995b) for the great cormorant and Harris &
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FIG. 1. The study areas in Greece.



Wanless (1993) for the shag (Phalacrocorax aristote-
lis). Great cormorant nestlings do not produce pellets

before fledging, up to the age of about eight weeks

(Trauttmansdorf & Wassermann, 1995), thus pellets

cannot be used for studying their diet.

Otoliths and Cyprinidae chewing pads were main-

ly collected from the pellets. Cyprinidae are hard to

be identified to the species level, because otoliths,

mainly, and chewing pads are very small and similar

among different species (Veldkamp, 1995a). Otoliths

and chewing pads found in the pellets were identified

according to Härkönen (1986) and Veldkamp (1995a)

in combination with our own reference collection.

Other remains, such as scales and pharyngeal bones

were not measured, but were used for identification.

Each otolith and chewing pad was measured (maxi-

mum length and width) to the nearest 0.1 mm using a

dissecting microscope. Otoliths and chewing pads

were paired, assuming that those differing less than

0.2 mm originated from the same fish. 

Pellet contents were analysed by relative abun-

dance by numbers (numbers of each prey type in the

sample) and frequency of occurrence (number of

samples containing each prey type). Relative abun-

dance by biomass could not be estimated, due to lack

of regressions estimating fish length and mass from

chewing pads. Spatial variation in diet composition

was analysed using G test (Zar, 1999). Species even-

ness and diversity were also calculated for each area

using the Pielou’s evenness J′, Margalef’s d, and Shan-

non-Weaver H′ diversity indices (natural logarithm

based, Brower et al., 1997).

Fish prey taxa were classified according to their

commercial value, following Goutner et al. (1997) and

our own local markets’ research (Table 1), and then

contribution of each class in the diet was calculated.

RESULTS

The diet of the great cormorant was composed of at

least 10 fish species, belonging to five families (Tables

1 and 2).

In the Axios Delta, the most important of seven

prey types found, both by numbers and frequency of

occurrence, was Prussian carp (Carassius gibelio), fol-

lowed by Mugilidae (Table 2). Another five fish spe-

cies were found in pellets in frequencies <20% and

numbers <5%. The average number of fish from 16

pellets was 6.0±2.5 (SD) (n=96, range 2-14 fish).

In lake Mikri Prespa, four fish species were iden-

tified in pellets, of which pumpkinseed (Lepomis gib-
bosus) was the most numerous and frequent prey, fol-

lowed by Prussian carp, whereas Cyprinidae and

Chalcalburnus belvica were less important (Table 2).

The average number of fish from 35 pellets was 5.5±

5.2 (n=194, range 1-27 fish).

The composition of the diet presented a signifi-

cant spatial variation (G9=217.12, p<0.001). Only

one out of 10 prey types, the Prussian carp, was

found, although in high proportions, in the great cor-

morant’s diet in both the Axios Delta and the lake

Mikri Prespa. Specific diversity and evenness indices

for both areas are given in Table 2.

Prey types of medium and low commercial value

dominated in the great cormorant pellets (Tables 1
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TABLE 1. Fish species found in the pellets of the great cormorant. Commercial value of prey is also given (1: high; 2:

medium; 3: low). Common and scientific names are taken from FishBase online (www.fishbase.org)

Common names Scientific names Commercial value

Carangidae

Trachurus spp. 3

Centrarchidae

Pumpkinseed Lepomis gibbosus 3

Cyprinidae 2

Bleak Alburnus alburnus 3

Prussian carp Carassius gibelio 2

Chalcalburnus belvica 3

Carp Cyprinus carpio 1

Roach Rutilus rutilus 2

Moronidae

Bass Dicentrarchus labrax 1

Mugilidae 2



and 2, Fig. 2). Fish of medium commercial value

dominated in the diet at the Axios Delta, mainly due

to the increased presence of Prussian carp. In con-

trast, fish of low commercial value were most impor-

tant in the lake Mikri Prespa, where pumpkinseed

and small Cyprinidae dominated. Carp (Cyprinus
carpio) and bass (Dicentrarchus labrax) were the only

prey of high commercial value that contributed to the

great cormorant diet in the Axios Delta, although in

low proportions (about 5%). Valuable fish species

were not found in the lake Mikri Prespa pellets.

DISCUSSION

Pellets are easy and quick to collect, with little or no

disturbance to the birds, and give good information

on the species of fish preyed. On the other hand, sev-

eral sources of error are involved in the analysis; ero-

sion of fish remains, under-representation of small

species due to complete weathering of otoliths and

other remains (Carss et al., 1997). Therefore, pellet

analysis is considered an appropriate method for the

qualitative analysis of avian diet, but should not be

used for the calculation of daily food intake rates

because its disadvantages lead to underestimation of

total prey biomass consumed (Carss et al., 1997). The

lack of regressions estimating fish length and mass

from Cyprinidae chewing pads made impossible the

calculation of even rough approximations of daily

food intake from our samples.

Although several species were included in great

cormorant’s prey, only a few of them composed the

bulk of its diet. Prussian carp dominated in the Axios

Delta, whereas pumpkinseed and Prussian carp were

the most important in the lake Mikri Prespa. This

agrees with other studies (Boldreghini et al., 1997;

Goutner et al., 1997; Martyniak et al., 2003; Lorentsen

et al., 2004; Liordos & Goutner, 2007) and is due to

the opportunistic foraging behaviour of the great

cormorant (Johnsgard, 1993). Great cormorants are
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FIG. 2. Commercial value of fish prey of the great cormo-

rant in the Axios Delta and in the lake Mikri Prespa.

TABLE 2. Percent relative abundance by numbers and frequency of occurrence of the prey found in the pellets of the great

cormorant breeding in the Axios Delta in 1999 and in the lake Mikri Prespa in 2002. Number of pellets analysed as well as

total fish numbers (n) collected from each area are also given

Fish taxa
Axios Delta lake Mikri Prespa

% numbers % frequency % numbers % frequency

Mugilidae 7.3 25.0 – –

Cyprinidae – – 13.4 34.3

Prussian carp 81.3 93.8 20.6 62.9

Roach 2.1 12.5 – –

Bleak 1.0 6.3 – –

Carp 3.1 18.8 – –

Chalcalburnus belvica – – 11.9 40.0

Bass 2.1 12.5 – –

Pumpkinseed – – 54.1 65.7

Trachurus spp. 3.1 6.3 – –

Total n=96 16 pellets n=194 35 pellets

Number of taxa 7 4

Margalef’s d 1.315 0.596

Shannon-Weaver H′ 0.785 1.180

Pielou’s evenness J′ 0.403 0.851



thought to target prey patches of very high density

(Grémillet et al., 2001) and the link between foraging

performance and prey abundance is considered to be

stronger than in any other species of diving bird (Gré-

millet & Wilson, 1999). This leads to the preponder-

ance of these prey types, which are mostly available

and abundant in a particular area and season (Gré-

millet & Wilson, 1999; Grémillet et al., 2001). The

high contribution of freshwater fish, mainly Prussian

carp, but also carp, roach (Rutilus rutilus) and bleak

(Alburnus alburnus) to the birds’ diet in the Axios

Delta suggests that great cormorants were foraging

mostly along the river and probably in other freshwa-

ter bodies (lakes Koronia, Volvi and Kerkini). On the

other hand, horse-mackerel species (Trachurus tra-
churus and T. mediterraneus), found in the great cor-

morant’s pellets, are among the most abundant spe-

cies in the depth zone of 0-50 m in the Thermaikos

Gulf (Papaconstantinou et al., 1994, 1997; Kallianio-

tis et al., 2004). Great cormorants can dive to depths

more than 40 m, but they are usually feeding in

waters of less than 10 m deep (Johnsgard, 1993) and

appropriate research on fish abundance at the forag-

ing grounds of the great cormorant is therefore

needed.

Pellets were scarce and relatively hard to find in

our colonies, being much fewer than those expected

by the high number of birds present. Harris & Wan-

less (1993), Trauttmansdorf & Wassermann (1995),

and Veldkamp (1995b) observed a similar situation

and suggested that the pellets were produced by adult

birds (breeding or non-breeding). Black goby (Gobius
jozo) and round sardinella (Sardinella aurita) in the

Axios Delta and C. belvica in the lake Mikri Prespa

dominated numerically in the diet of great cormorant

nestlings in 1999-2002 (Liordos, 2004). The differ-

ence in the diet between the nestlings (Liordos, 2004)

and the adults (this study) found in Greece has been

also observed in The Netherlands by Veldkamp

(1995b) for the great cormorant and in Scotland by

Harris & Wanless (1993) for the shag. They stressed

that part of the differences found could be due to dif-

ferences in sampling methods (nestling regurgitates

and pellets) but suggested that certainly a difference

occurred in the diet between young and adult birds.

Harris & Wanless (1993) found that shags feed their

chicks almost entirely with lesser sandeels (Ammody-
tes marinus), whereas adults were also taking for

themselves fish species of lower calorific values com-

pared with lesser sandeels. They concluded that shags

select the higher energy value lesser sandeels during

the chick-rearing season to meet the increased energy

requirements. Our results, compared with Liordos

(2004), showed that nestlings were fed with different,

preferably smaller-sized, fish species than adults. The

calorific value of the great cormorant prey found in

this study is not known but a possible explanation for

the difference observed could be that, although they

can easily handle fish of more than 200 mm fork

length (Cramp & Simmons, 1977; Johnsgard, 1993),

parent birds more often select large assemblages usu-

ally formed by smaller fish. In doing so, they secure

plentiful food in short time in order to meet the

higher energy requirements during chick-rearing.

However, final conclusions cannot be drawn before

further research is conducted on the diet composition

and prey sizes of young, breeding and non-breeding

adult great cormorants, as well as on fish population

dynamics and behaviour.

The average number of fish per pellet (6.0 in the

Axios Delta and 5.5 in the lake Mikri Prespa) was

within the range found in other areas (Italy 6.4: Mar-

tucci & Consiglio, 1991; Germany 5.5: Keller, 1995;

Switzerland 6.4: Suter, 1991). Diet composition

varied considerably between the Axios Delta and the

lake Mikri Prespa, with Prussian carp being the only

of 10 prey taxa found in both areas, reflecting the spa-

tial variation in species composition. The higher

species richness found in the Axios Delta diet reflects

the considerable habitat richness of an estuarine envi-

ronment (Zalidis & Mantzavelas, 1994). Specific di-

versity is higher in the Axios Delta when only species

richness is taken into account (Margalef’s d, see

Table 2). In contrast, when both species richness and

evenness are considered, specific diversity is higher in

the lake Mikri Prespa than in the Axios Delta, due to

the more even distribution of individuals among the

species in the former (Shannon-Weaver H′, see Table

2). Goutner et al. (1997) found 24 fish taxa in great

cormorant nestling regurgitates in the Axios Delta,

reflecting the differences of the method used in the

analysis of the diet.

Several studies (Rae, 1969; Suter, 1991; Keller,

1995; Veldkamp, 1995b; Mellin & Krupa, 1997) have

found a small participation of commercial fish in the

diet, suggesting low economic damage. On the other

hand, serious economic impact may occur in small

areas of high fish concentrations such as intensive

aquacultures, wintering ditches, small lakes, and

reservoirs (Moerbeek et al., 1987; Cornelisse & Chris-

tensen, 1993; Kirby et al., 1996; Russell et al., 2003).

In this study, the participation of commercially im-
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portant fish in the diet of the great cormorant was

very low. Nevertheless, due to occasional sampling

and small sampling size of pellets, no assessment can

be made on the potential impact of cormorants on

fisheries. 

This work was a first attempt to describe the diet

of adult great cormorants during the breeding season

in Greece, based on pellet analysis. Results present-

ed a “snapshot” of the bird’s diet, from which two

important patterns emerged: (i) spatial variation in

diet composition; and (ii) small overlap between the

great cormorant diet and valuable prey. These pat-

terns are to be confirmed by future research involving

more samples throughout the breeding season and

assessment of the locality specific impact size through

the estimation of fish stock levels and total prey bio-

mass removal (Davies et al., 2003).
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