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Abstract.

 

—Diet of Great Cormorant (

 

Phalacrocorax carbo sinensis

 

) nestlings was studied during four consecutive
breeding seasons (1999-2002) at three Greek colonies (Axios Delta, and Lakes Kerkini and Mikri Prespa) in order
to assess variation and commercial value of prey. A variety of fish taxa were found in nestlings’ regurgitates in each
area and season, but only one or two dominated by numbers or biomass. Black Goby (

 

Gobius jozo

 

), Round Sardinella
(

 

Sardinella aurita

 

) and Twaite Shad (

 

Alosa fallax

 

) were the most important prey in the Axios Delta; Bleak (

 

Alburnus
alburnus

 

), Giebel (

 

Carassius auratus gibelio

 

) and Roach (

 

Rutilus rutilus

 

) at Lake Kerkini; 

 

Chalcalburnus belvica

 

 and Gie-
bel at Lake Mikri Prespa. Nestling diet varied both seasonally (but only at Lake Kerkini significantly so) and annu-
ally (significantly in the Axios Delta and at Lake Mikri Prespa). Temporal changes can be attributed to changes in
prey availability and abundance and confirm this bird’s opportunistic behavior. Between-colonies, differences in
diet were significant, probably due to differences in habitat and prey species diversity and composition. The low
consumption of valuable fish prey by Great Cormorant nestlings (<10%, numbers and biomass) suggests minimal
competition with human interests. 
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The Great Cormorant (

 

Phalacrocorax car-
bo

 

) is a fish-eating, colonially nesting, semi-
migratory waterbird that is found in both in-
land and coastal waters throughout large
parts of the world (Cramp and Simmons
1977). The subspecies 

 

P. c. sinensis

 

 is found
in continental Europe and Asia, and breeds
in colonies mainly located in trees near
fresh, brackish or salt water. During the first
half of the Twentieth Century, its status was
threatened, but the breeding population of
the continental subspecies of the Great Cor-
morant in northwest Europe increased rap-
idly during the 1970s and 1980s, before lev-
elling-off at 

 

c

 

. 100,000 pairs in the mid-1990s,
a more than 20-fold increase (Bregnballe
1996). Legal protection by the European
Community and the increase in fish produc-
tivity due to eutrophication of aquatic habi-
tats have been identified as the main reasons
for the rapid growth of the Great Cormorant
populations (Van Eerden 

 

et al.

 

 1995; Russell

 

et al.

 

 1996). Increased cormorant numbers,
along with its fish-eating habits, have led to
conflicts with human interests over most of
Europe (Russell 

 

et al.

 

 1996; Cowx 2003). Up-
on this development, much research on the

Great Cormorant’s diet, energetics, and im-
pact on fish populations has been conduct-
ed, especially during the last ten years (see
Baccetti and Cherubini 1997; Cowx 2003;
and Keller 

 

et al.

 

 2003 for reviews), and man-
agement and control plans were formulated
and applied (Kirby 

 

et al.

 

 1996; Bildsøe 

 

et al.

 

1998; Keller and Lanz 2003).
The Greek breeding population of the

Great Cormorant changed little from 550
pairs in 1971 to 660 pairs in 1990 (Handri-
nos and Akriotis 1997). Subsequently, and
following the levelling-off of the northwest
European population, it increased rapidly to

 

c

 

. 4,300 pairs in 1999-2001 and to 

 

c

 

. 5,300
pairs in 2002-2006, showing an eight-fold in-
crease since 1990 (Liordos 2004; S. Kazantz-
idis and T. Nazirides, pers. comm.). High
food availability due to eutrophication of wa-
ter bodies and low initial population density
are considered the most probable causes of
the high growth rate of the Great Cormorant
population in Greece (Crivelli 

 

et al.

 

 1997;
Goutner 

 

et al.

 

 1998).
The population increase has also led to

conflicts with fishermen and fisheries indus-
try in Greece and prompted an urgent need
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for dietary analyses, since diet composition
data are very useful for: i) studying temporal
and spatial variation in the diet of seabirds
(Lorentsen 

 

et al.

 

 2004), and ii) evaluating the
economic importance of prey consumed and
thus potential conflict with fisheries (Esch-
baum 

 

et al.

 

 2003). Only two other studies on
Great Cormorant diet in Greece were found
in the literature. Goutner 

 

et al.

 

 (1997) report-
ed the diet of nestlings in the Axios Delta in
1993 and 1994. Liordos and Goutner (2007)
compared the bird’s diet in three wintering
areas. Great Cormorant nestlings regurgitate
their stomach contents when disturbed and
collection of regurgitates is an easy and non-
invasive method, providing abundant infor-
mation on nestlings’ diet (Linn and Camp-
bell 1992). The aim of this paper was there-
fore to: 1) describe and compare the diet of
the Great Cormorant between colonies and
breeding seasons through the analysis of
nestling regurgitates, and 2) evaluate the
commercial value of the prey consumed and
discuss potential conflict of Great Cormo-
rants with human interests.

 

M

 

ETHODS

 

Study Area

The study was conducted in the Axios Delta and at
Lake Kerkini and Lake Mikri Prespa colonies (Fig. 1),
all sites designated as Wetlands of International Impor-
tance under the Ramsar Convention. The Axios Delta
(40°27’-40°38’N, 22°33’-22°52’E) belongs to a large wet-
land complex covering a total of 68.7 km

 

2

 

, situated near
the city of Thessaloniki. The breeding colony included
four heron species and was located on an islet at a river-
ine forest of Tamarisks (

 

Tamarix hampaena

 

), Common
Alders (

 

Alnus glutinosa

 

), and willows (

 

Salix

 

 spp.) (Ka-
zantzidis 

 

et al.

 

 1997). The number of breeding pairs in
the Axios Delta was 360, 400, 220 and 220 in 1999, 2000,
2001 and 2002 respectively (Liordos 2004).

Lake Kerkini (41°12’N, 23°9’E), a semi-artificial sea-
sonally flooded lake, with a surface varying from 55 to
75 km

 

2

 

, is located in northern Greece, near the Greek-
Bulgarian border. Great Cormorants nested over water
mainly on willow hybrids (

 

Salix alba

 

 x 

 

fragilis

 

) in a mixed
colony situated at the northeast part of the lake includ-
ing twelve waterbird species (Nazirides and Papageor-
giou 1996). Colony size at Lake Kerkini was 2,200, 2,400,
2,500 and 3,500 pairs in 1999, 2000, 2001 and 2002 re-
spectively (T. Nazirides, pers. comm.).

Lake Mikri Prespa (40°44’N, 21°4’E) in the far
northwestern Greece, along with Lake Megali Prespa, is
situated at an altitude of 853.5 m asl. Of its surface
(47.35 km

 

2

 

), 92% belong to Greece and the rest to Alba-
nia. Great Cormorants nested on Vidronissi island, on a
stand of ancient juniper (

 

Juniperus foetidissima

 

) trees.

The Lake Mikri Prespa colony held 470, 170, 220 and
440 pairs in 1999, 2000, 2001 and 2002 respectively (Li-
ordos 2004).

Diet Analysis

Nestling regurgitates were collected at the colonies
from 1999 to 2002 between late April and the beginning
of June in similar dates for each area. Three visits per
season were conducted in each of the colonies, timed to
coincide with early, middle and late nestling period, tak-
ing into account that Great Cormorant nestlings fledge
at the age of about 8 weeks (Cramp and Simmons
1977). The visits will be henceforth referred to as “sam-
ple A”, “sample B”, and “sample C” for convenience.
Collection dates were similar for all the areas and can be
categorized as follows: 1) sample A, 29 April-4 May,
more than 50% of the nestlings 1-2 weeks old, 2) sample
B, 22-27 May, >50% of nestlings about 5 weeks old, and
3) sample C, 7-12 June, >50% of the nestlings about sev-
en weeks old. Regurgitates were taken right after the
morning feeding bout, from 10.00 to 12.00 h
(GMT+2:00). Parent birds flee upon disturbance, and
nestlings regurgitate collectively. This allowed the col-
lection of nestling regurgitates only, but not discerning
among individuals, since regurgitates were mixed on
the ground due to high nest densities and plethora of
regurgitated fish. All egested prey were collected, stored
in ethanol, and taken to the lab for further analysis.

Fish prey were identified to the lowest possible tax-
on. Intact specimens were measured to the nearest one
mm and weighed to the nearest 0.1 g. Length of partly
digested prey was estimated in comparison with similar-
ly-sized intact ones. Fish taxa found in the diet of the
Great Cormorant are given in Table 1. Body mass of
partly digested fish was calculated using regression
equations given in Koutrakis and Sinis (1994), Petrakis
and Stergiou (1995), Liordos and Goutner (2007), or
constructed by the authors using intact fish found in re-
gurgitates or bought from the local markets (Table 2).

Regurgitate contents were analyzed per sampling
bout by relative abundance by both numbers and bio-

Figure 1. Map showing the location of the three study ar-
eas in Greece.
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mass (numbers and biomass of each prey type in the sam-
ple). Comparisons of diet composition in relation to
season, year, and area were made with analysis of similar-
ity (ANOSIM), a non-parametric multi-dimensional ordi-
nation method for detecting differences between groups
of community samples (Clarke 1993), using the subrou-
tine ANOSIM in the statistical software Primer V 5.1.2
(PRIMER-E Ltd., Plymouth, UK). Species diversity was
also calculated for each sample using the Shannon-Weav-
er H´ diversity index (see Shannon and Weaver 1949, in

Brower 

 

et al.

 

 1997), and compared using Kruskal-Wallis
and Mann-Whitney U tests (Zar 1999). Mean values are
presented with ± one standard deviation (SD).

Fish prey taxa were classified according to their
commercial value, following Goutner 

 

et al.

 

 (1997), Li-
ordos and Goutner (2007) and local market research
(Table 1). Proportions of the diet by numbers and bio-
mass, according to commercial value, were then calcu-
lated to examine possible economic impact of the
Great

 

 

 

Cormorant.

 

Table 1. Common and scientific names of the fish species found in the diet of Great Cormorant nestlings in Greece
during the 1999-2002 breeding seasons. Commercial value of prey is also given (1: high; 2: medium; 3: low). Com-
mon and scientific names are taken from FishBase online (www.fishbase.org).

 

Common names Scientific names Commercial value

Blenniidae
Peacock Blenny

 

Blennius pavo

 

3

Carangidae
Mediterranean Horse-mackerel

 

Trachurus mediterraneus

 

3
Atlantic Horse-mackerel

 

Trachurus trachurus

 

3

Centrarchidae
Pumpkinseed

 

Lepomis gibbosus

 

3

Clupeidae
Twaite Shad

 

Alosa fallax

 

3
Pilchard

 

Sardina pilchardus

 

3
Round Sardinella

 

Sardinella aurita

 

3

Cyprinidae 2
Bleak

 

Alburnus alburnus

 

3
Giebel

 

Carassius auratus gibelio

 

2

 

Chalcalburnus belvica

 

3

 

Chondrostoma prespense

 

2
Carp

 

Cyprinus carpio

 

1
Chub

 

Leuciscus cephalus

 

3

 

Rutilus prespensis

 

2
Roach

 

Rutilus rutilus

 

2
Baltic Vimba

 

Vimba vimba

 

3

Gobiidae 3
Black Goby

 

Gobius jozo

 

3
Grass Goby

 

Zosterisessor ophiocephalus

 

3

Mugilidae 2

Mullidae
Striped Red Mullet

 

Mullus surmuletus

 

1

Serranidae
Painted Comber

 

Serranus scriba

 

3

Soleidae
Common Sole

 

Solea solea

 

1

Sparidae
Bogue

 

Boops boops

 

Annular Gilthead

 

Diplodus annularis

 

3
Striped Seabream

 

Lithognathus mormyrus

 

1
Saddled Seabream

 

Oblada melanura

 

2

Sphyraenidae
Great Barracuda

 

Sphyraena sphyreana

 

2
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R

 

ESULTS

 

The overall diet of Great Cormorant
nestlings was composed of at least 26 fish
species, belonging to twelve families (see Ta-
bles 1, 3, 4, 6, 7). Scientific names for fish
species are given in Table 1.

Temporal Analysis of Diet

In the Axios Delta, diet composition (Ta-
bles 3 and 4) did not differ significantly be-
tween samples A, B, and C from 1999 to 2002
both by numbers (ANOSIM, P = 0.610) and
biomass (ANOSIM, P = 0.751). Contribution
of main prey species was fluctuating a little
from early to late in the pre-fledging period.
On the other hand, diet composition dif-
fered significantly between years both by
numbers (ANOSIM, P = 0.005) and biomass
(ANOSIM, P = 0.017). This was due to a
change in diet between 1999, 2000 and 2001,
2002 (comparison of 1999-2000 with 2001-
2002 samples: ANOSIM, P = 0.002; both
numbers and biomass). Black Goby (

 

Gobius
jozo

 

) was overall the most important in terms
of both numbers and biomass, dominating
in 1999 and 2000, while Mugilidae were im-
portant only by biomass in 1999, 2000 and
2002 (Tables 3 and 4, Fig. 2). Round Sar-
dinella (

 

Sardinella aurita

 

) and Twaite Shad
(

 

Alosa fallax

 

) had greater contribution in the
2001 and 2002 samples by numbers and es-
pecially by biomass, greatly replacing Black
Goby (Tables 3 and 4, Fig. 2). The discrepan-
cies between prey number and their contri-
bution in biomass percentages were due to
the relative size of fish prey (Table 5).

Significant differences were detected at
Lake Kerkini between samples A and C from

1999 to 2002 both by numbers (ANOSIM,
P = 0.029) and biomass (ANOSIM, P =
0.045). Samples A and B, B and C did not dif-
fer significantly (pairwise ANOSIM, P >
0.096; numbers and biomass). Bleak’s (

 

Albur-
nus alburnus

 

) presence was very high early in
the nestling period, but rapidly decreasing
towards the late nestling period, replaced
numerically by Roach (

 

Rutilus rutilus

 

) and
both Roach and, mainly, Giebel (

 

Carassius
auratus gibelio

 

) by biomass (Table 6). Be-
tween-year comparisons did not reveal signif-
icant differences (ANOSIM, P = 0.620, num-
bers; P = 0.420, biomass). Overall, Bleak was
the most important prey by numbers and
Giebel by biomass (Fig. 3). Roach was the
most important prey only in 1999, whereas
Giebel dominated by biomass in all years, ex-
cept in 1999, because of its larger size com-
pared to other important prey (Table 5).

Diet composition did not differ signifi-
cantly between samples A, B, and C from
1999 to 2002 both by numbers (ANOSIM, P
= 0.673) and biomass (ANOSIM, P = 0.240)
at Lake Mikri Prespa, due to the predomi-
nance of 

 

Chalcalburnus belvica

 

 numerically
and 

 

Ch. belvica

 

 and Giebel by biomass (Table
7). On the other hand, between-year com-
parisons revealed significant differences by
numbers (ANOSIM, P = 0.013), but not by
biomass (ANOSIM, P = 0.170). This is due to
the increase of the Pumpkinseed (

 

Lepomis
gibbosus

 

) in 2002 (Fig. 4), compared with the
years 1999-2001 (comparison of 1999-2001
with 2002 samples: ANOSIM, P = 0.009, num-
bers; P = 0.182, biomass). Differences were
not significant by biomass because of the in-
creased presence of Giebel (Table 7, Fig. 4),
being of larger size than other important
prey (Table 5).

 

Table 2. Parameters of the equations (

 

y = a·x

 

b

 

) estimated by the authors for the calculation of fish body mass (M)
from fish length (FL: fork length; SL: standard length; HL: head length).

 

Fish species
Dependent 

variable
Independent 

variable a b N
Range 
(mm)

 

R

 

2

 

Bleak M FL 0.000015 28.419 39 57-115 0.912
M HL 0.0029 26.716 39 9-19 0.741

Pumpkinseed M SL 0.00001 31.801 18 59-108 0.985

 

Chalcalburnus belvica

 

M SL 0.0000052 31.907 119 34-139 0.972
M HL 0.0004 31.939 119 9-39 0.962
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T
able 3. P

ercent relative abundance by num
bers of prey in regurgitates of G

reat C
orm

orant nestlings in the A
xios D

elta, during the 1999-2002 breeding seasons. A
, B

, and C
represent sam

ples taken early, in the m
iddle, and late in the nestling period respectively.

Fish
 taxa

1999
2000

2001
2002

A
B

C
A

B
C

A
B

C
A

B
C

B
lack G

oby
64.7

78.4
76.6

59.7
70.1

79.3
30.0

23.0
20.4

27.3
24.3

19.8
G

iebel
3.9

2.2
3.1

—
—

—
—

—
—

2.5
—

—
M

ugilidae
7.8

5.2
4.7

3.0
2.6

5.4
—

—
—

12.4
2.7

5.7
Tw

aite Sh
ad

9.8
5.2

1.6
10.4

5.2
3.3

13.3
—

11.8
19.0

10.0
14.2

A
n

n
ular G

ilth
ead

11.8
3.7

1.6
10.4

1.3
2.2

3.3
—

5.4
9.9

3.6
10.4

R
oach

—
1.5

1.5
—

—
1.1

—
—

—
—

—
—

B
ogue

—
2.3

1.6
—

—
—

—
—

—
—

7.2
—

A
tlan

tic H
orse-m

ackerel
—

—
—

—
3.9

—
—

—
—

4.1
—

5.7
M

editerran
ean

 H
orse-m

ackerel
—

1.5
1.6

6.0
6.5

2.2
—

—
—

—
8.1

4.7
R

oun
d Sardin

ella
—

—
3.1

—
3.9

6.5
40.0

36.3
30.1

12.4
20.7

20.7
Striped Seabream

—
—

1.5
—

1.3
—

—
—

—
2.5

—
4.6

Pain
ted C

om
ber

—
—

3.1
—

—
—

—
—

—
—

—
3.8

Pilch
ard

—
—

—
9.0

1.3
—

—
—

—
4.1

—
—

Saddled Seabream
—

—
—

—
2.6

—
—

—
—

2.5
—

6.6
G

reat B
arracuda

2.0
—

—
—

—
—

—
—

—
3.3

—
—

Peacock B
len

n
y

—
—

—
—

1.3
—

5.0
19.8

10.8
—

6.3
—

C
om

m
on

 Sole
—

—
—

1.5
—

—
6.7

5.5
8.6

—
4.5

3.8
G

rass G
oby

—
—

—
—

—
—

1.7
—

—
—

10.8
—

Striped R
ed M

ullet
—

—
—

—
—

—
—

15.4
12.9

—
1.8

—

Total n
um

bers (N
)

153
134

128
134

154
92

120
91

93
121

111
106
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T
able 4. P

ercent relative abundance by biom
ass of prey in regurgitates of G

reat C
orm

orant nestlings in the A
xios D

elta, during the 1999-2002 breeding seasons. A
, B

, and C
 rep-

resent sam
ples taken early, in the m

iddle, and late in the nestling period respectively.

Fish
 taxa

1999
2000

2001
2002

A
B

C
A

B
C

A
B

C
A

B
C

B
lack G

oby
34.6

42.4
50.9

28.0
31.5

38.8
15.6

8.2
6.6

7.7
8.8

7.0
G

iebel
5.7

4.7
8.8

—
—

—
—

—
—

3.0
—

—
M

ugilidae
39.1

30.0
17.7

12.3
13.5

26.4
—

—
—

38.5
10.6

13.7
Tw

aite Sh
ad

13.3
11.6

3.6
21.1

14.1
10.2

24.2
—

16.8
15.7

15.8
15.7

A
n

n
ular G

ilth
ead

2.5
0.9

0.7
4.7

0.4
0.7

1.3
—

2.1
1.2

0.6
2.6

R
oach

—
6.9

7.3
—

—
4.3

—
—

—
—

—
—

B
ogue

—
0.4

0.3
—

—
—

—
—

—
—

1.1
—

A
tlan

tic H
orse-m

ackerel
—

—
—

—
8.2

—
—

—
—

6.0
—

8.3
M

editerran
ean

 H
orse-m

ackerel
—

3.1
3.5

14.7
16.3

7.0
—

—
—

—
11.0

6.8
R

oun
d Sardin

ella
—

—
3.0

—
7.6

12.6
49.2

44.0
36.4

14.6
32.1

27.1
Striped Seabream

—
—

1.8
—

2.8
—

—
—

—
3.5

—
6.4

Pain
ted C

om
ber

—
—

2.4
—

—
—

—
—

—
—

—
1.7

Pilch
ard

—
—

—
18.7

2.0
—

—
—

—
3.6

—
—

Saddled Seabream
—

—
—

—
2.2

—
—

—
—

1.2
—

5.6
G

reat B
arracuda

4.8
—

—
—

—
—

—
—

—
5.0

—
—

Peacock B
len

n
y

—
—

—
—

1.4
—

2.3
6.6

5.1
—

—
—

C
om

m
on

 Sole
—

—
—

0.5
—

—
6.8

5.6
7.9

—
6.6

5.1
G

rass G
oby

—
—

—
—

—
—

0.6
—

—
—

5.3
—

Striped R
ed M

ullet
—

—
—

—
—

—
—

35.6
25.1

—
4.4

—

Total biom
ass (g)

4,990
3,695

3,446
4,474

5,074
2,828

5,936
4,225

5,066
6,678

4,370
5,123
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Between-habitat Diet Comparisons

Comparison of prey proportions between
all studied areas revealed significant spatial
variability (between-areas comparison: ANO-
SIM, P = 0.001; numbers and biomass). Mean
Shannon-Weaver Diversity Index H´ in the
Axios Delta was 1.481 ± 0.474 (SD) (N = 12,
range 0.847-2.199), being significantly larger
than at Lake Kerkini (H´ = 0.650 ± 0.330, N =
12, range 0.075-1.040) and Lake Mikri
Prespa (H´ = 0.530 ± 0.295, N = 12, range
0.046-1.003), Kruskal-Wallis (K-W) test (χ2

2 =
20.68, P < 0.001). In contrast, differences in
specific diversity between the lakes were not
significant (U1 = 51.0, P = 0.225).

Commercial Importance of Prey

Fish of low commercial value dominated
in nestling diet in the Axios Delta (86.8%
numbers, 68.8% biomass) and at Lake Mikri
Prespa (92.6% numbers, 52.9% biomass).
Fish of low commercial value were also
found in higher proportions by numbers
(62.9%) at Lake Kerkini, but fish of medium
commercial value dominated by biomass
(73.7%), mainly due to the increased pres-
ence of Giebel. Striped Red Mullet (Mullus
surmuletus), Common Sole (Solea solea), and
Striped Seabream (Lithognathus mormyrus)
were the only prey of high commercial value
sporadically found in the Axios Delta sam-
ples and collectively contributed in low pro-

portions in overall diet (5.1% numbers,
9.6% biomass). Carp (Cyprinus carpio) was
the only prey of high commercial value that
contributed in the Great Cormorant diet in
lacustrine habitats. Carp was found in Lake
Mikri Prespa regurgitates in 1999 and 2001
in negligible proportions (0.3% numbers,
1.5% biomass in overall diet). Commercially
important fish were not found in Lake Kerki-
ni diet samples.

DISCUSSION

Regurgitate analysis is considered an ap-
propriate method for the qualitative analysis
of avian diet with advantages; easy to collect
large numbers of samples without harm to
the birds, prey fed to the nestlings are gener-
ally in the early stages of digestion and give
sufficient information on the species and siz-
es of fish eaten, and disadvantages; uncer-
tainty of bird feeding completion at the time
of collection, differential digestion of small
and large consumed prey (Linn and Camp-
bell 1992). However, it should not be used
for the calculation of daily food intake rates
because its disadvantages lead to underesti-
mation of total prey biomass consumed
(Linn and Campbell 1992; Harris and Wan-
less 1993). In addition to the above, daily
food intake could not be calculated in this
study since we could not collect individual
nestlings’ regurgitates.

Table 5. Standard length (mm) of intact items of the most important fish prey found in the diet of Great Cormorant
nestlings in 1999-2002.

Mean ± SD Range N

1. Axios Delta

Black Goby 88.1 ± 9.4 68-110 57
Round Sardinella 159.3 ± 19.1 123-217 45
Twaite Shad 144.5 ± 17.8 111-199 36
Mugilidae 194.5 ± 25.6 148-230 19

2. Lake Kerkini

Bleak 81.2 ± 12.7 61-110 137
Giebel 154.3 ± 33.7 55-230 38
Roach 76.0 ± 11.7 61-135 112

3. Lake Mikri Prespa

Chalcalburnus belvica 101.4 ± 25.8 44-141 152
Giebel 161.7 ± 41.3 77-264 14
Pumpkinseed 70.4 ± 14.0 49-93 18



COMPARATIVE DIET OF GREAT CORMORANT NESTLINGS431

T
able 6. P

ercent relative abundance by (1) num
bers and (2) biom

ass of prey in regurgitates of G
reat C

orm
orant nestlings at L

ake K
erkini, during the 1999-2002 breeding seasons.

A
, B

, and C
 represent sam

ples taken early, in the m
iddle, and late in the nestling period respectively.

Fish
 taxa
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2002

A
B

C
A

B
C

A
B

C
A

B
C

1. N
um

bers (%
)

B
leak

78.7
71.8

16.0
98.6

86.7
47.1

69.8
55.1

49.3
98.5

39.6
50.0

R
oach

17.5
26.3

84.0
—

—
43.9

11.4
7.9

46.2
—

53.2
25.0

G
iebel

3.8
—

—
1.4

11.8
9.0

18.1
37.0

3.8
1.5

6.5
25.0

C
h

ub
—

1.9
—

—
—

—
0.7

—
—

—
—

—
Pum

pkin
seed

—
—

—
—
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—

—
—

0.7
—

—
—
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—
—

—
—

—
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—
—

—
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—
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139
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53.4

18.4
84.3

17.0
23.0

25.2
7.4

20.2
76.0

14.3
8.1

R
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29.8

81.6
—

—
32.6

11.1
5.0

59.8
—

50.2
9.5

G
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—

—
15.7

81.8
44.4

60.3
87.6
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h
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—

—
—
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3.4

—
—

—
—

—
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—
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—
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—
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—
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1.5
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Great Cormorant diet during the breeding
season included a considerable number of
prey types, but only a few of them usually com-
posed the bulk of diet either by numbers or
biomass. The same trend was reported by
Goutner et al. (1997) and Liordos and Goutner
(2007). The preponderance of few fish species
in the diet of the Great Cormorant is not un-
common, but has also been observed in other
countries (e.g., Italy, Boldreghini et al. 1997;
France, Lekuona 2002; Poland, Martyniak et al.
2003; Norway, Lorentsen et al. 2004) and is
rather due to the opportunistic foraging be-
havior of the Great Cormorant (Johnsgard
1993). This leads to the prevalence of the prey
types which are mostly available and abundant

in a particular area and season (Grémillet and
Wilson 1999; Grémillet et al. 2001).

The diet of Great Cormorant nestlings in
the Axios Delta was similar to that found by
Goutner et al. (1997) in 1993 and 1994, with
Black Goby and Mugilidae being the most
important prey. Black Goby by numbers and
Mugilidae by biomass were also the most
important prey of wintering birds in 2001
(Liordos and Goutner 2007). These results
suggest little variation between breeding and
wintering seasons and age of birds in the Ax-
ios Delta. Annual variation at Lake Mikri
Prespa was mainly due to the presence of the
exotic Pumpkinseed, whose populations
have gradually increased after its introduc-

Figure 2. Annual variation in relative abundance by (A)
numbers and (B) biomass of prey found in the diet of
Great Cormorant nestlings in the Axios Delta, during
the 1999-2002 breeding seasons. Prey types contributing
less than 10% in diet, either by numbers or biomass, are
shown collectively under the “Other” category.

Figure 3. Annual variation in relative abundance by (A)
numbers and (B) biomass of prey found in the diet of
Great Cormorant nestlings at Lake Kerkini, during the
1999-2002 breeding seasons. Prey types contributing
less than 10% in diet, either by number or biomass, are
shown collectively under the “Other” category.
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tion in the lake (Crivelli et al. 1997), probably
accounting for the increased contribution in
the Great Cormorant’s diet in 2002. Generally,
various findings suggest that seasonal and an-
nual changes can be attributed to changes in
prey availability and abundance (Grémillet
and Wilson 1999; Grémillet et al. 2001) and the
bird’s opportunistic behavior (Johnsgard
1993). Great Cormorants are thought to target
prey patches of very high density (Grémillet et
al. 2001) and the link between foraging perfor-
mance and prey abundance is considered to
be stronger than in any other species of diving
bird (Grémillet and Wilson 1999).

The presence of freshwater fish (Giebel,
Roach) in Axios Delta nestlings’ diet suggests
that Great Cormorants do not feed exclusive-

ly along the coast, but also fly to nearby fresh-
water bodies (Lake Koronia, Lake Volvi) to
forage. Great Cormorant prey diversity in the
Axios Delta from nestling regurgitates (19
prey types in this study, 24 in Goutner et al.
1997) is among the highest ever reported in
the Mediterranean area (compared with Bol-
dreghini et al. 1993; Sara and Baccetti 1993;
Boldreghini et al. 1997; Pizzaro et al. 1997;
Privileggi 2003). This happens because Great
Cormorants forage in saline, brackish and
freshwater habitats, taking advantage of the
high diversity of the Axios Delta (Zalidis and
Mantzavelas 1994) as well as nearby water
bodies. In contrast, few fish species were
found in the samples from Lakes Kerkini (6)
and Mikri Prespa (7). This is probably due to
the fact that Great Cormorants forage only in
freshwater habitats. High spatial variation in
diet composition is emphasized by the fact
that Giebel was the only species, of 26 record-
ed in diet, found in samples from all the ar-
eas studied. In addition, Giebel was found in
more samples and contributed in higher pro-
portions at the lakes than in the Axios Delta.

Our results suggested that fish of low
commercial value mainly participated in the
Great Cormorant’s diet. Goutner et al. (1997)
reported low contribution of commercially
important fish in Great Cormorant nestlings’
diet. Liordos and Goutner (2007) also found
low proportions of valuable prey in the diet
of wintering Great Cormorants. Proportions
were higher at Messolonghi Lagoon, where
fishponds of commercially important species
exist within the foraging areas of the Great
Cormorant. Many other European studies
(Scotland, Rae 1969; Switzerland, Suter 1991;
Germany, Keller 1995; Netherlands, Veldka-
mp 1995; Poland, Mellin and Krupa 1997;
France, Carpentier et al. 2003) also indicated
high contribution of non-commercial fish in
the diet, suggesting small economic damage.
On the other hand, serious economic impact
may occur in small areas of high fish concen-
trations such as intensive aquacultures, win-
tering ditches, small lakes, and reservoirs
(Moerbeek et al. 1987; Cornelisse and Cris-
tensen 1993; Kirby et al. 1996; Leopold et al.
1998; Wright 2003). Concerns have been
raised whether local fisheries will be sustain-

Figure 4. Annual variation in relative abundance by (A)
numbers and (B) biomass of prey found in the diet of
Great Cormorant nestlings at Lake Mikri Prespa, during
the 1999-2002 breeding seasons. Prey types contributing
less than 10% in diet, either by numbers or biomass, are
shown collectively under the “Other” category.
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able in the presence of large numbers of fish-
eating predators, as at Lake Kerkini, since Eu-
ropean studies suggest they may suffer some,
or even serious, economic damage. Overall at
the areas studied, competition of the Great
Cormorant with fisheries and fishermen
seems minimal because of the small overlap
between the bird’s diet and valuable fish spe-
cies. The decrease in Carp’s population, the
only valuable fish at Lake Kerkini, was mainly
attributed to the destruction of its spawning
grounds (shallow marshes) through water
level increase by closing the lake dam that
took place for the first time in April 1992
(Crivelli et al. 1995). The low population of
Carp in the lake is considered the main rea-
son of its absence from nestling regurgitates.
Moreover and despite Great Cormorant dep-
redation, the total fish biomass was found sta-
ble at Lake Kerkini (T. Nazirides, pers.
comm.) and slightly increased at Lake Mikri
Prespa (Crivelli et al. 1997) during the 1990s,
due mainly to increased eutrophication of
the lakes and the introduction of exotic spe-
cies such as the highly adaptable Pumpkin-
seed (Crivelli et al. 1997). Nevertheless, be-
fore final conclusions are drawn, future stud-
ies should concentrate on the assessment of
locality-specific impact size through the esti-
mation of fish stock levels and total prey bio-
mass removal (Davies et al. 2003).

This study presented the diet of the Great
Cormorant in the three major Greek colo-
nies through the analysis of nestling regurgi-
tates. Results revealed spatial and temporal
variation in diet and confirmed the bird’s op-
portunistic foraging behavior. Moreover, the
analysis of qualitative diet data showed very
low consumption of valuable fish species,
thus suggesting small economic impact on
fisheries. Overall, the results presented in
this study provide important information on
the ecology and for the management of a
fish-eating avian predator, creating a basis
for the monitoring of its diet with which fu-
ture studies can be compared.
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