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Abstract: The diet of cormorants roosting at Malause on the Garonne River (South-
West France) was studied by analyzing pellets collected during the winter 2001– 2002.
This roost held a mean of 550 cormorants between October 2001 and March 2002,
making it one of the most important winter roosts in France. The diet contained 14 fish
species, including 10 cyprinids. Cyprinids were the most abundant prey, representing
90 % of individual fish. Bream Abramis brama between 100 and 150 mm in length
were the most abundant food items, while large bream (> 300 mm total length) were
also consumed. The proportion of pellets containing bream increased from 26 % in
October–November to 69 % in February–March. There was no significant change in
the size of the bream over time. The next most abundant species was pikeperch Sander
lucioperca present in 15.4 % of the pellets from December–January but only 2.6 % in
February–March.
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Introduction

Although the foraging behaviour and diet of cormorants has been studied pre-
viously in breeding and non-breeding areas, there has been no published work
on interactions between cormorants and the fish communities in French rivers.
Although the impact of cormorants on some fish ponds may be significant (Im
& Hafner 1984, Dobrowolski & Dejtrowski 1997), little is known about
their feeding in freshwater rivers (Feltham & Davies 1997, Noordhuis et al.
1997, Suter 1997). As a consequence of the increase of the cormorant as a
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breeding bird in NW-Europe since the early 1980 s (Marion 1997), the num-
bers of wintering individuals in the Midi-Pyrénées Region of south-west
France have increased substantially (Bousquet 1992). This increase in the
population of cormorants has caused many complaints from anglers, who have
called for measures to reduce cormorants number. In this study we censused
the cormorant population and examined its diet at the most important site in
this region.

Methods

Malause is situated near Moissac at the Garonne and Tarn Rivers confluence in the
central part of the Garonne floodplain. Weekly censuses of cormorants were carried
out from September 2001 to April 2002 at a night roost located at Malause on an island
in the Garonne River. Counts were made using a telescope (20 ´ 60) at dusk when all
the birds were present.

Diet of wintering cormorants was studied using pellet analyses. Pellets were col-
lected under the night roost once a week from October 2001 to March 2002. Only fresh
and complete ones were taken. Pharyngal bones were separated and cyprinid species
were identified. Dental and other hard parts allowed the identification of other fish
such as predators (for methods see Mathieu 1997 and Carss & Marquiss, 1997). No
attempt at correction of wear was made (only non-eroded hard parts were used to esti-
mate total fish length). The percent occurrence of fish items in the pellets (i. e. the per-
centage of individual pellets in which each fish species was recorded) was calculated
and compared among three different periods (Oct–Nov, Dec–Jan and Feb–Mar) for
each species, using Yates corrected c2 tests.

Results

During our study period a migrant peak was noted in October (850 birds), then
the number of cormorants remained relatively stable from November to Janu-
ary (about 700 birds). The number of wintering birds started to decrease in
February, the last birds leaving the site at the end of April.

Identifiable fish remains were found in 68 % of the pellets (n = 425), 22 %
only contained unidentifiable remains, while 10 % were completely empty. A
total of 545 individual prey items was found (for 343 of them measures were
taken), belonging to 14 different species of fish (Table 1). The size range of the
fish taken was considerable; fish from 58 to 480 mm were found. Cyprinids
were dominant with 10 species, representing 90% of all individual fish. Within
this family, bream (Abramis brama) was the most common prey species (Ta-
ble 2). Silver bream (Blicca bjoerkna), rudd (Scardinius erythrophthalmus )
and roach (Rutilus rutilus) were also common prey species. The percid pike-
perch (Sander lucioperca) was also abundant in the food of the cormorants.
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Table 1. Fish species preyed upon by cormorants in the winter of 2001/02 at Malause,
South-West France.

Scientific name Name Fish length, cm N

Mean Min Max

Abramis brama (L., 1758) Bream 16.4 6.2 40.2 162
Albumus albumus (L., 1758) Bleak 8.7 1
Barbus Barbus (L., 1758) Barbel 17.4 13.3 23.8 6
Blicca bioerkna (L., 1758) Silver bream 20.8 8.9 37.5 36
Carassius carassius (L., 1758) Crucian carp
Cyprinus carpio (L., 1758) Carp 19.5 17.0 27.2 5
Leuciscus cephalus (L., 1758) Chub 21.6 5.8 37.6 19
Rutilus rutilus (L., 1758) Roach 20.7 5.8 43.0 34
Scardinius erythrophthalmus (L., 1758) Rudd 12.2 6.3 24.1 35
Tinca tirca (L., 1758) Tench 3

Esox lucius (L., 1758) Pike 43.0 38.1 48.0 2

Ictalurus melas (Rafinesque, 1820) Black bullhead 2

Perca fluviatilis (L., 1758) Perch 1
Sander lucioperca (L., 1758) Pikeperch 30.9 19.0 43.0 43

Table 2. Percent occurrence of fish items in the pellets of cormorants wintering in Ma-
lause.

Name Oct–Nov (N = 82) Dec–Jan (N = 130) Feb–Mar (N = 78)

Bream 25.6 46.2 69.2
Bleak 1.2 0.0 0.0
Barbel 11.0 0.8 1.3
Silver bream 11.0 12.3 6.4
Crucian carp 1.2 1.5 0.0
Carp 13.4 4.6 1.3
Chub 8.5 5.4 3.8
Roach 8.5 10.0 9.0
Rudd 9.8 12.3 9.0
Tench 1.2 2.3 0.0
Pike 1.2 1.5 2.6
Black bullhead 0.0 2.3 0.0
Perch 0.0 1.5 0.0
Pikeperch 11.0 15.4 2.6

Differences in percent occurrence between the three periods (Oct–Nov, Dec–
Jan, and Feb–Mar) were tested for the two most abundant prey species, bream
and pikeperch. For bream, a significant increase was noted from Oct–Nov (n
= 26) to Dec–Jan (n = 46) and from Dec–Jan to Feb–Mar (n = 69) (Fisher’s
exact test: P = 0.018 and P = 0.012). No significant differences were found for
the pikeperch between Oct–Nov and Dec–Jan, but a significant decrease was
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Fig. 1. Size frequency of bream (Abramis brama) caught by cormorants from Septem-
ber 2001 to April 2002.

detected from Dec–Jan (n = 15) to Feb–Mar (n = 3) (Fisher’s exact test: P
<0.001). No significant change in the size of the bream was found between the
different periods (Mann-Whitney test). Most bream were between 100 –
150 mm in total length. However, large bream up to 300 mm were also often
consumed (Fig. 1).

Discussion

Pellet analysis is a commonly used method to assess the diet of fish-eating
birds, although there are some potential biases. The principal one is that small
fish can be underrepresented in pellets owing to digestion of identifiable re-
mains (Duffy & Laurenson 1983, Suter & Morel 1996, Zijlsta & Van
eerden 1995). However, we do not expect that we overlooked any prey spe-
cies. The pellet analysis is considered a rather “weak” method by some au-
thors while others consider it good enough and also very important (Carss et
al. 1997, McKay et al. 2003).

This is the first study on cormorant predation on a fish community in a
French river. The increasing numbers of wintering cormorants in south-west
France are likely to have an increasing impact on the fish populations in this
region. We lack sufficient data on fish densities in the Garonne River and on
distances moved by feeding birds to make a good estimate of what proportions
of fish stocks were consumed during our study. However, given that each cor-
morant’s daily food ration is about 500 g (Feltham & Davies 1997, Keller
& Visser 1999), we estimate that the cormorant population was consuming
about 450 kg of fish per day when the numbers of birds peaked in October.
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Hence, for the whole wintering period the estimation of bird predation was
about 65 tons of fish. Some cormorants using our roost site fed in adjacent
wetlands of the Garonne River (e. g. gravel pits) and the proportion of birds
doing this is difficult to estimate. Thus, more work is required to estimate the
impact of cormorants on fish stocks in each wetland.

Numerous studies have found that the main prey species of cormorants are
cyprinids, representing between 50% and more than 90% of the species found
in cormorants’ diet (Keller 1995, Veldkamp 1995, Boudewijn & Dirksen
1997, Van eerden & Zijlstra 1997, Privileggi 2003, Trauttmansdorff
2003). However, numerous publications (Voslamber 1988, Boudewijn &
Dirksen 1991, Platteeuw et al. 1992) state that bream are rarely eaten by
cormorants because of their high, laterally flattened body. In our study, bream
was the most important species caught by cormorants, and although the bulks
of these prey were between 100–150 mm, our results showed that cormorants
can also forage on large bream (see also Veldkamp 1995). Large bream are
relatively abundant in the Garonne River and isolated fishing cormorants often
eat these large fish as we witnessed during our field work.

The diet of cormorants may vary considerably between locations and sea-
sons (Kirby et al. 1996). In the Malause roost, bream dominated the food
composition and the proportion of this species in the diet of the cormorants in-
creased during the wintering period. Noordhuis et al. (1997) suggested that
the seasonal changes in the species composition of the pellets are probably re-
lated to changes in water temperature and in distribution and behaviour of the
fish. The often highly turbid waters in rivers can force the birds to turn to mass
flock fishing on shoals of small fish (Noordhuis et al. 1997). Solitary feeding
birds generally take larger fish (Suter 1997). In the Garonne River, both fish-
ing techniques are used regularly (Santoul, unpubl. data).

Unlike in our study, pikeperch were almost absent from many previous
studies of cormorant diet (e. g. Keller 1995, 1998). Most of the pikeperch
present in our pellets were juvenile fish (mean 30.9 cm). They shoal in winter
and may become more available for mass flock fishing. This may explain the
higher predation we detected from October to January. The percentage of oc-
currence of pikeperch in pellets decreased in February and March, the begin-
ning of the spawning period for pikeperch when fish leave shoals and become
less available for cormorants (Craig 1987). The dynamics of predatory fish
can fluctuate considerably (Craig 1987), thus a good reproductive success of
pikeperch in 2000 may also explain the abundance of pikeperch in the diet of
cormorants in our study.

This initial research on cormorants in a French river establishes the com-
position of diet throughout the winter. Further studies of both this predator and
its prey species are required to quantify the impact of cormorants on fish com-
munities.



286 Fréderic Santoul et al.

Acknowledgements

This work was partially funded by the Agence de l’Eau Adour-Garonne and the Groupe-
ment d’Intérêt Scientifique sur l’ECOlogie et l’ECOnomie du Bassin Adour-Garonne
(GIS ECOBAG). We thank the Natural Science Society of Tarn et Garonne. We also
thank two referees for their useful comments.

References

Boudewijn, T. J. & Dirksen, S. (1991): Monitoring van biologiste effecten van ve-
rontreiniging: aalscholvers in de Dordtse Biesbosch en op de Ventjagersplaten in
1991. – Rapport Bureau Waardenburg by, Culemborg, 75 p.

– – (1997): Improved breeding success of cormorants Phalacrocorax carbo in a se-
verely contaminated area in the Netherlands by a shift in food composition: a pro-
gress report. – Ekologia Polska 45: 201– 206.

Bousquet, J-F. (1992): Statut du grand cormoran (Phalacrocorax carbo) en Midi-
Pyrénées. – Le Pistrac 14: 18–23.

Carss, D. N., Bevan, R. M., Bonetti, A., Cherubini, G., Davies, J., Doherty, D.,
El Hili, A., Feltham, M. J., Grade, N., Granadeiro, J. P., Grémillet , D.,
Gromadzka, J., Harari, Y. N. R. A., Holden, T., Keller, T., Lariccia, G.,
Mantovani, R., McCarthy, T. K., Mellin, M., Menke, T., Mirowska-Ibron,
I., Volponi, S. & Wilson, B. (1997): Techniques for assessing Cormorant diet and
food intake: towards a consensus view. – Suppl. Ric. Biol. Selvaggina XXVI:
197–230.

Carss, D. N. & Marquiss, M. (1997): The diet of cormorants Phalacrocorax carbo in
Scottish freshwaters in relation to feeding habitats and fisheries. – Ekologia Polska
45: 207– 222.

Craig, J. F. (1987): The biology of perch and related fish. – Croom Helm, Timber
Press, London, 333 p.

Dobrowolski, K. & Dejtrowski, R. (1997): Conflict between fishermen and cormo-
rants Phalacrocorax carbo in Poland. – Ekologia Polska 45: 279 –283.

Duffy, D. C. & Laurenson, L. J. B. (1983): Pellets of Cape cormorants as indicators
of diet. – Condor 85: 305 –307.

Feltham, M. J. & Davies, J. M. (1997): The diet of wintering cormorants in relation
to angling catches on a coarse river fishery in north-west England: spatial and tem-
poral variation. – Suppl. Ric. Biol. Selvaggina XXVI: 425 –434.

Im, B. H. & Hafner, H. (1984): Impact des oiseaux piscivores et plus particulièrement
du Grand Cormoran (Phalacrocorax carbo sinensis) sur les exploitations piscico-
les en Camargue, France. – Rap. C. E. E Contr. Env-491-F, 29 p.

Keller, T. M. (1995): Food of cormorants Phalacrocorax carbo wintering in Bavaria,
southern Germany. – Ardea 83: 185–192.

– (1998): Die Nahrung von Kormoranen (Phalacrocorax carbo sinensis) in Bayern.
– J. Orn. 139: 389 –400.

Keller, T. M. & Visser, G. H. (1999): Daily energy expenditure of cormorants (Pha-
lacrocorax carbo sinensis) wintering at Lake Chiemsee, Southern Germany. – Ar-
dea 87: 61– 69.

http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0420-9036^28^2945L.201[aid=5780976]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0420-9036^28^2945L.207[aid=5780977]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0420-9036^28^2945L.279[aid=5780978]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0373-2266^28^2987L.61[aid=5780982]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0420-9036^28^2945L.207[aid=5780977]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0373-2266^28^2987L.61[aid=5780982]


Diets of great cormorants 287

Kirby, J. S., Holmes, R. M. & Sellers, R. M. (1996): Cormorants Phalacrocorax
carbo as fish predators: an appraisal or their conservation and management in
Great Britain. – Biological Conservation 75: 191–199.

Marion, L. (1997): Increase of the number of cormorants Phalacrocorax carbo win-
tering in France and the change of conservation status of the species. – Ekologia
Polska 45: 83 –92.

Mathieu, L. (1997): Etude comparée du régime alimentaire du Grand Cormoran, Pha-
lacrocorax carbo sinensis, sur les lacs Léman, Annecy et Bourget. – Rapport de
l’Ecole Polytechnique Fédérale de Lausanne, 66 p.

McKay, H. V., Robinson, K. A., Carss, D. N. & Parrott, D. (2003): The limitations
of pellet analysis in the study of cormorant Phalacrocorax spp. diet. – Vogelwelt
124, Suppl.: 227–236.

Noordhuis, R., Marteijn, E. C. L., Noordhuis, R., Dirksen, S. & Boudewijn, T.
N. (1997): The trophic role of cormorants Phalacrocorax carbon in freshwater
ecosystems in the Netherlands during the non-breeding period. – Ekologia Polska
45: 249 –262.

Platteeuw, M., Beekman, J. H., Boudewijn, T. J. & Marteijn, E. C. L. (1992):
Aalscholvers Phalacrocorax carbo in het Ketelmeer buiten de broedtijd: aantallen,
prooikeuze en voedselaanbod. – Limosa 65: 93–102.

Privileggi, N. (2003): Great cormorants Phalacrocorax carbo sinensis wintering in
Friuli-Venezia Giulia, Northern Adriatic: specific and quantitative diet composi-
tion. – Vogelwelt 124, Suppl.: 237– 243.

Suter, W. (1997): Roach rules: shoaling fish are a constant factor in the diet of cormo-
rants Phalacrocorax carbo in Switzerland. – Ardea 85: 9–27.

Suter, W. & Morel, P. (1996): Pellet analysis in the assessment of great cormorant
Phalacrocorax carbo diet: reducing biases from otolith wear when reconstructing
fish length. – Colonial Waterbirds 19: 280 –284.

Trauttmansdorff, J. (2003): Analysis of great cormorant Phalacrocorax carbo si-
nensis stomach contents from different areas of Austria and Liechtenstein. – Vo-
gelwelt 124, Suppl.: 271– 276.

Van Eerden, M. & Zijlstra, M. (1997): An overview of the species composition in
the diet of Dutch cormorants with reference to the possible impact on fisheries. –
Ekologia Polska 45: 223 –232.

Veldkamp, R. (1995): The use of chewing pads for estimating the consumption of
cyprinids by cormorants Phalacrocorax carbo. – Ardea 83: 135 –138.

Voslamber, B. (1988): Visplaatskeuze, foerageerwijze en voedselkeuze van aalschol-
vers Phalacrocorax carbo in het Ijsseelmeergebied in 1982 – Flevobericht nr 286.
Rijksdient voor de Ijsselmeerpolders, Lelystad.

Zijlstra, M. & Van Eerden, M. R. (1995): Pellet production and the use of otoliths
in determining the diet of cormorants Phalacrocorax carbo sinensis: trials with
captive birds. Ardea 83: 123 –131.

Submitted: 11 September 2003; accepted: 17 December 2003.

http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0006-3207^28^2975L.191[aid=5780983]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0420-9036^28^2945L.83[aid=5780984]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0738-6028^28^2919L.280[aid=5780986]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0420-9036^28^2945L.83[aid=5780984]

