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Abstract

Variation in bird morphology (notably sex size dimphism) has been suggested to
contribute to differences in food use between imlligls. We explore the hypothesis of food
partitioning (diet overlap and prey size selectionfwo sympatric subspecies of the Great
CormorantPhalacrocorax carbo with respect to bird morphology (subspecies ang se
inland French waters. These areas represent atragdnncreasing contact zone used as a
common non-territorial winter feeding area by tlbatmentalP. c. sinensis and the marin®.

c. carbo subspecies. A high dietary overlap between sulisp@nd sexes was found at the
major sites studied. Prey size selection was fdaruk site-specific and generally related to a
gradient of structural size and body mass (nRale carbo > maleP. c. sinensis > femaleP.

c. carbo > femaleP. c. sinensis). With respect to bird morphology, differencespirey size
consumed by Great Cormorants were more pronoune®eebn sexes in freshwater habitats
than between subspecies. This was reinforced bfattiehatP. c. carbo birds entering inland
areas were smaller than birds on the coast. Tlessd#ts also suggest that bird morphology is
an important determinant of dietary differencesr §tudy demonstrated th@t c. carbo is an
efficient generalist forager in continental areas food partitioning in type and size of prey

between the two subspecies is low.
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Introduction

Different strategies are developed by animalsxplagt and to partition food resources
between individuals, especially when resources faretuating (e.g. Marti et al. 1993,
Chesson & Huntly 1997, Bolnick & Doebeli 2003, GQar& Arroyo 2005). Between
individuals of the same species, food niche partitig is not the rule, particularly in colonial
species, except when they are territorial feed&taribon 1989) or when differences in
resource requirements or behaviour are related@ooa sex size dimorphism (Goss-Custard
& Durell 1983, Lewis et al. 2006, Slagsvold & Sam#r2007). Differences in body size
(reflecting in particular sex size dimorphism) n@ontribute to differences in food use (e.qg.
Slatkin 1984, Hedrick & Temeles 1989, Shine 1988|nEk & Doebeli 2003, Zalewski
2007). In birds, the presumed ecological importasfcgze dimorphism has been studied with
reference to feeding ecology, including type axe sif prey (Koffijberg & van Eerden 1995,
Slagsvold & Sonerud 2007), feeding areas (Weimearsket al. 1993, 2006, Shaffer et al.
2001) and foraging strategies (Ydenberg & Forbexl19Vanless et al. 1995, Gonzélez-Solis
et al. 2000). In most cases, studies on birds @med out during the breeding season, when
particular physiological, behavioural and energeatanstraints (e.g. chick provisioning,
interactions with partner) occur and govern foodpleitation. These issues are rarely
addressed outside the reproductive period, wharithehls forage only for themselves.

In the present study, we address the questionanf fesource use in the Great Cormorant
Phalacrocorax carbo with respect to bird morphology. The Great Cormores a large
colonial waterbird species exhibiting size dimogphi between sexes and also between
subspecies. It is an opportunistic, non-territopeddator which feeds almost exclusively on
fish (van Eerden et al. 1995, Keller et al. 2003)e only published data related to food
partitioning in the Great Cormorant came from adgtwearried out in The Netherlands
(Koffijberg & van Eerden 1995). In this study, thathors did not find differences in diet
composition between sexes, but suggested that Wesea positive link between sexual size
dimorphism of birds (males > females) and prey sizeome fish species. However, data
consisted of a limited number of birds collectetbtiyhout the year (i.e. including breeders
and wintering birds).

The two subspecies usually found in EuropeRare sinensis andP. c. carbo (Cramp &
Simmons 1977, del Hoyo et al. 1992), although receslecular investigations have shown a

new marine subspecieB, c. norvegicus, that occurs mainly in Norway (Marion & Le Gentil
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2006). Traditionally,P. c. sinensis inhabits various freshwater habitats across cental
Europe, mainly in Denmark and The Netherlands, Bnd. carbo, the marine subspecies,
breeds on the coasts of the British Isles, Frahogway and Iceland (Cramp & Simmons
1977, van Eerden & Gregersen 1995, Marion 1995,idMa& Le Gentil 2006). Following
near extinction in the mid-20th century, tRe c. sinensis subspecies has benefited from
protection from human persecution (notably by theogean Community Directive on the
Conservation of Wild Birds in 1979), anthropogeeidrophication of coastal and freshwater
systems and the resulting increase in fish aburedénan Eerden & Gregersen 1995, van
Dam & Asbirk 1997, Suter 1997). It has increasednfabout 5300 breeding pairs in 1970 to
200 000 pairs in the late 1990s (van Dam & Asbi@©7, Marion 1997). This spectacular
increase has led to a strong geographical exterdidhe wintering population in Europe
(about 560 000 individuals in 2003; Marion & ParaH@er 2009), particularly in France with
up to 99 000 wintering Great Cormorants in 2007 ripta2007), where the two subspecies
P. c. carbo andP. c. sinensis meet. Moreover, while there was still a stronglegical and
geographical segregation between these subspegieg thoth breeding and wintering before
1992, with sympatric areas limited to brackish waie estuaries during wintering (Marion
1983), an increasing overlap occurred in northweahce in the 1990s (Marion 1994, 1995),
which nowadays extends to a large proportion ofdbentry (Fonteneau & Marion 2009).
This significant overlap is due to the fact tha¢ tmarineP. c. carbo subspecies invaded
inland waters, resulting in mixed winter roosts @uthsequently mixed breeding colonies in
Western France (Marion & Le Gentil 2006). A simifzattern has been reported recently in
the UK (Goostrey et al. 1998, Winney et al. 200&wson et al. 2004). In this context, this
raises the question of the niche fhec. carbo subspecies can occupy in freshwater habitats.
Indeed, the marine subspecies has evolved in rowkyne coasts where individuals have to
hunt marine fish in a relatively harsh aquatic emvment. These conditions are considered to
explain the higher body size & c. carbo compared to that oP. c. sinensis, which has
evolved in wetlands.

This situation offers us the opportunity to studghe partitioning of previously allopatric
subspecies that now show increasing overlap dunimger. Based on a large sample of
wintering Great Cormorants shot in France in thmesdeeding areas (see below), we
examined the extent of size dimorphism in four lgrdups (two subspecies x two sexes), and
determined whether differences in food niche imteiof type (trophic overlap) and size of

prey (variable responses to prey species) existegden the Great Cormorant groups.
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Methods

Collection of birds

The spectacular increase in the European continpapaulation of Great Cormorant and
the reputation of the species for consuming largeumts of fish have resulted in the species
acquiring a negative public image, resulting inftots with fisheries and aquacultures (e.qg.
Kirby et al. 1996, Carss 2003). Management actimtdyding widespread culling, have been
taken in several countries to reduce these cosfliatably in France, where culling reached
up to 32 000 Great Cormorants in 2006/2007 (Magod7).

In the present study, all the Great Cormorantgistlwere shot (under Ministry of the
Environment licences) in France (mainly in the wasthalf), in feeding areas during the
daytime period or in night roosts in 28 ‘départetsefadministrative districts) during the
winters of 2001/2002 to 2006/2007 (Fig. 1). The &r€ormorants collected came from a
variety of aquatic habitats (mainly large and medsized rivers, but also ponds, some inland
marshes and reservoirs and to a lesser degreeidiramkd estuarine areas), where birds
mainly feed solitarily. Birds were frozen (at —20Q9@mediately after collection. To facilitate
data analysis, all localities (1-7, mean £ sd =2.9.7) within a ‘département’ (hereafter

called a ‘site’) were grouped, as they were alwagighbouring.

Morphology of Great Cormorants

Recently, Newson et al. (2004) found that the shaipthe gular pouch, an area of bare
flesh on the face, is a useful characteristic &migning individuals to subspecies. Birds with
gular pouch angles 65° (measured after thawing) were classified itite P. c. carbo
subspecies, and those with angteé&3° or more td°. c. sinensis. Great Cormorants with gular
pouch angles of 66—72° cannot be reliably diffeetatl using gular angle alone (Newson et
al. 2004). There was no correlation between thargubuch angle and the body size of birds
for each Great Cormorant group (Pearson correlaon0.05), therefore there was no bias in
the body size distribution of both subspecies whetarding birds with a gular pouch
ranging from 66° to 72%. c. norvegicus, which only represented 6.9% of wintering birds in
the area studied, and whose gular pouch anglemeleled in those oP. c. carbo (J. Le
Gentil & L. Marion unpubl. data), was not distinged from the latter and we henceforth use
the name ofP. c. carbo for both marine subspecies. Birds were also sdxedyonad
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examination and aged as immature or adult by plenth@racteristics (Cramp & Simmons
1977).

Several morphological measurements were takeny Inoaks (without stomach content
+ 1 g), bill-length (from bill tip to exposed culmet 0.1 mm), bill-depth and bill-width
(measured perpendicular to and including the lawandible and exposed culmen = 0.1 mm),
tarsus-length (length of metatarsus from the amteide of the ankle joint to the distal end of

the metatarsus) and wing-length (from carpal jwribp of wing £ 1 mm).

Diet analysis

In the present study, the diet of birds identifitedsubspecies was reported. The diet was
analysed from stomach contents and based on uteligpsey, which represent the last prey
consumed and thus were representative of the $iggenbirds were shot. The body length of
prey (from the tip of the closed mouth to the cendf the tail fork) was measured to the
nearest millimetre for fresh fish or accuratelyirasted using relationships between other
morphological measurements when fish were partdiljgsted (Froese & Pauly 2007). Total
identified fish were used to calculate a symmetrseerlap index (Pianka 1974) within bird

groups (subspecies and sexes) using: Gipigi / (Zpi® . Tqi’)*” 2

, Wherepi andqi are the
proportion of species relative to the total number of species in thet df bird groups. This
index ranges from O to 1 (total overlap). BecauseaG Cormorants were collected in a
variety of aquatic systems, the overlap index wasputed at the site level, and only for the

seven dominant sites (L0 Great Cormorants with diet in each bird group).

Data analysis

Normality and homoscedasticity of Great Cormorantd fish data were tested using
Kolmogorov—-Smirnov and Bartlett’s tests respectivieéfore analyses. Differences in body
size across bird groups were tested with multivarenalysis of variance (MANOVA and
Wilks’ A statistic). Post-hoc univariate-tests (Tukey procedure) were used to perform
comparisons between bird groups. There was noreifée in body size between immature
and adult Great Cormorants in each bird group (sedies x sex, Studentidests, P > 0.05);
therefore, age groups were pooled in the analysssries of preliminary two-way ANOVAs
was conducted to study differences in the bodytlremd each fish species between Great
Cormorant groups (i.e. subspecies or sex) and supporting similar bird groups. As the

interaction group x site was significant in all iisas (P < 0.05), the effect of group was
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examined separately for each site (one-way ANOVAStident's-test). Statistical tests were
performed using SYSTAT (SPSS Inc. 1998, versioQ)10.

Results

Bird groups and morphological features

Based on the gular pouch, 1227 of a total of 1688at Cormorants collected during the
winters of 2001 / 2002 to 2006 / 2007 were ideatifto subspecies (n = 420 f@rc. carbo
and n = 807 folP. c. sinensis). P. c. sinensis occurred at all sited?. c. carbo was found at
almost all sites (25 out of a total of 28 sitesy.Fl). The relative abundance of the two
subspecies varied between major sites (i.e. sités x 20 birds assigned to subspecies;
Fig. 1). Generally, continental sites supported ajomity of birds of theP. c. sinensis
subspecies, but thie c. carbo subspecies was also well-represented at all @i&eg—-67.6%).
Males represented 62.1% and 47.3% of the total eunab birds inP. c. carbo and
P. c. sinensis subspecies, respectively (Table 1).

Great Cormorants of the four groups (subspecia$ sexes) were arranged into a
continuum of structural size (males Bf c. carbo > males ofP. c. sinensis > females of
P. c. carbo > females ofP. c. sinensis). Significant differences were found in all stuuet
variables (bill-length, bill-depth, bill-width, tsus-length and wing-length) between bird
groups. The overall F-test was significant (Wilks= 0.255,F 153366= 143.2,P < 0.001), as
were all post-hoc univariatée-tests P < 0.05). The bill-length and bill-depth were large
males than in females in the two subspecies (+%@b#+10.9% for the bill-length, +9.9%
and +11.3% for the bill-depth iR. c. carbo and P. c. sinensis subspecies, respectively;
Table 1). Differences also occurred in the othemncstiral characteristics between sexes in
both subspecies, but to a lesser degree (from te4£7.8% for males; Table 1). For each
morphological feature, birds of the. c. carbo subspecies were larger than birds of the
P. c. sinensis subspecies for each separate sex, but differemess more subtle than the size
dimorphism found within each subspecies (from +td.85.9% compared to +4.2 to +11.3%;
Table 1). Differences also occurred in body madsvésen bird groups (overall ANOVA,
F 31203 = 287.0,P < 0.001), with a similar gradient in bird groumsthat for the structural
features. Males were heavier than females (+17.1% #20.9% forP. c. carbo and
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P. c. sinensis, respectively) and birds &f. c. carbo were heavier than birds &f c. sinensis

(+7.4% and +10.8% for males and females, respdyg}ive

Diet composition and overlap

A total of 9820 prey items were found in 938 stohwof Great Cormorants assigned to
subspecies (289 stomachs being empty): 9784 peaysitbelonged to 42 fish species (13
coastal or brackish fish species representing 6t896 of the total number of prey, and 29
freshwater fish species representing 94.2% of okel humber of prey), 30 fish prey items
were not identified and six items were Red Swamgyfsh Procambarus clarkii. In order of
decreasing mean relative abundance, the most edpfish species were RoadRutilus
rutilus, Common Bream\bramis brama and Silver Breanilicca bjoerkna (grouped together
due to the difficulty of identifying juveniles ohése two species), Eurasian PeRsdica
fluviatilis and BleakAlburnus alburnus (Appendix 1). They represented 69.2% of the total
number of fish captured. Other fish species did exateed 5% each in the diet of Great
Cormorants. Fish species differed markedly in thelative abundance between sites, e.g.
from 3.2% to 60.9% for Roach and from 1.7% to 39fé%dream (Appendix 1). Diet overlap
was generally very high between Great Cormoraniggawithin sites (Table 2). Most values
of diet overlap ranged from 0.726 to 0.994, but edower values were found, mainly in

Vendée.

Prey size selection

Before comparing prey size between Great Cormagamips, we verified that possible
differences in the length of fish consumed by lgrdups were not caused by a few birds in a
group having eaten many small fish. To test thisee classes of fish abundance were defined
(1-10, 11-20 and > 20 fish per bird). The numbdisbf consumed did not vary between bird
groups at each separate site (Pearson chi-squese® t 0.05), except in Morbihan, where
the proportion of females &f. c. sinensis having captured more than 20 fish was statisticall
higher than that in the other bird groups (Peardotsquared tesE < 0.02). Therefore, in the
case of Morbihan, caution is needed when intempgetiesults of between-bird group
comparisons of prey size.

The range of mean values of body length of the idam fish species varied widely
between sites (e.g. 72.4-130.1 mm for bream, 78 241mm for Roach, 66.8-93.8 mm for

Eurasian Perch) and to a lesser degree for snsélisfpecies such as Bleak (60.1-79.3 mm,
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Table 3). When prey size selection was found withites, results were only partially in
accordance with the gradient of the morphology akak Cormorant groups (post-hoc
pairwise comparisons in one-way ANOVAs presentedTable 3). Indeed, larger birds
consumed larger fish, but significant differencesewnot found every time between each bird
group. For example, the size of Roach consumedrbat&ormorants in Dordogne arranged
along the gradient: males d?. c. sinensis > (females ofP. c. carbo = females of

P. c. sinensis). In three cases (bream in llle-et-Vilaine andtlsarand Roach in Mayenne),
the selection of fish size did not conform to therphological gradient of Great Cormorants,
as females consumed larger fish than males. Rewpadiialyses of the dominant fish species,
prey size selection was found in a majority ofssiter bream (six of a total of nine), then four
of a total of nine sites for Roach and one of altof four sites for Bleak and Eurasian Perch
(Table 3).

Discussion

Subspecies and sexual size dimorphism

Based on a large sample of Great Cormorants (82¥)1 we found that males exceeded
females in all structural size variables in bothspecies, generally in the range of values
already published (Cramp & Simmons 1977, Koffijb&gan Eerden 1995, Newson et al.
2004 forP. c. sinensis, and Newson et al. 2004 fét. c. carbo). The body mass of the
P. c. sinensis studied (adjusted for stomach content) was simitathat reported in The
Netherlands (Koffijberg & van Eerden 1995). Conedys it was much lower for the
P.c.carbo we studied (2648 and 2261 g for males and femakespectively; Table 1)
compared to that found for winterify c. carbo in England and Wales (3019 and 2419 g for
males and females, respectively; Russell et al6)1Ihus, differences in body mass between
subspeciesR. c. carbo —P. c. sinensis) were reduced to 182 and 222 g for males and fesnal
respectively, in inland France, as opposed to 5%l 2380 g, respectively, expected from
EnglishP. c. carbo. Fonteneau and Marion (2009) have already shoat Whatever their
age,P. c. carbo individuals wintering in inland France have loweaydy mass — 12% for
males and — 18% for females) than those winteriagr the marine coast. Despite this
decrease in body mass ®fc. carbo in inland areas, we have shown a gradient of &trat
size and body mass between the four bird groupdeémaf P. c. carbo > males of

—9—
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P. c. sinensis > females ofP. c. carbo > females ofP. c. sinensis). Several non-exclusive
hypotheses can be proposed to explain Rhy carbo has low body mass in inland areas: (1)
lighter individuals (i.e. more similar t®. c. sinensis) winter preferentially in inland waters as
they are better adapted to these environmentssnf@ller birds of the same subspecies are
rejected from the coast as they may be dominateddmgpecifics (Fonteneau & Marion
2009); and (3) such birds have difficulty in copidh adverse environmental conditions on
the coast. Interestingly, males & c. carbo wintering in inland wetlands were more
numerous (62.1%) than females, despite their hedaey mass. Finally, differences in
morphology of the Great Cormorants studied hereewesore marked between sexes (4.2—
20.9%) than differences between subspecies (1.8%)0.

Comparison of diet between Great Cormorant groups

As shown elsewhere (Kirby et al. 1996, Leopol@letl998), diet analyses confirmed that
Great Cormorants feed on a wide variety of fishcegse However, the diet was mainly
composed of a few dominant prey species at theler, especially cyprinids, which are
very common in such freshwater aquatic systemstiik&iAllardi 2001). Diet overlap was
high in most cases, except in Vendée. At this bibéh inland marshes and brackish areas are
available for foraging, and the diet was composédfish species from both habitats
(Appendix 1). In this context, the two subspecieghihfocus on their traditional habitats (see
Marion 1994, 1995) and probably on their usual ppgcies. This was not the case in the
common inland feeding areas in the other sites @fec. carbo were constrained to feed on
freshwater prey species (Appendix 1). CuriouslyyV@ndée there was a larger segregation in
diet overlap between sexes i c. sinensis (Ov = 0.241, the lowest value observed in the
study), for which we have no explanation. It isréiere interesting to note that generally
Great Cormorants of the marine subspecies, whielspecific foraging techniques adapted to
catch pelagic / benthic prey fish during most dditHife stages (Grémillet et al. 1998), are
able during the wintering period to capture the sgmey species as birds of the inland
subspecies, considered a priori to be more adaateekploiting shallow inland aquatic
environments.

There were few general patterns in food partingniPrey size selection was site-specific:
generally males selected larger fish than femalee &lso Koffijberg & van Eerden 1995 for
P. c. sinensis;, Campo et al. 1993, Kato et al. 1996 and Casaak €001 for other cormorant

species) and differences between subspecies weyedenmon than between sexes (Table 3).

—-10-
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This result is in accord with the lower differenoebody size between subspecies compared
to that between sexes. This is reinforced in awdystarea by the fact that Great Cormorants of
the P. c. carbo subspecies wintering in inland areas were smtikan those on the coast. The
variability in food partitioning across sites magflect differences in the availability of
various size-class structures of prey species letwies, although we do not have the data to
test this directly. It is obvious that additionalvestigations are required to analyse food
partitioning of Great Cormorants of differing bosdize with respect to detailed data on fish
stocks in feeding areas. Caution is also needemiinvork when considering size-selection
among prey species, because the number of sitesfasstudying prey size was sometimes
too limited for some species (e.g. Barligdrbus barbus, Black Bullhead, Pumpkinseed
Lepomis gibbosus and RuddScardinius erythrophthalmus). For Bleak, no difference in the
size of individuals was found between Great Cormiosaxes in the two subspecies, probably
because it is a small-sized fish species. The gpmyselection by Great Cormorants observed
among the dominant fish species (bream, EurasieshRed Roach) might be related to their
body shape, as we found more cases of prey sieetgel in bream (laterally flattened body)
than in Roach (fusiform). Several authors (Koffifpe&& van Eerden 1995, Veldkamp 1995)
have suggested that bream would be harder to swdtio Great Cormorants compared to
more elongated fish species. This may be true dgilierresults of the present study, even if
mean body size values of bream in the diet of GBzamorants were not very large {30
mm).

Because the Great Cormorant is an opportunistappedone might consider that the
dominance of a fish species in the diet shoulecefihe importance of this prey species in the
feeding areas. According to Pianka’s (1974) hypsithésee also Bolnick & Doebeli 2003), a
high diet overlap is expected when resources anadamnt. In this context, one would predict
that competition between different Great Cormomgnuups for consumption of a dominant
fish species should be limited in common feedirgpar However, in the present study, prey
size-selection (between Great Cormorant groups)faasd for all dominant fish species at
some sites. Thus, food partitioning between synp&reat Cormorants involved additional

factors, such as bird morphology-related mechanisatiser than fish availability alone.

Sex morphology-related mechanisms in prey selection
Koffijberg and van Eerden (1995) suggested fat. sinensis males with a larger bill

should have a better handling performance for sbshespecies, and illustrated this with a

-11 -



Fonteneau et al. — 2009 — Relationships betweehrbarphology and prey selection in two
sympatric Great Cormorafhalacrocorax carbo subspecies during winter.

powerful fish, the European EAhguilla anguilla. In the present study, the dominant species
in the diet of Great Cormorants were supposedly @asy to handle and bill dimensions
could not apparently directly explain the differenn the size of fish captured. However, we
cannot exclude the fact that the thin bill of feesamakes catching and / or swallowing small
fish more efficient than large fish.

Great Cormorants are foot-propelled divers andipiasther seabirds or mammals showing
a sexual size dimorphism, the diving depth is gfipnnfluenced by body mass (Cooper
1986, Le Boeuf et al. 1993, Lewis et al. 2006). Blatprisingly, in several marine cormorant
species, males, which are heavier than femaless voemd to dive deeper and for longer
durations than females (Watanuki et al. 1996, Kett@al. 1999, 2000, Cook et al. 2007),
suggesting vertical niche segregation. This leadké consumption of different prey species:
males feed mainly on benthic fish, whereas femadsh more pelagic fish (Ishikawa &
Watanuki 2002, Anderson et al. 2004). In the presémdy, no real segregation in diving
depth could be expected because the water dethaimd feeding sites rarely exceeded 5 m.
This may partly explain the high diet overlap foundthe Great Cormorant groups. In the
inland aquatic environment, differences in swimmpegformance could reflect differences in
the ability to catch large fish. Because sustaiard ‘burst’ swimming speeds of fish are
related to fish length (Sambilay 1990, Froese &If?2007), large fish could be much more
difficult to catch than small fish, and larger Gr&rmorants (i.e. males), which swim faster
than females, might have an advantage (Ropert-Coatlal. 2006, Cook et al. 2008). Lastly,
Great Cormorants have a partially wettable plum@@millet et al. 2005), which leads to
poor insulation and large thermoregulatory costemwfishing (Grémillet & Wilson 1999,
Grémillet et al. 2001). Grémillet and Wilson (1996und that size dimorphism in the Great
Cormorant plays an important role in energetic seaad thermoregulatory costs, and can
therefore explain differences in fishing activityda efficiency. Although these studies
concerned Nordic areas, these factors might bertapoin France during severe winters, but

winters were relatively mild during our study petio

Implications of niche overlap on the maintainance ©Great Cormorant subspecies
Historically, European Great Cormorant subspecidsch probably differentiated in the

Pleistocene (Marion & Le Gentil 2006), represergedlogical adaptation to distinct habitats

(marine vs. inland waters). These habitat preferenuersisted, even in winter, until the

beginning of the 1980s (Marion 1983), when the subspecies progressively overlapped
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during winter in Western France (Marion 1995), gatieg mixed inland colonies in this area
(Marion 1983, Marion & Le Gentil 2006). A similaaftern was reported in the UK (Goostrey
et al. 1998, Winney et al. 2001, Newson et al. 2004e present study showed that wintering
P. c. carbo occurs on inland waters across most of Francetfatdhere is a high degree of
diet overlap between the two subspeciesc. carbo can thus be viewed as an efficient
generalist forager in both freshwater and marirt@taes, and can apparently occupy more or
less the same niche Bsc. sinensis during the nonbreeding period. In this recent acharea,
ecological boundaries between subspecies are dyolesb clear now than in the past.

All of the above points raise the question of veetor not the two / three subspecies
model is indeed applicable in Europe. A cruciagstéor the maintenance of subspecies is the
breeding season, during which the contact ared®ftwo subspecies is still restricted to
Western France (Loire Atlantique and Normandy)cantrast to the large common wintering
area. Moreover, at the European scale, there dyetwa other small breeding contact areas
located in Eastern UK and Southern Norway (Mariohe&Gentil 2006). Mixed colonies are
still not common or widespread when consideringwield population of the two subspecies
(Western Europe, Iceland, Greenland, up to NortreAra forP. c. carbo, Europe and Asia
for P. c. sSinensis). Moreover, the two subspecies cohabit in mixddres, and hybridization
concerns only a small proportion of breeders (JGleatil & L. Marion unpubl. data). Also,
P. c. carbo would be less well-adapted th&nc. sinensis to inland wetlands during breeding
(lower breeding success; J. Le Gentil & L. Mariampubl. data), and during winter mainly
the lightestP. c. carbo individuals (Fonteneau & Marion 2009, and the pnéstudy), more
similar to theP. c. sinensis birds, are wintering in inland areas. In the fufutewould be
important to study changes in the distribution hadits of Great Cormorant subspecies in the
two other European contact areas (the UK, wiRkeie carbo andP. c. sinensis also meet, and
south of Norway, wher®. c. sinensis bred recently in the traditional areaRfc. carbo and
P. c. norvegicus), to see whether the morphologyRfc. carbo individuals wintering on the

coast and in inland areas differed, as found iméea

— 13—
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Figure 1. French sites (administrative districts) where &r@armorantsPhalacrocorax carbo shot
under licence (n = 1227) have been collected dutiregwinters 2001 / 2002 to 2006 / 2007, with
major sitesx 20 birds assigned to subspecies) in dark greyotimet sites in light grey. Proportions of
birds identified to subspecieP.(c. carbo in black andP. c. sinensis in grey) using the gular pouch
angle criteria (see the text for details) are reggbfor major sites. The list of sites is givermihich
major sites are in bold and sites where fhe. carbo subspecies is absent are indicated with an
asterisk.

CA: Calvados

CD: Cotes-d’Armor
CH: Charente

DO: Dordogne

DR: Drome

EU: Eure

GE: Gers*

HA: Hautes-Alpes
HG: Haute-Garonne
HN: Haute-Sadne
HS: Haute-Savoie*
IL: Indre-et-Loire

IN: Indre

IV: llle-et-Vilaine
LA: Loire-Atlantique
LC: Loir-et-Cher*
LO: Loiret

MA: Manche

ML: Maine-et-Loire

" MO: Morbihan
51-100 MS: Moselle
MY: Mayenne

PC: Pas-de-Calais
SA: Sarthe

101-150 _ SM: Seine-Maritime
TG: Tarn-et-Garonne
VE: Vendée

YO: Yonne
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Table 1. Morphological measurements of Great Cormor&ime acrocorax carbo collected in France
during the winters of 2001 / 2002 to 2006 / 200%(h227) according to subspeci€s ¢. carbo and
P. c. sinensis) and sex.

Subspecies Biometrics Males Females
Mean + sd Range Sample size Mean £ sd Range Sample size
P. c. carbo
Body mass 2647.6 +329.0 1594-3625 261 26Q265.3  1458-3045 159
Wing-length 3556 7.7 336-371 261 337.3+£83 316-368 159
Tarsus-length 63.8+2.9 54.0-73.0 261 61.2+2.6 54.5-69.5 159
Bill-length 71.0+£4.0 61.0-82.0 261 64.8 £ 3.6 57.0-74.0 159
Bill-depth 23313 19.6-27.2 261 21.2+13 17.4-24.6 159
Bill-width 18.6+1.0 15.6-22.5 261 175+1.0 15.2-21.3 159
P. c. gnensis
Body mass 2465.5 +245.0 1780-3448 382 208214.6  1329-2643 425
Wing-length 352.1+89 328-378 382 3325+74 310-369 425
Tarsus-length 62.0+29 55.0-69.0 382 59.1+24 53.0-66.5 425
Bill-length 679+3.2 59.0-78.0 382 61.2+29 53.0-71.0 425
Bill-depth 22611 15.2-21.8 382 20.3+0.9 17.6-27.0 425
Bill-width 18.0+1.0 17.9-26.3 382 16.7+1.0 13.4-20.9 425

All measurements in mm except the body mass in g.

Table 2. Trophic overlap indices (Pianka 1974) between Gf@armorantPhalacrocorax carbo
groups (based on sex and subspecies) collectedrioug French sites during the winters of 2001 /
2002 to 2006 / 2007. Sample sizes (number of aindsnumber of fish) are reported in Appendix 1.

& P.c. carbo/ 4 P.c.snends & P.c. carbo/ Q P. c. carbo/ & P.c. carbo/ Q P. c. carbo/

Sites Q P.c.carbo Q@ P.c.dnends J P.c.sinenss Q@ P.c.sinenss @ P.c.snenss & P.c.sinensis
Dordogne — 0.790 0.868 — 0.521 —

Eure - 0.987 0.960 - 0.977 -
llle-et-Vilaine 0.931 0.920 0.918 0.937 0.994 0.991
Indre-et-Loire - 0.889 - - - -
Morbihan 0.861 0.933 U8 0.952 0.836 0.874
Sarthe - 0.805 0.550 - 0.773 -
Vendée 0.798 0.241 0.572 0.726 0.776 0.614

— denotes missing value
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Table 3. Comparison of body length (in mm) of fish speaesisumed by different subspecies and
sexes of Great CormoraRhalacrocorax carbo collected in each French site during the wintdrs o
2001 / 2002 to 2006 / 2007.

Fish species Sites Mean+sd n df Fort Pairwise comparisons
Barbel Loiret 84.1+432 184 2 3.56* JCP IS QS
Bleak Dordogne 61.9+255 126 1 0.02 9C,%S
Indre-et-Loire 60.1+17.2 195 1 3.76*** 43S, QS"
Morbihan 79.3+£19.9 112 2 0.14 JC,2QC,9S
Tarn-et-Garonne 64.8+21.1 106 1 -0.86 JS,9S
Black Bulhead Sarthe 111.2+37.5 91 2 15.57*+3CP, S, s
Bream Dordogne 130.1 £55.3 53 1 0.12 JS,9S
Eure 99.2+39.3 226 3 1.87 4C,43S,9C, 9S
llle-et-Vilaine 91.5+44.4 375 3 36.75%* JC° IS QC% 9§
Indre-et-Loire 72.4 £33.9 220 1 —2.84% A4S 0
Loire-Atlantique 74.6 £50.0 9% 2 24.84%* I3 QC° QS
Morbihan 103.3+555 159 3 7.01%* IC? 3P QC°, QS*
Pas-de-Calais 66.5+18.3 89 1 -0.23 9QC,%S
Sarthe 84.8 £46.4 205 1 —2.30% I, 0%
Seine-Maritime 76.3+11.3 145 2 15.79%*  3C? 39, 9
Eurasian Perch Dordogne 75.1+26.1 319 2 0.84 J4C,JS,9S
llle-et-Vilaine 93.1£32.7 145 3 2.32 4C,JdS,9C, ¢S
Morbihan 93.8+342 115 2 8.70%* IC? QC’, 9S°
Sarthe 66.8 £ 16.6 199 1 -1.11 J4S,9S
Common Dragonet Calvados 143.3+23.0 144 3 2.85*  JC¥*C I, QC*C QS°
Pumpkinseed Dordogne 61.1+179 103 1 8.57*KS, O
Roach Dordogne 846+37.1 484 2 22.46%+3S, QC° QS
Eure 89.6 £28.8 340 3 041 &C,JS,9C, %S
llle-et-Vilaine 83.4 +33.5 884 3 2.03 4C,3S,9C, ¢S
Indre-et-Loire 78.0+32.6 167 1 3.03* 3 0%
Loire-Atlantique 95.8 +30.0 68 3 0.08 JdS,9C,9S
Manche 164.4 +97.3 68 1 0.13 J4cC,C
Mayenne 887+206 117 3  63.71% IS QC? 9
Morbihan 86.8 £ 33.6 484 3 1447 3C* IS, QCP, 9S°
Sarthe 95.2 +43.6 160 2 232 JC,J3S,9S
Rudd Morbihan 76.3+13.0 52 1 1.81* QC* QS
Tarn-et-Garonne 66.7 £14.1 167 1 4.64+3C% QS
Sunbleak llle-et-Vilaine 36.1+7.0 208 1 789 JC QS
Thin-lipped Grey Mulet  Vendée 123.3+49.6 123 2 043 dS,9C, ?S

4C = male ofP. c. carbo, ?C = female oP. c. carbo, IS = male of. c. sinensisand? S = female oP. c. sinensis.
For each site, bird groups with the same lettematesignificantly different aP > 0.05 from pairwise comparisons
following significant overalF-test. Letters are arranged in a decreasing ordbrrespect to the body length of fish
consumed. When the overall test is not significhimtl groups are reported without any letter.

*P<0.05 *P<0.01, ¥ P<0.001.
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Appendix 1

Abundance of fish species (%) in the diet of Gi@atmorants Phalacrocorax c. carbo andP. c.
sinensis) collected in various French sites (site codesmiv Fig. 1) during the winters of 2001 / 2002
to 2006 / 2007. The total numbers of fish and bixith food items are given at the bottom of the
table.

Sites

Species CA CD DO EU IV IL LO LA MA MO SA TG VE YO AIF
Anguillidae

European Eelnguilla Anguilla 1.7 - 01 01 01 - - - 06 20.—- - 24 - 0.4
Esocidae

PikeEsox lucius 04 37 04 - 03 03 12 064208 01 02 - 0.7 0.5
Salmonidae

Rainbow Trougalmo gairdneri - - - - - - - - - - - - - = 0.2
Cyprinidae

SchneideAlburnoides bipunctatus - - - - - - - 14 - - - - - - 0.1

BleakAlburnus alburnus 41 96 92 42 30 255 70 125 405 23 194 0.2 28 8.5

BarbelBarbus barbus - - 19 - - 48 - 546 - - 0.D9 - 0.7 27

GolfishCarassius auratus - - 17 - - - - - - - - - - - 0.2

Crucian CarCarassius gibelio 08 21 06 - - 03 - - - - - 59 40 - 0.7

Common Cargyprinus carpio 21 - 19 45 01 03 47 - 6.®7 41 42 10 - 1.7

BreamsAbramis brama andBlicca bjoerkna 17 64 40 335 205 301 394 03 6869 257 02 14 167 173

NaseChondrostoma nasus - - 01 - - - - - - - 0.2~ - - <0.1

Sunblealteucaspius delineates - 16 47 - 114 - 04 - - 1.38 05 - - 3.4

ChubLeuciscus cephalus - - 20 01 01 05 - 1.7 0®.2 03 - - 4.2 0.6

Daceleuciscus leuciscus - - 32 - - - - 1.1 - - -05 - - 0.5

RoacHRutilus rutilus 4.6 42.4 345 505 481 221 275 4.0 60934386 21.2 3.2 229 33.0

RuddScardinius erythrophtalmus 50 32 23 - 04 04 - - 1.%2 02 305 - 111 3.2

TenchTinca tinca - - 04 - 02 - - 08 12 02 55 - - 0.5

GudgeorGobio gobio - - 02 01 - 01 - 161 - - 5007 - 0.7 0.8

Bitterling Rhodeus sericeus - - - - - 05 - 06 - - - - - - 0.1

Top mouth GudgeoRseudorashora parva - - - - - - - - - - - - = - <0.1
Cobitidae

Stone LoacBarbatula barbatula - - - - - - - 06 - - - - - - <0.1
Siluridae

WelsSlurus glanis - - - - - - - 06 - - - - = - <0.1
Ictaluridae

Black Bulhead\meiurus melas - - 09 - 26 05 174 - - 38931 77 56 21 34
Gadidae

GiltheadSparus aurata 1.7 - - - - - - - - - - - = - <0.1
Poecilidae

MosquitofishGambusia affinis hol brooki - - - - - - - - - - - -16 - 0.1
Atherinidae

Big-scaled Sandsmeitherina boyeri - - - - - - - - - - - - 41 - 2.1
Syngnathidae

PipefishSyngnathus sp. - - - - - - - - - - - -02 - <0.1
Gasterosteidae

Three-spined Sticklebataster osteus aculeatus - - - - - - - - - - - -42 - 0.2
Cottidae

BullheadCottus gobio 8.7 - - - - - - - - - - - - - 0.2
Agonidae

PoggeAgonus cathaphractus 04 - - - - - - - - - - - - - <0.1
Moronidae

BasdDicentrarchus labrax - - - - - - - - - - - - 05 - 0.5
Percidae

RuffeGymnocephal us cernuus - 05 08 28 19 93 04 0381.41 88 02 - 1.4 2.8

Eurasian Percherca fuviatilis 75 278 226 33 79 41 04 17 15113 235 04 - 297 104

ZandeStizostedion lucioperca - 27 08 06 09 06 16 23 06 1231- - 0.7 0.8
Centrarchidae

Pumpkinseetepomis gibbosus - - 74 03 25 06 - 08 - 80.01 16 02 63 2.1

Black-BassVlicropterus salmoides - - 03 - - - - - - - - 40.- - 0.1
Sparidae

GiltheadSparus auratus - - - - - - - - - - - -02 - <0.1
Mugilidae

Thin-lipped Grey Muletiza ramada - - - - - - - - - - - - .720 - 11
Gobiidae

Common GobyPomatoschistus microps - - - - - - - - - - - -14 - 0.1
Callionymidae

Common DragoneZallionymus lyra 59.6 - - - - - - - - - - - = - 15
Pleuronectidae

FloundePlatichthyus flesus - - - - - - - - 1.8 - - -16 - 0.1

PlaicePleuronectes platessa 1.7 - - - - - - - - - - - - - <0.1
Number of fish 241 187 1414674 1830 773 258 353 166 1070910 547 503 144 9784
Number of birds with food items 34 27 12565 131 61 30 35 33 94 90 35 79 24 934

— denotes absence of prey species. *: the sitesletbin the table plus 14 other sites with a laymiber of Great Cormorants (< 20
birds with food item in each site). See the lissités and codes on Fig. 1.
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