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The use of biometrics for sub-specific differentiation of Great Cormorants
Phalacrocorax carbdn Europe was investigated using skins of known sub-
species and showed that gular pouch angle is a useful character for assign-
ing individuals to sub-species. Where further measurements of bill depth and
bill length can be taken, sex-specific discriminant functions allow the major-
ity of individuals to be correctly identified to sub-species. The identity of
261 Great Cormorants of unknown sub-species shot (under MAFF licence)
on inland water bodies in England during the winten9e7-98and1998-99

were investigated; 66% welRe. carboand 34%P.c. sinensisThis suggests
thatP.c. carbois currently the predominant sub-species inland in England
during the winter. The findings of this paper now allow for long-term and
cost-effective monitoring of sub-species occurrence and population devel-
opmentin the UK, as well as in other European countries where the two sub-
species may occur.
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INTRODUCTION also increased during the last thirty years (Kieby
al. 1995, but whilst coastal breeding birds

Following near extinction in the mid-2@entury, increased by about 3% anndmwverall, the inland
the European population of the continental sulbreeding population is currently increasing at
species of Great Cormoraphalacrocorax carbo about 19% annurh(Wildfowl & Wetlands Trust
sinensisncreased dramatically, with the introduc-unpubl. data).
tion of protective measures in various countries In England, a substantial but unknown propor-
from 1965-1981 (e.g. van Eerden & Gregersetion of these inland breeders belong to the conti-
1999. In the Netherlands, Germany, Denmark andental sub-specid®c. sinensisbased on anatom-
Sweden the overall population increased by almogtal characters and ringing recoveries (Sellees
13% annunt between 1971 and 1981 and at arEkins 1997) and recent molecular work using
annual rate of 18% in the 1980s, to reach 6thicrosatellite markers and mitochondrial DNA
250 nests by 1991 (Bregnballe9g. Numbers of sequencing has confirmed this (Goostetyal
breeding and wintering Great Cormorantd997 Winneyet al. 2001). However, there is much
Phalacrocorax carbdn England and Wales have controversy as to whether Great Cormorants can
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be reliably ascribed to sub-species based onn  (A) P. c. carbo
phological characters. Cramp & Simmons7?)
showed thaP.c. sinensiss smaller tharP.c. car-
boin several biometric characters, although the
is much overlap between sub-species and sigr
cant sex differences within each sub-spec
(Cramp & Simmon4977 Koffijberg & van Eerden
1995.

Alstrém (1985 proposed a ‘new’ character fo
sub-species identification, namely shape of t
gular pouch, an area of bare flesh on the face. It\
suggested that the angle of the gular pouch bet F. c. sinensis
the beak was 90° or more $sinensisand less than
65° incarba This was not rigorously tested and i
a result was dismissed by some workers as invi
(Marion 1995, although others still regarded th
gular pouch angle as a reliable indicator of st
species identification (Sellet991 Ekins1997). In
this paper we examine the reliability of gular pous
angle and other biometrics for sub-specific iden
fication of Great Cormorants in Europe. We exal..
ine variability in biometrics within sub-species anckig. 1. Gular pouch angle in Great Cormorants
use discriminant functions to ascribe Great CormcPhalacrocorax carbo carbandP.c. sinensis
rants shot in England under licence during the wir.
ters of 1997 to 1999 &inensior carbo tree-nesting colonies became widely established

and skins from Denmark and The Netherlands were

taken from tree-nesting areas. These were assumed

METHODS to belong to the sub-speciearbo and sinensis

respectively, based on their geographical origin.
Measurements of gular pouch angle, bill length (tig\lthough there are relatively fesinensiskins in
to feathers) and bill depth (minimum) were takerfEuropean museums from outside its European
from 404 Great Cormorant skins from the Britishrange, additional measurements were taken oppor-
Museum (Natural History, Tring), the Zoologicaltunistically.
Museum of the University of Copenhagen in Each sample had previously been sexed by
Denmark and the National Museum of Naturainternal examination (by museum staff). Skins
History, Leiden, in The Netherlands. This samplashowing signs of gular pouch damage or distor-
represented most countries within the Europeaions, and therefore not assuming a normal attitude,
breeding range of the birds including Britainwere excluded from examination. Bill length was
(England, Wales and Scotland), The Netherlandseasured from the tip of the bill to the feathers at
Denmark, Norway, Sweden, Iceland and Faerate centre of the bill and bill depth, at the narrow-
Islands. Birds from Norway, Sweden, Iceland anést point in the middle of the bill. On live or fresh-
Faeroe Islands, were taken from areas within tHg dead specimens, it is important to note that the
range currently exclusively occupieddsgrboand gular pouch can be distorted to change its angle by
based on this were assumed to belong to this sytlling it outwards and inwards. With all mea-
species. Outside Europe, measurementadio  surements, care was taken to ensure that the pouch
were also taken and included. The British museumssumed its normal attitude by gently stroking it
skins were collected in the UK prior to 1980, beforelownwards before measurements were taken.
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Measurements of the gular angle from skins anlc. carbq and those af 73°or more tdP.c. sinen-
carcases were taken to the nearest 1° using a protrsis{Table 1). Cormorants with gular pouch angles
tor, as detailed in Figure 1. It is important to note thaif 66-72 cannot be reliably differentiated using
the baseline from which the angle is measured is not
the bill line, but the line from the gape outwards. ThiTable 1. Descriptive statistics of gular pouch angle
line was chosen in preference to the bill line becauMeasurements (in degrees) of Great Cormorant sub-
itwas found to resultin better reproducibility betweerSPEcies>¢. carboandp.c. sinensisrom within Europe.
measurements. Only one facial side was used beca
preliminary analysis showed no significant differenct o
in gular pouch angle between sides (Paitesdtt= p. carbo 258 59.7 +1.11° (38°-72°)

1.01,df=24,P=0.32). Pc. sinensis 146 86.2 + 0.65° (66°-111°)

Sub-species n Mean + SE (Range)

Statistical analysis
As data were normally distributed with homo-gular angle alone. Comparing the biometrics of
geneous variances, gular pouch angle was cori<. carbobetween countries, it is clear that there
pared between sub-species ughhests. Statistical is a cline of decreasing gular pouch angle with lat-
tests here were performed in the Minitab packageude (Table 2). IfP.c. sinensisalthough based on
(Minitab 1991). Backward stepwise discriminanta smaller sample of birds, there is evidence of in-
analysis was used to combine biometrics taketreasing gular pouch angle eastwards across its
from museum skins of known sex individuals taange (Figure 2 Appendix).
produce a multivariate function for each sex that
maximised the statistical separation of the suliscriminant analysis
species (Sokal & Rohif995). The criteria for elim- Sex-specific discriminant functions of bill
inating a variable from the function is if the sig-depth, bill length and gular pouch angle of muse-
nificance of its--test is >0.15. Data were checkedum skins correctly classified over 98% of both male
in SAS (SAS Instituta99e6) for the assumptions of and female cormorants into sub-species. Each vari-
multivariate normality and of equal covarianceable contributed signficiantly to the discrimina-
matrices (Khattree & Naik000. These discrimi- tion, so no variables were eliminanted from the
nant functions were then used to determine the sutonctions.
specific identity of 261 Great Cormorants of un- Males are classified as belonging to the sub-
known sub-species shot under Ministry of Agricul-speciegarboif 0.92133 (BD in mm) + 0.36504 (BL
ture, Fisheries and Food (MAFF) licences in Engin mm) - 0.50198 (GPA in degrees) = 4.66583. As
land in the winters of 1997-98 and 1998-99. Bioan illustration, a male cormorant with measurements
metrics for each bird were taken as above and bir@8D 12.2 mm, BL 68.4 mm, GPA 82 degrees), gives
were sexed by internal examination. a value of 0.92133 (12.2) + 0.36504(68.4)
-0.50198(82) =-4.9534, which is less than 4.66583.
Hence this bird is classified as belonging to the sub-
RESULTS speciessinensis Females are classified as belong-
ing to the sub-speciesarbo if 0.87159(BD) +
Museum skins 0.56828(BL) + -0.61081(GPA) = 4.87236. Using
The gular pouch angle differed significantlythese functions, classification of 261 birds of
between cormorants of the two sub-speciesnknown sub-species shot under MAFF licences on
(t=40.55,P < 0.0001)P.c. carbohaving a small- inland waters in England during the winterd@d7-
er gular pouch angle thdhc. sinensigTable 1). 98and1998-99was made. The biometrics of classi-
Based on this character alone cormorants witlied individuals are shown in Table 3. This suggests
gular pouch angles &f65° can be said with a high that 66% of individuals shot belonged to the sub-
degree of certainty, to belong to the sub-speciepecied.c. carboand 34%P.c.sinensis
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Table2. Biometrics of Great CormoraRtc. carboandP.c. sinensisub-species taken from museum skins.

Bill depth, mm

n
Female —
England & Wales carbo 24
Scotland carbo 21
Norway & Swedertarbo 58
Iceland carbo 26
Faeroe Is. carbo 7
Greenland carbo 18
Denmark sinensis 17
The Netherlands sinensis 43
Male
England & Wales carbo 19
Scotland carbo 12
Norway & Swedertarbo 37
Iceland carbo 20
Faeroe Is. carbo 8
Greenland carbo 8
Denmark sinensis 24
The Netherlands sinensis 62

mean = SE (range)

Bill length, mm

mean * SE (range)

Gular pouch angle,
degrees
mean + SE (range)

13.2+0.2 (11.5-16.0)
13.4+0.2 (12.3-15.1)
12.9+0.1 (11.0-14.9)
13.8+0.2 (12.5-15.7)
13.9+0.4 (12.8-15.9)
13.1+0.3 (11.5-15.7)
11.7 +0.2 (10.0-13.6)
11.4+0.1 (9.3-13.4)

145+0.2
15.2+0.3
148 +0.2
154+0.3
16.9+0.1

(12.7-16.8)
(13.1-16.9)
(12.0-16.7)
(12.8-17.3)
(16.4-17.4)
14.8+0.2 (14.0-15.8)
13.1+0.2 (11.2-15.6)
12.8+0.1 (10.7-14.6)

69.0+1.0 (62.1-79.0)
72.4+0.7 (68.3-81.3)
68.1+0.3 (62.8-77.0)
68.6 +0.7 (61.3-74.2)
72.7+1.0 (68.7-76.8)
66.7+0.8 (60.9-74.3)
62.6+1.1 (56.9-70.9)
61.5+05 (56.5-69.2)

74.9+0.9
782+11
76.5+0.6
73.5+0.8

(66.6-80.3)
(72.1-84.0)
(65.5-82.5)
(66.1-77.9)
82.7+0.6 (81.0-86.0)
73.9+0.4 (72.5-75.6)
68.1+0.8 (59.7-77.0)
67.7+0.5 (57.2-75.0)

61.3+15 (47-72)
59.0+1.6 (42-72)
53.1+0.8 (41-70)
521+15 (39-66)
51.0+2.0 (45-60)
49.3+15 (40-64)
85.7+1.7 (73-96)
87.0+1.0 (73-101)

576+16
55.2+2.1
493+1.2
50.9+15
50.0+2.6 (40-60)

448+18 (38-51)

85.6+1.6 (74-101)
86.0+1.2 (66-111)

(47-69)
(44-70)
(39-69)
(40-65)

Gular pouch angle
[ ] 8- 95
[ 96-108°
I 109 - 113°
- 07

Fig. 2. Geographical variation in mean gular pouch angRdnsinensisCountries for which there is no data or
the species is absent are shown in white.
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Table3. Biometrics of 261 Great Cormorants shot under MAFF licences on inland waters in England during the
winters of 1997-98 and 1998-99 and classified to sub-species according to discriminant functions generated from
individuals of known sub-species at the British Museum (Natural History, Tring), the Zoological Museum of
Natural History, Copenhagen and the Natural History Museum, Leiden. Males are classified as belonging to the
sub-speciesarboif 0.92133(BD) + 0.36504(BL) + -0.50198(GPA) = 4.66583. Females are classified as belonging

to the sub-speciemarboif 0.87159(BD) + 0.56828(BL) + -0.61081(GPA) = 4.87236.

Bill depth, mm Bill length, mm Gular pouch angle,
degrees
n mean + SE (range) mean + SE (range) mean + SE (range)
Female
P.c. carbo 71 13.4+0.1 (11.9-15.0) 61.8 +0.4 (55.1-69.4) 53.9£0.9° (37°-69°)
P.c. sinensis 34 12.4+0.2 (10.6-14.1) 57.6 £0.5 (52.4.3-64.5) 75.7 + 1.5° (64°-92°)
Male
P.c. carbo 102 15.3+0.1 (13.3-17.4) 68.1+0.3 (58.7-74.1) 52.6 £0.8° (36°-72°)
P.c. sinensis 54 13.9+0.1 (12.1-16.1) 63.2+0.4 (55.8-69.1)  74.4+1.2° (60°-100°)

DISCUSSION

Appendix. Gular pouch angle measurements (irThis study confirms that gular pouch angle is a use-
degrees) oP.c. sinensiy country taken from muse- fy| character for discriminating Great Cormorant
um skins. Measurements (mean + SE where applicgyp-species. Where measurements of bill depth and

ble). length are taken from individuals of known sex, an

even higher level of discrimination can be obtained.
Country n Mean -

Interestingly, the angle of the gular pouch decreas-
Turkey 1 g2° .eslwith Iatitudg in thg sub—_specl%s. carbq Whilst_
Denmark 41 85.7 + 1.14° it increases irP.c. sinensiseastwards across its
Egypt 2 86.0 + 4.00° range. If the gular pouch functions to dissipate heat
Hungary 1 86° (Cramp & Simmong.977), it could be speculated
Netherlands 105 86.4 +0.79° that the gular pouch angle (and surface area of gular
Oman 2 89.5 +14.5° pouch tissue) increases in hotter countries where
Romania 2 92.0 +7.00° heat loss is important, but decreases in colder coun-
Iran 1 %" tries where it is more important to retain heat.
:\r/laq g i%igii'g“lo Discriminant analysis of biometrics taken from

yanmar A Great Cormorants shot under MAFF licence on

Kyrgyzstan 2 105.0 £ 6.00 . . . -
india 17 106.4 + 4.21° inland waters in England during the winters of
Pakistan 3 107.7 + 9.84° 1997—_98 a_md 1998—99, suggests that over 70% of
Indonesia 4 108.0 + 1.22° the wintering population belong to the sub-species
Japan 4 109.8 + 6.36° P.c. carbq whilst about 20% is of the sub-species
China 9 110.8 + 3.66° P.c. sinensisThis is similar to the estimated 74%
Sri Lanka 1 113° P.c. carbdrom mitochondrial DNAsequencing for
Taiwan 1 116° twenty Great Cormorants shot under MAFF
Thailand 7 116.29 +3.93° licence on inland waters in Warwickshire during
Malaysia 4 118.3+7.80 the winters of 1995-1996 and 1996-1997 (Winney
Viet Nam 2 126.5 £ 2.50°

et al 2001). Past studies have estimated the British
inland wintering Great Cormorant population to
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contain 5-109%.c. sinensigKirby et al 1995 and long-term and cost-effective monitoring of sub-
analysis of ringing recoveries fap80-1994sug- species occurrence and population development in
gested that less than 2% Bre sinensi$§Wernham the UK, as well as in other European countries
et al 1997). However, the occurrence®E. sinen- where the two sub-species may occur. This will be
sisin this study is likely to be higher because thémportant for improving our current understanding
sample was taken from England, where inland, pref the dynamics and possible introgression of the
dominantly P.c. sinensisbreeding population two sub-species, and for assessing differences in
growth is occurring. With additional growth of con-diet, energy consumption, habitat use and distrib-
tinental populations, the number of continentaltion. It will also be useful in determining the effect
breeders wintering in the UK may have alsdhat any management action may have on the two
increased. sub-species.

In this study we assume that cormorants belong
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