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Abstract.—We used feathers and skeletal measurements, white and black areas at the wing tip and bill morpho-
metrics of Yellow-legged Gulls (Larus michahellis lusitanius) in order to test for possible sex-differences. Overall, 157
individuals from the eastern Bay of Biscay (N Spain) were measured, and the sex determined in 155 individuals, by
means of DNA-analyses. All feathers and skeletal-associated measurements, except the distance between each pri-
mary (P1 to P5) feather and the wing tip in a folded wing varied between the sexes, with males being larger than
females. Sexual selection is discussed to be the major cause explaining these differences. A discriminant function
is provided to separate sexes. By contrast, both wing tip patterns of coloration and bill morphology did not vary be-
tween sex classes. Received 17 May 2007, accepted 26 November 2007.
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A number of biological processes in
birds, such as diet and foraging (Holmes
1986; Durell et al. 1993; Clarke et al. 1998),
parental care (Pierotti 1981) or migration
(Swanson et al. 1999; Rubolini et al. 2004;
Cristol et al. 1999), differs between the sexes.
Accordingly, sex-identification is basic to un-
derstanding adequately all these processes
which, overall, give us key clues about the life
history of species. The Yellow-legged Gull
(Larus michahellis) is a circum-Mediterra-
nean gull, breeding from Iberia to the Black
sea (Olsen and Larsson 2004). In Iberia two
subspecies currently breed (Bermejo and
Mourino 2003; Olsen and Larsson 2004):
L. m. michahellis, occurring along Mediterra-
nean coast, up to central Portugal in W Ibe-
ria, and L. m. lusitanius, in Atlantic coasts
from northwest Iberia, up to south central
Portugal (Pons et al. 2004). L. m. atlantis,
present in Macaronesia and the northwest
coasts of Africa, do not breed in Iberia (Ber-
mejo and Mourino 2003; Pons et al. 2004).

Among the large gulls (largest of Larus
spp.), sexes differ in their size with males be-
ing larger (Ingolfsson 1969; Coulson et al.
1983; Bosch 1996), and there are a number of
studies dealing with discriminating method-
ologies used to distinguish between sex class-

es. Discriminating functions vary not only be-
tween species, but often also among popula-
tions (Evans et al. 1993). A number of studies
have focused on biometrics of a number of
Mediterranean Yellow-legged Gull popula-
tions (Carrera et al. 1987; Bosch 1996) in rela-
tion to sex, whereas studies on the Cant-
abrian Yellow-legged Gull are scarce and anal-
yses on sex-differences are virtually lacking.
In addition to biometrics, the wing-tip
coloration patterns in several gull species
have been described to vary not only be-
tween species, but among age and sex classes
and populations (Coulson et al. 1982; Allaine
and Lebreton 1990; Saks and Rattise 2006).
Although in a number of large gulls these
patterns are thought to be independent of
sex (Mierauskas et al. 1991; Snell 1991), we
have no data on the Cantabrian Yellow-
legged Gull populations. Bill size in gulls is
highly dimorphic between sex classes (In-
golfsson 1969; Coulson et al. 1983; Bosch
1996). However, it is virtually unknown if this
dimorphism is also observed in relation to
bill morphology (shape), as it is observed in
other seabird species (Kaliontzopoulou et al.
2006). Our aim was to obtain useful criteria
to distinguish sex in a population of Yellow-
legged Gull L. m. lusitaniusin the eastern Bay
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of Biscay, in relation to (1) classical biomet-
ric variables, (2) wing-tip patterns of colora-
tion (black and white areas at the wing tip)
and (3) bill morphology.

MATERIALS AND METHODS

Sampling Area and Data Collection

Data on 155 dead adults (EURING code A, birds
with more than five years) of Yellow-legged Gull collect-
ed in a dump in Zarauz (43°17°N, 02°10'W, N Spain), in
the eastern Bay of Biscay, were used as a part of a govern-
ment culling program. After labelling the specimens,
they were kept frozen (see for a similar method Bosch
1996) and, before taking measurements, they were
thawed. Only data on adults collected from early April
to early July were used to guarantee that measured gulls
were local. Thus, birds from other non-local popula-
tions, such as the Mediterranean Yellow-legged Gull
(L. m. michahellis), a relatively common winter visitant in
the Bay of Biscay (Yesou 1985; Martinez-Abrain et al.
2002) were avoided.

Within each gull, measures were taken of (1) 25
feathers and skeletal-associated measurements (Table 1,
Fig. 1), (2) 14 records associated with the size and fea-
tures of white and black areas at the tip of the outermost
primaries (Table 2, Fig. 2; feather areas were taken with
amesh to 1.0 mm? accuracy, and lengths were recorded
with a digital calliper to + 0.5 mm) and (3) bill morphol-
ogy, for which seven landmarks were established (Fig.
1). Within each landmark, two variables were recorded:
the x and y coordinates, so 14 records related to bill
morphology were obtained. In the first two sets of mea-
surements, data on disarranged or growing feathers
were omitted. All measurements were recorded by a sin-
gle author (AA). Most of the measurements had a low
proportion of fleshy tissue, so shrinkage should be min-
imal after freezing (Bosch 1996).
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Images of the head and bill, stored in JPEG format,
were taken with a six Mpx digital still camera. Bill was
the only suitable structure that could be analyzed from
a geometric perspective, due to its rigidity and well-de-
fined outline. The landmarks were digitized over the
bill images, using the Tps-Dig v.2.05 software (Rohlf
2006a). All landmarks were recorded on the left side for
each individual. Images where landmarks could be af-
fected by broken areas and bad focusing were removed
from the study.

Sex Determination

DNA-analyses were used in order to sex gulls (Grif-
fiths et al. 1998; Gutiérrez-Corchero et al. 2002). Within
each bird, a sample from the rachis base from one to
two primaries was taken and, thereafter, stored in a
1.5 ml vial, refilled with 99% ethanol. In the laboratory
the DNA sequence relative to the CHD-protein, present
in both Z and W sex chromosomes, was amplified by
means of a Polymerase Chain Reaction (PCR) tech-
nique. PCR fragments were separated by electrophore-
sis on a 2.5% agarose gel. According to Griffiths et al.
(1998), a single band of DNA on the gel indicated that
a bird was male (corresponding to CHD-Z gene), while
two bands were present in females (corresponding to
both CHD-Z and CHD-W). From 157 gulls, sex was de-
termined in 155 cases (98.7%). Accordingly, the two un-
sexed birds were removed from further analyses.

Data Analyses

Both data on feathers and skeletal-associated mea-
surements followed normal distributions (K-S test, P >
0.05), except P1, P2, HB and LML among males, and P1
and BODY in females. Student t-tests were found to be
robust to departures from the normal distribution
(Sokal and Rolf 1995), since similar results were found
with a non-parametric Mann-Whitney U-test. Hence, we
used the Student t-test to analyze differences between
sexes.

Table 1. Measurements associated with primary feathers and skeletal parts taken in adults of Yellow-legged Gull in

the eastern bay of Biscay.

Abbreviation Variable Error

WLEN Wing length. + 1.0 mm
WSPA Wing span. +1.0 mm
P1 to P10 Lengths of primary feathers to the wing tip, in a folded wing. + 1.0 mm

Numbered from outermost to innermost.

TAIL Tail length. +1.0 mm
BODY Body length. +1.0 mm
TARL Tarsus length. +0.5 mm
TARW Minimum tarsus width, measured laterally. +0.5 mm
HB Length of head and bill. +0.5 mm
BILL1 Bill length, from the distal tip up to the point where it joins the skull. + 0.5 mm
BILL2 Bill length, up to the feathers base (culmen). + 0.5 mm
BILL3 Bill length, up to the frontal nostril edge. + 0.5 mm
BILLD Bill depth. + 0.5 mm
Gl Length from the tip of the lower mandible until the gonys lower point. +0.5 mm
G2 Gonys maximum height. +0.5 mm
G3 Length from the gonys lower point until the lower mandible base. + 0.5 mm
LML Lower mandible length. +0.5 mm
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Figure 1. Head and bill-associated measurements (ar-
rows) and landmarks (dots 1 to 7) measured in each in-
dividual.

In order to quantify the overlap between sex classes
and to obtain a discriminant function to identify them,
a Discriminating Function Analyses (DFA) was per-
formed (Hair et al. 1999). In this DFA all the biometric
variables were included, except the primary distances
P1 to P10, for which no significant differences were
found between sexes. The stepwise DFA allows the de-
termination of a discriminating function including only
those variables which contribute to improving the dis-
criminating capacity significantly. Also, the DFA was
used to study which measurements had the greatest dis-
criminating power, for which the standardized coeffi-
cients from the discriminating function were used
(Dillon and Goldstein 1984).

Data on the white and black areas at the tip of the
primaries (see Table 2 for abbreviations and descrip-
tions) were analyzed with (1) *based tests (dimension-
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less measurements; P-exact values were used) or (2) t
tests (quantitative data). The software SPSS v.13.0 for
Windows was used in all these cases.

Bill images were analyzed with a specific software
available at the F. J. Rohlf website (http://life.bio.sun-
ysb.edu/morph). The original landmark records (x and
y coordinates) were scaled and transformed according
to a standard procedure in geometric morphometrics
(Procrustes procedure), following the software TpsRelw
v.1.44 (Rohlf 2006b). This program also provided the
shape variables matrix. These shape variables were then
analyzed in a Principal Component Analysis (PCA) in
order to understand the main morphological patterns
of variation and a MANOVA in order to search for sex-
associated variations. In such cases, the software SPSS
v.13.0 for Windows was used.

RESULTS

Biometrics

All biometric variables except distances
of outermost primaries P1 to P5 to the wing
tip in a folded wing varied between sexes
with males being larger than females (Table
3). The DFA provided a discriminating func-
tion statistically significant for each variable
(Table 4). Overall, BODY was the variable
with highest discriminating power to distin-
guish between sex classes (88.9% of speci-
mens correctly classified), with individuals
with a body length over 649 mm being males,
and with lower than 580 mm, females. There-

Table 2. Measurements of white and black areas at the tip of the outermost primaries in adults of Yellow-Legged
Gull sampled in the eastern bay of Biscay. Non-dimensional measurements have no unit. As a consequence of wear,
the white areas at the tip of the two outermost primaries were not measured.

Abbreviation Variable Error
PPB Number of primary remiges (PP) with black band. —
PPB,VB Within the innermost PP with black band, number of vanes with black: —

0 = a single vane, 1= 2 vanes.
PPBV, Within the innermost PP with black band, extension of black in outer vane: —

0 =no band, 1 = partial, 2 = complete.
PPB)V, Within the innermost PP with black band, extension of black in inner vane: —

0 =no band, 1 = partial, 2 = complete.
WMP1 Presence of a white mirror in P1: 0 = no mirror, 1 = mirror only in a single vane, —

2 = both vanes with mirror, 3 = mirror and white tip area at the tip of P1 fused.
WMP2 Presence of a white mirror in P2: 0 = no mirror, 1 = mirror only in a single vane, —

2 = both vanes with mirror, 3 = mirror and white tip area at the tip of P2 fused.
WM,P1* In P1, inner vane mirror area. £5.0 mm®
WM,P1 * In P1, outer vane mirror area. +5.0 mm?
WM, P2, In P2, inner vane mirror area. +5.0 mm?
WM, P2, In P2, outer vane mirror area. +5.0 mm?
WMP1 * In P1, mirror length in the outer vane. +0.5 mm
WM,P1* In P1, mirror length in the inner vane. + 0.5 mm
WM,P2, In P2, mirror length in the outer vane. + 0.5 mm
WM, P2, In P2, mirror length in the inner vane. +0.5 mm
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Figure 2. Measurements taken at the wing tip (primary
feathers) to study the white and black areas between
sexes.

after, a stepwise DFA provided a combined
equation where four variables were included:
Y = 0.023 BODY + 0.094 BILL2 + 0.215
BILLH +0.121 G3 - 28.213 (A, = 0.397, P<
0.001, 89.5% of cases correctly classified).
Positive Y-values in this equation showed that
a bird was male, while negative values, fe-
male. In this equation, BODY was the most
discriminating variable, according to the
standardized coefficients (BODY: 0.448, G3:
0.305, BILLH: 0.288, BILL2: 0.284). Taking a
sub-sample of 20 gulls (ten males and ten fe-
males) chosen by random from the data set
used to make up the DFA, the proportion of
specimens correctly classified was 85.0%.
The head and bill length was the most dis-
criminating variable in a Mediterranean Yel-
low-legged Gull population (Bosch 1996).
Considering this variable, Mediterranean gulls
were larger than those from our Cantabrian
population (males: tg, = 10.857, P < 0.001; fe-
males: t, = 6.015, P< 0.001). Also, Cantabrian
males were 6.9% larger than females, while
Mediterranean males were 9.3% larger.

Wing Tip Coloration

No significant differences between sex
classes were found for the dimensionless
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measurements in relation to the black and
white areas at the tip of primaries (see for ab-
breviations Table 2): PPBVB: x = 0.529, P=
0.547; PPBV,: x% = 2.123, P= 0.418; PPBV;:
x> = 0.429, P=0.832; WMP1: y} = 0.200, P=
0.684; WMP2: x> = 3.777, P = 0.162. Conse-
quently, 80.0% of the gulls had a black band
in both vanes in the innermost primary
feather with black band, while 20.0% of the
gulls had a band in only one of the vanes,
with this difference being significant ()} =
55.800, P < 0.001). In this same innermost
primary feather, 78.7% and 72.9% had com-
plete black bands in the outer and inner
vanes, respectively, with this proportion be-
ing higher than that of the gulls which had
either partial black bands or no black bands
in the outer and inner vanes (PPBV,: x3 =
150.671, P< 0.001; PPB,V;: x5 = 111.110, P<
0.001). In P1, all the gulls had a white mirror
which was extended along both vanes. In ad-
dition, 19.0% of the gulls had the mirror and
the white tip fused, with no significant differ-
ences between sexes ()} = 0.200, P = 0.684).
Considering P2, 34.0% of the gulls had no
mirror, 28.1% had the mirror extended only
in a single vane, and 37.9% had the mirror
extended along both vanes. No significant
differences between sexes were found in
these proportions (y’ = 3.777, P=0.162).

Overall, gulls had on average six prima-
ries with black areas, with no significant dif-
ferences between sexes (Table 5). By con-
trast, white areas in males tended to be long-
er and larger than in females (Table 5),
though this difference was significant only
for the mirror length and area at the inner
vane of P1 (WM,P1,, WM/,P1,). An ANCOVA
revealed that, in these two cases, significant
differences were due to the body size (Table
6): with a higher body size, males showed
larger white areas than females.

Bill Morphometrics

Bill morphology was analysed in 55 spec-
imens (34 males, 21 females). In the PCA,
the first two components (PC1 and PC2) ac-
counted for c.a. 60% of variance (Table 7).
Bill morphology patterns of variation were
deduced from the deformation grids associ-
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Table 3. Sex-associated biometrics (all in mm) of Yellow-Legged Gulls in the eastern bay of Biscay.

Males Females Statistics
Variable N mean + SE range N mean * SE range tvalues P
WLEN 86 441.2+1.2 410-471 69 4225+ 1.7 400-470 9.219  <0.001
WSPA 86 1,452.3+4.6  1,340-1,550 69 1,379.3+59  1,260-1,525 9.879  <0.001
P1 85 0.3+0.1 0-8 69 0.1+0.1 0-5 0.802 0.424
P2 85 4.9+0.3 0-14 67 47+0.3 0-13 0.387 0.700
P3 85 21.2+0.5 10-35 69 21.5+0.7 10-45 0.311 0.757
P4 85 48.4+ 0.7 30-65 69 47.7+0.7 35-70 0.706 0.481
P5 86 75.5 0.7 56-92 69 73.7+0.8 52-94 1.538 0.126
P6 86 104.7 £ 0.8 86-120 69 101.8 +0.7 84-120 2.730 0.007
P7 86 133.3+£0.8 115-150 67 127.9+0.8 110-141 4.661  <0.001
P8 80 162.7+ 1.1 136-187 60 157.0 £ 1.1 131-176 3.656  <0.001
P9 56 191.8+1.4 175-220 44 1825+ 1.1 163-199 5.393  <0.001
P10 47 2171+ 1.4 197-240 30 208.6 £ 1.4 195-229 4.101  <0.001
TAIL 86 180.5+ 0.8 163-202 68 169.2 + 0.9 156-197 9.061  <0.001
BODY 85 628.4+1.8 580-665 68 588.8 + 2.6 520-649 12.642  <0.001
TARL 86 65.0+0.3 58.0-71.0 69 60.7 £ 0.3 55.5-71.0 10.067  <0.001
TARW 86 4.4+0.03 3.5-5.0 69 4.2 +0.03 3.5-4.5 6.357  <0.001
HB 86 1235+0.6 104.0-132.0 69 1155+ 0.6  107.5-128.5 9.402  <0.001
BILL1 85 72.1+0.4 58.5-77.0 69 65.9 + 0.4 60.5-78.0 11.252  <0.001
BILL2 85 57.3+0.3 50.0-71.0 69 51.8+0.4 42.0-59.0 11.501  <0.001
BILL3 86 26.0 £ 0.2 21.5-30.0 69 241+0.2 18.5-27.5 7.985  <0.001
BILLD 86 20.6 +0.1 17.0-23.5 69 185+0.2 14.0-24.0 9.719  <0.001
Gl 85 16.9+0.1 14.0-20.0 69 15.7 £ 0.1 13.0-19.0 6.619  <0.001
G2 86 10.2+0.1 8.0-12.0 69 9.3+0.1 8.0-11.5 9.367  <0.001
G3 86 40.2+0.3 34.0-50.0 69 35.5+0.3 31.0-40.0 11.650  <0.001
LML 86 85.8+0.5 68.5-93.5 69 80.0+0.5 60.0-90.0 0.511  <0.001
ated with the highest and lowest scores of the DISCUSSION
first two principle components (Fig. 3). Grid
dots are shown in Fig. 1 (the dot on the left Biometrics

hand side is that corresponding with the bill
tip), with their relative position representing
changes in bill morphology. In general, in
both components most differences were ob-
served in the relative location of the dorsal
landmarks one to three. Thus, higher scores
in the first component were associated with
bills with upper mandibles relatively less
deep (Fig. 4). In the second component,
higher scores were associated with a relative-
ly longer bill (Fig. 3). However, according to
the distribution of sexes in the plot derived
from the PCA, both components seem to be
independent of sex (Fig. 3). Accordingly, no
significant differences between sexes were
found in the MANOVA test (F,,,, = 1.616, P
0.134). Also, no significant differences
were found when shape variables were re-
gressed on BODY (i.e., a record assessing
body size) in a multivariate regression.

A high sexual size dimorphism was found,
with significant differences between sex class-
es in 20 of 25 feather- and skeletal-associated
measurements. Thus, overall, males were larg-
er than females, as found for other Yellow-
legged Gull populations (Isenmann 1973;
Bosch 1996) and in general for other large
gulls (Ingolfsson 1969; Coulson et al. 1981,
1983; Fox et al. 1981; Pierotti 1981). Sexual di-
morphism in large gulls is likely promoted by
sexual selection (Székely et al. 2000).

A stepwise DFA provided a discriminat-
ing equation (89.5% of sexes correctly classi-
fied; 85% when only a sub-sample of the total
was considered) including the following
four variables: body length, bill length (mea-
sured from the distal tip of the upper mandi-
ble until the point where feathers appear;
i.e. culmen length), bill depth and the
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Table 4. Classification matrix of the sex of Yellow-
legged Gulls derived from a Discriminating Function
Analysis (DFA). The Wilk’s Lambda (for all cases, P <
0.001) and the proportion of birds correctly classified
by the DFA are shown for each case.

Males Females  Overall
Variable Awink (%) (%) (%)
WLEN 0.643 86.0 72.5 80.0
WSPA 0.611 83.7 78.3 81.3
TAIL 0.649 84.9 76.5 81.2
BODY 0.486 91.8 85.3 88.9
TARL 0.602 84.9 81.2 83.2
TARW 0.791 76.7 60.9 69.7
HB 0.634 88.4 79.7 84.5
BILL1 0.546 90.6 84.1 87.7
BILL2 0.535 88.2 82.6 85.7
BILL3 0.706 82.6 66.7 75.5
BILLD 0.618 89.5 79.7 85.2
Gl 0.776 80.0 66.7 74.0
G2 0.636 83.7 79.7 81.9
G3 0.530 84.9 82.6 83.9
LML 0.679 86.0 81.2 83.9

length from the gonys lower point to the low-
er mandible basal point (BODY, BILL2,
BILLH and G3 in Fig. 1). Therefore, it is ap-
parent that measurements on bill size (3
from 4 in this equation) have a high proba-
bility in distinguishing between sex classes in
the Yellow-legged Gull, as observed Bosch
(1996) in a Mediterranean colony in eastern
Iberia, as well as in other gulls (Fox et al.
1981; Coulson et al. 1983; Migot 1986; Evans
et al. 1993; Palomares et al. 1997). However,
in contrast to previous studies, we observed
that body length showed a higher discrimi-
nating power than the bill-associated mea-
surements. Indeed, although the function
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including four variables was significantly bet-
ter than functions including a single vari-
able, that including only body length classi-
fied correctly the sex of 88.9% of individuals.
Thus, from a practical viewpoint, body
length should be enough to sex Yellow-
legged Gulls in the Bay of Biscay in the field.
Body length was previously not measured in
most studies dealing with discriminating
functions to distinguish between sex classes
using biometrics (e.g., Bosch 1996).

Our discriminating equation allowed us
to classify correctly the sex of 89.5% of gulls
(or less when not all the birds were taken into
account). Since the data set used to make up
the DFA was the same used to test for the suc-
cess of the function, this percentage of sexes
correctly classified could have been overesti-
mated, with the real success being likely low-
er than found. This contrasts with the 100%
of correct classifications achieved in Mediter-
ranean Yellow-legged Gulls (Bosch 1996), in
spite of the fact that the four most discrimi-
nating measurements obtained by Bosch
(1996) in a stepwise DFA were also recorded
by us: head and bill length, bill depth, wing
length, tail length. Accordingly, these differ-
ences could be due to some variations in sex-
ual size-dimorphism between the Cantabrian
and Mediterranean Yellow-legged Gull popu-
lations with the Cantabrian one presenting a
higher overlap between sexes. Thus, while
Bosch (1996) found no overlap between sex-
es in the head and bill length, we observed
for this same variable that males ranged from
104.0 to 135.0 mm, while females from 107.5

Table 5. Sex-associated records on white and black areas at the wing tip of Yellow-Legged Gulls in the eastern bay

of Biscay.
Males Females Statistics

Variable N mean + SE range N mean + SE range tvalues P
PPB 86 6.3+0.1 6.0-7 69 6.2 +0.1 5.0-7 1.575 0.117
WM,P1, 67 102.5 + 3.0 35.0-150 57 100.7 £ 3.6 10.0-150 0.392 0.696
WM, P1, 67 435.0 +11.8 160.0-645 57 395.2+10.2  245.0-585 2.499 0.014
WM, P2, 84 14.8+2.7 0.0-95 69 10.2+2.3 0.0-80 1.321 0.188
WM, P2, 84 79.1+9.0 0.0-320 69 58.5 + 8.6 0.0-240 1.641 0.103
WM,P1, 67 36.8 +0.7 18.5-46.0 57 35.9+1.0 9.0-46.0 0.729 0.467
WM,P1, 67 37.2+0.7 21.0-46.5 57 35.1+0.7 20.0-46.0 2.169 0.032
WM, P2, 84 5.7+0.8 0.0-29.0 69 4.2+0.8 0.0-25.0 1.290 0.199
WM, P2, 84 8.7+0.8 0.0-25.0 69 6.8+0.9 0.0-23.0 1.618 0.108
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Table 6. Analyses of Covariance (ANCOVA) on five
quantitative measurements associated to white areas in
the two outermost primaries, with body length (used as
an estimator of body size) as a covariate.

Source of
Variable variation F P
WM, P1, Sex F 190 =2.378 0.126
Body F, 14, =0.005 0.943
WM,P1, Sex F| 0= 1.644 0.202
Body F, 14, =0.011 0.916

to 128.5 mm. Causes explaining these varia-
tions are unknown to us, and we propose sev-
eral hypotheses.

The degree of sexual size dimorphism be-
tween the Cantabrian and Mediterranean
populations (they are separate subspecies)
could be different, though to verify this hy-
pothesis more sampling should be considered
on both coasts. Second, gulls in northeast Ibe-
ria (Bosch 1996) were obtained from a colony
during the breeding season, so most (if not
all) of these birds were breeding when they
were collected. By contrast, in our case the
specimens were collected in a dump, so local,
but non-breeding birds might have been col-
lected. If a higher body size in males is posi-
tively selected by females at breeding colonies
(Székely et al. 2000), at least some males col-
lected out of these areas could be smaller than
those from the breeding colonies, since the
first ones could be a part of a non-breeding
population of non-selected (smaller) males,
resulting in a higher overlap between sex
classes in our sample. However, compared

Table 7. Principal components derived from a Principal
Component Analysis on the landmarks used to study bill
shape.

Principal Eigenvalue Variance
components (10%) (%)
1 1.313 38.85
2 0.697 20.63
3 0.427 12.62
4 0.292 8.65
5 0.247 7.30
6 0.163 4.83
7 0.111 3.30
8 0.065 1.92
9 0.042 1.25
10 0.022 0.65
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Figure 3. Scattered plot on the components one and two
derived from a Principal Component Analysis on shape
variables used to study bill shape. Dots: males. Trian-
gles: females. The bill of the individuals marked with ar-
rows has been drawn in the Figure 4. The deformation
grids associated to highest and lowest values of the com-
ponents are also shown.

with the Mediterranean population (Bosch
1996), difference in size between sex classes
(analyzed for the head and bill length) was
not much more marked in the Mediterranean
population than in the Cantabrian one (9.3%
vs. 6.9%, respectively). Thus, we have no
strong support that this overlap between sex
classes in our sample was solely due to a possi-
ble higher number of non-breeding males.

e —
2cm

Figure 4. Bill drawings of the two individuals marked
with arrows in Figure 3. A: a bill associated to lower
scores in the component one; B: a bill associated to
higher scores in the component one.
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Third, in contrast to the Mediterranean
example examined by Bosch (1996) our sam-
ple likely included more than a single breed-
ing colony (Alvarez and Méndez 1995; A. A.,
per. obs.). Consequently, this could have pro-
moted the presence of possible distinct phe-
notypes from a number of breeding colonies,
resulting in a higher overlap between sex
classes. However, measurements of gulls in
southern France, north Africa and east and
south Iberia were observed to be quite similar
(Carrera et al. 1987; Bosch 1996), likely due
to the movement among colonies in these ar-
eas. Similarly, Cantabrian gulls are known to
move along the coast of northern Iberia (Mu-
nilla 1997), which could also promote a simi-
lar body size in the Yellow-legged Gull popu-
lation which breeds along this coast. Fourth,
differences in sample size should be excluded
as a possible source of variations, since in
both cases they were similar.

Wing-tip Coloration

No significant differences between sexes
were observed in relation to the wing-tip pat-
terns of coloration. This agrees with other
studies where wing tip patterns of coloration
in other large gulls have not been found to
differ between sexes (Mierauskas et al. 1991;
Snell 1991; but see Allaine and Lebreton
1990 for a small-sized gull). Thus, there is
support that sex by itself is not enough to ex-
plain the relatively high variability of the
wing-tip patterns of coloration in the Yellow-
legged Gull. Other causes, such as age,
should be considered in order to solve this
question in future approaches (Saks and Rat-
tiste 2006).

Bill Morphometrics

Bill morphology varied among individu-
als, with the first two components from a
PCA accounting for 60% of variation. How-
ever, these differences were independent of
sex. This contrasts with other seabird spe-
cies, such as the Cory’s Shearwater (Calo-
nectris  diomedea) (Kaliontzopoulou et al.
2006). Therefore, further studies should be
done in order to find causes explaining vari-

‘WATERBIRDS

ations in bill morphology, among which age
could be of major interest.
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