A Discriminant Function for Predicting Sex in the Balearic Shearwater
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Abstract.—We evaluate sexual adult size dimorphism and provide a sex-discriminating function for the Balearic
Shearwater (Puffinus mauretanicus). Blood samples taken from adults were used to sex birds by the amplification of
the CHD gene. Linear discriminant analysis was applied to eight morphometric characters to determine whether
any single variable or combination of them could provide reliable sex determination. Females were significantly
smaller than males for most tested variables. Analysis indicated that head plus bill length and minimum bill depth
were the most accurate variables in a discriminant function model, predicting sex with about 90% accuracy. Received
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The Balearic Shearwater (Puffinus maure-
tanicus) is the rarest of the three Mediterra-
nean endemic seabird taxa: Mediterranean
Shearwater (Puffinus yelkouan), Audouin’s
Gull (Larus audouinii) and Balearic Shearwa-
ter. Its world population is restricted to the
Balearic archipelago and its size estimated to
be less than 3,000 pairs (75% of the popula-
tion on only one island). The species is con-
sidered critically endangered due to the
dramatic decline in breeding numbers at
several colonies (Arcos and Oro, in press).
Studies on demography and population dy-
namics are crucial for the conservation of
Balearic Shearwaters since they would help
to evaluate the dynamics of the population
and to identify the main threats of the spe-
cies. Determination of sex can be useful to
assess the role played by sex in some life his-
tory traits such as survival or dispersal. Body
measurements have been previously used to
discriminate gender through predictive
functions (Witt et al. 1982; Coulson et al.
1983; Evans et al. 1993; Evans and Cavanagh
1995; Phillips and Furness 1997; Renner et al.
1998; Lo Valvo 2001). These functions are
species-specific and there is strong recom-
mendation to use them only in the studied
local population if size varies over the geo-
graphical area (Evans and Cavanagh 1995).
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In this paper we evaluate sexual size di-
morphism in the Balearic Shearwater and we
offer an easy method for sexing most adults
in this species.

METHODS

Adult Balearic Shearwaters were captured during
the breeding season of 2001 in two colonies on Mallorca
Island (Balearic archipelago, western Mediterranean).
Ten body measurements were taken by the same re-
searcher (MM): 1) Tarsus length (from the depression
in the angle of the intertarsal joint to the base of the last
complete scale before the toes diverge), 2) smallest tar-
sus width (transversal), 3) middle toe length (distance
from the first scale of the middle toe to the base of the
nail on this toe), 4) head plus bill length (from the tip
of the bill to the cerebellum roof), 5) bill length (from
the tip of the bill to the feathering), 6) nalospi (distance
from the tip to the bill to the nostril), 7) bill depth (at
nostril), 8) minimum bill depth, 9) wing (maximum
flattened cord) and 10) tail length (see Fig. 1 for head
and bill measures). All measurements were taken with
Vernier callipers (30.02 mm) except for wing and tail
length that were measured with a ruler (0.5 mm) and
body mass that was determined using a 600g Pesola
(+10g) balance. From each captured bird, a small blood
sample (ca. 25 pl) was taken from the leg vein. Blood
was collected in a capillary tube and transferred it into
a tube with approximately an equal volume of preserva-
tive buffer containing 50 mM EDTA, 2% SDS and 50
mM Tris pH8 (Griffiths et al. 1992). Samples were stored
for several weeks at room temperature before analysis.
DNA was extracted using the phenol/chloroform meth-
od, following digestion with proteinase K (Sambrook et
al. 1989). We sexed the chicks using the polymerase
chain reaction to amplify two CHD genes (Griffiths et al.
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Figure 1. Head variables measurements taken in Balear-
ic Shearwaters.

1998), detecting one band in males and two bands in fe-
males. Results were observed in a 3% agarose gel,
stained with ethydium bromide.

Duplicate measurements of 20 birds were taken on
two independent occasions to assess consistency (Bar-
rett et al. 1989). Differences between the two measure-
ments were tested using a paired t-test (Sokal and Rohlf
1981). Intersexual differences for each measurement
were tested with a two-sample t-test. We calculated the
percentage of dimorphism between sexes in each mea-
sure as:

being X and X f the mean values in males and females
respectively. We also compared measurements between
the members of a pair to assess how often the male was
the larger of the two. Only birds for which we had all
measurements were considered in the discriminant
analysis. Some variables were not included in the analy-
sis: body mass, because this can vary greatly according to
the time elapsed since the last food ingestion; and wing
and tail length, because they are not dimorphic in the
species (see Results). The criterion used for variable se-
lection was the statistic Wilks’ Lambda. The effective-
ness of the discriminant function was assessed first in
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terms of the proportion of adults of known sex that were
classified correctly using all individuals in the analysis,
second by a jacknife procedure (cross-validation)
(Lachenbruch and Mickey 1968), in which each individ-
ual was classified using a function derived from the total
sample minus the individual being classified (e.g., Amat
et al. 1993; Chardine and Morris 1989; Counsilman et al.
1994), and third by classification of an additional sam-
ple of 12 molecular sexed birds.

RESULTS

No significant differences were found be-
tween the two sets of measurements of birds
measured twice on independent occasions
(see Table 1). Measurements from 72 adults
sexed by PCR amplification revealed sexual
size dimorphismy; all bill and head measures
and tarsus length were significantly larger in
males than females (see Table 2). The de-
gree of sexual dimorphism differed between
the variables; minimum bill depth was the
most dimorphic variable and wing, tail and
weight the least dimorphic (Table 2.). Com-
parisons of measures within pairs revealed
that males were always larger than females in
the nalospi, head plus bill length and mini-
mum bill length, but not in others (see
Table 3).

The discriminant analysis was applied to
eight morphometric characters of 52 adult
Shearwaters (32 males and 20 females).
Head plus bill length and minimum bill
depth were the most accurate variables for
use in a discriminant function model, pre-
dicting sex with 90% accuracy (see Table 4).
Cross-validation classified adults exactly the

Table 1. Comparison of measurements of 20 birds on two independent occasions to assess consistency of data. Statis-
tics (mean * standard deviation), paired t-test values and level of significance are shown. All measurements are in mm.

First measure Second measure  Mean paired SE paired

Mean £ SD. Mean = SD difference differences  Paired t-test P
Bill length 38.13+£1.22 38.03+1.17 +0.10 0.09 1.07 n.s
Nalospi 29.47 £1.02 29.22 +1.10 +0.25 0.20 1.18 n.s
Head length 89.10+£2.18 89.32+£2.05 +0.22 0.18 1.17 n.s
Bill depth at gonys 9.36 £0.46 9.41 £ 0.46 -0.05 0.03 -2.06 n.s
Minimum bill depth 8.80+£0.43 8.81 £1.45 -0.01 0.03 -0.07 n.s
Tarsus 50.31 £2.15 49.98 £1.60 +0.33 0.24 1.42 n.s
Tarsus width 2.78+0.15 2.78+0.12 0.00 0.25 0.00 n.s
Toe 55.81 £2.27 56.21 £1.76 -0.40 0.27 -1.47 n.s
Tail 74.50 £2.01 74.30 £2.08 +0.20 0.24 0.85 n.s
Wing 251.15£4.95 250.95+4.91 +0.20 0.37 0.53 n.s
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Table 2. Descriptive statistics of the measurements of 72 adult sexed Balearic Shearwater (in mm except body mass
in g). Percentage of sexual dimorphism and level of significance (P) between males and females according to the
Student t-test in each variable are also shown. An asterisk (*) indicates that the variable was included in the Discrim-

inant Analysis.
Males Females
N Mean + SE N Mean + SE P % dimorphism

Bill length* 45 38.63+0.17 25 37.17+0.33 <0.001 3.8
Nalospi* 37 30.04+0.19 20 29.04£0.25 <0.05 3.3
Head plus bill length* 45 90.45+0.24 25 87.47+0.43 <0.001 3.3
Bill depth at gonys* 46 9.49+0.06 25 8.88+0.07 <0.001 6.4
Minimum bill depth* 41 8.92 £0.06 23 8.18+0.11 <0.001 8.3
Tarsus length* 45 50.19 £0.22 25 49.01+0.32 <0.05 2.4
Tarsus width* 38 2.71 £0.02 20 2.68 +0.04 n.s 0.9
Toe length* 37 55.75+0.3 21 54.95+0.35 n.s 14
Wing 38 251.75 +0.63 19 249.53 £0.99 n.s 0.9
Tail 37 74.96 +0.31 22 74.50 +£0.51 n.s 0.6
Mass 46 508.55 + 4.55 26 494.77 £6.11 n.s 0.3

same, so also with 90% accuracy. Applying
this discriminant function to the additional
sample of birds, we correctly sexed 11 from
12 adults, so accuracy was about 91%. The
discriminant function (D) obtained was:

D = 0.41967 * head_length + 1.11984 *
bill_depth - 46.88928

Wilks Lambda 0.464, ¢* = 37.61, P< 0.001.
Positive discriminant scores (D) indicated
male, negative values, female. When only one
variable, head plus bill length or minimum
bill depth, was taken into account in the dis-
criminant function, accuracy decreased to

76% and 78% accuracy respectively.

DISCUSSION

Only in a few species of Procellariformes
have significant differences in body size
been detected between sexes (Warham
1990). In the Manx Shearwaters (Puffinus
puffinus) females were found to be signifi-
cantly smaller than males (Thomson 1987)
although differences between sexes were
smaller than those found in our study of
Balearic Shearwaters. In that study, Thom-
son also found intersexual differences in
wing length, although Brooke (1978) only
found differences in bill and tarsus length
working on the same species in another col-
ony. Several head and body measurements of
Short-tailed Shearwaters (Puffinus tenuiros-
tris) showed that males were on average 3%

larger than females (within pairs) (Meathrel
et al. 1993). However these authors recom-
mended against using structural size to pre-
dict the sex of adults due to assortative size
mating in the species. In the closest species
of the Balearic Shearwater, the Mediterra-
nean Shearwater, Zotier (1992) concluded
that the high overlapping within measure-
ments between sexes did not allow an estab-
lishment of distinction depending on
morphometrics. Instead, in Balearic Shear-
waters, sexual differences between sexes
were marked, males being significantly larg-
er than females for most tested variables. In
previous studies on this species, no sexual
size dimorphism was found (Mayaud 1932),
and only bill size gave a significant difference
between sexes, but this result was probably
due to small sample sizes.

Table 3. Percentage of males larger than females within
pairs. N = Number of pairs examined.

Males larger (%) N
Bill length 90 10
Nalospi 100 10
Head length 100 11
Bill depth at gonys 91 11
Minimum bill depth 100 9
Tarsus 64 11
Tarsus width 44 9
Toe 78 9
Tail 71 7
Wing 50 8
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Table 4. Accuracy of the discriminant function derived
from measures of 52 Balearic Shearwaters. Frequencies
and percentage (in parenthesis) of classified birds with
the original function and with the cross validation (clas-
sifying leaving one out) are shown.

Predicted sex

Sex Male Female
Original

Male 29 (90.6%) 3 (9.4%)

Female 2 (10%) 18 (90%)
Cross-validation

Male 29 (90.6%) 3 (9.4%)

Female 2 (10%) 18 (90%)

The best discriminant variables in the
Balearic Shearwater were head length and
bill depth. Both measures are consistent and
easy to take in the field. These measures have
been already used to discriminate sex in oth-
er seabird species such as gulls (Fox et al.
1981; Haners and Patton 1985; Migot 1986;
Barrett et al. 1989; Coulson et al. 1993; Torl-
aschi et al. 2000), petrels (Lorentsen and Rov
1994), and Atlantic Puffins (Fratercula arti-
ca) (Barrett et al. 1989). Head length was also
considered useful for sexing adults of Manx
Shearwaters, although the accuracy of the
discriminating function was only of 77%
(Thomson 1987).

With this discriminant function, most
Balearic Shearwaters can be sexed. Discrimi-
nant scores will also reveal which birds are
less likely to be correctly sexed because their
scores are intermediate. In such doubtful
cases, the sex of the birds could be inferred
by comparing head measurements with
those of their partners. Otherwise, a blood
sample could be taken to allow molecular
sexing, but this is expensive and time con-
suming to apply to all individuals.
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