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ABSTRACT.— Black-Browed Albatross (Diomedea melanophris) displays little sexual dimorphism
and although males are usually larger than females, sexing birds by direct observation is difficult.
We evaluated sexual size dimorphism in this species and provided a reliable method to predict
the sex of measured birds. Discriminant Analysis of six morphometric measurements of adult
birds indicated that only three variables (bill depth, head width and nape) were the most accurate
variables to use in a discriminant function model, predicting sex with 87% of reliability.
KEY WORDS: Argentina, Black-Browed Albatross, Discriminant Analysis, sexing, sexual size dimorphism.
RESUMEN. DIMORFISMO SEXUAL DEL TAMAÑO CORPORAL EN ALBATROS CEJA NEGRA (D IOMEDEA MELANO-

PHRIS) CAPTURADOS INCIDENTALMENTE DURANTE LAS OPERACIONES DE PALANGRE.— El Albatros Ceja Negra

(Diomedea melanophris) muestra un escaso dimorfismo sexual y aunque generalmente los machos
son más grandes que las hembras el sexado por observación directa puede ser difícil. Se evaluó
el dimorfismo sexual del tamaño corporal en esta especie con un método confiable para predecir
el sexo a partir de mediciones de las aves. El Análisis Discriminante aplicado a seis caracteres
morfométricos tomados en individuos adultos indicó que solo tres de las variables (ancho del
pico, ancho de la cabeza y la nuca) son las más precisas para utilizar en una función discriminante,
prediciendo el sexo con un 87% de exactitud.
PALABRAS CLAVE: Albatros Ceja Negra, Análisis Discriminante, Argentina, dimorfismo sexual de tamaño
corporal, sexado.
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Sex ratio is an important parameter to consider
in ecological and conservation seabirds studies
(Weimerskirch and Jouventin 1987). Often
simple ratios of male to female sizes are used as
indices of sexual dimorphism (Fairbairn and
Shine 1993); they could be also used to attempt
to better understand the ecology of sexes of birds
incidentally captured by fisheries. In the last
decades the population tendency of several
species of albatrosses and petrels in the Southern Ocean are declining, often linked to longlining operations (Croxall and Prince 1990,
Brothers 1991, Cherel et al. 1996), primarily
because thousands of birds are hooked accidentally when they swallow or are snagged on the
baited hooks set by commercial longline crews
(Brothers 1991, Tasker et al. 2000, Belda and
Sanchez 2001, Gandini and Frere 2006).

Black-Browed Albatross (Diomedea melanophris) were re-categorized as endangered by
IUCN in 2005, as inferred from a steep decline
of 65% over three generations (BirdLife International 2008). Therefore, the proportion of sexes
affected by commercial longline is crucial to
determine the future of the species. Some of the
hooked birds drown when they are caught
mainly during setting and some others can be
released alive when they caught during
hauling. These birds are socially monogamous
and form long-term pair bonds (Brooke 2004).
During the breeding season, visual assessment
of sexes of live seabirds can be inferred from
sexual displays with certainty (Jouventin and
Lequette 1990, Pickering and Berrow 2001).
However, it may be an impossible task in other
situations when no obvious differences in
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Table 1. Morphometric measures (mean ± SD) of drowned males (n = 105) and females (n = 50) of
Black-Browed Albatross (Diomedea melanophris) collected from longline fishery in waters off the Patagonian Shelf, Argentina. Results of Multivariate Analysis of Variance evaluating differences between sexes
are shown.

Variable
Bill depth (mm)
Head width (mm)
Nape (mm)
Nalospi (mm)
Bill length (mm)
Wing length (cm)

Males

Females

F

P

28.53 ± 1.27
62.46 ± 3.22
76.26 ± 4.80
38.73 ± 1.65
120.10 ± 3.07
116.40 ± 11.06

26.97 ± 1.20
58.52 ± 4.34
71.64 ± 4.20
36.97 ± 1.62
118.09 ± 6.62
112.93 ± 10.76

53.33
40.24
33.94
38.88
6.68
3.38

<0.01
<0.01
<0.01
<0.01
<0.01
0.06

plumage or body size exist between the two
sexes, as is the case of this species (Croxall 1991).
Nowadays is relatively easy to sex birds
molecularly (Jodice et al. 2000, Quintana et al.
2003, Copello et al. 2006, Svagelj and Quintana
2007), but sometimes an immediate determination of sex at the field is still useful (e.g., when
the sample is too big or it is impossible to transport samples from ship to laboratory). Here we
report which body measurements can be used
to determine the sex of living or dead individuals of Black-Browed Albatross based on morphometric analyses of birds incidentally caught
by commercial fisheries.

M ETHODS
Samples of drowned birds (n = 155) were collected at four time intervals: October 2001, July–
November 2003, January–March 2005, and
October–December 2005 from longline fishery
that operated between 43–48°S and 59–62°W in
waters off the Patagonian Shelf, Argentina. The
longline systems used there have been described
by Gandini and Frere (2006) and Seco Pon et al.
(2007). Bird measurements include: nalospi
(distance from the tip of bill to the nostril), head
width, bill depth (minimum depth at the mid
length of the bill), nape, and bill length (exposed
culmen). All measures were obtained to the nearest 0.01 mm using a digital vernier calliper (Hull
1996, González-Solís 2004). Additionally, wing
length (carpal joint to tip of the longest primary)
was measured on the right side of the body with
a ruler to the nearest 1 mm. Body mass was discarded because measurements were performed

on frozen individuals. All birds brought to the
laboratory were sexed by dissection and the six
morphometric measurements were taken when
possible because some of the drowned birds
were in poor condition and it was not possible
to take all of them. All measurements were taken
in adult albatrosses. To determinate the age of
birds we used plumage pattern.
Multivariate Analysis of Variance was used to
determine whether the overall external morphology varied with sex. We used Discriminant
Analysis to combine the biometric data of birds
of known sex using the statistical package STATISTICA. The performance of each variable was
evaluated with Wilk’s Lambda statistic, which
decreases as discriminatory power increases.
The combination of measurements that best
discriminated between sexes was selected, and
a discriminant function model was obtained
from there. The cutting score for the discriminant function was calculated as the weighted
average of the mean value of discriminant scores
for each sex (Hair et al. 1995). We report here the
percentage of individuals correctly identified
for each sex and for all birds pooled.

R ESULTS
Males were significantly larger than females
in all body measurements except for wing length
(Table 1). Stepwise Discriminant Analysis chose
five variables from the six body measurements
available and bill depth emerged as the single
most accurate indicator of sex, correctly identifying 79% of all sampled individuals, followed
by head width, nape, nalospi and bill length
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Table 2. Accuracy of sexing Black-Browed Albatross (Diomedea melanophris) obtained by Discriminant
Analysis using single morphometric measurements and combined functions D1 and D2 (see text). Wilk’s
Lambda statistic, F values and the percentage of individuals correctly identified for each sex are shown.

Variable

Wilk’s Lambda

F

Males (%)

Females (%)

0.74
0.79
0.82
0.79
0.96
0.98
0.57
0.58

53.34
40.24
33.95
38.88
6.68
3.38
116.98
111.32

89
89
89
87
100
100
91
91

60
30
36
52
8
0
74
78

Bill depth
Head width
Nape
Nalospi
Bill length
Wing length
D1
D2

(Table 2). The resulting discriminant function
was:
D1 = 0.433 bill depth + 0.131 head width +
+ 0.086 nape + 0.117 nalospi + 0.029 bill length +
- 34.656
where values of D1 > 0 identified males and
values of D1 < 0 identified females. This function correctly identified the sex of 86% of the
samples.
Because a discriminant function requiring five
different measurements is of little practical value
in field studies, the functions with the highest
discriminatory power using fewer measurements were calculated. The discriminant function based on the linear combination of only
three variables was:
D2 = 0.529 bill depth + 0.142 head width +
+ 0.092 nape - 30.420
where values of D2 > 0 identified males and
values of D2 < 0 identified females. This function correctly identified the sex of 87% of the
samples.

D ISCUSSION
Adults of Black-Browed Albatross analyzed
showed significant differences in body measurements between sexes, with males bigger than
females, in almost all measurements. The
estimated Discriminant Analysis indicated that
bill depth was the most useful character for
distinguishing between sexes. Our results are
in line with several studies (Conroy 1972,
Croxall 1982, Fairbairn and Shine 1993, GonzálezSolís 2004) and indicate that even though seabirds are externally similar regarding the sex

this combination of external measurements still
provides a useful tool for sexing birds.
The discriminat function D2 explained greater
percentages of classification (87%) using half of
the variables in comparison with the D1 function (86%) that uses all the variables. In addition, it is recommended that fewer variables be
used to determine a bird’s sex due to the difficulty of manipulating birds in the field. Therefore, the function with three of the most
important external measures (head width, bill
depth and nape) turned out to be the best way
to discriminate between sexes of Black-Browed
Albatross. While D2 correctly classified 87% of
all birds, it was not so reliable to classify females;
the percentage of correct classifications for
females was smaller than for males. This may be
due to the original unbalance of the sample (105
males and 50 females).
Morphological differences are apparent for
Black-Browed Albatross with the subspecies
Diomedea melanophris impavida endemic to New
Zealand (Marchant and Higgins 1990), but
groups of birds breeding at other Sub-Antarctic
sites are not clearly discriminated (Waugh et al.
1999). According to this, our Discriminant
Analysis should be tested on biometric data of
individuals of known provenance in order to
determine the feasibility of our findings.
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