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Abstract.—To provide an easy and reliable work tool to identify the sex of individuals, adult Black-browed 
Albatrosses (Thalassarche melanophrys) (n = 31) were weighed and measured, and the sex determined using DNA 
analyses. Stepwise discriminant analysis showed upper bill depth and weight to be the best predictor variables for 
sex determination. This model classified correctly 95.0% of the males and 81.8% of the females (overall success 
was 90.3%). Additionally, a single measure discriminant analysis of upper bill depth was developed that is able to 
separate sexes using a threshold upper bill depth of 29.87 mm, with values above this point being males and values 
below it being females. Received 21 October 2015, accepted 11 March 2016.
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Easy and reliable methods to identify the 
sex of individuals are useful for the study of 
many aspects of avian biology, such as evo-
lutionary ecology and genetics, population 
dynamics, behavior, dispersion, and migra-
tion and conservation genetics, but also for 
active management of species and popula-
tions (Clutton-Brock 1986; Sarrazin and Bar-
bault 1996; Newton 1998). Procellariiformes 
generally exhibit sexual dimorphism where 
males are larger and heavier than females, 
but the degree of overlap renders sexing 
without behavioral or morphometric confir-
mation difficult (Hedd et al. 1998). Accurate 
and easy methods to determine the sex of an 
individual in the field is necessary for scien-
tific studies.

Discriminant function analyses have been 
largely used as a tool for sexing species of 
birds that are sexually monochromatic but 
show sexual dimorphism in size (Brennan et 
al. 1991; Ferrer and de le Court 1992; Del-
gado and Penteriani 2004). External mor-
phometric measurements are taken from 
individuals of known sex to develop dis-
criminant functions and then test them us-
ing skins from museums and collections, in-
dividuals hunted/killed or depredated, and 
both captive and wild live animals (Amat et 
al. 1993; Lorentsen and Røv 1994). William 
(1983) and Titus et al. (1984) have noted the 

power and limitation of these discriminant 
techniques.

Discriminant functions have been widely 
used to sex birds, including albatrosses and 
related species (Hedd et al. 1998; Sagar et al. 
1998; Copello et al. 2006; Polito et al. 2012), 
but no reliable criteria have been described 
to identify sex for the Black-browed Albatross 
(Thalassarche melanophrys), even though sig-
nificant differences in morphological mea-
surements have been found between sexes 
(Phillips et al. 2004). Therefore, an easy and 
accurate field method to sex this species 
would be helpful for studying conservation 
of the Black-browed Albatross. The aim of 
this study was to find a versatile and reliable 
morphometric criterion for sex determina-
tion of Black-browed Albatrosses in the field 
by means of discriminant models.

Methods

Study Area

The Falkland Islands, a British overseas territory, lie 
in the southwest region of the South Atlantic Ocean, 
approximately 600 km east of the mainland of South 
America, between latitudes 51° S and 53° S, and longi-
tudes 57° W and 62° W. The present study was carried 
out in the Saunders Island. Saunders Island (51° 20′ 34″ 
S, 60° 10′ 50″ W) is a 12,500-ha sized island off the north 
coast of West Falkland Island. It is home to four spe-
cies of penguins: King (Aptenodytes patagonicus), Gentoo 
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(Pygoscelis papua), Rockhopper (Eudyptes chrysocome), 
and Magellanic (Spheniscus magellanicus); two species of 
shags, Rock (Phalacrocorax magellanicus) and Imperial 
(P. atriceps); and several colonies of Black-browed Alba-
trosses (Thalassarche melanophrys). Upland (Chloephaga 
picta) and Ruddy-headed (C. rubidiceps) geese also oc-
cur on the island.

Body Measurements and Molecular Sex

During 17-26 February 2015, we trapped a total of 
31 adult Black-browed Albatrosses. We weighed and 
measured adults when they arrived at their nests to pro-
vision their nestlings (Figs. 1, 2 and 3). Using digital 
calipers and a ruler, we measured: 1) bill length (to the 
nearest 0.1 mm); 2) upper bill depth (to the nearest 0.1 
mm); and 3) diagonal tarsus and forearm length (to the 
nearest mm). We also used a spring balance to measure 
body mass (to the nearest 10 g).

We extracted DNA from feather bulb samples. 
Feathers (2-7 cm length) were taken from the neck or 
the back of the adults. The samples were placed in pa-
per envelopes without touching their tips and then into 
new plastic bags containing silica gel. Silica gel absorbs 
moisture, which can degrade DNA. Sex identification 
was carried out by means of Polymerase Chain Reaction 
amplification of sections from CHD1 genes that are lo-
cated on the avian sex chromosomes (Z in males and 
females and W in females only). We followed the pro-
tocol for primer sets using Griffiths et al. (1998), which 
provide the best amplification and the best fragment 
separation with Black-browed Albatross samples. Using 
this technique, we identified 11 females and 20 males 
from the 31 birds used in the discriminant analysis.

Statistical Analyses

Mean and standard deviation for all measurements 
were calculated for each sex. All five variables were nor-
mally distributed and met the conditions for homoge-
neity of variance. To check for overall differences in size 
between sex classes, we performed a one-way analysis of 
variance (ANOVA) of all five morphometrics. We then 

used forward stepwise discriminant analysis procedures 
that build the best explanatory discriminant model 
between sexes with the minimum possible number of 
morphometric variables. Each variable was moved into 
the model in successive steps, with an F to enter set to 
3.84 (0.95 probability) and an F to remove set to 2.71 
(0.90 probability). Wilks’s Lambda statistic was derived 
to quantify the discriminant power of each model. Fi-
nally, we used a Jackknife procedure as posterior cross-
validations of the predictive accuracy of the resulting 
functions (Manly 1986). We conducted analyses using 
STATISTICA software (StatSoft, Inc. 2007).

results

There were significant difference in over-
all size between sex classes of adult Black-
browed Albatrosses (ANOVA, F = 8.91, df = 
5, P < 0.001). Results showed that females 

Figure 3. Measure of forearm length (to the nearest 
mm).

Figure 1. Measure of bill length and upper bill depth (to 
the nearest 0.1 mm).

Figure 2. Measure of diagonal tarsus length (to the near-
est mm).
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were significantly smaller than males for all 
the morphometric measures, with upper 
bill depth, weight and forearm length as the 
most dimorphic characters (Table 1). The 
stepwise discriminant analysis performed 
retained upper bill depth and weight as the 
best predictor variables in the discriminant 
model and excluded the other variables. 
The discriminant function was:

D1= 36.55 (upper bill depth) – 0.01 
(weight) – 1,103.38

Values of D > 0 identified males, and val-
ues of D < 0 identified females. This model 
correctly classified 95.0% of the males and 
81.8% of the females (overall success was 
90.3%; two females and one male were 
misclassified) with a low value for Wilks’s 
Lambda statistic (Wilks’s Lambda = 0.388, 
F = 22.03, P < 0.001). The Jackknife proce-
dure also correctly classified 90.3% of the 
whole sample. Because a discriminant func-
tion with only one measurement might be 
more useful for sex identification, when you 
find only a skull or a fragment of wing for 
instance, we conducted the analysis using 
only upper bill depth. This analysis correctly 
classified 87.5% of the birds (90% of males 
and 83.3% of females) with a low value of 
Wilks’s Lambda close to the first selected 
model (Wilks’s Lambda = 0.461, F = 35.03, 
P < 0.001).

Because Ferrer and de le Court (1992) 
demonstrated that forearm length is an easi-
er measurement to take than diagonal tarsus 
length and repeated measurements taken 
by different observers showed less variance, 
we ran the discriminant function using only 
forearm length measurements. This model 
correctly classified 85% of cases, with a low 
value of Wilks’s Lambda (Wilks’s Lambda = 

0.719, F = 11, 64, P < 0.001). The discrimi-
nant function D2 (upper bill depth) was

 D2 = 42.697 (upper bill depth) – 652.82

and that of the forearm, D3, was

D3 = 4.284 (forearm) – 621.87

By solving the function for D2 = 0, we 
obtained a threshold upper bill depth of 
29.87 mm, with values above this point be-
ing males and values below it being females. 
Similarly, solving D3 = 0, the threshold value 
for forearm length was 286.25 mm, with val-
ues above this point being males and values 
below it being females.

discussion

Our results indicate significant size di-
morphism between female and male Black-
browed Albatrosses, and sexes may be sepa-
rated by means of external morphometric 
measurements in an easy and reliable way. 
Since there was considerable overlap in the 
ranges of some of these measurements, dis-
criminant functions using morphometrics as 
predictor variables are more accurate tools 
for sex identification.

Even sexing birds using DNA ampli-
fication on sex chromosomes can falsely 
classify an individual due to sample con-
tamination, experimental error and ob-
server error (Palma et al. 2001). The best 
model obtained in our discriminant analy-
sis showed a high level of overall correct 
classification of sex (95%), supported by 
several statistics and cross-validations. 
Measures like weight, wing length, tail 
length, length of wing feathers, and length 
of claws or foot pad length are widely used 

Table 1. Mean and SD of morphometric measures of the Black-browed Albatross.

Parameter

Males (n = 20) Females (n = 11)

F PMean SD Mean SD

Weight (g) 3,800.00 303.05 3,245.45 305.33 23.63 < 0.001
Forearm (mm) 290.10 9.29 278.91 5.28 13.43 < 0.001
Tarsus (mm) 89.03 2.64 85.56 3.24 10.35 0.003
Bill length (mm) 121.25 2.94 116.70 4.23 12.39 0.001
Upper bill depth (mm) 30.55 0.79 28.77 0.96 30.89 < 0.001
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in sex determination of birds (Amat et al. 
1993; Hedd et al. 1998; Sagar et al. 1998; 
Copello et al. 2006), although these types 
of morphometric characters are quite 
variable and dependent on other factors. 
Weight has high variation, even within the 
same day, and is dependent on food eaten, 
stage of growth and environmental condi-
tions, and wing feathers keep growing af-
ter the first flight and are subject to loss 
and molt. Morphometric variables derived 
from hard body structures like bills and 
bones (e.g., upper bill depth or forearm) 
are preferable as stable predictors (Coun-
silman et al. 1994).

Identification of sexes in dead birds 
(e.g., from skeletal material, specimens 
from museums or depredated birds) can 
only be determined from measurements 
of bones or bills. Although it has not been 
used traditionally in sex determination 
studies in birds, the forearm has become 
more widely used due to the accuracy that 
it provides (Ferrer and de le Court 1992). 
Furthermore, it has been shown to be an 
easier and more reliable measure with 
lower variance in measurements among 
different observers than has the diagonal 
tarsus (Ferrer and de le Court 1992). The 
model constructed only with this measure-
ment provides a forearm length threshold 
of 286.25 mm between males and females, 
and the predictive power was 85%.

For a predictive model using just one 
measurement, the upper bill depth was 
found to be an easy, immediate, low-cost 
and accurate explanatory reference for 
sex determination in the Black-browed 
Albatross. The forearm length would be 
the next most valid predictor to separate 
sexes. These morphometric measurements 
should be considered standard work tools 
for future scientific studies and population 
management of this species.
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