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Can Iberian Water Rail Rallus aquaticus be sexed reliably
using simple morphometrics?
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In this paper we classified the sex of 39 Iberian Water Rails Rallus aquaticus using external morphometric
measurements and genetic analysis. Logistic regression and classification tree model techniques (CART) were
used to test whether simple morphometric measurements alone could classify sex correctly. For most of these
measurements the overlap between sexes was too great fo be of value. Bill length was the most relevant
variable according fo all the statistical analyses for the population under study. The applied combination of
statistical techniques on biometric and genetic data correctly classify 80% of individuals. However, in view
of the apparent variability in morphometric characteristics between populations, morphometric techniques

to sex individuals from other populations should be validated using other criteria.

The Water Rail Rallus aquaticus is a polytypic, medium-sized
bird (102-128 g) with a discontinuous trans-Palearctic
distribution (Voous 1960, Cramp & Simmons 1980).
In Europe, the subspecies aquaticus is widespread (Del
Hoyo et al 1996) but accounts for less than half of its
global breeding population of 140,000-360,000 pairs
(BirdLife International 2004). Therefore, it is considered
‘Not Threatened’. However, during recent decades it
has suffered a continuous decrease in abundance, in
common with other species of rails (Collar et al 1994,
BirdLife International 2004), due to the disappearance
and degradation of wetlands (Jenkins et al 1995, De Kroon
2004). The subspecies aquaticus, which includes Iberian
birds, is mainly resident in the west and south of the range,
but is partially migratory in the north and east (Cramp &
Simmons 1980, De Kroon 1984a).

Methods for determining the sex of Water Rails have
scarcely been studied, in spite of the relative ease of capture
of the species (Zembal & Massey 1983, De Kroon 1984b,
Kearns et al 1998, Fuertes et al 2002). Biometric differences
between the sexes have been described for European
Water Rails, with males being significantly larger than
females (Flegg & Glue 1973, Cramp & Simmons 1980,
Becker 1990, 1995, De Kroon 2000). However, to our
knowledge, there is no specific published information on
morphometric parameters for sexing Iberian birds (Cramp
& Simmons 1980, Baker 1993), even though sex ratio
determination is fundamental for understanding both
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behaviour and population structure and dynamics, and
for the design of management strategies and conservation
plans (Jones et al 1995, Millar et al 1997, McGregor &
Peake 1998).

We study a Water Rail population in Leén province
(NW of the Iberian Peninsula), which is strategically
positioned at the boundary between the Mediterranean
and Euro-Siberian biogeographical zones. Due to the
lack of knowledge of this population, and since the use
of biometric data from Northern and Central Europe
to sex Iberian birds is not recommended (Campos et al
2005, Zuberogoitia et al 2005), we have employed DNA
analyses as an alternative and more accurate method for
classifying the sex of Iberian Water Rails (Griffiths et al
1998). These techniques have recently been applied to
ornithological studies because they can provide the basis for
exploring biometric variation between the sexes in species
without strong sexual dimorphism (Sweeney & Tatner
1996, Brown et al 2003, Quintana et al 2003, Campos et
al 2005). We have also explored the potential for simple
external morphometric cues to allow sex determination of
an Iberian-breeding Water Rail population.

METHODS

Study site
The site consists of four wet areas (2-10 ha), located in the

south-eastern quarter of Ledn Province (Spain): the shallow
lagoons of Villadangos del Paramo (UTM 30T 271960,



4711782) and San Andrés (UTM 30T 271416, 4696543)
and the streams of Oncina (UTM 30T 286431, 4716895)
and Valcavado (UTM 30T 272734, 4681052). All sites were
surrounded by meadows, aquatic vegetation (mainly Juncus
spp, Carex spp and Typha spp) and scattered willows (Salix
spp) within a matrix of irrigated agricultural lands.

Water Rail biometrics and blood samples

Birds were captured between 2000 and 2005 using a
modified fish net trap (Fuertes et al 2002). To ensure the
capture of only local individuals, we set the traps between the
end of April and August. We aged the birds on plumage traits
and removed yearling birds from subsequent analysis.

Six simple morphometric variables were measured:
maximum wing chord length (WL; + 0.5 mm), eighth
primary feather length, numbered descendently (FS8L; + 0.5
mm), tarsus length, (TL; £ 0.1 mm) (Svensson 1996), tarsus
plus medium toe length (TTL; + 0.5 mm) (Baker 1993), bill
length from the tip to beginning of the feathers (BL; + 0.1
mm) (Borras et al 2000) and, finally, body mass (W; £ 1 g).

By venepuncture, 50 pl of blood was collected from the
brachial vein under the wing of each bird using capillary
tubes and 100% ethanol was added to preserve the sample.
Blood sampling was carried out under Spanish national
licences (DGMNPF/120.009, DGMNPF/120.027) and
the supervision of the Animal Production Department
(University of Leon).

Molecular sexing

Sex identification was determined by DNA analyses of the
extracted blood following a salting-out procedure (Miller et
al 1988). Briefly, sex-specific regions of DNA were amplified
using a polymerase chain reaction (PCR) following
procedures used by Griffiths et al (1998) with the following
adjustment in the protocol. The PCR reaction volume was 10
pl consisting of 30 ng of total DNA, 2.5 mM MgCl,, 0.25 ul
of each primer P8 (5 CTCCCAAGGATGAGRAAYTG-3’)
and P2 (5TCTGCATCGCTAAATCCTTT-3’), 2 mM
of each deoxynucleotide triphosphate, 0.5 U Taqg DNA
polymerase and 1 pl of 10 x PCR Buffer (Ampli Taq Gold,
Applied Biosystems, Madrid). Thermocycling parameters
included an initial denaturation step at 94°C for 5 min,
followed by 35 cycles of denaturation at 94°C for 30 s,
annealing at 52°C for 40 s and extension at 72°C for 40 s
and then, a final extension step at 72°C for 10 min. The
resulting PCR products were separated by electrophoresis
for 90 min at 7-10 V/cm in a 3% agarose gel stained with
ethidium bromide.

Data analysis

Mean values of all morphometric measures collected
to discriminate between males and females were firstly
compared using the Mann-Whitney U-test. To prevent
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further collinearity problems among the predictors, we
applied Spearman bivariate correlations to explore the
associations between all morphometric measures. Wing
length, tarsus plus medium toe length and body mass were
excluded in the subsequent analyses because they showed
values with r, > 0.8. The remaining set of independent
variables (eighth primary feather length, tarsus length
and bill length) was explored to separate males from
females (dependent variable) using two multivariate
methods: logistic regression and classification tree models
(CART).

A logistic regression with logit link function and
binomial error term (Jongman et al 1995) was carried out
using a backwards stepwise procedure. At each step, each
variable and its interactions with other predictors were
tested for significance in turn. When any variables were
non-significant, the one making the smallest contribution
was dropped from the starting null model (including all
the variables). The procedure continued until all remaining
variables were statistically significant at P < 0.01. We
selected this level of significance rather than the usual
threshold (0.05) to ensure robust conclusions. Finally,
an objective cut-off point (Pereira & Itami 1991, Brito
et al 1999) was defined to convert the probability output
(values 0 to 1) into dichotomous data (male-female) and
the performance of the model for sexing individuals was
evaluated. To avoid prevalence problems in the analysis,
equal numbers of males and females were included. This
aids interpretation of model performance (Hosmer &
Lemeshow 1989, Fielding & Bell 1997, Manel et al 2001).
Birds not used for the training model were used as an
independent data set for testing the predictive power of the
model. Model accuracy was assessed using two alternative
measures: (1) Nagelkerke’s R and (2) the area under the
‘Receiver Operating Characteristic’ curve (AUC; Beck &
Shultz 1986, Fielding & Bell 1997). Analyses were carried
out in SPSS 13.0 (SPSS Inc, Chicago).

Classification and regression tree models (CART)
(Breiman et al 1998, De’ath & Fabricius 2000) provide an
interesting alternative to regression. Possible non-linear
or discontinuous relationships between independent
and dependent variables can be explored using this tool.
In this study, we built classification tree models fitted by
successively splitting the data into more homogeneous
subsets. Each split is based on the independent variable,
which upon splitting at some break point (threshold),
minimises the error sum of squares for the response
variable. The result is a hierarchical tree which forms
terminal nodes when the fractional reduction in total error
decreases below 0.01. The predicted value at the end of each
node is the mean probability of the individuals classified
in that node to be sexed as male. For this analysis we used
S-plus 6.1 (Insightful Corporation, Seattle, 2002).
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RESULTS

During the sampling period, in total 39 adult birds were
captured, measured and genetically sexed. The genetic
analysis revealed a typical pattern of bands, one band for
males and two bands for females, as described by other
authors for other bird species (Griffiths et al 1998). In
summary, 25 birds were males and 14 females, though
not all of the sexed individuals could be fully measured.
Table 1 shows the variation in morphometric parameters
and the results of univariate analyses. These data showed
that males differed significantly from females only
according to bill length (not considering wing length,
eighth primary length, tarsus length, toe-tarsus length
and body mass). Bill length was also the least variable
measure, while body mass was the most variable,
particularly in males.

For statistical multivariate analysis, we used a roughly
equal sample of 26 individuals (14 males and 12 females).
From the remaining 13 individuals, 11 (males) were used
for independent model validation, while two (females)
could not be used for this purpose because some relevant
body measurements were missing. Moreover, according
to the bivariate correlation analysis, only three body
measures were retained for those multivariate analyses:
eighth primary feather length (F8L), tarsus length (TL)
and bill length (BL).

Logistic regression analysis correctly sexed 88% (SD =
6.90) (AUC value) of the 26 individuals included within
the analysis. This model had a good fit, as confirmed by
a Nagelkerke R? value of 0.55. The contribution of each
variable to the final model was very similar. The equation
below presents the function for calculating the probability
(values from O to 1) that an individual is male. If this
probability is higher than 0.58 (cut-off point), the bird
can be included within this category. The application of
this equation to the independent validation set correctly
classified 80% of birds:

Male prob. = 1/[(Exp—(8.14*F8L-15.41*TL
-0.20*F8L*BL-0.40*BL*Tl-24.62)) +1]

where F8L is the eighth primary feather length; TL the
tarsus length and BL bill length.

The sex classification tree model (Fig 1) explained 46% of
the data variability, structured around four terminal nodes.
The first split, which accounted for 85% of the initial
model heterogeneity (deviance explained by each split
divided by the total deviance explained by the model), was
due to bill length, the most relevant variable also according
to this analysis. For a bill length of less than 36.4 mm, the
probability that the bird is male is very low: 0.11 (1/9).
The second split accounted for only 6% of the explained
variability. It divided the remaining individuals (with a bill
longer than 36.4 mm) according to eighth feather length
(F8L): if this is 87.4 mm or longer, the probability that the
individual is a male is 0.60 (3/5). Finally, the third split
explained 8% of the variability, again relating to eighth
primary length (F8L). If the remaining males have an F8L
between 85.5 and 87.3 mm, then the probability of male
is 1.00 (5/5). Individuals with an F8L less than 85.5 mm
are predicted to be male with a probability of 0.71 (5/7).
This model was tested using the independent validation set.
Using an arbitrary cut-off point of 0.60, all 11 males were
correctly classified with a median probability of 0.71.

DISCUSSION

The preliminary sex-ratio estimation (based only on
biometric data from European birds) of the study population
showed a female-biased result, which conflicts with our
results and the available information about social structure,
mating behaviour and territorial distribution of the species
(Cramp & Simmons 1980, Brambilla & Rubolini 2004,
De Kroon 2004, Jenkins & Ormerod 2004). Even though
birds from southern Europe may be expected to be smaller
than birds from northern regions (Meiri & Dayan 2003),
the use of this rule for other European populations was
of no value when applied to the Iberian population under
study, as for other bird species (Pepin 1985, Campos et al
2005, Zuberogoitia et al 2005).

Table 1. Morphometric parameters of 39 Water Rails sexed by molecular techniques (note that not all birds could be fully measured).

Males Females All
Mean (SD) range n Mean (SD) range n U-test n total
WL 117.78 (5.18) (109.5-128.0) 21 116.96 (4.51) (110.0-125.0) 12 ns 33
F8L 85.36 (4.00) (78.5-95.0) 21 84.49 (2.72) (79.5-89.0) 12 ns 33
TL 40.98 (2.54) (37.9-45.7) 25 39.61 (2.01) (36.2-42.5) 14 ns 39
TTL 89.45 (5.40) (81.7-99.5) 24 87.34 (4.06) (80.5-94.2) 14 ns 38
BL 39.42 (2.44) (35.1-43.4) 24 36.92 (1.71) (34.9-41.2) 14 P=0.001 38
W 112.09 (13.27) (89.6-139.0) 25 104.11 (10.51) (87.0-118.5) 14 ns 39

WL = wing length (mm), F8L = eighth primary feather length (mm), TL = tarsus length (mm), TTL = tarsus plus medium toe length (mm), BL = bill

length (mm) and W = body mass (g).
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Figure 1. Classification tree model for sexing Iberian Water Rails.
Squares represent ferminal nodes. Values inside those squares indicate
the predicted probability (mean values) of being a male. The variance
explained by each split (referred to the total variance retained by
the tree) is highlighted with ovals. Critical thresholds for predictors
are displayed between node connections. Numbers in bold are the
observations included within each branch of the tree. BL = bill length
(mm); F8L = eighth primary feather length (mm).

In spite of the small sample size, we detected variation in
the morphometric measurements in our study population
which, moreover, overlapped between the sexes more
than in other European populations (Cramp & Simmons
1980). It is necessary to emphasise the extreme variability
in the morphometric measures of males and the need for
further research to get more robust conclusions about this
variability.

Bill length appears to be the most useful morphometric
measure for general sex discrimination, as has been
shown by other authors (Flegg & Glue 1973, Cramp &
Simmons 1980, Baker 1993). The length of the eighth
primary, alone or in combination with the bill length, is
the other most relevant variable for sexing birds. The use
of this variable is common for sexing passerines (Jenni &
Winkler 1989) but, up to now, it has not been used for
sexing rails. Body mass, tarsus length and tarsus-toe length
did not differ statistically between the sexes, although these
measures have been used by other authors to sex rails
and other aquatic birds (Baker 1993, Baker et al 1999).
Perhaps more complicated measurements might prove
useful for determining sex in Water Rails, utilising body
measurements not taken in this study.

The CART technique has seldom been utilised in ecology
and even less in the interpretation of bird biometric data.
When, as in our case, CART analyses are applied to small
sample sizes, results may be affected by overfitting. In
this case, other techniques such as the Breiman-Cutler
classification (Lawrence et al 2006) may be helpful for
further research.

In conclusion, as morphometric features seem to vary
strongly across regions and between the sexes, we do not
advise the use solely of commonly used measurements to
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classify the sex of Iberian Water Rails, unless they have
been validated using other criteria.
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