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ABSTRACT. Sex determination in birds is vital for evolutionary biology and conservation efforts. However, sexing cryptic species can
be challenging, especially outside the breeding season because of reduced dimorphic traits. This complicates conservation strategies
and our grasp of ecological dynamics. This study aimed to develop a simple and reliable method to classify the Yucatan Wren
(Campylorhynchus yucatanicus), an endemic and threatened species in the family Troglodytidae, using external structure measurements.
A total of 141 individuals of the species were successfully captured using mist nets. We collected blood samples and measured various
external structures. In the laboratory, we determined the sex of each individual with precision using the 1237L/1272H primer set, and
the Classification and Regression Trees (CART) were employed to accurately identify their sex. Sexual dimorphism was pronounced,
with males having greater body length and mass than females. Other sexually dimorphic variables included beak length, height from
the nares, and base-measured beak length. The CART method was useful in distinguishing between the sexes, which will be very useful
for future ecological studies on the conservation of C. yucatanicus.

RESUMEN. La determinacion del sexo en las aves es fundamental para los estudios de biologia evolutiva y ecologia, siendo importante
para el manejo y conservacion de sus poblaciones. Sin embargo, determinar el sexo de las especies cripticas sigue siendo problematico,
especialmente fuera de la temporada de reproduccion, cuando se reducen los rasgos dimorficos. El objetivo de este estudio fue identificar
unmétodo sencillo y fiable basado en mediciones de estructuras externas que permita clasificar el sexo de individuos del Campylorhynchus
yucatanicus, una especie endémica y amenazada de la familia Troglodytidae. Un total de 141 individuos de la especie fueron capturados
con redes de niebla, se colectd sangre y se realizaron mediciones de estructuras externas. El sexo se determiné en el laboratorio utilizando
el conjunto de iniciadores 1237L/1272H, y se empled el método de arboles de clasificacion y regresiones (CART) para identificar el
sexo de los individuos. El dimorfismo sexual fue marcado, con los machos presentando una mayor longitud corporal y masa que las
hembras. Otras variables con dimorfismo sexual incluyeron la longitud del pico, la altura desde las narinas y la longitud del pico medida
desde la base. El método CART fue util para discriminar entre sexos, lo cual es de gran utilidad para futuros estudios sobre ecologia
en vistas a la conservacion de C. yucatanicus.
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INTRODUCTION

Birds can be classified based on their phenotypic characteristics
as either monomorphic (where males and females appear similar)
or dimorphic (where males and females exhibit differences).
Sexual dimorphism is common in birds and is often evident in
their plumage and body size (Temeles et al. 2000, Dunn et al. 2001,
Blondel et al. 2002, Dunn et al. 2015). The visibility of sexual
dimorphism in birds varies throughout the year because many
sexual traits are seasonal. During the breeding season, the sexes
can be distinguished by temporary characteristics: males develop
a cloacal protuberance for sperm storage, while females have a
highly vascularized brood patch that transfers heat to the eggs
(Wolfson 1952). In species with breeding plumage, males may also
display more intense colors or patterns linked to reproductive
hormones (Pyle 1997, Delhey et al. 2010, DeSante et al. 2025).
Outside of the breeding season, these markers may be lost or
become less pronounced, making visual sexing difficult and
increasing the need for additional tools in field studies (Stein et
al. 2008, Volodin et al. 2015, Witkowska and Meissner 2020).
Accurate sex identification is essential for conservation and

population management and for addressing issues in behavioral
ecology, population dynamics, and reproductive studies
(Fernandez and Lank 2007, Thalinger et al. 2018), because errors
in sex identification can distort estimates of survival rates,
resource allocation, and parental roles. Therefore, non-invasive
and reproducible techniques, such as interpretable morphometric
models, are particularly valuable when seasonal reproductive
characteristics are not observable or when capture and invasive
sampling would be undesirable because of ethical or logistical
reasons (Volodin et al. 2015, DeSante et al. 2025).

Several methods are used to distinguish between male and female
birds. These methods can be categorized as invasive (such as
laparoscopy), moderately invasive, minimally invasive (like
karyotyping and DNA-based techniques), and non-invasive
(including steroid sexing, vent sexing, morphometric
observations, and vocalizations; Silva et al. 2023). However, even
among dimorphic species, it can be challenging to differentiate
between sexes, as some have similar plumage patterns, a
phenomenon known as cryptic dimorphism. This is observed in
some species of the Troglodytidae family.
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In many passerine species, sex can be determined based on
vocalization (Roper 2005), plumage (Lima-Rezende and
Caparroz 2016), size, or features of external structures such as
the presence of a brood patch and cloacal protuberance (Pyle
1997). However, determining the sex of monochromatic species
outside of the breeding season can be challenging. Historically,
researchers have had to sacrifice birds to determine the sex of a
monochromatic species, relying on direct inspection of the gonads
(Bailey 1953, Wingfield and Farner 1976). Alternative methods,
such as laparoscopy or genetic techniques are now available to
determine the sex of individuals (Maron and Myers 1984). In
avian biology and veterinary medicine, laparoscopy is a surgical
method that allows the internal reproductive organs (gonads) to
be examined directly through small incisions under anesthesia.
This enables accurate sex determination, even in species with no
external sexual dimorphism (Richner 1989, Volodin et al. 2015).
Properly performed laparoscopy in large birds, with appropriate
dosages, and in sterile labs appears to have minimal or no effect
on the physical health and behavior of birds (Piper and Wiley
1991). However, stricter standards must be in place when handling
small passerines and endangered species in the field, such as the
Yucatan Wren (Campylorhynchus yucatanicus) because of the
increased risk (Fair et al. 2010).

Birds can be identified as male or female by using molecular
markers that amplify fragments of the CHD gene on the W and
Z chromosomes (Griffiths et al. 1996, Jensen et al. 2003). Unlike
humans, avian males are homogametic, so when amplified by
polymerase chain reaction (PCR) and examined by gel
electrophoresis, males show only one band because both introns
are the same size (ZZ). Females, on the other hand, are the
heterogametic sex and show two bands (WZ). This simplified
method only works for species with different intron sizes, but there
are other methods for species with similar intron sizes (Han et al.
2009). However, these molecular techniques require specialized
laboratories, training, and are often expensive. Therefore, it is
essential to find more affordable and less invasive alternatives for
identifying the sex of birds, especially in small passerine species
and/or of conservation concern.

In recent years, there has been growing interest in using
classification and regression tree (CART) analysis. CART
analysis is a tree-building technique that differs from traditional
data analysis methods in its assumptions. It is an ideal method
for generating clinical decision rules (Hess et al. 1999) when the
data’s normality and independence are absent. The use of CART
was limited years ago by the complexity of the software required
to run the analysis. But CART can often uncover complex
interactions between predictors that are difficult or impossible to
uncover using traditional multivariate techniques (De'ath and
Fabricius 2000); and therefore it can help in the cases of
monochromatic species. Several passerine families show evident
sexual dimorphism (del Hoyo et al. 2005). However, most species
in the Troglodytidae family, which includes the known wrens, have
cryptic plumage and subtle size variations in external morphology
between males and females, as indicated by Pyle (1997) and
Brewer and MacKay (2001). That is why it is difficult to
differentiate between the sexes only by sight. Campylorhynchus
yucatanicus is one of the monochromatic species of the family
Troglodytidae. This species is endemic to the extreme northern
coast of the Yucatan Peninsula found only in the coastal thorn
scrub of dune vegetation (Paynter 1955, Vargas Soriano et al.
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2010, Serrano-Rodriguez et al. 2017) and is listed as endangered
by the Mexican Government (Diario Oficial de la Federacion
2010). Recent studies suggest that the species may be under
environmental pressure, and a new threat category has been
proposed to the IUCN (Serrano-Rodriguez et al. 2022).

Determining the sex of birds is important not only in behavioral
ecology, but also in evolutionary biology, genetics, and
conservation biology (Badyaev and Hill 2003, Estellés-Domingo
and Lopez-Lopez 2023, Turcu et al. 2023). To achieve this, we
sought to identify a method based on measurements of external
structures that would allow us to classify the sex of individuals in
the field.

MATERIALS AND METHODS

We conducted this study along the coast between the cities of
Celestun and Ria Lagartos in the state of Yucatan, Mexico, in
2015 and 2016. We worked in 14 localities that were evenly
distributed along the coast. These locations are: (1) Celestun
southeast, (2) Celestin northwest, (3) El Palmar, (4) Sisal east,
(5) Sisal west, (6) Chuburna, (7) Capilla, (8) Chixchulub east, (9)
San Benito, (10) Xcambo south, (11) Santa Clara, (12) Dzilam
south, (13) Ria Lagartos east, and (14) Ria Lagartos west (Fig.
1, Appendix 1).

We used mist nets and playback recordings of the species to attract
and capture individuals. Each captured specimen was marked
with a unique combination of colored leg bands to avoid counting
the same individual multiple times during the study. We collected
between 2 and 3 pl of blood from the brachial vein of each adult
using a fine needle and heparinized capillary tubes. The blood
was placed in tubes containing 15% K3EDTA solution and stored
frozen at -20 °C until laboratory processing. Meanwhile, from the
time the samples were taken until we had access to the freezer, the
blood was kept in a fridge with ice for a few hours. We secured
federal and state permits from SEMARNAT (Secretaria de
Medio Ambiente y Recursos Naturales) and authorized access to
protected areas for these collections and the Yucatan State
SEDUMA (Secretaria de Desarrollo Urbano y Medio
Ambiente).

Fig. 1. The sampling sites of Campylorhynchus yucatanicus
individuals were evenly distributed along the coast of the
northern Yucatan Peninsula, Mexico: (1) Celestin southeast,
(2) Celestun northwest, (3) El Palmar, (4) Sisal east, (5) Sisal
west, (6) Chuburna, (7) Capilla, (8) Chixchulub east, (9) San
Benito, (10) Xcambo south, (11) Santa Clara, (12) Dzilam
south, (13) Ria Lagartos east, and (14) Ria Lagartos west.

90°0'0"W 89°0'0"W 88°0'0"W 87°0'0"W
L L L L

13 14 N

9 1 12 w 3
s67 8 0 o
4 - 1012C

S

21°0'0"N

1 ¢ ~" Adantic
¢ Guifof 4 Ocean
Mexico N

Pacific

20°0'0"N- 0 25 50 100 Km Ocean 3 L |
(IR 4



https://journal.afonet.org/vol96/iss4/art2/

We captured 181 individuals, from which we successfully extracted
DNA from 141. We recorded measurements of external structures
(wing, tarsus, and beak) whenever possible for each individual. All
measurements on all C. yucatanicus individuals were taken by a
single researcher using the methodology described in Pyle (1997).
The basic statistics of such variables are listed in Table 1. Sex was
determined using the primer set 1237L (5-GAGAAACTGTGCA-
AAACAG-3")/ 1272H (5'-TCCAGAATATATCTTCTTCTGCTCC-3")
(Kahn et al. 1998). A mixture of 1 uL DNA, 3ul Taq DNA
Polymerase, 2.7 ulL water, and 0.3 uL primer was used for
amplification, for a final volume of 6uL. Each reaction included a
preheat at 94 °C for 3 min and 39 cycles were performed with the
following steps: denaturation at 94 °C for 1 min, alignment at 57.6 °
C for 1 min, and extension at 72 °C for 1 min. After extension of
the strands, a temperature of 72 °C was maintained for 10 min and
allowed to cool to 10 °C. PCR products were visualized on 1.5%
agarose gels, through an electrophoretic run at 70 V and a duration
of 1 hr 20 min. Classification was performed by visualization of the
bands on the agarose gels. A second criterion to corroborate the
classification was the presence of the brood patch in females during
the breeding season (Armiger 2014).

We evaluated the normality of the data and homogeneity of
variance and performed a non-parametric U-Mann Whitney
comparison of means to explore differences in the measurements
of the structures between sexes. The percentage of sexual
dimorphism was calculated with the formula: ((Xf - Xm)/Xm)*100,
where Xm is the average of the measurements of males and Xf that
of females (Jiménez et al. 2016). Additionally, a jackknife test was
performed to evaluate the relative importance of the variables.

To find a method of sexing this species that could be implemented
in the field without the need for molecular techniques, we used a
classification and regression tree, CART (Breiman et al. 1984),
implemented in the rpart (Therneau and Atkinson 1997, Therneau
et al. 2023), caret (Kuhn 2023), and rpart.plot library (Milborrow
2023) of the R software. The analysis included the following body
measurements: wing length, tarsus length, beak length from the
nostrils, beak height, beak length from the base, and beak and head
length. An exploratory CART analysis was used to eliminate the
remaining variables of lesser importance. Individuals with missing
data for any of the selected variables were discarded from the study.
The resulting database of 135 individuals was randomly divided
into two subsets: a training group (70%), used to adjust and select
the model, and a test group (30%), reserved for the final evaluation.
The data within the training set was partitioned into 10 subsets (or
folds) of an equivalent size. The model was trained on nine of these
folds and validated on the remaining fold. This process was repeated,
with the validation fold alternating each time. The resulting errors
were averaged to estimate the tree’s generalization capacity
(Breiman et al. 1984, Kuhn and Johnson 2013). This minimized the
risk of overfitting, reducing dependence on a single partition and
providing a more robust measure of expected error (James et al.
2021) before the model was applied and evaluated to the test data.
The complexity parameter that optimized the balance between
accuracy and simplicity was selected automatically to avoid
overfitting. The tree was then pruned according to this criterion,
and the performance metrics of accuracy, sensitivity, specificity, and
the Kappa index were evaluated, as well as the relative importance
of the predictor variables (Olden et al. 2008, Kuhn and Johnson
2013).
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Table 1. Descriptive statistics of the variables and U-Mann
Whitney test outcomes used to differentiate female and male
Campylorhynchus yucatanicus in Yucatan Peninsula, Mexico.

Sex n Median SD Min Max % U-Mann P
dimorphism ~ Whitney

Weight (g) M 75 36.8 22 30.0 41.0 14.79 171.5 0.001
F 64 32.1 2.1 28.0 39.0

Beak height (mm) M 72 565 025 455 6.30 8.73 188.5 0.001
F 65 520 025 450 6.30

Beak length from M 74 19.50  1.05 1645 21.80 8.44 487.0 0.001

nostrils (mm) F 65 17.95 095 14.80 19.90

Beak length from M 73 2695 1.35 2345 30.55 8.24 365.0 0.001

base (mm) F 65 2490 115 21.10 2745

Wing length (mm) M 75 75.4 1.6 71.0 79.0 6.75 67.5 0.001
F 63 70.6 1.9 67.0 77.0

Length of body M 64 189 31 19 230 6.92 326.0 0.001

(mm) F 58 177 30 18 195

Beak and head M 74 5335 135 4925 56.60 6.03 197.5 0.001

length (mm) F 65 5030 125 4640 53.50

Tarsus length M 75 2710 0.90 2480 29.50 5.59 2345 0.001

(mm) F 65 2570 0.70 23.05 27.10

Tail length (mm) M 66 73.4 24 69.0 79.0 5.55 440.5 0.001
F 56 69.5 30 62.0 77.0

Beak width (mm) M 72 470 025 420 545 4.07 925.0 0.001
F 65 4.55 025 4.00 5.70

Length of nail M 74 825 030 7.05 8.80 341 925.5 0.001

(mm) F 65 795 045 690 8.80

RESULTS

We identified 75 males and 66 females using molecular techniques.
Males are significantly larger than females across all measured
external structures (Table 1, Fig. 2). Significant differences in
weight, length, height of the bill from the nares, and the length of
the exposed culmen were found using a non-parametric U-Mann-
Whitney test, as the data did not follow a normal distribution.

The final classification tree of the CART algorithm had three nodes
and considered two variables, beak and head length and wing
length (Fig. 3). The root node effectively separated the females with
beak and head length < 51 mm (who represented 41% of the
sample) from those individuals with higher values, who were mostly
classified as male (59%). Subsequently, among individuals with
longer beaks, the model included the wing length variable with a
threshold of 74 mm, and within this group, the tarsus length with
a value of 27 mm. Thus, the pruned tree showed that individuals
with beak and head length > 51 mm and wing length > 74 mm were
classified almost exclusively as males (98%), while those with wing
<74 mm and tarsus < 27 mm corresponded mainly to females (6%)
and those with tarsus > 27 mm to males (5%). Overall, the model
achieved a classification consistent with the distribution observed
in the training data. (Fig. 3).

The complexity analysis revealed that after the first split (nsplit =
1), the relative error dropped sharply from 0.4687 at the root node
to 0.1333, with a comparable cross-validation error (xerror =
0.1333 £0.0527). With the inclusion of three splits (nsplit = 3), the
relative error decreased further to 0.0444, while the cross-
validation error reached 0.0667 (£ 0.0379). These results confirm
that the pruned tree substantially reduced the error rate relative to
the initial node, achieving a balance between model fit and
generalization, as reflected in the low cross-validation error
obtained through 10-fold validation. The confusion matrix for the
training data showed that the classification tree correctly identified
100% of the females (18/18) and 81% of the males (17/21), with
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Fig. 2. Distribution of frequencies of values for the variables
used in the classification and regression trees (CART) method
for sex classification in male (blue) and female (green)
Campylorhynchus yucatanicus individuals in the Yucatan
Peninsula, Mexico.
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only four males misclassified as females. Overall, the model
reached an accuracy of 89.7%, reflecting its strong ability to
discriminate between sexes. The evaluation of the classification
tree demonstrated strong predictive performance in both training
and testing datasets (Table 2). In the independent test set, the
model achieved an overall accuracy of 89.7% (95% confidence
interval: 0.758-0.971), with a perfect sensitivity (1.0000) for the
female class, and a specificity of 0.8095 for the male class. Cohen’s
Kappa coefficient (0.7969) indicated a substantial agreement
between predictions and true labels, and the balanced accuracy
reached 0.9048, confirming robustness across classes. On the
training set, performance was even higher, with an accuracy of
97.9% (95% confidence interval: 0.927-0.998), nearly perfect
sensitivity (0.9778) and specificity (0.9804), and a Kappa value
of 0.9582, reflecting excellent reliability of the model. These
results highlight that the pruned tree generalized well to unseen
data while maintaining high classification power, particularly in
correctly identifying female individuals.

DISCUSSION

According to our results, the CART method can be a precise,
valuable, and practical technique for predicting the sex of C.
yucatanicus in the field by taking a few measurements without the
need for laboratory analysis. Similar approaches have been
successful in other species with cryptic dimorphism, including
those in the family Troglodytidae. For instance, Gill and Vonhof
(2006) showed that subtle morphometric characteristics could
reliably distinguish the sexes of Buff-breasted Wrens
(Cantorchilus leucotis). Comparable outcomes have been reported
for Troglodytes troglodytes, where morphometric discriminant
functions achieved levels of accuracy comparable to molecular
methods. A combination of wing length and head-and-bill
measurements correctly identified the sex of 96% of individuals
(Sweeney and Tatner 1996). These studies show that, even when
external plumage dimorphism is absent, morphometric variation
can be used to accurately determine sex.
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Fig. 3. Decision tree for sex classification of Campylorhynchus
yucatanicus individuals based on morphometric measurements
and application of the classification and regression trees
(CART) algorithm. The boxes show the male (m) or female (f)
sex, the probability and the percentage of all data in the
dataset.

m
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Beak and head <51 {no] m
length 0.89
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Table 2. Performance of classification and regression tree
algorithms based on training and test datasets and evaluated by
the accuracy, sensitivity, specificity, prediction, and F1 score.
Females represent the positive class.

Dataset

Train (70%) Test (30%)
Accuracy 0.9792 0.8974
Sensitivity 0.9778 1.0000
Specificity 0.9804 0.8095
Female prediction value 0.9778 0.8182
Male prediction value 0.9804 1.0000
Prevalence 0.4688 0.4615
Kappa 0.9582 0.7969
P-value <2e-16 1.661e-06

Compared with molecular sexing, which is often considered the
most prestigious and outstanding standard (Lee et al. 2008,
Purwaningrum et al. 2019, Turcu et al. 2023), morphometric
methods have the advantages of being non-invasive, cost-effective,
and applicable directly in the field (Meissner et al. 2018). For
example, morphometric discriminant functions achieved
accuracy levels similar to molecular methods in raptors such as
the Bonelli’s Eagle (Aquila fasciata), highlighting the potential of
morphometry-based approaches in conservation research
(Estellés-Domingo and Lopez-Lopez 2023). Nevertheless,
molecular techniques remain indispensable in certain contexts,
particularly when there is significant overlap in morphometric
characteristics between the sexes.

In comparison with conventional methodologies, such as linear
discriminant analysis, CART boasts the advantage of being able
to manage non-linear relationships and intricate interactions
between variables, without being encumbered by assumptions
concerning multivariate normality or equal covariance matrices
across groups (Breiman et al. 1984, Loh 2014). This makes CART
especially suitable for ecological data, where morphometric traits
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may not follow normal distributions. Additionally, CART
provides easily interpretable graphical outputs in the form of
classification trees and explicit decision rules, facilitating its
application by field biologists and conservation practitioners
(De'ath and Fabricius 2000, Cutler et al. 2007). The direct
application of CART rules to the classification of new individuals
enhances its practical utility.

In C. yucatanicus, we found that males are generally larger than
females, as is the case in most bird species (Pyle 1997). However,
in some species, such as some hummingbirds and birds of prey,
females are larger than males (Temeles et al. 2000, Stiles et al.
2005). Females in the genus Campylorhynchus tend to be smaller
on average (Ridgway 1904, Selander 1964, Bradley and Mennill
2011). Armiger (2014) showed that females of C. yucatanicus are
smaller than males, produce a brood patch during the breeding
season, which is absent in males, and play a larger role in
incubation. Various hypotheses are used to explain sexual size
dimorphism, but the main ones in passerines are related to sexual
selection (Darwin 1871, Hedrick and Temeles 1989, Andersson
and Iwasa 1996, Blondel et al. 2002, Clutton-Brock 2009, Dale
et al. 2015) and ecological mechanisms, such as competition for
resources, which may result in sex differences in habitat use and
niche segregation (Hedrick and Temeles 1989, Shine 1989,
Blondel et al. 2002). In Carolina Wrens (Thryothorus
ludovicianus), Haggerty (2006) revealed assortative mating by size,
a dynamic that could be used in future models that integrate social
pairing patterns. The subtle morphological differences between
the sexes in C. yucatanicus may be the result of a balance of
opposing selective pressures. Sexual selection may favor slightly
larger males, as evidenced by their prominent role in singing
during duets and in intraspecific competition for territories
(Mennilland Vehrencamp 2005, Ku-Peralta et al. 2020). However,
the fact that both sexes participate in territory defence and
cooperative parental care probably limits the extent of sexual
divergence, favoring overall morphological similarity (Selander
1964, Vargas Soriano et al. 2010). This tension resembles a trade-
oft whereby males evolve to be slightly larger while remaining
morphologically similar to females (Hauber and Lacey 2005,
Rubenstein and Lovette 2009, Tobias et al. 2012, Kraaijeveld et
al. 2007). This is consistent with the cooperative breeding
strategies observed in wrens (Selander 1964, Vargas Soriano et al.
2010). This equilibrium may explain why C. yucatanicus exhibits
apparent monomorphism in plumage and overlapping
morphometrics, yet still displays subtle sex-linked differences, for
example, in vocalizations.

Additionally, future studies could build upon our results by
exploring other sex-linked traits. Studies of vocal repertoires and
frequencies of vocalizations have revealed significant differences
between the sexes of visually monomorphic birds (Mennill and
Vehrencamp 2005, Volodin et al. 2015). For example, recent
experimental studies of Cantorchilus nigricapillus have
demonstrated that song developmental pathways are sex-specific,
which supports the idea that acoustic traits can serve as reliable
sex indicators (Thalinger et al. 2018). Combining morphometrics
with bioacoustic data, such as duet structure or repertoire metrics,
could greatly enhance sex classification models, particularly for
wrens. Furthermore, exploring feather micropatterns could reveal
subtle sex-linked traits. Our findings invite reconsideration of the
assumption of strict monochromatismin C. yucatanicus. Previous
studies have shown that many species categorized as
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monochromatic by human observers exhibit subtle sexual
dichromatism that can only be detected through spectrophotometry
(Eaton 2005). Therefore, it is possible that C. yucatanicus also
displays hidden color cues beyond the range of human vision, but
that are visible to conspecifics. Incorporating spectrophotometric
analyses of plumage into future studies would enable us to test
this hypothesis and improve our understanding of the
mechanisms underlying sexual differentiation in this endemic
wren species. This multifaceted approach could improve accuracy
and open new lines of research in behavioral ecology, such as mate
selection, signal evolution, and population dynamics (Mays et al.
2004).

This study found significant size differences between males and
females of C. yucatanicus, resulting in sexual dimorphism that
can be used in the field to know the population structure, sex ratio,
and population viability, which in turn can be helpful for species
conservation and plan management. Sex-specific identification
has enabled the detection of ecological differences, such as prey
partitioning (Thalinger et al. 2018). Similarly, reliable sexing
allows better assessment of demographic parameters such as
differences in survival and dispersal for each sex (Prugnolle and
de Meeus 2002), as well as behavioral aspects such as parental
care and mating systems. Therefore, our CART-based approach
may facilitate broader ecological and evolutionary research.
Reliable sexing can strengthen long-term demographic studies by
clarifying how sex ratios shape social interactions, dispersal, and
cooperative dynamics in bird populations (Donald 2007,
Morrison et al. 2016). Moreover, integrating morphometric
CART models into broader ornithological research could
facilitate comparative studies of sexual dimorphism, cooperative
breeding, and ecological specialization across taxa (Rubenstein
and Lovette 2009, Thalinger et al. 2018). Furthermore, this
method could be used to identify monochromatic species,
particularly those of high conservation value, such as endemic
and endangered species like parrots and shorebirds. However, the
validity of the method would first need to be demonstrated for
each species by applying the relevant variables and models.

CONCLUSIONS

This study characterized sexual dimorphismin C. yucatanicus and
identified an effective method to differentiate females and males
in the field using a classification and regression tree algorithm.
These results provide a simple, reliable, and accessible method for
identifying the sex of birds in the field, which could aid future
demographic research, analysis of sex ratios in populations, and
the study of differential dispersal patterns. This is essential for
conserving species with an endemic and restricted distribution.
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Appendix
Table Al. Coordinates of sampling sites of the individuals of Campylorhynchus yucatanicus were

evenly distributed along the coast of the northern Yucatan Peninsula, Mexico.

Id Sites Latitude (y) Longitude (x)
1  Celestin southeast 21.2523 -89.8229
2  Celestin northwest 21.2583 -89.5786
3  ElPalmar 20.8949 -90.3835
4 Sisal east 20.7864 -90.4138
5 Sisal west 21.5602 -88.0759
6  Chuburna 21.5728 -88.1652
7  Capilla 21.5645 -88.0840
8  Chixchulubeast 21.1562 -90.0898
9  San Benito 21.1699 -90.0134
10 Xcambé south 21.3216 -89.4488
11 SantaClara 21.2571 -89.5755
12 Dzilam south 21.2913 -89.3283
13 Ria Lagartos east 21.3581 -88.9190
14 Ria Lagartos west 21.3713 -89.0261
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