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Photogrammetry as a tool for sex identification and sex ratio estimation in
Chilean Flamingos

La fotogrametria como herramienta para la identificacion del sexo y la estimacion de la
proporcion de sexos en el Flamenco Austral

Henrigue C. Delfino’ and Caio J. Carlos’

ABSTRACT. Understanding the demographic characteristics of animal populations, such as age, sex, and population structure, is
essential for effective wildlife management and conservation. However, accurately identifying these traits in wild populations is
challenging, especially for birds inhabiting remote or sensitive wetlands. Flamingos exemplify this difficulty because their subtle sexual
dimorphism makes sex identification complex. Recent advances in technology offer non-invasive methods for collecting demographic
data from a distance, providing new opportunities for wildlife research. This study tested photogrammetric techniques, methods that
obtain quantitative measurements from photographs, to assess sex in Chilean Flamingos (Phoenicopterus chilensis) by collecting key
morphological data from standardized images. Captive flamingos, sexed by molecular techniques, were photographed to validate the
method’s accuracy. Subsequently, the same techniques were applied to wild, free-ranging flamingos to evaluate the influence of distance,
image quality, and measurement choice on identification success. Results showed that photogrammetric methods could reliably identify
the sex of both wild and captive flamingos. However, accuracy depended on selecting appropriate measurements, careful application
of the method, and maintaining optimal distances between the photographer and the subject. These findings highlight the potential
of photogrammetry as a practical, non-invasive tool for gathering reliable demographic data. By integrating advanced technology into
conservation strategies, this approach can enhance ecological studies and improve management practices for flamingos worldwide.

RESUMEN. Comprender las caracteristicas demograficas de las poblaciones animales, como la edad, el sexo y la estructura poblacional,
es fundamental para un efectivo manejo y conservacion de la vida silvestre. Sin embargo, identificar con precision estos atributos en
poblaciones silvestres es desafiante, especialmente para aves que habitan humedales remotos o sensibles. Los flamencos ejemplifican
esta dificultad, ya que su dimorfismo sexual sutil complica la identificacion del sexo. Los avances tecnologicos recientes ofrecen métodos
no invasivos para recolectar datos demograficos a distancia, brindando nuevas oportunidades para la investigacion de la vida silvestre.
Este estudio evaluo técnicas fotogramétricas, métodos que obtienen mediciones cuantitativas a partir de fotografias, para determinar
el sexo en el Flamenco Austral (Phoenicopterus chilensis) mediante la obtencion de datos morfologicos clave a partir de imagenes
estandarizadas. Se fotografiaron flamencos en cautiverio, sexados mediante técnicas moleculares, para validar la precision del método.
Posteriormente, las mismas técnicas se aplicaron a flamencos silvestres en libertad para evaluar la influencia de la distancia, la calidad
de la imagen y la eleccion de las mediciones sobre el éxito de identificacion. Los resultados mostraron que los métodos fotogramétricos
podrian identificar de manera confiable el sexo tanto de flamencos silvestres como en cautiverio. No obstante, la precision dependid
de la seleccion de las mediciones apropiadas, de la aplicacion cuidadosa del método y de mantener distancias dptimas entre el fotdgrafo
y el individuo. Estos hallazgos resaltan el potencial de la fotogrametria como una herramienta practica y no invasiva para obtener
datos demograficos confiables. Al integrar tecnologia avanzada en las estrategias de conservacion, este enfoque puede fortalecer los
estudios ecologicos y mejorar las practicas de manejo de los flamencos a nivel mundial.
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INTRODUCTION

Understanding the demographic characteristics of animal
populations, including details such as individual age, sex, and
population structure, is fundamental to effective wildlife
management and conservation efforts (Beissinger and Westphal
1998, Kilpatrick et al. 2020). These demographic factors inform
key aspects of population dynamics, such as reproductive success
and survival rates, allowing wildlife managers and researchers to
better model population dynamics to the near future and thus,
predict potential susceptibility to environmental changes
(Kilpatrick et al. 2020). Birds play a vital role in various
ecosystems, contributing to seed dispersal, pollination, and pest
control, as well as serving as key indicators of environmental
health (Garcia-Moreno et al. 2007). For example, shifts in the age
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structure of a bird population can signal environmental changes,
such as habitat degradation or food scarcity that may otherwise
go undetected (Martins et al. 2024). Additionally, knowing the
sex of individual birds within a population is crucial for assessing
reproductive viability and predicting future population growth
(Elphick et al. 2007). Understanding and knowing these
demographic factors allows conservationists and wildlife
managers to develop targeted, species-specific strategies that
support sustainable bird populations and preserve biodiversity in
increasingly vulnerable ecosystems (Kilpatrick et al. 2020).

Despite its importance, accurately identifying demographic
information like age and sex within wild populations presents
numerous challenges, especially for bird species inhabiting
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sensitive or remote wetlands (Griffiths 2000). Many wetland birds,
such as herons, bitterns, and certain migratory waterfowl, are
particularly sensitive to human presence, making frequent data
collection efforts difficult and risking behavioral changes or nest
abandonment (Gray et al. 2013). Traditional methods, such as
physical tagging, capture, and genetic sampling, can be invasive,
time-consuming, and stressful for these birds, potentially
disrupting breeding behaviors and exposing them to greater
predation risk, particularly in endangered species in which
minimizing human impact is crucial (Duarte 2013, Casas et al.
2014). The complexity and cost of these methods often necessitate
specialized equipment and trained personnel, further limiting the
feasibility of large-scale or long-term studies across vast and
diverse wetland regions (Lieury et al. 2017). Furthermore, the
remote and often inaccessible nature of wetland habitats adds
logistical challenges to continuous bird monitoring (Gallant
2015).

Recent technological advancements offer promising solutions to
overcome these barriers by providing non-invasive ways to assess
age and sex and gather demographic data from a distance
(Zemanova 2020). For instance, the use of drones equipped with
high-resolution cameras has shown promise in monitoring bird
colonies remotely, allowing researchers to capture images without
disturbing the birds or their habitat (Francis et al. 2022, Colyn et
al. 2024). Other methods such as photogrammetry, for example,
use photography to capture precise measurements of animals,
which allows researchers to analyze morphology in greater detail
and non-invasively (Napoli et al. 2024). This technique has been
applied successfully in identifying age and sex markers in various
species, with potential for broader application as technology
becomes more accessible and sophisticated (Fearnbach et al.
2019, Napoli et al. 2024). By minimizing disturbance and
providing rapid, high-accuracy data, photogrammetry could
enhance the efficiency and scalability of demographic
assessments (Smith et al. 2020).

Flamingos (Phoenicopteriformes) are examples of wetland
species for which demographic information of wild birds, such as
age and sex, is essential yet challenging to obtain (Yang et al.
2024). These birds, known for their large, dense colonies and
vibrant plumage, inhabit remote saline and alkaline lakes and
coastal wetlands, which can be difficult to access regularly
(Winkler et al. 2020). Furthermore, traditional data collection
methods, such as tagging or genetic sampling, are often
impractical with flamingos due to their sensitivity to human
disturbance and the inaccessibility of their nesting grounds (Yosef
2000, Price 2008). Flamingo colonies may abandon their nests if
they perceive a threat, leading to substantial breeding losses
(Delfino and Carlos 2024). Consequently, efforts to gather
demographic data on flamingos have been limited and sporadic,
often preventing researchers from obtaining the data to support
informed conservation decisions. However, past research has
shown that flamingos exhibit subtle sexual dimorphism, with
males generally being larger than females, as well as age-related
differences, particularly visible in feather coloration (Montalti et
al. 2012, Chiale et al. 2018, Boucheker et al. 2020). Despite these
distinguishing features, collecting such data from free-ranging
flamingos has proven highly impractical.
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Building on our understanding of morphological variation and
dimorphism in flamingos, our primary aim is to test modern
photogrammetric methodologies for collecting key morphological
data from wild flamingos. By employing differential equations
and modeling techniques, we aim to develop a reliable approach
for sex identification that can guide conservation and
management decisions for these populations. To evaluate this
approach, we photographed captive Chilean Flamingos
(Phoenicopterus chilensis) previously sexed through molecular
analyses and applied a measurement extraction method to assess
the accuracy of these measurements in sex determination of the
individuals. Additionally, we expanded and applied the same
methods in a wild free-ranging population of the same species,
investigating potential challenges in method application and
accuracy under different context of distances and image
conditions. Through this research, we aim to propose a field
protocol for collecting digital measurements, providing wildlife
experts and flamingo specialists with tools for improved data
collection and analysis of wild populations.

METHODS

Captive population studied

To evaluate whether photogrammetry is a reliable and effective
method for detecting sexual dimorphism in Chilean Flamingo
populations, we conducted a study using a captive, sexed, and
well-documented group at Fundacion Temaikén, located in
Argentina. Fundacion Temaikén is a private zoological institution
that plays a pivotal role in environmental conservation through
education, awareness campaigns, and animal rehabilitation
(https://temaiken.org.ar/). The institution also actively collaborates
with scientific research in diverse fields, such as animal behavior,
ecology, and welfare. Its facilities host an extensive variety of
animal species, primarily from South America, but also from
other parts of the world. Among the species housed are two
flamingo species: the Chilean Flamingo and the Caribbean
Flamingo (P, ruber). Although both species are maintained at the
700, only the Chilean Flamingo population had complete and
reliable sexing data. This population had been sexed in 2017 using
molecular tools, as reported by Gonzalez (2017). The group
consisted of 131 individuals, including 63 males, 53 females, and
18 individuals whose sex remained undetermined (Gonzalez
2017). In the captive flock, most individuals were originally born
in the wild and later permanently housed in the zoo, whereas a
minority (the 18 individuals that were not sexed) hatched in the
700 (A. delas Colinas, personal communication). The birds ranged
in age from 10 to 20 years, ensuring that all individuals were
sexually mature and fully developed, which is crucial for studies
on dimorphism. The flock was notably stable in its composition
and care conditions, reflecting consistent husbandry practices and
creating an ideal context for the study (A. de las Colinas, personal
communication).

The Chilean Flamingo enclosure is an open habitat designed to
mimic natural conditions. It features a medium-sized artificial
lake with a solid island at its center, providing space for the
flamingos to move freely without fences or barriers restricting
their movement. The lake offers access to water and designated
feeding areas, and the flamingos spent most of their time engaging
in natural behaviors such as resting, foraging, and socializing in


https://journal.afonet.org/vol97/iss1/art1/
https://temaiken.org.ar/

and around the water. The enclosure was shared with other bird
species, primarily waterfowl (Anatidae) and various wader birds,
creating a dynamic and biodiverse environment that encouraged
interspecies interactions. Despite the open design, the flamingo
flock’s ability to move beyond the enclosure was controlled
through wing clipping (A. de las Colinas, personal
communication). This procedure involves trimming the primary
flight feathers on one wing, effectively preventing the birds from
achieving the lift or balance needed for flight. At the time of this
research, the Chilean Flamingo habitat did not include any
confined or covered areas. Tourists and visitors to the park could
observe the flamingos from designated viewing areas, maintaining
a safe distance of at least 50 meters from the lake’s borders.

Photography and morphometric measurements

In December 2022, we conducted a photographic survey of all
the animals in the Chilean Flamingo flock using a Canon Rebel
T7 camera with EF 75 300 mm f/4-5.6 III lens, set to standard
photographic configurations. The photographs primarily focused
on capturing detailed images of the beak and head of each animal,
with particular emphasis on obtaining profile views (Medina et
al. 2020). Additionally, the images consistently included the tarsal
portion of the legs, ensuring that any identification rings were
visible. This approach facilitated the precise identification of
individuals within the flock for future reference. The photographs
were taken from fixed observation points strategically located
around the flamingo enclosure. The camera was also mounted on
atripod at a fixed height of 1.50 meters at each observation point.
This setup ensured consistent camera elevation across all
photographs, attempting to maintain uniformity in the
perspective and alignment of the images (Dai and Lu 2010).

To ensure accurate documentation, the distance between the
photographer and the animals was measured using a telemeter
(Rangefinder; Humphrieset al. 2023). The telemeter was mounted
on top of the camera and used to measure the distance between
the photographer and the animal prior to each photograph. The
device operates by emitting a laser beam that, upon striking the
target and being reflected back, provides the distance to the
observer. The laser was preferentially aimed at the center of the
animal’s body to ensure standardization of the measurements
(Healetal.2021). Allimages were captured using the same camera
and by a single observer, thereby minimizing potential
intermeasurement bias and ensuring consistency in the data
collection process (SchiiBler et al. 2024). For calibration and
reference purposes, photographs were also taken of a standard
30 cm ruler positioned at three predetermined distances: 60
meters, 30 meters, and 10 meters. These reference images provided
a reliable scale, enabling accurate comparisons between the
known ruler measurements and the measurements observed in
the flamingo photographs during subsequent analyses.

After the photographs were taken, we processed them using
Image] software (Schneider et al. 2012), extracting metadata from
each image and utilizing the known measurements of the ruler to
construct a reliable scale. This scale enabled accurate conversion
and collection of measurements from the flamingos. For each
image, we aimed to detect significant differences between sexes
by collecting a set of 10 morphological measurements from each
individual. All measurements were taken along straight lines to
avoid biased variation introduced by curved lines in measurement
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software (Liirig et al. 2021). The 10 measurements were selected
based on previous literature describing sexual dimorphism in
flamingos, prioritizing morphological traits less likely to be
influenced by environmental or physiological variables such as
weight, age, or the health status of individuals (Childress et al.
2005, Montalti et al. 2012). The measurements included two head
dimensions (head length and head height), five beak
measurements (beak length base-to-tip, beak length base-to-
bend, beak length bend-to-tip, beak depth at base, and beak depth
at bend), two neck measurements (neck depth upper and neck
depth at base), and one lower limb measurement (lower limb
length; Table 1, Fig. 1). The researcher collecting morphological
measurements and photographs of the captive birds was blind to
the sex of the individuals, and sex was only verified after the
analysis, avoiding the inclusion of bias in the measurements.

For each photograph, we determined the pixel dimensions by
using the metadata of the images captured by the camera (Torres
and Bierlich 2020). The pixel dimension was calculated by
dividing the sensor width of the camera (in millimeters) by the
image width (in pixels). This provided the physical size represented
by a single pixel on the sensor. Next, we incorporated the distances
between the photographer and the individual flamingos, the focal
length of the camera (in millimeters), and the calculated pixel
dimensions to determine the sampling distance (SD; Torres and
Bierlich 2020; Fig. 1). The sampling distance represents the real-
world size that each pixel corresponds to in the photograph.
Finally, to scale the pixel-based measurements to real-world
values, we multiplied the sampling distance by the lengths
measured in pixels for each morphological trait (Torres and
Bierlich 2020). This process allowed us to convert all pixel-based
measurements into accurate real-world dimensions, expressed in
centimeters. The scale was adjusted and calibrated using the
actual scale provided by the ruler photographed on-site.

Data analysis

After processing the images and measuring the variables, we
obtained different sets of variables for each individual from
images taken at various distances. To streamline subsequent
analyses, we calculated the mean value of each variable for each
individual. All further analyses were conducted using these mean
values, providing a standardized dataset for each Chilean
Flamingo. Then, we calculated the mean value of each
measurement for male and female Chilean Flamingos separately
and performed a t-test to evaluate whether significant differences
existed between the sexes (Dechaume-Moncharmont et al. 2011).
Additionally, we calculated the mean difference index (MDI) for
each measurement, following the methodology outlined by
Delestrade (2001) and Helfenstein et al. (2004). The MDI is
computed as MDI = 100X (mean female/mean male), providing
a standardized measure of sexual dimorphism for each variable.
We also assessed the reliability of each morphological
measurement by calculating the mean error, calculated by the sum
of variances divided by the sample size, which represents the
average discrepancy between repeated measurements of the
variables (Stevens 2002). This step ensured that the measurements
were consistent and reproducible.

To determine whether the morphological measurements were
effective in distinguishing between male and female Chilean
Flamingos, we conducted a discriminant function analysis
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Table 1. Selected measurements for sex discrimination in
previously sexed Chilean Flamingos (Phoenicopterus chilensis).
The variables were chosen based on previous studies indicating
morphological and discrete differences between sexes, as well as
their practicality and ease of acquisition. For each measurement,
the table provides a description of the landmarks used to
standardize measurements in each image, and the corresponding
identification code used in the study. Each morphological
measurement is indicated in Figure 1.

Code Measurement
H1  Head length

Description

Measured from the cranio-cervical junction (superior
insertion of the neck) to the anterior edge of the orbital rim
(eye socket).

Measured from the midpoint of the dorsal cranial curvature
to the midpoint of the ventral curvature of the palate.
Measured from the inferior attachment of the maxilla (upper
jaw) at the cranial base to the distal tip of the maxilla.
Measured from the inferior attachment of the maxilla at the
cranial base to the ventral point of the maxilla at the bend in
the beak.

Measured from the ventral point of the maxilla at the bend
to the distal tip of the maxilla.

Measured from the dorsal attachment of the maxilla to the

H2  Head height

Bl Beak length
(base-to-tip)

B2 Beak length
(base-to-bend)

B3 Beak length
(bend-to-tip)
B4  Beak depth at

base ventral attachment of the mandible (lower jaw) at the beak’s
base.
B5  Beak depth at Measured from the dorsal point of the bend in the maxilla to
bend the ventral point of the bend in the mandible.
NI Upper neck Measured from the cranio-cervical junction (superior
height insertion of the head at the neck) to the inferior insertion of

the neck at the cranial base.
N2  Lower neck Measured from the cervical-thoracic junction (superior
height insertion of the neck at the thoracic box) to the inferior
insertion of the neck at the thoracic box.
Measured from the exposed, featherless portion of the
tibiotarsus to the intertarsal joint.

Tl Tarsal length

(DFA). The DFA is a statistical technique used to classify
observations into predefined groups based on a set of predictor
variables (Stevens 2002). It works by finding a combination of
predictor variables that best separates the groups, creating one or
more discriminant functions. These functions are linear
combinations of predictors and aim to maximize the ratio of
between-group variance to within-group variance (Stevens 2002).
Initially, all 10 measured variables were included in the analysis.
Subsequently, we refined the analysis by using only variables with
an MDI greater than 95% because these were considered to exhibit
astrong degree of sexual dimorphism (Lovich and Gibbons 1992).
The analysis was performed using the 1da function from the
MASS package (Venables and Ripley 2002) in R, version 2.10.1
(R Core Team 2023), using 30% of the dataset as training set and
70% of testing group. We compared the two DFA methods by
evaluating their discrimination rates and success at detecting
correctly the sex of individuals at the testing set.

Finally, to assess whether variations in the distance between the
photographer and the animal influenced the accuracy of the
measurements, we first calculated the difference between each
measurement and the mean value of the corresponding variable,
ensuring that comparisons were always made within the same
individual (Pohl and Farr 2010). Using these differences, we
performed a correlation test to determine whether increasing the
distance between the photographer and the animal affected the
accuracy of the measurements (Stevens 2002). These analyses
allowed us to assess the extent to which measurement accuracy
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Fig. 1. Schematic representation of the methods used to obtain
measurements from photogrammetric data in Chilean
Flamingos (Phoenicopterus chilensis), highlighting the main
metrics analyzed in this study. (a) Chilean Flamingos at the
zoological institution were photographed, and morphological
measurements of the head, neck, and tarsus were selected as
key variables. (b) Pixel dimensions were determined by dividing
the camera sensor width (mm) by the image width (pixels). The
sampling distance (SD), representing the real-world distance
each pixel covers, was calculated using the observer-animal
distance (cm), camera focal length (mm), and pixel dimensions.
Finally, the SD was multiplied by user-measured pixel lengths
to obtain real-world values (cm). Image and figures by HCD.
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and classification performance were affected by variations in the
distance from which the photographs were taken. By identifying
potential biases or limitations associated with distance, we aimed
to ensure the robustness and reliability of our morphological
measurements and the resulting discriminant function (Stevens
2002).

Replication with wild population

To assess whether the methods could potentially be applied to a
wild population, we captured photographs of a flock of Chilean
Flamingos at the Lagoa do Peixe National Park, between June
and September 2022. This park is the only area in Brazil where
Chilean Flamingos are regularly found, although no sexing or
demographic studies have been conducted there (Delfino et al.
2023). The photos were taken using the same camera and setup
as those used for the captive population described earlier. The
distance between the photographer and the animals was also
measured using the same telemeter as in the previous study.
Because the animals in the park were not ringed or individually
identifiable, we could not compare the measured morphology
with known demographic data. Nevertheless, we assessed the
reliability of the methods by comparing the sex ratio within the
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Table 2. Descriptive statistics analysis of morphological measurements between female and male Chilean Flamingos in millimeters.
The table presents the mean and standard deviation for each measurement in females and males, along with the t-test results and
corresponding p-values to assess significant differences between sexes. The results are further interpreted using the Mean Error (ME)

and the Mean Difference Index (MDI).

Character Males (mean * SD) Females (mean * SD) t-test p-value* ME MDI
Head length 98.89 + 0.765 95.87 + 0.664 -22.81 okk 4.31 96.94
Head height 78.91 £ 1.225 75.78 £ 0.742 -16.99 okk 4.98 96.03
Beak length (base-to-tip) 107.49 + 1.419 106.57 £ 1.019 -4.38 okk 1.87 99.14
Beak length (base-to-bend) 79.378 £ 1.240 78.113 £ 1.396 -4.89 okk 1.14 98.40
Beak length (bend-to-tip) 82.534 £ 1.742 80.327 £ 1.522 -23.74 okk 3.12 97.32
Beak depth at base 33.51 £ 1.129 32.04 £ 1.073 -7.21 okk 4.76 95.61
Beak depth at bend 34.03 = 1.539 3297 £1.194 -4.24 okk 3.21 96.88
Upper neck height 74.98 £ 11.398 68.68 + 13.892 -2.22 * 7.55 91.59
Lower neck height 135.54 + 6.983 112.61 + 8.200 -15.77 ok 10.32 83.08
Tarsal length 220.85 + 2.691 201.03 £ 1.603 -49.06 okk 14.21 91.02

* Code: *** p < 0.001, ** p = 0.001-0.01, * p = 0.01-0.05.

flock across multiple photographs taken on the same day
(Mokkink et al. 2023). Measurements were taken from the same
image for all animals within the flock to avoid potential bias
caused by changes in the ecological context. Photographs of field
birds were taken from 8:00 to 18:00 on each sampling day, during
which individuals could move within the area or temporarily leave
and rejoin the flock; therefore, sex ratios rather than raw counts
were used to better account for these fluctuations.

We then applied both DFA methods described earlier and, for
each photograph of the flock, counted the number of adult
individuals classified as males and females. The sex ratio for each
photo was calculated by dividing the number of females by the
number of males (Ancona et al. 2017). The method was
considered successful if the sex ratio for a single day’s flock did
not present significant differences when tested with a chi-squared
test, in which the dependent variable was the number of
individuals classified as male or female, and the independent
variable was the photograph. Although this approach does not
provide definitive sex identification for wunmarked wild
individuals, it allows a practical evaluation of method reliability
under natural field conditions. Non-significant variation in sex
ratios indicates that the method can be applied in the field and
provides an indicative measure of sex identification in limited
context.

RESULTS

We captured 4594 photographs of the captive Chilean Flamingo
population at the Temaikén Foundation in Argentina, from
distances ranging from 9.2 m to 68.4 m. From these images, we
successfully collected at least 15 complete sets of variables for
each individual at various distances, totaling 19,650
measurements. Across all measured conditions, males
consistently exhibited higher values than females, with the
differences always being statistically significant, despite varying
among the different variables (Table 2). Among the measured
variables, upper and lower neck depth showed the greatest
variation in both males and females (Fig. 2). In contrast, head
length and head width exhibited the lowest variation in females,
whereas head length and beak depth at base showed the lowest
variation in males (Fig. 2). Overall, the males presented a higher
intra-measurements variation then females, excepting the neck
variables, which presented higher variances in the latter group. To

compare the sexes, the most effective variables were beak length
(base-to-tip), beak length (base-to-bend) and beak length (bend-
to-tip), because they demonstrated the highest MDI values.

Regarding the DFA, both variable sets demonstrated excellent
performance in distinguishing the sexes within the flamingo flock
(Fig. 3). This was particularly evident in the DFA using the subset
of variables with an MDI greater than 95%, which primarily
comprised beak- and head-related measurements. The DFA
incorporating all variables achieved discrimination values of
0.787 for LD1 and 0.012 for LD2, resulting in an accuracy of
67.02% in correctly identifying the sexes of individuals in the test
sample. In comparison, the DFA based on the most distinct
variables yielded discrimination values of 0.985for LD1and 0.014
for LD2, accurately classifying 86.25% of the sexes in the test
population, a significant difference between the two sets. These
results suggest that the reduced set of highly discrepant variables
is sufficient to reliably determine the sexes of individuals within
a high relative accuracy (Fig. 3).

Regarding measurement accuracy, the mean errors across
variables showed minimal differences, remaining within an
acceptable interval of less than 15 points of mean error. However,
tarsal length and lower neck depth exhibited the highest mean
errors among the variables measured (Table 2). This was likely
due to the individuals being partially submerged in water, which
complicated measurements at greater distances. When analyzing
the influence of the distance between the photograph and the
animal on the variance of the measurements, no correlation was
found for any of the measured variables (Fig. 4). This indicates
that distance had a minimal impact on the variation and standard
deviation of measurements for the same individuals. However,
when examining the graph relating distance to the standard
deviation of measurements, a slight increase in variation with
distance was observed for beak depth at bend, upper neck depth,
and tarsal length (Fig. 4). Although this increase had a negligible
impact on the overall accuracy of these measurements, it could
affect measurements taken at greater distances.

From June to September 2022, we captured 132 photographs of
flamingo flocks at Lagoa do Peixe National Park, with a minimum
of 30 photos taken per month (all captured on the same day each
month). The distance between the photographer and the animals
ranged from 30 to 200 m. For each sampled month, photographs
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Fig. 2. For each selected measurement, we detected differences
between previously sexed males and females. In the histograms,
males are represented in blue, while females are in red. Some
variables, such as head and beak measurements, show more
pronounced differences, whereas others, like neck and tarsal
measurements, exhibit greater overlap between the sexes. Code:
H1 - head length, H2 — head height, B1 — beak length (base-to-
tip), B2 — beak length (base-to-bend), B3 — beak length (bend-
to-tip), B4 — beak depth at base, BS — beak depth at bend, N1 -
upper neck length, N2 — lower neck length, T1 — tarsal length.
All measurements are fully described in Table 1.
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taken at varying distances were included in the analysis to
minimize potential distance-related bias in the samples. The same
variables were extracted for each individual in these photographs.
The DFA using variables with an MDI greater than 95% showed
relatively higher accuracy, thus, we chose to apply only this model
to the photographs, thereby streamlining the analysis process
(Fig. 5).

When we performed DFA on the variable sets for each flock in
the photographs and repeated the process for all photos within a

Journal of Field Ornithology 97(1): 1
https://journal.afonet.org/vol97/iss1/art1/

Fig. 3. To assess the efficiency of the measurements in
distinguishing males and females from the previously sexed
group, we performed two discriminant function analyses
(DFA). In the first analysis (a), which included all measured
variables, we obtained a discrimination rate of 67.02%.
However, when the DFA was conducted using only the
variables with the highest differentiation between sexes (b)
(mean difference index > 95%), the discrimination rate
increased to 86.25%. These results indicate that, with specific
variables and measurements, it is possible to develop a reliable
method for sex differentiation in Chilean Flamingos
(Phoenicopterus chilensis).

a) b)

0 female

LD2
LD2

male

4 2 0
LD1

given month, we observed mean sex ratios in the flocks ranging
from 1.27 to 2.46 females per male (Fig. 5). The lowest ratio was
recorded in September, while the highest occurred in July.
Comparing sex ratios within the same month, we found no
significant differences across photos, demonstrating the reliability
of the DFA method in determining flock sex ratios (June x* =
1.18; July x> = 0.45; August x> = 0.68; September x> = 0.15; all p-
values were higher than 0.05). The month with the highest
variance, though still statistically non-significant, was also the
month with the largest flock size (Fig. 5). This suggests that higher
variance might be attributed to observational biases during photo
capture, despite efforts to minimize such errors. Nonetheless, the
analysis proved to be a reliable approach for estimating sex ratios
in wild, non-captive flocks.

DISCUSSION

Chilean Flamingos, like other flamingo species, exhibit discrete
sexual dimorphism, i.e., differences between males and females
that are subtle and not immediately apparent (Owens and Hartley
1998, Montalti et al. 2012, Boucheker et al. 2020). Unlike species
with more obvious dimorphism, identifying sex differences in
flamingos requires careful observation and precise measurement
(Studer-Thiersch 2007, Montaltiet al. 2012). The main distinction
lies in body size and proportions, with males generally being
larger. In these social birds, which live in large flocks, larger males
often achieve higher dominance, greater access to resources, and
increased reproductive success (Bildstein et al. 1991, Schmitz and
Baldassarre 1992, Royer and Anderson 2014, Rose and Soole
2020). These factors can lead to frequent agonistic interactions
among adult males (Schmitz and Baldassarre 1992), while for
females, such physical traits are typically less important for
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Fig. 4. To assess whether the distance between the observer and
the animal significantly affects measurement reliability, we
analyzed the correlation between distance (in meters) and the
difference between mean values and obtained values for each
measurement (in millimeters). Although no significant
correlation was detected, indicating that distance does not have
a major impact on measurement accuracy, a slight positive
correlation was observed for some variables. This suggests that
caution is needed when measuring these variables at greater
distances. Code: H1 — head length, H2 — head height, B1 — beak
length (base-to-tip), B2 — beak length (base-to-bend), B3 — beak
length (bend-to-tip), B4 — beak depth at base, B5 — beak depth
at bend, N1 — upper neck length, N2 — lower neck length, T1 -
tarsal length.
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competing over space, mates, or resources (Schmitz and
Baldassarre 1992, Perdue et al. 2011). Our findings confirmed
that males tend to have higher values in various head and beak
measurements. Although not all variables showed statistically
significant differences individually, the combined set proved
effective for distinguishing males from females within the same
flock.

Previous studies on Chilean Flamingos and related species have
shown that morphological measurements can effectively
distinguish between sexes (Richter and Bourne 1990, Richter et
al. 1991, Childress et al. 2005, Montalti et al. 2012, Boucheker et
al. 2020). However, these methods face technical and analytical
limitations, including the need to capture and handle birds,
account for age-related variation, and select appropriate variables
for reliable sexing (Montalti et al. 2012, Watson et al. 2016,
Boucheker et al. 2020). These challenges highlight the need for
less invasive and more efficient alternatives. In this study, we
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Fig. 5. To evaluate whether photogrammetric measurements
can serve as a reliable tool for sex discrimination in wild
Chilean Flamingos (Phoenicopterus chilensis), we applied the
method to photographs of a wild flock inhabiting Lagoa do
Peixe National Park. Because the flamingos in the park are not
sexed, we assessed the method’s effectiveness by estimating the
sex ratio within the flock using multiple photographs taken on
the same day. (a) Map of Lagoa do Peixe National Park,
highlighting the region where the photographs were taken. (b)
Example of a photograph used to extract measurements of the
Chilean Flamingo flock. (c) Relationship between the number
of males and the number of females/juveniles in the flocks
across different months. (d) Boxplots showing monthly
variations in sex ratio, including chi-square test results to
determine whether intra-sampling variation was statistically
significant. Photographs and map provided by HCD.
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introduced photogrammetry as a novel, non-invasive method for
sex discrimination in adult Chilean Flamingos within a flock. Our
results showed that, when proper protocols are followed, it is
possible to distinguish males from females using photographs
with high accuracy. This method minimizes physical handling,
lowers costs, and is particularly suited for large populations in
field settings (Kemper et al. 2016, Humphries et al. 2023). Its
success depends on following several key steps during the
photographic and measurement process.

The first key consideration in applying photogrammetry is the
proper calibration of both the camera and the telemeter used to
measure the distance between the camera and the bird. Accurate
calibration is essential because image quality, embedded
metadata, and measured distance directly affect the precision of
morphological measurements (Fraser 2001, Luhman et al. 2016).
Calibration refers both to standardizing the camera settings (focal
length and resolution) across all photographs and to verifying the
telemeter’s accuracy by cross-checking its distance readings
against known reference distances prior to data collection
(Luhman et al. 2016). These steps are critical to ensure
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photogrammetry functions as a reliable, non-invasive tool for
studying sexual dimorphism in flamingos and other avian species.
A second crucial aspect involves selecting appropriate variables
and digital analysis software (Gaudioso et al. 2014, Leorna et al.
2022). In our study, we measured 10 variables from different body
regions, focusing on the beak and head, areas previously shown
to exhibit the greatest sex-related differences (Richter et al. 1991,
Childress et al. 2005, Montalti et al. 2012). These traits also
showed low measurement error across distances and were less
affected by age, making them reliable indicators in adult
individuals (Rowley et al. 2020), unlike in juveniles, whose features
are not fully developed.

Variable selection was guided by previous research and by the
stability of traits under environmental and physiological
variation. For example, although tarsal measurements are
common in morphometric studies (Studer-Tiersch 2007), they
exhibited high variability in our dataset, likely due to water depth
and uneven terrain distorting tarsus proportions despite careful
imaging (Gilmore et al. 2013). Neck measurements, on the other
hand, showed minimal sexual dimorphism and were likely
influenced by factors such as health, body weight, and feather
condition (Labocha and Hayes 2012). Relying solely on these
traits reduced the method’s accuracy, as reflected in our results.
Another important consideration is that, although absolute
morphological measures may vary slightly between captive and
wild individuals due to differences in diet, activity, or
environment, previous studies indicated that the relative sexual
size dimorphism in flamingos remains consistent across both
settings, thereby supporting the use of captive birds as a reliable
reference for comparative analyses with wild populations
(Montalti et al. 2012). This highlights the need for a multivariate
approach. By applying discriminant analysis, we showed that a
carefully selected subset of variables can effectively distinguish
sexes while reducing reliance on less informative traits
(Dechaume-Moncharmont et al. 2011).

The third critical consideration is ensuring accurate measurement
of variables in photographs using the selected software. We chose
to perform all measurements using straight lines because this
approach is more easily processed by software algorithms and
minimizes potential biases introduced by curved or non-linear
measurements, which often require more complex analytical
methods (Jiang et al. 2008, Sapirstein 2016). Although straight-
line measurements may not fully capture certain morphological
features, they provide a practical and efficient solution for
consistent and reliable results. The accuracy of this approach
depends on precise identification and consistent use of
anatomical landmarks across all images and individuals,
facilitating streamlined data collection and enabling meaningful
comparisons (Webster and Sheets 2010, Warmlénder et al. 2019).
This uniformity is particularly advantageous in large-scale studies
in which measurement consistency is critical. Although
simplifying some aspects of morphology, the method produces
high-quality, reproducible data essential for accurate sex
differentiation in species with subtle sexual dimorphism, such as
Chilean Flamingos.

Another important factor is the distance between the
photographer and the photographed bird. Our results showed no
significant effect of distance on measurement accuracy, noraclear
non-linear relationship. Nevertheless, maintaining an appropriate
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distance remains crucial (Dai et al. 2014). Distances greater than
200 m can complicate pixel-to-real-world conversions and reduce
precision (Aksu et al. 2010), while distances below 10 m, though
optimal for accuracy, are often impractical in the field due to
logistics or the need to avoid disturbing the animals (Piratelli et
al. 2015, Tablado et al. 2021). When zoom lenses are used, careful
attention must be paid to recording the zoom level in the
photograph’s metadata and properly accounting for it in
measurements because uncorrected variations can introduce bias
(Dai et al. 2014).

By following the established protocol, it is likely to obtain a
reliable set of measurements, enabling effective use of DFA to
differentiate sexes in identifiable individuals or estimate sex ratios
in unmarked flocks (Dechaume-Moncharmont et al. 2011).
Applying this method to the Lagoa do Peixe wild flock of Chilean
Flamingos demonstrated its effectiveness in ecological contexts.
The results revealed a more balanced sex ratio than previously
reported, aligning with behavioral studies on the same population
(Delfino and Carlos 2021, 2022, Delfino et al. 2023). Earlier
studies from the 1980s had suggested a male- and juvenile-
dominated population (Belton 1985, Rezende and Leeuwenberg
1987), but recent behavioral observations, such as agonistic
interactions and synchronized displays, challenge this assumption
(Delfino and Carlos 2021, 2022). Our photogrammetric analysis
confirmed these findings, providing quantitative support for a
balanced sex ratio and highlighting the value of combining
behavioral and morphometric data in conservation research.

Although our results suggest good consistency in sex ratio
estimates across photos, the lack of individual identification
remains a key limitation. Without marked animals, we cannot
confirm whether the same individuals were measured correctly,
limiting the accuracy of sex classification. Future applications
should consider combining this method with individual
recognition to improve reliability. Although our method offers a
non-invasive alternative for estimating sex ratios in wild flamingo
populations, itisimportant to recognize the limitations associated
with classification accuracy. In the captive validation,
approximately 86% of individuals were correctly classified,
indicating moderate reliability. This level of accuracy may be
sufficient for broad-scale ecological inferences, but it does
introduce a margin of error that must be considered when
interpreting sex ratio estimates and their fluctuations. These
fluctuations likely reflect both the natural challenges of working
with unmarked, mobile individuals and the cumulative effect of
classification uncertainty. Therefore, we caution against
interpreting these estimates as exact counts. Rather, they should
be viewed as approximations that can support broader
population-level analyses when used with appropriate statistical
and conceptual care. Future applications of this method should
carefully consider the research context and integrate measures of
uncertainty into any downstream analyses or management
decisions.

Furthermore, other potential limitations should also be
acknowledged. First, measurement accuracy depends heavily on
proper calibration of equipment, consistent identification of
anatomical landmarks, and careful control of photographic
conditions, which may be challenging in field settings with large
or mobile flocks (Fraser 2001, Webster and Sheets 2010, Luhman
et al. 2016). Second, the method is most reliable for adult
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individuals because juveniles have not yet fully developed sexually
dimorphic traits, limiting its applicability to mixed-age
populations (Rowley et al. 2020). Third, environmental factors,
such as water depth, uneven terrain, lighting, and feather
condition, can introduce variation in measurements, particularly
for traits like tarsus or neck length (Labocha and Hayes 2012,
Gilmore et al. 2013). Finally, photogrammetry requires precise
metadata and careful handling of zoom or distance adjustments,
and small errors in these parameters can propagate into the
morphological estimates (Aksu et al. 2010, Dai et al. 2014).
Despite these challenges, when properly applied, photogrammetry
remains a robust tool, though its limitations should be considered
when interpreting results and designing studies.

Beyond their application to Chilean Flamingos, these methods
hold significant potential for broader use across other flamingo
species. Because all flamingo species exhibit distinct sexual
dimorphism, with males generally being taller and larger than
females, the fundamental principles of this approach may prove
widely applicable (Ritcher and Bourne 1990, Ritcher et al. 1991,
Childress et al. 2007, Boucheker et al. 2020). The shared
morphological traits among flamingo species suggest that similar
techniques could provide accurate and reliable results in diverse
ecological and geographical contexts. However, to ensure the
robustness of these methods across species, further research is
essential. Such studies should aim to assess whether additional
variables are needed to account for subtle interspecies differences
in morphology or whether alternative variables might improve
accuracy. Furthermore, it is crucial to investigate potential
species-specific adaptations in methodology to accommodate
unique behavioral or ecological characteristics. For example,
variations in flock structure, habitat use, or growth rates could
influence the efficacy of the measurements and require tailored
adjustments.

Our study demonstrates that photogrammetry is a practical and
minimally invasive method for determining the sex of flamingos
in wild populations. This approach reduces stress from handling,
provides cost-effective data collection, and enables accurate
assessment of key demographic parameters, such as sex ratios,
which are critical for management and conservation strategies
(Colomina and Molina 2014, Mendes et al. 2016, Volis and Deng
2020). For example, knowing whether groups have balanced sex
ratios allows assessment of their reproductive potential and long-
term viability in the wild (Donald 2007, Wedekind 2012). This
information is also essential for planning reinforcement or
translocation programs in which ensuring the inclusion of both
sexes is critical to the success of new or supplemented populations
(Lambertucci et al. 2013). Furthermore, monitoring sex
composition over time can serve as an indicator of demographic
health in both wild and managed populations, helping to identify
potential biases caused by environmental pressures or
management practices (Wedekind 2012). By linking sex
determination directly to these applications, our approach
provides a practical tool for informing conservation decisions and
sustaining viable flamingo populations. Another promising
future direction for this approach is the use of photographs from
citizen science platforms such as eBird or iNaturalist, allowing
researchers to estimate sex ratios and group composition across
broader spatial and temporal scales, complementing traditional
field-based monitoring.
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Our results confirm that careful selection of morphological
traits and adherence to standardized photographic procedures
allow reliable sex differentiation, particularly in adult birds.
Although limitations exist, such as sensitivity to environmental
conditions, photographic calibration, and the less distinct traits
of juveniles (Fraser 2001, Webster and Sheets 2010, Dai et al.
2014, Rowley et al. 2020), photogrammetry remains a robust
tool that can enhance our understanding of population
dynamics and support the sustainable management of flamingo
habitats (Aksu et al. 2010, Gilmore et al. 2013, Conde et al.
2019). Overall, our findings highlight the potential of combining
advanced technological methods with conservation practice to
improve monitoring and protection of these iconic birds and
their ecosystems.
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