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Abundancia relativa, ocupacion y
patrones de actividad de la gallina de
monte veracruzana Dendrortyx barbatus
Gould, 1846 (Aves: Odontophoridae),
una especie en peligro de extincion, en
un bosque de coniferas bajo manejo
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ABSTRACT. The bearded wood-partridge Dendrortyx
barbatus Gould, 1846 is an endemic quail of the eastern
mountains of Mexico. It is considered endangered due to
habitat loss and degradation, logging and wood harvesting,
a highly fragmented range, a small population undergoing a
continuous decline, and hunting pressure. There is limited or
no data on its ecology, activity patterns, habitat needs,
predator-prey interaction, and tolerance to forest
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perturbations. As part of a descriptive study on the effects of forestry on wildlife, passive devices
were used to record vocalizations and images of this species in a managed coniferous forest at
the boundary between Chignahuapan, Puebla, and Tlaxco, Tlaxcala, Mexico, from 2024 to 2025.
The objectives were to determine relative abundance, simple occupancy and detection
probabilities, and activity patterns in areas managed for two forest conditions: uneven-aged
(incoetaneous) and even-aged (coetaneous). Images of this quail obtained from 3 of 30 photo-
trapping stations and vocalization recordings from 8 of 16 bioacoustic stations were used in the
analyses. The relative abundance index and the probabilities of occupancy and detection were
higher in even-aged stands than in uneven-aged stands, although the confidence intervals
overlapped. The total vocal activity rate was higher in uneven-aged stands. Most activity of D.
barbatus was crepuscular (vocalization) and midday (feeding), with a small overlap between
camera-trap and sound-recording events. An additional objective was to assess the abundance of
the mammal assemblage co-occurring in the area, which may be possible predators of this quail.
Camera traps recorded 11 species of medium- and large mammals, of which six are carnivores; the
coyote and the ringtail had the highest encounter rates, although domestic dogs had twice their
rate. The lower abundance and occupancy of D. barbatus in uneven-aged areas may result from
the high abundance of domestic dogs, which was nearly four times greater than in even-aged
stands. This is a noteworthy record for a D. barbatus population, as it confirms that this endangered
species inhabits managed forests and has implications for reconciling conservation actions with
intensive forestry.

Key words: autonomous recorder; phototrapping; forest quail; uneven-aged forestry; even-aged
forestry

RESUMEN. La gallina de monte veracruzana (Dendrortyx barbatus Gould, 1846) es una codorniz
endémica de las montafas del este de México. Se considera en peligro de extincion debido a la
pérdida y degradacion de su habitat, la tala y la explotacion forestal, una distribucion altamente
fragmentada, una poblacion pequefia que experimenta un declive continuo y la presion de la caza.
Existe poca o ninguna informacion sobre su ecologia, patrones de actividad, necesidades de
habitat, interaccion depredador-presa y tolerancia a las perturbaciones forestales. Como parte de
un estudio descriptivo sobre los efectos de la silvicultura en la fauna silvestre, se utilizaron
dispositivos pasivos para registrar vocalizaciones e imagenes de esta especie en un bosque de
coniferas manejado en los limites entre Chignahuapan, Puebla, y Tlaxco, Tlaxcala, México, entre
2024 y 2025. Los objetivos fueron determinar la abundancia relativa, las probabilidades de
ocupacion simple y de deteccion, y los patrones de actividad en areas manejadas para dos
condiciones forestales: arbolado de edades desiguales (incoetdneas) y arbolado de edades
uniformes (coetaneas). Las imagenes de esta codorniz en 3 de 30 estaciones de fototrampeo y las
grabaciones de vocalizaciones en 8 de 16 estaciones bioacusticas se utilizaron para los analisis. El
indice de abundancia relativa y las probabilidades de ocupacion y deteccién fueron mayores en
rodales de edad uniforme que en rodales de edad desigual, aunque los intervalos de confianza se
superpusieron. La tasa de actividad vocal total fue mayor en rodales de edades desiguales. La
mayor parte de la actividad de D. barbatus fue crepuscular (vocalizacién) y diurna (alimentacion),
con una pequeia superposicién entre los eventos de fototrampeo y de grabaciones de sonido.
Un objetivo adicional fue evaluar la abundancia del ensamble de mamiferos que coexisten en el
area y que podrian ser depredadores de esta codorniz. Con camaras trampa se registraron 11
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especies de mamiferos silvestres medianos y grandes, de las cuales seis son carnivoros; el coyote
y el cacomixtle tuvieron la mayor tasa de encuentro, aunque los perros domésticos la doble que
estos. La menor abundancia y la tasa de encuentro de D. barbatus en areas con edades desiguales
pueden deberse a la alta abundancia de perros domésticos, que fue casi cuatro veces mayor que
en rodales con edades iguales. Este es un registro notable para una poblacion de D. barbatus, ya
que confirma que esta especie en peligro de extincién habita bosques bajo manejo y tiene
implicaciones para la conciliacion entre las acciones de conservacion y la silvicultura intensiva.

Palabras clave: grabadora autonoma; fototrampeo; codorniz forestal; silvicultura incoetanea;
silvicultura coetanea

INTRODUCTION

The bearded wood-partridge Dendrortyx barbatus Gould, 1846 (Aves: Odontophoridae) is an
endemic quail typically found in humid montane evergreen forests in eastern Mexico (Caballero-
Cruz et al.,, 2020). However, it has been reported less frequently in coniferous forests with dense
understories, on forest edges near maize and bean plantations, and in secondary forests. It feeds
on the ground, searching for seeds, small fruits, and invertebrates (Chan et al., 2025). It is a cryptic,
shy, and secretive forest bird, difficult to detect visually, although customary survey methods rely
mainly on its vocalizations or on hunting dogs to locate it (Eitniear et al., 2001; Villordo et al., 2013).
Camera traps have been used to complement human visual and acoustic methods to detect this
species in the Sierra Madre Oriental (Valencia-Herverth et al, 2019). Likewise, automated
bioacoustic recorders have been suggested as a replacement for traditional wildlife surveys in
forested ecosystems, especially for species whose behavior reduces their detectability (Zwart et al.,
2014).

Dendrortyx barbatus is listed as a vulnerable (VU) species by the International Union for
Conservation of Nature (BirdLife International, 2020) and classified as threatened with extinction
(P) in the Official Mexican Legislation (NOM-059-SEMARNAT-2019; Semarnat, 2019). This
categorization is due to habitat loss and degradation, logging and wood harvesting, a highly
fragmented range, a small population undergoing continuous decline, and hunting pressure. The
limited information about its biology and ecology was compiled by Chan et al. (2025). Its
geographic distribution ranges from 12,974 to 17,956 km? within an altitudinal range of 900 -
3100 m, as indicated by niche modeling (Mota-Vargas et al., 2012). However, new records outside
this potential distribution area, such as the one reported by Villordo et al. (2013) in the Sierra Norte
de Tlaxcala, indicate that the species’ geographic range is poorly characterized or may be
expanding. Therefore, this condition could imply that its environmental requirements are less
restrictive than previously thought (Mota-Vargas et al., 2012).

The recent increase in records suggests that D. barbatus is more numerous than previously
assumed (Mota-Vargas et al, 2012; Chan et al., 2025). However, in either case, implementing
conservation measures requires identifying habitat characteristics, determining species presence
and activity patterns in disturbed environments, conducting surveys to obtain current population
estimates, monitoring habitat loss and degradation across the species' range, and implementing
conservation awareness programs (BirdLife International, 2020).

During bird surveys in managed forests in the Sierra Norte de Puebla, Mexico, from 2019
to 2022 (Chavez-Ledn, 2024), D. barbatus was not visually confirmed. However, a distant
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vocalization attributed to the species was detected in April 2022. Forestry workers in this region
have seen adults, nests, and chicks, and have often heard them singing. Therefore, a descriptive
study was designed to confirm the presence of a potential new population and assess the potential
effects of sustainable forestry on this endangered species in a poorly documented area outside its
previously known distribution, using evidence from acoustic monitoring and camera trapping to
determine basic variables related to its abundance, behavior and activity.

Therefore, the objectives of this study were to estimate the relative abundance and simple
occupancy of D. barbatus and to characterize its activity patterns under two conditions of intensive
forestry management: uneven-aged and even-aged tree stands. An additional objective was to
assess the abundance of medium- and large-sized mammal assemblages co-occurring in the area,
which may interact with this quail as potential predators.

MATERIALS AND METHODS

Study area. The study area was an “gjido”, a form of communal land holding in Mexico, named
Emiliano Zapata (EEZ). It encompassed a permanent forested area of 310 hectares. It is in the Trans-
Mexican Volcanic Belt, specifically in the Sierra Norte de Puebla, within the municipality of
Chignahuapan, Puebla, Mexico. The area also extends partially into the adjacent Sierra Norte de
Tlaxcala, in the municipality of Tlaxco, Tlaxcala (Fig. 1). The altitude ranges from 2400 to 3550 m,
and the climate varies from temperate-subhumid to semi-cold subhumid at the highest altitudes.
It is found within a continuous forest block of about 473 km? shared by the states of Hidalgo,
Tlaxcala, and Puebla, which is crossed from south to north by highways MEX-119D and MEX-119
(Tlaxco-Chignahuapan). These roads might act as barriers to wildlife dispersal.

The dominant ecosystem is coniferous forest with vegetation types including pine, pine-
oak, oak-pine, fir-pine, and fir, all at various stages of secondary succession (INEGI, 2022). Up to
five vegetation strata were identified: one to three tree layers, a brush stratum with varying
densities, and a herbaceous stratum. Pinus patula Schltdl. et Cham, a pine species of high economic
importance, dominates these forests due to extensive silvicultural intervention and reforestation.
These lands are managed according to sustainable practices certified by the Mexican Forest
Certification System (Sceformex; Conafor, 2025). Forest management certification is expected to
mitigate negative impacts on biodiversity. Sustainable forestry has several management objectives
beyond timber production, including conservation, non-timber products, and the provision of
ecosystem services. Its goal is to promote landscape and stand conditions that ensure biodiversity
conservation and the long-term productivity of forest ecosystems (Torres-Rojo et al., 2016).

Two regeneration forestry methods are used in the study area: even-aged and uneven-
aged. The Silvicultural Development Method (Método de Desarrollo Silvicola; hereafter MDS)
manages regular or even-aged forests (Ramirez, 2017; Palik et al., 2021). Clearcutting, an MDS
practice, is not used in the study area but is applied on neighboring private properties to the north
and south. At elevations of 3000 m and above, the Mexican Management Method for uneven-
aged, or irregular, forests (Método Mexicano de Ordenacién de Bosques Irregulares; henceforth
MMOBI), with selective cuts, is applied, resulting in stands with heterogeneous tree sizes and ages
(Ramirez, 2017; Palik et al., 2021). As needed, sanitation cutting removes trees infested with insect
pests or diseases. Some areas designated for protection or restoration including ravines, creeks,
and areas affected by forest fires, are not subject to silvicultural treatment. Each forestry method
is applied to roughly half of the study area: MDS to 149.91 hectares (48.4%) and MMOBI to 143.56
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hectares (46.3%), with the remaining 16.45 hectares (5.3%) dedicated to forest protection along
ravines (Fig. 1).
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Figure 1. Wildlife monitoring stations from December 2023 to June 2025 in Ejido Emiliano Zapata
(Chignahuapan, Puebla, and Tlaxco, Tlaxcala, Mexico). Dots indicate camera traps (yellow) and recorders
(pink). Boundaries: ejido (yellow polygon) and state (white line). Insets: study area location (top); 49 wildlife
monitoring stations in 2016 and from 2019 to 2022; highways MEX-119D and MEX-119 are depicted with
green lines (middle); zones with even-aged and uneven-aged forestry management (bottom).

During a study on the effects of certified sustainable forestry on terrestrial vertebrates
conducted in the Sierra Norte de Puebla, Mexico, in 2016 and from 2019 to 2022, D. barbatus was
not visually confirmed (Chavez-Ledn, 2024). However, two faint, distant vocalizations attributed to
the species were detected in April 2022, but these could not be corroborated by visual observation
or audio recording. Forestry operatives and technicians working on three private properties in this
region (Fractions Ill and VI of Ex Hacienda de Atlamaxac, and El Manantial Multifunctional Forest
Reserve), located 1.5 to 9 km north of the record by Villordo et al. (2013), recognized the species
when shown images and recordings. They stated that had only noticed its presence recently,
approximately since 2015, had seen adults, nests, and chicks, often heard them singing, and
considered it to be spreading in the region. On April 26, 2023, an autonomous recording unit (ARU;
Song Meter Micro™, Wildlife Acoustics Inc.) was deployed for 24 hours at El Manantial, which spans
278 hectares of pine forest. The unit recorded two songs by D. barbatus at 18:54:00 on that day.
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Field methods. Two passive monitoring methods were used to detect D. barbatus: 30 camera-
trapping stations and 16 autonomous recording stations, deployed over 15 months from
December 5, 2023, to December 17, 2024, and from March 11 to June 30, 2025. Locations were
selected randomly, with efforts to distribute them equally among the different silvicultural
practices of the two forest management methods. These stations were placed in the forest interior,
more than 30 m from main and secondary dirt roads, as placement may influence detection
probability (Tanwar et al., 2021).

Four camera traps were operated simultaneously in the study area. At each monitoring
station, one camera trap (Cuddeback™, Cuddeback Inc.), either model E (black flash) or model C
(white flash), was installed at a height of 12 to 65 cm, depending on the slope, in pine or oak trees
with diameters ranging from 9 to 66 cm (mean: 30 cm; mode: 25 cm). The lens was oriented to the
south or north to avoid direct sunlight. To prevent obstruction of the camera's field of view,
herbaceous and shrub vegetation was cleared within 5 to 10 m in front of the camera, depending
on the terrain's steepness. At most stations, the shrub stratum was dense, with more than 60%
horizontal view obstruction, measured using a 1-m-high, 30-cm-wide checkerboard placed 15 m
from the observer. The cameras were set to capture three simultaneous 20 MP photographs and
a 30-second video, with a 1T-minute interval between detections. After approximately 60 days of
autonomous operation, the camera traps were relocated to a new site at least 500 m away.

At one of the simultaneously active stations where the camera trap was installed, an
autonomous recording unit (ARU; Song Meter Micro) was deployed in the same tree at a height
of 160-180 cm above ground level. It was programmed to record in WAV format at 48 kHz and 16
bits per sample. The unit was active (recording) for 15 minutes and inactive (off) for 15 minutes,
two hours before and after sunrise and sunset. Between these periods, it was active for 10 minutes
and inactive for 50 minutes. After 30 days or less, depending on battery depletion, the ARU was
relocated to a different station for deployment; the batteries were replaced; the recordings were
saved to a file for each station; and the memory card was formatted.

Analytical methods. All photographs and videos obtained from camera traps were visually
reviewed to identify records of D. barbatus. Images were processed using the camtrapR package
in R 4.5.1 (Niedballa et al, 2016; R Core Team, 2025). A detection event was considered
independent when consecutive records were separated by at least 1 h. The 1-h criterion is a
standard convention for defining temporal independence between consecutive photographs of
the same species at a single location (O'Brien, 2011). When multiple individuals were captured in
a single image, the record was treated as a single event. Individual identification was not possible
due to the lack of distinguishable morphological or color traits.

Few vocalizations of D. barbatus were recorded and analyzed using the Kaleidoscope Pro
program (Wildlife Acoustics, 2025). Although automated classification methods, such as cluster
analysis, are typically applied to large datasets when recorders are deployed for extended periods,
they perform poorly when only a few vocalizations of the target species are recorded. Therefore,
audio files from each station were reviewed at the end of each recording cycle. The date and time
of detection, number of individuals, monitoring station, minimum and maximum sound
frequencies (kHz), and elapsed time (seconds) were recorded. Individual songs and calls of D.
barbatus were visually and audibly identified in spectrograms by their acoustic patterns, specifically
shape, frequency (1 to 3 kHz) and duration (8 to 21 seconds).



Acta Zooldgica Mexicana (nueva serie)
Volumen 42, 2026

Relative abundance. A straightforward way to analyze camera-trap data is to determine the
trapping rate using the formula PR = (E/TD) x 100, where PR is the photo-rate, E is the number of
independent events, and TD is the total trap-days (sampling effort), multiplied by 100 trap-days
(the standard unit). This serves as an indirect measure of abundance, commonly referred to as the
relative abundance index (RAI; O'Brien, 2011). A camera trap that was active and operational for
24 hours was counted as one trap—day (Ridout & Linkie, 2009).

An alternative statistical approach is to model the probabilities of occupancy and detection.
A detection history (1 s for presence and 0 s for absence) was generated in camtrapR, grouping
the results into 17 ten—day periods, as required by the program PRESENCE (Hines, 2006), to model
simple occupancy and detection probability (MacKenzie et al., 2018) for the entire study area and
for each of the two forest management conditions. No other covariates were used in these models.
The general (“naive”) RAI for D. barbatus was estimated across all monitoring stations, as well as
the alternative RAI, which accounts for the number of events at each camera and allows estimation
of dispersion measures, such as the standard error, as defined by Mandujano (2024). The
alternative RAl was also calculated for stands managed with even-aged (MDS) and uneven-aged
(MMOBI) methods. As this was a descriptive study, statistical comparisons were not performed
due to the limited number of photo and audio records of D. barbatus. Additionally, encounter rates
for all wildlife species, domestic dogs, and humans detected by camera traps in the study area
were estimated.

Vocal activity indices can be used to determine daily variation in vocalization and estimate
relative abundance. The Vocal Activity Rate (VAR) of D. barbatus, defined as the number of songs
or calls detected per unit time (Hutschenreiter et al, 2024), was calculated using the general
formula VAR = total number of vocalizations counted divided by the total recording time the
recorder was active. The units were songs per hour or calls per hour.

Activity pattern. A von Mises kernel density analysis, which corresponds to a circular distribution,
was used to compare in a probability density plot the hours of greatest activity of D. barbatus
recorded by camera traps and the sound recorder, using the overlap package in R (Meredith et al.,
2024). A density plot displays a smooth curve estimating where values are concentrated; the area
under the curve is always 1. To estimate the coefficient of overlap, a quantitative measure ranging
from 0 (no overlap) to 1 (identical activity patterns), the A1 (Dhat1) estimator was used because
the sample size was fewer than 50 events. Although developed for camera—trap data, the overlap
method can also be applied to data from other sources, such as sound recorders, to detect
simultaneous animal activity. Activity patterns were grouped into two components: diurnal, when
there was sunlight in the photographs or when recordings occurred between dawn (annual range:
5:53 — 7:08 hr) and sunset (annual range: 17:53 — 19:13 hr), and crepuscular, when photos or
recordings were obtained at dawn or sunset. As the autonomous devices were active 24 h, no
nocturnal activity of D. barbatus was documented as expected.

RESULTS

Phototrapping. With a total sampling effort of 1,971 camera-trap days, 27 photographs and 9
simultaneous videos of D. barbatus were obtained (Table 1; Fig. 2). Most photo-trapping events
occurred in stands subjected to MDS (83%), while a few occurred in MMOBI stands (17%). The
monitoring effort in the even-aged stands was 1,086 trap-nights, and 885 trap-nights in the
uneven-aged stands, with 15 and 3 events, respectively.
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Probability of occupancy and detection. D. barbatus was photographed at 3 of the 30 camera-
trap stations, so the “naive” estimate of occupancy is 3/30 = 0.1. However, this assumes they were
absent from the other 27 locations, even though it is possible that one or more of these sites had
individuals that went undetected, thus underestimating the true proportion of area occupied or
the probability that a site is occupied. The general estimate of occupancy (psi) was higher than the
“naive” estimate because some sites where no D. barbatus were detected were likely occupied
(Table 2). The general probability of detection (p) was low, indicating a relatively low probability
of photographing an individual at least once over 10 days if the site is occupied. The occupancy
and probability of detection estimates were higher in the MDS stands than in the MMOBI stands
(Table 2).

Table 1. Presence or frequency of Dendrortyx barbatus in independent events, photographs and videos, at
three monitoring stations with different forestry management conditions from December 2023 to June 2025
in Ejido Emiliano Zapata (Chignahuapan, Puebla, and Tlaxco, Tlaxcala, Mexico).

Station Latitude Longitude Altitude Vegetation Forestry Date Time Independent Photos Videos
type method* (mm/dd/yyyy) events

E65 N19°42' W98°02' 2934 Pine MMOBI  05/14/2024 08:41 2 2 1
22.2" 16.8"

06/03/2024  13:29 1 1 1

E70 N19°42" W98°02' 2793  Pine-Oak MDS 06/24/2024 13:40 2 3 1
34.9" 428"

12/07/2024  12:05 1 3 1

E86 N19°42' W98°02' 2805 Pine-Oak MDS 03/19/2025 10:23 2 3 1
35.2" 427"

03/20/2025 10:00 2
03/29/2025 09:43 2
04/05/2025 11:25 1
04/07/2025 10:30 2
06/18/2025 12:26 3 1

w w w w w
_ O Ja .

*MMOBI = Método Mexicano de Ordenacidén de Bosques Irregulares (Mexican management method for uneven-aged
forests). MDS = Método de Desarrollo Silvicola (Silvicultural development method for even-aged forests).

Table 2. Estimates of occupancy (psi) and detection probabilities (p), with 95% confidence intervals (Cl),
from phototrapping data of Dendrortyx barbatus in a managed forest at Ejido Emiliano Zapata
(Chignahuapan, Puebla, and Tlaxco, Tlaxcala, Mexico), from December 2023 to June 2025.

Forestry methods* “Naive” psi p
estimate (95% ClI) (95% ClI)
Total area 0.1000 0.1386 0.2007
(0.0416-0.3737) (0.0910-0.3864)
MDS 0.1600 0.2313
(0.0371-0.4848) (0.0950-0.4632)
MMOBI 0.1251 0.1341
(0.0122-0.6234) (0.0212-0.5252)

*MMOBI = Método Mexicano de Ordenacién de Bosques Irregulares (Mexican management method for uneven-aged
forests). MDS = Método de Desarrollo Silvicola (Silvicultural development method for even-aged forests).
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Bioacoustics. The sampling effort, defined as the total time the recorder was active, was 51,399
minutes (856.65 hours; 35.69 days). During this period, 41 independent events (27 songs and 14
calls) were recorded at 8 of 16 bioacoustic stations, resulting in a “naive” occupancy estimate of
0.5 (Table 3; Fig. 2). The recording effort in the MDS and MMOBI areas was similar (431.61 and
425.03 hours, respectively). As with the phototrapping technique, more records were obtained in
MDS areas (58%) and fewer in MMOBI areas (41%). However, more songs than calls were recorded
in the uneven-aged areas (22 songs, 10 calls), while there were fewer in the even-aged areas (5
songs, 4 calls). The Vocal Activity Rate (VAR) of D. barbatus was 0.03 songs/hour and 0.02
calls/hour. All vocalizations were recorded from March to June, which corresponds to the breeding
season of this species (Cornejo, 2007; Chan et al., 2025).

Table 3. Acoustic events of Dendrortyx barbatus at eight stations with two different forestry management
conditions at Ejido Emiliano Zapata (Chignahuapan, Puebla, and Tlaxco, Tlaxcala, Mexico), from December
2023 to June 2025.

Station Latitude Longitude Altitude Vegetation Forestry Date Time Events Type
type methods* (mm/dd/yyyy)
E65 N19°42'22.2" W98°02'16.8" 2934 Pine MMOBI 03/05/2024 18:47:49 Song

03/08/2024  13:17:23
03/09/2024  18:47:38
03/10/2024  18:48:11
03/11/2024  06:39:08
03/12/2024  06:38:59
03/17/2024  06:32:35
E68  N19°42'38.6" W98°02'48.8" 2752 Fir-Pine MDS 04/18/2024  18:54:19
E66  N19°42'34.8" W98°02'07.4" 2983 Fir-Pine MDS 05/17/2024  07:03:29
05/18/2024  08:01:01
05/19/2024  06:01:19
05/22/2024  18:44:19 Call
06/09/2024  08:00:03 Call

1
2 Song
1
4
1
1
3
1
1
1
2
2
1

06/09/2024  08:56:49 1 Call
1
1
1
1
1
1
1
1
1
1
1
1
4
1
1

Song
Song
Song
Song
Song
Call
Song
Call
Song

06/09/2024  10:01:55 Call
06/09/2024  10:53:26 Song
E72  N19°42'48.7" W98°02'16.8" 2835 Pine-Oak MMOBI 06/17/2024  05:58:17
06/20/2024  07:56:53
06/20/2024  17:55:19
E84 N19°42'34.1" W98°02'03.9" 2998 Pine-Oak MMOBI 03/11/2025  18:36:12
03/12/2025  06:39:14
03/21/2025  06:34:24
03/21/2025  18:35:46
E88 N19°42'05.9" W98°02'14.1" 2920 Pine-Oak MMOBI 04/10/2025  18:05:07

Song
Call
Call

Song

Song

Song

Song
Call

04/13/2025  18:34:50 Call
E86  N19°42'35.2" W98°02'42.7" 2805 Pine-Oak MDS 04/30/2025  06:30:34 Song
05/08/2025  18:30:44 Song
E89  N19°43'00.1" W98°02'58.6" 2719 Pine-Oak MDS 06/20/2025  14:03:01 Call

06/20/2025  16:04:41 Call

06/20/2025  18:54:03 1 Call
*MMOBI = Método Mexicano de Ordenacién de Bosques Irregulares (Mexican management method for uneven-aged
forests). MDS = Método de Desarrollo Silvicola (Silvicultural development method for even-aged forests).
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Dendrortyx barbatus

Photograps and recordings
& Recordings

Villordo

El Manantial

Atlamaxac 11

A  Atlamaxac V1

Ejido Emiliano Zapata

Figure 2. Detections of Dendrortyx barbatus from December 2023 to June 2025 in Ejido Emiliano Zapata
(Chignahuapan, Puebla, and Tlaxco, Tlaxcala, Mexico). Dots indicate song and call recordings (green) and
simultaneous camera-trap and song recordings (yellow). Song of D. barbatus recorded by the author in the
El Manantial Multifunctional Forest Reserve in April 2022 (pink diamond). Unverified informant reports of
adults with chicks in Fractions lll (green triangle) and VI (fuchsia triangle) of Ex Hacienda de Atlamaxac.
Record by Villordo et al. (2013) in Tlaxco, Tlaxcala (blue dot). The green line represents federal highway MEX-
119. Left: spectrograms of two songs, a call, and a camera-trap image of two individuals.

Relative abundance. The general RAl of D. barbatus was 0.52 independent events per 100 camera-
days. The alternative RAI, estimated for each camera using independent events of this species, was
higher in MDS stands (3.44 + 0.84, n = 2) than in MMOBI (2.00, n = 1). The encounter rate (ER) was
9.68 independent events per 100 trap-days, which was 1.5 and 3 times higher than for the other
two bird species photographed (Table 4).

In addition to D. barbatus, 11 medium- and large-mammal species were phototrapped
(Table 4); common and scientific names are from the Mammal Diversity Database (2025) and
Chesser et al. (2025). The coyote and the ringtail had the highest ER (22.6). Domestic dogs (two
types: feral/free-ranging and owned, dependent on humans) were the most frequently recorded
animals by the cameras, with an ER of 45.2. Humans, with an ER of 25.8, were mainly forestry
workers, as expected. There was also one female gatherer of edible mushrooms and three
gatherers (two males and one female) of an edible epiphyte plant, trailing jade Peperomia
rotundifolia (L.) Kunth.

Activity pattern. The number of records was small (camera trapping: 27; sound recorder: 30). The
coefficient of overlap between vocalization time and camera-trap events was low, A1 = 0.2582.
The vocalizing activity of D. barbatus occurred mainly at sunrise and sunset, with strong peaks,
while the activity captured by camera traps peaked at midday, when individuals appeared in the
videos scratching the litter and pecking the ground, probably searching for food (Fig. 3). The y-
axis shows probability density, not count or frequency; the area between any two points on the x-

10



Acta Zooldgica Mexicana (nueva serie)

Volumen 42, 2026

axis represents the proportion of data values (probability) within that range. It is a relative measure
of activity intensity at a specific time.

Table 4. Encounter-rate and Relative Abundance Index (general and alternative) of Dendrortyx barbatus, and
birds and mammals recorded with camera traps in a coniferous forest with different forestry management
methods at Ejido Emiliano Zapata (Chignahuapan, Puebla, and Tlaxco, Tlaxcala, Mexico), from December

2023 to June 2025.

Common and scientific TotaI:I:Iea MDRSAI MM:/_:'

names Ev MS gral ER Ev MS alt SE Ev MS alt SE
Bearded Wood-Partridge 10 3 052 968 8 2 344 084 2 1 200 -
Dendrortyx barbatus Gould, 1846

Spotted Towhee 3 2 015 645 2 1 260 - 1 1 244 -
Pipilo maculatus Swainson, 1827

Yellow-eyed Junco 1 1 005 323 - - - - 1T 1 196 -
Junco phaeonotus Wagler, 1830

Eastern Cottontail 61 10 3.14 322643 7 7.15 401 18 3 732 5.31
Sylvilagus floridanus (Allen, 1890)

Red-bellied Squirrel 24 10 124 322611 5 351 176 13 5 573 5.98
Sciurus aureogaster Cuvier, 1829

Coyote 19 7 098 2258 1 1 128 - 18 6 7.68 6.26
Canis latrans Say, 1822

Ringtail 11 7 057 2258 3 3 217 057 8 4 352 1.33
Bassariscus astutus (Lichtenstein, 1830)

Southern Long-nosed Armadillo 10 4 052 129 1 1 128 - 9 3 349 1.28
Dasypus novemcinctus Linnaeus, 1758

Mexican Cottontail 10 1 052 323 10 1 2857 - - - -

Sylvilagus cunicularius (Waterhouse,

1848)

Bobcat 10 3 052 968 - - - - 10 3 7.18 4.07
Lynx rufus (Schreber, 1777)

Northern Raccoon 3 3 015 968 2 2 174 064 1 1 2.08

Procyon lotor (Linnaeus, 1758)

Hooded Skunk 3 1 015 323 - - - - 3 1 1034
Mephitis macroura Lichtenstein, 1832

Peters’s Squirrel 2 2 010 645 2 2 222 063 - - -

Sciurus oculatus Peters, 1863

Northern Black-eared Opossum 2 2 010 645 1 1 159 - 1 1 1.00
Didelphis marsupialis Linnaeus, 1758

Domestic dog 54 14 278 451617 8 345 147 37 6 1331 594
Canis familiaris Linnaeus, 1758

Human 31 8 160 258110 4 362 265 21 4 1268 8.62

Homo sapiens Linnaeus, 1758

Ev = Events; MS = number of monitoring stations where each species was registered; RAI gral = general Relative
Abundance Index; ER = Encounter rate; RAI alt = alternative Relative Abundance Index; SE = standard error; MDS =
Método de Desarrollo Silvicola (Silvicultural development method for even-aged forests); MMOBI = Método Mexicano
de Ordenacién de Bosques Irregulares (Mexican management method for uneven-aged forests). Common and scientific
names are from the Mammal Diversity Database (2025) and Chesser et al. (2025).
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Figure 3. Activity pattern curves of Dendrortyx barbatus from independent events recorded with camera
traps (n = 27; solid-black line) and an autonomous recording unit (n = 41; dashed-blue line) from December
2023 to June 2025 in Ejido Emiliano Zapata (Chignahuapan, Puebla, and Tlaxco, Tlaxcala, Mexico). The
coefficient of overlap (A = 0.2582) corresponds to the grey shaded area below both curves. The vertical
dotted gray lines indicate the range of dawn (5:53 — 7:08 hr) and sunset (17:53 — 19:13 hr) times throughout

the year in the study area. The y-axis shows the activity intensity at a specific time, the probability of the
animal being active.

DISCUSSION

Probability of occupancy and detection. Occupancy and probability of detection were low in
the study area, with only a small difference between the two management methods. The
probability of occupancy was 1.3 times higher in MDS than in MMOBI areas, while the probability
of detection was 1.7 times higher in even-aged stands. However, overlapping confidence intervals
indicate no statistically significant difference. This supports the use of occupancy models, as psi

values were higher than those of the naive model, suggesting that direct observation of this quail
would underestimate its presence in the area.

Uneven-aged cuts are applied at elevations of 3,000 m and above in the study site and
elsewhere in the Trans-Mexican Volcanic Belt, on smaller terrain surfaces than in areas where even-
aged cuts are applied below that altitude. This may explain the lower detection and occupancy
probabilities in MMOBI areas, as well as the higher numbers of domestic dogs in those areas.

Most studies have found that D. barbatus primarily occurs in mountain cloud forests.
However, it is also found in smaller proportions in other environments, such as bean and maize
plantations, shade-grown coffee orchards, pine forests, and disturbed, regenerating, or secondary
vegetation, as observed by Mota-Vargas (2008) in Coatepec, Veracruz. He suggested that it likely
occupies these alternative habitats because its original habitat has been reduced. However, there
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is no neighboring cloud forest in the ejido Emiliano Zapata; the nearest cloud forest is about 36
km to the northeast, in the municipality of Tepetzintla, Puebla. The discovery and rediscovery of
D. barbatus in regions with diverse environments outside the cloud-forest distribution suggest
that this species may have been overlooked in the past (Chan et al,, 2025). This indicates a need
for more studies on habitat use and occupancy across different environments.

Relative abundance. Although the relative abundance was low, phototrapping and autonomous
recording were effective for detecting this terrestrial, elusive, endangered wood quail in managed
coniferous forests. In addition to detecting this species, both techniques provided information on
the behavior of D. barbatus: it forms groups of two to three individuals, as recorded, and probably
lives in monogamous pairs during the non-breeding season, as reported at other sites (Chan et
al., 2025). Phototrapping has been used to detect D. barbatus (Valencia-Herverth et al, 2019) and
other Galliformes in tropical and temperate forests in good conservation status, such as those in
southeastern Mexico, including the great curassow Crax rubra Linnaeus 1758 and the crested guan
Penelope purpurascens Wagler, 1830 (Lira-Torres & Briones-Salas, 2012). However, there is no
published information on the use of autonomous recording units for this purpose.

Although RAIs usually correlate positively and linearly with density estimates (Wearn &
Glover-Kapfer, 2017), they do not account for species detection probability or differences across
habitats or seasons. For this reason, Mandujano (2024) suggests that RAls should be referred to
as photo-capture rates (PC) or encounter rates (ER), and that these should be used to compare
across species. Otherwise, RAIs should be used only to compare the same species across time or
localities when the assumptions for robust abundance estimates and detection probabilities are
met. However, these assumptions are unknown for D. barbatus, as for many other species in
Mexico.

The Relative Abundance Index of D. barbatus was 1.72 times higher in MDS stands than in
MMOBI areas, where it was detected at more camera-trap stations. In contrast, the Vocal Activity
Rate, was higher in MMOBI areas than in MDS stands. Although these indices are easy to calculate
even with small sample sizes, and abundance measures often provide robust estimates (Wearn &
Glover-Kapfer, 2017), they are considered activity indexes here because they can be influenced by
factors, such as detection probability and mobility; activity increases with larger numbers of
individuals (Huerta-Rodriguez et al,, 2022). The use of these rates as an abundance index in this
study must be carefully considered, given their high temporal variability and the limited
information on the natural history of D. barbatus. It is also important to consider the effects of
annual weather variability, as 2024 was drier than usual and 2025 was wetter than usual in the
study area. As Burton et al. (2015) suggest, caution is necessary when evaluating the abundance
of elusive species. Therefore, a systematic study over a wider area and a longer period is needed
to reduce the bias that an observational study like this one can introduce.

There is limited information on the abundance of this quail. In Coatepec, Veracruz, Mota-
Vargas (2008) used playback of previously recorded songs to elicit responses and estimated a
relative abundance of 1.5 groups/km and a mean density of 0.01 groups/ha (range 0.01-0.03), with
an average detection rate of 0.15 groups per sampling point. He assumed each response
corresponded to groups of two to three individuals and concluded that the species had a low
relative abundance compared with other Odontophorids. Mota-Vargas et al. (2012) identified
average annual precipitation and elevation as the most important environmental factors for
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modeling this species' distribution, but their Maxent model did not account for detection
probability.

Activity patterns. In this study, D. barbatus showed diurnal activity with two distinct patterns. It is
primarily active around midday, with a peak during feeding and occasional calling; it is also
crepuscular, with vocalization peaks in the early morning and late afternoon, and greater activity
around sunset than at sunrise. It is known to vocalize at these times from the shrubs or trees where
it spends the night, as observed in its sister species D. leucophris (Gould, 1844) and D. macroura
(Jardine & Selby, 1828), as described by Carroll (1994) and Chavez-Ledn (2020). The rather low
coefficient of overlap indicates the extent to which D. barbatus moves and calls or sings at the
same time of day (Ridout & Linkie, 2009). This is consistent with the species' known behavior: it
forages on the ground in small groups during the non-breeding season and in pairs during the
breeding season (Chan et al., 2025).

The method for estimating activity from camera-trap time-of-detection data assumes that
all individuals in the sampled population are active at the peak of the daily activity cycle (Rowcliffe
et al, 2014), as may have been the case in this study. New World quails are predominantly active
during the day and spend most of their time foraging on the ground. They rely on vision to locate
seeds, insects, and plants efficiently in daylight, and run rather than fly to evade predators, but
wood partridges fly to trees to escape ground predators (Carroll, 1994; Winkler et al., 2020). As a
ground-forager, this quail is exposed to terrestrial predators and raptors. In this study, 11 medium-
and large-sized mammal species were recorded using photo-traps. Six of these mammals are
carnivorous or omnivorous and are potential predators of D. barbatus, as well as the more
abundant invasive domestic dogs (Table 4). Most of these mammals are tolerant of human
disturbance (Huerta-Rodriguez et al,, 2022), as is the condition of managed forests.

Domestic dogs can severely impact ground-dwelling birds and overall biodiversity. They
have contributed to 11 vertebrate extinctions and are a known potential threat to at least 188
threatened species worldwide. However, the strength of dog impacts on threatened species, and
how these compare to other threats such as habitat loss or hunting, remains unclear because
studies rarely quantify the impact of domestic dogs on wildlife populations (Doherty et al., 2017).
As in all certified forests in the region, hunting is forbidden, and ejido members comply, although
occasional hunters from outside the area enter. The main threat, however, is the high number of
domestic dogs, which may prey on terrestrial wildlife and displace or alter the activity patterns of
native species (Marshall et al., 2023).

Camera traps and autonomous recording units operate continuously for 24 hours, enabling
more precise study of animal activity patterns than methods that depend on infrequent visits or
short-term recordings, such as physical traps or human visual or audio detections with time limits.
For D. barbatus and other cryptic, difficult-to-observe species, especially in managed forests, the
use of automated devices increases detection rates, and the resulting information about their
presence and abundance is essential for designing conservation measures.

Forestry effects. The MDS may have the greatest impact on wildlife diversity, as it significantly
alters stand structure, floristic composition, and microclimate. However, it creates a mosaic of
vegetation with diverse sizes, ages, and compositions, which may increase species richness in the
landscape, such as in bird communities (Lopez-Becerra & Barrén-Sevilla, 2018). However, in this
study, the confidence intervals for D. barbatus occupancy overlapped, suggesting no difference
between MDS and MMOBI management methods in the area.
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CONCLUSIONS

This record of D. barbatus is noteworthy because it confirms that this endangered species inhabits
managed forests and has implications for reconciling conservation actions with intensive forestry.
The information obtained in this study allowed estimation of its relative abundance, occupancy,
vocal activity rates, and activity patterns in a managed forest in the Sierra Norte de Puebla, Mexico.
It also led to the identification of the assemblage of medium and large mammals that share this
ecosystem and may interact with this quail as predators. Based on this and previous monitoring
studies by the author in this region, it can currently be asserted that this population of D. barbatus
is limited to the east of Federal Highway MEX-119 (Tlaxco-Chignahuapan).

Although logging, timber harvesting, land-use change, and deforestation are considered
major causes of the decline of D. barbatus populations, certified forests and their forestry
management programs in Mexico, such as the one in the study area, are required by law to
integrate biodiversity conservation measures. The application of certified sustainable forestry
creates a heterogeneous landscape with vertical and horizontal structural diversity that may
provide the required or optimal habitat for this quail, with a shrub stratum of different thicknesses.
Recommendations for forestry managers and wildlife technicians for the conservation of D.
barbatus include the following action strategies: 1) evaluate the impact of forestry on its
population; 2) design and implement silvicultural practices with less impact on its habitat, such as
maintaining a dense shrub stratum and a thick organic layer on the ground, where possible; 3)
monitor reproduction and local mobility; and 4) develop educational programs focused on the
importance of conserving this endangered quail and the need to control domestic dogs
population in the forest. Research needs across the species' range, including disturbed
environments, include characterizing the habitat of D. barbatus, beyond mountain cloud forests,
determining species presence, conducting surveys to obtain current population estimates, and
monitoring habitat loss and degradation.

ACKNOWLEDGMENTS. The author thanks the authorities of Ejido Emiliano Zapata for granting access
to their lands for fieldwork and Miguel Salinas, the ejido's forest ranger, for field assistance. This
publication is the result of the project "Manejo integrado de recursos forestales para la
sustentabilidad de los servicios ecosistémicos ante el cambio climatico”, funded by the Instituto
Nacional de Investigaciones Forestales, Agricolas y Pecuarias, Mexico. Three anonymous reviewers
improved this paper with their comments and suggestions.

LITERATURE CITED

BirdLife International. (2020) Dendrortyx barbatus. The IUCN Red List of Threatened Species 2020.
https://dx.doi.org/10.2305/IUCN.UK.2020-3.RLTS.T22679576A178090964.en
(consulted January 22, 2026).

Burton, A. C., Neilson, E., Moreira, D., Ladle, A., Steenweg, R, Fisher, J. T, Bayne, E., Boutin, S. (2015)
Wildlife camera trapping: a review and recommendations for linking surveys to ecological
processes. Journal of Applied Ecology 52 (3), 675-685.
https://doi.org/10.1111/1365-2664.12432

Caballero-Cruz, P., Vargas-Noguez, G., Ortiz—Pulido, R. (2020) Especies de aves en riesgo en el
bosque mesofilo de montafa en cinco AICA de la Sierra Madre Oriental, México. Huitzil
Revista Mexicana de Ornitologia, 21 (1).

15


https://dx.doi.org/10.2305/IUCN.UK.2020-3.RLTS.T22679576A178090964.en
https://doi.org/10.1111/1365-2664.12432

Chdvez-Ledn: Dendrortyx barbatus in @ managed coniferous forest

https://doi.org/10.28947/hrmo.2020.21.1.472

Carroll, J. P. (1994) New World Quail. Pp. 412-433. In: J. del Hoyo, A. Elliott, J. Sargatal (Eds.).
Handbook of Birds of the World. Vol. 2. New World Vultures to Guineafowl, BirdLife
International and Lynx Edicions, Spain.

Chan, P. T, Eitniear, J. C, Matadamas, R. E., Espinosa-Chavez, O. J., Sanchez-Gonzalez, L. A.
(2025) Bearded Wood-Partridge (Dendrortyx barbatus), version 2.0. In: R. Juarez, P. F. D.
Boesman (Eds.). Birds of the World. Cornell Lab of Ornithology, Ithaca, NY, USA.
https://doi.org/10.2173/bow.bewpar1.02

Chavez-Leon, G. (2020) Long-tailed Wood-Partridge (Dendrortyx macroura), version 1.0. In: T. S.
Schulenberg (Ed.). Birds of the World. Cornell Lab of Ornithology, Ithaca, NY, USA.
https://doi.org/10.2173/bow.ltwpar1.01

Chavez-Leon, G. (2024) Vertebrados terrestres en bosques de coniferas bajo manejo. Revista
Mexicana de Ciencias Forestales 15 (81), 187-219.
https://doi.org/10.29298/rmcf.v15i81.1423

Chesser, R. T., Billerman, S. M., Burns, K. J., Cicero, C., Dunn, J. L., Hernandez-Bafios, B. E., Jiménez,
R. A, Johnson, O., Mason, N. A., Rasmussen, P. C. (2025) Check-list of North American Birds
(online). American Ornithological Society.
https://checklist.americanornithology.org/taxa/

Comision Nacional Forestal (Conafor). (2025) Sistema de Certificacion Forestal Mexicano
(Sceformex).
https://www.gob.mx/conafor/acciones-y-programas/certificacion-forestal-59242  (access
February 2, 2026).

Cornejo, J. (2007) Biologia reproductiva del chivizcoyo (Dendrortyx barbatus) en cautiverio.
Ornitologia Neotropical 18 (3), 463-467.

Doherty, T. S., Dickman, C. R,, Glen, A. S., Newsome, T. M., Nimmo, D. G,, Ritchie, E. G., Vanak, A. T.,
Wirsing, A. J. (2017) The global impacts of domestic dogs on threatened vertebrates.
Biological Conservation, 210, 56-59.
https://doi.org/10.1016/j.biocon.2017.04.007

Eitniear, J. C., Aguilar-Rodriguez, S. H., Baccus, J. T., Carroll, J. P. (2001) Response rates of bearded
wood-partridges (Dendrortyx barbatus, AVES: PHASIANIDAE) to playback of a recorded call.
Vida Silvestre Neotropical 10 (1-2), 55-57.
https://www.researchgate.net/publication/292875517

Hines, J. E. (2006) PRESENCE- Software to estimate patch occupancy and related parameters.
USGS-PWRC.
http://www.mbr-pwrc.usgs.gov/software/presence.html

Huerta-Rodriguez, J. O., Rosas-Rosas, O. C., Lopez-Mata, L., Alcantara-Carbajal, J. L, Tarango-
Arambula, L. A. (2022) Camera traps reveal the natural corridors used by mammalian
species in eastern Mexico. Ecological Processes, 11(1).
https://doi.org/10.1186/s13717-022-00394-w

Hutschenreiter, A., Andresen, E., Brisefio-Jaramillo, M., Torres-Araneda, A., Pinel-Ramos, E., Baier,
J., Aureli, F. (2024) How to count bird calls? Vocal activity indices may provide different
insights into bird abundance and behaviour depending on species traits. Methods in
Ecology and Evolution, 15 (6), 1071-1083.
https://doi.org/10.1111/2041-210X.14333

Instituto Nacional de Estadistica y Geografia (INEGI). (2022) Guia para la interpretacion de
cartografia. Uso del suelo y vegetacion. Escala 1:250 000, Serie VII. Aguascalientes, México.

16


https://doi.org/10.28947/hrmo.2020.21.1.472
https://doi.org/10.2173/bow.bewpar1.02
https://doi.org/10.2173/bow.ltwpar1.01
https://doi.org/10.29298/rmcf.v15i81.1423
https://checklist.americanornithology.org/taxa/
https://www.gob.mx/conafor/acciones-y-programas/certificacion-forestal-59242
https://doi.org/10.1016/j.biocon.2017.04.007
https://www.researchgate.net/publication/292875517
http://www.mbr-pwrc.usgs.gov/software/presence.html
https://doi.org/10.1186/s13717-022-00394-w
https://doi.org/10.1111/2041-210X.14333

Acta Zooldgica Mexicana (nueva serie)
Volumen 42, 2026

https://www.inegi.org.mx/app/biblioteca/ficha.html?upc=889463902836

Lira-Torres, I, Briones-Salas, M. (2012) Abundancia relativa y patrones de actividad de los
mamiferos de los Chimalapas, Oaxaca, México. Acta Zoolégica Mexicana (n. s.), 28 (3), 566—
585.

https://doi.org/10.21829/azm.2012.283859

Lopez-Becerra, J. L, Barron-Sevilla, J. A. (2018) Diversidad de aves en un bosque bajo manejo
forestal en la Sierra Norte de Puebla, México. Huitzil, Revista Mexicana de Ornitologia, 19
(2), 168-179.
https://doi.org/10.28947/hrmo.2018.19.2.338

MacKenzie, D., Nichols, J. D., Royle, J. A, Pollock, K. H., Bailey, L., Hines, J. E. (2018) Occupancy
Estimation and Modeling. Inferring Patterns and Dynamics of Species Occurrence. Second
edition. Elsevier Science, Academic Press. USA.

Mammal Diversity Database (2025) Mammal Diversity Database (Version 2.3) Zenodo.
https://doi.org/10.5281/zenodo.17033774 (access October 24, 2025).

Mandujano, S. (2024) indice de abundancia relativa y tasa de encuentro con trampas camara:
conceptos, limitaciones y alternativas. Mammalogy Notes, 10 (1), 1-29.
https://doi.org/10.47603/mano.v10n1.389

Marshall, H. E., Sukumal, N., Ngoprasert, D., Savini, T. (2023) The spatial and temporal displacement
of native species by domestic dogs. Global Ecology and Conservation, 44.
https://doi.org/10.1016/j.gecco.2023.e02504

Meredith, M., Ridout, M., Campbell, L. A. (2024) overlap: Estimates of coefficient of overlapping for
animal activity patterns.
https://doi.org/10.32614/CRAN.package.overlap

Mota-Vargas, C. (2008) Distribucién, abundancia relativa y uso de habitat del Chivizcoyo
Dendrortyx barbatus (Aves: Odontophoridae) en el municipio de Coatepec, Veracruz. (BA
thesis). Universidad Veracruzana.
https://doi.org/10.13140/RG.2.1.3811.7845

Mota-Vargas, C., Rojas-Soto, O. R, Lara, C., Castillo-Guevara, C., Ballesteros-Barrera, C. (2012)
Geographic and ecological analysis of the Bearded Wood Partridge Dendrortyx barbatus:
Some insights on its conservation status. Bird Conservation International, 23 (3), 371-385.
https://doi.org/10.1017/S0959270912000329

Niedballa, J., Sollmann, R., Courtiol, A., Wilting, A. (2016) camtrapR: an R package for efficient
camera trap data management. Methods in Ecology and Evolution, 7 (12), 1457-1462.
https://doi.org/10.1111/2041-210X.12600

O'Brien, T. G. (2011) Abundance, density and relative abundance: A conceptual framework. Pp. 71—
96. In: A. F. O'Connell, J. D. Nichols, K. U. Karanth (Eds.). Camera Traps in Animal Ecology:
Methods and Analyses. Springer Japan.
https://doi.org/10.1007/978-4-431-99495-4_6

Palik, B. J., D'Amato, A. W., Franklin, J. F., Johnson, K. N. (2021) Ecological Silviculture. Foundations
and Applications. Waveland Press, Illinois, USA.

R Core Team (2025) R: A Language and Environment for Statistical Computing. R Foundation for
Statistical Computing, Vienna, Austria.
https://www.R-project.org/

Ramirez M., H. (2017) Manual para la elaboracidn de programas de manejo forestal maderable en
clima templado frio. Comision Nacional Forestal, Zapopan, Jalisco, México.

17


https://www.inegi.org.mx/app/biblioteca/ficha.html?upc=889463902836
https://doi.org/10.21829/azm.2012.283859
https://doi.org/10.28947/hrmo.2018.19.2.338
https://doi.org/10.5281/zenodo.17033774
https://doi.org/10.47603/mano.v10n1.389
https://doi.org/10.1016/j.gecco.2023.e02504
https://doi.org/10.32614/CRAN.package.overlap
https://doi.org/10.13140/RG.2.1.3811.7845
https://doi.org/10.1017/S0959270912000329
https://doi.org/10.1111/2041-210X.12600
https://doi.org/10.1007/978-4-431-99495-4_6
https://www.r-project.org/

Chdvez-Ledn: Dendrortyx barbatus in @ managed coniferous forest

https://www.gob.mx/cms/uploads/attachment/file/314226/Manual_para_la_Elaboracion_d
e_PMFM.pdf

Ridout, M. S,, Linkie, M. (2009) Estimating overlap of daily activity patterns from camera trap data.
Journal of Agricultural, Biological, and Environmental Statistics, 14(3), 322-337.
https://doi.org/10.1198/jabes.2009.08038

Rowcliffe, J. M., Kays, R., Kranstauber, B., Carbone, C., Jansen, P. A. (2014) Quantifying levels of
animal activity using camera trap data. Methods in Ecology and Evolution, 5 (11), 1170-1179.
https://doi.org/10.1111/2041-210X.12278

Secretaria de Medio Ambiente y Recursos Naturales. (Semarnat). (2019) Modificacién del Anexo
Normativo Ill, Lista de especies en riesgo de la Norma Oficial Mexicana NOM-059-
SEMARNAT-2010, Proteccion ambiental-Especies nativas de México de flora y fauna
silvestres-Categorias de riesgo y especificaciones para su inclusion, exclusiéon o cambio-
Lista de especies en riesgo, publicada el 30 de diciembre de 2010. Diario Oficial de la
Federacion, 14 de noviembre de 2019.
https://www.dof.gob.mx/nota_detalle_popup.php?codigo=5578808 (access December 14,
2025).

Tanwar, K. S., Sadhu, A, Jhala, Y. V. (2021) Camera trap placement for evaluating species richness,
abundance, and activity. Scientific Reports, 11 (1).
https://doi.org/10.1038/s41598-021-02459-w

Torres-Rojo, J. M., Moreno-Sanchez, R, Mendoza-Brisefio, M. A. (2016) Sustainable Forest
Management in Mexico. Current Forestry Reports, 2 (2), 93-105.
https://doi.org/10.1007/s40725-016-0033-0

Valencia-Herverth, J., Manzanero-Barrera, G., Vargas-Noguez, G. (2019) Registros recientes de
codornices (Odontophoridae) en la Sierra Madre Oriental, México. Areas Naturales
Protegidas Scripta, [. 5 (2), 1-18.
https://www.researchgate.net/publication/338720484_Registros_recientes_de_codornices_
Odontophoridae_en_la_Sierra_Madre_Oriental_Mexico

Villordo, G., J. A, Juarez R, A, Chapa V., L. (2013) Primer registro de la perdiz veracruzana o
chivizcoyo (Dendrortyx barbatus) en la Sierra Norte de Tlaxcala, México. Huitzil, 14 (2), 132-
135.

Wearn, O. R, Glover-Kapfer, P. (2017) Camera-trapping for conservation: a guide to best-practices.
WWEF Conservation Technology Series, 1 (1), 1-180.
https://www.wwf.org.uk/sites/default/files/2019-04/CameraTraps-WWF-guidelines.pdf

Wildlife Acoustics (2025) Kaleidoscope Pro, version 5.8.1.
https://www.wildlifeacoustics.com/products/kaleidoscope-pro

Winkler, D. W., Billerman, S. M., Lovette I. J. (2020) New World Quail (Odontophoridae), version 1.0.
In: S. M. Billerman, B. K. Keeney, P. G. Rodewald, T. S. Schulenberg (Eds.). Birds of the World.
Cornell Lab of Ornithology, Ithaca, NY, USA.
https://doi.org/10.2173/bow.odonto1.01

Zwart, M. C,, Baker, A, McGowan, P. J. K, Whittingham, M. J. (2014) The use of automated
bioacoustic recorders to replace human wildlife surveys: an example using nightjars. PLoS
ONE, 9 (7), 1-8.
https://doi.org/10.1371/journal.pone.0102770

18


https://www.gob.mx/cms/uploads/attachment/file/314226/Manual_para_la_Elaboracion_de_PMFM.pdf
https://www.gob.mx/cms/uploads/attachment/file/314226/Manual_para_la_Elaboracion_de_PMFM.pdf
https://doi.org/10.1198/jabes.2009.08038
https://doi.org/10.1111/2041-210X.12278
https://www.dof.gob.mx/nota_detalle_popup.php?codigo=5578808
https://doi.org/10.1038/s41598-021-02459-w
https://doi.org/10.1007/s40725-016-0033-0
https://www.researchgate.net/publication/338720484_Registros_recientes_de_codornices_Odontophoridae_en_la_Sierra_Madre_Oriental_Mexico
https://www.researchgate.net/publication/338720484_Registros_recientes_de_codornices_Odontophoridae_en_la_Sierra_Madre_Oriental_Mexico
https://www.wwf.org.uk/sites/default/files/2019-04/CameraTraps-WWF-guidelines.pdf
https://www.wildlifeacoustics.com/products/kaleidoscope-pro
https://doi.org/10.2173/bow.odonto1.01
https://doi.org/10.1371/journal.pone.0102770

