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Abstract

Nesting resources for cavity-adopter birds commonly have spatial aggregation patterns within tropical dry forests.
Spatial aggregation occurs because large trees, carrying large cavities, are restricted within small semideciduous
forest areas. In contrast, deciduous forests occupy most of the coverage with smaller trees and cavities. Consequently,
semideciduous forest loss could imperil cavity-adopter birds with large bodies. To test this hypothesis, we performed
an intensive search in a tropical dry forest in Central-Mexico. We surveyed 5 transects —0.2 ha— in both deciduous
and semideciduous forest, totalizing a survey of 2 ha. There were no differences in resource density between deciduous
(4 £ 6.51 cavities/ha) and semideciduous forest (11 + 6.51 cavities/ha). However, semideciduous forest cavities had
wider entrances and were in larger trees. Besides, 90% of nesting resources for birds with bodies > 6 cm were restricted
within the semideciduous forest, including Megascops seductus, an endemic owl, and Ara militaris, a threatened
macaw. Bird-excavated cavities were associated with deciduous forest and Pachycereus weberi cacti. In contrast,
decay cavities were associated with semideciduous forest and Enterolobium cyclocarpum trees. Our results suggest
that the conservation of large-bodied cavity-adopter birds within dry forest depends on semideciduous forest coverage.
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Resumen

Los recursos para aves adoptadoras de cavidades, por lo comun, estan agregados espacialmente dentro del
bosque tropical seco. Esto ocurre porque los arboles grandes, con cavidades de mayor tamaflo, estan restringidos
en areas pequefias de bosque subcaducifolio. En contraste, el bosque caducifolio, con arboles y cavidades menores,
ocupa mayores extensiones. Como consecuencia, la pérdida de bosque subcaducifolio podria amenazar a las aves
adoptadoras de cavidades. Para evaluar esta hipdtesis, muestreamos por busqueda intensiva un bosque tropical seco
del centro de México, considerando 5 transectos de 0.2 ha en cada tipo de bosque, totalizando 2 ha muestreadas. No
hubo diferencias entre bosque caducifolio (4 + 6.51 cavidades/ha) y subcaducifolio (11 + 6.51 cavidades/ha). Sin
embargo, las cavidades del bosque subcaducifolio tuvieron entradas mas anchas y estaban en arboles mas grandes.
El 90% de los recursos para aves con cuerpos > 6 cm, como Megascops seductus y Ara militaris, estuvieron en el
bosque subcaducifolio. Las cavidades excavadas se asociaron con el bosque caducifolio y el cactus Pachycereus
weberi, mientras que las cavidades formadas por decaimiento se asociaron con el bosque subcaducifolio y arboles
de Enterolobium cyclocarpum. Nuestros resultados indican que la conservacion de aves adoptadoras de cavidades
depende de la cobertura de bosque subcaducifolio.

Palabras clave: Neotropico; Recursos de anidamiento; Anidadores secundarios de cavidad; Cavidades de arboles

Introduction

Secondary cavity nesters constitute up to 21% of bird
species inhabiting Neotropical forests (Cockle et al., 2011;
Monterrubio-Rico & Escalante-Pliego, 2006). Secondary
cavity nesters need holes in trees to nest but cannot
excavate them themselves, so they depend on the available
cavities (Newton, 1994). However, not all existing cavities
within forest habitat are suitable for nesting. Nesting sites
are selected according to their characteristics related
to predator exclusion and provision of an appropriate
microhabitat for brood development (Enkerlin-Hoeflich,
1995; Newton, 1994; Saunders et al., 1982). If cavities
with appropriate depth, entrance size, and height above
the ground are scarce, their availability could be a limiting
factor for bird populations (Newton, 1994). Consequently,
secondary cavity nesters are more vulnerable to habitat
loss and nesting resources than other birds in tropical
forests (Monterrubio-Rico & Escalante-Pliego, 2006; van
der Hoek et al., 2017).

In tropical forests, wood decay, including processes like
breaking of branches, insect pests, and fungal infections,
form most of the cavities used for nesting (Cockle et
al., 2011; Gibbs et al., 1993). In the tropics, the same
environmental conditions that favor cavity formation,
such as high temperature and humidity, also reduce the
useful life of cavities because of the rapid decay of wood.
Accelerated decay processes could therefore make nesting
resources abundant, but available only for a short time
(Cockle et al., 2011; Cornelius et al., 2008). Another
source of cavities is ecosystem engineering by excavator
bird species, i.e. woodpeckers (Sekercioglu et al., 2016).
However, within tropical forests, the abundance and
richness of woodpeckers is low compared to the richness

of secondary cavity nesters. Therefore, woodpeckers are
apparently less important for cavity formation than wood
decay processes (Cockle et al., 2011; Cornelius et al.,
2008; Sandoval & Barrantes, 2009).

The Mexican tropical dry forest is an ecosystem with
high spatial heterogeneity in vegetation structure and
composition because of its complex hilly orography. The
vegetation coverage of the tropical dry forest is dominated
by deciduous forests, covering most of the hilly slopes,
while semideciduous forests are restricted to stream beds
and narrow valleys between hills, where higher humidity
allows the growth of larger trees (Balvanera et al., 2002;
Bezaury-Creel, 2010; Holdridge, 1967). Notably, habitat
heterogeneity can drive spatial aggregation patterns of
nesting resources. For example, on the Pacific coast of
Mexico, trees within the tropical semideciduous forests,
such as Astronium graveolens, Brosimum alicastrum,
and mostly Piranhea mexicana monodominant forests,
account for up to 80% of all nesting cavities within tropical
dry forests, despite being only 14% of the available
habitat (Vazquez & Renton, 2015). This aggregation
pattern implies a serious conservation issue: loss of
semideciduous forest equals the loss of the largest trees,
the same ones carrying both most of the larger cavities and
available nesting resources. Therefore, deforestation of the
semideciduous forest a severe threat to the conservation of
secondary cavity nester birds (Cockle et al., 2011; Salinas-
Melgoza et al., 2009).

The eastern section of the Balsas basin, the Alto
Balsas, is a global Important Bird Area (IBA) because
of its endemic richness (Birdlife International, 2020b).
Tropical lowlands within the Alto Balsas are habitat to a
considerable richness of cavity-nesting species. Of at least
150 bird species that inhabit the region (Vazquez-Reyes
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et al., 2018), 22 use cavities to nest, and 11 are obligate
cavity-adopters. The families Strigidae and Psittacidae
include species that may be restricted to cavities in
the semideciduous forest because their large body size
means that they only fit in large cavities, located in large
trees (Monterrubio-Rico & Escalante-Pliego, 2006). For
example, the Balsas Screech-Owl, Megascops seductus,
is a threatened endemic owl, and the Military Macaw,
Ara militaris, is considered vulnerable at a global scale
(Berlanga et al., 2010; Birdlife International, 2020a).
Unfortunately, habitat loss of tropical dry forests due to
human activities show rates of 1.4% annually (Sanchez-
Azofeifa & Portillo-Quintero, 2011; Trejo & Dirzo,
2000). Consequently, the biodiversity in the Alto Balsas
forests is threatened (Vazquez-Reyes et al., 2017). The
semideciduous forest suffers direct impacts of habitat loss
becauseitis converted to agricultural activities such as crops
and orchards (Sanchez-Coloén et al., 2009). Furthermore,
tree species typical of this habitat, like Enterolobium
cyclocarpum, are used for timber (Pennington & Sarukhan,
2005). Thus, the threat to the small area of semideciduous
forest bearing nesting resources for obligate cavity-adopter
birds, particularly for large-bodied birds, is a severe issue
(Salinas-Melgoza et al., 2009; Vazquez & Renton, 2015).

In this study, we aimed to assess the availability of
nesting resources for secondary cavity nester birds within a
tropical dry forestmatrix inthe Alto Balsas. We hypothesized
that the availability of cavities useful as nesting resources
for birds would be higher in semideciduous forest than in
deciduous forest, particularly for secondary cavity nesters
of larger body sizes. To test this hypothesis, we compared
the density and characteristics of tree cavities, considering
both the deciduous and semideciduous forest within the
study area. This study highlights the ecological importance
of the semideciduous forest areas within the Alto Balsas in
providing the essential resource of nesting sites for tropical
dry forest birds in Central Mexico (Renton et al., 2018;
Salinas-Melgoza et al., 2009).

Materials and methods

The study area is located in the Balsas River Basin
in northeast Guerrero, Mexico, at central coordinates of
18°01” N, 98° 53* W and with an elevational gradient from
650 to 1,950 m (Fig. 1). The climate is warm and semiarid,
with a mean temperature of 26 °C, a summer rainy season
(Aw according to the Koppen classification) and annual
precipitation of 780 mm (Meza & Lopez-Garcia, 1997).
The focus of our study is the tropical lowlands, between
650 and 1,400 m. Here, dominant vegetation types are
tropical deciduous forest on the hillsides and tropical
semideciduous forest in valleys and along stream beds.

Above 1,400 m, vegetation is oak forests, dominated
by species with a Nearctic floristic affinity (Martinez et
al.,, 1997; Rzedowski, 2006). Deciduous forests have a
noteworthy diversity of Bursera and Lysiloma tree genera,
as well as floristic elements such as Cyrtocarpa procera,
Amphipterigium adstringens, and Ceiba aesculifolia, and
columnar cacti, such as Pachycereus weberi. The tree
stratum of the semideciduous forest includes Enterolobium
cyclocarpum, Ficus periolaris, and Lonchocarpus spp.
trees (Martinez et al., 1997).

To estimate cavity density within the tropical dry
forest, we considered both deciduous and semideciduous
forest areas. We sampled in forest areas where the original
vegetation cover remained unchanged and human activity
was limited to occasional transit of people (Vazquez-Reyes
et al.,, 2017). We defined the location of the sampling
areas according to the floristic composition and spatial
distribution of vegetation. We used Google Earth satellite
images to identify deciduous and semideciduous forest
areas, considering that semideciduous vegetation foliage
remains green even during the dry season. Using these
satellite images, we estimated that 91.1% (3,926 ha) of the
study area is covered by deciduous forest, while 8.9% (382
ha) is semideciduous forest. At least 3 observers, including
JME, DRM, and LDVR, sampled 5 transects —100 x
20 m— within each habitat type. Thus, our sample area
included 1 ha per habitat type, totalizing a survey of 2 ha
of tropical dry forest. The distance between neighboring
transects was always > 100 m (Fig. 1). The transects’
locations and dimensions were defined using a measuring
tape, flagging tape, and GPS equipment.

To assess the cavity availability, all trees within the
transect areas were intensively searched for cavities by
JME and LDVR using 10 % 40 binoculars. We defined
cavities as hollows in trees that had walls and a floor, an
entrance > 3 cm wide and with an internal depth > 12 cm.
For each cavity, we recorded the height above the ground,
depth, entrance width, and the diameter of the supporting
trunk or branch. In the case of cavities with more than 1
entrance, we recorded the data for the largest opening,
since this size determines whether an organism (either the
occupant or a predator) can access the cavity (Vazquez &
Renton, 2015).

Cavities were categorized according to their origin as
excavated by birds or from tree decay. Excavated cavities
are easily recognized due to their round, almost symmetrical
shape, and smooth borders, while non-excavated cavities
have irregular shapes (Aitken & Martin, 2007). Cavities
less than 4 m above the ground were accessed using a
ladder and measured with a measuring tape. For cavities
more 4 m above the ground, we measured the entrance
and the diameter of the support with a 15 m extendable
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Figure 1. Study area. A) Location of the tropical dry forest of the Alto Balsas in central Mexico. Black symbols show the location
of the transects in the deciduous forest (circles) and the semideciduous forest (triangles). B) Deciduous forest, showing diverse trees
of the genus Bursera, Lysiloma, and also including the columnar cacti Pachycereus weberi. C) Semideciduous forest, showing the
dominance of Enterolobium cyclocarpum trees. Photo credits: Leopoldo D. Vazquez Reyes.

measuring pole. A nylon polymer ruler graduated in cm
was attached to the end of the pole. To measure cavity
depth, a reel of nylon string with a round weight tied to
the end was mounted on the polymer ruler and the weight

was smoothly lowered into the cavities to avoid injuring
any potential occupants; the displacement distance was the
depth of the cavity. We did not found any living organisms
occupying cavities during our survey. We recorded the
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number of cavities, the diameter at breast height (DBH),
and the height of each tree with at least 1 cavity.

We considered cavities with an entrance width of 3.4 to
14.7 cm to be potentially appropriate nesting resources for
birds. These measurements correspond to the body width
range of the secondary cavity nester assemblage within
our study area (Table 1). Surveys to define the list of
regional bird biodiversity and also potential cavity-adopter
birds was performed by LDVR between 2007 and 2017
(Vazquez-Reyes et al., 2018). This criterion also takes
into account that the cavity entrance size is constrained
by the size of occupants on one hand and the exclusion of
potential predators and lower predation risk on the other
(Enkerlin-Hoeflich, 1995; Newton, 1994; Saunders et al.,
1982).

Table 1

We used specimens from scientific collections (Museo
de Zoologia de la Facultad de Ciencias, and Coleccion
Nacional de Aves, both at the National Autonomous
University of Mexico, UNAM) to determine the body
width of cavity-adopter birds in our study area. We use
a graduated ruler to measure the body width (bird back-
width at the scapula, in cm) for each considered specimen.
Only the specimens whose taxidermy represents the live
specimen’s body shape properly were considered. Five
specimens of each species, except for Ara militaris and
Megascops seductus, for which only 4 specimens were
available. Specimens from localities as close as possible to
the study area were measured to reduce biases in estimating
the birds’ sizes at our study site due to geographic variation
in body size.

Cavity-nesting birds within deciduous and semideciduous forests of the Alto Balsas. Taxonomical criteria correspond to International
Ornithological Committee (Gill et al., 2020). T Obligate adopter (bird that only nest inside cavities, however, are not capable to excavate
them). ¥ Facultative adopter (bird that could nest within cavities but also in other substrates). § Excavator (bird that excavate their own
nesting cavities). § Bird species whose body width is larger than the mean entrance width of deciduous forest cavities.

Order Family Species Body width (cm =+ standard deviation)
Anseriformes Anatidae Dendrocygna autumnalis | 9.58 £0.58 9
Strigiformes Tytonidae Tyto furcata f 10.76 £ 0.77 9
Strigidae Megascops seductus 1 7.73£0.309
Bubo virginianus } 1478 £ 1.04 9
Strix virgata 1 9.84+£0.369
Glaucidium palmarum 1 5+0.35
Glaucidium brasilianum 1 4.5+0.19
Micrathene whitneyi 4.58 £ 0.31
Trogoniformes Trogonidae Trogon elegans 1 5.7+0.14
Falconiformes Falconidae Caracara cheriway } 123+ 0.52 9
Herpetotheres cachinnans } 11.5+ 0379
Psittaciformes Psittacidae Ara militaris 1 12.28 +0.76 4
Piciformes Picidae Dryobates scalaris § 3.44 +0.36
Melanerpes chrysogenys § 4.94 +0.42
Melanerpes hypopolius § 4.7+0.23
Campephilus guatemalensis § 6.7+0.14
Passeriformes Tyrannidae Pyrocephalus rubinus 1 342 +£0.52
Mpyiarchus tuberculifer 1 3.68 £0.20
Myiarchus nuttingi 1 4+0.27
Myiarchus tyrannulus 1 44 +041
Corvidae Corvus corax } 126 £ 0459
Hirundinidae Tachycineta thalassina 1 3.84 £0.43
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Shapiro-Wilk normality test were performed, which
showed that neither the cavity density data nor their
characteristics had a normal distribution. Therefore, all
comparisons between deciduous and semideciduous
forests were computed using non-parametric Mann-
Whitney U tests. To compute the statistical comparisons
of cavity density between forest types, we made separate
comparisons of the total cavities, cavities suitable for birds,
excavated cavities, and wood-decay formed cavities. These
comparisons take account of the net number of recorded
cavities per transect (Table 2). However, we also want
to show a density measurement that allows comparisons
with other secondary cavity-nesting birds’ studies (Cockle
et al., 2008; de la Parra et al., 2015; Vazquez & Renton,
2015). Hence, we show the cavity/transect values scaled
to cavities/ha values. The compared cavity characteristics
were height from the ground, entrance width, depth,
and supporting trunk or branch diameter. The diameter
at breast height (DBH) and the trees’ total height where
cavities were found were also compared. We computed
Chi-square contingency tables to assess whether the origin
of the cavities and the availability of suitable cavities
were associated with habitat type. We performed the data
analysis using the Past3 statistical package (Hammer et
al., 2001).

Results

A total of 51 cavities within the sampled transects
in the Alto Balsas tropical dry forest were recorded:
20 in deciduous forest and 31 in semideciduous forest.
The overall mean cavity density, expressed as a density
measure + standard deviation, was 25.5 £ 16.06 cavities/
ha. The mean density in the deciduous forest was 20 +
16.95 cavities/ha and in the semideciduous forest 31 =+
14.74 cavities/ha. The difference in total cavities per

Table 2

transect between habitat types was not significant (Table
2). Dividing cavities by their origin, the deciduous forest
had a mean density of 13 + 13.5 wood-decay cavities/ha
and a mean density of 7 + 15.65 excavated cavities/ha. The
semideciduous forest had a mean density of wood-decay
cavities of 30 + 16.2 cavities/ha and of excavated cavities
of 1 + 2.23 cavities/ha. This difference between habitat
types was not significant (Table 2). When considering
only cavities that were suitable as a nesting resource for
secondary cavity nesters, the deciduous forest had a mean
density of 4 + 6.51 cavities/ha, while in the semideciduous
forest, the mean density was 11 + 6.51 cavities/ha. There
were no significant differences in suitable cavities density
between habitat types (Table 2).

Comparisons of cavity characteristics by habitat
type are expressed as the characteristic measure in the
appropriate unit + standard deviation. Considering all of
the cavities in both forest types (n = 51), the mean height
above the ground was 4.12 + 3.48 m, entrance width was
11.39 +7.51 cm, depth was 27.57 + 28.23 c¢m, and support
diameter was 36.13 + 33.97 cm. The mean DBH of trees
with cavities was 65.37 £ 52.95 cm, and their mean height
was 10.15 £+ 5.13 m. There were no significant differences
between habitat types either for cavities’ height, depth, or
the DBH of the tree where the cavity was placed. However,
the semideciduous forests’ cavities had wider entrances,
larger diameter supports, and were located in taller trees
than cavities in the deciduous forest. This pattern occurs
for all cavities but also the bird-suitable cavities subset
(Table 3). Woodpeckers formed the 87.5% of the cavities
recorded in the deciduous forest, compared to 30.3% in
the semideciduous forest. According to the contingency
tables, there was an association between cavity origin and
habitat type (c> = 9.28, p = 0.0023).

A total of 17 different plant species with cavities were
identified within the survey, plus 4 plant species that could

Number of cavities recorded by habitat type within the tropical dry forest of Alto Balsas. Mean values + standard deviation values
are shown. Because our survey found only one cavity for the excavated and the wood-decay categories, computing the statistical

tests was not possible.

Cavities Deciduous forest Semideciduous forest Statistical test

All 4+339 6.2 +2.94 H, ,=0.69,p=04
Excavated 1.4 +£3.13 02+044 H1,10= 0.01, p =0.88
Wood-decay 2.6 +2.7 6+3.24 H, ,=2.13,p=0.14
Bird-suitable 08+1.3 22+13 H, ,=2.79,p=0.08
Excavated 0 02+0 N. A.

Wood-decay 02+0 0 N. A.
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not be identified (Fig. 2). Within the deciduous forest
8 different species had cavities, but 70% of all of the
cavities recorded occurred in just 3 species: Pachycereus
weberi (7 cavities), Cyrtocarpa procera (5 cavities); and
Pseudosmondigium perniciosum (2 cavities). Besides,
all of the bird-suitable cavities occurred in P. weberi (3
cavities, 75%) and P. perniciosum (1 cavity, 25%). Within
the semideciduous forest, we identified 9 tree species with
cavities, plus 3 unidentified species. Again, 3 species
contained ~ 70% of the total cavities in this forest type:
Enterolobium cyclocarpum (14 cavities), Ruprechtia fusca
(4 cavities), and Crateva palmeri (3 cavities); and these
same 3 species housed all of the cavities suitable for birds
(E. cyclocarpum: 8 cavities, 72.72%; R. fusca: 2 cavities,
18.18%; C. palmeri: 1 cavity, 9.09%).

The mean body width of the obligate cavity-adopter
birds of the tropical dry forest was 5.8 + 2.61 cm, with
a range of 3.4 to 13.4 cm. We find that birds with body
sizes close to 8 cm, such as Megascops seductus, coincide
only marginally with the upper quartile of cavities’ width-
entrance within the deciduous forest. Indeed, larger birds
such as Strix virgata and Ara militaris, actually exceed
the width of any available cavity size within this habitat.
However, large bird body sizes fall within the range of
cavities available in the sub-deciduous forest. Figure 3
shows the correspondence between cavity nesters’ body
size and the entrance width distribution of bird-suitable
cavities available in each habitat type.

Discussion

The Alto Balsas’ tropical dry forest has a high density
of nesting resources for birds (25.5 total cavities/ha and 7.5
suitable cavities/ha) compared to other Neotropical forests.
For example, studies in South American cloud forests have
found values between 12.8 and 16.8 total cavities/ha; and

A
Pachycereus weberi IEEEM |

Pseudosmodingium perniciosum ]
Cyrtocarpa procera |
Capparis incana |_]
Spondias purpurea [ ]
Coursetia glandulosa ]
Lysiloma tergeminum ]
Lysiloma divaricata [_]

unidentified tree [ ]

012345678 09101112131415

Deciduous forest cavities

between 3.9 and 4.5 suitable cavities/ha (Cockle et al.,
2008, 2010; Politi et al., 2010). However, the density of
nesting resources in the Alto Balsas is low compared to the
dry tropics of the Mexican Pacific, where density nesting
resources is 40 cavities/ha in semideciduous forest, and
64.8 cavities/ha in Piranhea mexicana forest (Vazquez &
Renton, 2015). In comparison, the semideciduous forest
of the Alto Balsas had a density of 11 suitable cavities/ha.

A possible explanation for the difference in cavity
density could be the prevailing ecological conditions in
Central Mexico. Although tropical dry forests cover both
the Pacific slope and the Balsas depression, the coastal
humidity in Western Mexico drives higher rainfall and
humidity (Rzedowski, 2006). High humidity favor wood-
decay processes and could increase the abundance of tree
cavities (Cockle et al., 2011; Vazquez & Renton et al.,
2015). In contrast, the lowlands across the Balsas river
basin have lower rainfall and humidity because of the
rain shadow effect of the mountains shaping the basin
(Rzedowski, 2006). Two associated factors can explain
the lower abundance of cavities. First, the wood-decay
processes could be slower due to the lower environmental
humidity (Gibbs et al., 1993; Cockle et al., 2011). At
the same time, lower humidity could lead to slower plant
growth, reducing the abundance of large trees with an
appropriate size to bear the large cavities that are useful as
nesting resources for large birds (Meza & Lopez-Garcia,
1997).

No differences in cavity density between the deciduous
and the semideciduous forest were found. In contrast, in
western Mexico, semideciduous forests have up to 3.5 times
higher cavity density than deciduous forests (Vazquez &
Renton, 2015). However, according to our hypothesis,
the resource density for the large obligate cavity-adopter
species within the Alto Balsas is highly restricted within
the semideciduous forest. Birds with body width between

Enterolobium cyclocarpum HEEE——— )
Ruprechtia fusca W]
Crateva palmeri W]
Ficus petiolaris —1

Ziziphus mexicana
Zapoteca formosa ]
Rhamnus sp. 3
Guazuma ulmifolia 1
Ficus membranacea ]
unidentified tree 1 ]
unidentified tree 2
unidentified tree 3

0123456789101112131415
Semideciduous forest cavities

Figure 2. Cavities by plant species in the tropical dry forest of the Alto Balsas region: A) deciduous forest; B) semideciduous forest.
The number of bird-suitable cavities is shown in black and the number of unsuitable cavities are in white.
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Figure 3. A) Width of bird-suitable cavities in the deciduous and semideciduous forests, compared with the body width of obligate
cavity-adopter birds in the tropical dry forest of the Alto Balsas region. Box and whisker plots were showing the mean (dashed lines),
median (solid lines), interquartile range (box), and range (whiskers) values. B) Comparison of body-width for each obligate cavity-
adopter bird species with the bird-suitable cavities in the tropical dry forest of the Alto Balsas region. Circles are placed on the y axis
to show the mean values for body-width, and dispersion bars show the range values. Grey box and whisker plots at the background
show the width values of bird-suitable cavities. Bird species are: 1 = Ara militaris; 2 = Strix virgata; 3 = Megascops seductus; 4 =
Trogon elegans; 5 = Glaucidium brasilianum; 6 = Micrathene whitneyi; 7 = Glaucidium palmarum; 8 = Myiarchus tyrannulus; 9 =
Mpyiarchus nuttingi; 10 = Tachycineta thalassina; 11 = Myiarchus tuberculifer. 1llustration art: Montserrat Serra Rojas de la Barrera.

Table 3

Characteristics of the cavities recorded within the tropical dry forest of Alto Balsas. Mean values + standard deviation are shown. *
= Significant differences (p < 0.05).

All cavities Deciduous forest Semideciduous forest Statistical test
Height to ground (m) 3.6+28 4.42 +3.83 U=037,p=0.70
*Entrance width (cm) 8+7.75 13.5+6.5 U =3.79, p <0.001
Depth (cm) 26.3 +£28.7 28.3 +£28.3 U=0.87,p=0.38
*Support diameter (cm) 25.35+32.8 43.09 £ 333 U=3.7,p<0.001
Tree DBH (cm) 44.6 +35.7 78.7 £58.2 U=1.83,p=0.06
*Tree total height (m) 6.8 £1.76 123+543 U =3.05, p=0.001
Bird-suitable cavities Deciduous forest Semideciduous forest Statistical test
Height to ground (m) 6.51 = 1.65 6.6 £2.7 U=0.52,p=0.6
*entrance width (cm) 6.12 £ 1.93 15.45 +£8.33 U=242,p=0.01
Depth (cm) 3354273 24.9 £10.04 U=0.13, p=0.89
*Support diameter (cm) 16 + 6.48 44.27 + 26.66 U=241,p=0.01
Tree DBH (cm) 55.7+20.5 105.4 +59.3 U=1.12,p=0.26

**Tree total height (m) 7.87 +£0.58 15.09 + 4.61 U=1.85,p=0.05
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6 and 8 cm may only access the 25% of available nesting
resources within the deciduous forest. In contrast, around
90% of suitable cavities in the semideciduous forest are
useful for the large birds. Thus, nesting resources for the
large obligate cavity-adopter species are restricted within
the 8.9% of the area of the tropical dry forest in the Alto
Balsas.

The differences in the cavity measurements suggest
that different bird species may use different forest
matrix elements as breeding habitat. Suitable cavities
for small body size birds are available in both types of
forest. Therefore, small secondary cavity-nesters such
as the Colima Pygmy-Owl (Glaucidium palmarum), the
Ferruginous Pygmy-Owl (G. brasilianum), and Nutting’s
Flycatcher (Myiarchus nuttingi) could potentially find
resources in both types of habitat. Conversely, birds
that require larger cavities only find resources within
the semideciduous forest, where the entrance widths
and support diameters are significantly larger than in the
deciduous forest (de la Parra et al., 2015; Saunders et al.,
1982). This includes the Balsas Screech-Owl, the Mottled
Owl (Strix virgata), and potentially, the Military Macaw.
Until now, Military Macaw nests only have been recorded
on rocky cliffs within the study area (Jiménez-Arcos et
al., 2012). However, some of the largest cavities recorded
on the E. cyclocarpum trees of the semideciduous forest
could fulfill the characteristics selected as nest sites by
macaws in other regions (de la Parra et al., 2015). When
available tree cavities have suitable characteristics, the
Military Macaw could nest in cliffs or trees facultatively
(Rivera-Ortiz et al., 2016).

Beyond the density or their spatial distribution of
cavities, territorial behavior and defense of the nest area by
birds, could also restrict the actual availability of nesting
resources. In western Mexico, the Lilac-crowned Parrot
(Amazona finschi) actively chases other birds from the
nesting area, which restricts the use suitable cavities close
to existing nests (Salinas-Melgoza et al., 2009). Because
the Strix and Megascops owls, as well Ara macaws are
intensely territorial around their nesting areas, the actual
availability of nesting resources will likely be reduced due
to competition (Belthoff & Ritchison, 1990; Enriquez &
Cheng, 2008; Gehlbach & Stoleson, 2010; Gerhardt et al.,
1994; Renton & Brightsmith, 2009).

Seemingly, the local environmental conditions that
define changes in the floristic composition at the local
scale (Balvanera et al., 2002; Meza & Lopez-Garcia, 1997,
Trejo & Dirzo, 2002) also could influence the spatial
distribution patterns and availability of nesting resources
for birds (Cockle et al., 2008, 2011). Thus, our results
show that the deciduous and semideciduous forests play
complementary roles in providing nesting resources for

cavity-adopting birds of the tropical dry forest within the
Alto Balsas, depending on the ecological conditions and
plant species composition within vegetation types.

Eighty-seven percent of the total excavated cavities
were in the deciduous forest, and excavator bird activity on
the large columnar cactus Pachycereus weberi accounted
for 75% of the nesting resources within this habitat type.
The entrance width (7 = 1cm) and depth (20 £ 5cm) of
these cavities suggest that were formed by excavator
birds like the Golden-cheeked Woodpecker (Melanerpes
chrysogenys) the most common woodpecker in the tropical
lowlands of Alto Balsas, or perhaps by the Grey-breasted
Woodpecker (M. hypopolius). These woodpeckers prefer
to use soft substrates to excavate their nests because they
require less energy expenditure (Schepps et al., 1999).
Therefore, it is plausible that the low density of the plant
tissue could favor the selective use of columnar cacti as a
nesting substrate by woodpeckers. Notably, columnar cacti
are common nesting substrates for woodpeckers in many
arid and semi-arid zones of Mexico (Arizmendi & Espinosa
de los Monteros, 1996; Hendricks et al., 1990; Leonard,
2000; Zwartjes & Nordell, 1998). Hence, excavator birds
within the Alto Balsas’ deciduous forests seem to play an
essential role in the provision of nesting resources while
they excavate their nests and forage (Cockle et al., 2011;
Sekercioglu et al., 2016).

On the other hand, cavities formed by wood-decay
processes were associated with the semideciduous forest,
and 72.3% of suitable cavities were in Enterolobium
cyclocarpum trees. This species grows in habitats with
high humidity, where wood-decay favors cavity formation.
Additionally, by exceeding a height of 15 m and 1.5 m
DBH, E. cyclocarpum trees had the largest cavities in our
survey. However, due to accelerated wood-decay, high
humidity also reduces the useful lifespan and density of
cavities as nesting resources (Cockle et al., 2011; Sandoval
& Barrantes, 2009). Notably, we found only 1 suitable
cavity formed by wood-decay within the deciduous forest,
and only 1 cavity formed by excavator birds within the
semideciduous forest. It is possible that the extreme
conditions of heat and insolation in deciduous forest
habitat slows down the process of cavity formation by
wood-decay. In contrast, high humidity and temperature
within semideciduous forests could accelerate wood-
decay, reducing the useful lifespan of recently excavated
cavities (Sandoval & Barrantes, 2009).

The higher availability of cavities with wider entrances
within the semideciduous forest involves a spatial
aggregation of nesting resources and a serious conservation
concern. This forest grows in areas traditionally preferred
by local people for agriculture because of their flat terrain,
humidity, and fertile soil. Consequently, semideciduous
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forest cover is lost more rapidly than the deciduous
forest (Sanchez-Colon et al., 2009). Furthermore, large
E. cyclocarpum individuals are exploited locally as a
timber resource (Pineda-Herrera et al., 2012), and trees
with appropriate characteristics to bear nesting sites are
selectively harvested. Indeed, between 2015 and 2017,
we documented the loss of at least 3 individuals of E.
cyclocarpum with height < 15 m and DBH < 1.5 m. Forest
cover loss and selective logging are serious threats that
imperil secondary cavity nester populations in the Alto
Balsas. For example, Megascops seductus is a threatened,
endemic, obligate cavity adopter bird (Berlanga et al.,
2010; Egan, 2020), whose nesting resources are restricted
within semideciduous forest areas.

Unfortunately, the loss of semideciduous forest,
because it is converted to agricultural activities, is a
widespread phenomenon throughout the distributional
area of the tropical dry forest through Mexico and even
the Mesoamerican region (Sanchez-Azofeifa & Portillo-
Quintero, 2011; Sanchez-Coldn et al., 2009). Furthermore,
the loss of large trees from the sub-deciduous forest to
be used as timber (Pennington & Sarukhan, 2005) is a
critical issue. The loss of these trees could seriously affect
large cavity adopter birds. Besides, the distribution of the
dry forest of central and western Mexico, where between
11% and 29% of bird diversity requires cavities to nest
(Monterrubio-Rico & Escalante-Pliego, 2006), corresponds
to some of the areas with higher bird endemism in Mexico
(Navarro-Sigiienza et al., 2014). Besides, the Alto Balsas
region has received, at best, marginal governmental
support for biodiversity conservation (Bezaury-Creel,
2010; Vazquez-Reyes et al., 2018), even though the area
meets the criteria to be considered a protected area in
Mexico and is an IBA (BirdLife International, 2020b).
Stop, and eventually reverse, the loss of semideciduous
forest cover is urgent to conserve the large cavity-adopters
bird diversity. Those actions should consider the tree
species that provide nesting resources, especially for large
cavity-adopter bird species.
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