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Elevation is a natural gradient that shapes wildlife and vegetation communities. Therefore, spatial, climatic and ecological hypotheses
have been proposed to describe the diversity of rodents in the altitudinal gradient. Our objective was to describe the biological diversity
of rodents at three elevations in relation to microhabitat characteristics and seasonality. We captured rodents using Sherman traps in three
altitudinal zones (1600, 1800, 2000 m.a.s.l.) during the dry and rainy season. We measured five microhabitat characteristics at each elevation.
We compared the species diversity using coverage-based rarefaction and extrapolation curves and the composition of the rodent’s community
using the similarity indices of Jaccard and Bray — Curtis. In addition, we identify the species that contributed most to the differences in the
community. Through Generalized Linear Models (GLM) we evaluate 1) the rodent occurrence by elevation, seasonality and microhabitat
characteristics and 2) the variation of microhabitat characteristics by elevation and seasonality. In 2100 night-trap effort we captured 200
individuals of nine species. The most abundant species was Peromyscus nudipes. We found that the species diversity decreases with elevation
and in the dry season. In terms of species composition, the low elevation between seasons and the high elevation between seasons were more
similar. However, when we analyze the abundance, the 2000 m elevation were more similar between seasons. Rodent occurrence depends
on the elevation. Finally, the microhabitat characteristics vary by elevation and seasonality. In conclusion, at Cloudbridge Nature Reserve the
elevation influences the diversity and the presence of rodents by changing the microhabitat characteristics. Therefore, sites with microhabitat
characteristics that could provide protection against predators and potential food sources harbor more rodent diversity.
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La elevacién es un gradiente natural que moldea las comunidades faunisticas y floristicas. Por lo tanto, se han propuesto hipétesis espaciales,
climaticas y ecoldgicas para describir la diversidad de ratones en el gradiente altitudinal. Nuestro objetivo fue describir la diversidad bioldgica
de las especies de ratones en tres elevaciones en relacion con las caracteristicas del microhdbitat y la época. Se capturaron ratones, utilizando
trampas Sherman, en un gradiente altitudinal (1600, 1800, 2000 m.s.n.m.) durante la época secay la lluviosa. Se midieron cinco caracteristicas
de microhabitat en cada elevacion. La diversidad de especies se comparé por medio de curvas de rarefaccion y extrapolaciéon basadas en la
cobertura de muestra y la composicion de la comunidad mediante los indices de similitud de Jaccard y Bray - Curits. Ademas, se identificaron
las especies que mas contribuian a las diferencias en la comunidad. Por medio de modelos lineales generalizados se evalué 1) la presencia de
ratones por elevacién, épocay caracteristicas del microhdbitat y 2) la variacion de las caracteristicas de microhdbitat por elevacién y época. Con
un esfuerzo de muestreo de 2100 noches trampa se capturaron 200 individuos de nueve especies. La especie mas abundante fue Peromyscus
nudipes. Se encontré que la diversidad de especies disminuyé con la elevacién y en la época seca. En términos de composicion de especies, la
elevacion baja entre épocas y la elevacion alta entre épocas fueron mas similares. Sin embargo, cuando se analizé la abundancia, la elevacion
de 2000 m fue mas similar entre épocas. La presencia de ratones dependié de la elevacién. Finalmente, las caracteristicas del microhabitat
varian segun la elevacion y la época. En conclusion, en la Reserva Natural Cloudbridge la elevacion influye en la diversidad y la presencia
de roedores al cambiar las caracteristicas del microhabitat. Por lo tanto, los sitios con caracteristicas de microhabitat que podrian brindar
proteccidn contra depredadores y posibles fuentes de alimento albergan una mayor diversidad de roedores.

Palabras clave: Centroamérica, microhdbitat, montafas, ratones, riqueza de especies, temporalidad
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Elevation constitutes a powerful ecological gradient that
influences the structure and composition of wildlife and
plant communities across restricted spatial scales. It shapes
patterns of species dispersal, colonization, speciation, and
extinction, often giving rise to biodiversity hotspots and
endemic-rich zones (Brown 2001; Lomolino 2001; Rahbek et
al. 2019a, 2019b). To explain these distributional dynamics,
a range of spatial, climatic, and ecological hypotheses have
been proposed in the context of elevational gradients
(McCain and Grytnes 2010).

From the climatic point of view, precipitation
affects positively and indirectly the richness and
abundance of non-volant rodents because it influences
productivity, habitat heterogeneity, plant biomass, and
food availability (Nor 2001; McCain and Grytnes 2010).
Regarding the habitat heterogeneity, the microhabitat
characteristics that might influence the presence of
rodents are those that help them search for food or
shelter, such as canopy coverage, presence of rocks, logs,
live trees, leaf litter depth, density of shrubs, proximity of
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DIVERSITY OF RODENTS AT THREE ELEVATIONS IN COSTA RICA

water bodies and food resources (e.g., Ramirez-Bautista
and Williams 2019; Sakane et al. 2019; Karasov-Olson and
Kelt 2020; Benedek et al. 2021).

Costa Rica is a mountainous country, although there
are few studies related to altitudinal gradient, microhabitat
characteristics and rodents. Regarding the altitudinal
gradient, McCain (2004, 2006) concluded that the diversity
of rodents in Monteverde Cloud Forest Biological Reserve
and Children’s Eternal Rainforest was higher at mid-
elevations, apparently due to productivity gradients and
climatic conditions such as precipitation, temperature, and
cloud distance that were higher at mid-elevation.

In terms of microhabitat characteristics at Cerro de
la Muerte Biological Station (CMBS) and the paramo,
Ramirez-Fernandez (2023a) found that Peromyscus nudipes
was more abundant in the montane forest that had more
bushes and less luminosity because this habitat provides
greater structural diversity, food resources, and protection
against predators.

As a result of climate change and habitat loss, the moun-
tain ecosystem and the species that inhabit it are being affec-
ted (Yanahan and Moore 2019; Barras et al. 2021). In Costa
Rica climate projections indicate a significant reduction in
mountain life zones (Birkel etal. 2022), and modeled scenarios
suggest changes in the spatial distribution of birds, lizards, and
anurans in the mountains (Pounds et al. 1999; Liu et al. 2023).
Because not all organisms can adapt to climatic and habitat
variations, it is necessary to know the species that live in the
mountains and establish actions that allow the permanence of
individuals. In Costa Rica, there are 17 endemic species of mi-
ce, most restricted to mountainous ecosystems at elevations
greater than 1500 m.a.s.l. (McPherson 1985; Rodriguez-Herrera
et al. 2014; Ramirez-Fernandez et al. 2023b). However, there
are gaps in information about ecology and natural history;
therefore, we aim to describe the biological diversity of
rodents at three elevations in relation to microhabitat
characteristics and seasonality.

Materials and methods
Study area. The study was conducted in the Cloudbridge
Nature Reserve (CNR), located in the montane oak forest
within Talamanca Mountain range, in San Gerardo de Rivas,
San José, Costa Rica (9°2820" N, 83°34'39” W). The CNR
presents an area of 255 ha, including 28 ha of primary forest
and secondary forest at different levels of regeneration.
The CNR connects with the Chirripd National Park at the
highest elevations and has an altitudinal gradient of 1500
to 2600 m.a.s.l. (Figure 1). The average daily temperature
oscillates between 16 and 19°C. The mean precipitation
changes drastically between the dry season and the rainy
season (113 to 2470 mm) (Powell et al. 2022). The life zones
are humid to rainy forests in the Premontane and Lower
Montane altitudinal belts (Holdridge 1967).

Rodents trapping. We selected three trapping stations
along the lJilguero trail, at 1600, 1800 and 2000 m.a.s.l.
We captured rodents using Sherman live traps (5 x 6 X
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16 cm; H. B. Sherman Traps, Inc.,, Florida) baited with a
homogeneous mix of oatmeal, banana, peanut butter,
and vanilla extract. We placed the traps in a paired linear
transect with a distance of ca. 10 m between traps, and
each trap was georeferenced using a GPSMAP Garmin 64sx.
Each station was sampled for five consecutive nights per
elevation. During the dry season (February — March) we set
30 traps at each elevation (15 paired stations) for a total of
900 night-traps, while in the rainy season (June - July) we
set 40 traps at each elevation (20 paired stations) for a total
of 1200 night-traps. The number of traps was increased
during the rainy season because no rodents were captured
at 1800 m during the dry season. Despite the difference
in sampling effort between seasons, sample coverage
analyses indicated that the sampling effort was sufficient
to characterize the rodent diversity in both seasons. Finally,
we identified captured individuals to the species level
using the key published by Villalobos-Chaves et al. (2016).
Voucher specimens of taxonomically debatable species
were collected as a reference (Supplementary Data SD1).

Microhabitat characteristics. We measured five vegetative
variables at 15 random well-spaced trapping points within
each station. We quantified (1) the number of fallen logs >
50 cm long and = 10 cm diameter, and (2) the number of
trees with = 10 cm diameter at breast height, in a perimeter
of 3 and 5 m around the trap. We measured (3) understory
density/cover using a densimeter placed just above the trap
and (4) leaf litter depth at the four sides of the trap using a
ruler. Finally, (5) ground cover was measured using a 50 x 50
cm grid divided into 100 cells placed on the ground next to
the trapping point. We estimated the percentage of ground
cover occupied by leaf litter, rocks, herbaceous vegetation,
woody material, and bare ground by quantifying the
number of cells occupied by each material.

Data analysis. To compare samples of different sizes,
we assessed rodents’ diversity across elevations and
seasonality by generating coverage-based rarefaction
and extrapolation sampling curves using Hill numbers.
Following the recommendation of Chao and Jost (2012),
we determined the base coverage as the minimum
coverage among compared groups. For comparisons
across elevations, we used a minimum coverage of 0.76
and for seasonal comparisons we used 0.98. Specifically,
the diversity indices g0 (species richness), g1 (Shannon
diversity) and g2 (dominant species abundance, derived
from the Simpson index) were calculated following Chao
and Jost (2012) implemented via the vegan (Oksanen et al.
2022) and iNEXT (Hsieh et al. 2016) R packages.

To evaluate compositional differences between
elevation and seasonality, we applied an Analysis of
Similarity (ANOSIM) and constructed two dendrograms
based on Jaccard (presence/absence) and Bray-Curtis
(abundance) dissimilarity indices, employing average
linkage clustering. To further dissect the patterns of
community dissimilarity, we conducted a Similarity
Percentage (SIMPER) analysis to identify the species
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Figure 1. Geographical distribution of sampling sites along an elevational gradient in Cloudbridge Nature Reserve, Talamanca Mountain Range, Costa Rica (2023). Gray, white and
black dots represent sampling stations at 1600, 1800, 2000 m.a.s.l.,, respectively. The light green area indicates the Cloudbridge Nature Reserve; dark green corresponds to Chirripd

National Park.

contributing most to differences among sites. To explain
if the probability of rodent occurrence was determined by
the elevation and microhabitat characteristics, we analyzed
the data separately for each season and fitted Generalized
Linear Models (GLMs) (family = binomial, link = logit). The
most parsimonious model was selected using stepwise
model selection based on the lowest Akaike Information
Criterion (AIC), for the selected models we report parameter
estimate (8) and 95 % confidence intervals (Cl).

Also, microhabitat characteristics were analyzed using
Generalized Linear Models (GLMs) (family = gaussian, link =
identity and family = poisson, link = log), with elevation and
seasonality as fixed effects. The best-fitting models were se-
lected based on the Akaike Information Criterion (AIC) (Sup-
plementary Data SD2), and post-hoc comparisons were per-
formed using Tukey’s tests to determine pairwise differences.

All statistical analyses were executed in R version 4.4.2
(R Core Team 2024). A significance level of 0.05 was applied
to all tests, except for the ANOSIM procedure, where a
threshold of 0.1 was used to account for limitations in
sample size. This analytical framework allowed for robust
evaluation of biodiversity and environmental gradients
within the study region.

Ethical statement. Research and handling with live
animals followed ASM guidelines (Sikes et al. 2016). This
study is framed under MINAE and CONAGEBIO research
permits (resolutions SINAC-ACC-PI-R-044-2020, R-SINAC-
PNI-ACLAP-028-2020, and R-001-2021-OT-CONAGEBIO).

Results

A total of 200 captures of nine species distributed in
three families were captured in 2100 night-trap effort.
Of the nine species captured, three are endemic to the
Talamanca Mountain range in Costa Rica and Panama.
Two captures corresponded to the mouse opossum
Marmosa zeledoni, and those were excluded from all
the analyses (Table 1). Only Scotinomys teguina was
present at the three elevations. One species, Nyctomys
sumichrasti, was only captured at 1800 m. While at 2000
m two unique species, Nephelomys devius and Tylomys
watsoni were captured. The most abundant species was
P.nudipes with 111 captures, and the least abundant were
N. sumichrasti and T. watsoni with only one individual
captured. In terms of seasonality, we captured fewer
rodents during the dry season compared to the rainy
season (Table 1).
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Table 1. Abundance of small mammals captured along three elevations in Cloudbridge Nature Reserve, Talamanca Mountain range, Costa Rica (2023), during the dry and rainy

season. Endemic species to the Talamanca Mountain range are marked with asterisk ().

| Elevation m.a.s.l. Total Season
Famil Species
4 P 1600 1800 2000 abundance Dry Rainy
Didelphidae
Marmosa zeledoni E. A. Goldman, 1911 1 1 0 2 0 2
Cricetidae
Scotinomys teguina (Alston, 1877) 9 2 18 29 2 27
* Peromyscus nudipes (J. A. Allen, 1891) 6 0 105 111 44 67
Reithrodontomys “mexicanus™ Saussure, 1880 19 0 4 23 3 20
* Nephelomys devius (Bangs, 1902) 0 0 5 5 3 2
Oligoryzomys costaricensis (J. A. Allen, 1893) 24 1 0 25 4 21
Nyctomys sumichrasti (Saussure, 1860) 0 1 0 1 0 1
* Tylomys watsoni O. Thomas, 1899 0 0 1 1 1 0
Heteromyidae
Heteromys desmarestianus Gray, 1868 0 2 1 3 0 3
Total abundance 59 7 134 200 57 143

A this species is denoted in quotation marks because it represents a species cryptic complex (Martinez-Borrego et al. 2023); while the species ID is likely to be Reithrodontomys
garichensis or Reithrodontomys brevirostris, we did not perform any molecular analysis to confirm its taxonomy. Two specimens were collected and preserved in a scientific collection for

further analysis and proper identification (Supplementary Data SD1).

Sample coverage varied with elevation. At 2000 m
elevation it was 0.98, at 1800 m was 0.76, and at 1600 m was
1. For all diversity orders, at both high and low elevations,
the sample coverage suggests adequate sampling, as our
sample captured most of the diversity. However, at 1800 m
elevation, the sample coverage value suggests that a larger
sample is required. We found no significant differences
when comparing all Hill numbers (q0, q1, g2), between
1800 m and the other two elevations (Figure 2). Also, we
did not find a dominant species and the abundances of the
captured species were very similar (Table 1), which may
explain the greater variability in the standard errors. When
comparing low and high elevations, the 1600 m elevation
showed greater species richness (q0), greater diversity
of common (q1) and abundant species (g2). In contrast,
at 2000 m the community was strongly dominated by P.
nudipes. At low elevation, the community showed a more
balanced structure, with the dominance of Reithrodontomys
“mexicanus” and Oligoryzomys costaricensis.

On the other hand, the sample coverage was very
similar for seasonality 0.98 in the dry season and 0.99 in the
rainy season. We found a low diversity (q1, g2) during the
dry season, however, in species richness (q0) there were
no differences between seasons (Figure 3). Also, in the
dry season the community was dominated by P. nudipes.
While during the rainy season yielded a broader spectrum
of rare species, including N. sumichrasti and Heteromys
desmarestianus. These temporal shifts underscore the role
of climatic variability in shaping rodent assemblages along
tropical elevational gradients.
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The species composition at the CNR showed a weak
tendency to vary by elevation (Figure 4, ANOSIM: R2 =0.44, P
<0.1), while no differences were detected between seasons
(Figure 4, ANOSIM: R2 = -0.11, P = 0.8). According to the
Jaccard index, rodent species composition at 1600 m was
nearly identical between seasons and at 2000 m also show
high seasonal similarity. On the other hand, both elevations
were highly dissimilar from the 1800 m elevation. When we
compared the abundance of rodents using the Bray — Curtis
index the highest similarity between seasons was observed
at 2000 m, whereas overall dissimilarity among elevations
remained high. In both indices, the rodent community
from the 1800 m elevation dry season form a distinct group
because there were no captures (Figure 4).

When we compared the species that contribute most to
dissimilarity, we found that between low and mid elevations
P. nudipes contributes most significantly to the dissimilarity,
with a contribution of 81 %, followed by R. “mexicanus”
with 65 %. This high contribution is due to the absence of
both species at 1800 m elevation. On the other hand, O.
costaricensis, which is present at both low and mid elevations,
contributes 36 % to the similarity between these two
elevations. In contrast, between 1800 and 2000 m elevations
only P, nudipes contributes to dissimilarity, by 80 %.

In addition, the probability of rodent occurrence during
the dry season was positively related with the elevation (8
=0.007, C1 95 % = 0.004 - 0.011). To better understand this
variable, we describe the microhabitat characteristics that
varied by elevation and seasonality. Rodent occurrence
decreased with increasing the number of trees (8 =-0.163,
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Figure 2. Coverage-based rarefaction and extrapolation sampling curves for q0 (species richness), g1 (Shannon diversity) and g2 (dominant species abundance, derived from
the Simpson index) across three elevations at Cloudbridge Nature Reserve, Talamanca Mountain range, Costa Rica (2023). Shaded areas represent standard error, dotted lines indicate

extrapolation, red line indicate the minimum coverage.

Cl 95 % =-0.329 - -0.030). During the rainy season, rodent
presence decreased with increasing bare ground (8 =
-0.109, C1 95 % =-0.228 - -0.013) and leaf litter (8 = -0.026,
Cl 95 % =-0.053 - -0.001, Table 2).

Specifically, we found more logs at mid elevation (8 =
1.61, SE=0.34, z=4.67, P < 0.001) and high (8 =1.55, SE =
0.34,z=4.56, P < 0.001) elevations during the dry season.
There were more trees at mid elevation (8 = 0.842, SE =
0.72,z=11.64, P < 0.001; post-hoc Tukey'’s tests P < 0.001)
and during the dry season (3 = 2.50, SE = 0.57, t =4.36, P <
0.001). Leaf litter depth was higher in the dry season (8 =
0.56,SE=10.12,t=4.67, P < 0.001), and at both 1800 m and
2000 m elevations, but there was no significant difference
between mid and high elevations (post-hoc Tukey’s tests P
= 0.6, Table 3). Finally, we found that the understory density/
cover was higher at 2000 m elevation (8 =4.02,SE=0.84, t=
4.81, P < 0.001; post-hoc Tukey's tests P=0.010) and during
the rainy season (Table 3).

Regarding the ground cover, we found more herbaceous
coverage at 1600 m elevation (3=66.10,SE=5.78,t=11.43,
P < 0.001). Additionally, herbaceous coverage was higher

Table 2. Parameters of Generalized Linear Models (GLMs) assessing the probability
of rodent occurrence by the elevation and microhabitat characteristics separated by
seasonality at Cloudbridge Nature Reserve, Talamanca Mountain Range, Costa Rica
(2023). We represent the confidence intervals (Cl) at 95%.

Seasonality Coefficient Estimate Standard Cl95 %
error

Intercept -11.806 3.203 -18.602 - -5.895

Elevation 0.007 0.002 0.004-0.011
e Trees number -0.163 0.076 -0.329 --0.030
Woody material -0.053 0.028 -0.112 - 0.0005

Intercept -3.393 2.817 -9.066 - 2.068

Elevation 0.002 0.002 -0.0006 - 0.006

Rainy Trees number 0.154 0.091 -0.020 - 0.340
Bare ground -0.109 0.054 -0.228 --0.013

Leaf litter -0.026 0.013 -0.053 - -0.001
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Figure 3. Coverage-based rarefaction and extrapolation sampling curves for g0 (species richness), 1 (Shannon diversity), and g2 (dominant species abundance, derived from the
Simpson index) during the dry and rainy seasons at Cloudbridge Nature Reserve, Talamanca Mountain range, Costa Rica (2023). Shaded areas represent standard error, dotted lines
indicate extrapolation, red line indicate the minimum coverage.

Table 3. Parameters of Generalized Linear Models (GLMs) assessing the effects of elevation and seasonality on structural microhabitat characteristics at Cloudbridge Nature Reserve,
Talamanca Mountain Range, Costa Rica (2023). Int: Intercept.

Variable Coefficient Estimate Standard error Test statistic P value
Logs number 1600 m, Rainy season (Int) 0.693 0.129 z=>5.369 <0.001
1800 m elevation 0.569 0.162 z=3.523 <0.001

2000 m elevation 0.847 0.154 z=5.491 <0.001

Dry season -1.609 0316 z=-5.089 <0.001

1800 m elevation x Dry season 1.6094 0.345 z=4.668 <0.001

2 000 m elevation x Dry season 1.551 0.339 z=4578 <0.001

Trees number 1600 m, Rainy season (Int) 1318 0.064 z=25.870 <0.001
1800 m elevation 0.842 0.072 z=11.639 <0.001

2000 m elevation 0.243 0.080 z=3.002 0.003

Dry season 0.362 0.057 z=6.317 <0.001

Leaf litter depth 1600 m, Rainy season (Int) 1.599 0.119 t=13.403 <0.001

1800 m elevation 0.305 0.146 t=2.083 0.039

2000 m elevation 0.440 0.146 t=3.011 0.003

Dry season 0.557 0.119 t=4.669 <0.001

Understory density/cover 1600 m, Rainy season (Int) 93.765 0.682 t=137.524 <0.001

1800 m elevation 1.539 0.835 t=1.843 0.067

2000 m elevation 4.018 0.835 t=4.812 <0.001

Dry season -2.342 0.682 t=-3.435 <0.001
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Figure 4. Dissimilarity in rodent assemblages at Cloudbridge Nature Reserve, Talamanca Mountain range, Costa Rica (2023). Based on Presence/Absence (Jaccard index) and Species

Abundance (Bray - Curtis index).

at mid elevation during the dry season compared to the
other elevations during the same season (8 = 30.60, SE =
11.57, t = 2.65, P < 0.009). The presence of rocks was higher
at the 2000 m elevation compared to the other elevations
(B=14.78, SE = 2.73, t = 5.42, P < 0.001; post-hoc Tukey’s
tests P = 0.0001). The presence of leaf litter was higher at
mid elevation and during the rainy season (Table 4), with
no difference between mid and high elevations (post-hoc
Tukey’s tests P = 0.09). However, we found more leaf litter at
high elevation during the dry season compared to the other
elevations during the same season (8 =56.00, SE=12.64, t=
442, P < 0.001). The average amount of woody material (8
=11.83,SE=2.96, t =4.02, P < 0.001) and bare ground (3 =
54.26,SE=4.75, t=11.42, P < 0.001) was higher during the
dry season, with bare ground being more abundant at low
elevation during the dry season (Table 4).

Discussion

Precipitation has been associated with increased rodents’
diversity due to greater habitat heterogeneity (Sanchez-
Cordero 2001; Ramirez-Bautista and Williams 2019). Our
results support this pattern by documenting higher
understory density; this is a habitat feature frequently
selected by rodents to feed, shelter, or avoid predation
(Brown 2001; Williams et al. 2002; Fardell et al. 2021).
Furthermore, it has been reported that rodents are more

active under the rain since it could reduce the risk of
predation for two reasons: (1) the rain dissipates the smell
of the rodents (Vickery and Bider 1981), and (2) it hides
the sounds of movement when walking on leaf litter or
branches (Barnum et al. 1992). However, we found that
the rodent presence decreased as leaf litter increased,
suggesting that further studies are needed to better
understand this pattern.

On the other hand, the low diversity and presence of
rodent during the dry season, could be due to the high
density of trees, which can reduce light availability, thus
limiting the development of understory density cover
(Klinka et al. 1996). Therefore, bare ground may reduce
rodent occurrence, because they are more exposed to
predators and could be easily detected and predated
(Schulte-Hostedde and Brooks 1997; Roche et al. 1999).

Rodent’s presence was associated with elevation,
suggesting that changes in microhabitat characteristics
along the three elevations might influence rodent
distribution and composition at CNR. The 1600 m
elevation has open areas within the forest because it has
microhabitat characteristics such as herbaceous cover
and bare ground. These explain the most abundant
species, O. costaricensis and R. “mexicanus’, because they
prefer secondary forest, but also forest glades (Pardinas
etal. 2017).
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Table 4. Parameters of Generalized Linear Models (GLMs) evaluating the effects of elevation and seasonality on ground cover microhabitat characteristics at Cloudbridge Nature

Reserve, Talamanca Mountain Range, Costa Rica (2023). Int: Intercept.

Variable Coefficient Estimate Standard error Tvalue P value

Herbaceous 1600 m, Rainy season (Int) 66.100 5.783 11.430 <0.001
1800 m elevation -47.800 8.178 -5.845 <0.001

2000 m elevation -27.733 8.178 -3.391 0.001

Dry season -8.967 8.178 -1.096 0.274

1800 m elevation x Dry season 30.600 11.566 2.646 0.009

2000 m elevation x Dry season -0.800 11.566 -0.069 0.945

Rocks 1600 m, Rainy season (Int) -0.589 2228 -0.264 0.792
1800 m elevation 2917 2729 1.069 0.287

2 000 m elevation 14.783 2.729 5417 <0.001

Dry season 1.178 2.228 0.529 0.598

Woody material 1600 m, Rainy season (Int) 25611 2.958 8.658 <0.001
1800 m elevation 6.167 3.623 1.702 0.091

2000 m elevation 0.233 3.623 0.064 0.949

Dry season 11.878 2958 4.015 <0.001

Leaf litter 1600 m, Rainy season (Int) 105.200 6.325 16.633 <0.001
1800 m elevation 31.867 8.945 3.563 <0.001

2000 m elevation 1.933 8.945 0.216 0.829

Dry season -61.533 8.945 -6.879 <0.001

1800 m elevation x Dry season 23.800 12.649 1.881 0.062

2 000 m elevation x Dry season 56.000 12.649 4427 <0.001

Bare ground 1600 m, Rainy season (Int) 4.267 3.360 1.270 0.206
1800 m elevation 3.333 4.752 0.702 0.484

2 000 m elevation 8.800 4.752 1.852 0.0657

Dry season 54.267 4.752 11.421 <0.001

1800 m elevation x Dry season -49.700 6.720 -7.396 <0.001

2000 m elevation x Dry season -56.967 6.720 -8.477 <0.001

At 2000 m elevation, the greater density of understory
vegetation and increased rock cover likely create favorable
microhabitats for forest-dwelling rodents such as N. devius,
P. nudipes, and T. watsoni. The structural complexity of
the terrain enhances concealment opportunities, with
rock formations offering reliable shelter from predators, a
behavior well documented in Peromyscus spp. (Dooley and
Dueser 1990; Millus and Stapp 2008). These microhabitat
features may play a key role in shaping community
composition at higher elevations.

The notable abundance of P. nudipes at this elevation
is plausibly linked to trophic specialization, particularly
its association with oak (Quercus spp.) seed consumption
(Rojas and Barboza 2007; Ramirez-Ferndndez 2019), a food
resource encountered exclusively at 2000 m elevation
in this study. This dietary preference underscores the
influence of vegetation composition on species distribution
and highlights the importance of integrating habitat and
resource availability when interpreting elevational patterns
in rodent assemblages.

The low rodent capture at 1800 m elevation could be
due to rodents reducing their activity. This is because logs
and leaf litter cover/depth were found at this elevation.
Additionally, there was herbaceous coverage at mid
elevation during the dry season. These microhabitat
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characteristics could be used by rodents to hide from
predators, and semi-arboreal species could move more
easily through trees. However, our results suggest that
more sampling effort is needed to better understand which
variables affect the rodent presence at mid-elevation.

The singing mouse S. teguina was the only one found
in the three elevations in both seasons. This could be due
to its flexibility on habitat selection since it occurs within
the forest, as well as in disturbed sites with grass or herbs
(Hooper and Carleton 1976; Ribble and Rathbun 2018).
Changes in food availability could also play a role, as it is a
primarily insectivorous species (Hooper 1972; Hooper and
Carleton 1976). The three elevations had leaf litter and logs,
which are suitable microhabitats for larval development
and the presence of various beetles in both seasons
(Gossner et al. 2013; Cole et al. 2016), which are preferred
by Scotinomys spp. (Hooper and Carleton 1976). However,
this factor was not directly evaluated in the present study.

Mountain ecosystems are characterized by a high level
of endemism. At CNR, we captured three endemic species;
this reinforces the importance of highlands conservation
and protection (Sakane et al. 2019). Our results suggest
that elevation indirectly influences species diversity and
occurrence through changesin microhabitat characteristics.
Therefore, maintaining forested areas with understory




density/cover, rocks, and leaf litter favors the diversity of
rodents and the permanence of endemic species, possibly
because it provides diverse food resources and protection
against predators. However, this relationship should be
explicitly evaluated in future studies.
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