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Introduction

Studies of continental flora and fauna have repeatedly 
confirmed that total species richness is strongly associated 
with temperature, precipitation and net primary productivity 
(Currie et al. 2004). This relationship particularly applies to 
bird species richness. Rahbek et al. (2007) studied bird diver-
sity in 78 elevational gradients in mountains in both hemi-
spheres (at latitudes spanning 24.5°S to 48.2°N) and includ-
ing gradients from various climates, biogeographical regions 
and habitat types. These authors found that bird elevational 
diversity was strongly associated with current climate as the 
main driver of diversity, particularly in combination with var-
iations in temperature and water availability. They also found 
that bird diversity in humid mountain ecosystems either de-
creased or reached a low-elevation plateau, whereas on dry 
mountains it was unimodal or reached a broad, low-elevation 
plateau, usually with a mid-elevation maximum. However, 

the species-area and mid-domain effects were not important 
as primary factors of bird elevational diversity.

Rahbek and Graves (2001) conducted an extensive study 
in South America of the patterns of bird richness, using a da-
tabase of the geographic ranges of 2,869 bird species and 16 
climatic variables. These authors found that topographic het-
erogeneity, the topographic heterogeneity × latitude interac-
tion, precipitation, ecosystem diversity and cloud cover were 
the most important factors that positively determined bird 
species richness in regression models. At the finer scales of 
resolution, precipitation was the best predictor and was posi-
tively associated with bird species richness.

Vegetation type strongly influences bird community 
structure (Terborgh et al. 1990) and diversity (Balda 1969). 
Thus, the avian diversity positively related to size of the area 
(Ambuel and Temple 1983), age of forest stands (Bergner et 
al. 2015), habitat heterogeneity, density and dimension of 
snag trees (Gibbs et al. 1993) and of mature trees (DeWalt 
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et al. 2003), and forest density, composition and structure 
(Zellweger et al. 2016). However, Ralph (1985) reported an 
inverse relationship between avian species diversity and an 
index of foliage height diversity for Nothofagus beech forests 
in Patagonia. In a study carried out in India, Daniels et al. 
(1992) found that bird species richness was negatively cor-
related with the diversity of woody plant species and with 
vertical stratification, canopy density and tree density in natu-
ral forests. 

Several studies have indicated that variations in avian com-
munity structure and differences in bird richness (Massey and 
Palacios 1994), social (Dolby and Grubb 2000) and foraging 
behavior in different seasons are mainly due to migratory pat-
terns (Amador et al. 2006), food availability (Mellink et al. 
1996), minimization of predation risk (Roth et al. 2006) and 
optimization of energy regulation (Brown and Sherry 2008). 

Bird migration constitutes a redistribution of bird diver-
sity that radically changes the composition of the bird com-
munity worldwide (Somveille et al. 2013). It involves about 
19% of the world’s 9,856 extant bird species (Kirby et al. 
2008). Migration is mainly driven by seasonality and by 
winter harshness, and its costs increase with the distance in-
volved (Somveille et al. 2015). Current climatic trends result 
in mismatches in several factors (e.g., food supplies, snow 
cover) that may affect the success of avian migration as the 
birds may not be able to adjust to the new conditions (Carey 
2009). The needs of migratory birds must be fulfilled during 
the breeding season and during spring and autumn migration 
and wintering. However, most research and management 
activities have focused on the breeding season. Information 
about geographic distributions, wintering sites, habitat use 
and basic ecology is lacking. This particularly applies to the 
wintering season, when birds require sites that provide shelter 
and food resources needed for survival and that enable them 
to develop nutrient reserves for spring migration and possibly 

reproduction (Faaborg et al. 2010). Individuals of several mi-
gratory bird species are able to actively select wintering areas 
in relation to specific climatic conditions (Perez-Moreno et 
al. 2016).

Western Mexico is an important wintering area for most 
passerines that breed in western North America (Hutto 1989) 
and that travel on the long-distance Central and Pacific avian 
migration routes (Berlanga et al. 2010). The coastal lowlands 
of the Sierra Madre Occidental are wintering grounds for 
long-distance bird migrants and also for short-distance or lo-
cal migrants (Nocedal 1994).

In this study, we examined bird species richness and 
diversity during the breeding and wintering seasons in the 
Central Sierra Madre Occidental, North Durango (Mexico) in 
relation to i) tree species diversity, ii) tree dimension, iii) for-
est stand density and site quality, iv) density and dimension 
of snag trees, and v) various climate variables. The overall 
aim of the study was to determine how the observed associa-
tions between bird species diversity and variables i) to v) are 
affected by the season considered (breeding or wintering). All 
these variables could significantly explain the variance in avi-
an species diversity (Balda 1969, Gibbs et al. 1993, Rahbek 
and Graves 2001, DeWalt et al. 2003, Rahbek et al. 2007, 
Somveille et al. 2013, 2015, Zellweger et al. 2016). 

Material and methods

Study area

This study was conducted in the municipalities of 
Guanacevi, Ocampo and San Bernardo (forest region 
UMAFOR 1001), in the Central Sierra Madre Occidental, 
Durango (Mexico) (Fig. 1). In order to determine bird species 
richness and diversity and tree species diversity and density, 
41 locations in a network of area 2.5 km × 2.5 km were con-

 
 
 
 
 
 
 
 
 
 
 
Figure 1. Location of study area in three 
municipalities (Guanacevi, Ocampo and 
San Bernardo) and forest region 1001 in 
the northern state of Durango, Mexico. 
Source: Microsoft; Nokia (19 May 2017). 
”Durango, Mexico” (Map). Bing Maps. 
Microsoft. Retrieved 19 May 2017.
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sidered (Fig. 1). The elevation in the study area ranges be-
tween 1,758 and 2,963 m (average 2,618 m) above sea level. 
The climate ranges from temperate to subtropical, with an-
nual rainfall between 550 and 794 mm and an annual average 
of 664 mm. The mean annual temperature varies from 8.7 to 
16.1°C, with an annual average of 11.1°C (mean tempera-°C, with an annual average of 11.1°C (mean tempera-1.1°C (mean tempera-°C (mean tempera- (mean tempera-
ture ranges from 3.4 to 9.1°C in the coldest month and from 
13.0 to 22.3°C in the warmest month) (Rehfeldt 2006). The 
predominant types of vegetation are pine-oak forests, some-
times mixed with Abies durangensis Martínez, Cupressus 
spp, Pseudotsuga menziesii Brisseau de Mirbel, Picea chi-
huahuana Martínez, Arbutus spp., Juniperus spp. and other 
tree species (Silva-Flores et al. 2014). A total of 1,747 trees 
were recorded. Fourteen tree species were found in the 41 
locations: Arbustus spp. (3.0% of all trees), Juniperus dep-
peana Steud. (4.7%), Pinus arizonica Engelm. (46.0%), P. 
cembroides Zucc. (9.2%), P. chihuahuana Martínez (0.1%), 
P. durangensis Martínez (4.4%), P. engelmannii Carr. (0.1%), 
P. leiophylla Schl. & Cham. (5.2%), P. strobiformis Engelm. 
(5.3%), Populus tremuloides Michx. (0.6%), Pseudotsuga 
menziesii (Mirb.) Franco (1.9%), Quercus fulva Liebm. 
(0.1%), Q. crassifolia Humb & Bonpl. (7.2%) and Q. sidero-
xyla Hump. & Bonpl. (12.2%). Pinus arizonica predominat-
ed in 66% of all locations, while Pinus chihuahuana, Pinus 
engelmannii, Pseudotsuga menziesii and Quercus fulva oc-
curred in only one location.

Datasets

Bird monitoring. Bird monitoring was conducted between 
May 2 and 16 in 2015 and between January 3 and 16 in 2016, 
i.e., in the breeding and wintering seasons in the study area 
(Fig. 1). Each location was monitored between 7:00 and 
12:00 h by using the previously described point count meth-
od (Bibby et al. 2000). Briefly, the birds were quantified by 
visual observation and by their calls, in each sampling circle 
of radius of 25 m. Monitoring was conducted for 15 minutes 
at each point; the researcher began counting birds on entering 
within a radius of 200 meters of the centre of the sampling 
circle. The absolute frequencies of birds were recorded (for 
details see Martínez-Guerrero et al. 2011). Table A1 in the 
Appendix lists the birds species spotted in different seasons.
Calculation of the diversity of bird and tree species. Bird and 
tree species diversities (Table A2 in the Appendix) were cal-
culated by the so-called Hill numbers or diversity profile va 
(Gregorius 1978), where a is a real number ranging from zero 
to infinity. The following are the most illustrative values of 
the subscript a in such diversity profiles: (i) a = 0, where the 
diversity corresponds to the total number of species; (ii) a = 2 
as the effective species number, and (iii) a = ∞, where only the 
relative frequency of the most frequent species determines the 
diversity. In the present study, the diversity profiles were rep-
resented by all three diversities for each location. Thus, each 
location was characterized by the total number (richness), the 
effective number, inherent in Simpson diversity (D = 1-∑pi

2), 
and the number of prevalent variants (Gregorius 1978). All 
variants have the same abundance when v0, v2 and v∞ have the 

same value (see details in Silva-Flores et al. 2014). If pi is the 
relative frequency of a tree species i, then we have: 
Forest stand variables. The following variables were meas-
ured at three points every 50 m along the transect, beginning 
from the bird monitoring counting point and covering an area 
of about 1.5 ha: total number of trees, genera and species, 
the basal area of each tree species and the total basal area 
per hectare (Gtotal, m2), height of the 10% of the biggest trees 
per ha (H10%, m), the diameter at breast height of the 10% 
of the biggest trees per ha (DBH10%, cm), the basal area of 
dead trees per hectare (Gdead, m2), the height of dead trees 
within the 10% of the biggest trees per ha (H10%,dead, m), the 
diameter at breast height of dead trees within the 10% of the 
biggest trees per ha (DBH10%,dead, cm), the basal area of tree 
with dieback per hectare (Gdie, m2), the height of drying trees 
within the 10% the biggest trees per ha (H10%,die, m) and the 
diameter at breast height of drying trees within the 10% of the 
biggest trees per ha (DBH10%,die, cm) (Table 2). Dying trees 
were trees in which dieback of more than 50% of the treetop 
had occurred. 

The tree dimensions were represented by tree diameter and 
height. Tree height is also an indicator of site quality (McNab 
1989), and basal area indicates forest density (Reineke 1933). 
The basal areas were measured using angle-count sampling 
(Bitterlich 1952). Tree heights were measured with a Haglof 
Vertex III hypsometer (Haglof, Langsele, Sweden), and the 
diameters were measured with a diameter tape.
Climate variables. Species richness is strongly associated 
with climate (Currie et al. 2004). Therefore, the climate mod-
el of Rehfeldt (2006), which was created on the thin plate 
splines of Hutchinson (Hutchinson 2004), was used to de-
termine climate variables in each plot. The model produced 
climate surfaces from monthly normalized values of total pre-
cipitation and mean, maximum and minimum temperatures 
collected between 1961 and 1990 from approximately 6,000 
weather stations (183 stations in Durango State). Twenty-two 
variables were derived from the original data, which also in-
cluded an annual aridity index (AAI), defined as the ratio of 
square root of degree days > 5°C (DD5) to mean annual pre-
cipitation (MAP). Higher values of the AAI denote more arid 
climate. The AAI index is a powerful climatic variable for 
describing and predicting the species distribution (for further 
details, see Silva-Flores et al. 2014). Descriptive statistics of 
these and other climate variables are shown in Table A2.

Data analysis

Descriptive statistics were calculated and Principal 
Component Analysis (PCA) (significance level α = 0.001) 
and Spearman’s Correlation Analysis (α = 0.01) were per-α = 0.01) were per- = 0.01) were per-
formed using XLSTAT version 2015.6.01.25740 (XLSTAT 
2016). PCA with varimax rotation (Wolfgang and Leopold 
2012) was used to convert possibly correlated variables into a 
set of values of linearly uncorrelated variables (named factors 
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(components)) and to select independent variables (Table 1) 
for multiple (linear) regressions. Bartlett’s test of sphericity 
was used to evaluate the hypothesis that the correlations in 
the matrix are zero.

The Kruskal - Wallis post-hoc test (Tukey and Kramer 
approach) (Kruskal and Wallis 1952) was used to test whether 
the observed differences in bird species diversity between the 
breeding and wintering season occur as random events, rather 
than by directed forces. The test was implemented using the 
“PMCMR” package (Pohlert 2014) included within the R 
3.2.2 statistical package (R Development Core Team 2015) 
and considering a significance level α = 0.01.

The non-parametric two-sided one-dimensional Kolmo-
gorov-Smirnov test was used to define the largest absolute 
difference (D) between the two cumulative distribution func-
tions - bird species diversity in the breeding and wintering 
seasons - as a measure of disagreement and to test whether D 
occurred as a random event. The probability of incorrectness 
(P) was thus also produced (Lopes et al. 2007). This test was 
implemented using the “stats” package of R and considering 
a significance level of α = 0.01. 

Finally, multiple (linear) regression analyses were carried 
out. Only independent variables that were not highly corre-
lated with other independent variables (i.e., only one variable 
from each PCA factor) and most associated with the bird spe-
cies diversity were included to ensure valid results for any 
individual predictor. 

Model variables were excluded if the probability of incor-
rectness (P) was greater than or equal to 5%. Stepwise selec-
tion (forward and backward) was performed to select the most 
informative variables for inclusion in the model. This proce-
dure was carried out using the step AIC() function and the ex-
act Akaike information criterion (AIC) and was implemented 
using the “MASS” package (Venables and Ripley 2002). The 
adjusted coefficient of determination (R2

Adj) and residual stand-
ard error (RSE) were used as goodness-of-fit indices.

Results

A total of 1,447 birds were recorded during the study: 
415 in the breeding season and 1,032 in the wintering season. 
These included 79 bird species, 59 of which were detected 
in the breeding and 54 in the wintering season. Of these, 25 
species were only found in the breeding season, 20 species 
only in the wintering season and 34 in both seasons. In both 
seasons, resident birds were the most frequent in almost all 
locations. The yellow-eyed Junco (Junco phaeonotus) was 
the predominant bird species in 17% of the locations at eleva-
tions of 2,683 m ± 261 m in the breeding season and 32% of 
the locations at elevations of 2,676 m ± 269 m in the winter-
ing season. The Ruby-crowned Kinglet (Regulus calendula) 
and the Dark-eyed Junco (Junco hyemalis) (migrated from 
USA and Canada) were the most common birds in five lo-
cations at elevations of between 2,492 and 2,879 m in the 
wintering season (Table A2).

The Kruskal-Wallis test showed no significant differenc-
es in mean bird species diversity indices v0, v2 or v∞ between 
the breeding and wintering season (P = 0.07, 0.62 and 0.25). 
Although the Kolmogorov-Smirnov test did not detect differ-
ences in the distributions of the bird species (D = 0.17, P = 
0.59; D = 0.26, P = 0.20; D = 0.10, P = 0.99), the Spearman 
correlations between the bird species diversity indices in 
breeding and wintering time were weak and statistically in-
significant. 

Although bird species diversity in the breeding season 
was not significantly associated with other variables, the bird 
species diversity in the wintering season was significantly 
correlated with almost all climate variables (P < 0.001) and 
site quality (mean height of the 10% of the biggest trees 
(H10%)) (P < 0.01), forest density (basal area (Gtotal)) (P < 
0.01) and forest tree diversity (number of prevalent tree spe-
cies per hectare (v∞,T)) (P < 0.01). However, the avian spe-
cies diversity was not significantly related to forest density or 
dimension-density of snag trees.

 
 
 
 
 
 
 
 
Figure 2. Relationships between 
number of prevalent tree species 
(v∞,T), total number of bird species 
in the winter season (v0,BWS), effec-
tive diversity of bird species in the 
winter season (v2,BWS), number of 
prevalent bird species in the winter 
season (v∞,BWS) and mean annual 
precipitation (MAP) in the study 
area.
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The effective number of bird species (v2,BWS) and the 
numbers of prevalent bird species (v∞,BWS) in the wintering 
season were negatively correlated with the mean annual pre-
cipitation (MAP) at α = 0.0001, but also negatively associated 
with growing season (GSP), summer (SMRP), winter precipi-
tation (WINP) and frost duration (Sday) at α = 0.001 and with 
H10% and Gtotal. However, v2,BWS and v∞,BWS were positively 
and significantly associated with temperature variables and 
the annual aridity index (AAI) (α = 0.001). The total number 
of bird species in the wintering season (v0,BWS) was signifi-
cantly negatively associated with v∞,T at α = 0.01 (Tables A2, 
2, Fig. 2).

After varimax rotation, the first four PCA axes explained 
91.61% of the total variance (eigenvalues: λ1 = 19.58, λ2 = 

2.91, λ3 = 2.23, λ4 = 1.85, Table 1). The Bartlett’s test re-
vealed that the eigenvalues of the first four principal com-
ponents were statistically significantly different from each 
other (P < 0.0001). Principal component 1 explains about 
67.51% of the variance and mainly comprises the climate 
variables and forest stand variables (H10%, Gdead and H10%,die). 
All climate variables are strongly correlated with each oth-
er. Principal component 2 explains 10.05% of the variance 
and mainly comprises forest stand variables (DBH10%, H10%, 

dead and DBH10%, die). Principal component 3 explains about 
7.68% of the variance and is described by forest stand vari-
ables (Gtotal and Gdie). Finally, principal component 4 explains 
about 6.37% of the variance and specifically comprises the 
Tree species diversity (v0,T, v2,T and v∞,T) (Table 1; Fig. 3).

Table 1. Eigenvalues of each factor group, variability explained by factor groups F1, F2, F3 and F4 and the 29 most important variables 
within the four factor groups. The variable impact in the factor group increases with the correlation between variable and factor group.

 Factor Group F1 F2 F3 F4
Eigenvalue 19.58 2.91 2.23 1.85
Variance explained (%) 67.51% 10.05% 7.68% 6.37%
Relevant variable variable – factor group correlation
Tree species diversity
v0,T Total number of tree species 0.62
v2,T Effective number of tree species 0.76
v∞,T Number of prevalent tree species 0.74
Forest stand variables
DBH10% Diameter at breast height of the 10% of the biggest trees per ha [cm] 0.66
 H10% Height of the 10% of the biggest trees per ha [m] -0.68
Gtotal Tree basal area [m2 ha-1] 0.75
H10%,dead Height of dead trees within the 10% of the biggest trees per ha [m] 0.69
Gdead Tree basal area of dead trees [m2 ha-1] -0.58

DBH10%,die
Diameter at breast height of dying trees within the 10% of the bigger trees 
per ha [cm] 0.67

H10%,die Height of dying trees within the 10% of the bigger trees per ha [m] -0.68
Gdie Tree basal area of trees with dieback [m2 ha-1] 0.64
Climate variables
MAT Mean annual temperature [°C] 0.98
MAP Mean annual precipitation [mm] -0.97
GSP Growing season precipitation, April to September [mm] -0.94
MTCM Mean temperature in the coldest month [°C] 0.96
MMIN Mean minimum temperature in the coldest month [°C] 0.97
MTWM Mean temperature in the warmest month [°C] 0.98
MMAX Mean maximum temperature in the warmest month [°C] 0.98
SDAY Julian date of the last freezing date of spring [Day] -0.97
FDAY Julian date of the first freezing date of autumn [Day] 0.97
FFP Length of the frost-free period [Day] 0.97
DD5 Degree-days > 5 degrees °C (based on mean monthly temperature) [°C] 0.98
GSDD5 Degree-days > 5 degrees °C accumulating within the frost-free period [°C] 0.98
DD0 Degree-days < 0 degrees °C (based on mean monthly temperature) [°C] -0.97
SMRPB Summer precipitation balance: (Jul+Aug+Sep)/(Apr+May+Jun) [mm] 0.83
SPRP Spring precipitation (Apr+May) [mm] -0.88
SMRP Summer precipitation (Jul+Aug) [mm] -0.91
WINP Winter precipitation (Nov+Dec+Jan+Feb) [mm] -0.99
AAI Annual aridity index [dd50.5/mm] 0.99
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Table 2. Spearman correlation matrix of attributes of 41 sampling locations in the study area: height of the 10% biggest trees per ha 
(H10%), tree basal area (Gtotal), number of prevalent tree species (v∞,T), mean annual precipitation (MAP), degree-days <0 degrees °C 
(based on mean monthly temperature) (DD0), winter precipitation (Nov+Dec+Jan+Feb) (WINP), total number of bird species in the 
winter season (v0,BWS), effective number of bird species in the winter season (v2,BWS) and number of prevalent bird species in the winter 
season (v∞,BWS).

Variable H10% Gtotal v∞,T MAP DD0 WINP v0,BWS v2,BWS v∞,BWS

v∞,T 0.40** 0.17ns

MAP 0.61*** 0.46** 0.51***

DD0 0.54*** 0.33* 0.57***

WINP 0.61*** 0.42** 0.50***

v0,BWS -0.38* -0.15ns -0.41** -0.50*** -0.47** -0.47**

v2,BWS -0.41** -0.39* -0.34* -0.63*** -0.54*** -0.57*** 0.70**

v∞,BWS -0.39* -0.43** -0.28ns -0.65*** -0.53*** -0.58*** 0.55*** 0.96***

Note: Asterisks indicate significance: * = at p<0.05,** at p<0.01 and *** at p<0.001; ns= not significant.

Table 3. Regression models for bird-related variables in the winter season 2015-2016: total number of bird species in the winter season 
(v0,BWS), effective diversity of bird species in the winter season (v2,BWS), number of prevalent bird species in the winter season (v∞,BWS) 
against the variable mean annual precipitation (MAP) from 550 - 794 mm. Adj-R2 = Adjusted R-squared, RSE = Residual standard error, 
P-value = probability of incorrectness

Model Adj-R2 RSE P-value

n0,BWS = –0.0214MAP + 20.7192 0.213 2.861 0.00140

n2,BWS = –0.0615MAP + 15.0523 0.354 1.585 0.00002

n∞,BWS = –0.0099MAP + 9.4233 0.380 0.903 0.00001

Proof -The bird species diversity in the wintering season is negatively associated with 
precipitation, tree species diversity and stand density in the Sierra Madre Occidental, Durango, 
Mexico 

Suggestion for improvement 

1.   
2.   
3.  “Figure 1. Location of study area in three municipalities (Guanacevi, Ocampo and San 

Bernardo) and forest region 1001 in the northern state of Durango, Mexico” Please, add: 
“, Source: Microsoft; Nokia (19 May 2017)."Durango, Mexico" (Map). Bing Maps. 
Microsoft. Retrieved 19 May 2017.” 

4. Figure 3: Please change the figure. We changed the “,” to “.” in the numbers at the two 
axes. Use: 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Independent 
variables correlated 
with PCA factors F1 and 
F2. For abbreviations, 
see Table A2.
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The mean annual precipitation (MAP) from PCA factor 
(F) 1, height of dead trees within the 10% of the biggest trees 
(H10%,dead) from F2, tree basal area (Gtotal) from F3, and num-
ber of prevalent tree species (v∞,T) from F4 were preselected 
for the regression analysis. Table 3 shows the models of bird 
species diversities v0,BWS, v2,BWS, v∞,BWS in relation to the mean 
annual precipitation (MAP). MAP was the sole informative 
predictor after stepwise linear regression. The v∞,BWS model 
performed best, with R2

Adj = 0.38. The total number of bird 
species decreased by 2.14 species on average when the MAP 
increased by 100 mm (Fig. 4).

Discussion

Sampling in this study was restricted to a single breeding 
and a single wintering period and is thus not representative of 
anything beyond these periods. Broad claims about bird di-
versity and the underlying factors in the study site in general 
are therefore not possible.

According to the results, however, there was a large dif-
ference between the individual numbers of birds observed in 
the study area in the breeding and the wintering season. This 
was mainly caused by the larger number of resident birds and 
migratory birds observed in the wintering season (Table A1). 
The larger number of sedentary birds observed in the winter-
ing season was probably due to the numbers of young pro-
duced in 2015.

The diversity of avian species in the breeding season was 
not affected by the climate or forest stand variables studied. 
However, the bird species diversity in the wintering season 
was significantly weakly to moderately associated with cli-
mate variables, tree species diversity and stand density. The 

bird species diversity was higher at lower elevations and in 
drier and warmer locations of the Sierra Madre Occidental 
(Fig. 4), as concluded by Nocedal (1994). This author found 
that the coastal lowlands of the Sierra Madre Occidental are 
wintering grounds for long-distance bird migrants and also 
for short-distance or local migrants.

The numbers of prevalent bird species in the wintering 
season (v∞,BSW), which only considers the most frequent spe-
cies in a location (Gregorius 1978), was more strongly af-
fected by the predictors studied than the other avian species 
richness indicators and the effective bird species diversity. 
Hence, the proportion of the most frequent bird species in-
creased significantly at lower temperature, higher precipita-
tion, higher forest side quality and stand density. Almost all 
of the predominant bird species were sedentary birds. The as-
sociation detected is therefore mainly a local migratory phe-
nomenon (Nocedal 1994).

These findings are in contrast to the conclusions reached 
in many other studies (e.g., Rahbek 1997, Rahbek and Graves 
2001, Bailey et al. 2004), which have reported a positive rela-
tionship between bird species diversity and habitat heteroge-
neity and precipitation. However, some studies reported that 
avian species diversity was inversely related to woody plant 
species diversity as well as vertical stratification, canopy den-
sity and tree density in natural forests (Daniels et al. 1992).

Precipitation and temperature were probably the key fac-
tors influencing bird species diversity as well as tree species 
diversity and stand density (Fig. 2, 3 and Tables A2 and 2). 
Silva-Flores et al. (2014) reported that tree species diversity 
and tree density were weakly to moderately negatively as-
sociated with aridity, temperature and elevation range from 
1,600 to 3,200 m in the Sierra Madre Occidental, Durango, 
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Figure 4. Model of the distri-
bution of number of prevalent 
bird species (v∞,BWS) in the 
wintering season 2015-2016 
in the study area (Adjusted 
R-squared = 0.38; Residual 
standard error = 0.90) using the 
regression results from Table 4.
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Mexico. Mean annual precipitation in the growing season 
was slightly more significant than the winter precipitation, 
which should affect avian species diversity more directly in 
the winter (Fig. 2).

Conclusions

This investigation is an important contribution to our un-
derstanding of relationships among bird community structure 
and forest as well as climatic variables. We conclude that the 
climate model may be inaccurate or that the mean annual 
precipitation or the growing season precipitation may also 
indirectly affect bird species diversity via effects on forest 
vegetation. If the latter is true, several bird species would mi-
grate to lower land in the winter because of the more suitable 
weather conditions (warmer and snow-free), because this for-
est vegetation is more attractive at this time and probably also 
because of the lower predation risk (Roth et al. 2006) and 
better energy balance (Brown and Sherry 2008). The open 
temperate to warm semi-dry forests and woodlands in the 
Sierra Madre Occidental are typically characterized by higher 
frequencies of Pinus cembroides, Juniperus spp. Quercus spp., 
shrubs, herbs and grass (González-Elizondo et al. 2013). In 
particular, Pinus cembroides, Juniperus spp. and Quercus spp. 
produce nutritious seeds and acorns for several bird species 
(Hubbard and McPherson 1997). The vegetative growth period 
is also longer and greater numbers of invertebrates (an impor-
tant component of birds’ diets) are therefore active at this time.

Finally, Phainopepla nitens and Spizella passerine were 
observed in the wintering season, although these have only 
been recorded as breeding birds in the region (CONABIO 
2016a). Likewise, Empidonax hammondii and Accipiter 
striatus were detected in the breeding season, although list-
ed only as migratory birds in the area (CONABIO 2016a). 
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