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The seasonal movements of birds are a phenomenon that has historically been of interest in ecology and 
biogeography. Despite this, information on how environmental conditions influence migratory behavior and 
its regulation is still scarce. In this work, we study the Broad-Tailed hummingbird Selasphorus platycercus 
from an analysis of its populations through longitudinal and latitudinal gradients. We use the frequencies 
of monthly presence records throughout the annual cycle to identify the breeding areas (corresponding 
to the summer months), of winter presence (corresponding to the winter months), and annual residence 
(presence records throughout the year). Subsequently, we use ecological niche models to reconstruct the 
potential distribution of the summer and winter niches by correlating the climates of each season with the 
corresponding records. We evaluate the species’ climatic preferences between the breeding and winter 
seasons by transferring the niches from each season to the opposite and by their capacity to inter-predict 
records between seasons. In addition, we quantify the overlap between the summer and winter niches 
using a niche similarity analysis. Geographically, we see a clear seasonal turnover pattern along a north-
south gradient and records throughout the year (resident populations) in the south-central region of its 
distribution. We observed a low inter-prediction of records between seasons. Together with the similarity 
analysis, we suggest that the species is niche-switching (i.e., has different seasonal niches). We identified 
three seasonal migration patterns among the species’ populations: long-distance migratory, short-distance 
summer migrant, and resident. Our findings suggest that the different migration patterns in this species’ 
populations all over its distribution can be explained through seasonal climatic variations throughout the 
year.

Key words:	Environmental similarity, Migration, Seasonal climate niche, Seasonal turnover, Temporal 
ecology.

BACKGROUND

Migration is widely present in diverse animal 
groups, and it has attracted attention as an important 
phenomenon in ecology and biogeography (Terborgh 
1989; Hagan and Johnston 1995; Chesser and Levey 

1998; Webster et al. 2002; Zink 2002; Somveille et 
al. 2015 2021). Migratory movements in birds present 
diverse geographic and temporal variants. For example, 
there are latitudinal migrations (short or long distance), 
longitudinal migrations (i.e., east-west direction, from 
extreme climate to warm climate), partial migrations 
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(some of the populations migrate and others do not), 
differential migrations (showing different patterns in the 
migration of young and adult individuals or between 
sexes); and altitudinal and intertropical migrations 
(Rappole 1995; Lincoln et al. 1998; Newton 2008; Jahn 
et al. 2020). All these migratory behaviors respond 
directly or indirectly to climatic variations, particularly 
in regions with marked seasonality that define two 
well-known periods in the species’ life cycle: winter 
and reproduction seasons (Marra et al. 2005; Newton 
2008; Peña-Peniche et al. 2018). However, there 
are uncertainties in their geographic and temporal 
distribution patterns for most migratory species. It 
is unknown whether species follow a particular set 
of conditions during the migratory cycle, such as the 
climatic conditions that constitute the species’ niche 
(e.g., Nakazawa et al. 2004; Marra et al. 2005; Battey 
2015; Gómez et al. 2016; Pérez-Moreno et al. 2016).

Migratory birds can follow similar climatic 
conditions even in both seasonal areas (i.e., “niche 
followers), experience different climatic conditions 
in each season (i.e., “niche switchers”), or present a 
combination of both strategies (Nakazawa et al. 2004). 
Likewise, these strategies may vary among species and 
populations, probably due to diverse ecological factors 
(Hedenström 2008). Based on the use of ecological 
niche models, focused on the macroclimatic analysis of 
the distribution of species, we have achieved a better 
definition in the study of the migratory movements of 
bird species (e.g., Nakazawa et al. 2004; Marra et al. 
2005; Newton 2008; Battey 2015; Ruiz-Sánchez et al. 
2015; Gómez et al. 2016; Pérez-Moreno et al. 2016; 
Peña-Peniche et al. 2018). The use of ecological niche 
models (ENM) and species distribution models (SDM) 
allows us to analyze the influence of climatic conditions 
on the seasonal movement patterns of migratory species 
and predict their migratory cycle based on such climatic 
conditions (Nakazawa et al. 2004; Papes et al. 2012; 
Battey 2015; Ruíz-Sánchez et al. 2015; Gómez et al. 
2016; Williams et al. 2017). These tools, therefore, 
allow us to understand the ecology and migratory 
behavior of the species (Papes et al. 2012; Pérez-
Moreno et al. 2016; Toews 2017; Somveille et al. 2021).

To date, the migration patterns of hummingbirds 
(Trochilidae) have been scarcely studied, and although 
most of the 350 species included in this group do not 
possess long-distance migratory movements, those 
that do reproduce far from the tropics (Schuchmann 
1999). Current information on routes and times in 
hummingbird migration is based primarily on North 
American species, such as the Rufous Hummingbird 
(Selasphorus rufus), Allen’s Hummingbird (Selasphorus 
sasin), Calliope Hummingbird (Stellula calliope) 
(Phillips 1975; Calder 1993; Calder and Calder 1994; 

Battey 2015), and the Ruby-throated Hummingbird 
(Archilochus colubris) (Németh and Moore 2012; 
Zenzal Jr. and Moore 2016; Zenzal Jr. et al. 2018). 
These studies have suggested that various factors 
influence and regulate the distribution and abundance 
in migratory hummingbirds, such as morphological 
and behavioral adaptations (e.g., Calder 2004), the 
availability of resources (e.g., Arizmendi 2001; Lara 
2006), the influence of the biogeographic barriers and 
the phylogeographic history of the species (González-
García et al. 2018), as well as the climatic conditions 
(e.g., Schondube and Martínez del Rio 2004). This last 
factor is one of the least studied and understood.

The Broad-tailed Hummingbird (Selasphorus 
platycercus) is a migratory species with two subspecies 
recently claimed as independent lineages (Malpica and 
Ornelas 2014): Selasphorus p. platycercus, distributed 
from the northern United States to Oaxaca, Mexico; 
and Selasphorus p. guatemalae, which inhabit the 
mountains of southern Mexico (Chiapas) and in 
Guatemala where it resides year-round (Schuchmann 
1999; Kaufman 2005; Vuilleumier 2011; Arizmendi and 
Berlanga 2014). The Selasphorus p. platycercus lineage 
(hereafter Selasphorus platycercus) is traditionally 
recognized as a long-distance seasonal migrant, 
although it does have some resident populations in 
central Mexico (Calder 1987; Lara 2006). Malpica and 
Ornelas (2014) suggested that the divergence between 
these populations was due to the change in climatic 
conditions during the last interglacial period when 
migratory populations began to expand northwards 
in search of conditions similar to those from the 
center of Mexico, where the sedentary populations 
that originate them reside. Likewise, considering 
the migration systems used by the Birds of the New 
World (Jahn et al. 2020), it is possible to establish that 
Selasphorus platycercus populations can be categorized 
as 1) Nearctic-Neotropical migration or long-distance 
migration, in which birds breed at north-temperate 
latitudes and overwinter in the Neotropics; 2) Intra-
tropical migration, in which birds breed and migrate 
entirely within the tropics; and 3) permanent residence 
within the tropics (Calder 1993 2004; Lara 2006). All 
these types are a product of complex historical and 
ecological processes that originated the current patterns 
(Malpica and Ornelas 2014). Selasphorus platycercus, 
as many other currently long-distance North American 
migrant species, likely lacked suitable breeding habitat 
in North America at the Last Glacial Maximum (LGM), 
and it might have reverted to the ancestral state of 
being tropical sedentary residents (Zink and Gardner 
2017). Such complex glacial cycles could also have 
promoted other migratory systems in the populations 
of Selasphorus platycercus when oscillated between 
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sedentary and migratory strategies with each glacial 
cycle. Most populations are typically long-distance 
migrants that breed in North America and migrate 
south in winter, either toward the eastern United States 
or toward the center and south of Mexico. However, 
along the Mexican Volcanic Belt, a region traditionally 
recognized as a wintering area, several populations 
describe different seasonal strategies. For example, 
resident populations (with a continuous presence 
throughout the year), winter migratory populations (that 
winter in the region and migrate north to reproduce) as 
well as reproductive populations (that breed in the area 
and that during winter move to unknown areas) (Lara 
2006; Malpica and Ornelas 2014).

Several studies describe the distribution of 
Selasphorus platycercus (e.g., Calder 1987 1993 2004; 
Schuchmann 1999; Kaufman 2005; Vuilleumier 2011; 
Arizmendi and Berlanga 2014). However, seasonal 
patterns throughout its geographic distribution are not 
clearly defined. This uncertainty could be explained by 
the diverse types of seasonal strategies followed by the 
species’ populations, highlighting, in general, the lack of 
knowledge and delimitation of their seasonal distribution 
patterns. In this species, the seasonal movements may 
be influenced by the availability of floral resources and 
the intra and inter-specific interactions (e.g., Lara 2006). 
However, the climatic conditions could be defining 
both the seasonal areas and the migratory movements, 
as has been described for other species (Battey 2015; 
Laube et al. 2015; Ruíz-Sánchez et al. 2015; Pérez-
Moreno et al. 2016; Peña-Peniche et al. 2018). In this 
study, we analyze the seasonal geographic distribution 
of Selasphorus platycercus through the latitudinal and 
longitudinal analysis of occurrence data. Besides, we 
modeled the species’ seasonal distribution and measured 
the similarity between its summer and winter ecological 
niches by studying their seasonal climatic associations 
using ENM and SDM.

MATERIALS AND METHODS

Occurrence records

We obtained specific geographic information on 
Selasphorus platycercus from the Global Biodiversity 
Information Facility (GBIF 2021) and specialized 
literature (Lara 2006; Malpica and Ornelas 2014). 
We remove all duplicate records from the compiled 
information and those doubtful whose coordinates were 
not precise or could not be corroborated. To carry out 
the study of the latitudinal and longitudinal patterns, 
we obtained 1176 unique presence records. Meanwhile, 
for the seasonal distribution models, we used 936 

occurrences, corresponding to the summer (747 records) 
and winter (189 records) seasons. 

Longitudinal and latitudinal analysis

Using the final database containing unique 
presence records, we performed a spatio-temporal 
data analysis of the distribution of S. platycercus. For 
this, we first projected all occurrence records in the 
geography using the raster package v.3.4-5 (Hijmans et 
al. 2005) in the R programming environment (R Core 
Team 2017). Once we defined the punctual distribution, 
the geographic space was divided into two longitudinal 
segments (between the range -97° and -125°) and into 
ten latitudinal segments (between the range 47°N and 
15°S), which included from the northern United States 
to southern Mexico. We extracted the number of unique 
presence records per month from each segment, making 
it possible to know the longitudinal and latitudinal 
distribution patterns throughout the annual cycle (Fig. 
1).

In addition, based on the temporal correspondence, 
each segment was identified as associated with the 
species’ presence in summer (or breeding season = 
June, July, and August), winter (December, January, 
and February), or both. We want to highlight that we 
did not consider the spring and autumn seasons since 
our interest was the areas where the species spend most 
of the time during their migratory cycle; that is, the 
zones of actual seasonal residence (summer and winter). 
In contrast, the records during spring and autumn 
may correspond only to transitional sites during their 
migratory cycle.

Ecological niche modeling and species 
distribution modeling

The estimation of niche l imits to species 
occurrence is named ecological niche modeling (ENM), 
and when the emphasis is on the species geographical 
distributions, it is known as species distribution 
modeling (SDM) (Guisan and Thuiller 2005; Peterson 
and Soberón 2012; Saupe et al. 2012). We modeled 
the breeding and winter niches of the Selasphorus 
platycercus populations, using the records by month 
corresponding to each season (breeding and winter). 
To characterize the environmental niche seasonally, 
we created two groups of monthly variables, one 
for the breeding and one for the winter seasons and 
corresponding to the same months previously described 
for the occurrence records. Each group possessed 
six variables from the WorldClim version 2.1 (Fick 
and Hijmans 2017): the minimum temperature of 
the coldest month; the maximum temperature of the 
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warmest month; accumulated precipitation (sum of 
the three-monthly precipitations); and the average of 
solar radiation, wind speed and water vapor pressure. 
These variables were generated by interpolating 
average monthly climate data from weather stations, 
ranging from 1970 to 2000 (Fick and Hijmans 2017). 
These were in raster format with a resolution of 0.0083 
decimal degrees (~1 km2).

We used MaxEnt 3.3.3 algorithm to generate 
the models (Phillips et al. 2006). This correlative 
algorithm is based on the principle of maximum 
entropy used to estimate probability distributions (i.e., 
uniform distributions) based on the presence records 
of a species. It is subject to restrictions conferred by 

environmental information or other variables such as 
topography (Phillips et al. 2006). MaxEnt is a robust 
algorithm that provides informative results and requires 
only presence data (Peterson et al. 2011). We used the 
kuenm R package (Cobos et al. 2019), which evaluates 
each candidate model considering: (1) statistical 
significance, based on the partial ROC area under the 
curve ratio based on independent random subsets of 
presence data (we used an omission rate of E = 5%; see 
Peterson et al. 2008); (2) predictive performance, that 
considered the omission error derived from independent 
random subsets of presence data and minimum training 
presence thresholds adjusted to allow E = 5% among 
the calibration data (Anderson et al. 2003); and (3) 

Fig. 1.  Geographical space of the records of Selasphorus platycercus, showing the 11 segments with letters from A to K. The graphs represent the 
records by segment along the months of the year.
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model fit and simplicity, in terms of the AICc, as 
adapted and implemented for MaxEnt by Warren and 
Seifert (2011). We divided the occurrence data into 80% 
for model calibration and 20% for model evaluation. 
In kuenm, models are selected as optimal when they 
are statistically significantly better than random in their 
predictions of the evaluation subset of occurrence data 
(i.e., P ≤ 0.05), present low omission error (i.e., false-
negative rate ≤ E) and are within 2 AICc units of the 
minimum AICc value among the models that are both 
significant and high-performing (Cobos et al. 2019). We 
explored two sequences of values of the regularization 
multiplier: from 0.1 to 1, using 0.1 as the increased 
unit, and from 2 to 6, using 1 as the increased unit. We 
allowed six combinations of features ("q", "p", "lq", 
"lp", "qp", "lqp") and no extrapolation or clamping for 
transfers (Owens et al. 2013). Once we obtained the 
ten best models for each model exercise, we used the 
median of those replicates as a better indicator of the 
highest frequency in the distribution, rather than the 
mean, which is affected by extreme values. The final 
models obtained in MaxEnt are probabilistic maps 
(cloglog format). We transformed them into binary maps 
(presence = 1 and absence= 0) using a cut-off threshold 
at the 10th percentile training presence to generate final 
distribution maps. Therefore, 10% of the records with 
the lowest probability values of MaxEnt were excluded 
(Phillips et al. 2006). 

Species distribution modeling follows the BAM 
reference framework (Soberón and Peterson 2005), 
which establishes that the geographic distribution area 
occupied by a species (Go) is the conjunction of the 
appropriate regions in terms of abiotic conditions (A), 
biotic factors (B) and areas accessible by dispersion 
over relevant periods (M). We defined the same factor 
M using the sum of the historically known distribution, 
which includes the breeding and the winter ranges. All 
the climatic variables used were bound to this area. 

Ecological similitude

We reconstructed the ecological niche via ENM 
in each season and identified their distribution area via 
SDM with optimal environmental conditions. Then, 
we projected the ecological niches to the other season 
to evaluate whether during the breeding season the 
populations follow the same climatic conditions of 
the winter season and vice versa. However, before 
the transfers, it is necessary to evaluate whether the 
environmental conditions between areas are climatically 
analogous (Owens et al. 2013). Thus, we measure 
the climatic analogy between breeding and winter 
conditions using the MESS (Multivariate Environmental 
Similarity Surface) test implemented in MaxEnt. MESS 

identifies sites of strict extrapolation and provides an 
index between the value of each pixel and the median of 
the most dissimilar variable (Elith et al. 2010).

We also measured the degree of niche similarity 
between both temporal scenarios (breeding and winter 
seasons) using the “PCA-env option” from the “ecospat” 
R package (Bröennimann et al. 2012; Di Cola et al. 
2017). A kernel smoother is applied to densities of 
species occurrence within a gridded environmental 
space calibrated on the available environmental space. 
In this case, the observed D metric (Schoener 1970) 
measures the degree of niche overlap between the 
niches of these seasons. In each case, the observed 
D metric is compared with a random subset for 100 
iterations generated in the other season and vice versa 
in the gridded environmental space (D = 1: complete 
overlap; D = 0: no overlap). This distribution of overlap 
is then compared to the observed D metric. Observed 
D’s greater than the null distribution indicate that the 
environmental niche models (ENM) are more similar 
than expected given their geographic ranges, while 
values significantly less than the null distribution 
indicate ENMs divergence (i.e., dissimilar). A non-
significant result from the similarity test indicates 
insufficient statistical power to determine either way. 
Niche similarity analyses were performed using the 
ecospat package (Di Cola et al. 2017) in R. We tested 
for niche differentiation, so we used the one-tailed test 
using the alternative lower, i.e., the niche overlap is 
more dissimilar than would be expected by chance. 
We used rand.type = 1 since there was no assumption 
regarding a reference niche.

RESULTS

Latitudinal and longitudinal patterns of presence

As a result of the division of the geographic 
space, a total of 11 segments possessing unique records 
of presence were obtained (Fig. 1). The number of 
records per month for each segment showed that the 
northernmost segments, A, B, and C, were in the 
Western United States and were exclusively associated 
with the summer months. In contrast, the southernmost 
segment, J (in Southern Mexico), and the easternmost 
segment, K (on the Gulf Coast in the Southeastern 
United States), were exclusively associated with 
the winter months. The intermediate segments D–H 
(from the north to the center-south of Mexico) were 
associated with a gradual latitudinal change between 
the north and the south of the total distribution of the 
species and coincidentally with a seasonal transition 
between summer and winter. Finally, and notably, 
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segment I (Central Mexico) presented a more equitable 
distribution of records during all months of the year (Fig. 
2).

Seasonal distribution using ecological niche 
models and species distribution modeling

The information derived from the models 
represents  the geographic areas  with opt imal 
environmental conditions under which different species 
can potentially be present (Peterson et al. 2011). The 
summer niche model projected geographically with an 
extension of 4,759,288 pixels did not predict winter 
conditions, while the winter model with 3,649,397 
pixels predicted 5,508 summer pixels (Table 1, Fig. 
3). Analysis using MESS indicated that the extreme 
northern areas of the United States are areas of strict 
extrapolation (optimal environmental conditions outside 
the ranges of values present in the calibration area of 
this species; Appendix 1).

The niche similarity test between the seasonal 
models (Fig. 4) showed an observed similarity index 
D = 0.004 (summer versus winter; p = 0.9604) and 
D = 0.001 (winter versus summer; p = 0.9505); and 
both were non-significant (p > 0.05) considering the 
similarity index on the basis of null expectations. 
For both cases, niche overlap falls within the 95% 

confidence limits of the null distributions; thus, the 
observed D values can be randomly obtained and 
therefore there is no significant climatic niche similarity 
among seasons.

DISCUSSION

The d is t r ibu t ion  pa t te rns  of  spec ies  a re 
traditionally described using geographical or political 
features, minimizing the historical and ecological 
processes responsible for shaping these patterns 
(Peterson 2001; Peterson et al. 2002). However, the 
analysis of the longitudinal and latitudinal patterns 
of the presence records based on the division of the 
geographic space into segments and considering 
the registration dates facilitated the recognition of 
the geographic and seasonal changes in the studied 
populations. This process made it possible to identify 
the breeding areas of Selasphorus platycercus, located in 
the northwestern section of the United States in contrast 
with the eastern region (segment K), as an exclusive 
winter area. These results suggest an outstanding long-
distance longitudinal migration event.

On the other hand, toward the south of the 
range of the species, populations gradually change 
seasonally until finding exclusively winter areas in the 

Fig. 2.  Frequency of records in the different geographic segments (A-K from north to south) during the year. The dashed line corresponds to segment I.
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extreme south, describing the typical long-distance 
latitudinal migration of S. platycercus. In the region 
corresponding to the Mexican Volcanic Belt (segment 
I), the presence of the species was recorded throughout 
the year, a finding that suggests that in this region, 
both resident (annual presence) and winter migratory 
populations (winter migratory populations return to 
the north in summer) can be found. However, in this 
area, evidence from field studies about populations that 
reproduce locally (during the summer) and migrate in 
the winter was obtained (Lara C. unpublished data). 
These populations possibly present a short distance type 
of migration in which they breed locally and migrate 

longitudinally or altitudinally within this same segment 
or migrate latitudinally toward southern segments in 
winter. However, the scale of our study did not allow the 
identification of this type of movement since analysis 
on a finer scale is required.

The different observed migratory patterns of 
S. platycercus suggest that the movements of its 
populations are probably differentially influenced by 
climatic variations (through seasonality) throughout its 
distribution. For example, previous studies have shown 
that breeding populations in the U.S. and northern 
Mexico move south for winter and are usually absent 
from the northern portions of their range by the end 

Fig. 3.  Ecological niche models (in gray) of the summer seasons and their projection into winter (which result as null projection); from winter with 
its projection to summer, we show the projected area from winter to summer in an enlarged box.

Table 1.  Values obtained from kuenm, pixel number of the binary map (10th percentile threshold), AUC value, AUC 
radio value, alloprediction (pixel count from one season projected to the opposite season), regularization multiplier and 
feature (l = linear, q = quadratic)

Pixel number AUC AUC ratio Allopredicction Regularization multiplier Feature

Summer 4,759,288 0.8 1.183 0 0.4 lq
Winter 3,649,397 0.8 1.395 5,508 8 q
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of September and from the southern U.S. by October. 
Conversely, northward migration through the south of 
the U.S. in the spring occurs during late February to 
mid-April, allowing for arrival on northern breeding 
areas around mid-May (Camfield et al. 2013). These 
movements not only involve facing a wide variety of 
habitat types, including open woodland, especially 
pinyon-juniper, pine-oak, and conifer-aspen associations 
(Camfield et al. 2013), but rather the climatic ranges 

related to these. Some studies have tried to explain the 
role of geographic variations in the migratory patterns 
of different species, finding that these migratory 
patterns can also significantly affect the variations 
in reproductive parameters on which the fitness of 
the populations depends (e.g., Bell 1996; Mérő et al. 
2015). In the case of S. platycercus, the populations 
of different geographical areas have been ecologically 
and differentially established, both in the reproductive 

Fig. 4.  Niche comparison based on the first two principal components between summer (orange) and winter (blue) seasons. The colored cells 
indicate the niche area with the highest density presence records, the overlap between the two environments is shown in blue. The polygon represents 
the availability of the environment for each season. Histograms show the observed overlap between the two environments (red line) and the overlap 
of simulated niches (gray bars). In both cases, the p-value was significant; that is, the null hypothesis that the niches are different in both directions 
(summer to winter and vice versa) cannot be rejected.
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season (summer) and in the winter season as has already 
been suggested for other species (Hedenström 2008). 
For example, during winter, some populations are found 
at higher altitude areas (such as in the Mexican Volcanic 
Belt). In contrast, others are distributed in lowlands 
(such as on the eastern coasts of Mexico and the 
United States). Similar behaviors have been observed 
concerning other migratory species of hummingbirds, 
such as S. rufus, S. sasin, and Stellula calliope (Phillips 
1975; Calder 1993; Calder and Calder 1994). The 
similarities with these species could even have a 
phylogenetic component (Licona-Vera and Ornelas 
2014 2017).

For S. platycercus, based on the niche similarity 
test, we can conclude that there is no significant 
climatic niche similarity (Di Cola et al. 2017) between 
summer and winter niches, given the environments of 
the areas and the seasons that were compared. That 
is, it is possible a selection of different environmental 
conditions between seasons during their migratory 
cycle. This selection could confer certain evolutionary 
advantages to populations (Lincoln et al. 1998). 
A particular case of these advantages has been 
demonstrated in several species of hummingbirds. It has 
been suggested that migration has caused an increase 
in the size of the niche (Battey 2015). Or, as indicated 
by Williamson and Witt (2021), the various forms of 
migration evolved to take advantage of the seasonal 
pulses of resources. Although no genetic differences 
were found within this lineage, Malpica and Ornelas 
(2014) described that migratory hummingbirds were 
larger than sedentary hummingbirds, probably favored 
by climatic conditions that have been recognized as 
a factor that differentiates geographic groups in other 
hummingbirds (e.g., Licona-Vera and Ornelas 2014 
2017; Licona-Vera et al. 2018; Godwin et al. 2020; 
Myers et al. 2021; Rodríguez-Gómez et al. 2021), 
showing an acceptable predictive value. However, 
long-distance migratory populations do not follow the 
same conditions between the reproductive and winter 
seasons could suggest a greater complexity about the 
origin of migratory populations. The idea that most 
of the migratory populations recently originated from 
sedentary populations in Central Mexico due to climatic 
events during the last interglacial period (Malpica and 
Ornelas 2014), could be complemented with another 
set of evidence that explains the divergence of niches 
between the reproductive and winter seasons (e.g., Zink 
and Gardner 2017). In this sense, the fact that the Trans-
Mexican Volcanic Axis is a site with long-distance 
populations that visit during the winter, residents and 
probably summer breeding populations that migrate 
during the winter stands out. These characteristics make 
the area potentially important and highlight the need 

to continue studying seasonal movements on a finer 
scale, which would help clarify local seasonal presence 
patterns and the origin and evolution of migration in S. 
platycercus.

Our analysis assumed that the sample we used 
(n = 1176 occurrence records) was representative of 
the accurate spatial distribution patterns of broad-
tailed hummingbirds during migration. Still, the lack of 
metadata on the annual occurrence of this hummingbird 
species through its distribution makes it impossible to 
infer the results to all populations of the species. Our 
scope of inference is thus limited to the hummingbird 
records used in this study. Several biases are likely to 
present. First, our data were analyzed, excluding the 
populations from the subspecies S. p. guatemalae. Thus, 
our data may misrepresent the accurate distributions 
of all S. platycercus populations during migration. 
Second, this spatial misrepresentation problem is 
exacerbated because we have no data supporting the 
described behaviors related to the reported migration 
patterns, only occurrence data from public databases. 
Thus, our results could be entirely driven by the 
frequency of records in some regions of its distribution 
and confounded by records in the eastern United 
States potentially related to recent expansion and 
misidentifications by data collectors. Although these 
limitations are important, they do not necessarily 
preclude studying the relative differences among 
populations during migration. For the last few years, 
citizen science observations have made around 50% 
of the biodiversity knowledge on the GBIF network 
(Troudet et al. 2017). For example, the eBird dataset is 
by far the most significant contributor. However, despite 
these efforts, it is a fact that knowledge about the 
migratory patterns of hummingbirds is still scarce in the 
literature, which renders our analysis a reasonable first 
attempt at estimating these parameters.

Even though no major threats are known to the 
Broad-tailed Hummingbird, global change impacts are 
particularly pressing in the case of migratory species, 
which are forced to shift their migratory behaviors in 
response to changes in the suitability of their breeding 
and wintering habitats (Wilcove and Wikelski 2008). 
For example, in the U.S., McKinney et al. (2012) 
showed that climate change affects the phenology 
of hummingbird nectar resources. These authors 
characterized west-central Colorado as near the northern 
limit of the breeding range and suggested that continued 
climate change could make the area unsuitable for 
broad-tailed hummingbird breeding. They indicated 
that this climate-change-driven phenological alteration, 
combined with increased warming at lower latitudes, 
could result in an overall shrinkage of the species’ 
breeding range through a contraction at the northern 
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end of the range. These behavioral changes can affect 
these species’ interactive networks throughout their 
migratory routes (Bauer and Hoye 2014). In the case of 
hummingbirds, it has been shown that migrant species 
are vital players that increase plant-hummingbird 
network cohesiveness by interacting with a diverse set 
of plant species (Martín-González et al. 2018; Magrach 
et al. 2020). Thus, obtaining information on climate 
preferences of the niche that shape the migratory 
movements of hummingbirds through their distribution 
is of great importance due to possible impacts on many 
other species, including plants and other pollinators, 
given the interdependencies of species within natural 
communities.
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