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Abstract
Background: The habitat selection strategies followed by migratory populations are a major concern for
conservation and management. Consequently, the ability to predict their distribution and potential
changes in migratory behaviour is a pressing challenge for ecological modelling in a changing world.
There are two main strategies of habitat selection adopted by migratory animals: tracking optimal
conditions or acclimatizing to a changing environment between seasons. In this study, we investigate the
variations in ecological niche of gps-tracked American White Pelicans (AWPE) associated with their
seasonal migration. We also investigated whether recent changes in food resources in their wintering
grounds have exerted an impact on the habitat selection behaviour of AWPE.

Methods: We developed Maximum Entropy (MAXENT) Species Distribution Models (SDM) using data
from GPS-tracked AWPE. We then compared climatic and land-cover niche breadth and overlap between
their breeding and wintering grounds in relation to the facultative migratory behaviour of AWPE.

Results: Our climatic, land-cover, and combined SDMs obtained a high predictive performance. Several
lines of our �ndings support our hypothesis that AWPE habitat selection strategy follows the “niche
switcher” theory. American White Pelicans showed little climatic niche overlap between nesting and
wintering seasons. Migrants in the breeding grounds showed broader climatic niche than residents and
migrants in the wintering grounds. Finally, declines in availability of food resources provided by
commercial aquaculture in their wintering grounds appeared to affect the niche variations of AWPE, with
land-cover niche being narrower before than after the decline in aquaculture.

Conclusions: If AWPE can effectively adapt and occupy different niches when they migrate instead of
tracking suitable climate conditions, this can have important implications in the context of Global
Change, since they might respond unexpectedly to anthropogenic changes, like the recent decline in
aquaculture as a food resource reported here.

Background
Understanding the habitat selection and optimal use of available resources (such as food or shelter) by
species represents a key topic in theoretical and applied ecology (Boyce and McDonald 1999, Manly et al.
2002, McLoughlin et al. 2010, Bell 2012). In recent years, many studies have focused on how animals use
these resources and their ability to adapt to a changing environment (Martin 2001, Araujo et al. 2004,
Hoffmann and Sgro 2011). The classical conception of environmental niche implies that if a set of
conditions (dimension) are used more frequently than expected from availability, they are considered
selected by the organism (Aebischer et al. 1993) and each of these conditions/resources de�nes a
dimension of the ecological niche of that organism (Hutchinson 1957). Given the potential for ecological
niche shifting, studies based on empirical data from migratory populations that can select different
environmental and land-cover niches between seasons may provide more representative scenarios under
which the species are able to change their ranges (Mau-Crimmins et al. 2006).
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Seasonal migration is one of the most important behaviours in animal life cycles, particularly for
avifauna (Berthold 2002). Among these migratory movements, the latitudinal long-distance migrations
between breeding/nesting and non-breeding/wintering grounds (Cox 1985, Newton 2008) represent an
ideal scenario to study variations in the ecological niche of these species as well as their seasonal
acclimatization to different environmental conditions throughout their annual life cycle. Much has been
debated on the origin of migration and its evolution (Marini et al. 2013, Gomez et al. 2016, Winger et al.
2019). Migratory birds face the situation of living in different environments during different seasons. The
strategy that migratory birds follow to deal with this physiological challenge will vary between two basic
extremes: they either track a single set of conditions year-round (“niche tracker”) or adapt to the new
environment when changing from one ecological regime to another (“niche switcher”) (Nakazawa et al.
2004, Laube et al. 2015). For niche “switchers” (sensu Nakazawa et al. 2004), migration is ultimately not
motivated by tracking optimal conditions. Niche switchers are better prepared to adapt to changing
conditions, and therefore have a much broader ecological niche (Wiens et al. 2010). As an opposite
behaviour, niche trackers are expected to have more constant, narrow niches throughout the year (hence,
greater niche overlap between seasons) for the dimension they are forced to track.

Ultimately, evidence for whether migrating populations track or adapt to climatic conditions between
different seasons can be found in their niche breadth and the amount of overlap between the climatic
conditions they experience between these seasons (Nakazawa 2013). However, for many migratory
species, the niche selection strategy in their migration is not known; consequently, little is known about
their ability to cope with the ongoing climate and land use changes. This is the case of our study species,
the American white pelican (Pelecanus erythrorhynchos, hereafter AWPE), which has a substantial
economic importance due to its alleged impacts on human activities such as aquaculture (King 2005).
Approaches to studying long distance migration include year-round surveys of speci�c localities (e.g.,
Breeding Bird Survey system [Sauer et al. 2017], Remsen and Parker 1990) or tracking of individuals
through their migratory route (e.g., Davenport et al. 2012). In this study, we based our analyses on data
from 36 AWPE that were equipped with GPS tracking devices.

American white pelicans are divided into eastern and western metapopulations by the Continental Divide
(Anderson and King 2005). We focused on the eastern metapopulation of the AWPE, which shows a
facultative, mid-range migration between the Northern Great Plains (the nesting grounds) and the
Southern Gulf of Mexico (the wintering grounds) along the Mississippi and Ohio River Valleys (King et al.
2017, Shannon et al. 2002). The mechanisms that control this facultative migration (e.g. resident
individuals at the wintering or nesting grounds year-round) is still unknown (King et al. 2017). Since the
1990’s, AWPE has been known to use commercial aquaculture ponds consistently for feeding primarily on
cat�sh (King 2005). Because of relatively shallow depth and high density of food resources, �sh ponds in
Alabama, Arkansas, Louisiana, and Mississippi, USA, provide an ideal foraging environment for the AWPE
(Glahn et al. 1995, King and Werner 2001, King et al. 2010). The aquaculture industry had expanded with
an increase in water acreage from 1980 until 2005, when a sharp decline ensued from rising feed prices
and declining �sh prices. The south-eastern US is the predominant region where AWPE populations have
their wintering grounds (King et al. 2016). Furthermore, there has been a consistent decline in



Page 4/23

precipitation for temperate climates (Walther et al. 2002, IPCC 2014), which may be exacerbated in the
southern part of North America (Seager et al. 2007). The alterations of water regimes, in conjunction with
changes in land use, are likely to affect the habitat selection and land-cover niche of waterbirds such as
the AWPE. For these reasons, we investigated the potential effects of the reduction in aquaculture
activities in the wintering range of AWPE on their habitat selection patterns, with the expectation that
AWPE may look for alternative food and shelter resources where the aquaculture water acreage has
declined.

We propose the following research questions in this study: (i) is the migratory behaviour of the studied
AWPE populations better explained as niche trackers or niche switchers? (ii) do migratory populations at
the breeding grounds show wider climatic niche but narrower land-cover niche (temporally more
stationary) in comparison to the wintering grounds and the resident populations? (iii) is there a greater
land-cover niche overlap than climatic niche overlap between the AWPE in breeding and wintering
grounds? and (iv) has the land-cover niche of the AWPE in the wintering grounds expanded after the
decline of aquaculture activities?

To answer these questions, we developed species distribution models in conjunction with measurements
of niche similarity and breadth to predict the geographic distribution of the AWPE and to examine
differences in their ecological niches between breeding and non-breeding grounds. We characterized the
suitable habitats of these populations using climatic and land cover variables, and predicted the potential
distribution of AWPE in North America and the niche breadth and niche overlap for both breeding and
non-breeding populations. We account for environmental differences to address questions on ecological
niche variation and habitat selection conducted across large spatial scales.

Methods
The study area included the entire geographic distribution range of the eastern metapopulation of
American white pelicans in North America (Fig. 1). We used data from 36 AWPE satellite tracked for one,
two or a maximum of three years from 2002 to 2010 (King et al. 2016) and analysed the recorded
locations in their breeding grounds (only migrants) and non-breeding grounds (including migrants and
year round residents). Potential usefulness of satellite tracked animal data in Species Distribution Models
(SDMs) has been increasingly addressed in the scienti�c literature (Jiguet et al. 2011), where even a
limited number of tracked individuals can produce accurate and reliable predictive models (Gschweng et
al. 2012). However, examples of reliable SDMs based on satellite tracked animals are still scarce
(Gottschalk et al. 2005, Jiguet et al. 2011, Bridge et al. 2011). In addition, most SDMs are developed using
static, sparse data (museum, collections and/or observational counts) which are susceptible to bias in
sampling intensity and detection ability (Gschweng et al. 2012). Conversely, satellite tracked data are
mostly free of these problems (Hebblewhite and Haydon 2010). In our study, the number of tracked
individuals is well above the minimum suggested (6) which is generally accepted to minimize the
limitations of bias resulting from behaviour of speci�c individuals rather than the entire population
(Aebischer et al. 1993, Proosdij et al. 2016).
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To control for spatial bias and unbalanced number of tracked locations per individual (Phillips et al.
2006), we found the individual with the smallest number of locations, and reduced the number of
locations of the other individuals to equal it by randomly selecting from all available locations. We also
resampled each subset of presence records so each location was separated from the nearest one by a
minimum of 5 kilometres. For the objectives of this study, we combined the location of the migrants and
the residents at the wintering grounds during winter into one unique population. We �rst analysed,
however, the two groups separately (migrants in winter and residents), and the results of model �tting and
niche analyses did not differ in either direction or signi�cance. Thus, in further analyses, we considered
and compared breeding versus non-breeding populations. Because we wanted to analyse the use of
habitat by AWPE in their breeding and wintering grounds, we excluded from analyses the tracking
locations during seasonal migration. A given individual was considered in spring migration (departure
from wintering range) when it crossed 35oN latitudinal line northward, de�ned as the northern boundary
of the wintering range, until it reaches the breeding grounds (see King et al. 2017), and vice versa in
autumn. For the purposes of this study, we assumed that migration ended when the given individual
entered the breeding (spring) or wintering (autumn) region and began moving locally as it searched or
settled into a particular breeding site (King et al. 2017). In addition, and to ensure that we exclude from
analyses those locations where AWPE were �ying at higher altitude above ground, we also excluded from
analyses those locations in the upper decile of �ying speed (Gutierrez Illan et al. 2017). In order to test for
the effects of aquaculture in the AWPE wintering range, we divided our bird data into two subsets of
satellite-tracked locations, before and after the peak of aquaculture activities in the region (here used as
2005). All comparative analyses were based on models developed with these two sets of data (pre- and
post-aquaculture) with the expectation that species distribution models will show different contribution of
predictor variables (particularly land cover) before and after the aforementioned peak of aquaculture.
There were limited individuals for migrants in winter after the peak of aquaculture, and that was the main
reason why we combined migrants in winter and residents in one group for further analyses.

Environmental variables
We used two types of predictor variables in raster format: (i) Climatic (14 variables) and (ii) Land cover (5
variables). Variable multicollinearity in ecological modelling can be an important problem because the
effects on the response variable can be due to either true synergistic relationship among the predictors or
spurious correlations (Graham 2003). To account for multicollinearity, we used a backwards stepwise
process to calculate the variance in�ation factor (VIF) with the initial pool of 19 predictor variables, and
only selected those below a value of 4 (O´Brien 2007, Kock and Lynn 2012). With the resulting set of
variables, we calculated a correlation matrix (Pearson’s r) and discarded those showing values above 0.7.
Before the analyses, all environmental layers were resampled to correspond to the 30 arc-seconds grid
cell size of the environmental variables with coarser resolution (Merow et al. 2013).

Climate: Climatic variables were obtained from the WorldClim (version 2) database (Hijmans et al. 2005;
http://www.worldclim.org), which provides a variety of monthly climatic data averaged over the years
1970–2000. Two main reasons persuaded us to develop our models based on the WorldClim data
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source. First, wind direction and strength is one of the main drivers of AWPE movements and behaviour
(Gutierrez Illan et al. 2017) and none of the alternative climate data source include data on wind currents
at the desired spatio-temporal scale, which was considered a serious limitation. Second, we regressed
data obtained from two alternative climate sources, Climate Research Unit (CRU) of University of East
Anglia (Harris et al. 2014) and PRISM from Oregon State University (PRISM Climate Group 2012) against
same variables from WorldClim data and found that the correlations were highly signi�cant (R2 > 0.8; p < 
0.001 in all cases) which led us to believe that the results would not have changed neither qualitatively
nor quantitatively if alternative climatic data sources would have been used.

The choice of climate predictors re�ected energy and water constraints on the distribution range of birds.
We initially selected the following variables for the warmest (July) and coldest month (January), which
accounted for the time of the year when the pelicans were in the breeding and wintering ranges:
minimum, maximum and average temperature, total precipitation, solar radiation, water vapour pressure
and wind speed.

Land cover: We used North American Land Change Monitoring System (NALCMS, 2005; Homer et al.,
2015) (https://landcover.usgs.gov) based on MODIS satellite imagery to obtain the land cover data. The
classi�cation of land cover types is designed in three hierarchical levels using the Food and Agriculture
Organization (FAO) Land Classi�cation System (Homer et al, 2015). Given the importance of the presence
of water for our study species, we used a variable called “wetlands” (which discriminates between
different types of wetlands) from the Global Lakes and Wetlands Level 3 Database (GLWD-3) (Lehner and
Döll, 2004). We also calculated the variable “distance to water” as the Euclidean distance from every
tracked location to the nearest permanent water body. For each individual and for each tracked location
point we extracted the land cover variables selected for analyses using ArcMap spatial analyst (ESRI,
2014).

Modelling and statistical analysis
We aim to identify the main factors de�ning the potential distribution of AWPE in North America by
developing climate, land use and climate-land use combined models based on their ecological niche
requirements. To achieve this, we used the Maximum Entropy Model (MAXENT) for the SDM of AWPE
(Phillips et al. 2006). MAXENT software was chosen because it has been shown to outperform other
algorithms (i.e. GARP, CART) for building SDMs from presence-only data (Elith et al. 2006) and it is
designed to integrate with GIS software thus making data input and predicted (mapped) output easier to
handle (Elith et al. 2010). It compares presence locations with randomly selected points to �nd the largest
spread (maximum entropy) of the current conditions relative to an available 'background' of
environmental variables, in order to create maps of habitat suitability for each grid cell across the study
region and determine the contribution of each environmental variable to a species occurrence. Maximum
entropy is essentially the same as maximizing the log likelihood of the data associated with the presence
sites minus a penalty term, conceptually similar to information criteria like Akaike Information Criterion
(AIC) (Akaike 1973).
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As recently proved by Renner and Warton 2013, MAXENT is equivalent to a Poisson point regression and
therefore is related to Poisson Point Process Model (PPM) for spatial count data, depending only in the
intercept term (which is scale-dependent in MAXENT). Consequently, we changed MAXENT default
settings following recommendations from Renner et al. 2015 to develop our PPM with presence-only data
derived from our satellite tracked AWPE. Hence MAXENT setting was set to retain presence records in the
same cell. Then, the raw output (not the default logistic output) can be interpreted as a relative intensity,
proportional to a Poisson PPM intensity. All other MAXENT settings relating to model construction were
left at their default values. For each of the populations (breeding versus non-breeding), we built MAXENT
models using the resampled number of locations standardized by the minimum number of locations for
a given individual. We used 10,000 randomly selected background locations for MAXENT. Thirty percent
of occurrence records were withheld from each model to be used as independent testing data in a cross
validation. For our models, background points were selected within the boundaries of the breeding and
wintering grounds of the AWPE eastern population, respectively, following King et al. (2016). Then we
projected the models to Canada, the United States, and the Southern Gulf of Mexico to cover all areas
potentially reachable by the eastern metapopulation of the AWPE. The overall performance of models
was evaluated via the True Skill Statistic metric (TSS) (Allouche Tsoar and Kadmon 2006). We calculated
the TSS for each of our models from the MAXENT output using “rocr” (Sing et al. 2005) and “boot” (Canty
and Ripley 2017) statistical packages in R (R Development Core Team 2017). TSS takes into account
both omission and commission errors, and ranges from − 1 to + 1, where + 1 indicates perfect agreement
and values of zero or less indicate a performance no better than random. In contrast to other
performance scores (e.g. kappa), TSS is not affected by either prevalence or the size of the validation set
(Allouche et al. 2006). We performed a 10-fold cross-validation procedure and calculated the average TSS
values for each model.

Alternatively, we used the Area Under the threshold-independent Receiver-Operating Characteristic (ROC)
Curve (AUC) in order to compare between the performance of the model types. The AUC metric has been
widely used to compare model type performance between the same species and geographical context
(e.g. Araujo and Guisan 2006, Marmion et al. 2009, Deblauwe et al. 2016), although potential limitations
have also been identi�ed (see Lobo et al. 2008). These values range from 0.5 to 1.0, with 0.5 indicating �t
to the data no better than random, 1.0 indicating perfect model performance, and values > 0.9 indicating
high �tting to data (Pearce and Ferrier 2000).

We calculated the niche overlap of the selected populations using the I statistic implemented in
ENMTOOLS (Warren et al. 2008, 2010) and also calculated Schoener’s D (Schoener 1968). Both metrics
are based on a species suitability score in each grid cell after suitabilities are standardized and range
from 0 to 1, with 0 indicating no niche similarity between species and 1 indicating complete similarity
(Broennimann et al. 2012, Warren et al. 2008). Following an analogous protocol, we calculated the niche
breadth of the populations (Quintero and Wiens 2013) using the Levin’s concentration metrics
implemented in EMNTOOLS. This statistic takes the habitat suitability values for each grid cell across the
range and calculates niche breadth according to the inverse concentration. The Levin’s concentration
metric also ranges from 0 to 1, indicating minimum to maximum niche breadth, respectively. We
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developed 10 MAXENT models for each of the wintering and breeding AWPE populations and then
calculated the niche breadth and niche similarity (overlap) between them via Levin’s metric and
Schoener’s D and I statistic respectively (Warren et al. 2010).

Results
The �nal numbers of locations per individual selected for analyses were: 96 locations for migrants during
winter, 193 for migrants during breeding seasons and 114 for residents at the wintering ground. The
number of individuals that satis�ed criteria for analyses were: 19 migrants in breeding season (8 pre-
aquaculture; 11 post-aquaculture); 19 migrants in winter (7 pre; 12 post); 11 residents (8 pre; 3 post).
Migrants during winter and residents were combined into a non-breeding population and treated as a
unique group to increase sample size in further analyses. After the variable selection process (via VIF and
multicollinearity matrix), the resulting �nal set of explanatory environmental variables (4 climatic and 4
land cover) is listed in Table 1.

Table 1
List of �nal environmental variables included in the habitat suitability modelling of American white

pelicans.

Environmental variable Code Mean (min-
max)

Original
resolution

Source Units /
classes

a) Climatic
Minimum Temperature
(July)
Total Precipitation (July)
Total radiation (July)
Wind speed (January)

tmin07
ppt07
rad07
wind01

11.3 (-21.7–
40.8)
71.2 (0–967)
20305 (123–
28340)
3.5 (0.5–19.1)

30 arc-sec
30 arc-sec
30 arc-sec
30 arc-sec

Worldclim
Worldclim
Worldclim
Worldclim

ºC
mm
kJ/m2

day
m/s

b) Land cover
Distance to water
2005 land cover
Land cover change (2005–
2010)

hidro
lc2005
lchange

17.3 (0–174.5)
categorical
categorical

250 m
250 m
250 m

USGS
MODIS
MODIS

km
16
NA

Wetlands wetland categorical 30 arc-sec GLWD 10

Model performance evaluation in the 10-fold cross-validation showed TSS values above 0.64 for all
model types (Table 2), which are considered very good performance for SDM (Allouche et al. 2006). The
average AUC values of the three different model types ranged from 0.848 to 0.949 (Fig. 2; Fig. S1), which
is considered high to excellent in terms of model �tting (Fielding and Bell 1997, Manel et al. 2001). The
evaluation results indicated that all the models successfully discriminated presence from background
locations, and strongly rejected the null hypothesis that test points are no better than a random prediction
for all thresholds implemented in MAXENT. Model comparison showed that climate and combined
models performed marginally better than land cover models (Table 2; Fig. 2) but the difference in
performance was not qualitatively different.
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Table 2
Results of the model evaluation of American white pelican habitat suitability using the True Skill Statistic

(TSS). Average values for the 10 replicates and the associated standard deviation are shown for each
model type.

Model Pre-aquaculture Post-aquaculture

a) Breeding
Climatic
Combined
Land cover

0.841 ± 0.012
0.806 ± 0.029
0.654 ± 0.053

0.872 ± 0.031
0.853 ± 0.024
0.662 ± 0.037

b) Non-breeding
Climatic
Combined
Land cover

0.902 ± 0.022
0.898 ± 0.023
0.637 ± 0.060

0.901 ± 0.033
0.893 ± 0.026
0.644 ± 0.048

Figure 1. Map of the geographical context of the study system showing land cover types and
American white pelicans (AWPE) GPS-tracked locations separated in three populations: Migrants in
breeding range (black dots); Migrants in wintering range (white dots) and residents (blue dots).

Figure 2. Results of the Maximum Entropy (MAXENT) models of the seasonal geographic range
distributions of American white pelicans (AWPE). Maps show in warmer colours the higher
environmental suitability for each model type and each range.

Figure 3. Seasonal niche analyses of niche tracking and switching in American white pelicans.
Columns show the niche overlap between breeding and non-breeding populations (panel a) and niche
breadth (panel b) for each model dimension and each population, before (blue) and after (grey) the
decline of aquaculture activities in the region. Niche overlap is measured via Schoener’s D (D) and the
I statistic (I), whereas niche breadth is measured via the Levin’s concentration metrics in all cases.

Figure 1

The similarity measures (overlap) between the breeding and non-breeding populations was much greater
for the land cover niche than for the climatic niche (Fig. 3a). Mean I statistic was 0.23 for climatic niche
versus 0.78 for land cover niche (Schoener’s D: 0.08 versus 0.54). Our results showed the lowest niche
overlap for combined models, which appears to be more in agreement with the niche switcher hypothesis
(Fig. 3a).

Niche breadth analyses revealed the breeding population showed a greater climatic niche breadth (pre-
aquaculture: 0.070 ± 0.001; post-aquaculture: 0.055 ± 0.001) than the non-breeding population (pre-
aquaculture: 0.025 ± 0.001; post-aquaculture: 0.022 ± 0.001) (paired t-test, P < 0.01, n = 10), but the
difference between pre and post aquaculture was not statistically signi�cant. In the case of land cover
models, the breeding populations showed a signi�cantly narrower niche (pre-aquaculture: 0.061 ± 0.005;
post-aquaculture: 0.232 ± 0.007) than the non-breeding populations (pre-aquaculture: 0.113 ± 0.001; post-
aquaculture: 0.251 ± 0.001) (paired t-test, P < 0.01, n = 10). Land cover niche breadth signi�cantly differed
before and after the decline in aquaculture activities, for both breeding and non-breeding populations
(paired t-test, P < 0.01, n = 10) (Fig. 3b). Finally, niche breadth for combined models was also signi�cantly
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wider for breeding than non-breeding populations (paired t-test, P < 0.05, n = 10), but there was no
statistically signi�cant difference between pre and post aquaculture peak of activity.

Discussion
Ecological niches need to be considered dynamic entities over the seasonal cycle of migrants in order to
better understand the temporal variability of individual and population needs (Martınez-Meyer et al.
2004). In our study, we developed species distribution models and analyzed the ecological niches of
AWPE populations in two different phases of their annual life cycle. Our tracking results show high
consistency with the known distribution of AWPE in North America (Knopf and Evans 2004, Rodewald
2015). More crucially, we found seasonal differences in their ecological niche patterns. Climatic, land
cover and combined models demonstrated very high predictive power of the AWPE distribution (TSS
ranged from 0.64 to 0.90; AUC ranged from 0.85 to 0.95); however, the niche patterns described by the
climate, landcover, and climate-landcover combined models differed considerably indicating different
roles of these habitat dimensions.

The results of our study indicated that the migratory behavior of the AWPE was better explained by the
climatic “niche switcher” than the “niche tracker” hypothesis. Several study �ndings support this
conclusion. First, the climatic niche suitability models estimated little overlap between the breeding and
the winter ranges (Fig. 3a) indicating that climatic conditions were substantially different between the
two ranges, but land-cover niche overlap was much greater indicating that pelicans tended to select
similar land cover between the wintering and nesting grounds. Second, climatic niche breadth was greater
in the breeding grounds than in the non-breeding grounds indicating the ability to adapt to different
climatic conditions. Finally, AWPE showed a narrower land-cover niche breadth before compared to after
the decline in aquaculture activities.

In the current literature there are examples of studies that were able to identify climatic “niche trackers”
that follow the same climatic conditions year-round (e.g. Joseph and Stockwell 2000, Nakazawa et al.
2004, Gomez et al. 2016), as well as “niche switchers,” which switch climatic niches between seasons
(Marini et al. 2013, Laube et al. 2015). Recently there has been a strong debate over this question and it is
still unclear whether migrants are forced to switch niches due to geographical climatic variability between
breeding and non-breeding regions (often not allowing for climatic niche tracking) or they actively do so
by selecting climatically distinct environments in different seasons (Warren et al. 2008, Broennimann et
al. 2012). Independent results from different studies should be interpreted cautiously because of
differences in the amount and types of spatial distribution data among the studies. For example, Gomez
et al. 2016 found predominant niche tracker behavior in migrant warblers. In that study, they emphasized
the necessity of incorporating data on population-level geographical ranges, migratory connectivity and
actual migration routes in order to accurately interpret the true breeding and non-breeding range of
species as well as the migration paths followed by the birds. Here we presented a study that dealt with
these questions based on year-round distribution and migration routes at population and individual level.
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This study rejects the hypothesis that migratory behavior of AWPE would be motivated by tracking
climatic conditions between the nesting and wintering grounds, where the individual would experience a
restricted range of environmental conditions (Shaw and Couzin 2012). On the contrary, AWPE appear to
switch climatic niches between seasons, which sheds light on the evolutionary origin of their facultative
medium-distance migration (Kendall et al. 1996, Bell 2000). Results presented in this study seem to
support the hypothesis that the harshness of late summer and autumn temperatures at the nesting
grounds forced AWPE to face the decision of leaving at the cost of increasing mortality risk and energy
expenditures in the migration, or staying at the cost of reduced survival under extreme climatic
conditions, but it might not be enough to trigger migratory behavior (Salewski and Bruderer 2007, Winger
et al. 2014). Unlike some passerine species (Gomez et al. 2016), AWPE do not seem to compensate the
migration costs by the physiological bene�ts of living under the same climatic conditions (Wiens and
Graham 2005). The tendency to track climatic niches across seasons in breeding populations may be
partially explained by their wider climatic niches relative to that of residents and wintering populations
(Fig. 3b) as well as by their life experience of climatic changes forcing them to search for more favorable
conditions (Louchart 2008). The reasons to migrate may be more related to the higher reproductive
success in the breeding grounds accompanied by less predation risk (Alerstam et al. 2003, Mckinnon et
al. 2010) and by processes related to biotic interactions (Lawson and Weir 2014) and dispersal ability
(Laube et al. 2013). This may help explain the facultative migration observed in some AWPE individuals,
who completed the migration one year but remained in the wintering grounds the following one. Thus, the
decision of facing migration or staying in the non-breeding grounds must be subject to a tradeoff
between migration (individual) cost and long-term survival.

Consistent with the “niche switcher” hypothesis, individuals in the breeding range showed broader
climatic niche than those in the non-breeding range. Land-cover niche was narrower in the breeding range
than in the non-breeding range. This result may also re�ect the temporal stationarity of land cover
conditions in comparison to climate (Currie et al. 2017, see Broennimann et al. 2012). Migrants will need
to adapt to changing climate conditions at the nesting grounds, whereas residents and individuals in the
wintering grounds will face less climatic variability (Marini et al. 2013, Laube et al. 2015, Pérez-Moreno et
al. 2016).

There was a much greater overlap in land-cover niche between the breeding and non-breeding
populations in comparison with the climatic niche. The low climatic niche overlap between breeding and
non-breeding grounds suggests that a hypothetical overwintering on the breeding grounds would require
physiological tolerance deviations that will expose AWPE to unproductive winters (Gomez et al. 2016).
This is probably the reason why the tendency of the facultative migration strategy is to remain in the
wintering grounds when the physiological condition of the pelican is not optimal (e.g. immature or weak
individuals).

Finally, our �ndings supported our expectations that the recent drastic decline in aquaculture activities
starting around 2005 (King 2005) had impacted the land-cover niche of the AWPE populations. We found
that land-cover niche breadth had expanded considerably at the wintering grounds after 2005, suggesting
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that AWPE were forced to �nd new sources of nourishment and/or shelter due to the disappearance of
the aquaculture ponds. However, we also found land-cover niche expansion in the nesting grounds. A
plausible explanation is that migrants will show change in land-cover niche during their breeding season
as a carryover from the wintering grounds. We believe this is one of the most important results of the
present study, and has considerable economic implications for the �sh farming in the South-eastern US
since these aquacultural activities, apart from being an economic driver in the region, may be acting as a
sustainable system to maintain viable long-term populations of AWPE. Finding a balance between the
economic viability of aquaculture and the maintenance of the near perfect foraging habitats for the
pelicans and other commensal species of waterbirds seems crucial for the sustainability of the
ecosystem (Murphy 2005, King and Anderson 2005).

Conclusions
The present study addressed important concerns in the conservation and future management of AWPE
populations regarding their ability to cope with ongoing climate change. Our results suggest that AWPE
might respond unexpectedly to global change, as they might not track climatic changes (Barbet-Massin et
al. 2009), but adapt to new conditions in similar environments, changing their migratory patterns and/or
geographical distribution, like other taxa (Hickling et al. 2006, Marini et al. 2009). Furthermore, if global
change has an impact on habitat availability, as predicted for some future scenarios (IPCC 2014), existing
migration routes and migration strategies may disappear due to alterations in the migration paths and/or
stopover sites. Further research should explore how recent climate changes will potentially affect the
facultative migratory behaviour and how this condition evolves under such complex constraints.
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Figures

Figure 1



Page 21/23

. Map of the geographical context of the study system showing land cover types and American white
pelicans (AWPE) GPS-tracked locations separated in three populations: Migrants in breeding range (black
dots); Migrants in wintering range (white dots) and residents (blue dots).

Figure 2

Results of the Maximum Entropy (MAXENT) models of the seasonal geographic range distributions of
American white pelicans (AWPE). Maps show in warmer colours the higher environmental suitability for
each model type and each range.
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Figure 3

Seasonal niche analyses of niche tracking and switching in American white pelicans. Columns show the
niche overlap between breeding and non-breeding populations (panel a) and niche breadth (panel b) for
each model dimension and each population, before (blue) and after (grey) the decline of aquaculture
activities in the region. Niche overlap is measured via Schoener’s D (D) and the I statistic (I), whereas
niche breadth is measured via the Levin’s concentration metrics in all cases.
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