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Abstract

Defense, vigilance, and optimal foraging are frequently related to the formation of flocks
in birds. Few studies concerning long-distance migrant shorebirds analyzed whether phy-
logeny and ecological similarities of species are associated with the formation of hetero-
specific flocks. Here, we explore (1) the niche conservatism theory, (2) the competition-
relatedness hypothesis, and (3) the niche construction hypothesis to explain the formation
of wintering Nearctic-Neotropical heterospecific shorebird flocks in the southeastern coast
of Brazil. In the first, closely-related species keep their ecological traits over time. In the
last two hypotheses, ecological dissimilar and distant-related species may coexist due to
strong biotic interactions. Our results discard the influence of relatedness between species
and/or phylogenetic filtering signals that could act in the formation of heterospecific flocks.
Co-participation of species in flocks is explained by similarities in body weight and tar-
sus length, which invokes the niche construction hypothesis. Probably, some similar-sized
and niche-constructing species are relocating in space and changing the environment that
they experience to optimize individual capacity to flee from predators. From an ecological
perspective, numerous phenotypically similar species with redundant roles could lead to
greater resilience of the community under anthropogenic disturbances. From an evolution-
ary perspective, different species with similar phenotypes may diminish costs of activity
matching and augment individual fitness.
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Introduction

The understanding of niche-related traits among species is often a key to interpret biotic
and abiotic mechanisms behind community assemblies (Darwin 1859; Hutchinson 1957;
Holt and Gaines 1992; Che et al. 2019). The niche conservatism theory predicts that spe-
cies keep their fundamental niches and related ecological traits over time (Harvey and
Pagel 1991; Peterson et al. 1999), thereby abiotic filtering effects may assemble species
with similar morphological/physiological functional traits (Webb et al. 2002; Wiens and
Graham 2005; Wiens et al. 2010). If these assumptions are supported for closely-related
species, then phylogenetic diversity adequately estimates the functional diversity of an
assemblage (Wiens et al. 2010; Swenson 2014). By contrast, according to Darwin’s com-
petition-relatedness hypothesis (Darwin 1859), strong biotic interactions (e.g. competition)
inherent from realized niches of species may cause phylogenetic over-dispersion and dis-
similar species may coexist (Cahill et al. 2008; Mayfield and Levine 2010; Che et al. 2019).

Species may also assemble in flocks because of the relocation of individuals with
recipient traits that promote benefits in living together, evidence of niche construction,
and facilitation (Odling-Smee et al. 2003; Harrison and Whitehouse 2011; Sridhar et al.
2012; Goodale et al. 2020). The niche construction concept has been usually employed
for ecosystem engineer species, such as beavers, earthworms or ants, which modify their
physical environment and turn natural regime to the benefit of future and adapted genera-
tions of species (Folgarait 1998; Wright et al. 2002; Hastings et al. 2007). More recently,
ecologists have pointed that the systematic presence of species with recipient traits (e.g.,
body size, plumage color, foraging behavior) may influence interactions with other spe-
cies and drive coevolutionary events, thus leading to niche construction by relocation or
movements between areas (Odling-Smee et al. 2003; Laland and Boogert 2008; Harrison
and Whitehouse 2011). As consequences of a decision to associate with other species, an
individual may create social conditions that benefit individual fitness such as optimization
of antipredator defense strategies or facilitation access to resources. Therefore, the sim-
ple presence of individuals over time influence biotic mechanisms that shape their ecol-
ogy and behavior as well as other interacting species (Laland and Boogert 2008; Harrison
and Whitehouse 2011). In this sense, the evolution of recipient traits that mediate biotic
interactions depends upon the frequency of association between species over generations
(Laland and Sterelny 2006).

A flock is characterized by a group of individuals that exhibit cohesion and then social
interaction among its members (Nichols 1931; Powell 1974). The Nearctic-Neotropical
shorebirds are obligated migrants that flee from inhospitable winter conditions in their
breeding grounds often forming heterospecific flocks (or mixed-species flocks) in south-
ern regions (Burger et al. 1977; Newton 2012; Cestari et al. 2020). Flocking individuals
forage and rest in stopover and staging sites along their migratory routes from North to
South wintering areas in the Americas (Morrison 1984; Skagen 2006). Therefore, species
co-adaptation derived by their relocation and interactions in flocks during thousands of
years of migration using the same flyways probably also help to explain why they form
heterospecific flocks.

Some biotic mechanisms derived from behavioral interactions between individuals, e.g.,
individual safety and feeding maximization because of collective caution and decreased
intraspecific competition are pointed as main reasons of shorebird species to form het-
erospecific flocks (Recher and Recher 1969; Metcalfe 1989; Beauchamp 2012; Cestari
et al. 2020). Nevertheless, abiotic filtering effects also may assemble species with similar
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morphological/physiological functional traits and the discovery of phylogenetic signals in
these traits is a key to understanding patterns of species aggregation (Mayfield and Lev-
ine 2010). Here, we analyzed abiotic and biotic mechanisms directing co-participation
of Nearctic-Neotropical shorebird species in heterospecific flocks in a coastal wintering
region of beaches in southeastern Brazil. We hypothesized that phylogeny should indicate
that relatedness among species may act in the formation of heterospecific flocks thus cor-
roborating with the phylogenetic niche conservatism theory. If so, we also expect that some
traits (e.g., weight, lengths of the bill and tarsus) linked to the fundamental niche of species
should present phylogenetic signals and explain the formation of flocks. In the absence of
relatedness and/or phylogenetic signal, we expect that the competition-relatedness and/or
niche-construction hypotheses should be corroborated and all or some of the above traits in
consonance with negative and/or positive biotic interactions between species are acting in
the formation of heterospecific flocks.

Material and methods
Study area

We conducted the study in a nearly 9 km of beaches in southeastern Brazil (24°13'28.9" S
and 46°51'20.2" W to 24°16'23.4" S and 46°55'52.1" W). Beaches are next to residential
properties and native restinga vegetation. They were uniformly flat with 87 +9 m width
during low tide and presented compact, moist sand at the largest portion where the tide
reaches, and soft, dry sand at a small extent out of reach of the tide (approximately 10 m)
(Cestari et al. 2020). Climate is Af type (rainy tropical climate) with an average annual
temperature of 21 °C, rainfall above 2000 mm/year, and relative humidity over 70% (Kop-
pen 1948). From November (local late spring) to April (early autumn), Nearctic-Neo-
tropical migratory shorebirds use the region as a stopover area during the southward and
northward movements, respectively. The American Golden Plover (Pluvialis dominica),
Red Knot (Calidris canutus), Ruddy Turnstone (Arenaria interpres), Sanderling (Calid-
ris alba), Semipalmated Plover (Charadrius semipalmatus), and White-Rumped Sandpiper
(Calidris fuscicollis) have long been recorded in sympatry in intraspecific and/or hetero-
specific flocks in wintering coastal habitats in the North and South American Hemispheres
(Vooren and Chiaradia 1990; Hubbard and Dugan 2003; Barbieri 2007; Burger et al. 2007,
Cestari 2015). Among these species, the Semipalmated Plover (C. semipalmatus) is one
of the few plovers whose numbers are stable in the Americas probably due to its ecologi-
cal and behavioral versatility (Morrison et al. 2006; Cestari 2009; BirdLife International
2016).

Sampling design

The Nearctic-Neotropical migratory birds were opportunistically recorded participat-
ing of heterospecific flocks during their north-southward (post-breeding) migration, from
November to February of 2005-2006 (15 non-consecutive days), November to February
of 2009-2013 (40 non-consecutive days), and in January 2019 (5 non-consecutive days),
totaling 60 days of bird surveys in 21 months. We defined flock as a group of individu-
als distanced up to 5 m from each other that exhibit cohesive unidirectional movements
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in flight (Powell 1974; Cestari 2015). Flocks were registered during the morning (8:00 to
11:00 h) or late afternoon (16:00 to 18:00 h) by one observer that used a bicycle and tried
to maintain 10 km/h average speed to move along 9 km of beach stretches. When a feed-
ing or resting shorebird flock was encountered, the observer briefly (no more than 2 min)
annotated the species richness and the number of individuals per species. As shorebirds
frequently use the stopover area for short periods (2-3 days) during southward and north-
ward migrations (CC, pers. obs., monitoring banded shorebirds in the area), we adopted a
minimum interval of three days between samplings; intervals with an absence of bird sam-
plings lasted from 3 to 11 days. All the above procedures minimized the likelihood of sam-
pling the same flocks. It was impossible to record data blind because our study involved
focal animals in the field.

Phylogenetic trees of Nearctic-Neotropical migrants participating in heterospecific
flocks were obtained from the phylogeny of the world’s bird species website https://birdt
ree.org (Jetz et al. 2012). Although this phylogeny was not built using genetic data for all
species, this is an online source that represents the most comprehensive phylogenetic data
for modern birds (Sebastidn-Gonzalez and Green 2017; Che et al. 2019). We sub-sampled
2,000 trees “Ericsson All Species: a set of 10,000 trees with 9993 OUT each” and cal-
culated the maximum clade credibility (MCC) tree using the phangorn R package. MCC
tree uses Bayesian phylogenetic inference that produces the most likely phylogenetic tree
considering the 2000 sub-sampled trees. Then we used the ape R package to extract the
phylogenetic variance—covariance matrix (VCV) from the MCC tree assuming the Brown-
ian Motion Model. In VCV, off-diagonal values estimate the expected covariance in the
trait values between species that participated in heterospecific flocks. High off-diagonal
values mean that pairs of species are closely related (Swenson 2014). We also created a
matrix with co-participation frequency between pairs of species in heterospecific flocks.
Co-participation frequencies between pairs of species were corrected for the relative abun-
dance of the species that participated in flocks in the area during the period of study. The
relative abundance of a given species was calculated considering its number of individuals
divided by the total number of individuals of all species that participated in heterospecific
flocks. This procedure was taken to avoid bias concerning species with different population
sizes in further analyses. For example, a common species ‘A’ with 0.79 relative abundance
in the area that interacted five times with a rare species ‘B’ with 0.06 relative abundance
had 5 X 0.79 x 0.06=0.24 co-participation frequency. Co-participation frequencies were
correlated to the VCV pairwise species values to know if co-participation is related to their
relatedness.

We selected three non-correlated functional traits (body weight, bill and tarsus lengths)
that must represent the niche dimensions of shorebird species. The average weights of spe-
cies were compiled from Dunning-Jr. (2008). The average bill lengths and average tarsus
lengths of species were compiled from Schultz-Neto et al. (2008) and Jukema et al. (2015).
We used Blomberg’s K (applying the Brownian Motion Model) to discern if these traits
(jointly or separately) explain the structure of the MCC tree, thus indicating phylogenetic
signal subordinated by abiotic effects. We followed Swenson (2014) in considering the
phylogenetic signal as the degree to which similarity in trait values between species can be
predicted upon their relatedness. Also, differences in trait values (i.e., weight, bill length,
and tarsus length) between co-participating species were related to the matrix of co-partic-
ipation between pairs of species to know their recipient effects on the formation of hetero-
specific flocks (see data analyses).

We also used the species strength concept to identify a general overview of the depend-
ency of shorebird species in heterospecific flocks, following Bascompte et al. (2006). The
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strength of species values (SPV) is the sum of the dependencies of all species for a species.
Dependence is considered to be the frequency of co-participation of a species ‘A’ with a
species ‘B’ divided by the frequency of co-participation of species ‘A’ with all the species
that form heterospecific flocks. Comparative of SPV means that a species (with the highest
SPV) may exert strong momentary dependency on other species in the flock community
(Cestari et al. 2020). Co-participation frequencies between pairs of species were corrected
by the relative abundance of the species that participated in flocks.

Data analyses

The Mantel test was used to identify a relation between VCV values and frequency of co-
participation between species in heterospecific flocks. Considering a non-phylogenetic per-
spective, the Generalized Linear Model (using quasipoisson distribution) was used to find
the best model that explain the relation between modular differences in traits between pairs
of co-participating species (i.e., weight, bill length, and tarsus length) and their frequency
of co-participation in flocks. Previous statistics indicated that traits were not correlated
(P>0.05). A positive tendency in GLM analysis indicates that the formation of flocks is
influenced by a difference in the ecological niche of species. A negative tendency indicates
similarity in the ecological niche of species and/or niche construction with facilitation. The
Principal Components Analysis (PCA) graphic was used to improve visualization on how
the species were related to a potential pattern generated by their traits. We used the vegan
R and the complementary RT4Bio R packages to conduct these analyses.

We used the Blomberg’s K metric associated with a randomization test to simulate a
random trait database on the phylogeny and to generate null distribution from which a
p-value can be calculated. Values of K greater than one indicate more phylogenetic signal
than expected from Brownian Motion Model, whereas values less than one indicate less
than expected (Blomberg et al. 2003; Swenson 2014). This combined analysis reveals if the
selected traits (weight, bill length, and leg length) of species in flocks have a phylogenetic
signal. We used phylosig function in the phytools R package for this analysis.

Analyses were performed in R Statistical software v 3.5.1. Significance was accepted at
P<0.05.

Results

The Semipalmated Plover (C. semipalmatus, 970 individuals), Sanderling (C. alba, 107
individuals), White-Rumped Sandpiper (C. fuscicollis, 74 individuals), Ruddy Turnstone
(A. interpres, 55 individuals), Red Knot (C. canutus, 13 individuals), American Golden
Plover (P. dominica, 2 individuals), and Lesser Yellowlegs (Tringa flavipes, 1 individual)
were the species recorded in heterospecific flocks, in descending order of abundance. The
Semipalmated Plover showed the highest SPV value (5.27) and participated in flocks with
all other Nearctic-Neotropical shorebird species (Fig. 1). Co-participation between pairs
of species (n=13) were not related to their relatedness (Mantel test, r=0.02, P=0.31)
(Fig. 2). Also, weight, bill length, and tarsus length did not explain the structure of MCC
tree together (Blomberg’s k=0.84, P=0.15) or separately (weight: Blomberg’s k=0.59,
P=0.43; bill length: Blomberg’s k=0.87, P=0.14; tarsus length: Blomberg’s k=0.84,
P=0.15).
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Fig. 1 Nearctic-Neotropical shorebird species that formed flocks.1: Semipalmated Plover (C. semipalma-
tus); 2: Sanderling (C. alba); 3: White-Rumped Sandpiper (C. fuscicollis); 4: Ruddy Turnstone (A. inter-
pres); 5: Red Knot (C. canutus); 6: American Golden Plover (P. dominica); 7: Lesser Yellowlegs (T. fla-
vipes). Values in black show species strength (high values indicate a strong dependency of one species on
other species in the flock community). Values in blue, red, and green show the bill length, weight, and
tarsus length of the species, respectively. Bird sizes are in approximate scale. Illustration of bird species
reproduced by permission of Lynx Edicions

Considering a non-phylogenetic perspective, GLM analysis showed that modular differ-
ences in weight and tarsus length of interacting species (co-participation=Weight differ-
ences + Tarsus length differences) explain 40.74% and 31.58% their frequency of co-partic-
ipation in flocks, respectively (Table 1). In other words, co-participation between shorebird
species tended to decrease as differences in weight and tarsus length increase (Fig. 3),
therefore evidencing that similarities of these traits explain co-participation and formation
of heterospecific flocks. The first two axes from PCA explained 85.7% of data variation
(PC1=61.8% and PC2=23.9%) considering the weight, tarsus, and bill traits (Fig. 4).

Discussion
Although shorebirds have diverged relatively recently (Baker et al. 2007; Prum et al. 2015),

our results discarded the influence of relatedness between Nearctic-Neotropical shore-
bird species and/or that phylogenetic filtering signals could be acting in the formation
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Fig.2 On the left: Maximum Clade Credibility phylogenetic tree of shorebird species. On the right: forma-
tion and frequency of co-participation between species in flocks in southeastern Brazil. Bird sizes are in
approximate scale. Illustration of bird species reproduced by permission of Lynx Edicions

Table 1 Best model results

Co-participati
(GLM) on the effects of the O-participation

traits difference between pairs of  Parameter Estimate (+SE) z Dev df Res.Dev P(>Chi)
species on their co-participation
in flocks Intercept  0.60+0.37 1.63 13.22
wd —0.02+0.01 -1.77 185 11 17.83 0.003*
Td —0.57+0.42 -134 1.02 10 3.66 0.006%

Wd Weight difference, 7d Tarsus difference

of heterospecific flocks. Our significant results showing similarity of weight and tarsus
lengths between co-participative shorebird species open a discussion about the influence of
biotic mechanisms on the attractiveness of individuals in heterospecific flocks. All the stud-
ied species are obligated long-distance migrants that can overlap a broad geographic range
(Morrison 1984; Newton 2012). They have been participating in flocks in wintering habi-
tats (Vooren and Chiaradia 1990; Hubbard and Dugan 2003; Barbieri 2007; Burger et al.
2007; Newton 2012; Cestari 2015), which increases their familiarity through the occur-
rence of interactions for generations. Here, we argue that the similarity of traits in some
species of Nearctic-Neotropical shorebirds is linked to mutual benefits when they associate
in heterospecific flocks, thus indicating for the first time a constructive effect for this group
of birds (Laland and Sterelny 2006; Krebs 2009; Harrison and Whitehouse 2011).

The function of flocks determines the nature and extends of interaction between par-
ticipants (Harrison and Whitehouse 2011; Sridhar and Shanker 2014). If certain traits
are required to persist in a specific environment, then an assemblage may be comprised
of phylogenetically overdispersed species sharing these traits and augmenting supplemen-
tary/complementary benefits at costs of low competition (Sebastidan-Gonzélez and Green
2017; Goodale et al. 2020). Our results showed that the similarity in weight and tarsus
lengths of species may favor the formation of heterospecific flocks, and there is a tendency
of shorebirds flocking with similar-sized species composed mainly by lighter, and smaller
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Fig.4 Shorebird species and their pattern of distribution according to body weight, tarsus length, and bill
length in PCA analysis. Bird sizes are in approximate scale. Illustration of bird species reproduced by per-
mission of Lynx Edicions
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ones such as the Semipalmated Plover (C. semipalmatus), White-Rumped Sandpiper (C.
fuscicollis), and Sanderling (C. alba) (Fig. 2). Positive interactions between phenotypically
similar species have been pointed for several animal groups. Some examples are similari-
ties on wing patterns in butterflies (Elias et al. 2008), color, body size, and shape in fish
(Krause et al. 1996; Pereira et al. 2011), calls, color, and body size in forest birds (Ficken
2000; Beauchamp and Goodale 2011; Sridhar et al. 2012). Our findings on shorebird spe-
cies corroborate the results of the latter study, which found a relation between the similar-
ity of body size and the strength of species association in heterospecific flocks from forests
of multiple continents, although it is not the rule for terrestrial birds (see Colorado and
Rodewald 2014).

Studies evidenced that most birds may be less vulnerable to predators when they partici-
pated in flocks (Morse 1977; Caraco 1979; Elgard 1989; Beauchamp 2012) and specifically
when flocking birds are small body-sized (Sainz-Borgo and Jaffe 2018). That is, smaller
(and lighter) species have a high capacity to flee from predators. The greater the weight,
the smaller the proportional power of pectoral muscles that supports flapping flight (Alex-
ander 2004; Pough et al. 2013). In addition, similar sizes among members improve the
coordinated response of individuals that diminishes vulnerability to predators (Beauchamp
2012; Sridhar et al. 2012). Therefore, if there are numerous species with a similar size in a
flock, they can contribute to each other with supplementary benefits with minimum compe-
tition. This may be extremely important to highly moving or migrant species in which the
participation in heterospecific flocks could also change the predation risk in unfavorable
habitats (Laundré et al. 2010; Goodale et al. 2020).

In our study, the Semipalmated Plover (C. semipalmatus), White-Rumped Sandpiper (C.
fuscicollis), and Sanderling (C. alba) are the smaller and commoner species presumably
exerting the role of niche-constructing species in heterospecific flocks. In other words, in
unfavorable occasions of predation risk, they may socially depend on each other to improve
anti-predator strategies. When they move in space, they change the experienced environ-
ment via positive interactions and ecological feedbacks regulating environmental selective
pressures (Laland and Sterelny 2006; Harrison and Whitehouse 2011; Cestari et al. 2020).
In addition to supplementary benefits such as the high capacity to escape from predators
and risk dilution, niche-constructing species may be reference or “information centre” of
other complementary benefits for individuals in heterospecific flocks because of their dif-
ferent foraging tactics and capacity to find food (Odling-Smee et al. 2003; Goodale et al.
2020). For example, the Semipalmated Plover (C. semipalmatus) may be followed by other
shorebirds because it reveals buried prey in sandy beaches using the foot-trembling tech-
nique (Cestari 2009). Other examples of interacting species of birds include the Black-
browned Albatross (Thalassarche melanophrys), which is an expert in following fur seals
and penguins that drive food (krill) to surface, and it may be followed by others tube-nosed
seabirds (Harrison et al. 1991), or Snowy Egrets (Egretta thula) that exert an attractive
force to others egrets and herons in foraging areas (Caldwell 1980)—when most water-
birds were together they increased their foraging success without competitive evidence. In
our study, the smaller plovers and sandpipers find their prey more visually, and sander-
lings frequently probed their longer bills in the moist sand; the red knots and turnstones
may employ both foraging techniques. These different foraging strategies of species reduce
interspecific competition (Burger et al. 1977; Davis and Smith 2001; Choi et al. 2017) and/
or diminish predation risk once species vary in the time of vigilance (Metcalfe 1989; Beau-
champ 2002). In addition, visual foragers may react faster than tactile foragers (Ye et al.
2017; Linley et al. 2019). All these characteristics probably influence dependency (higher
SPV values, see Fig. 1) for the benefits of individuals in heterospecific flocks, mainly if we
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consider that species may stop several times to rest and refuel at stopover sites along same
migratory journeys (Morrison 1984; Skagen 2006; Alerstam 2011; Zhang et al. 2018).

Parallel to the constructive effects of species interactions and social information
exchanges, the coexistence and interaction between species probably exists due to their
niche differences, ecological flexibility, and phylogenetic over-dispersion (Darwin 1859;
Silvertown et al. 2001; Webb et al. 2002; Mayfield and Levine 2010). Interspecific com-
petition is uncommon in migratory shorebirds (Recher 1966; Metcalfe 1989); by moving
continually from one foraging area to another, shorebirds may exploit heterogeneous habi-
tats and feed numerous prey using distinct foraging techniques. Therefore, in addition to
body size similarity which invokes niche construction, there are others morphological and
behavioral differences among shorebirds that probably evolved to exploit environmental
conditions and resources of food with reduced competition (Recher 1966; Burton 1974;
Lifjeld 1984; van Gils et al. 2016; Haram et al. 2018). Although body size and foraging
behavior are strongly correlated among intraspecifics, this is unlikely to occur among het-
erospecifics (Sridhar and Guttal 2018). Even in a highly competitive staging site dominated
by few prey species in the northern Yellow Sea, shorebirds show plasticity on feeding dif-
ferent sizes of the same species of prey or have distinct feeding methods (Choi et al. 2017).
In this sense, ecological flexibility of some species may be complementary to their role as
niche-constructing and the formation of heterospecific flocks. For example, in our study,
the Semipalmated Plover (C. semipalmatus) is a versatile forager that occupies a variety of
wetland habitats in natural and urbanized regions (Baker 1977; Strauch and Abele 1979;
Smith and Nol 2000; Cestari 2009) and exert strong dependency over other species.

Niche differences among shorebird species in flocks may also be evidenced by intraspe-
cific competition more than interspecific competitors, i.e., a species will diminish potential
competition with other species if it balances its own population in number (Chesson 2000;
Cestari et al. 2020) and in space (Jensen 1987; Chesson 2000; Bijleveld et al. 2012) then
promoting more diverse and less competitive flocks that may vary according to ecological
and sociological conditions along migratory routes. Increased niche differences between
similar species in heterospecific flocks were also noticed for tits (Parus spp.), in which
each species used different spots when foraging (Alatalo et al. 1986). Over longer time
periods, niches of species with similar traits may be diverging to avoid competition but this
is not so intense that benefits are lost, such as predation reduction or food searching (Sep-
pénen et al. 2007; Sridhar et al. 2012; Sridhar and Guttal 2018). Therefore, similarities in
some traits can develop while niche differentiation related to other traits can be maintained
over time (Goodale et al. 2020).

Niche construction through species relocation and interactions depends on the strength-
ening selection of recipient traits over generations, sometimes leading to new and unex-
pected evolutionary trajectories (Laland et al. 1999). In the present paper, we argue that
weight and tarsus length similarities connect phylogenetically over-dispersed Nearctic-
Neotropical species in heterospecific flocks, which make some similar, commoner, and
ecologically flexible species as probable niche-constructing protagonists important to the
formation of heterospecific flocks. Over this scenario, urbanization, habitat loss, and cli-
mate warming are currently impacts that affect the fitness and survival of shorebirds (Bur-
ton et al. 2006; Thomas et al. 2003; Cestari 2015; Rakhimberdiev et al. 2018). Therefore,
we do not discard that these relatively recent impacts may also be acting as new selective
forces to augment behavioral flexibility and morphological adjustments of long-distance
migratory birds (van Gils et al. 2006; Zhang et al. 2019), which also may include reduc-
tion of body size (van Gils et al. 2016). From an ecological point of view, numerous simi-
lar species with redundant roles could lead to greater resilience of the community under
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anthropogenic disturbances (Oliver et al. 2015; Goodale et al. 2020). From an evolution-
ary point of view, different species with similar phenotypes may diminish costs of activ-
ity matching and augment individual fitness (Sridhar and Guttal 2018). In the light of our
results, we encourage field experiments that reinforce the body size as a trait related to the
social linkage of species and formation of heterospecific flocks in long-distance migratory
shorebirds. One realistic and simple test could be to use stuffed individuals with different
body sizes to simulate the presence of species keeping up with its consequent social attrac-
tion of living individuals.
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