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primary driver of parapatric distributions.

Interspecific competition is hypothesized to be a strong force that sets species range limits and drives parapatric distributions of
closely related species on tropical mountains. Yet, experimental evidence that competition drives spatial segregation of closely related
species on elevational gradients is rare. To test whether competition limits elevational ranges of tropical songbirds, we conducted
reciprocal playback experiments on 2 pairs of species with adjacent but nonoverlapping (parapatric) distributions and 1 pair of sym-
patric species. We found asymmetric interspecific aggression in one parapatric pair (Pycnonotidae) and a complete absence of inter-
specific aggression in the other (Zosteropidae). We also found asymmetric interspecies aggression in a pair of sympatric flycatchers
(Muscicapidae). Our results indicate that interspecific aggression may set range limits in some cases, but it is not a prerequisite for
parapatry. Furthermore, the presence of interspecific aggression between co-occurring relatives suggests that while competition may
play a role in limiting species distributions, interspecific aggression alone is not sufficient evidence to assert that competition is the
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INTRODUCTION

Species inhabiting tropical mountains often have narrow eleva-
tional ranges with closely related species occupying adjacent eleva-
tional zones (Terborgh 1971; Stotz et al. 1996; McCain 2009). This
pattern leads to rapid species turnover along mountainsides (Huey
1978) and is associated with exceptional biodiversity and ende-
mism on tropical mountains (Cadena et al. 2011; Merckx et al.
2015). Yet, the factors limiting elevational ranges of tropical species
remain unclear (Jankowski et al. 2012).

Interspecific competition is hypothesized to be a strong force
that can limit species ranges (Connell 1961; Diamond 1973) and
explain adjacent but nonoverlapping elevational distributions of
closely related species (Heller 1971; Diamond 1973; Terborgh and
Weske 1975; Stevens 1992; Jankowski et al. 2010; Freeman 2015).
Competitive interactions are generally thought to be most important
at the lower “warm” edge of a species range, while abiotic drivers
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are hypothesized to be more important at upper “cold” boundaries
(MacArthur 1972). If this paradigm is accurate, low-elevational spe-
cies should be competitively dominant over high elevation species
and show stronger interspecific aggression toward their high-eleva-
tion relative than vice versa (Jankowski et al. 2010). This pattern of
asymmetric interspecific aggression means that warming climates
may drive range contractions in high elevation species as dominant
low elevation competitors expand their range upward. This process
is thought to drive “mountaintop extinctions,” making montane
species particularly vulnerable to extinction or local extirpation as
a result of climate change (Colwell et al. 2008; Sekercioglu et al.
2008). Understanding the role of interspecific competition in deter-
mining range boundaries is therefore critical to predicting outcomes
and prioritizing conservation effort in light of climate change.
Evidence for competition shaping parapatric distributions
comes primarily from observations that some species expand their
range in areas where a closely-related species is absent, suggest-
ing competitive release in the absence of a competitor (Terborgh
and Weske 1975; Remsen and Graves 1995a, 1995b; Martin and
Martin 2001a; Gifford and Kozak 2011). However, what appears
to be range expansion due to the absence of a presumed competi-
tor can reflect geographic variation in the distribution of suitable
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habitat rather than competitive release (Cadena and Loiselle 2007).
Observations of interspecific aggression between closely related
species with abutting ranges are also presented as evidence that
competition sets and/or maintains range limits for some species
pairs (Heller 1971; Robinson and Terborgh 1995; Jankowski et al.
2010). However, if interference competition sets and/or maintains
range boundaries between 2 competitors, we would expect ranges
to be perfectly adjacent and nonoverlapping (lerborgh 1971).
Yet, in many cases of elevational parapatry, there are significant
zones of species overlap or gaps where neither species is present
(Terborgh 1971). Overall, the importance of interference competi-
tion in limiting distributions of close relatives is unclear.

We examine these questions in songbirds (passerines) across an
elevational gradient in the tropics. Songbirds are a tractable sys-
tem in which to examine the drivers of elevational range limits. In
the tropics, many clades have parapatric distributions with conge-
ners “stacked” on top of each other in narrow elevational bands
(Terborgh 1971; Diamond 1973; Remsen and Graves 1995a, 1995b;
Stotz et al. 1996). Birds are easily observed both visually and aurally,
and territorial singing behavior allows for straightforward identifi-
cation to species and facilitates territory location. Yet, evidence for
interspecific aggression as a proximate force limiting elevational
ranges of songbirds is mixed. Broadly speaking, interspecific aggres-
sion in birds is often asymmetric (reviewed in Martin et al. 2017a),
where one species either consistently “wins” aggressive interactions,
or responds more strongly to the presence of a heterospecific than
the other. Along elevational gradients, asymmetric aggression has
been reported, with low elevation species dominating high-eleva-
tion relatives (Jankowski et al. 2010; Freeman 2016a; Freeman and
Montgomery 2016). This pattern has been interpreted as evidence
that low-elevation species outcompete high-elevation subordinates
who are forced into suboptimal habitat (Martin and Martin 2001b;
Jankowski et al. 2010). However, interspecific aggression was absent
in some other pairs, calling into question the general importance
of competition in setting elevational range limits in birds (Freeman
2016a). Furthermore, strong interspecific aggression has been docu-
mented in co-occurring (sympatric) species pairs (Freeman 2016b;
Robinson and Terborgh 1995), suggesting that observations of
interspecific aggression alone are not sufficient evidence to infer
interference competition as a driver of elevational parapatry. Thus,
studies assessing strength and directionality of interspecific aggres-
sion in both sympatric and parapatric species pairs are needed. To
address this gap in knowledge, we performed reciprocal playback
experiments to assess the presence and directionality of interspe-
cific aggression in 2 pairs of closely related species that replace each
other along an elevational gradient. We also performed recipro-
cal playback experiments on 2 sympatric species to assess whether
patterns of interspecific aggression are equally strong between co-
occuring and parapatric species pairs.

METHODS
Study system

All data were collected at Kinabalu Park, Sabah, Malaysia (6°N,
116°E); a large tract of tropical forest spanning 400-4100 m on the
island of Borneo. Playback experiments were performed in mid-
elevation submontane cloud-forest at Park HQ (1560-1850 m) and
high-elevation elfin forest at LLaban Rata (3000-3450 m) (Rafigpoor
and Nieder 2006). In general, forest structure becomes simpler,
shorter, and with an increasingly dense understory with increasing
elevation. The 2 sites are connected by continuous, undisturbed
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forest bounded below by the park boundary at ~1450 m, and above
by a zone of bare granite from ~3800 m to Low’s Peak at 4095
m. All fieldwork was conducted from February to June, 2012-2016.
This period corresponds with the peak of the breeding season in
this region for all focal species (Martin et al. 2015a, 2015b).

Elevational ranges

Pairs of related species were previously documented to replace each
other along elevational gradients in Borneo, including 2 of our
study species pairs (Smythies 1999; Harris et al. 2012; Sheldon et al.
2015). However, we also conducted repeated point count surveys
along a continuous transect from 1450 to 3800 m on Mt. Kinabalu
to describe detailed elevational distributions of bird species at our
study site. We present these local distributions throughout the rest
of the manuscript because elevational ranges for a given species
vary across mountains (Cadena and Loiselle 2007) and using global
elevational ranges would suggest more elevational overlap between
congeners than is present on any individual mountain. Points were
placed at least 200 m straight-line distance apart, at a density of
5 points per 200 vertical meters. Counts were 10 min in duration,
during which we recorded all individuals detected visually or aurally.
Counts were conducted between civil twilight and 08:00 with a max-
imum of 5 counts per morning. All counts were conducted by AJB.
The entire transect was sampled either 2 (2014-2015) or 3 (2012~
2013) times per season. The order in which each cluster of points
was sampled was reversed after each transect to avoid sampling bias
related to time of day. The park boundary limited the low-elevation
extent of our point counts at ~1450 m, obscuring variation in lower
range boundary for many species. Lower range boundaries for all
low-elevation species in this study occur well below 1450 m and are
described by Harris et al. (2012).

Playback experiments

We selected 2 pairs of elevationally parapatric relatives and 1 pair
of sympatric relatives for playback experiments. All species are com-
mon year-round residents and males of all species sing territorial
songs and defend breeding territories (AJB, personal observation).
Parapatric species pairs included bulbuls (Pycnonotidae); ochraceus bul-
bul (Alophoixus ochraceus) and pale-faced bulbul (Pycronotus leucops), and
white-eyes (Josteropidae); black-capped white-eye (osterops atricapilla)
and mountain black-eye (Chlorocharis emeliae). Yor bulbuls, A. ochraceus
occupies submontane and montane forest, and £ leucops is restricted
to montane and elfin forest surrounding high mountain summits
(Harris et al. 2012; Sheldon 2015). The low elevation A. ochraceus
(~50 g) is larger than the high elevation P leucops (~30 g). Both bulbul
species are primarily frugivorous, forage in the subcanopy and under-
story and build nests in small saplings and shrubs (Smythies 1999;
AJB, personal observation). For white-eyes, <. atricapilla inhabits sub-
montane and montane forest and scrub, while C. emeliae is restricted
to montane forest and high-elevation elfin forest (Harris et al. 2012;
Sheldon et al. 2015). The high elevation C. emeliae (~15 g) is larger
than the lower clevation <. atricapilla (~9 g). White-eyes feed pri-
marily on fruit and nectar throughout forest strata and along habi-
tat edges and build nests in a variety of substrate in the subcanopy
(Smythies 1999; AJB, personal observation). Although not congeners
by current taxonomy, both pairs are each other’s closest relative at
the site. Furthermore, recent phylogenetic studies show Chlorocharis
nested within the Sosterops clade (Moyle et al. 2009).

We chose 2 understory flycatchers (Muscicapidae) as our sympatric
species pair; snowy-browed flycatcher (Ficedula hyperythra) and eye-
browed jungle-flycatcher (Vauriella gularis). Both species are common
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residents in submontane and montane forest and, feed primarily
on insects and small invertebrates taken on the ground and under-
story, and construct nests of live moss in trees/shrubs from 1 to 6 m
above ground (Smythies 1999; AJB, personal observation). Vauriella
gularis (~25 g) is larger than I hyperythra (~8 g).

All 3 species pairs have easily recognizable songs that differ
qualitatively within each pair in both sound and pattern of deliv-
ery (Supplementary Figures S1-S6). Playback experiments for
mid-elevation species and sympatric flycatchers were conducted
in the vicinity of Park Headquarters (14501850 m). Experiments
for high elevation species were conducted in the vicinity of Laban
Rata substation (3000-3450 m). Logistical difficulties prevented
intensive sampling at intervening elevations.

Territories of focal species for both recordings and playback tri-
als were located opportunistically throughout the study area during
point counts and other concurrent fieldwork. Locations of singing
birds were recorded using a Garmin GPSMap 60CSx portable GPS
unit (Garmin International, Olathe, KS). Song recordings were
made using a Sennheiser ME67 shotgun microphone (Sennheiser,
Old Lyme, CT) and a Marantz PMD661 digital recorder (Marantz,
Chatsworth, CA). All recordings were postprocessed in Raven Pro
(Bioacoustics Rescarch Program 2014) to filter out low-frequency
background noise (<750 Hz), to amplify recordings to normalize
amplitude across all recordings, and to clip recordings to identical
length. Each recording was only used once, and was chosen at ran-
dom to avoid pseudo-replication (Kroodsma et al. 2001).

Each playback trial was structured to include 3 auditory stim-
uli; conspecific song, putative competitor song, and control species
song. We chose Golden-naped Barbet (Psilopogon pulcherrimus) as a
control because it occupies a divergent niche from all focal species
as a canopy frugivore and cavity-nester and is common and vocal
at both mid and high elevation sites. Observations of the focal bird
were made during 1 min of playback and 1 subsequent min of
silence. We then waited a further 2 min before continuing the trial
with the next stimulus. Conspecific playback was always played last
to avoid elevating the focal bird to a heightened state of territori-
ality before control or heterospecific playback. Heterospecific and
control stimuli were shuffled randomly.

To broadcast playback stimuli, we used a waterproof speaker
(Grace Digital, Inc., San Diego, CA) and an Apple iPod Nano
(Apple, Inc., Cupertino, CA). During playback trials we noted dis-
tance from the focal individual to the speaker following all move-
ments of more than 1 m and noted all vocalizations of the focal
individual. Distances were estimated visually and aurally dur-
ing trials and calibrated afterwards using a digital rangefinder. In
some cases, the focal individual left the immediate area during or
in between stimuli or became silent and obscured such that obser-
vation was impossible. In other cases, conspecific (nontarget) indi-
viduals responded to stimuli making it difficult to keep track of the
target individual and potentially altering the behavior of the tar-
get individual. If data had been successfully collected for at least
1 stimulus, the trial was resumed within 48 h. If not, the trial was
abandoned and re-attempted at a later date.

Statistical analyses

Behavioral observations were transformed into 3 indices of aggres-
sion; closest approach to speaker, latency to approach speaker, and
number of vocalizations. If the focal individual did not approach
the speaker, we recorded the maximum value of 120 s. Closest
approach to speaker was square-root transformed due to a right-
skewed distribution. We performed principle components analysis
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to reduce these 3 behavioral variables into a single index of aggres-
siveness (Ireeman 2016b). Because species may respond aggres-
sively in different ways (i.e., vocalizations vs. physical approach) we
performed separate PCAs for each species. All 3 behavioral vari-
ables were scaled before PCA. We generated PCA scores for each
stimulus for each individual based on the first principle component
as our index of overall aggression. We then fit linear mixed-effects
models for each species with aggression (PCl) as the dependent
variable, stimuli type as a fixed effect and individual as a random
effect. We performed post hoc Tukey multicomparison tests in pack-
age “multcomp” to compare the intensity of aggression between
control, conspecific, and heterospecific stimuli. Identical analyses
were performed on each behavioral variable independently to char-
acterize species-specific aggressive responses. While the same data
were used in both sets of analyses, only the PCA-based metrics of
aggression were used to determine levels of interspecific aggression.
All statistical analyses were performed in R (R Core Team 2015).

RESULTS
Elevational ranges

Bulbul species on Mt. Kinabalu showed no elevational overlap and
a significant elevational gap was present between high and low ele-
vation species. Ochraceus Bulbul (4. ochraceus) occupied forest from
the park boundary at 1450 to 1810 m. Pale-faced Bulbul (2 leucops)
occupied forest from 1890 to 3332 m. White-eyes showed a broadly
parapatric distribution, but overlapped at their mutual boundary.
Black-capped White-eye (<. atricapilla) occupied forest from the near-
est park boundary at 1450-2131 m. Mountain Blackeye (C. emeliae)
was present from 1845 to 3681 m. The 2 species both occupied an
approximately 300 m zone of overlap and were sometimes detected
on the same point counts within this zone. Of 27 point counts dur-
ing which a Losteropidae species was detected in the zone of overlap,
both species were present 18.5% (5 of 27) of the time. However,
this low percentage was mainly driven by the lower overall abun-
dance of . atricapilla at these elevations. On counts where . atri-
capilla was detected, both species were present 50% (5 of 10) of
the time. The 2 focal flycatcher species were sympatric throughout
our mid elevation study site. Eyebrowed Jungle-Flycatcher (I gula-
7is) was present from the park boundary at 1450-1850 m. Snowy-
browed Flycatcher (I hyperythra) occurred from the park boundary
at 1450-2924 m. Both species were encountered on the same point
count on 16% (4 of 25) of counts with at least 1 species of fly-
catcher. This estimate likely understates their degree of overlap
due to difficulty in detecting V. gularis. On counts where I gularis
was detected, both species were present on 80% (4 of 5) of counts.
Based on mark recapture studies, both species are widespread and
abundant between 1450 and 1850 m (Martin et al. 2015a; Martin
et al. 2017b).

Playback experiments

We conducted a total of 47 playback experiments on 6 species
(x = 7.83, range: 6-11 individuals). All species showed an aggres-
sive response to conspecific playback compared with a control, but
responses to parapatric or sympatric relatives varied among species
(Figures 1 and 2). The first principal component from our PCA
had parallel loadings for all 3 behavioral variables across all spe-
cies. That is, positive scores indicate closer approach to the speaker,
shorter latency to approach and increased vocalization rate.
Among parapatric bulbuls, interspecific aggression was strongly
asymmetric (Figures 1A and 2A). The first principle component
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Figure 1

Behavioral responses (distance of closest approach, latency to approach, and number of calls) to control, conspecific and heterospecific playback stimuli in
2 elevationally parapatric species pairs (A, B) and one sympatric species pair (C). Letters above boxplots indicate significant behavioral differences (P < 0.05)
between stimuli based on post hoc Tukey multicomparison tests. An asterisk (*) indicates a difference with marginal significance (0.05 < P < 0.10). For
parapatric pairs, high elevation species are shown in the upper panels. For sympatric flycatchers, Ficedula hyperythra is in the upper panel, Vauriella gularis in the
lower panel. Photo credits: Alophoixus ochraceus; Chien Lee, Chlorocharis emeliae; Cede Prudente.
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Figure 2

Aggressive responses to control, conspecific and heterospecific playback
stimuli in 2 elevationally parapatric species pairs (A, B) and 1 sympatric
species pair (C). Higher aggression scores indicate a stronger response. Letters
above strip charts indicate significant differences between stimuli based on
post hoc Tukey multicomparison tests (P < 0.05). High elevation species are
shown in the upper panels and vice versa. Elevational distributions within
our study site based on point count surveys are depicted in the vertical
panel. These ranges are artificially constrained at ~1450 m at the lower park
boundary and do not represent the full elevational ranges of these species.
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explained 67% of the total variance in behavioral variables for
A. ochraceus and 75% of total variance for P leucops. A. ochraceus, the
low-elevation species, responded aggressively to both conspecific
playback and heterospecific playback compared with the control
(P < 0.01, P=0.02) and with equal intensity to both (P = 0.12).
Pycnonotus leucops, the high-elevation species, frequently flew up to an
exposed perch affording longer sightlines and sometimes engaged
in short approach flights in response to heterospecific playback,
such that the response differed significantly from a control (Figure
1A, P = 0.04). However, the response to conspecific playback was
stronger (P < 0.01) and was characterized by frequent vocalizations
and a rapid, close approach.

Among parapatric white-eyes, interspecific aggression was com-
pletely absent (Figures 1B and 2B). The first principal component
explained 72% and 68% of total variance in behavioral variables
for Z. atricapilla and C. emeliae, respectively. Losterops atricapilla, the
low-elevation species, responded aggressively to conspecific play-
back (P < 0.01), but did not show any difference in behavior in
response to heterospecific playback and the control (P = 0.92).
Similarly, C. emeliae, showed a strong aggressive response to con-
specific playback (P < 0.01), but was unresponsive to heterospecific
playback (P = 0.68).

Among sympatric flycatchers, interspecific aggression was
strongly asymmetric (Figures 1C and 2C). The first principal com-
ponent explained 79% and 61% of total variance in behavioral
variables for I hyperythra and V. gularus, respectively. Ficedula hypery-
thra, responded aggressively to conspecific playback (P < 0.01), but
did not show a difference in aggression in response to heterospe-
cific playback compared with the control (P = 0.31). Vauriella gularis,
showed a strong aggressive response to both conspecific (£ = 0.02)
and heterospecific playback (P < 0.01) compared with the control.

DISCUSSION

Interspecific competition mediated by interspecific aggression
is thought to drive parapatric distributions of closely related ver-
tebrate species on environmental gradients (Terborgh and Weske
1975; Robinson and Terborgh 1995; Jankowski et al. 2010). Here,
we found interspecific aggression between 1 pair of elevationally
parapatric species but a complete absence of aggression in another.
Furthermore, we detected strong interspecific aggression between
broadly sympatric species. In the one case where interspecific
aggression was present among parapatric species, we found it to be
asymmetric such that the low elevation species was more aggressive
toward its high-elevation counterpart than vice versa. This pattern
fits with predictions from theory (MacArthur 1972) and observa-
tions in other systems (Jankowski et al. 2010) that low elevation
species occupying abiotically benign habitat are likely to be com-
petitively dominant over high elevation species tolerating abiotic
challenges. However, the absence of aggression between another
parapatric pair suggests that interspecific aggression is not a prereq-
uisite for, nor an inevitable result of elevational parapatry.

An absence of aggression has been observed in parapatric spe-
cies pairs with significant elevational gaps, leading to the sugges-
tion that frequent interactions may be a necessary prerequisite
for interspecific aggression (IFreeman 2016a).While that possibility
remains, our results in white-eyes suggest that spatial separation is
not required to facilitate benign interactions between closely related
species (Figure 1B). More importantly, if interspecific aggression
consistently evolves in the presence of interference competition,
we can rule out interference competition as a driver of elevational
parapatry in white-eyes.
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Causes for the variation in heterospecific response between bul-
buls and white-eyes are not readily apparent. Theory predicts that
interspecific competition should be strongest between species with
the greatest niche overlap (MacArthur and Levins 1967). We did
not attempt to quantify niche overlap between species pairs, but
due to niche conservatism, niche overlap is generally expected to
be highest between close relatives (Peterson et al. 1999). Of the
3 pairs studied here, white-eyes share the most recent common
ancestor at no more than 2.3 mya (Moyle et al. 2009). In contrast,
our focal pairs of bulbuls and flycatchers are far more phyloge-
netically distant (Zuccon and Ericson 2010; Shakya and Sheldon
2017). Therefore, it seems unlikely that niche divergence explains
variation in heterospecific responses in these groups. Larger species
are typically dominant when interpecific aggression is assymetric
(Robinson and Terborgh 1995; Martin and Martin 2001a, 2001b;
Martin and Ghalambor 2014). In parapatric bulbuls and sympatric
flycatchers, the larger species was indeed dominant. However, size
disparities do not explain the lack of aggression in white-eyes, as
high-elevation C. emeliae is significantly larger than <. atricapilla.

Phylogenetic relatedness may not provide the best proxy for
expected intensity of heterospecific interactions. The abundance
and distribution of resources can also influence the degree of
aggression between species such that highly dispersed or clustered
resources may not be easily defendable and lead to selection against
territorial aggression (Brown 1964; Peiman and Robinson 2010).
For example, both white-eyes are primarily nectarivorous and rely
on flowers that are typically patchy and ephemeral food sources,
but also frugivorous on small fruits that are also typically patchy
and ephemeral. Aggression may not be favored in this situation if
these characteristics mean that resources are not easily defendable
and thus interspecific aggression may play a weaker role in influ-
encing elevational range limits in this group.

In parapatric species pairs, asymmetric aggression has been inter-
preted as a force causing spatial segregation (Jankowski et al. 2010).
However, interspecific aggression in co-occurring relatives appears to
be common, with the vast majority of interactions being asymmet-
ric (Martin and Martin 2001a, 2001b; Freeman 2016b; Martin et al.
2017a; Figure 2C). Because there is no categorical difference between
asymmetric aggression in broadly sympatric species pairs and between
parapatric pairs near their mutual boundary, interspecific aggression
alone is not sufficient evidence to suggest interference competition
is the primary driver of parapatric distributions. While interference
competition may play a role in driving parapatry, the presence of
asymmetric aggression between species that occasionally interact is
a reasonable null hypothesis rather than confirmation of particularly
intense competition driving complete parapatry. Interspecific aggres-
sion may still be important in both contexts. Interspecific aggression
can drive niche displacement in co-occurring species with conse-
quences for fitness and demography (Grether et al. 2009; Martin and
Martin 2001b). Thus, costs of coexistence mediated by interspecific
aggression may act to influence range boundaries in combination
with other factors in both sympatric and parapatric species pairs.

The intensity of interspecific aggression often increases with
proximity to a zone of interaction, suggesting a learned compo-
nent as opposed to an evolved response (Jankowski et al. 2010;
Freeman 2016b, 2016a). We did not specifically test whether prox-
imity to range boundary was related to response intensity in our
focal species, but our results still speak to this question. Pycronotus
leucops showed a significant heterospecific response (Figure 1A)
during playback trials between 3000 and 3450 m, at least 1200 m
above the closest territory of A. ochraceus. We find it unlikely that
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dispersal over such a distance is common in a small, territorial
songbird, suggesting that interspecific aggression in songbirds may
have both evolved and learned components. Observations of inter-
specific aggression in completely allopatric populations of sunbirds
(Nectarinidae) indicate that evolved aggressive responses may be
widespread in songbirds (McEntee 2014).

interspecific are being incorpo-
rated into species distribution models and models aiming to pre-

Increasingly, interactions

dict future range shifts in light of climate or other anthropogenic
change (Belmaker et al. 2015; Engler et al. 2017). Our results pro-
vide evidence that interspecific aggression is present between some
pairs of parapatric species. However, we also show that interspecific
aggression is not a prerequisite for parapatry. Thus, workers seeking
to identify biotic interactions that may influence range dynamics
must be cautious when inferring biotic processes from distributional
patterns. Drivers of elevational range boundaries may differ sub-
stantially among clades. Understanding the causes and correlates
of this variation is critical to accurately predicting range dynamics
in light of changing biotic and abiotic conditions.
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