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Abstract

Predation is a strong driver of prey behavior and sympatric species are exposed to similar
selective predatory pressures. We test the hypothesis that this leads to similar anti-predator
behaviors using the widespread Neotropical snake tribe Pseudoboini. We reviewed and
compiled documented defensive behaviors for all species, adding new unreported behaviors
for three species. We used a cluster analysis to generate a matrix of defensive behavior
dissimilarity between species. We then used a PGLMM to test how behavior dissimilarity
changed with range overlap, similarity in ecological traits and phylogenetic relatedness. Only
41 species had available data on defensive behavior, with only 22 of those represented in the
phylogeny. We found that similarity in defensive behavior is significantly (albeit not strongly)
correlated with range overlap, but only for species with similar body sizes. Phylogenetic
relatedness by itself was a poor predictor of behavior dissimilarity. This corroborates our
hypothesis that defensive behaviors are spatially structured at larger scales but that it can be
modulated by morphological differences.. Our study tests inter-species ecogeographical

differences of defensive behavior, and its implications can be broadly applied to other taxa.

Introduction

Predation is one of the main selective pressures that shape communities (Glasser 1979). Anti-
predator behaviors shape species interactions (Glasser 1979) thus they occupy a central
position in evolutionary ecology as they directly influence survival and fitness (Lind &
Cresswell 2005). Examples of anti-predatory mechanisms include chemical defenses,
aposematic coloration, and anti-predatory behaviors (Durso and Mullin 2013). These anti-
predatory behaviors depend on diverse morphological and behavioral components (Blomberg

et al. 2003) thus being under strong selection (Alcock 2009) and thus represents a
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fundamental component of fitness (Réale et al. 2007). Nevertheless, the contextual
components of animal behavioral traits — and how these are spatially structured — are poorly
understood and remain a relevant subject of debate among scientists (Koski 2014; Wilson et
al. 2019).

While most defensive mechanisms that depend on morphological structures (e.g., rattles
in rattlesnakes, venom glands) are phylogenetically conserved, behavior often varies amongst
species of the same clade (Blomberg et al. 2003). Thus, defensive behaviors may have a
higher fitness in a specific context but lower fitness in others (Hoverman & Relyea 2009),
such as lizards decreasing risk-taking and thermoregulation when dehydrated (Chabaud et al.
2023). The ability to display different anti-predator behaviors may be important for an
effective defense (Heynen et al. 2017), thus defensive behavior varies across species of the
same genus and often even within species due to factors such as phenotypic plasticity and
environmental cues (Aubret et al. 2011). This is especially important because there may be
different scenarios of selective pressure in different populations, which results in a correlation
of local predator-prey behaviors (Toja & Sota 2006; Meo et al. 2021) and in prey under a
higher predation risk developing more complex defenses (Steinberg et al. 1995; Trussell &
Smith 2000). Thus, one of the most important aspects shaping behavioral strategies is the
selective pressure by local predators, which also varies at different spatial scales (habitat and
region) (Placyk 2012).

Geographical differences of prey response to potential predators are poorly studied, with
most studies mostly focused on intraspecific differences (at population level) but not on
interspecific differences (Herzog & Schwartz 1990; Placyk 2012). These interspecific
differences are worth to analyse, especially in taxa with broader geographical ranges since
different environmental conditions may have different predatory pressures.(Placyk 2012;

Moura et al. 2022). This variation of predation pressure should therefore be a driver of
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defensive behavior across space. For example, biotic interactions are thought to be stronger at
lower latitudes which have higher temperatures and less seasonality (Romero et al. 2018),
and thus metabolic rates might impose different cost-efficiency of defensive behaviors
(Delaney 2019). This is supported by deliberate tail loss of limbless reptiles being more
reported for warmer regions (Moura et al. 2022) or snails having thicker shells in populations
with shell-piercing predators in austral populations (Trussell & Smith 2000). At the same
time, activity patterns and habitat use — strongly linked to abiotic factors — are important as
they modulate the chance of encounter between prey and predator (Moura et al. 2022). On the
other hand, the expression of defensive strategies in prey is often correlated with predator
abundance or diversity over a range of spatial scales (Trussell & Smith 2000; Santos et al.
2011). Since predators differ in their foraging strategies and predation efficiency, they can
favor different traits in prey populations and, therefore, species in areas with markedly
dangerous or abundant predators might be under greater selective pressure and exhibit
different anti-predatory behaviors compared to those in less risky areas (Placyk 2012).
Furthermore, predatory pressure is also linked to larger scale characteristics such as climate
and vegetation structure (Moura et al. 2022), favoring similar defensive behaviors for species
that occur in sympatry. Thus, sympatric species exposed to similar conditions such as the
type and number of potential predators could have similar anti-predator behaviors (Greene
1979), making range overlap a good predictor of similarity of defensive behaviors. However,
this hypothesis has never been tested.

Among vertebrates, snakes have one of the most varied repertoires of defensive
behaviors to avoid predation, since they have several types of natural predators, both
vertebrates and invertebrates (Greene 1988, 1997). Documenting and reporting anti-predator
behaviors of snakes in diverse regions is essential to better understand their behavioral

ecology, especially in the Neotropical region in which these are still under-reported but also
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where “paradoxically, the most spectacular and complex defensive repertoires are often found
[...]” Greene (1988). Among Neotropical snakes, Pseudoboini Wagler, 1830 is one of the
most ecologically diverse tribes, especially regarding defensive behaviors (Gaiarsa et al.
2013). This tribe belongs to the Dipsadidae family and comprises 49 species from 11 genera
(Uetz et al. 2024) distributed in the Neotropical region (Nogueira et al. 2019; Uetz et al.
2024). Species of the Pseudoboini tribe are predominantly nocturnal and terrestrial (e.g.,
Diaz-Ricaurte et al. 2018; Diaz-Ricaurte & Arteaga 2021) but some species can be
considered as semi-arboreal (e.g., Siphlophis genus) or fossorial (Phimophis genus). These
habits also reflect their greatly diverse range of traits such as morphology, diet, natural
history and even coloration (Martins & Oliveira 1998; Marques et al. 2001; Gaiarsa et al.
2013; Serrano et al. in prep). For instance, species of the genus Oxyrhopus have aposematic
coloration, similar to venomous coral snakes of the genus Micrurus such that there is a
geographic association between these two genera of snakes, which likely decreases the
chance of predation by visual animals such as birds and mammals (Bosque et al. 2016). Due
to the comprehensive studies on the natural history of Pseudoboini (Gaiarsa et al. 2013), this
tribe is an excellent model to understand how defensive behavior might be spatially
structured.

Herein, we assess if defensive behavior is spatially structured, potentially due to similar
selective pressures from predation. We test the hypothesis that co-occurring species have
similar defensive behaviors, accounting for phylogenetic relatedness and ecological similarity.
To do so, we review all reported defensive behaviors for the snake tribe Pseudoboini and add

descriptions of unreported behaviors for three species of Oxyrhopus.

Materials and Methods

Literature review and new defensive behaviors
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To compile all the defensive behaviors present in species of the tribe Pseudoboini and to
update the existing information on Gaiarsa et al. (2013), we conducted searches for articles
published between 1980 and 2023 in the databases of Scopus, Web of Science, Scielo, and
Google Scholar. Also, we reviewed the entire archive of natural history notes published in
Herpetological Review, Herpetology Notes and Herpetological Bulletin. We searched the
literature for articles mentioning defensive behavior for species using a combination of the
terms ‘defensive display’, ‘natural history’, ‘neotropical snake’, ‘false coral snake’,
‘Pseudoboini, ‘behaviors’, ‘defensive behavior’, in English, Portuguese and Spanish
regardless of year. Behaviors were included as reported, grouping them whenever redundant
(e.g. ‘body depression and ‘body flatenning). We furthermore describe new unreported
defensive behaviors for three species from personal field observations and personal
communications.

Using compiled defensive behavior for each species, we performed a comparison
among species with a cluster analysis, using a ‘binary’ UPGMA (unweighted pair-group
average; Saracli et al. 2013; Supplementary material S1) to generate a matrix of cophenetic
distance between species, as dissimilarity in defensive behavior. This method uses
proportional averaging weighted by the number of taxa in each cluster. Locomotor escape
was considered as present for all species since is the first line of defense in snakes, although
often not reported in literature, while mimicry.was not considered in the cluster analysis
because it is a passive display (Bosque et al. 2016). Nevertheless, we still report species
considered as aposematic mimics to account for the complete defensive aspects of

Pseudoboini species.

Statistical analysis
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To assess whether range overlap predicts congruence in defensive behavior, we
estimate this parameter between each pair of species with at least one reported defensive
behavior. We first obtained the distribution ranges of species using the Global Assessment of
Reptile Distributions (GARD version 1.7, Roll et al. 2017). We calculated pairwise range
overlap by dividing the area of geographical intersection of each pair of species by the total
area of geographic union of both species, with values ranging from 1 (fully sympatric) to 0
(fully allopatric) (McKee et al. 2016). Furthermore, we calculated macrohabitat similarity by
intersecting each species distribution range with global ecoregions (Dinerstein et al. 2017).
We then obtained the proportion of species occurrence in each ecoregion to then generate an
macrohabitat dissimilarity matrix, using a Euclidean UPGMA (unweighted pair-group
average; Saracli et al. 2013; Supp. Mat. S1).

We included relevant ecological traits potentially linked to defensive behavior:
arboreality and body size. Arboreality modulates both the encounter rate and type of
predators, leading to a greater diversity of defensive behaviours in snakes (Martins et al.
2008). Herein, we define arboreality as the relative number of records in trees as made
available by Gaiarsa et al. (2013) and use pairwise differences in arboreality as the absolute
difference of arboreality between each two species. Body size is also correlated with
defensive behavior, with larger individuals exhibiting higher levels of aggression and number
of anti-predatory behaviors (Delaney 2019). We obtained maximum length for each species
from ReptTraits (Oskyrko et al. 2024) and calculated pairwise differences in body size as the
absolute difference between each two species.

Lastly, since behavior can be phylogenetically conserved in clades (Thierry et al.
2000; Miranda et al. 2022; Zocca et al. 2022), we used a dated phylogeny of Dipsadidae
(Serrano et al. 2024) to generate pairwise phylogenetic distances for species present in the

phylogeny. We used a Generalized Linear Mixed Model (GLMM) approach to test if
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dissimilarity in defensive behavior is predicted by the interaction of range overlap, ecoregion
similarity, phylogenetic distance, and differences in microhabitat (absolute difference in
arboreality) and body size (absolute difference of maximum length), using the package
‘elmmTMB’ (Brooks et al. 2023). We used a beta distribution since dissimilarity in defensive
behavior ranges from 0 to 1 and used nested species pairs as a random effect since each
species is compared with every other species. We only included species that simultaneously
had data on defensive behavior and were present in phylogeny. Before inclusion in the
GLMM, we tested collinearity between variables with Pearson’s Correlation and excluded
ecoregion similarity due to collinearity with range overlap (r > 0.6). We then performed full-
model averaging using the package ‘MuMIn’ (Barton 2018) since it can provide more
reliable confidence intervals compared to model selection and that it lessens issues with over-
complex models, especially in behavioral ecology (Symonds & Moussalli 2011).
Additionally, in order to assess whether the number of reported behaviors could be biased
towards widespread species, we performed a Phylogenetic Generalized Linear Mixed Model
(PGLMM) to test the relationship between the number of reported behaviors for each species
and the log of its area of distribution, with a Poisson distribution and correcting for
phylogenetic relatedness. All analyses were performed in R version 4.0.2 (R Core Team

2020).

Results

New unreported behaviors

Oxyrhopus petolarius (Linnaeus 1758)

On September 22, 2020, at 21:45h and February 22, 2022, at 22:30 h, we observed a male
and a female (total length = 251 mm; snout—to-vent length [SVL] =219 mm; weight =4 g

and total length = 1020 mm; SVL = 740 mm; weight = 63 g, respectively) in the foothills of
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the Amazon rainforest (Municipality of San José del Fragua, Caqueta, Colombia. (1.336826,
-75.966334; 349 m asl, WGS84). The first individual exhibited balling behavior towards the
observers followed by thanatosis (Figure 1A-B). After a few minutes, it raised its head and
again tried to flee. When approached, the second individual expanded its body and, with its
neck in a coil (Figure 1C), made several false strikes towards the observer. Notice the
difference between balling (tight coils in a spheric shape; Figure 1A) and head-hiding (a O.
rhombifer showing much looser coils and a flatter body position, Figure 1D).

Oxyrhopus fitzingeri (Tschudi 1845)

According to César Luque-Fernandéz and Luis Villegas Paredes (pers. comm.), an individual
of O. fitzingeri caught in Atiquipa, Arequipa (Peru) coiled its neck in a S-shape, raised its
head and made lateral movements, shortly after which it tried to escape. This is the first
detailed description of this behavior for this species but more details about the individual and
the locality can be found in Luque-Fernandez & Villegas Paredes (2017)

Oxyrhopus doliatus Duméril, Bibron & Duméril 1854

According to Luis Esqueda (pers. comm.), individuals of O. doliatus in Venezuela attempt to
flee when first detected and often make lateral movements and flatten the body (mainly the
juveniles), using cloacal discharges when captured. More details on the locality of record can

be found in Esqueda et al. (2008).
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Figure 1. New defensive behaviors for Oxyrhopus petolarius and O. rhombifer. For O.

petolarius the newly reported behaviors are A) balling; B) thanatosis and C) neck S-coil
behavior. For O. rhombifer the newly reported behavior is D) head-hiding behavior. D) A
Oxyrhopus rhombifer exhibiting head-hiding behavior, with much looser coils and a flatter

body compared to the typical spheric shape of balling snakes.



227  Literature review

228  We found data of defensive behavior for 41 species of 11 genera (83.7% and 100%,

229  respectively) of Pseudoboini snakes (Table 1). Only 22 species had simultaneously reported
230  defensive behavior and were present in the phylogeny. The species for which a higher

231  number of behaviors has been reported was Oxyrhopus rhombifer with 14, followed by

232 Siphlophis compressus and O. petolarius both with 12. Among the reported defensive

233 behaviors for Pseudoboini species, the most commonly reported were head-hiding, erratic

234 movements, cloacal discharges and balling (Figure 2).
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236 Figure 2. Number of species of Pseudoboini reported to show each defensive behavior. For
237  more details see Table 1. Locomotor escape was excluded since it is often not reported and
238  mimicry was excluded due to being a passive defensive mechanism but not a behavior per se.

239
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The UPGMA dendrogram of behavioral dissimilarity of this subset yielded two major
clusters (Figure 3A), with the one comprising Paraphimophis rusticus (Oxyrhopus fitzingeri
+ Siphlophis pulcher) having large average lengths, which indicates high dissimilarity. The
other cluster was composed of all other 19 species divided into two sub-clades: one
comprising seven species, featuring all three species from Siphlophis genus; and the other one
comprising 12 species, mainly from the Boiruna, Clelia, Pseudoboa and Mussurana genera
(Figure 3A). Species from the Oxyrhopus genus were equally present in both sub-clades.

The average range overlap between species was 18.8% (£ 23.7%) and varied from 0 (e.g.,
between Oxyrhopus clathratus and O. occipitalis) and 89.2% (between Siphlophis
compressus and S. cervinus) (Supp. Mat. S3). Overall, average range overlap between species
of the same genus (19.5% + 25.3%, n = 30 pairs) was similar to species belonging to different
genus (18.7% =+ 23.6%, n = 201 pairs) Our analysis showed that range overlap by itself did
not significantly predict dissimilarity in defensive behavior (Table 2). However, the
interaction of range overlap and difference in body size (estimate = -0.01, p = 0.02) had a
significant negative effect, albeit weak, on the dissimilarity in defensive behavior (Table 2,
Figure 3B). The interaction of these factors with phylogenetic distance was weak and
marginally non-significant (p = 0.054) but phylogenetic distance by itself was poorly
correlated with dissimilarity in defensive behavior (Table 2, Figure 3A). For instance, even
though most species of the Oxyrhopus genus comprise a monophyletic group (excluding O.
fitzingeri, see Serrano et al., 2024), they do not cluster together regarding behavioral
dissimilarity. On the other hand, species from the Siphlophis genus (excluding S. pulcher) are
cluster both phylogenetically and in behavioral dissimilarity, albeit with different
relationships among them. Our PGLMM also showed that species with a higher number of

reported behaviors did not have wider distributions (p = 0.17).
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Figure 3. A) Correspondence of phylogeny (left; scale in million years, Serrano et al., 2024)
and behavioral dissimilarity (right; scale in which the higher the value the most dissimilar
species are) for species of the Pseudoboini tribe. Lines connect the same species in both
clusters (phylogeny and behavioral dissimilarity). Different colors represent different genera.
A) Behavioral dissimilarity between snakes from the Pseudoboini tribe decreases with

geographical overlap and size difference (increasing from yellow to dark green).
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273 Discussion

274  Herein we show that the Neotropical snake tribe Pseudoboini has a diverse repertoire of

275  defensive behaviors. We confirmed our hypothesis that species that co-occur tend to be more
276  similar in defensive behavior but only if they have similar body sizes. Furthermore, similarity
277  in defensive behavior is not phylogenetically structured. Our work explicitly tests

278  ecogeographical differences of defensive behavior between species, which might be an

279  important component of species ecology and their interactions.

280 Behaviors such as locomotor escape, cloacal discharge and head-hiding were more
281  than three times as frequent as thanatosis, body vibration, body flattening or tail display.

282 Although all these aforementioned behaviors are considered non-intimidating defensive

283  behaviors (Gray 2015), they may have different trade-offs in cost and success that reflects
284  their reported frequency and the moment they are employed. While behaviors such as

285  locomotor escape and struggle might have a high energetic cost (e.g., continuous movement
286  to escape from the potential predator), they increase the distance between the snake and the
287  predator upon detection and are usually among the initial anti-predatory behaviors shown
288  prior to contact with predator (Gray 2015). On the other hand, behaviors such as balling,

289  head-hiding and thanatosis likely have a low energetic cost but leave the snake potentially
290  more vulnerable and aim to mainly deter or minimize predator attacks, potentially shown on a
291  secondary phase where physical contact with the predator has occurred but escape is no

292 longer possible (Greene 1988). Thus, initial defensive behaviors such as struggle might be
293  more frequent as they represent a first phase in which the goal is to avoid further contact. In
294  contrast, response behaviors such as thanatosis might be less common as they are employed

295  as a last alternative when escape fails (Greene 1988).
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We corroborated our hypothesis that there is a relationship of defensive behavior with
co-occurrence at a larger scale (sympatry), which had been previously suggested (Greene
1979) but never tested. However, this similarity of defensive behavior for sympatric species
is only strongly supported for species of similar size also. Anti-predator behavior of snakes
had already been shown to be linked to body size (Delaney 2009), but our work is the first to
assess how it plays a role in similarity of defensive behavior across sympatric species. While
being large-bodied increases the chances of being detected by predators, it also decrease the
probability of capture by gape-limited predators as well as posing a higher risk (Urban 2007).
Body size strongly impacts ecophysiological parameters such as behavioral thermal
tolerances (Klockmann et al. 2016) thus activity time and period and consequently exposure
to predators (Grigaltchik et al. 2012), Since predation pressure is also linked with
environmental parameters such as temperature and precipitation (Brodie & Russell 1999), as
shown by increased tail autotomy for snakes in warmer regions (Moura et al. 2022), this may
lead to a stronger convergence in defensive behavior by co-occuring species with similar size.

Even though body size is often phylogenetically conserved (Martins et al., 2001), we
found that phylogenetic relatedness, by itself, was not a strong predictor of similarity in anti-
predator behavior. This may also be influenced by range overlap being similar between
congeneric and non-congeneric species, which suggests that phylogenetic relatedness does
not determine range overlap of Pseudoboini snakes, at least at broad scales. Other studies
have shown that defensive behavior can vary depending on the perceived threat and that it is
one of the most labile traits (Brodie & Russell 1999; Blomberg et al. 2003; Martins et al.
2008), even though for some groups there is a phylogenetic component in anti-predator
behavior (Davis Rabosky et al. 2021; but see Araujo & Martins 2006). Furthermore,
arboreality was not present in the best models that explain dissimilarity in defensive behavior.

Even though arboreal snakes typically have a greater diversity of defensive behaviours,



321  which has been linked to higher predation pressures (Moura et al. 2022), this is not true for
322 snakes of the Xenodontinae subfamily — such as those in the tribe Pseudoboini (Martins et al.
323 2008). Since all Pseudoboine snakes are strongly nocturnal, this may reflect how both

324  arboreal and non-arboreal species use the same anti-predator behaviors, in contrast with

325  diurnal species which often use significantly more diverse behaviors (Martins et al. 2008).
326 We found that the number of reported anti-predator behaviors is not correlated with
327  range size. Thus, widespread species are not significantly changing our findings and report
328  biases are likely constant across species with different range sizes. However, even though the
329  scarcity of data for Pseudoboini is not as pronounced as for other less widespread but diverse
330  snake clades, further information could help elucidate the role of geography on defensive

331  behaviors, specially for species with restricted ranges such as O. erdisii, O. leucomelas and O.
332 marcapatae (see distribution in Uetz et al. 2022). More in-depth investigation of the fitness
333 costs and benefits of each anti-predator behavior is also required to fully evaluate the

334  geographic patterns of predator-prey interactions (Arnold 1992; Roth & Johnson 2004). Even
335  though previous studies have studied the geographical variation of anti-predator behavior,
336  most have focused only on different populations of the same species (Herzog & Schwartz
337 1990; Placyk 2012), with our study being among the first testing inter-species differences.
338  Herein we show that space, especially at large scale, is an important component of anti-

339  predator behavior. We hope that our work stimulates future research on defensive strategies
340  as our findings can be broadly applied to and tested in other taxa.
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TABLES

Table 1. Defensive behaviors reported for the snake tribe Pseudoboini. BA = balling; BD = body flattening; BT = biting; BV = body vibration;

CD = Cloacal discharges; CO =. Constriction; EM = Erratic movements; FS = False strike; HE = Head Elevation; HH = Hiding the head; HT =

Head triangulation; IM = Immobility; LE = Locomotor escape; MI = Mimicry; NC = neck S-coil; ST = Struggle; TD = tail display; TH =

thanatosis (death feigning); TV = tail vibration. Abbreviations in bold with * correspond to new behaviors for the species described in this work.

List of references can be found in Supplementary material S2.

Genus Species Behavior Nr of behaviors Source
Boiruna maculata BA, BT, EM, HH, MI 5 Gaiarsa et al., 2013; Marques et al., 2015; Tozetti et al., 2021
Boiruna
Boiruna sertaneja BT, CO, EM, HH, LE, MI 6 Lemos et al., 2009; Mesquita et al., 2013; Marques et al., 2015
Clelia clelia BT, CO, EM, HH, MI 5 Martins & Oliveira, 1998; Fraga et al 2013; Champagne et al 2021
Clelia
Clelia plumbea BA, BT, EM, HH, MI 5 Marques et al., 2016; Tozetti et al., 2021; Weinstein et al., 2022
Martins 1996; Martins & Oliveira, 1998; Fraga et al 2013; Gaiarsa
Drepanoides Drepanoides anomalus CD, EM, HH, LE, MI, ST 6

etal., 2013




Mussurana bicolor

Mussurana Mussurana montana

Mussurana quimi

EM, HH, MI

EM, HH, MI

EM, HH, MI

Marques et al. 2015; Marques et al., 2016; Tozetti et al., 2021

Marques et al. 2015; Tozetti et al., 2021

Marques et al. 2015; Marques et al., 2016; Tozetti et al., 2021

Oxyrhopus clathratus

Oxyrhopus doliatus

Oxyrhopus

Oxyrhopus emberti

Oxyrhopus erdisii

BA, BD, BT, CD, EM,

HH, LE, MI, ST

BD*, CD*, EM*, LE*,

MI

MI

MI

Martins et al. 2008; Gaiarsa et al. 2013; Tozetti et al., 2021

Esqueda et al. 2008; Luis Esqueda (pers. comm.); This study

Bosque 2012; Bosque et al., 2016

Bosque 2012; Bosque et al., 2016



Oxyrhopus fitzingeri

Oxyrhopus formosus

Oxyrhopus guibei

Oxyrhopus leucomelas

Oxyrhopus marcapatae

Oxyrhopus melanogenys

Oxyrhopus occipitalis

Oxyrhopus petolarius

HE*, LE*, MI, NC*

BT, HH, MI, ST

BA, BD, CD, EM, HE,

HH, IM, LE, MI, ST, TH

MI

MI

CD, EM, HH, LE, MI,

NC, ST, TD, TV

BT, BV, LE, MI, TV

BA*, CD, EM, FS*, HE*,

HH, IM, LE, MI, NC, ST,

11

12

Bosque 2012; Bosque et al., 2016; Luque-Fernandéz (pers.

comm.); This study

Martins & Oliveira 1998; Martins et al. 2008; Tozetti et al., 2021

Sazima & Abe, 1995, Gaiarsa et al. 2013; Da Silva et al. 2018,
Marques et al. 2015; Franga et al, 2017; Pacheco 2018; Tozetti et

al., 2021

Bosque 2012; Bosque et al., 2016

Bosque 2012; Bosque et al., 2016

Martins 1996; Martins & Oliveira 1998; Franklin 2003; Gaiarsa et

al. 2013; Frota et al. 2021; Rabosky et al. 2021; Tozetti et al., 2021

Martins & Oliveira 1998, Torres-Carvajal et al., 2020

Campbell & Lamar 2004; Martins et al. 2008; Abe 2010; Marques

et al. 2015; Marques et al., 2016; Quezada & Arteaga 2020;



TH

BA, BD, BV, CD, EM,

Magallon et al. 2021; This study

Martins et al. 2008; Sawaya et al. 2008; Marques et al. 2015;

Oxyrhopus rhombifer FS, HE, HH, IM, LE, MI, 14 Franga et al, 2017; Assis et al. 2020; Tozetti et al., 2021; This
NC, ST, TD study
Martins & Oliveira 1998; Pereira-Filho 2007; Marques et al. 2015;
Oxyrhopus trigeminus CD, EM, HH, M1, ST 5
Rabosky et al., 2016; Franca et al, 2017; Tozetti et al., 2021
Martins & Oliveira 1998; Gaiarsa et al. 2013; Quezada & Arteaga
Oxyrhopus vanidicus BV, LE, MI, ST, TV 5
2020
Paraphimophis Paraphimophis rusticus BA, HH 2 Tozetti et al., 2021
Phimophis Phimophis guerini BT, CD, EM, HH, MI 5 Gaiarsa et al., 2013; Mesquita et al., 2013; Tozetti et al., 2021
Pseudoboa coronata BT, CO, EM, HH 4 Fraga et al 2013; Gaiarsa et al., 2013
Pseudoboa haasi BA, EM, HH, MI 4 Marques et al. 2004; Tozetti et al., 2021
Pseudoboa
Pseudoboa martinsi CO, EM, HH, MI 4 Fraga et al., 2013
Pseudoboa neuweidii BT, CD, CO, EM, HH, 10 Martins 1996, Fraga et al 2013; Gaiarsa et al., 2013; Lozan &




IM, LE, MI, ST; TH

CD, CO, EM, HH, LE,

Angarita-Sierra 2018; Fuentes et al 2021

Mesquita et al., 2013; Fiorillo et al 2021; Tozetti et al., 2021;

Pseudoboa nigra 7
MI, TD Ugalde & Prado 2022
Pseudoboa serrana MI Marques et al., 2015
BA, BD, CD, EM, LM,
Rhachidelus Rhachidelus brazili 7 Fiorillo et al., 2021; Tozetti et al., 2021
HH, HT
BA, CD, EM HE, HH, Fraga et al 2013; Gaiarsa et al., 2013; Santos-Costa et al., 2015;
Siphlophis cervinus 7
LE, TV Tozetti et al., 2021
BA, CD, EM, FS, HE, Martins & Oliveira, 1998; Fraga et al 2013; Sena et al 2016;
Siphlophis compressus HH, HT, LE, MI, NC, ST, 12 Abegg et al 2017; Acosta-Ortiz & Aponte-Gutiérrez 2021; Tozetti
TV etal., 2021
Siphlophis Martins & Oliveira, 1998; Marques et al., 2016; Carvalho et al
Siphlophis leucocephalus BA, EM, HE, HH 4
2017
BA, CD, EM, FS, HE,
Siphlophis longicaudatus 10 Marques et al. 2004; Pereira et al 2018; Fraga et al., 2013
HH, MI, NC, HT, TV
Siphlophis pulcher BA, HE, HH, LE, MI, NC 6 Martins & Oliveira, 1998; Marques et al. 2004; Tozetti et al., 2021




532

533

Siphlophis worontzowi

BA

Tozetti et al., 2021

Rodriguesophis

Rodriguesophis iglesiasi

Rodriguesophis chui

Rodriguesophis scriptorcibatus

EM, HH, LE, MI

EM, HH, LE, MI

EM, HH, LE, MI

Marques et al., 2016; Miguel Trefaut Rodrigues personal
communication

Marques et al., 2016; Miguel Trefaut Rodrigues personal
communication

Marques et al., 2016; Miguel Trefaut Rodrigues personal

communication




534 Table 2. Model output of the PGLMM, testing for the effects of range overlap, difference in body size, difference in arboreality difference and

535  phylogenetic distance on behavioral dissimilarity. * indicates a significant effect.

Estimate Adjusted SE z p-value
Intercept -0.18 0.47 0.39 0.70
Size difference 0.00 0.00 1.22 0.22
Range overlap 1.30 1.35 0.96 0.34
Phylogenetic distance 0.01 0.01 0.99 0.32
Size difference x Range overlap -0.01 0.00 2.35 0.02%*
Size difference x Phylogenetic distance 0.00 0.00 0.83 0.40
Range overlap x Phylogenetic distance -0.04 0.04 0.97 0.33
Size difference x Range overlap x Phylogenetic distance 0.00 0.00 1.90 0.06
Arboreality difference -0.56 2.35 0.24 0.81
Arboreality difference x Phylogenetic distance 0.01 0.05 0.27 0.79
Arboreality difference x Size difference 0.00 0.00 0.31 0.76
Arboreality difference x Size difference x Phylogenetic distance 0.00 0.00 0.27 0.79
Arboreality difference x Range overlap 0.09 1.70 0.05 0.96
Arboreality difference x Range overlap x Phylogenetic distance 0.00 0.04 0.01 0.99
Arboreality difference x Size difference x Range overlap 0.00 0.00 0.05 0.96
Arboreality difference x Size difference x Range overlap x Phylogenetic distance 0.00 0.00 0.01 0.99

536
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SUPPLEMENTARY MATERIAL

Supplementary material S1. Presence/absence matrix for each species used to perform the cluster analysis.
Supplementary material S2. List of references of Table 1.

Supplementary material S3. % of range overlap for Pseudoboini species. Subset of species that were present in the phylogeny.



