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abstract. previous studies indicate that (1) defensive displays are associated with habitat use in snakes, (2) visual defenses 
correlate better with habitat than with phylogeny, and (3) arboreal snakes are more exposed to predators than terrestrial species. 
we hypothesize that similar patterns exist for diurnal versus nocturnal snakes, and test these hypotheses against the occurrence 
of 13 defense types directed to visually oriented predators in 92 colubrids from two neotropical assemblages, one from central 
amazonia (26 genera, 41 species) and another from the atlantic forest (23 genera, 62 species). arboreal species and genera 
displayed more visual defensive tactics than terrestrial ones. frontal display, gaping, gular inflation, head elevation, neck s-coil, 
and, apparently, head triangulation, tended to be more frequent in arboreal species, whereas dorsoventral body depression and, 
apparently, polymorphism, were more frequent in terrestrial ones. peculiarities of the arboreal microhabitat, such as the prevalence 
of a green background, a likely higher exposition to predators, and the variety of directions from which a predator would approach 
may have led to the evolution of peculiar visual defensive tactics in arboreal species. with regard to time of activity, the number of 
visual defensive tactics was not different between diurnal and nocturnal species or genera. However, frontal display, gaping, gular 
inflation, and crypsis were prevalent in diurnal snakes, whereas mimicry and, apparently, head triangulation were more frequent 
in nocturnal forms. furthermore, green was significantly more frequent in diurnal species, whereas contrasting color patterns were 
more frequent in nocturnal species. a cluster analysis based on the occurrence of visual defenses resulted mostly in heterogeneous 
groups of genera regarding phylogenetic position (clade), preferred microhabitat and time of activity. in general, our analyses 
indicate that the way neotropical snakes defend themselves from predators results from a complex interaction between ecological 
factors and phylogenetic constraints.
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arboreal pitvipers and their putative mimics in camp-
bell and lamar, 2004). indeed, cryptic color patterns 
are widespread in neotropical snakes, including 
many terrestrial species (see, e.g., campbell, 1998; 
dixon and soini, 1986; duellman, 1978; marques 
et al., 2004; martins and oliveira, 1998).

in their comprehensive review of characters re-
lated to arboreality in snakes, lillywhite and Hender-
son (1993) hypothesized that arboreal species have 
more limited access to retreats and therefore are more 
exposed to visually oriented predators than terrestrial 
species, which can rely on various kinds of retreats 
like burrows, holes or crevices. they also suggested 
that a supposed high incidence of crypsis and ab-
sence of brightly contrasting color patterns in arbo-
real snakes were evidences supporting their hypoth-
esis. although information on intensity of predation 
on arboreal snakes is scarce, some studies indicate it 
may be intense in neotropical forests, mainly by diur-
nal birds of prey (braker and Greene, 1994; Greene, 
1988b; lillywhite and Henderson, 1993; martins, 
1996; sazima, 1992). indeed, the frequent occurrence 

introduction

antipredator mechanisms in snakes are diverse 
and complex, and several defensive tactics suppos-
edly are directed to visually oriented predators (re-
view in Greene, 1988a). some defensive displays are 
associated with the microhabitat used by the snake: 
tail and horizontal head displays were found mostly 
in terrestrial species whereas vertical head display oc-
curred mainly in arboreal ones (Greene 1979). the 
visibility hypothesis (senter, 1999) suggests that the 
advantages of these defensive displays are related to 
the line of vision of approaching predators. defenses 
of terrestrial species would be directed to predators 
approaching from above, whereas those of arboreal 
snakes would be directed to predators coming from 
all sides (senter, 1999).

another common observation on the defensive 
tactics of tropical snakes is the repeated occurrence 
of green and brown color patterns in arboreal snakes 
from several lineages (cott, 1940; lillywhite and 
Henderson, 1993; see also several examples of green, 
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of cryptic patterns in neotropical snakes corroborates 
the hypothesis that visually oriented predators are im-
portant in the evolution of coloration in these snakes 
(lillywhite and Henderson, 1993).

if arboreal snakes are in fact more exposed to vi-
sually oriented predators as suggested by lillywhite 
and Henderson (1993), it should be expected that, in 
general, they would be more “visually defensive” than 
terrestrials. similarly, if visually oriented predators 
are so important in the evolution of defensive tactics 
in snakes, we hypothesize that diurnal snakes should 
be more visually defensive than the nocturnal ones.

another important question in snake defensive 
biology is the role of ecology and phylogeny in the 
occurrence of defensive tactics in a given species or 
clade. Greene (1979) emphasized that defensive tac-
tics correlate better with habitat than with phylogeny 
in snakes, calling attention to several putative exam-
ples of convergence in distantly related species. more 
recently, however, martins (1996) suggested that phy-
logeny is a strong determinant factor in the occurrence 
of defensive tactics in central amazonian snakes of 
eight families, but also that shared potential predators 
may have led to some convergent defenses.

snake communities in neotropical rainforests are 
good subjects to address the questions above, since 
they encompass several species of various lineages, 
displaying a high diversity of defensive tactics (e.g., 
duellman, 1978, 2005; martins and oliveira, 1998; 
marques and sazima, 2003; marques et al., 2004). 
moreover these assemblages have a high proportion of 
arboreal species (only 14 out of 75 genera in Greene, 
1979 were arboreal), as well as high proportions of di-
urnal and nocturnal species (see, e.g., dixon and soini, 
1986; duellman, 1978; martins and oliveira, 1998). 
Here we use two extensive databases on defensive tac-
tics in two snake assemblages, one from central ama-
zonia (martins and oliveira, 1998) and another from 
the serra do mar mountain range in the atlantic forest 
(marques et al., 2004; marques and sazima, 2003), 
to address the following questions regarding defen-
sive strategies in neotropical snakes: (1) do arboreal 
snakes display more defensive tactics directed to vi-
sually oriented predators than terrestrial ones? (2) do 
diurnal snakes exhibit more defensive tactics directed 
to visually oriented predators than nocturnal ones? 
(3) are green color and crypsis more common in ar-
boreal snakes? (4) are contrasting color patterns less 
common in arboreal species than in terrestrial ones? 
and (5) do visual defensive tactics correlate better 
with ecology (microhabitat use and time of activity) 
than with phylogeny in neotropical snakes?

Methods

in central amazonia, data on defensive tactics 
were gathered from 1990 through 1995 during field-
work at the reserva florestal adolpho ducke, a 
100 km2 tract of forest, mostly undisturbed, located 
ca. 25 km north of manaus, amazonas, brazil, as 
well as at a few other localities in the manaus region 
(see detailed descriptions of these areas in martins 
and oliveira, 1998). all defensive tactics displayed 
by snakes when approached, grasped, and handled 
were recorded (martins and oliveira, 1998). data 
from the atlantic forest was gathered during the last 
20 years during fieldwork in many localities through-
out the serra do mar mountain range, southeastern 
brazil (see marques et al., 2004), as well as during 
studies with captive snakes at the instituto butantan 
where many atlantic forest species are brought by 
lay people throughout the year.

we consider arboreal (similar to bush and tree in-
habitants in duellman, 1978) those snakes that regu-
larly spend at least part of their activity time on the 
vegetation above the ground level; thus, this defini-
tion also includes semi arboreal species (see martins 
and oliveira, 1998). fossorial and cryptozoic species 
are included in the terrestrial category (see Greene, 
1979), since these snakes are collected on the ground 
and thus may face a similar suite of predators. pri-
marily aquatic species (e.g., Helicops spp.) were ex-
cluded from all analyses.

only colubrids (26 genera, 41 species in central 
amazonia; 23 genera, 62 species in the atlantic for-
est) are considered here, since this group shows a high 
diversity of defensive tactics and is represented by 
several arboreal and terrestrial, as well as diurnal and 
nocturnal species in both assemblages (martins and 
oliveira, 1998; marques et al., 2004). ten species oc-
cur in both assemblages (see table 1). based on gross 
external morphology, we consider the species we call 
Liophis typhlus in the amazonian and the atlantic 
forest assemblages as different species; herein we 
call these taxa Liophis typhlus amazon and Liophis 
typhlus atlantic, respectively. thus, our analyses in-
cluded a total of 92 south american forest colubrids. 
Rhinobothrium lentiginosum, which occurs in central 
amazonia, was not included in our analyses for lack 
of field data. in the comparisons of the number of 
defensive tactics observed in arboreal and terrestrial 
species (hereafter arboreals and terrestrials) as well 
as in diurnal and nocturnal species (hereafter diurnals 
and nocturnals), we used both species and genera (see 
Greene, 1979, for the latter). in the comparisons of 

 martins, m. et al. 61



table 1. colubrid snake species in the central amazonian (am) and the atlantic forest (at) assemblages, their clades (col = colubrines; 
dip = dipsadines; xen = xenodontines), activity time (ac), preferred microhabitat (mh), occurrence of green color pattern (Gr), occurrence of 
brightly contrasting colors (cc), number of visual defenses (nvd), and occurrence of 13 visual defense behaviors (ba to td). ba = balling; 
bd = body depression; bi = body inflation; cr = crypsis; fd = frontal display; Ga = gaping; Gi = gular inflation; He = head elevation; 
Ht = head triangulation; mi = mimicry; nc = neck s-coil; po = polymorphism; td = tail display.

assemblage clade ac mh Gr cc nvd ba bd bi cr fd Ga Gi He Ht mi nc po td
Apostolepis sp. am xen d t 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0
Atractus latifrons am dip d/n t 0 1 3 0 1 0 0 0 0 0 0 0 1 0 0 1
Atractus major am dip d/n t 0 0 3 0 0 0 1 0 0 0 0 0 1 0 1 0
Atractus pantostictus at dip d/n t 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0
Atractus poeppigi am dip d/n t 0 1 4 0 1 0 1 0 0 0 0 0 1 0 0 1
Atractus reticulatus at dip n t 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0
Atractus schach am dip d/n t 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0
Atractus snethlageae am dip d/n t 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0
Atractus torquatus am dip d/n t 0 0 2 0 0 0 1 0 0 0 0 0 0 0 1 0
Atractus trihedrurus at dip d/n t 0 1 4 0 1 0 1 0 0 0 0 0 1 0 1 0
Atractus zebrinus at dip d/n t 0 1 3 0 0 0 1 0 0 0 0 0 1 0 1 0
Atractus sp. at dip d/n t 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0
Chironius bicarinatus at col d a 1 0 6 0 0 0 1 1 1 1 1 0 0 1 0 0
Chironius exoletus at col d a 1 0 6 0 0 0 1 1 1 1 1 0 0 1 0 0
Chironius fuscus am/at col d a 0 0 6 0 0 0 1 1 1 1 1 0 0 1 0 0
Chironius laevicollis at col d t 1 0 7 0 0 0 1 1 1 1 1 0 1 1 0 0
Chironius multiventris am/at col d a 1 0 6 0 0 0 1 1 1 1 1 0 0 1 0 0
Chironius scurrulus am col d a 1 0 6 0 0 0 1 1 0 1 1 0 1 1 0 0
Clelia clelia am xen n t 0 1 2 0 0 0 1 0 0 0 0 0 1 0 0 0
Clelia montana at xen n t 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0
Clelia plumbea at xen n t 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0
Dendrophidion 
dendrophis

am col d t 0 0 3 0 0 1 1 0 0 0 1 0 0 0 0 0

Dipsas albifrons at dip n a 0 0 5 0 0 0 1 0 0 0 1 1 1 1 0 0
Dipsas alternans at dip n a 0 0 5 0 0 0 1 0 0 0 1 1 1 1 0 0
Dipsas indica am/at dip n a 0 0 6 0 0 0 1 1 0 0 1 1 1 1 0 0
Dipsas neivai at dip n a 0 0 5 0 0 0 1 0 0 0 1 1 1 1 0 0
Dipsas pavonina am dip n t 0 0 5 0 0 0 1 0 0 0 1 1 1 0 0 0
Dipsas sp. at dip n a 0 0 5 0 0 0 1 0 0 0 1 1 1 1 0 0
Drepanoides anomalus am xen n a 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0
Drymoluber dichrous am col d t 0 0 3 0 0 0 1 0 0 0 1 0 0 1 0 0
Echinanthera affinis at xen d t 0 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0
Echinanthera amoena at xen d t 1 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0
Echinanthera bilineata at xen d/n t 0 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0
Echinanthera 
cephalostriata

at xen d/n t 0 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0

Echinanthera 
cyanopleura

at xen d/n t 0 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0

Echinanthera 
melanostigma

at xen d/n t 0 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0

Echinanthera 
persimilis

at xen d/n t 0 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0

Echinanthera undulata at xen d t 0 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0
Elapomorphus lepidus at xen d t 0 1 2 0 1 0 0 0 0 0 0 0 1 0 0 0
Elapomorphus 
quinquelineatus

at xen d t 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0

Erythrolamprus 
aesculapii

am/at xen d t 0 1 5 0 1 0 0 0 0 0 1 0 1 0 1 1

Imantodes cenchoa am/at dip n a 0 0 4 0 0 0 1 0 0 0 1 0 1 1 0 0
Leptodeira annulata am/at dip n a 0 0 4 0 0 0 1 0 0 0 0 1 1 1 0 0
Leptophis ahaetulla am col d a 1 0 5 0 0 0 1 0 1 0 1 1 0 1 0 0
Liophis amarali at xen d t 0 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0
Liophis atraventer at xen d t 1 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0
Liophis breviceps am xen d t 0 1 3 0 0 0 1 0 0 0 1 0 1 0 0 0
Liophis jaegeri at xen d t 1 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0
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assemblage clade ac mh Gr cc nvd ba bd bi cr fd Ga Gi He Ht mi nc po td
Liophis miliaris at xen d/n t 0 0 3 0 1 0 1 0 0 0 1 0 0 0 0 0
Liophis poecilogyrus at xen d/n t 0 1 3 0 1 0 1 0 0 0 0 0 1 0 0 0
Liophis reginae am xen d t 1 0 3 0 1 0 1 0 0 0 1 0 0 0 0 0
Liophis schotti at xen d/n t 0 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0
Liophis typhlus 
(Atlantic)

at xen d t 1 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0

Liophis typhlus 
(Manaus)

am xen d t 1 0 4 0 1 1 1 0 0 0 0 0 0 0 1 0

Mastigodryas 
bifossatus

at col d t 0 0 5 0 0 0 1 1 1 0 1 0 0 1 0 0

Mastigodryas 
boddaerti

am col d a 0 0 3 0 0 0 1 0 0 0 1 0 0 1 0 0

Oxybelis aeneus am/at col d a 0 0 5 0 0 0 1 1 1 0 1 0 0 1 0 0
Oxybelis fulgidus am col d a 1 0 5 0 0 0 1 1 0 0 1 1 0 1 0 0
Oxyrhopus clathratus at xen n t 0 1 2 0 0 0 0 0 0 0 0 0 1 0 1 0
Oxyrhopus formosus am xen n t 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0
Oxyrhopus 
melanogenys

am xen n t 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0

Oxyrhopus petola at xen n t 0 1 2 0 0 0 0 0 0 0 0 0 1 0 1 0
Philodryas aestivus at xen d a 1 0 3 0 0 0 1 0 0 0 1 0 0 1 0 0
Philodryas olfersii at xen d a 1 0 5 0 0 0 1 1 1 0 1 0 0 1 0 0
Philodryas 
patagoniensis

at xen d t 0 0 5 0 1 0 1 0 0 0 1 1 0 1 0 0

Philodryas 
viridissimus

am xen d a 1 0 6 0 0 0 1 1 1 0 1 1 0 1 0 0

Pseudoboa haasi at xen n t 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0
Pseudoboa neuwiedi am xen n t 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0
Pseudoboa serrana at xen n t 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0
Pseustes poecilonotus am col d a 0 0 6 0 0 0 1 1 1 1 1 0 0 1 0 0
Pseustes sulphureus am/at col d a 0 0 6 0 0 1 1 1 0 1 1 0 0 1 0 0
Sibynomorphus 
neuwiedii

at dip n a 0 0 6 0 0 0 1 0 0 0 1 1 1 1 1 0

Siphlophis cervinus am xen n a 0 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0
Siphlophis compressus am/at xen n a 0 1 4 0 0 0 0 0 0 0 1 1 1 1 0 0
Siphlophis 
longicaudatus

at xen n a 0 0 4 0 0 0 1 0 0 0 1 0 1 1 0 0

Siphlophis pulcher at xen n a 0 1 4 1 0 0 0 0 0 0 1 0 1 1 0 0
Spilotes pullatus am/at col d a 0 1 5 0 0 1 0 1 0 1 1 0 0 1 0 0
Taeniophallus 
breviceps

am xen d t 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0

Taeniophallus nicagus am xen d t 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0
Tantilla 
melanocephala

am col d t 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0

Thamnodynastes 
hypoconia

at xen n t 0 0 6 0 1 0 1 0 0 0 1 1 1 1 0 0

Thamnodynastes 
longicaudus

at xen n a 0 0 3 0 1 0 1 0 0 0 1 0 0 0 0 0

Thamnodynastes 
strigatus

at xen n t 0 0 6 0 1 0 1 0 0 0 1 1 1 1 0 0

Thamnodynastes sp. at xen n t 0 0 6 0 1 0 1 0 0 0 1 1 1 1 0 0
Tomodon dorsatus at xen d t 0 0 11 1 1 1 1 1 1 0 1 1 1 1 1 0
Tropidodryas serra at xen d a 0 0 5 0 0 0 1 1 0 0 1 0 1 1 0 0
Tropidodryas 
striaticeps

at xen d a 0 0 5 0 0 0 1 1 0 0 1 0 1 1 0 0

Uromacerina 
ricardinii

at xen d a 0 0 2 0 0 0 1 0 0 0 1 0 0 0 0 0

Xenodon neuwiedi at xen d t 0 0 7 0 1 0 1 0 0 0 1 1 1 1 1 0
Xenodon 
rhabdocephalus

am xen d t 0 0 4 0 1 0 0 0 0 0 1 1 1 1 0 0

Xenopholis scalaris am/at dip n t 0 0 2 0 1 0 1 0 0 0 0 0 0 0 0 0
Xenoxybelis argenteus am xen d a 0 0 2 0 0 0 1 0 0 0 0 0 0 1 0 0
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frequency of specific defensive tactics (e.g., crypsis), 
we used only species.

only defensive tactics supposedly directed at vi-
sually oriented predators (n = 13) are considered 
here. definitions of defensive tactics follow Greene 
(1988a; see also martins and oliveira, 1998). we 
consider that a species has a brightly contrasting col-
or pattern when it bears contrasting combinations of 
red, orange, yellow, white, and/or black, anywhere 
on its body. we follow endler (1986) in consider-
ing as cryptic a color pattern that resembles a random 
sample of the background. besides being considered 
as cryptic, patterns with conspicuous brown or gray 
blotches or other marks on a lighter ground (e.g., 
those of Leptodeira annulata and Xenodon rhabdo‑
cephalus) were also considered as mimic of sympat-
ric pitvipers, since there are evidences that viper color 
patterns may be aposematic (e.g., wüster et al., 2004; 
niskanen and mappes, 2005; see also similar results 
in andrén and nilson, 1981). furthermore, even pat-
terns that vaguely resemble dangerous models may 
be avoided by predators (endler and mappes, 2004). 
Juvenile Chironius scurrulus is considered a mimic of 
Philodryas viridissimus, and juvenile C. laevicollis is 
considered a mimic of P. aestivus and P. olfersii (see 
martins and oliveira, 1998; marques and sazima, 
2003). a single species was included in more than 
one category in the following cases: (1) it shows on-
togenetic shifts from one category to the other (e.g., 
contrasting pattern to crypsis in Clelia clelia; mimicry 
to crypsis in Chironius scurrulus and C. laevicollis); 
or (2) different parts of the body fall in different cate-
gories (e.g., a cryptic dorsum and a brightly contrast-
ing venter in Liophis breviceps; dorsum brightly con-
trasting anteriorly in Drepanoides anomalus). in the 
analyses involving time of activity, species for which 
no defined time of activity occurs (e.g., Atractus spp., 
see martins and oliveira, 1998) or those for which 
this character is unknown were excluded.

to compare the number of visual defensive tactics 
found in ecological categories (terrestrial, arboreal, 
diurnal, nocturnal) we used mann-whitney U-tests. 
the number of visual defensive tactics was compared 
among colubrid main clades (colubrines, dipsadines, 
and xenodontines; see, e.g., Zaher, 1999, vidal et al., 
2000) with a kruskal-wallis analysis of variance. to 
compare the frequency of particular visual defensive 
tactics between ecological groups, we performed 
chi-square tests. the effect of phylogeny and ecol-
ogy (microhabitat use and time of activity) in the 
occurrence of visual defensive tactics was explored 
through a cluster analysis using percent disagreement 

as the distance measure and complete linkage as the 
amalgamation rule. all analyses were performed with 
statistica (statsoft, 2003). results were considered 
significant when p < 0.05 and marginally non-signifi-
cant when 0.05 < p < 0.10.

results

terrestrial and arboreal colubrids comprised 
64.1% and 35.9%, respectively, of our sample of 92 
species from central amazonia and the atlantic for-
est (table 1). arboreal colubrids displayed signifi-
cantly more defensive tactics directed to visually ori-
ented predators than the terrestrial ones (medians 5.0 
and 2.0, ranges 1-6 and 1-11, respectively; z = 4.55, 
p < 0.001; table 1); the same trend was recorded 
for arboreal genera in relation to terrestrial ones, 
although marginally non-significant (medians 5.0 
and 3.0, ranges 1-7 and 1-11 respectively; z = 1.73, 
p = 0.079). regarding time of activity, diurnal and 
nocturnal colubrids comprised 64.1% and 35.9%, re-
spectively, of our sample of 92 species from central 
amazonia and the atlantic forest. the number of vi-
sual defensive tactics was not significantly different 
between diurnal and nocturnal species (medians 5.0 
and 4.0 ranges 1-11 and 1-6, respectively; z = 0.83, 
p = 0.405) or genera (medians 4.5 and 3.5 ranges 
1-11 and 1-6, respectively; z = 1.68, p = 0.092).

the frequency of five defensive tactics suppos-
edly directed to visually oriented predators (frontal 
display, gaping, gular inflation, head elevation, and 
neck s-coil) was significantly higher in arboreal spe-
cies than in the terrestrial ones; additionally, head tri-
angulation was also higher in arboreal species than in 
the terrestrial ones, although the result was marginally 
non-significant (table 2). on the other hand, the fre-
quency of body depression was significantly higher 
in terrestrial species; the frequency of polymorphism 
was also higher in terrestrial species, but the result 
was marginally non-significant (table 2). contrast-
ing color patterns were more frequent in terrestrial 
species than in the arboreal ones, but the result was 
marginally non-significant (table 2). regarding time 
of activity, the frequency of frontal display, gaping 
and gular inflation was significantly higher in diurnal 
species than in nocturnal ones, whereas the frequen-
cy of mimicry was significantly higher in the latter 
(table 2). the frequency of head triangulation was 
also higher in nocturnal species, but the result was 
marginally non-significant (table 2). Green was sig-
nificantly more frequent in diurnal species, whereas 
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contrasting color patterns were more frequent in noc-
turnal species (table 2).

snake lineages differed significantly in the num-
ber of visual defensive tactics displayed (colubrines, 
median 5, range 1-7, n = 17; dipsadines, median 4, 
range 1-6 n = 21; xenodontines, median 2, range 1-11, 
n = 54; H[2,92] = 15.78, p < 0.001). post-hoc tests in-
dicated that all pairs of clades differed significantly, 
except for the pair colubrines-dipsadines.

among dipsadines, arboreal species displayed 
significantly more defensive tactics than terrestrial 
ones (medians 5.0 and 2.0, ranges 4-6 and 1-4, re-
spectively, z = 3.55, p < 0.001). in xenodontines, ar-
boreal species also displayed more defensive tactics 
than terrestrial, although the result was marginally 
non-significant (medians 4.0 and 2.0, ranges 1-6 and 
1-11, respectively; z = 1.66, p = 0.097). among colu-
brines, the frequency of visual defensive displays was 
not significantly different between arboreal and ter-
restrial species (medians 6.0 and 3.0, ranges 3-6 and 
1-7, respectively, z = 1.46, p = 0.140). with regard 
to time of activity, there was no difference in num-
ber of visual defensive tactics between diurnal and 
nocturnal xenodontines (medians 2 and 2, ranges 1-9 
and 1-5, respectively; z = 1.56, p = 0.118); sample 
size precluded the analysis for colubrines (no noctur-
nal species) and dipsadines (no exclusively diurnal 
species).

the cluster analysis based on the occurrence of 
visual defenses (n = 13) resulted mostly in heteroge-
neous groups of genera regarding phylogenetic posi-
tion (clade), preferred microhabitat, and time of ac-
tivity (fig. 1).

discussion

our results strongly indicate that arboreal colubrids 
are more “visually defensive” than the terrestrial ones 
in neotropical rainforests. this result strengthens lil-
lywhite and Henderson’s (1993) hypothesis that ar-
boreal species are more exposed to visually oriented 
predators than terrestrial ones. furthermore, there 
seems to be a suite of visual defenses typical of arbo-
real snakes in the neotropics, which includes frontal 
display, gaping, gular inflation, head elevation, neck 
s-coil, and, apparently, head triangulation. all these 
behaviors are apparently associated with threatening 
displays. crypsis seems to be an important visual de-
fense for both arboreal and terrestrial colubrids (see 
discussion below). a green pattern seems also to be 
more frequent in arboreal species. on the other hand, 
dorsoventral body depression is typical of terrestrial 
species, as predicted by Greene (1979), and our re-
sults indicate that polymorphism and contrasting col-
ors may also be prevalent in terrestrial species. some 
peculiarities of the arboreal microhabitat, such as the 
prevalence of a green background, a likely higher 
exposition to predators (lillywhite and Henderson, 
1993; this study), and the diversity of directions from 
which a predator can approach (in contrast to almost 
always from above in terrestrial species; see senter, 
1999), may have led to the evolution of the peculiar 
visual defensive tactics in arboreal species.

with regard to time of activity, frontal display, 
gaping and gular inflation were more frequent in di-
urnal species and the same result was found for green 
color. on the other hand, mimicry and contrasting 

table 2. occurrence of defensive tactics supposedly directed to visually oriented predators and of green and brightly contrasting color 
patterns in forest colubrids from central amazonia (original data from martins and oliveira, 1998) and the atlantic forest (original data 
from marques et al. 2004 and unpublished). number of species in each category in brackets. only tactics that occurred in more than five 
species are included. abbreviations are: n = number of species that display a given defensive tactic; p = significance level of fisher exact 
test. significant results (p < 0.050) are indicated in boldface and marginally non-significant results (0.050 < p < 0.100) in italics.

terrestrials (59) arboreals (33) diurnals (44) nocturnals (30)
n % n % p n % n % p

body depression 30 50.8 1 3.0 <0.001 15 34.1 5 16.7 0.155
crypsis 46 78.0 28 84.8 0.460 40 90.9 17 56.7 0.139
frontal display 3 5.1 15 45.5 <0.001 17 38.6 1 3.3 0.003
Gaping 3 5.1 9 27.3 0.011 12 27.3 0 0.0 0.004
Gular inflation 1 1.7 8 24.2 0.003 9 20.5 0 0.0 0.013
Head elevation 16 27.1 30 90.9 0.001 29 65.9 16 53.3 0.365
Head triangulation 8 13.6 11 33.3 0.064 7 15.9 12 40.0 0.066
mimicry 27 45.8 15 45.5 0.573 10 22.7 26 86.7 0.002
neck s-coil 10 16.9 29 87.9 <0.001 25 56.8 14 46.7 0.392
polymorphism 10 16.9 1 3.0 0.067 4 9.1 3 10.0 0.602
Green color 7 11.9 9 27.3 0.104 16 36.4 0 0.0 <0.001
contrasting colors 18 30.5 4 12.1 0.087 4 9.1 13 43.3 0.007
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colors (the latter perhaps a consequence of the for-
mer in many species) were more frequent in nocturnal 
snakes. furthermore, head triangulation seems to be 
prevalent in nocturnal species. these results support 
our hypothesis that diurnal snakes are more visually 
defensive than nocturnal ones.

part of the trends we found indicates that our re-
sults may be strongly influenced by phylogeny. for 
instance, the prevalence of gular display in arboreals 
and diurnals may be a consequence of the fact that 
this tactic is typical of colubrines, which are all diur-
nal and generally arboreal. the prevalence of mimicry 
in nocturnals (a seemingly contradictory result) may 
be due to the fact that dipsadines and pseudoboines 
are almost all nocturnal species and many of them 
are putative mimics of pitvipers and coral snakes, re-
spectively (e.g., campbell and lamar, 2004; Greene 

and mcdiarmid, 2005). at the family level, martins 
(1996) suggests that defensive tactics seem to corre-
late better with phylogeny than at lower taxonomic 
levels (martins, 1996: fig. 1), based on an analysis 
of the occurrence of 33 defensive tactics in the same 
central amazonian assemblage dealt with here. on 
the other hand, shared potential predators may have 
led to convergent defense types (martins, 1996) such 
as dorsoventral body depression, which occur both 
in dipsadines (Atractus and Xenopholis) and xen-
odontines (Erythrolamprus, Liophis, and Xenodon). 
thus, as also indicated by our cluster analyses, both 
phylogeny and ecology seem to affect the way neo-
tropical snakes defend themselves from predators. in 
any case, defense seems to be less conservative than 
other aspects of the ecology of neotropical snakes 
(e.g., feeding habits, habitat use, and reproduction; 

Figure 1. cluster analysis (percent disagreement, complete linkage) of defensive tactics directed to visually oriented predators in 
colubrid genera from central amazonia and the serra do mar range in the atlantic forest, using presence/absence data from table 1. 
arb = arboreal; bot = both diurnal and nocturnal; col = colubrine; dip = dipsadine; diu = diurnal; noc = nocturnal; ter = terrestrial; 
Xen = xenodontine.
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see martins and oliveira, 1998; martins et al., 2002; 
marques et al., 2004), which indicates that predation 
is an important selective agent in the life history of 
these snakes.

alternatively to being more exposed to visually 
oriented predators, arboreals and diurnals may be 
more defensive simply because they face a wider 
suite of predators than terrestrials and nocturnals. 
as pointed out by lillywhite and Henderson (1993), 
it is unknown whether the intensity of aerial, avian 
predation pressure is higher in the arboreal micro-
habitat than on the ground level. the same holds 
true for the intensity of predation during daytime 
and at night. Greene (1988a) suggests that birds and 
mammals are the main predators of reptiles in neo-
tropical forests, calling attention to the occurrence 
of numerous birds of prey that potentially prey on 
snakes in these forests (see also braker and Greene, 
1994; duval et al., 2006; Greene, 1988b; sazima, 
1992; lillywhite and Henderson, 1993; martins, 
1996). experiments on predation on coral snakes 
using plasticine models also indicate that birds are 
by far the most important predators of snakes in the 
neotropics (e.g., brodie, 1993; brodie and Janzen, 
1995). in central amazonia, for instance, there are 
several birds of prey that prey occasionally or fre-
quently on snakes (e.g., Buteo, Falco, Harpyhaliae‑
tus, Herpetotheres, Leucopternis, Micrastur, Spiza‑
etus; karr et al., 1990), and many of them capture 
prey both on the ground and on the vegetation (sick, 
1984); the same holds true for carnivorous mammals 
(e.g., Nasua, Eira, Leopardus, Panthera, Puma, 
Speothos; malcolm, 1990; emmons, 1990). in the 
atlantic forest the same may apply, as the predators 
are mostly the same (our pers. obs.). in case preda-
tion pressure by visually oriented predators is higher 
on vegetation than on the ground, the differences in 
diversity of visual defensive tactics in arboreal and 
terrestrial snakes might be due to a higher exposition 
of arboreals, as suggested by lillywhite and Hen-
derson (1993). However, if predation pressure by 
visually oriented predators is similar on vegetation 
and on the ground, arboreal snakes might be more 
defensive simply because of the higher diversity of 
directions from which a predator would approach 
(cf. senter, 1999).

regarding time of activity, diurnal snakes might 
be more visually defensive than nocturnal ones due 
to the apparent prevalence of diurnal snake predators 
in the neotropical forests (braker and Greene, 1994; 
Greene, 1988b; lillywhite and Henderson, 1993; 
martins, 1996).

lillywhite and Henderson (1993) suggest that the 
high incidence of crypsis and absence of brightly con-
trasting color patterns in arboreals support their hy-
pothesis of higher exposition of snakes that dwell on 
vegetation. However, our results indicate that cryp-
sis is not prevalent in arboreal species in neotropi-
cal rainforests. thus, crypsis seems to be as effective 
on the ground as on the vegetation. finally, in our 
study, the frequency of contrasting color patterns was 
higher in terrestrials than in arboreals (as predicted 
by lillywhite and Henderson, 1993), as well as high-
er in nocturnals than in diurnals. although the latter 
result is apparently contradictory, both results show 
a strong phylogenetic effect: most species with con-
trasting colors in our sample are xenodontines of the 
tribe pseudoboini (Clelia, Drepanoides, Oxyrhopus, 
Pseudoboa and Siphlophis), most of them terrestrial 
and all of them nocturnal.

this study and that of martins (1996) indicate that 
by associating ecological and phylogenetic informa-
tion it is possible to predict with a rather high degree 
of confidence the set of defensive tactics a snake 
would display, provided one knows its ecology and 
phylogenetic position (see also Greene, 1988a; mar-
tins and oliveira, 1998). by the same token, it seems 
possible to predict the ecology and the phylogenetic 
relations of a snake knowing the defensive tactics it 
displays. additional studies would show whether the 
results herein reflect real trends for snakes in general, 
and help understand some of the factors involved in 
the evolution of defensive strategies in snakes.

resuMo

estudos anteriores indicam que (1) as exibições 
defensivas das serpentes estão associadas com o modo 
de uso do hábitat, (2) as defesas visuais estão mais 
correlacionadas com o hábitat do que com a filoge-
nia e (3) serpentes arborícolas estão mais expostas a 
predadores do que serpentes terrestres. examinamos 
aqui a hipótese de que padrões semelhantes devem 
existir para serpentes diurnas em relação às noturnas 
e testamos essas hipóteses por meio da ocorrência de 
13 táticas defensivas dirigidas a predadores visuais 
em duas taxocenoses de colubrídeos neotropicais, 
uma na amazônia central (26 gêneros, 41 espécies) 
e outra na mata atlântica (23 gêneros, 62 espécies). 
espécies e gêneros arborícolas exibiram um maior 
número de defesas visuais do que os terrestres. exibi-
ção frontal, abertura da boca, inflação da região gular, 
elevação da cabeça, curvatura sigmóide da parte ante-
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rior e, aparentemente, triangulação da cabeça tende-
ram a ser mais freqüentes em espécies arborícolas, ao 
passo que depressão dorso-ventral e, aparentemente, 
polimorfismo foram mais freqüentes em espécies ter-
restres. peculiaridades do microhábitat arbóreo, como 
a prevalência de fundo (substrato) verde, a provável 
maior exposição a predadores visuais e a diversidade 
de direções pelas quais um predador pode se apro-
ximar podem ter influenciado a evolução de táticas 
defensivas peculiares em serpentes arborícolas. com 
relação ao horário de atividade, o número de táticas 
defensivas visuais utilizadas por serpentes diurnas e 
noturnas não foi diferente. entretanto, exibição fron-
tal, abertura da boca, inflação da região gular e ca-
muflagem foram prevalentes em espécies diurnas, ao 
passo que o mimetismo e, aparentemente, a triangu-
lação da cabeça foram mais freqüentes em espécies 
noturnas. além disso, a cor verde foi mais frequente 
em formas diurnas e os padrões contrastantes foram 
mais freqüentes nas espécies noturnas. a análise de 
agrupamento baseada na ocorrência de táticas defen-
sivas visuais resultou principalmente em grupos hete-
rogêneos de gêneros com relação à posição filogené-
tica, microhábitat preferencial e horário de atividade. 
em geral, nossas análises indicam que a forma como 
as serpentes neotropicais se defendem de seus preda-
dores é o resultado de uma complexa interação entre 
fatores ecológicos e limitações filogenéticas.
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