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Abstract.  1f selective forces on locomotor ability and reproductive biology differ among
habitats, we expect to see relationships between habitat, morphology, and life-history traits.
Comparative (phylogenetically based) analysis of data from 12 pythonid and 12 boid snake
species reveals multiple evolutionary shifts in habitat use, notably in the evolution of arboreal
habits. Compared to terrestrial and aquatic taxa of the same overall body size, arboreal species
have narrower and more laterally compressed bodies and relatively longer tails. Offspring sizes
are not affected by arboreality, but presumably reflecting space constraints within their
narrow bodies, arboreal species (1) produce smaller clutch sizes relative to maternal body
length and (2) have left and right ovaries that overlap little if at all along the length of the body
(i.e., the right ovary is positioned anterior to the left ovary) whereas in terrestrial snakes the
two ovaries overlap along much of their length. This modification of ovarian morphology in
arboreal snakes presumably reduces the degree of bodily distension during vitellogenesis and

pregnancy, thus enhancing climbing ability and camouflage among the branches.
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INTRODUCTION

Understanding the adaptive significance of interspe-
cific divergence in life-history traits remains a major
challenge for evolutionary biologists. Some of the
strongest suggestive evidence in this respect comes from
empirical patterns of covariation between morphology,
reproductive biology, and general ecology (e.g., habitat
use). Such patterns can allow strong inferences about the
selective forces that have shaped life-history diversity
(Williams 1966, Rose and Lauder 1996). That is, a trait
that shows a consistent association with specific
environments, habitat types, or other ecological traits,
especially if the association results from multiple
independent evolutionary origins, is likely to be adaptive
to some aspect of that environmental or ecological
condition (Harvey and Keymer 1991). Hence, broad
phylogenetically based comparisons between life history,
morphology, and environment offer a powerful tech-
nique to identify such associations and to suggest
hypotheses about the selective forces that have generat-
ed life-history diversity.

An extensive literature identifies the physical burden
of pregnancy as a significant cost of reproduction in
many types of animals and suggests that such costs may
depend upon the kind of habitats used by the species.
Most obviously, the physical distension of the female’s
body while she is carrying eggs or offspring may impair
maternal locomotion. In fishes, for example, embryo
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development increases both the body mass and cross-
sectional area of gravid females, resulting in both
morphological and physiological changes that affect
swimming speed and endurance (James and Johnston
1998, Plaut 2002, Ghalambor et al. 2004). Similar
decrements to maternal mobility during pregnancy have
been reported for snakes (Brodie 1989, Webb 2004),
lizards (Shine 1980, 2003, Bauwens and Thoen 1981,
Garland 1985, Sinervo 1990, Sinervo et al. 1991, Miles et
al. 2000), birds (Lee et al. 1996, Veasey et al. 2001), and
even prawns (Berglund and Rosenqvist 1986) and
copepods (Winfield and Townsend 1983). Thus, both
increased conspicuousness and decreased mobility may
render pregnant females more vulnerable to predation
(Magnhagen 1991). Females apparently reduce this cost
of reproduction in a variety of ways, including changes
in behavior (Cooper et al. 1990) and in the magnitude
and placement of the reproductive burden (Shine 1988).

The relatively simplified bauplan of snakes makes it
casier for investigators to quantify morphology and to
compare animals from disparate phylogenetic lineages
(Seigel and Ford 1987, Shine 1988). The linear body plan
of snakes also facilitates straightforward measurement
of the relative position of the clutch or litter within the
female’s body, a trait that presumably varies interspe-
cifically within many lineages but is not amenable to
simple linear quantification in most of them. Shine
(1988) took advantage of this opportunity to show that
the evolution of aquatic habits within snakes has been
consistently associated with the evolution not only of a
reduced clutch mass, but also a repositioning of the
clutch within the female’s body. Apparently reflecting
the biomechanical challenges associated with swimming
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(especially, the importance of the posterior body in
generating propulsion), aquatic snakes carry the clutch
in a position more anterior in the body than do their
terrestrial counterparts (Shine 1988).

Biomechanical considerations suggest that selection
should act also on the relative position of paired
structures, such as ovaries and oviducts, within an
elongate body. Although most vertebrates exhibit
bilateral symmetry in the placement of paired internal
organs (e.g., lizards; Fox 1977), elongate taxa frequently
exhibit marked deviations from symmetry such that
paired organs are of different sizes and one is found
anterior to the other, rather than side by side (Gans
1975). For example, such modifications can be seen in
the lungs, kidneys, and gonads of many elongate
reptiles, including legless lizards (Blackburn 1998) and
snakes (Wallach 1998). Presumably, this anterior/
posterior positioning reduces maximal distension of
the body by arranging the organs such that a slender
body form can be maintained (Fox and Dessauer 1962,
Greer 1977). This advantage of anterior/posterior
displacement is likely to be greatest for organs that are
large in size. Side-by-side placement of the female
reproductive organs would generate major bodily
distension both during vitellogenesis (when yolking
follicles increase in size) and pregnancy (when the eggs
or offspring must be carried within the female’s body,
sometimes for several months; Seigel and Ford 1987).
The obvious disadvantage of anterior/posterior displace-
ment of ovaries and oviducts, however, is that reduced
overlap between the right and left sides inevitably
reduces the total volume of reproductive materials
(follicles, eggs, offspring) that can be accommodated
within a body of a given length. Thus, reducing the
degree of overlap between left and right gonads would
distribute their reproductive burden more evenly along
the female’s body, but reduce total reproductive output.

These ideas suggest that selection for slender body
form in snakes might impose selection both on
reproductive output (clutch size and/or offspring size)
and on morphology (relative positioning of the left and
right gonads). The independent evolution of arboreal
habits in several linecages of snakes offers ideal
comparative material to test this prediction. Arboreal
snakes consistently are slender-bodied, presumably
reflecting the advantages of this body form for effective
climbing and/or for camouflage among the branches of a
tree (Lillywhite and Henderson 1993). Laterally com-
pressed bodies and enlarged vertebral scales may
strengthen the body against bending in the dorsoventral
plane and hence facilitate gap-bridging (Pough et al.
1988). Accordingly, we gathered data on a range of
arboreal, terrestrial, and aquatic species within two
major phylogenetic lineages of morphologically similar
snakes (pythons and boas) to examine the predicted
links between body shape, fecundity, and ovarian
position.
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METHODS

The world’s largest snakes belong to two major
lineages: the oviparous Pythonidae (e.g., black-headed
python, carpet python) and the viviparous Boidae (e.g.,
anaconda, boa constrictor). We examined 1402 pre-
served adult specimens of 24 species (12 Indo-Australian
pythons, 12 boids) in museum collections to quantify
body size (snout—vent length [SVL]), mid-body circum-
ference (MC), degree of lateral flattening at the mid-body
(LF; defined as body width relative to body height), tail
length (distance from the cloaca to the tip of the tail
[TL]), clutch/litter sizes (number of oviductal embryos or
eggs or of enlarged vitellogenic follicles in the ovary), and
offspring sizes (SVLs). Fecundity was assessed via a
midventral incision to reveal the ovaries and oviducts,
and offspring sizes were assessed based upon full-term
oviductal offspring and/or the minimum sizes of
specimens collected. All body dimensions were measured
using a flexible tape, except for body width and height,
which were measured with vernier calipers. Unfortu-
nately, some species (e.g., Asian and African Python) are
rare in collections, so could not be included in our
analysis. (For lists of species, see Appendices A and B.)

We also measured the position of the elongate paired
ovaries within adult female snakes. The right ovary was
always anterior to the left, but the two ovaries showed
substantial overlap in some taxa (up to 8.4% of SVL)
whereas they were well-separated in others (by up to
3.9% of SVL). Our overlap measure is based on the
distance from the posterior end of the right ovary to the
anterior end of the left ovary, divided by the snout-vent
length of the specimen. For statistical analysis, we
expressed the degree of ovarian separation relative to the
widest separation observed in any species (i.e., 3.9%
became our zero value); thus, higher values represent
greater degrees of ovarian overlap. Sample sizes of
pregnant females were too low for quantification of
embryo position and overlap in the same way, but the
patterns were qualitatively similar to those of ovarian
overlap because the embryo-filled oviducts are support-
ed by the same mesenteries within the body cavity (Fox
1977, Blackburn 1998) and, hence, lie adjacent to the
ovaries. Close apposition of the oviduct to the ovaries is
necessary at ovulation for effective transfer of fertilized
oocytes into the oviduct, providing a strong functional
reason for expecting that asymmetries in ovarian
position will be accompanied by similar asymmetries in
oviductal position. In viviparous species, the increasing
size of embryos through gestation results in greater
abdominal distension of the mother and tighter packing
of embryos, but does not significantly expand the
proportion of maternal body length occupied by
reproductive materials (Appendix C).

To correct for interspecific variation in absolute body
sizes, we regressed morphological variables against body
size measures to obtain residual scores to serve as size-
independent measures of body shape. For example, we
regressed mid-body circumference and ovarian overlap
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against SVL to obtain residual scores for relative body
circumference and relative ovarian overlap and re-
gressed body width against body height to quantify
degree of lateral flattening at mid-body. Fecundity
measures (clutch size and offspring size) were regressed
against maternal SVL to quantify relative reproductive
output. Ventral and subcaudal scale counts (i.e., the
numbers of scales beneath the body and the tail,
respectively) were obtained from published literature
(Stull 1932, Hoge 1953, Boulenger 1961, Barker and
Barker 1994, Cogger 2000, Dirksen 2002, Henderson
2002, Passos 2003, Vences and Glaw 2003) and were
used as indicators of body size and tail size (see Lindell
1994). Relative tail length is highly correlated with the
number of subcaudal scales in an interspecific compar-
ison (r2 =0.72, P < 0.00001) and thus, we used scale
counts in our analysis instead of length to avoid
potential statistical problems associated with use of
proportions. There was no such surrogate measure for
other body dimensions, so we were forced to use
proportions data for analyses of some other traits. We
obtained data on microhabitat use for each taxon from
published literature, museum records associated with
specimen collection, and field experience of ourselves
and our colleagues. Based on these data, we estimated
the proportion of snakes found in each microhabitat
(from 0 = never arboreal, to 1 = always arboreal; see
Appendix A). This is a very broad-brush approach,
because frustratingly, there are virtually no published
data on detailed habitat use by these species (but see
Shine and Fitzgerald [1996] and Slip and Shine [1988] for
Morelia spilota). The hypotheses that predict distinctive
morphological and life-history traits in arboreal snakes
rely only upon selective forces imposed by climbing and
hence should be applicable at the broad scale available
from our sources (i.e., all arboreal snakes must climb).
Nonetheless, more detailed information would enable a
more accurate classification of microhabitat use and
potentially could provide deeper insights into the ways
in which the challenges imposed by different environ-
ments have stimulated adaptive shifts in animals.

We used independent contrast analysis (Felsenstein
1985) to examine interspecific relationships among mean
values per species for habitat use (the proportion of
snakes found in arboreal sites), adult body size, the
number of ventral and subcaudal scales, mid-body
circumference relative to SVL (MC), body width relative
to body height (LF), ovarian overlap relative to SVL, and
relative reproductive output (residuals of clutch size and
offspring size vs. maternal SVL). Although female body
mass and offspring mass might offer better measures
than length, we used SVL because of logistical difficulties
associated with draining of preservative liquids and
weighing these very large snakes in museum collections.
For independent contrast analyses the data on percent-
age of arboreality were arcsine square-root transformed,
all branch lengths were adjusted to 1, and relationships
between variables were analyzed by linear regression
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forced through the origin (i.e., intercepts adjusted to 0;
Martins and Hansen 1996). All independent contrast
analyses were performed using the PDAP package
(Midford et al. 2005) for Mesquite 1.05 (Maddison and
Maddison 2004). We reconstructed the evolution of
arboreal habits (where “arboreal” means >50% of the
individuals were found in arboreal situations) by linear
parsimony, using Mesquite 1.05 (Maddison and Mad-
dison 2004). In morphological comparisons other than
those related to fecundity and ovarian position, data for
males and females were analyzed together because our
aim was to characterize the general body shape for each
species. We ran the comparative analyses twice, using
two alternative phylogenetic hypotheses. In both cases
the pythonid phylogeny was the same and was taken
from Kluge (1993). However, we used two different
phylogenies for boids: one based on morphology
(primarily osteology, thus not including any of the
characters used in our own analysis; Kluge 1991) and
one that used molecular data also (Burbrink 2005). In
both scenarios, we included relationships among the
subspecies of Epicrates cenchria as clarified by Passos
(2003) and considered the two Brazilian Boa constrictor
subspecies as sister taxa. Kluge (1993) did not resolve
relationships among Antaresia spp.; we have used the
arrangement A. maculosa (A. stimsoni (A. childreni)) but
have run all other possible arrangements also, and all
give the same results. We used ANCOVA to analyze tail
length and reproductive output, with microhabitat use
(arboreal, terrestrial, or aquatic) as the factor and SVL as
the covariate (Zar 1999).

RESULTS

Our sample of boid and pythonid snakes incorporated
multiple independent phylogenetic origins of arboreal
habits; the exact number of inferred arboreal origins
differed between the two main phylogenetic hypotheses
suggested for these animals (see Fig. 1). Our analyses
supported the prediction of consistent associations
between the evolution of arboreality and the following
variables.

Body shape.—Mid-body lateral flatness and circum-
ference declined, relative to SVL, with the evolution of
arboreality (Table 1, Fig. 2a, b). That is, lineages that
evolved arboreal habits also evolved more slender and
flattened body shapes.

Relative tail length—Relative tail length was greater
in arboreal snakes than in their terrestrial or aquatic
relatives (ANCOVA: slopes, F» 1252 = 0.12, P = 0.889;
intercept, F> 1054 = 581.7, P < 0.0001) and the mean
number of subcaudal scales increased with arboreality
(Table 1, Fig. 2¢). That is, the evolution of arboreality
was accompanied by a lengthening of the tail relative to
the body and hence an increase in the number of scales
under the tail.

Relative clutch size—Relative clutch size declined
with arboreality (Table 1, Fig. 2d). Fecundity differed
among snake species as a function of their microhabitat
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Burbrink (2005}

OCandoia carinata
nCandoia aspera
m Candoia bibroni

m Sanzinia madagascariensis

DBoa c. amarali
DBoa c. constrictor

m Corallus hortulanus
w Corallus caninus
OCorallus cropanii
DEpicrates c. cenchria
OFEpicrates c. crassus
DEpicrates c. assisi
OFEpicrates inornatus
OEunectes murinus
OEunectes deschauenseei
DEunectes notaeus
DAspidites ramsayi

0 Aspidites melanocephala
0 Antaresia maculosa
o Antaresia childreni

0 Antaresia stimsoni
OBothrochilus boa
OLeiopython albertisi
DLiasis fuscus

O Liasis olivaceous

O Morelia s. spilota

m Morelia s. variegata
m Morelia viridis
mMorelia kinghorni

Fic. 1.
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Kluge (1991)

oCandoia carinata
o Candoia aspera
m Candoia bibroni
m Corallus hortulanus
m Corallus caninus
o Corallus cropanii
oBoa c. amarali
oBoa c. constrictor
m Sanzinia madagascariensis
D Epicrates ¢. cenchria
o Epicrates c. crassus
0 Epicrates ¢. assisi
o Epicrates inornatus
0 Eunectes murinus
0 Eunectes deschauenseei
0 Eunectes notaeus
0 Aspidites ramsayi
0 Aspidites melanocephala
o Antaresia maculosa
0 Antaresia childreni
o Antaresia stimsoni
o Bothrochilus boa
o Leiopython albertisi
oLiasis fuscus
nliasis olivaceous

410 Morelia s. spilota
w Morelia s. variegata
m Morelia viridis
w Morelia kinghomi

Reconstruction of evolutionary shifts in the use of arboreal habitats within boid and pythonid snakes, based upon two

alternative phylogenetic hypotheses. The relationships among boids differ: the right cladogram is based on Kluge’s (1991)
hypothesis for boids, whereas the left cladogram shows boid relationships based on Burbrink (2005). Both phylogenetic scenarios
include specific hypotheses concerning relationships among Epicrates cenchria spp. based on Passos (2003) and among all pythonid
species based on Kluge (1993). Open branches indicate non-arboreal snakes; solid branches indicate arboreal snakes. See Methods

for details.

use (heterogeneity of slopes test, F5 146 = 5.97, P <
0.0001; Fig. 3a). Analysis of the nonoverlap of 95%
confidence intervals of the regression slopes for each
habitat type revealed that arboreal snakes between 800
and 1700 mm in SVL produced significantly fewer
offspring than did terrestrial taxa.

Overlap in ovarian position.—Arboreal snakes exhib-
ited less anterior/posterior overlap in ovarian position
than did terrestrial or aquatic snakes (Fig. 3b). The
distance between the ovaries increased with the evolu-
tion of arboreality under both of the phylogenetic
hypotheses that we tested (Table 1, Fig. 2e).

TABLE 1.

The other variables that we tested were not consis-
tently associated with arboreality (mean SVL, mean
number of ventral scales, mean offspring size; Table 1).
Thus, evolutionary shifts to arboreal life did not
consistently modify either mean adult body length or
offspring size.

DiscussioN

Our data on pythonid and boid snakes support earlier
generalizations (based mostly on colubrid taxa) that the
evolution of arboreality in snakes is accompanied by
significant morphological modifications. Notably, arbo-

Results of statistical analyses (based on phylogenetically independent contrasts) of associations between the evolution of

arboreal habits and snake morphology (body size, body shape, and numbers of ventral and subcaudal scales) and reproductive
traits (linear overlap of left and right ovaries, fecundity, and offspring size).

Hypothesis based on Kluge (1991)

Hypothesis based on Burbrink (2005)

Character " P " P
Mean adult snout-vent length (mm) 0.005 0.713 0.007 X 1073 0.989
Mean no. ventral scales 0.020 0.459 0.030 0.340
Mean no. subcaudal scales 0.210 0.013 0.280 0.003
Mid-body circumference 0.260 0.003 0.200 0.018
Lateral flatness of the mid-body 0.430 <0.001 0.590 <0.001
Degree of ovarian overlap 0.199 0.014 0.193 0.016
Litter/clutch size 0.150 0.029 0.130 0.030
Offspring size 0.030 0.417 0.050 0.302

Notes: Two sets of results are shown, from analyses based on two alternative phylogenetic hypotheses for boid and pythonid
snakes. Measures of mid-body circumference, overlap between ovaries, litter/clutch size, and offspring size were corrected for body

size (SVL, snout-vent length).
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Relationships between phylogenetically independent contrast scores of (a) mid-body circumference, (b) mid-body

lateral flatness, (c) mean number of subcaudal scales, (d) clutch/litter size, (¢) degree of ovarian overlap, and (f) offspring size vs.
microhabitat use in boid and pythonid snakes. Solid circles and solid lines are results according to a phylogenetic hypothesis based
on Kluge (1991); open circles and dashed lines are results according to a phylogenetic hypothesis based on Burbrink (2005). See

statistical results in Table 1.

real snakes tend to be slender-bodied (low circumference
relative to body length), with a laterally compressed
body and a long tail (Vitt and Vangilder 1983, Guyer
and Donnelly 1990, Lillywhite and Henderson 1993).
Contrary to the suggestion that smaller body sizes are
related to arboreality in some snake lineages (Lillywhite
and Henderson 1993), the only morphological traits not
modified by arboreality among our sample were those
relating to overall body size (SVL and the number of
ventral scales).

Lillywhite and Henderson (1993) speculated that the
slender body shape of arboreal snakes may constrain the
female’s capacity to carry eggs. Our results strongly
support this hypothesis: arboreal pythonid and boid
snakes produced smaller clutches than terrestrial and
aquatic species, even after controlling for phylogenetic
effects. However, offspring size did not differ among the
groups, presumably reflecting the importance of selective
forces on offspring size unrelated to maternal burdening
(Vitt 1986). The most notable adaptation to arboreality
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female body size (snout—vent length, SVL) in aquatic, arboreal,
and terrestrial boid and pythonid snakes. The upper panel (a)
shows fecundity (clutch or litter size) whereas the lower panel
(b) shows distance between ovaries. Untransformed data are
shown for clarity, but statistical analysis was based on
transformed values (see Methods). Negative values represent
overlapped ovaries, and positive values represent separated
ovaries. Species with mean adult SVL >3.1 m have been deleted
from this figure to emphasize the size range common to all three
types of snake (arboreal, terrestrial, and aquatic).

revealed by our work involves a shift in the position of
the ovaries within the female’s body. Increasing reliance
upon arboreal habitats was accompanied by an increas-
ing spatial (anterior/posterior) separation in the position
of the left and right ovaries within the female’s body.
This asymmetry in ovarian position may permit arboreal
females to minimize their bodily distension during the
period when they carry enlarged follicles.

Distension during pregnancy may be important also.
Small sample sizes for pregnant specimens in most
species prevented us from quantifying the position of
the eggs or offspring after ovulation, but we saw the same
general trend as with ovarian position. For example, in
the terrestrial boa constrictors the embryos in left and
right oviducts usually were arranged side by side for
much of the mother’s body length whereas in the arboreal
Corallus hortulanus there was no such overlap (L.
Pizzatto, personal observation; see Appendix C). As noted
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above, close apposition of the oviduct to the ovaries is
enforced by mesenteries within the body cavity (Fox
1977, Blackburn 1998). An interesting functional conse-
quence of oviductal asymmetry in snakes is that most or
all of the eggs in the left oviduct probably are laid before
those in the right oviduct (Blackburn 1998). The ability to
maintain a relatively slender body shape throughout the
reproductive cycle could aid female arboreal snakes in
climbing, in supporting the body on thin branches (by
spreading mass over a greater body length), in camou-
flage (by providing a thin branch-like outline), and by
facilitating the snake’s movement through narrow spaces
among branches in its complex three-dimensional habitat
(Lillywhite and Henderson 1993).

More generally, ecological factors influencing the
evolution of asymmetry within the female reproductive
tracts of squamates provide exciting opportunities for
broad comparative study (Blackburn 1998) because of
the ease with which links between morphology, repro-
ductive biology, and habitat can be investigated. Our
results on arboreal snakes accord well with an earlier
report that the evolution of aquatic habits in snakes has
been consistently associated with a shift in the mass of the
clutch and in its position within the female’s body (Shine
1988). In both cases, a plausible selective force involves
the way in which bodily distension (in position as well as
degree) influences locomotor performance. Studies on
terrestrial snakes have shown that the mass or volume of
the clutch impedes locomotor speeds of pregnant animals
(Seigel et al. 1987), but there have been no corresponding
analyses of the effects of pregnancy on locomotion in
arboreal or aquatic snakes. If indeed the functional
significance of modifications of ovarian and oviductal
positioning lie in habitat-specific locomotor challenges,
the degree to which maternal mobility is impaired by
differing degrees and placement of bodily distension
should differ between aquatic, terrestrial, and arboreal
snakes. Studies on lizards have shown that such
distension can be mimicked experimentally by saline
injection (Shine 2003), providing a robust opportunity to
falsify the adaptive hypotheses that we have proposed.

Are morphological adaptations to arboreal locomo-
tion likely to have modified reproductive morphology in
other kinds of animals as well as snakes? Such
modifications will be more difficult to quantify in
organisms with nonlinear body shapes, but available
data hint at similar phenomena in other vertebrate
lineages that contain both terrestrial and arboreal
species. For example, slender body forms and small
clutches have evolved independently several times
among arboreal lizards (e.g., Andrews and Rand 1974,
Vitt 1986, Henle 1991). It would be interesting to
compare arboreal vs. terrestrial taxa in other vertebrate
lineages also, notably among anurans and mammals.

Other forms of locomotion may impose even stronger
constraints on the position and morphology of reproduc-
tive organs. For example, flight imposes severe biome-
chanical constraints on the amount and distribution of
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mass within the body, so that pregnancy may require
significant morphological and reproductive adaptations
for successful locomotion. Such constraints may explain
unusual sexually dimorphic features of volant taxa, such as
the relatively larger wingspans of female vespertilionid
bats than of conspecific males (Myers 1978) and the larger
relative head sizes and gliding membranes of females than
males in “flying lizards” of the genus Draco (Shine et al.
1998). Similarly, in birds, features of avian reproductive
biology, such as the lack of viviparity and occurrence of
sequential ovulation, may reflect limitations imposed by
flight efficiency (e.g., Blackburn and Evans 1986). Patterns
of sexual size dimorphism in birds also may have been
affected by limitations that the reproductive burden
imposes on flight ability and performance (Andersson
and Norberg 1981, Mueller and Meyer 1985). Fossorial
taxa that must pass through narrow underground passages
present another example of locomotor constraints on
bodily distension. Indeed, some elongate fossorial taxa
(e.g., the legless lizard Anniella, snakes of the genus
Tantilla, anomalepidid and scolecophidian snakes) have
proceeded even further than the arboreal boids and
pythonids in this respect, by complete loss of one oviduct
(thereby assuring zero overlap; Blackburn 1998).

Such phylogenetically independent convergences gen-
erate correlations between ovarian and oviductal mor-
phology on the one hand and ecological factors on the
other and offer exciting opportunities to clarify the
relationships between an animal’s use of habitats, its
internal anatomy, its external morphology, and its life-
history traits.
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A table showing mean adult body sizes, numbers of ventral and subcaudal scales, and microhabitat use in boid and pythonid

snakes (Ecological Archives E088-021-Al).

APPENDIX B
A table showing mid-body circumference and lateral flatness, clutch size, and ovarian position in boid and pythonid snakes

(Ecological Archives E088-021-A2).

APPENDIX C
Photographs showing late-stage embryos within a gravid terrestrial boid snake and early-stage embryos within a gravid arboreal
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Appendix A. A table showing mean adult body sizes, numbers of ventral and subcaudal scales, and microhabitat use in boid and

pythonid snakes.

TABLE Al. Mean adult body sizes, numbers of ventral and subcaudal scales, and microhabitat use in boid and pythonid snakes. In
each case, mean values are followed by standard deviations, ranges, and sample sizes. Numbers in parentheses in the microhabitat
column represent the proportion of snakes of each taxon found in arboreal situations. SVL = snout-vent length. Sample sizes refer to
the number of preserved specimens examined for each taxon.

Species
Boids

Candoia carinata

Candoia aspera

Candoia bibroni

Boa constrictor amarali

Mean SVL + SD (mm)

642.6 £ 225.7 (357 — 1324, n = 143)

556.6 + 151.4 (335 — 950, n = 68)

1028.3 + 315.0 (470 — 1800, n = 57)

1451.6 + 184.8 (1060 — 2130, n = 117)

Scalation

Ventrals: 160-200

Subcaudals: 38-56
Ventrals: 131-146

Subcaudals: 15-21
Ventrals: 210-252

Subcaudals: 50-62
Ventrals: 226-263

Subcaudals: 43-52

Microhabitat

Terrestrial

(0)

Terrestrial

(0.5)
Arboreal

(1.0
Terrestrial

(0.375)



Boa constrictor constrictor

Corallus caninus

Corallus hortulanus

Corallus cropanii'

Epicrates c. cenchria

Epicrates c. assisi

Epicrates c. crassus

Sanzinia madagascariensis

Eunectes murinus

Eunectes notaeus

1945.9 + 506.7 (1162 — 3713, n = 111)

1284.6 +241.7 (835 - 1710, n = 36)

1309.6 + 169.5 (802 — 1887, n = 218)

1278.7 £ 189.8 (1080 — 1510, n = 4)

1484.8 + 174.5 (946 — 1838, n = 83)

1212 +129.7 (988 — 1480, n = 43)

1097 + 106.5 (876 — 1371, n = 62)

1394 + 281.4 (1100 — 1910, n = 18)

2551.9 + 748.8 (1335 — 4480, n = 39)

1928.7 + 308.2 (1515 — 2500, n = 10)

Ventrals: 250-284

Subcaudals: 49-62
Ventrals: 188-219

Subcaudals: 64-79
Ventrals: 258-297

Subcaudals: 105-137

Ventrals: 179-200

Subcaudals: 51-53
Ventrals: 246-279

Subcaudals: 45-68
Ventrals: 240-260

Subcaudals: 35-62
Ventrals: 214-247

Subcaudals: 33-52
Ventrals: 199-232

Subcaudals: 35-46
Ventrals: 239-266

Subcaudals: 55-78
Ventrals: 213-237

Terrestrial

(0.300)
Arboreal

(1.0)
Arboreal

(0.960)
Terrestrial

(0.333)
Terrestrial

(0.200)
Terrestrial

(0)

Terrestrial

0)

Arboreal

(1.0)
Aquatic

(0)
Aguatic



Eunectes deschauenseei

Pythonids

Aspidites melanocephalus

Aspidites ramsayi

Antaresia childreni

Antaresia stimsoni

Antaresia maculosa

Bothrochilus boa

Leiopython albertisi

Liasis fuscus

1598 + 263.3 (1200 — 2313, n = 25)

1615.9 + 320.4 (950 — 2550, n = 44)

1519.7 + 375.3 (972 — 2280, n = 43)

715.2 +134.9 (390-990, n = 90)

887.4 £ 183.5 (552 — 1270, n = 51)

783.3 + 127.1 (575 — 1035, n = 23)

884.3 £ 198.0 (660 — 1310, n = 14),

1419.4 + 307.8 (1115 - 2112, n = 11)

1362.2 + 222.4 (953 — 2200, n = 61)

Subcaudals: 44-61
Ventrals: 214-236

Subcaudals: 49-62

Ventrals: 315-359

Subcaudals: 60-70
Ventrals: 273-308

Subcaudals: 45-55
Ventrals: 251-300

Subcaudals: 38-57
Ventrals: 243-302

Subcaudals: 38-53
Ventrals: 246-287

Subcaudals: 37-48
Ventrals: 245-267

Subcaudals: 47-52
Ventrals: 260-290

Subcaudals: 60-80
Ventrals: 271-286

(0)
Aquatic

(0)

Terrestrial

(0)

Terrestrial

0)

Terrestrial

0)

Terrestrial

(0)

Terrestrial

0)

Terrestrial

(0)

Terrestrial

©)

Terrestrial



L. olivaceus

Morelia kinghorni

M. viridis

M. spilota spilota

M. spilota variegata

T Data on SVL refer to one female and three males. Ventral and subcaudal scale counts were obtained from published literature: Stull
1932, Hoge 1953, Boulenger 1961, Barker and Barker 1994, Cogger 2000, Dirksen 2002, Henderson 2002, Passos 2003, Vences and

Glaw 2003.
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Ventrals: 321-411

Subcaudals: 96-119
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Arboreal

©)

Arboreal
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Arboreal
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Appendix B. A table showing midbody circumference and lateral flatness, clutch size, and ovarian position in boid and pythonid
snakes.

TABLE B1. Midbody circumference and lateral flatness, clutch size, and ovarian position in boid and pythonid snakes. Mean values
are followed by standard deviations. Range and sample sizes are given within parentheses. All measures are expressed as proportions
of snout-vent length. Negative measures in ovarian position represent cases where the left and right ovaries overlap to some degree
along the mother's body length, whereas positive values refer to cases where the left and right ovaries do not overlap along the
mother's body length.

Species Midbody circumference Lateral flatness of the body  |Clutch size Ovarian position
Boids

0.11+£0.02 (0.07-0.19, 0.71+£0.12 (0.44-1.09,n = 15.3+16.2 (4-53,n 0.002 £ 0.013 (-0.021 - 0.039,
Candoia carinata n = 136) 131) = 14) n = 54)

0.17 £0.02 (0.13-0.26, 0.87 +0.15(0.62 -1.44,n=60) 16.1 £ 10.5 (5-48,n -0.018 + 0.016 (-0.062 - 0.0, n
Candoia aspera n = 65) =13) =19)

0.08 £ 0.01 (0.06 —0.13, 0.70+0.12 (0.47 - 1.04,n =48) 13.7 £ 9.6 (8 — 33, n =-0.004 + 0.006 (-0.009 —0.010,
Candoia bibroni  n=49) 6) n=8)
Boa constrictor 0.13+£0.02 (0.09-0.20, 0.88+0.14 (0.62-1.20,n=48) 14.3+£2.6 (11-16,n -0.016 + 0.014 (-0.042 -
amarali n = 109) = 6) 0.016, n =11)
Boa constrictor 0.11+£0.02 (0.06 - 0.17, 0.90+0.11 (0.68 —1.10,n =44) 27.0£8.1 (19-41,n -0.016 + 0.014 (-0.042 — 0.021,
constrictor n =110) = 10) n=14)

0.10 + 0.02 (0.07 - 0.17, 0.62 +0.09 (0.48 -0.89,n =34) 8.4 £3.9 (3-15,n= -0.005 + 0.009 (-0.018 — 0.013,
Corallus caninus  n = 35) 9) n=18)



0.07 £ 0.01 (0.05-0.11,
Corallus hortulanus n = 193)

0.10 £ 0.03 (0.09 - 0.14,
Corallus cropanii* n =4)

Epicrates c. 0.10 £ 0.01 (0.07 - 0.17,

cenchria

Epicrates c. assisi

n=82)

0.10 + 0.01 (0.07 - 0.14,

n=42)

0.11 +0.01 (0.09 — 0.14,

Epicrates c. crassus n = 61)

Sanzinia
madagascariensis

Eunectes murinus

Eunectes notaeus  |n = 10)

Eunectes 0.10 £ 0.01 (0.06 — 0.13,
deschauenseei n=22)

Pythonids

Aspidites 0.08 + 0.01 (0.06 - 0.10,

melanocephalus

Aspidites ramsayi

Antaresia childreni

Antaresia stimsoni

0.10 £ 0.01 (0.08 — 0.13,

n=18)

0.10 £ 0.02 (0.04 — 0.15,

n = 36)

0.16 +0.01 (0.14 - 0.17,

n = 37)

0.09 £0.01 (0.07 - 0.12,

n =26)

0.09 £ 0.01 (0.08 — 0.11,

n = 36)

0.10 £ 0.01 (0.07 - 0.13,

n=31)

0.09 £ 0.02 (0.06 — 0.13,

Antaresia maculosa n = 21)

0.66 +0.11 (0.39 - 0.96, n =
192)
0.80 +0.13 (0.65 - 0.88, n = 3)

11.1 + 4.8 (3 - 24, n =/0.004 + 0.008 (-0.013 — 0.024,

39)

n=72)

0.87 £0.17 (0.63-1.50,n=70) 13.1 £4.9 (8 - 25, n =-0.014 £+ 0.016 (-0.058 — 0.015,

0.87 £0.10 (0.64 - 1.09, n = 36) 9.3+ 2.6 (7- 14, n =
0.89 £0.13 (0.63-1.21,n=61) 125+ 4.7 (8-22,n =
0.70 +0.09 (0.56 — 0.86, n = 15)

0.96 £0.13 (0.70-1.17,n =18) 63.7 £ 15.1 (49 - 82,

0.95+0.10 (0.78 - 1.11, n = 14) 10.6 + 9.6 (3 - 27, n =

0.91+0.14 (0.67 - 1.39, n=37)7.8+4.1(3-14,n=
0.87+0.10 0.68 - 1.08,n = 25) 14.3+2.1 (12— 16, n
0.92+0.13 (0.71-1.25,n=235) 6.5+ 4.0 (3-12,n=

0.97 +0.14 (0.73 - 0.13, n = 30)

11)
6)

9)

n=14)

6)

6)
= 3)

4)

n=21)

-0.003 + 0.013 (-0.025 - 0.018,
n = 15)

-0.013 + 0.022 (-0.084 — 0.015,
n = 20)

-0.0002 + 0.006 (-0.007 —
0.006, n = 3)

-0.036 + 0.017 (-0.056 — -
0.017,n=5)

-0.005 + 0.004 (-0.008 - 0, n =
3)

-0.005 + 0.012 (-0.027 — 0.0186,
n=12)

-0.007 =+ 0.027 (-0.062 - 0.022,
n=7)

0.003 £ 0.018 (-0.026 — 0.029,

n = 15)

-0.014 + 0.014 (-0.039-0,n =
8)

0.90 £0.12 (0.57 — 1.06, n = 21) [12.6 + 4.6 (8 =19, n = -0.002 + 0.017 ( -0.028 —

6)

0.023, n = 8)



0.11 +0.02 (0.08 -0.17, 0.81£0.13 (0.54-0.99, n =13) - -0.013 (-0.010 - -0.015, n = 2)
Bothrochilusboa n =14)

0.16 +0.02 (0.14 - 0.20, 0.33£0.02 (0.30-0.37,n=9) - -0.003 £ 0.017 (-0.027 — 0.014,
Leiopython albertisi n = 10) n = 4)

0.10 +0.02 (0.07 - 0.15, 0.91+0.11 (0.69-1.18,n =35) 10.3£6.9 (3 - 24, n =-0.015 + 0.021 (-0.048 — 0.035,
Liasis fuscus n = 39) 10) n=18)

0.08 +0.02 (0.06 - 0.11, 0.91+0.11(0.72-1.18,n=26) 159+ 7.9 (8 — 30, n =-0.009 + 0.01 (-0.026 — 0.010,
L. olivaceus n = 26) 6) n=14)

0.07 +£0.02 (0.06 - 0.11, 0.68 £0.08 (0.53-0.80,n=26) 11.5+0.8 (11-12, n 0.008 £ 0.007 (-0.003 — 0.018,
Morelia kinghorni |n = 29) =2) n=9)

0.11 +0.03 (0.07-0.17, 0.67£0.12 (0.45-0.81,n=11) 126 +5.3(6-19,n= -
M. viridis n=11) 4)

0.09 + 0.02 (0.06 — 0.16, 0.78 £0.11 (0.52-0.96, n =36) 24.0 £ 4.7 (16 — 28, n -0.018 + 0.016 (-0.004 -0, n =
M. spilota spilota |n = 38) =4) 7)
M. spilota. 0.09 +0.02 (0.07-0.13, 0.79+0.16 (0.47-1.20,n=32) 16.2 £ 12.9 (6 — 38, n -0.009 + 0.015 (-0.038 — 0.011,

variegata n = 35) =5) n=11)
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Appendix C. A figure showing late-stage embryos within a gravid terrestrial boid snake
and early-stage embryos within a gravid arboreal boid snake.
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FIG. C1. Upper: Late-stage embryos within a gravid terrestrial boid snake (Candoia carinata; Australian
Museum # R137248), showing the linear arrangement of embryos and the overlap between left-hand-side
and right-hand-side oviducts, with consequent distension of the maternal body. Lower: Early-stage embryos
within a gravid arboreal boid snake (Corallus hortulanus; Instituto Butantan # 1B44231), showing the linear
arrangement of embryos and the very small overlap between left-hand-side and right-hand-side oviducts,

with consequent small distension of the maternal body.
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