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ABSTRACT

Differences in body size and in the use of arboreal strata limit the climbing behaviour and performance of didelphids.
Similarly to primates, the arboreal canopy dweller, Caluromys philander exhibits a diagonal-sequence gait. In contrast,
terrestrial didel phids useasymmetrical lateral sequencein horizontal locomotion. Postural behaviour along thin supports
may allow understanding the mechanisms behind the higher performance of arboreal didelphids climbing. Here in, we
describe and compare gait sequence and postural behaviour of seven didel phids climbing aslender and flexible vertical
support. Animals were stimulated to climb a vertical support of 1.25 cm diameter. Postural behaviour was qualitatively
described for each speciesin the cycle of maximum velocity by a frame-by-frame analysis of gait cycles, evaluating (1)
movements of the tail, (2) posture of hand and wrist when grasping, (3) distance of the body to the support, (4) lateral
swinging of the body, (5) orientation of the head, (6) limb posture, and (7) stride cycle. Only arboreal specieswere capable
of climbing with only two limbs grasping the support, keeping a straight body orientation at some distance from the
support, and sustaining a more constant and regular climbing velocity. The tail played arole in didelphids with better
climbing performance (i.e., higher relative vel ocity), counteracting thelateral swinging of the body, hel ping with the animal
balance. However, the prehensile ability of thetail wasnot used in climbing. The most stunning result isthat all didel phids
grasped the rope between digits 2-3, a schizaxonic grasp, involving a neutral hand orientation regarding the ulna. The
didel phids protracted the humerus at forelimb touchdown, and the angle between the arm and the horizontal body axiswas
greater than 90°. The same postures were aready observed in horizontal locomotion of C. philander, Monodelphis
domestica, and primates. Locomotory and postural adaptationsfor an arboreal lifestylein didel phids seem to belimited to
small to medium body sizes, up to the size of speciesof Caluromys. The arboreal |ocomotion of didelphidsisan important
key to understand adaptation and evol ution of mammalsto an arboreal niche, and the comparison with small primates may
help to identify adaptive convergence to arboreal locomotion.

Keywords: climbing ability; gait; |locomotion; opossums; zygodactylous grasp.

INTRODUCTION philander uses preferentially the canopy in spite of

being more than twice the body size of Marmosops

Didelphids are frequently described as
scansorial based on the morphology of their
postcranial skeleton (Szalay 1994, Argot 2003),
occupying a variety of spatial niches and vertical
strata in Neotropical forests (Charles-Dominique et
al. 1981, Fonseca & Kierulff 1989, Julien-Laferriere
1991, Passamani 1995, Cunha & Vieira2002, Grelle
2003, Vieira & Monteiro-Filho 2003, Delciellos &
Vieira 2006). There is a direct relationship between
body mass and the use of arboreal strata (Charles-
Dominiqueet al. 1981), and differencesin body size
alone limit the climbing behaviour and performance
of didelphids (Vieira1997, Delciellos & Vieira 2006,
2007, 2009a, 2009b). However, Caluromys

incanus, also arboreal but restricted to the understory
(Julien-Laferriere 1991, Cunha& Vieira2002, Loretto
& Vieira2008, Dalloz et al. 2012).

Anatomical differences between didelphids
suggest different levelsof climbing specialisation, not
necessarily related to differencesin body size (Grand
1983, Vieira1997, Lemelin 1999, Argot 2001, 2002,
2003, Vieira& Delciellos2012). These morphological
specialisations could be related to the use of supports
of different diameters and inclinations, which vary
according to the forest strata used (Cunha & Vieira
2002, Loretto & Vieira 2008). Also, resource
partitioning can originate differential use of thevertical
strata by didelphids (Charles-Dominiqueet al. 1981).



376 Antunes et al.

Thus, vertical strata used by didelphids differ in
subtle manners, even among species considered
arboreal.

Differences on postural behaviour in the
arboreal locomotion of didelphids related to the use
of theforest strataand morphological specialisations
are not well known, except for C. philander, a
terminal branch feeder with effective hallucal
grasping frequently used as a model in studies on
primates origins and evolution (Youlatos 2008). The
repertory of postural behaviours of C. philander is
complex, and was already studied inthefield (Dalloz
et al. 2012) and in laboratory (Cartmill et al. 2002,
Schmitt & Lemelin 2002, Youlatos 2008, 2010,
Delciellos& Vieira2009b). Similarly to many primate
species, C. philander exhibits a diagonal-sequence
gait (Cartmill et al. 2002, Schmitt & Lemelin 2002,
Youlatos 2008, Dalloz et al. 2012). In contrast,
terrestrial didelphid marsupials of the genera
Didelphis and Monodelphis use a symmetrical
lateral sequence in horizontal locomotion on the
ground, on trunks and branches (McManus 1970,
Pridmore 1992). A diagonal sequence on the ground
was used by Didelphis virginiana only when
individuals started to run (McManus 1970).
Information on postural behaviour along thin arboreal
supports may allow understanding the mechanisms
behind the higher performance of arboreal didelphids
climbing thin supports (Delciellos & Vieira2009a).
However, such information is still lacking for most
didelphids.

Here in, we describe and compare the gait

sequence and postural behaviour of seven species of
didelphid marsupials climbing a slender and flexible
vertical support. The species studied comprise the
arboreal, semi-terrestrial and terrestrial lifestyles of
didelphid marsupials.

MATERIAL AND METHODS
Species of study

We studied seven didelphid species that differ
in their use of the forest strata (Table 1). Among the
arboreal species, Caluromys philander (Linnaeus,
1758) lives mostly in the canopy, rarely descending
to the ground; Gracilinanus microtarsus (Wagner,
1842) and Marmosa paraguayana (Tate, 1931) are
captured from the understory to the canopy,
occasionally on the ground; Marmosops incanus
(Lund, 1840) uses mostly the ground and the
understory, rarely reaching the canopy (Cunha
&Vieira2002, Grelle 2003, Vieira& Monteiro-Filho
2003, Loretto & Vieira2008). Two species are semi-
terrestrial, Didelphis aurita Wied-Neuwied, 1826,
and Philander frenatus Olfers, 1818, and one is
exclusively terrestrial and cursorial, Metachirus
nudicaudatus (Desmarest, 1817) (Miles et al. 1981,
Cunha & Vieira 2002). Semi-terrestrial species also
differ intheir occasional use of the vertical strata, D.
aurita reaching the canopy whereas P. frenatus only
the understory (Cunha & Vieira 2002). These seven
species encompass most of the body size range of
didelphid marsupials (Table 1).

Table 1. Body measurements (mean + SD) of individual s studied of didelphids species. Speciesarelisted according to the
vertical strata use by didel phids, from more arboreal species (C. philander) to the cursorial one (M. nudicaudatus).

Species Sample Size Body mass Head-body Tail length
(female/male) (9) length (mm) (mm)
Caluromys philander 5(3/2) 212.31+56.84 202.40 £ 12.75 283.40+11.43
Gracilinanus microtarsus 8 (3/5) 36.03+8.11 111.88+11.33 160.00 + 10.18
Marmosa paraguayana 15 (8/7) 131.06 + 26.87 168.53+ 11.17 250.47 £ 15.03
Marmosops incanus 6 (4/2) 51.59 + 6.42 125.83 £ 10.55 193.25+ 17.60
Didelphisaurita 6 (15) 1265.70 + 300.74 360.17 + 41.75 356.50 £ 25.13
Philander frenatus 10 (3/7) 403.16 + 154.82 254.00 £ 29.80 294.50 + 30.15
Metachirus nudicaudatus 6 (2/4) 347.51 + 92.50 241.17 £ 16.42 319.67 £ 15.20
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Animalswere captured in two areas of Atlantic
Forest, in Serra dos Orgéos National Park (22°28'S,
42°59' W), municipality of Guapimirim, and in a
fragmented landscape in the municipalities of
Guapimirim and Cachoeiras de Macacu (22°21'-
22°39'S, 42°40'-43°01' W), state of Rio de Janeiro,
Brazil (IBAMA/MMA, process no. 02001, 004671/
98-51). Animals captured in fragments were part of
the small mammal surveys of the Project of
Conservation and Use of Brazilian Biologica Diversity
(PROBIO/MMA/GEF), carried by the Laboratério de
Vertebrados/Universidade Federal do Rio de Janeiro.
Captured individual were housed individually in
polypropylene cages, and water and food were offered
ad libitum.

Experimental apparatus

Climbing performance tests were developed in
previous studieswith didelphid marsupias(Vieira1995,
Delciellos & Vieira 2006, 20093, Vieira& Delciellos
2012). Thetestsconsisted of climbing avertical nylon
ropeof 1.25 cm diameter, simulating vertical supports
such asvines and lianas (Delciellos & Vieira 2009a).
This diameter corresponds to the range observed for
M. incanus, D. aurita and P. frenatus climbing
vertical supports in the field (Cunha & Vieira 2002,
Loretto & Vieira 2008). Only individuals with four
functional molars were considered adults and tested
(Macedo et al. 2006). Nursing females or femaleswith
pouch young and sick animals were not tested.

Oneend of the rope was passed through apulley
and left hanging free at one meter above the floor
(Delciellos & Vieira 2009a). The remaining rope on
the other side of the pulley was held by an observer.
An animal was placed on the hanging end of the rope,
head up, and encouraged to climb by proximity of an
observer, touching the tail of the animal or producing
soundswith akey ringif necessary (Delciellos& Vieira
2009a). Animals were kept climbing but within the
visud field of acamcorder (Nationa Television System
Committee [NTSC] standard, 30 complete frames/s,
shutter speed %4 0.01 s) by releasing rope from the
other side of the pulley. The sameindividual repeated
the performance test three times and in each trial it
had at least 10 stride cycles recorded for the smaller
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species. Individuals reached their maximum velocity
in the beginning of the trial, around the third stride
cycle. Animalsthat did not respond to these stimuli or
did not climb were excluded. Anima sweretested during
the afternoon in normal daylight conditions because
no difference was observed between diurnal and
nocturnal tests (Vieira1995, Delciellos& Vieira2006,
2007, 20093, 2009b). The floor was covered with 5-
cm thick foam to prevent any injury to the animal in
case of afall (Delciellos & Vieira 2009a). The study
was conducted following the guidelines of theAmerican
Society of Mammal ogists (Gannon et al. 2007).

Postural behaviour

Postural behaviour was qualitatively described
for each speciesin the cycle of maximum velocity by
a frame-by-frame analysis of gait cycles, evaluating
(1) movementsof thetail, (2) posture of hand and wrist
when grasping, (3) distance of the body to the support,
(4) lateral swinging of the body, (5) orientation of the
head, (6) limb posture, and (7) stride cycle. Latera
swinging was observed from aventral view. Thecycle
of each limb was divided into power and recovery
phases (Cartmill et al. 2002, Santori et al. 2005). At
the power phase the limb contributes to the upward
displacement of the animal, the hindlimb exerting a
thrusting force, and the forelimb of the opposite side
of the body exerting atraction force. The beginning of
the power phase of a hindlimb marks the beginning
and end of a stride cycle. At the recovery phase the
limbs are in the air, returning to the previous position
to start another cycle. When the power phase of a
hindlimb started, the forelimb of the same side began
itsrecovery phase. A gait diagram was used to analyse
the sequence of limb movements and the duration of
the contact of the each foot on the subtract (Hildebrand
1965).

RESULTS

Arboreal specieswere faster than non-arboreal
species, with the smaller Gracilinanus microtarsus
reaching the highest velocity, followed by Marmosa
paraguayana, Marmosops incanus, and Caluromys
philander (Table 2). In non-arboreal species, P.
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frenatus was the fastest, followed by Metachirus
nudicaudatus and D. aurita (Table 2). The detailed

Antunes et al.

analyses of measures of climbing performance can be
foundin Delciellos & Vieira(2009a).

Table 2. Measurements of performance of seven species of didelphids climbing a vertical support of 1.25 cm diameter.
Relative stride length was the stride length of each individual divided by its head-body length, and relative velocity was
the absolute stride frequency multiplied by relative stride length. Therefore, relative velocity isin units of body lengths
covered by unit of time (bl/s), and relative stride length in units of body length (bl).

Species Relative velocity Frequency Relative stride

(bl/s) (strides/’s) length (bl)
Caluromys philander 210+ 0.61 2.73+0.55 0.76 £0.12
Gracilinanus microtarsus 6.15+2.18 6.72+1.20 0.90+0.21
Marmosa paraguayana 245+ 0.87 292+0.75 0.83+0.13
Marmosopsincanus 213+1.19 3.05+£0.44 0.67+0.29
Didelphis aurita 0.33+0.12 1.06 +£ 0.08 0.31+0.09
Philander frenatus 1.35+0.82 196+ 0.73 0.64+0.16
Metachirus nudicaudatus 0.48+0.50 1.30+£0.76 0.31+0.14

Arboreal species spent most of the stride cycle
with only two limbson therope (Figures 1-4). However,
between the recovery phases of opposite pairs of limbs,
amost all speciesemployed aquadrupedal support, at
least at one frame, making a pause between the cycles
(Figures 1, and 3-7), except G. microtarsus (Figure
2). More terrestrial species (D. aurita, P. frenatus,
and M. nudicaudatus) stayed most of the stride cycle
with three limbs on the support (Figures 5-7). Some
individuals of P. frenatus at maximum velocity were
able to spend most of the stride cycle with two limbs
on therope (Figure 6), similarly to arboreal species.

At the beginning of the power phaseinterrestrial
species the hindfoot was grasping the rope, but the
hind limbwasflexed (Figures5-7a). In arboreal species,
the hind foot also grasped the rope, but the hind limb
wasalready protracted upwards (i.e., limb greater than
90° relativeto horizontal body axis), reaching ahigher
point on the rope near the forelimb of the same side
(Figures 1-4a). In D. aurita and P. frenatus, the
hindfoot did not reach the position of the forefoot at
the end of the cycle, touching and grasping the support
one or two centimetres below theforefoot (Figures5h
and 6f, respectively).

The traction action of a forelimb was
synchronized with the thrusting action of the opposite
hind limb as expected. At the beginning of thetraction
phase, the forelimb doing the traction was extended
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becauseit had just reached the support (Figures 1d, 2-
5¢, and 6-7b). The flexors of the elbow joint pushed
the body up, and brought the centre of gravity closeto
the support, flexing the forelimb. At the end of the
traction phase the forelimb reached its maximum
flexion, when the elbow was retracted (Figures 1f,
2e, 3f, 4e, 5h, and 6-7€). Individuals of M.
nudicaudatus and P. frenatus were exceptions
because they kept aretracted arm position in most of
the cycle (Figures 6-7).

During the recovery phase of the forelimb the
wrist wasloose, with hand and fingersrelaxed, dropping
downwards (Figures 1-4b, 5e, and 6a). Metachirus
nudicaudatus did not show this forelimb posture, and
usually caught the air twice with the hands before
successfully grasping theropein aclumsy manner. As
the forelimb protracted, it made an obtuse angle with
the body, except in M. nudicaudatus, whose angle
was acute. The arm protraction at the forelimb
touchdown was higher in arboreal species. During the
forelimb extension, the fingers and the thumb were
stretched and abducted before grasping the rope
(Figures 1e, 5f and 6d). At the end of the movement,
when the hand touched the rope, it was near the snout
(Figures 1-5c and 6b). Again, M. nudicaudatus was
an exception because its hand did not extend so far,
and gripped the rope at a point under the ear of the
animal (Figure7b).
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Figure 1. Sequence of limb movements and the duration of the contact of the each foot on a gait cycle of Caluromys
philander. @) Touchdown of theleft hindlimb (LH) and beginning of the power phase; b) Upward displacement of theleft
forelimb (LF) and of theright hindlimb (RH); ¢) Touchdown of the LF and RH; d) All limb grasping the support; €) Upward
displacement of theright forelimb (RF) and LH and f) Touchdown of the LH and upward displacement of the L F and ending

of the gait cycle.
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Figure 2. Sequence of limb movements and the duration of the contact of the each foot on a gait cycle of Gracilinanus
microtarsus. a) Touchdown of the left hindlimb (LH) and beginning of the power phase; b) Upward displacement of the left
forelimb (LF) and of the right hindlimb (RH); ¢) Touchdown of the LF and RH; d) All limb grasping the support; e) Upward
displacement of the right forelimb (RF) and LH and f) Touchdown of the LH and upward displacement of the LF and ending
of the gait cycle.
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Figure 3. Sequence of limb movements and the duration of the contact of the each foot on a gait cycle of Marmosa
paraguayana a) Touchdown of the left hindlimb (LH) and beginning of the power phase; b) Upward displacement of the
left forelimb (LF) and of the right hindlimb (RH); ¢) Touchdown of the LF and RH; d) All limb grasping the support; e)
Upward displacement of the right forelimb (RF) and LH and f) Touchdown of the LH and upward displacement of the LF
and ending of the gait cycle.
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Figure 4. Sequence of limb movements and the duration of the contact of the each foot on a gait cycle of Marmosops
incanus. a) Touchdown of the left hindlimb (LH) and beginning of the power phase; b) Upward displacement of the left
forelimb (LF) and of the right hindlimb (RH); ¢) Touchdown of the LF and RH; d) All limb grasping the support; e) Upward
displacement of the right forelimb (RF) and LH and f) Touchdown of the LH and upward displacement of the LF and ending
of the gait cycle.
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Figure 5. Sequence of limb movements and the duration of the contact of the each foot on a gait cycle of Didelphis aurita.
a) Touchdown of the left hindlimb (LH) and beginning of the power phase; b) Upward displacement of the left forelimb
(LF); ) All the limbs are grasping the support; d) Upward displacement of the right hindlimb (RH); e) End of RH grasping;
) Upward displacement of the right forelimb (RF); g) Upward displacement of the LH and h) Touchdown of the RH ending
the gait cycle.
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Figure 6. Sequence of limb movements and the duration of the contact of the each foot on a gait cycle of Philander
frenatus. a) Touchdown of the left hindlimb (LH) and beginning of the power phase; b) Upward displacement of the left
forelimb (LF) and of the right hindlimb (RH); ¢) Touchdown of the LF and RH; d) All limb grasping the support; e) Upward
displacement of the right forelimb (RF) and LH and f) Touchdown of the LH and upward displacement of the LF and ending
of the gait cycle.
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Figure 7. Sequence of limb movements and the duration of the contact of the each foot on a gait cycle of Metachirus
nudicaudatus. a) Touchdown of the left hindlimb (LH) and beginning of the power phase; b) Upward displacement of the
left forelimb (LF) and of the right hindlimb (RH); ¢) Touchdown of the LF and RH; d) All limb grasping the support; e)
Upward displacement of the right forelimb (RF) and LH and f) Touchdown of the LH and upward displacement of the LF
and ending of the gait cycle.
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All species showed lateral oscillation
of the body, which occurred at the end of
the recovery phase of the hindlimb, as the
animal bent its trunk to the opposite side
of the hindlimb that was touching the rope.
Arboreal species grasped the support more
firmly and quickly than semi-terrestrial and
terrestrial species. Arboreal species
(Figures 1-4) and P. frenatus (Figure 6)
kept their body always far from the rope,
without touching it during the whole cycle.
Conversely, D. aurita touched the rope
with its chest and snout (Figure 5), and
the whole body of M. nudicaudatus was
always close or touching the rope with its
elbows close to the body (Figure 7).

The head of all species pointed
upward during the whole stride cycle with
subtle oscillation to the opposite side of
the forelimb that was stretched at the
recovery phase (Figures 1-7). The tail was
placed far from the rope, firmly stretched
downward, but swinging laterally in most
species (Figures 1-4 and 6). This lateral
swinging of the tail was always in opposite
direction to the lateral swinging of the
body, reducing the net swinging effect on
the vertical support. The exceptions were
D. aurita, whose tail was motionless
(Figure 5), and M. nudicaudatus, which
made uncoordinated movements,
occasionally curling its tail on the rope to
help propulsion (Figure 7).

All species gripped the ropes with
the hands between the second and third
digits (Figure 8). When climbing slowly
M. nudicaudatus uses telaxonic grasp,
with the rope between 1(thumb) and 2
(index) digits. The digits of larger
didelphids were able to wrap around the
rope, irrespective of their arboreal, semi-
terrestrial and terrestrial lifestyle. As
expected, the digits of smaller didelphids
were unable to wrap the rope, but claws
seem to play a more important role in the
climbing of small didelphids.

Oecol. Aust., 20(3): 375-390, 2016
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Figure 8. Schizaxonic grasp observed in the seven didelphids species
climbing a vertical support of 1.25 cm diameter. a) Caluromys philander;
b) Gracilinanus microtarsus; ¢c) Marmosa paraguayana; d)
Marmosops incanus; e) Didelphis aurita; f) Philander frenatus; g)
Metachirus nudicaudatus.
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DISCUSSION

Climbing ability is fundamental to the arboreal
lifestyle of didelphids, allowing the exploration of
different niches in the highly structured environment
of the understory and canopy (Vieira & Monteiro-Filho
2003, Delciellos & Vieira 2006). On climbing a slender
vertical support, didelphids studied differed in gait
pattern and postural behaviour, but their sequence of
limbs was mostly symmetrical. The symmetric
sequence is considered to provide more stability,
manoeuvrability, agility, and energy conservation on
terrestrial locomotion (Hildebrand 1989), which seems
to apply to arboreal walking on horizontal supports
(Delciellos & Vieira 2007), and climbing as well.

Diagonal sequence of footfalls is characteristic
of primate gaits, in contrast to lateral sequence of
many ground dwelling mammals, supposed to improve
stability moving on tree branches (Martin 1990). For
didelphid marsupials, the use of diagonal sequence gaits
moving on the ground or on horizontal supports
simulating tree branches was previously described only
for Caluromys philander (Schmitt & Lemelin 2002,
Lemelin et al. 2003). At the frequency of 30 frames/s,
the video speed did not allow enough resolution to
determine the exact sequence of footfalls for arboreal
species, as fore and hind limbs of opposite sides were
always synchronized, simultaneously grasping the
support or moving up in the air to grasp another point
on the rope. However, only arboreal species were
capable of climbing with only two limbs grasping the
support, keeping a straight body orientation at some
distance from the support, and sustaining a more
constant and regular climbing velocity.

The tail played a role in didelphids with better
climbing performance (i.e., higher relative velocity),
counteracting the lateral swinging of the body produced
by the limb movements, helping with the animal
balance. However, the prehensile ability of the tail was
not used in climbing, with no grasping role during
ascension. The tail is important for safety while
foraging or feeding on slender branches, and to cross
discontinuities in the canopy, hence to explore the fine-
branch niche (Lemelin 1999, Delciellos & Vieira
2009Db). Accordingly, C. philander uses its tail for
grasping during locomotor manoeuvres such as bridging

and leaping (Youlatos 2008) and hindlimb suspension
(Lemelin & Schmitt 2007), but keep the tail curly and
close to the branch in slow arboreal locomotion (Dalloz
et al. 2012, Rupert et al. 2014). Also, C. philander,
as other didelphids species, is capable of jumping to
effectively cross discontinuities between supports
without use the tail to grasp the support as a fifth
member (Delciellos & Vieira 2009Db).

The most stunning result of our study is that all
didelphids grasped the rope between digits 2-3, a
schizaxonic grasp, involving a neutral hand orientation
regarding the ulna (Reghem et al. 2012). This postural
behaviour had been previously observed only for C.
philander (Youlatos 2010). It must be a common
posture to all didelphids when climbing thin and slender
supports, from smaller to larger species, arboreal,
semiterrestrial and terrestrial didelphids, which also
confirms the ancestral nature of this character as
previously suggested by Cartmill (1974). The same
hand posture was the most frequent observed in the
grey mouse lemur (Microcebus murinus) climbing
vertical supports and walking along horizontal supports
(Reghem et al. 2012). Only when climbing larger
supports (3 cm diameter), M. murinus used an ulnar
deviated hand with grasp between digits 1-2 (Reghem
et al. 2012). Ulnar deviation of the hand was related
to the use of arboreal supports and not to morphology
or primate infraorder affinity (Lemelin & Schmitt
1998). It is possible that the unspecialized neutral hand
posture of didelphids may be the more common posture
as in M. murinus, but other hand postures may be
used depending on the relative diameter of the support
as in M. murinus. Further studies will be taken on
didelphids climbing vertical tick perches to verify if
they change hand behaviour to ulnar deviation, using
telaxonic grasp (1-2 digits) in these subtracts.

The didelphid species studied protracted the arm
(humerus) at forelimb touchdown, and the angle
between the arm and the horizontal body axis was
greater than 90°. The same postures were already
observed in horizontal locomotion of two other
didelphids, C. philander and Monodelphis
domestica, and of primates (Lemelin & Schmitt 2007).
Conversely, most nonprimate mammals have a
retracted arm position at touchdown, i.e., the arm lies
behind a vertical line going through the glenchumeral
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joint (i.e., angle between the armand the horizontal body
axis is less than 90°) (Larson 1998, Larson et al. 2000,
2001). The only truly cursorial didelphid species (i.e.,
morphologically specialized for more efficient locomotion
on the ground) is M. nudicaudatus, which showed the
same arm posture of nonprimate mammals. This
suggests that the ability to protract the arm at forelimb
touchdown in arboreal climbing is a general adaptation
to arboreal locomotion, common to most didelphid
marsupials and primates.

In spite of its scansorial adaptations (Szalay 1994,
Argot 2003) and habits (Vieira 1997, Cunha & Vieira
2002), D. aurita climbed slowly and in a methodical
manner, similarly to D. virginiana moving through the
understory (McManus 1970). This behaviour is probably
related to its large body mass, because climbing is
energetically more expensive for larger animals of a
geometrically similar body build (Cartmill 1974).
Therefore, the locomotory and postural adaptations for
an arboreal lifestyle in didelphid marsupials seem to be
limited to small to medium body sizes, up to the size of
species of Caluromys (ca. 250g). The gradual increase
in body size through the evolutionary history of the group
(Amador & Giannini 2016) may have imposed limits to
efficient climbing in arboreal locomotion.

The arboreal locomotion of didelphid marsupials
is an important key to understand adaptation and
evolution of mammals to an arboreal niche, and the
comparison with small primates may help to identify
adaptive convergence to arboreal locomotion (Lemelin
& Schmitt 2007). The present study provides the first
comprehensive comparison of climbing postural
behaviour among arboreal and terrestrial didelphid
species. Previous comparisons between didelphids and
primates were limited to one arboreal (C. philander)
and one terrestrial species (M. domestica). Arboreal
didelphid marsupials are the only nonprimate mammals
exhibiting diagonal couplets climbing slender supports,
allowed by a protracted arm, but a neutral hand posture.
These are examples of convergent locomotory
adaptations to an arboreal locomotion.
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