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Abstract
In primates, grasping constitutes a vital function involved in many behaviors.
Anatomical specializations of the prehensile extremities originated early-on in their
evolution. However, the precise functional and ecological contexts that have driven
this evolution remain unclear. Interspeciﬁc comparative studies show that a given
morphology can induce different grasping behaviors and also that a given behavior
can be performed using different morphological structures. In this context, an
intraspeciﬁc ontogenetic approach offers the opportunity to describe the relations
between patterns in grasping behavior and patterns of grasping morphology. We
quantiﬁed manual grasping strategies and the associated morphometric (i.e. segments lengths) and performance (i.e. pull strength) traits for both limbs during the
development of a small arboreal primate, the gray mouse lemur (Microcebus murinus). Our results show an early onset of grasping in young mouse lemurs. Moreover, younger individuals had relative longer hindlimbs (i.e. tibia and metatarsus)
allowing them to have near-maximal levels of grasping strength. This very fast
development despite an incomplete neuromuscular development highlights the
importance of this grasping function directly after birth.

Introduction
In primates, grasping constitutes a vital function involved in
many behaviors including locomotion, postural behavior, food
grasping and social interactions (Napier, 1956; Reghem et al.,
2011; Sustaita et al., 2013; V€olter, Rossano & Call, 2015).
When investigating the relations between grasping form and
function, interspeciﬁc studies face the difﬁculty that a same
morphology can induce different behaviors in different species,
and a speciﬁc behavior can be the result of different morphologies in different species (Pouydebat, Gorce & Bels, 2009).
However, an intraspeciﬁc ontogenetic approach offers the
opportunity to highlight the relations between patterns in
grasping behavior and patterns of grasping morphology without
these confounding effects. Indeed, recent ontogenetic studies
have shown changes in locomotor behavior and substrate use
during development. For example younger chimpanzees (Pan
troglodytes), gorillas (Gorilla beringei beringei) and baboons
(Papio anubis) display a wider locomotor repertoire, engage
much more in vertical climbing, forelimb suspension and other
arboreal behaviors than adults, which remain largely quadrupedal and spend more time on the ground (Doran, 1992, 1997;
Sarringhaus, MacLatchy & Mitani, 2014; Druelle, Young &
Berillon, 2017). Studies in baboons (Papio anubis), capuchin
monkeys (Sapajus apella, Cebus albifrons), chimpanzees and
rhesus monkeys (Macaca mulatta) have shown changes in the
morphology of the hands and feet involving differences in
bone proportions, size and robusticity (Young & Heard-Booth,
2016; Druelle et al., 2017; Patel et al., 2018). The next step is
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thus to investigate whether these structural changes are associated with behavioral transitions by exploring the relations
between grasping behavior and morphology (Druelle et al.,
2017).
Moreover, ontogenetic studies provide the opportunity to
investigate the ecological pressures that may constrain development in primates. As soon as they are born, infants grasp their
mother when being carried in addition to grasping arboreal
substrates (Colas, 1999; Nakamichi & Yamada, 2009; Peckre
et al., 2016). Slightly later during life, young animals need to
forage for the same resources and escape the same predators
as adults do, and this despite their small size (Herrel & Gibb,
2006; Young & Shapiro, 2018). In this context it is of interest
to investigate the link between limb morphology and the associated grasping performance as this may provide insights into
the behaviors used throughout ontogeny. Indeed, given the
importance of grasping in the everyday life of young primates,
selection may lead to strong grasping performance despite an
immature neuromusculoskeletal system (Carrier, 1996; Young,
2005; Herrel & Gibb, 2006; Lawler, 2006; Russo & Young,
2011; Druelle, Aerts & Berillon, 2016; Young & Heard-Booth,
2016; Patel et al., 2018). Such ontogenetic studies on grasping
are not numerous, but the existing ones have revealed speciﬁc
features including a greater mechanical advantage, greater bone
robusticity and larger bone extremities with relatively longer
digits in infants compared to adults in strepsirrhine (Poindexter
& Nekaris, 2017) and haplorhine primates (Russo & Young,
2011; Young & Heard-Booth, 2016; Druelle et al., 2017; Patel
et al., 2018), suggesting selection on grasping performance.
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Some studies have also investigated this topic by comparing
arboreal versus terrestrial rodents and marsupials (Ishiwaka &
Mori, 1999; Shapiro, Young & VandeBerg, 2014).
The objective of this study was to investigate the ontogeny
of grasping performance, behavior and morphology in the gray
mouse lemur, Microcebus murinus. This small arboreal primate
belongs to the Cheirogaleidae (Petter, 2010). This species is a
small-sized, omnivorous and nocturnal primate, exploiting a
narrow branch niche likely requiring strong grasping (Martin,
1972; Charles-Dominique, 1977; Thomas et al., 2015b). Moreover, mouse lemurs are fast-growing animals, with independent
exploration of their environment starting at the age of 2 weeks,
a weaning at 3 months and an adult morphology at the age of
6 months (Colas, 1999). This makes this species ideally suited
for ontogenetic studies. In this study, we quantiﬁed behavioral
(manual food grasping strategies when confronted with mobile
prey), morphological (segment dimensions of hind- and forelimbs) and performance traits (hand and foot pull strength) of
mouse lemurs during the ﬁrst 6 months of their life. We ﬁrst
predict that (A) juveniles extremities (i.e. hind- and forelimbs)
will develop quickly, being relatively longer than in adults.
We also predict (B) juveniles extremities to have strong grasping abilities, with hand and foot maximal pull strengths being
relatively high compared to adults. We further expect thanks to
our ontogenetic approach (C) to correlate these high grasping
performances in juveniles to their speciﬁc morphological traits
(i.e. relative longer segments) and expect (D) grasping behavior to vary according to morphological and performance traits.
This fast development of grasping abilities would highlight the
importance of this function directly after birth, making juveniles adapted to the foraging and locomotion constraints of
their environment.

Materials and methods
Subjects and housing
All individuals (Microcebus murinus) were born and raised in
the captive colony of the UMR 7179 (CNRS/MNHN) of the
Museum National d’Histoire Naturelle (Brunoy, France, Agreement # 962773). These animals are descendants from wild
individuals caught along the southwestern coast of Madagascar
50 years ago. Until 3 months, juveniles are housed with their
siblings and their mother in 66 9 50 9 60 cm enclosures.
After weaning, young mouse lemurs are placed in larger cages
(167 9 60 9 70 cm) with two to seven individuals. All cages
are enriched with branches and wooden nest boxes. Temperature and humidity are maintained around 25°C and 40%,
respectively. The photoperiod is controlled with a 14:10-h
Light:Dark cycle for the summer-like season and 10:14 for the
winter-like season. Animals are fed thrice weekly with fruit
(pieces of apple, banana and oranges), and a special preparation made of condensed milk, Bledine (cereals & milk mixture), egg yolk and gingerbread. Water is provided ad libitum.
In total, we studied 43 individuals: 14 individuals of
1 month and a half (seven males, seven females); 16 individuals of 3 months (seven males, nine females) and 13 individuals
of six months (ﬁve males, eight females). Our total sample
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contained 24 females and 19 males. Animals are identiﬁed by
an ear tag. The ethics committee of the Museum National
d’Histoire Naturelle approved all measurements. The research
adhered to the legal requirements of the European Union.

Morphometrics
For the purposes of this study we took the following external
measurements: ulna, tibia, metatarsus and the following head
dimensions: head length, head width and head height (Thomas
et al., 2015a,b). The measurements were performed using a
digital caliper (0.01 mm; Mitutoyo & Kanagawa, Japan; Thomas et al., 2015a,b). Each measurement was repeated three
times. We kept the median value for the data analysis. The
length of metacarpals would be a very relevant parameter to
consider. However, this measurement being not repeatable
using external measurements, we decided to exclude this
parameter from our analysis. Body mass was measured using a
digital scale (Ohaus Scout Pro; Ohaus, N€anikon, Switzerland).
One experimenter (GBA) performed the measurements while
another held the animal.

Performance measurements
Pull strength of hands and feet were measured using a force
platform as previously described (Herrel et al., 2013; Thomas
et al., 2015b). The device is composed of a small iron bar (diameter adapted to hand size of the studied organism) ﬁxed on
a piezoelectric force platform (Kistler squirrel force plate, 
0.1 N; Winterthur, Switzerland). This platform is placed on a
custom-designed metal base and connected to a charge ampliﬁer (Kistler charge ampliﬁer type 9865). Forces (N) are
recorded at 1 kHz during 60 s sessions. During one session,
the animal repeatedly gripped a dowel with its hands or feet
and was then pulled away horizontally from the dowel. Each
animal participated in two sessions: one focusing on the hands
and another on the feet. Results were analyzed with the Bioware software (Kistler). The maximal pull strength (hands and
feet) of each animal was extracted from the three-dimensional
force
recording (=vector sum of X, Y and Z; F =
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
p
x2 þ y2 þ z2 ).

Grasping behavior
A series of ﬁve experimental feeding sessions was carried out
for each individual. For this behavioral test the animal was
placed in a custom-designed box (18 9 8.5 9 28 cm) containing a horizontal substrate of 1.6 cm in diameter mimicking a
branch that the mouse lemur is able to grasp (i.e. the feet and
hands can be closed around it). At the beginning of each session, a food item attached to a thin transparent thread was
inserted inside the box by the experimenter who moved it vertically. The hand surface area of the hand of a mouse lemur of
1 month and a half is approximately 1 cm2. Moreover,
Reghem et al. (2011) showed in adults that for food items of
1 cm3 or larger, the grasping strategy no longer changes when
increasing the size of the item further. Thus we used for all trials pieces of banana of about 1 cm3. For each age group,
Journal of Zoology  (2019) – ª 2019 The Zoological Society of London
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behavioral tests were performed within 2 weeks after the morphometric and performance measurements due to the rapid
growth of M. murinus. Consequently we had to reduce the
sample to 10 individuals per developmental stage for the
behavioral experiments. The front of the test box was made of
transparent plexiglass allowing each trial to be ﬁlmed using a
camera (SONY Handycam DCR-SR75). Video analyses were
conducted with the software VLC media player. During each
feeding session we recorded the prehension strategy displayed
to grasp the moving food item: one hand, both hands, mouth
alone and both mouth and hand(s). As the diameter and the
slope of the substrate inﬂuence the grasping strategy (Toussaint
et al., 2013, 2015), only those grasps realized when the animal
was on the branch were recorded.

Data analysis
We ran linear models in order to explore relations between
limb morphology and grasping performance, and between
grasping behavior and grasping performance and morphology.
We also tested effects of age and sex as predictors of morphology and performance. For each model, we calculated the
variance-inﬂation factors (VIF) in order to test for collinearity. We kept variables having a VIF lower than ﬁve and
ensured that the mean of the VIFs was lower than two
(Chatterjee, Hadi & Price, 2000; De Bourmont, 2012). We
then ran Anovas to test the statistical signiﬁcance of the
model. Model selection was based on the Akaike Information
Criterion (AIC). We checked normality and homoscedasticity
by performing both Shapiro–Wilk Normality and Breusch–
Pagan tests. In addition to the age we used a qualitative variable describing the three developmental stages (1 month and
half, 3 months, 6 months), allowing the use of pairwise
t-tests and the non-parametric Kruskal–Wallis rank sum test.
We used the following RStudio packages: FactoMineR, car,
MASS, readxl, lmtest, nlme and lme4. All statistics were performed using a a-level of 0.05.
We scaled morphological traits to body mass in order to
compare limb proportions throughout development (segment
lengths are multiplied by (body mass)1/3; Hof, 1996). Morphological data were also square root-transformed before analyses
to meet assumptions of normality and homoscedasticity of
residuals. We then ran General Linear Models with morphometric variables (forearm, tibia and metatarsus lengths and head
dimensions) to test for differences between animals of different
age classes and sexes. We also calculated a metatarsus on tibia
ratio. As this variable did not follow a normal distribution we
performed a non-parametric Kruskal–Wallis rank sum test to
compare it between the different developmental stages (qualitative variable).
Performance
traits
were
scaled
to body
mass
(performance=9:81ðbody massÞ; Hof, 1996) and log10-transformed before analyses. We ran a multiple regression to test
for associations between performance and morphology. We
also ran linear models with age and sex as ﬁxed variables to
investigate possible differences in grasping performance across
ontogeny. In parallel, we ran a Kruskal–Wallis test to compare
performance of the different development stages.
Journal of Zoology  (2019) – ª 2019 The Zoological Society of London
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The proportion of grip types was calculated for each individual. As the variables did not follow a normal distribution, we
performed a Kruskal–Wallis rank sum test to compare for each
grasping behavior across the different developmental stages.

Results
Morphology according to age
Linear models detected that the relative tibia and metatarsus
lengths decreased signiﬁcantly with age (metatarsus: F1,41 =
42.24; P < 0.001; tibia: F1,41 = 4.609; P = 0.037; Fig. 1). Neither sex nor age were signiﬁcant predictors of ulna length. A
Kruskal–Wallis rank sum test revealed a signiﬁcant difference of
metatarsal to tibia ratio between development stages (Kruskal–
Wallis chi-squared = 16.6; P < 0.001), (Fig. 2). The means of
the raw and scaled data are provided in Table 2.

Performance according to age
Linear models did not detect a signiﬁcant effect of age or sex
on performance scaled to body mass. However, when performing a Kruskal–Wallis rank sum test with the developmental
stages as a qualitative predictive variable, we found that at
least two stages were signiﬁcantly different for both relative
hand and foot pull strength (Feet: Kruskal–Wallis chisquared = 12.75; P = 0.0017; Hands: Kruskal–Wallis chisquared = 29.31; P < 0.001). Consequently, we compared
developmental stages two by two and found no difference
between 1-month-and-half-old and 6-month-old individuals, but
theses stages were both signiﬁcantly different from the
3-month-old individuals (Table 1 and Fig. 3). Means of the
raw and scaled data are provided in Table 2.

Morphometric predictors of performance
Linear models detected ﬁrst that the relative foot pull strength
increased signiﬁcantly with the relative tibia length
(F2,40 = 15.38; P < 0.001), the model also kept the head width

Figure 1 Plot of the relation between the length of metatarsus
scaled to body mass and age in Microcebus murinus.
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Figure 2 Boxplot of the ratio of the lengths of metatarsus relative to
tibia at three different developmental stages in Microcebus murinus.

with a trend (F2,40 = 3.33; P = 0.07). The relative hand pull
strength increased signiﬁcantly with the relative ulna length
(F2,40 = 11.56; P = 0.0015), and the model kept the relative
metatarsus length as a non-signiﬁcant element (F2,40 = 2.20;
P = 0.146), (Fig. 4).

Predictors of grasping behavior
Kruskal–Wallis rank sum tests, with the developmental stages
as a qualitative predictive variable, detected no difference in
grasping behavior across the development. In fact, mouse
lemurs displayed bimanual grasps in the majority of the sessions (85.3%), the mouth alone strategy was never used. This
low variability in food grasping strategies did not allow us to
highlight correlations between different grasping behaviors and
different performance or morphological traits.

Discussion
Our general hypothesis was that behavioral and performance
parameters would vary according to developmental stages in
connection with morphological changes. Our results assessed
three of our four predictions.
Our ﬁrst prediction (A) pertained to the quick development
of grasping extremities and was validated: younger mouse
lemurs had relative longer hindlimb segments than older

Table 1 Results of t-tests run to compare pull strength (scaled to
body mass) between the three developmental stages in Microcebus
murinus
Hand pull strength

Foot pull strength

t test

Means

t

P

Means

t

P

(a)-(b)
(b)-(c)
(c)-(a)

ma<mb
mb>mc
mc~ma

2.86
3.65
0.40

0.0082
0.0011
0.69

ma<mb
mb>mc
mc~ma

3.56
3.60
0.24

0.0013
0.0013
0.81

(a): 1 month and half, (b): 3 months, (c) 6 months.
Means of hand pull strength: ma = 2.44, mb = 2.70, mc = 2.40.
For the feet: ma = 1.54, mb = 1.93, mc = 1.56.
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individuals. Indeed, they had relatively longer metatarsus and
tibia lengths relative to body mass. These results agree with
previous studies on limb segment size and bone robusticity in
another small strepsirhine, the Javan slow lorises (Nycticebus
javanicus; Poindexter & Nekaris, 2017), but also with results
for several haplorhines including young baboons (Papio anubis), capuchin monkeys (Sapajus apella, Cebus albifrons),
chimpanzees (Pan troglodytes) and rhesus monkeys (Macaca
mulatta) (Young & Heard-Booth, 2016; Druelle et al., 2017;
Patel et al., 2018). In marsupials (Shapiro et al., 2014), morphology was not inﬂuenced by relative age but extremities
were longer in an arboreal (Petaurus breviceps) species than in
a terrestrial (Monodelphis domestica) one. Regarding the forelimb, we did not ﬁnd differences in the length of the ulna. We
focused on ulna for the forelimb because it can easily be measured in vivo and because previous studies demonstrated that
ulna length was correlated with pull strength (Thomas et al.,
2015b). It would, however, be of interest to conduct further
studies on the forelimb anatomy speciﬁcally comparing hands
segment. Although our external morphological measurement
protocol did not allow us to study the development of the
metacarpals, it is likely a relevant parameter. Indeed, hands
and feet are made of a lot of different segments that all can
have their own growth allometries such as digits and metapodia, which contribute strongly to the grasping architecture of
hands and feet (Napier, 1961). Using radiographs, Young &
Heard-Booth (2016) showed variations in the proportions of
hand and foot bones during development in capuchins. By analyzing growth curves of different limb segments they demonstrated that the metapodials grow at a faster rate than the
corresponding phalanges. Such growth allometries resulted in
juveniles having longer ﬁngers and toes for their size.
Our prediction (B) related to the predicted relative high
grasping performance in juveniles and was also validated.
Associated with the speciﬁc morphologic features discussed
above, we found relative high grasping performance in juveniles. Relative to their body mass, 1-month-old individuals displayed a grasping performance that was equivalent to that of
6-month-old individuals. We were unable to demonstrate an
effect of age during growth. However, when comparing developmental stages two by two we detected that 1-month-andhalf-old and 6-month-old individuals were weaker than 3month-old individuals. This can be possibly explained by the
fact that data were scaled relative to body mass. Thus, relative
to body mass the grasping performance of young mouse
lemurs is the highest at 3 months and relatively decreases after
that because of signiﬁcant mass gain. It is likely, however, that
young mouse lemurs do not possess the same muscle mass
and strength as adults do. In neonate rhesus macaques
(Macaca mulatta), muscle mass makes up only 24% of the
total body mass, whereas it accounts for 43% of total body
mass in adults (Grand, 1977). Thus, the morphological features
of juveniles (i.e. longer and more robust extremities) may be
involved in compensatory mechanisms allowing them to grasp
strongly despite neuromuscular immaturity (Carrier, 1996;
Young, 2005; Lawler, 2006; Russo & Young, 2011; Young &
Heard-Booth, 2016). Indeed, in this study we highlighted direct
relationships between tibia length and foot grasping
Journal of Zoology  (2019) – ª 2019 The Zoological Society of London
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Figure 3 Boxplot of the foot and hand pull strengths at three different developmental stages in Microcebus murinus.

Table 2 Summary detailing differences between developmental stages in morphology and pull strength
1.5 months
N = 14
Raw data

Scaled data

Table entries are means 

Metatarsus (mm)
Tibia (mm)
Ulna (mm)
Hand pull strength (N)
Foot pull strength (N)
Body mass (g)
Metatarsus
Tibia
Ulna
Hand pull strength
Foot pull strength

18.14
31.255
21.15
4.64
1.91
41.21
0.052
0.0907
0.061
11.82
4.82













1.25
1.45
1.08
0.82
0.44
6.3
0.0047
0.0031
0.0039
2.95
1.24

3 months
N = 16
19.63
36.85
25.87
9.08
4.24
61.00
0.049
0.093
0.065
15.17
7.23













0.96
1.27
1.58
2.22
1.26
8.32
0.0019
0.0031
0.0028
3.22
2.54

6 months
N = 13
19.77
38.83
27.72
9.62
4.16
87.38
0.044
0.088
0.062
11.27
4.88













1.03
1.58
1.02
2.42
1.08
16.86
0.0028
0.0042
0.0029
2.42
1.16

SD.

Figure 4 Plot of the linear relation between the foot pull strength
and the length of the tibia, both scaled to body mass, in Microcebus
murinus.

performance, which conﬁrmed our prediction C. Furthermore,
recent studies established a link between relatively large
extremities and increased grasping ability in young primates
(Young & Heard-Booth, 2016; Druelle et al., 2017). Moreover,
changes in the proportions of the limb segments were associated to a decrease in suspensory behaviors throughout the
Journal of Zoology  (2019) – ª 2019 The Zoological Society of London

development in Olive Baboons (Druelle et al., 2017). Moreover, results on the ontogeny of prehensile tails show similarities with the hind- and forelimbs as described here.
Speciﬁcally, younger individuals display greater bone robustness of the caudal vertebrae involved in grasping compared to
adults. This is associated with greater tail strength and promotes tail-suspension behavior (Russo & Young, 2011). However, to better understand the relations between morphology
and performance we need further studies investigating the patterns of muscle mass distribution during the development. Also
understanding the tendon development in the extremities would
be important as their role in the early development of grasping
abilities may be signiﬁcant. We did not ﬁnd any effect of sex
on grasping performance during development, which matches
previously published data for M. murinus (Thomas et al.,
2015b).
Our results did not conﬁrm our prediction D: grasping
behavior did not vary during development according to variations in morphological and performance traits. Juveniles used
adult behaviors very early on; they used bimanual grasps in
the large majority of the sessions (85.3%), the mouth alone
being never used. Toussaint et al. (2013) also identiﬁed the
bimanual grasp as the preferred strategy used to capture mobile
objects in adults. In contrast, in the case of static food items
5
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the mouth is used in the majority of the cases. The use of a
prehensile organ disconnected from a function in body support
may optimize prey capture by avoiding whole body displacement which could decrease balance and attract predators (Toussaint et al., 2013). In this study, we demonstrated that young
mouse lemurs (1 month old) already possess the whole grasping repertoire observed in older individuals. The performance
of this adult grasping behavior may be explained by the strong
grasping performance of juveniles made possible because of
speciﬁc morphologic features. Indeed, strong prehensile feet
may provide a sufﬁcient balance when holding on a branch
while allowing the use of both hands during foraging. In addition, other studies have highlighted the link between morphology, performance and locomotor behavior, for example in
gorillas (Gorilla beringei) and chimpanzees (Pan troglodytes)
where the relative strength of hindlimb and forelimb bones
tracks changes in locomotion during growth (Ruff et al., 2013;
Sarringhaus, Maclatchy & Mitani, 2016; Young & Shapiro,
2018). Furthermore, bimanual grasping is a bimanual symmetric grasping that requires motor coordination. Consequently,
this suggests that the development of motor coordination in
mouse lemurs occurs early during ontogeny.
Finally, our results suggest that the development of the
limbs and grasping in primates is tightly associated with the
arboreal milieu. It has been observed that only 2 weeks after
birth, mouse lemurs begin to explore their environment and
already use narrow substrates requiring a strong grip to maintain balance (Colas, 1999). The relatively large and robust
extremities of juveniles provide stability during arboreal locomotion with a reduced risk of falling and subsequent skeletal
injury (Young & Shapiro, 2018). Byron et al. (2015) showed
that mice raised in enclosures with ﬁne branch arboreal substrates displayed more robust foot bones than ones raised on
the ground and that did not need to use their hallux to grasp
substrates. Early acquisition of adult locomotor and feeding
behaviors associated with fast limb development, as we
observed in this study on mouse lemurs, has been also
observed in Javan slow lorises (Nycticebus javanicus) that utilize the same ﬁne terminal branches. Also in small harvest
mice, able to climb on long vertical grasses before the end of
the short lactation period of 15 days (Ishiwaka & Mori, 1999;
Poindexter & Nekaris, 2017) a similar pattern is observed. This
fast acquisition of grasping ability emphasizes its crucial
importance involved in both locomotion (to hold either on
branches or the mother) and foraging. Indeed, Lawler (2006)
showed a direct positive relationship between foot length and
survivorship to maturity in sifakas. Interestingly, juvenile
mouse lemurs had relatively large tibia and metatarsi but an
ulna length similar to that of older individuals. Thus, it seems
that there is a stronger constraint on the grasping ability of the
hindlimb than for the forelimb early in life. Capuchin monkeys
(Cebus albifrons & Sapajus apella, Young & Heard-Booth,
2016) showed a stronger ontogenetic decline in hallucial phalangeal indices than in manual phalangeal indices. Moreover,
throughout the development of baboons (Papio anubis), the
pedal postaxial digit phalangeal index is correlated with the
time spent in arboreal locomotion behaviors (i.e. suspension,
climbing, clinging), whereas no correlations were observed
6

with hand proportions (Druelle et al., 2017). Patel et al.
(2015) compared pedal and manual grasping control in red
ruffed lemurs (Varecia rubra) walking quadrupedally on an
arboreal substrate. Their EMG recordings showed a higher and
longer activation of toe ﬂexors than of ﬁnger ﬂexors. The
authors suggested therefore that red ruffed lemurs relied less
on forelimb than on hindlimb grasps during quadrupedal locomotion. This may suggest different functional roles of the
hands and feet. Consequently, they may have evolved in different selective contexts. Although both hands and feet are
used during locomotion on narrow branches the feet provide
the body balance by holding on strongly to the branch, liberating the forelimbs for other functions (Cartmill, 1985). This
division of function may suggest a more substantial role of the
feet in the primate locomotor development, at least for arboreal
species. Grasping hands, on the other hand, may have evolved
under foraging constraints, allowing the grasping and manipulation of resources in the arboreal ﬁne terminal branch milieu
(Rolian, Lieberman & Hallgrımsson, 2010; Young & HeardBooth, 2016; Druelle et al., 2017). Studies comparing forelimb
and hindlimb development are a few but the elements they
brought out have a real importance to better identify the ecological constraints that lead to the grasping abilities of primate
hands and feet. We thus need further studies investigating the
development of manual versus pedal grasping abilities in a
wide range of arboreal species.
To conclude, young mouse lemurs have relatively large limb
segments that facilitate strong grasping and high levels of stability despite an immature neuromuscular system. The fast
acquisition of grasping ability highlights the importance of this
function directly after birth in this group. As we did not
observe a diversity of food grasping strategies throughout
development no relations between behavioral strategies and
morphology were present. However, we expect a higher variability in grasping strategies displayed during locomotion. Further ontogenetic studies investigating grasping strategies during
locomotion on different types of substrates may highlight further relations between anatomy, performance and behavior.
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