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Is the morphological disparity of lemur skulls (Primates)
controlled by phylogeny and/or environmental
constraints?
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The cranial morphology of Lemur catta and of the five species of the genus Eulemur is investigated here by land-
mark identification and Procrustes superimpositions. This geometrical morphometric method makes it possible to
describe pure shape differences independent of size effects, and to quantify differences between specimens. The aim
of this study is to determine whether the morphological disparity of lemur skulls is constrained by the environment
and/or by the group’s phylogenetic history. First, Procrustes residuals are analysed by principal component analy-
sis and the scatter-plots interpreted against the geographical distributions of taxa to determine whether morphol-
ogy is correlated with geography. Then, a morphological distance tree is computed and compared with various
cladograms reported in the literature to test for any correlation between morphology and phylogeny. Morphological
disparity is found to be closely correlated with geographical distribution but independent of phylogeny. This con-
firms that the morphological disparity of lemur skulls is associated with a high degree of homoplasy, probably as a
result of ecological constraints. © 2002 The Linnean Society of London, Biological Journal of the Linnean Society,
2002, 76, 577–590.
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morphological disparity – Primates – Procrustes superimposition.

INTRODUCTION

Madagascar is a large island with contrasting envi-
ronments owing to its varied topography and climate.
It can be divided into several bioclimatic or phytogeo-
graphical domains depending on latitude, altitude,
temperature, rainfall, seasonality and vegetation
(Humbert, 1955; Paulian, 1961; Battistini, 1996; Du
Puy & Moat, 1996). The central plateau is temperate,
with marked wet and dry seasons, and is character-
ized by mid-altitude montane rainforest and even by
sclerophyllous forest at the highest altitudes. The east
coast is warm and humid, without a dry season, with

dense evergreen lowland rainforest. The Sambirano
domain, in the north-west is an enclave of humid rain-
forest similar to that of the east coast. The west of 
the island is characterized by distinct seasons, with
deciduous forests giving way to xerophytic thickets as
it becomes drier from north to south. The southern
domain is hot and semiarid, with subarid thorn scrub.

Geographical zones of primate species distribution
can be identified (Martin, 1972), whose boundaries
coincide with major river or mountain barriers.
MacPhee et al. (1985) showed that the central plateau
was covered by a mosaic of woodlands, bush lands and
savannah around 7000–8000BP (before present). But
the central plateau has since been largely denuded 
of forest and no extant primates (except for humans)
are found in this zone. Lemurs are distributed in 
the forested zones remaining around the periphery of
Madagascar. Ecogeographical size variations among
primates of Madagascar have been demonstrated by



Albrecht et al. (1990). The present study is the first
attempt to test for any associated pattern of cranial
shape variations.

To test for any correlation between lemur skull shape
and geography, species studied need to have the largest
geographical distribution as possible and need to cover
most of the various environmental domains of the
island. Moreover, sample chosen need to consider
species closely related in phylogeny and in ecology, in
order to limit the number of possible sources of vari-
ation that can interact with skull shape. Selected
species belong to the Lemuridae family, which includes
the most familiar Malagasy primates known as ‘true
lemurs’. All these forms are medium-sized quadrupeds,
with corresponding horizontal body posture. They are
mainly diurnal or cathemeral and have a varied diet
consisting principally of fruits (Napier & Napier, 1967,
1985; Petter et al., 1977; Ankel-Simons, 1983, 2000;
MacDonald, 1984; Tattersall, 1987; Grzimek, 1990;
Nowak, 1991; Garbutt, 1999). These species can be 
distinguished easily by external features (coat charac-
teristics and colouring) but their cranial morphologies
are rather similar. They have characteristic long 
fox-like faces. The skull is elongate and narrow, with a
long muzzle and a short brain case. The latter is con-
stricted behind the orbits and broadened posteriorly.
The occipital is rounded and produced posteriorly (Hill,
1953; Tattersall, 1982).

Kappeler (1990, 1991) demonstrated that prosimi-
ans show more or less sexual dimorphism, but that
lemurs are characterized by a general lack of sexual
dimorphism and are the less dimorphic prosimians.
Jenkins & Albrecht (1991) used skull length to evalu-
ate the extent of sexual dimorphism in Malagasy
prosimians. They confirmed the monomorphism of
lemurs. As resumed by Tattersall (1993), studied
species are characterized by ‘the absence of sexual
dimorphism either in body size or in the morphology
of hard tissues’. The selection of these species permits
to avoid influence of sexual dimorphism on skull shape
and to isolate the effect of biogeography.

The geographical distributions of the species of the
genus Lemur and Eulemur, excluding Eulemur fulvus,
are juxtaposed forming a continuum around most of
the periphery of Madagascar. A similar situation is
observed for the various subspecies of E. fulvus, but 
in a different pattern, although some subspecies are
found both in the eastern and western domains.
Taxonomic and ecological boundaries do not strictly
coincide in either case. This may suggest that the 
differentiation of taxa is not correlated with the envi-
ronmental pattern. This particularity of the geo-
graphical distribution of these species has already
been emphasized by Tattersall (1992, 1993), Tattersall
& Sussman (1998) and Albrecht et al. (1990).

These species of the Lemuridae are among the most

closely studied of Malagasy primates. It is univer-
sally accepted that the Lemuridae constitute a mono-
phyletic family, and many cladograms are found in the
literature (Dene et al., 1980; Eaglen, 1983; Dutrillaux,
1988; Groves & Eaglen, 1988; Simons & Rumpler,
1988; Tattersall & Schwartz, 1991; Jung et al., 
1992; Crovella et al., 1993; Montagnon et al., 1993;
Macedonia & Stanger, 1994; Groves & Trueman, 1995;
Purvis, 1995; Yoder et al., 1996; Stanger-Hall, 1997;
Randria, 1999; Yoder & Irwin, 1999; Wyner, DeSalle &
Absher, 2000; Delpero et al., 2001; Ventura et al.,
2001).

These species are therefore a good basis with which
to test for (1) any correlation between cranial mor-
phology and biogeography and (2) any link between
cranial morphology and phylogeny.

MATERIAL AND METHODS

SELECTION OF TAXA

The specimens were taken from the ‘Mammifères et
Oiseaux’ laboratory collection of the Muséum National
d’Histoire Naturelle de Paris. Crania were selected
according to the availability of specimens. The study
is based on 43 skulls of adult Lemuridae. Table 1 lists
the samples used. It was impossible to distinguish
between the two subspecies of E. macaco from the data
in the collection. Five subspecies of E. fulvus were
included in the study while a sixth one (E. f. collaris)
was excluded as no specimens were available.

PROCRUSTES SUPERIMPOSITIONS

In this study, the disparity of cranial morphology is
depicted using geometric morphometry. This method
allows pure shape difference to be described regard-
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Table 1. Species studied and number of specimens 
examined

Species

Lemur catta (Linnaeus, 1758) n = 4
Eulemur mongoz (Linnaeus, 1766) n = 5
Eulemur macaco (Linnaeus, 1766) n = 5
Eulemur coronatus (Gray, 1842) n = 5
Eulemur rubriventer (I. Geoffroy, 1850) n = 4
Eulemur fulvus (E. Geoffroy, 1796) n = 20

Sub-species of E. fulvus
Eulemur fulvus rufus n = 4
Eulemur fulvus fulvus n = 8
Eulemur fulvus sanfordi n = 1
Eulemur fulvus albifrons n = 5
Eulemur fulvus albocollaris n = 2



less of size, and differences between specimens to be
quantified. Skull shapes were compared by Procrustes
superimpositions (Sneath, 1967; Bookstein, 1991). The
use of the coordinates of the locations of the morpho-
logical landmarks is a good reflection of shape vari-
ation. Homologous landmarks were chosen to provide
a good overall description of skull morphology.

Photographs of the lateral views of the skulls were
taken using a digital camera. Sagittal plane of skulls
was positioned perpendicularly to the axis of the
camera. All the photographs were taken at the same
distance from skull to focal point, in order to obtain
homogeneous warping of each specimen. The photos
were then identically scaled to attain a skull length 
of 1000 pixels in order to get the same accuracy of 
measurement. Then the x,y coordinates of the land-
marks were digitized using the image analysis soft-
ware OPTIMAS 6.2. A set of 28 landmarks (Fig. 1) was
used to depict the main traits of the skulls. Eight of
the landmarks were in the sagittal plane and the
remaining 20 were located on the left half of the skull.
Table 2 lists the location of the 28 landmarks.

The shapes of the skulls were adjusted by transla-
tion, scaling and rotation, using all the points for 
specimen fitting by the use of a generalized least-
squares Procrustes superimposition (GLS) (Gower,
1975; Rohlf & Slice, 1990) and a mean shape, termed
the consensus configuration, was determined. Figure 2
shows the plot of the consensus configuration with the
43 specimens superimposed. This approach is based on
Procrustes residuals, which are the x,y coordinates of
the vectors connecting the landmarks of a specimen to
the corresponding landmarks of the consensus con-
figuration. Procrustes residuals were analysed by
Principal Components Analysis (PCA) of the covari-
ance matrix, using APS software (Penin, 1999). PCA is
likened to a morphological space. Correlation between
morphology and geography can thus be analysed by
comparing the position of taxa in the morphological
space with their respective geographical distribution.

An additive morphological distance tree was com-
puted using the matrix of shape distances between each

pair of configurations of landmarks. This approach is
based on the Procrustes distance, which is the square
root of the summed squared distances between least-
squared superimposed landmarks of two specimens
(Bookstein, 1991). Comparisons were made by least-
square adjustments with PROCRUSTES software (David
& Laurin, 1992). The distance matrix was processed
and a phenetic tree computed with the FITCH pro-
gram of PHYLIP software (Felsenstein, 1995). The
phenogram obtained was compared with various clado-
grams found in the literature, to test for any correla-
tion between morphology and phylogenetic history.
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Table 2. List of landmarks used

Landmarks Location

1 Prosthion
2 Top of the median bony process of the

maxilla
3 Top of the median bony process of the nasal
4 Nasion
5 Bregma
6 Lambda
7 Opistocranion
8 Opisthion
9 Top of the infra-orbital foramen

10 Anterior jugal contact of alveolar ridge and
P2

11 Posterior jugal contact of alveolar ridge
and M1

12 Frontolachrymonasal suture
13 Maxillolachrymonasal suture
14 Intersection of orbital ridge and

lachrymojugal suture
15 Intersection of orbital ridge and

lachrymofrontal suture
16 Lowest point of orbital edge
17 Zygomaxillaire
18 Frontolachrymopalatin suture
19 Top of orbital edge
20 Intersection of the anterior edge of

postorbital bar and the frontojugal
suture

21 Intersection of the posterior edge of
postorbital bar and the frontojugal
suture

22 Intersection of the upper edge of zygomatic
arcade and the temporojugal suture

23 Intersection of the lower edge of zygomatic
arcade and the temporojugal suture

24 Stephanion
25 Frontoparietosphenoidal suture
26 Temporoparietosphenoidal suture
27 Asterion
28 Porion

Figure 1. Location of the 28 landmarks measured on the
left lateral view of a skull of Lemur catta. See Table 2 for
the identification of landmarks.



RESULTS

MORPHOLOGICAL DISPARITY VS. GEOGRAPHICAL

DISTRIBUTION

Figure 3A illustrates the geographical distribution 
of L. catta, E. mongoz, E. macaco, E. coronatus and
E. rubriventer, and Fig. 4A shows that of the sub-
species of Eulemur fulvus. The geographical distribu-
tions of L. catta and the species of the genus Eulemur,
excluding E. fulvus, form a continuum around most of
the periphery of Madagascar (Fig. 3A). The range of
E. mongoz is restricted to the dry deciduous forest 
in the western domain, south of the Sambirano.
E. macaco is found in the Sambirano domain in rain
forest and in mixed forest just south of this domain.
E. coronatus is restricted to the drier deciduous forest
of the arid Cap d’Ambre and the rain forest of the
Mont d’Ambre, both in the western ecogeographical
domain. E. rubriventer is distributed throughout the
rainforest of the eastern domain. L. catta is found 
in the spiny forest, dry scrub, deciduous forest and
gallery forest of the arid southern domain.

E. fulvus is the most widespread of the ‘true lemur’
group. This species is divided into six subspecies with
distinct ranges that do not overlap. The geographical
distributions of the subspecies of E. fulvus also form a
continuum around most of the periphery of Madagas-
car (Fig. 4A). But these taxonomic boundaries do not
follow the same pattern as the first set of taxa: some
subspecies are found both in the eastern and the
western domains, on either side of the central plateau.
E. f. rufus and E. f. fulvus occur both in the eastern
evergreen forest and the western deciduous forest of
the island. E. f. fulvus is also found in the Sambirano
domain. E. f. sanfordi is restricted to the northern tip
of Madagascar. E. f. albifrons is found in the north-
east of the eastern domain. E. f. albocollaris occurs in
a small area of central south-eastern Madagascar.
E. f. collaris is found in the far south-east of the island.

Figure 3B plots the individuals analysed onto the
factorial plane PC1–PC2 of the PCA computed 
with the covariance matrix of Procrustes residuals 
for L. catta, E. mongoz, E. macaco, E. coronatus and
E. rubriventer. The two first principal components
express 37.51% of total variance. Comparison of the
distribution of taxa in this morphological space with
their geographical distribution (Fig. 3A) reveals that
PC1, which accounts for 20.57% of the total variance,
corresponds to a transition of species from east to west
of Madagascar, while PC2 (16.94% of the total vari-
ance) shows a general north–south distribution.

The factorial plane PC1–PC2 of the PCA computed
for the subspecies of E. fulvus is reported in Fig. 4B.
Factorial plane PC1–PC2 expresses 32% of the total
variance. The various taxa are less clearly discrimi-
nated than in the previous analysis (Fig. 3B): it is 
subspecies that are compared and not individuals
belonging to separate species. Nonetheless, distribu-
tion within the morphological space is still correlated
with geographical distribution as shown by the map
(Fig. 4B). Specimens can be split up into two sets: sub-
species with large geographical distribution found
both in the western and eastern regions are distin-
guished from those restricted to the northern and
eastern domains by the negative values along PC1.

A third GLS fit was computed for the whole sample
(L. catta, E. mongoz, E. macaco, E. coronatus, E.
rubriventer and the various subspecies of E. fulvus).
Procrustes residuals were analysed by PCA. Figure 5A
shows the factorial plane PC1–PC2 that expresses
31.03% of the total variance. Two morphological trends
(grey arrows) can be distinguished: (1) along PC1, a
transition from subspecies of E. fulvus living both in
western and eastern regions to species from the north-
west and then to forms restricted to the north and
then to the east; (2) along PC2, a transition from sub-
species of E. fulvus living both in western and eastern
regions to species restricted to the north-west, and
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Figure 2. Plot of the consensus configuration and residuals for generalized least-square fit of the whole sample.



then isolation of Lemur catta (south-west) in the 
negative values. Therefore morphological disparity is
constrained by geography, reflected by a trend toward
towards increasingly humid zones along PC1 and
towards increasingly arid environments along PC2.

For every GLS computed, the first few principal axes
of the PCA computed with the covariance matrix 
of Procrustes residuals for L. catta, E. mongoz,

E. macaco, E. coronatus and E. rubriventer, for the
subspecies of E. fulvus or for the entire sample
(L. catta, E. mongoz, E. macaco, E. coronatus,
E. rubriventer and the subspecies of E. fulvus) support
only a low proportion of total variance (Figs 3C, 4C
and 5B) and species are more or less superposed on
planes PC3–PC4 (Figs 3D, 4D and 5C). There is no sig-
nificant link between PC-scores along axes 3–4 and
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Figure 3. Morphological disparity vs. geographical distribution for L. catta, E. mongoz, E. macaco, E. coronatus and
E. rubriventer. A, Map of Madagascar showing areas of distribution of these species. B, Scatterplot PC1–PC2 of the prin-
cipal component analysis of Procrustes residuals computed for L. catta, E. mongoz, E. macaco, E. coronatus and E. rubriven-
ter. C, Proportions of variance reflected in the first few principal axes. D, Factorial plane PC3-PC4.



geographical distribution of species. Such pattern
reflects a low level of covariance between variables,
which suggests an important noise inherent to the
data set since the species studied are very close 
morphologically and phylogenetically.

A correlation between variations in skull morphol-
ogy and biogeography has been demonstrated on 
factorial planes PC1–PC2. Note that this correlation

is expressed whatever taxonomic level is considered.
This constraint is expressed both for species and for
subspecies, and is also expressed in the same direction
for species and for subspecies; for the same taxonomic
level (species or subspecies), specimens from the east
of the island consistently achieve a lower factorial
score on PC1 (Fig. 5A).

The particularity of the geographical distribution of
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the species of Lemuridae studied here has been
reported in the literature (Tattersall, 1992, 1993).
Other observers have previously tackled problems of
biogeographical variations in primates; see Albrecht &
Miller (1993) for a review. This kind of pattern of geo-
graphical differentiation has been tested in various
groups of Haplorhini, such as New World monkeys,
Old World monkeys and apes. Biogeographical vari-

ations have also been described among Malagasy pri-
mates. For example, Drenhaus (1975) performs a 
multivariate analysis of skull dimensions on the 
seven species of the genus Lepilemur, showing that
the species are spread over the morphological space in
a ring of overlapping distributions strikingly resem-
bling their geographical distribution around the
periphery of Madagascar. Albrecht et al. (1990) inves-
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tigate habitat-related size variations of skull length
for all the living Malagasy prosimians and their
recently extinct subfossil relatives. Habitat effects on
variation in size are shown for nearly all kinds of
Malagasy prosimians: ‘(1) the smallest Malagasy
prosimians inhabit the semiarid forests, bush, and
thickets of the south; (2) next largest are those from
the dry deciduous forests of the west and the humid
but seasonal forests of the Sambirano; (3) larger yet
are those from humid tropical and secondary forests
of the east; and (4) the largest of all are the extinct
forms of the central highlands devoid of living prosimi-
ans’. This pattern is clearly described for the sub-
species of E. fulvus, but not for the other species
studied here. E. macaco, for example, is a contradic-
tory case: this is the largest member of the group that
could not be predicted from its distribution in the west.
The comparison of the result of Albrecht et al. (1990)
with the result of this study shows that the pattern of
ecogeographical size variation differs from that of
shape differentiation. E. macaco does not fit the cir-
cular pattern of ecogeographical size increase around
the periphery of the island demonstrated by Albrecht
et al. (1990), but fits the pattern of shape differentia-
tion from ubiquitous E. fulvus brought out here.

The studies by Drenhaus (1975) and Albrecht et al.
(1990) are based on dimensions alone. In this study,
an attempt was made to see to what extent the pattern
of shape variation demonstrated here is linked to size
variation. Regression analysis of factorial scores on
centroid size and on skull length of each specimen
were performed to test for any correlation between
shape and size. The results of both analyses (centroid
size and skull length) were identical and only regres-
sion on skull length is displayed in the present article
(see Fig. 5). Skull length is chosen as estimator of size
insofar as results can be directly compared with those
of Albrecht et al. (1990). It appears that the test on the
slope of the straight line for PC1 is highly significant

(r2 = 0.42, P < 0.00001) and that the factorial scores on
PC2 are independent of size (r2 = 0.07, P = 0.08). The
close correlation with size on PC1 suggests that the
morphological trend observed along PC1 could be con-
strained by allomorphosis. This is a variation in the
shape of organisms at the same development stage
(i.e. adult in the present work), concomitant with a
change in size (Huxley et al., 1941). On the other hand
the morphological trend observed along PC2 seems to
render a shape variation that is not linked with size.
This might mean that (1) the form variation within 
the genus Eulemur (along PC1 in Fig. 5) is a case of
allomorphosis, and that (2) the transition to another
genus, the genus Lemur (along PC2 in the Fig. 5) could
be explained by a shape variation independent of size
variation. Figure 6 shows that things are not as simple
as they appear. The various taxa are aligned on the
straight line, except for one that lies below it. This
exception is not L. catta as expected, but E. rubriven-
ter. So it cannot be said that shape variation along 
PC1 is caused by allomorphosis alone. The position 
of E. rubriventer on the plot of Fig. 6 demonstrates
that ecogeographical form variation within the genus
Eulemur is not allomorphosis but a shape modifica-
tion. This relation explains why the pattern of shape
variation does not fit the pattern of size variation of
Albrecht et al. (1990).

Albrecht et al. (1990) suggested an interpretation of
the pervasive pattern of ecogeographical size differ-
ences observed in the prosimian case: larger animals
are found in wetter, lusher and more productive habi-
tats. This may be an adaptive response to differences
in the productivity of the various regions determined
by climate and vegetation. The results of the present
study show the existence of adaptive shape variations
in addition to adaptive size variations.

Albrecht & Miller (1993) describe the linear order-
ing of Colobus polykomos subspecies in the narrow
band of forest along the coast of western Africa, the
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divergence of Sulawesi macaques from a central 
population along the arms of the island, and the ring
like distribution of Lepilemur around the coastal pe-
riphery of Madagascar that ‘evolution and dispersal 
in these groups was strongly shaped by regional geog-
raphy’. The same is true of the species of the genus
Lemur and Eulemur studied here.

MORPHOLOGICAL DISPARITY VS. PHYLOGENY

Although it is universally accepted that the 
Lemuridae family is monophyletic, the phyletic rela-
tionships between species within this family are far
from reaching such a consensus. Despite a wealth of
systematic studies dedicated to the Lemuridae, rela-
tionships within the family remain unclear. Many dif-
ferent trees are found in the literature and present
contradictory branching patterns. Moreover, the
absence of a fossil record hampers our understanding
of phyletic relationships within the group. Figure 7
displays eight phylogenies taken from the literature
and simplified in order to show only the species
studied in the morphometric analyses. These phyloge-
nies are displayed in chronological order of their 
publication. Investigators obtain different results
depending on the approach they adopt. Dene et al.
(1980) consider their distance tree obtained using
immunological data to be relevant to phylogeny
(Fig. 7A). Not all the species measured in this paper
are present on the tree. E. mongoz and E. macaco are
close together, E. fulvus is more distant and L. catta
seems to be the most divergent and most primitive.
Eaglen (1983) presents a cladistic analysis of lemurid
phylogeny based on 30 morphological and behavioural
characters (Fig. 7B). Data include osteological traits of
the cranium and postcranial skeleton, dental charac-
teristics, integumental features and highly stereo-
typed forms of behaviour. This set of characters does
not permit the distinction between E. macaco and
E. fulvus, and between E. mongoz and E. coronatus,
which are therefore grouped together in the figure.
L. catta is the most primitive species. Upward in the
tree, the E. mongoz group, the E. macaco group and
E. rubriventer are branched successively. Tattersall &
Schwartz (1991) carried out a quantitative parsimony
analysis of 37 craniodental characters (Fig. 7C). The
resulting tree is entirely pectinate, branching from the
base to the top: L. catta, E. coronatus, E. fulvus,
E. macaco, E. rubriventer and E. mongoz. Crovella
et al. (1993) have used techniques of hybridization of
highly repeated DNA sequences. Comparison of the
migration patterns from DNA fragments of the differ-
ent species has been used to propose a cladogram
(Fig. 7D). This cladogram is pectinate and branches,
respectively, from the base to the top: L. catta,
E. macaco, E. mongoz, E. fulvus, E. rubriventer and

E. coronatus. Groves & Trueman (1995) performed a
cladistic analysis from characters modified from the
datasets of Tattersall & Schwartz (1991) and Groves
& Eaglen (1988). These are morphological characters
(craniodental, postcranial and integumental features).
The comb-like cladogram they obtained (Fig. 7E) is
identical to the tree of Tattersall & Schwartz (1991)
for the species concerned. Purvis (1995) presented a
composite tree (Fig. 7F), derived by applying a parsi-
mony algorithm to previously published studies. This
analysis is therefore based on morphological, molecu-
lar, karyotypic and behavioural data. At the base of
the tree, L. catta is the sister taxon of the genus
Eulemur. Eulemur species branch with E. rubriventer
as the most primitive and with two couples of species
grouped together in subclades: E. coronatus and
E. mongoz on the one hand, and E. macaco and
E. fulvus on the other hand. Yoder & Irwin (1999) 
performed an analysis based on three mitochondrial
genes and one nuclear gene. Figure 7G shows the 
tree obtained with just combined mitochondrial and
nuclear data or with this genetic data plus morpho-
logical and behavioural data taken from Groves &
Trueman (1995), Stanger-Hall (1997) and Macedonia
& Stanger (1994), in which all characters are equally
weighted. In both cases, a similar branching pattern
is obtained for the species analysed here. L. catta is
the most primitive species and the sister taxon of the
genus Eulemur. Eulemur species are organized in a
pectinate sequence: E. mongoz, E. fulvus, E. macaco
and E. rubriventer. Figure 7H shows the tree obtained
using the same data as in Fig. 7G, in which genetic
characters are differentially weighted according to a
priori assumptions of character informativeness, and
behavioural and morphological characters are equally
weighted. This tree is different from the previous one
in the branching order of Eulemur species: E. macaco,
E. rubriventer, E. mongoz and E. fulvus.

In every case, L. catta is found to be the most 
primitive and the sister taxon of the genus Eulemur.
However, the branching pattern of Eulemur species
appears to be extremely problematic. Cladograms
found in the literature are different from each other,
but it is impossible to detect any trend based on the
kind of data used. There is no unity for the trees based
on molecular data only. Cladograms drawn by analy-
sis of morphological, behavioural and molecular traits
differ from each other. Only the trees based on mor-
phological characters look alike for the species con-
cerned, however, the tree in Fig. 7E (Groves & Eaglen,
1988) is partly derived from the data of tree in Fig. 7C
(Tattersall & Schwartz, 1991).

Figure 8A displays the morphological distance tree
computed in order to compare morphological data 
with phylogenetic data for the whole sample (L. catta,
E. mongoz, E. macaco, E. coronatus, E. rubriventer and
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the various subspecies of E. fulvus). In the phenogram
obtained, the branches are short reflecting the mor-
phological similarity between species. Yet, while some
taxa are widely dispersed within the tree, others are
clearly differentiated. Remember that morphological
differences are expressed solely horizontally and 
not along the vertical axis. So species at the base of
the tree are the most scattered, and species on the
topmost branches of the phenogram are the most 
differentiated.

The different subspecies of E. fulvus are at the base

of the phenogram, grouped on the first branch with
some specimens also found at the node of the follow-
ing boughs. E. mongoz and E. macaco then come close
together. In the second part of the tree (after the first
black arrow), two branches separate; a first branch
with E. coronatus and then E. rubriventer, then, at the
top of the tree, a second branch with L. catta. The phe-
netic tree exhibits a similar pattern to that of the PCA
(Fig. 5); subspecies of E. fulvus and then species from
the dry north-west of the island, followed on the one
hand by the taxa from increasingly humid domains
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Figure 7. Various phylogenies reported in the literature.



(north and east), and on the other hand by the forms
from increasingly arid regions (south).

This morphological distance tree can be simplified
for comparison with the cladograms; Fig. 8B shows the
phenogram computed for the consensus configuration
calculated for each of the six species. The same pattern
is recognizable; E. fulvus, E. mongoz and E. macaco,

followed on the one hand by E. coronatus and then
E. rubriventer, and on the other hand by L. catta. It
has been seen previously that many cladograms are
found in the literature (Fig. 7). Nevertheless, despite
an abundance of systematic studies dedicated to the
Lemuridae showing that the relationships within the
family remain unclear, the phenogram obtained here
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Figure 8. A, Morphological distance tree computed for the entire sample (L. catta, E. mongoz, E. macaco, E. coronatus,
E. rubriventer and the subspecies of E. fulvus). B, Simplified phenogram computed for consensus configurations of each
species, used for comparisons with the trees of Figure 7. The black arrows show the major dichotomies of the tree.



does not fit any of these hypotheses. No convincing
relationship can be identified between variations in
cranial morphology and phylogeny.

L. catta is the most primitive species in each tree of
the Fig. 7. If the morphological distance tree is calcu-
lated again imposing L. catta at the base (Fig. 9) in
keeping with the phylogenetic arrangement, it can be
seen that this new phenogram does not fit any of the
proposed hypotheses either. Therefore morphological
disparity seems to be independent of phylogenetic
history.

Despite a proliferation of competing phylogenies,
the pattern of morphological variations among the
species studied does not fit in with any previous model.
The fact that phylogenetic relationships among these
species are not well understood (many cladograms are
found in the literature) reflects the occurrence of a
high degree of homoplasy (convergence, parallelism, 
or reversals). Some studies (Eaglen, 1983; Groves &
Eaglen, 1988; Tattersall & Schwartz, 1991; Stanger-
Hall, 1997; Yoder & Irwin, 1999) have referred to this
problem. Some specialists in the field have doubted
the generic differences between Lemur and Eulemur
(Tattersall & Schwartz, 1991). Despite the lack of con-
sensus across diverse analyses of morphological and
ethological characters (Tattersall & Schwartz, 1991;
Macedonia & Stanger, 1994; Groves & Trueman, 1995;
Stanger-Hall, 1997; Randria, 1999), the use of cytoge-
netic and molecular methods (Dutrillaux, 1988; Jung
et al., 1992; Crovella et al., 1993; Montagnon et al.,
1993; Yoder et al., 1996; Yoder & Irwin, 1999; Wyner
et al., 2000; Delpero et al., 2001; Ventura et al., 2001)
tends to confirm the separation of all Eulemur species
from the group L. catta/Hapalemur proposed by
Simons & Rumpler (1988). Varecia appears to be basal
in the family. Hapalemur and L. catta are strongly
supported as sister taxa and together are the sister
group to the genus Eulemur. Whereas support for the
L. catta position is high, the nodes within the genus
Eulemur are poorly supported. No trends can be seen

even within trees based on the same type of data (e.g.
molecular). Yoder & Irwin (1999) suggested that 
‘internal branches within the Eulemur radiation are
proportionally too short to provide robust resolution’.
Tattersall (1993) confirms this by stating that ‘many
of the most striking cranial autapomorphies of the
various lemur species have also been evolved inde-
pendently within the complex of E. fulvus subspecies’.
It has been demonstrated that morphology is corre-
lated with environmental constraints. The high degree
of homoplasy might depend in a large extent on eco-
logical constraints, such as the productivity of the
various regions, as mentioned by Albrecht et al. (1990),
and adaptive variation in the masticator apparatus
depending on the kind of food available.

CONCLUSION

It has been demonstrated that (1) the cranial mor-
phology of lemurs is clearly linked to their biogeo-
graphy. This pattern of form variation cannot be
explained by single allomorphosis but highlight shape
variation related to environmental conditions. It has
also been shown that (2) any link between variations
in skull shape and phylogeny is concealed by a high
rate of homoplasy. Shape variation seems therefore
apparently independent of phylogeny.

It can therefore be concluded that variations in the
cranial morphology of lemurs depend more on envi-
ronmental factors than on phylogenetic history, and
that the high rate of homoplasy that is characteristic
of the group is determined largely by ecological con-
straints through adaptations as well as ecophenotypic
variations.
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