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2. Methods

2.1. Morphological data
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2.2. Craniomandibular shape analyses

2.2.1. Craniomandibular shape disparity
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Figure 1. Phylogeny of Eupleridae and other extant feliform Carnivora families. Phylogeny based on [33]. Oligo, Oligocene; Ple,

Pleistocene; Pli, Pliocene.
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2.2.2. Testing for convergence towards different feliform morphotypes

2.2.3. Craniomandibular shape evolutionary rates
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2.3. Rates of lineage diversification

3. Results

3.1. Craniomandibular shape morphospace and disparity
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3.2. Convergence towards different feliform morphotypes

(d)

P
C

 2
 (

1
5

.4
%

 o
f 

ex
p

la
in

ed
 v

ar
ia

n
ce

)

(f)

P
C

 3
 (

8
.7

%
 o

f 
ex

p
la

in
ed

 v
ar

ia
n

ce
)

0.1

0.0

–0.1

0.1

0.0

–0.1

0.1

0.0

–0.1

0.1

0.0

–0.1

Eupleridae

(a)

(c)

(c)

(a)

G. grandidieri

M. decemlineata

C. ferox

(b)

G. elegans

(b)

(i)

S. concolor

F. fossana

P
C

 2
 (

1
4

.5
%

 o
f 

ex
p

la
in

ed
 v

ar
ia

n
ce

)

(d)

(e)

(e)

(f)

E. goudotii

(j)

Fossa fossana

Cryptoprocta ferox

Galidictis grandidieri

Galidictis fasciata

Mungotictis decemlineata

Salanoia concolor

Eupleres goudotii

Galidia elegans

P
C

 3
 (

6
.3

%
 o

f 
ex

p
la

in
ed

 v
ar

ia
n
ce

)

(g)

G. elegans
M. decemlineata

G. grandidieri
G. fasciata

C. ferox

S. concolor

(h)

(i)

(g)

F. fossana

(j)

E. goudotii

0.1–0.1 0.0

0.1–0.1 0.0

0.1–0.1 0.0

0.1–0.1 0.0

Cryptoprocta ferox

Galidictis grandidieri

Galidictis fasciata

(I)

Eupleres goudotii

Fossa fossana

(k)

(k)

(l)

Mungotictis decemlineata

Salanoia concolor

Galidia elegans

PC 1 (50.34% of explained variance)

Felidae

PC 1 (66.6% of explained variance)

Hyaenidae Viverridae

(h)

G. fasciata

PrionodontidaeNandiniidaeHerpestidae

Figure 2. Morphospace of allometry-free cranial (left) and mandibular (right) shape defined by PC axes 1−3. Taxa illustrated for the

cranial morphospace: (a) bBrown hyena (Hyaena brunnea (Hyaenidae)), –PC 1; (b) Javan mongoose (Urva javanicus (Herpestidae)),

+PC 1; (c) Pallas’s cat (Otocolobus manul (Felidae)), +PC 2; (d) eastern falanouc (E. goudotii (Eupleridae)), –PC 2; (e) Asian palm

civet (Paradoxurus hermaphroditus (Eupleridae)), +PC 3; and (f) Egyptian mongoose (Herpestes ichneumon (Herpestidae)), –PC 3.

Taxa illustrated for the mandibular morphospace: (g) tiger (Panthera tigris (Felidae)), –PC 1; (h) small Indian civet (Viverricula

indica (Viverridae)), +PC 1; (i) Ethiopian dwarf mongoose (Helogale hirtula (Herpestidae)), +PC 2; (j) eastern falanouc (E. goudotii

(Eupleridae)), –PC 2; (k) large Indian civet (Viverra zibetha (Viverridae)), +PC 3; and (l) binturong (Arctictis binturong (Viverridae)), –PC

3. Grey circles indicate estimated ancestral shapes at nodes, and the green star indicates estimated ancestral shape of the ancestral

euplerid node.
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3.3. Rates of craniomandibular shape evolution
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Figure 3. Phylorate plots of cranial and mandibular shape evolutionary rates across feliform Carnivora. Warmer colours indicate faster

rates and cooler colours indicate slower rates. Significant shifts in evolutionary rate are shown as grey circles with sizes proportional to

the posterior probability. All rates were log-transformed.
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3.4. Diversification rate analyses

4. Discussion

4.1. Skull diversity in Malagasy carnivorans

Herpestidae

Eupleridae

Hyaenidae

Viverridae

Felidae

Prionodontidae
Nandiniidae

0.29

0.26

0.23

0.21

Oligocene Miocene

–30 –20 –10

Plio

0

Ple

Figure 4. Phylorate plot of lineage diversification rates across feliform Carnivora using BAMM. Colours at each point in time along

the branches of the phylorate plot denote instantaneous rate of diversification. Warmer colours indicate faster rates and cooler colours

indicate slower rates. There are no significant shifts in diversification rates across the phylogeny. Analyses of lineage diversification

rates using LSBDS resulted in similar patterns (electronic supplementary material, figure S2).
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4.2. Are Malagasy carnivorans an adaptive radiation?
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Figure 5. Thin-plate spline deformation grids depicting cranial shape differences between euplerid clades and other feliform families.

(a) Cranial shape of the fossa (C. ferox) appears intermediate between felids and other euplerids. (b) Cranial shape of euplerines:

the fanaloka (F. fossana) resembles viverrids, whereas the eastern falanouc (E. goudotii) exhibits a more specialized morphology. (c)

Cranial shapes of most galidiines resemble herpestids.
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Figure 6. Thin-plate spline deformation grids depicting mandibular shape differences euplerid clades and other feliform families.

(a) Mandibular shape of the fossa (C. ferox) appears intermediate between felids and euplerids. (b) Mandibular shape of euplerines:

the fanaloka (F. fossana) resemble viverrids, whereas the eastern falanouc (E. goudotii) exhibits a more specialized morphology. (c)

Mandibular shapes of most galidiines resemble herpestids, although the mandibular shape (d) of Grandidier’s vontsira (G. grandidieri)

appears intermediate between felids and other galidiines.
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5. Conclusion
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