Comparative mandible geometric morphometrics of
two African rodents,Thryonomys swinderianus and Cricetomys gambianus
(Rodentia: Thryonomyidae and Nesomyidae)

Samuel, 0.M.*', Parés-Casanova, P.M.%, Olopade, J.0.2

1. Department of Veterinary Anatomy, Federal University of Agriculture Makurdi Benue State, Nigeria, walesamuel10@gmail.com
2. Department of Animal Productions, University of Lleida, Catalonia, Spain
3. Department of Veterinary Anatomy, University of Ibadan Oyo State, Nigeria

Received 30-V-2016 - Corrected 16-VI-2016 - Accepted 15-VII-2016

ABSTRACT: The African giant pouched rat (Cricetomys gambianus) and
greater cane rat or African cane rat (Thryonomys swinderianus) both
have similar body conformation and share similar ecological biome.
This study aimed to compare mandibular parameters in adults of both
species. For this purpose, 9 lateral mandibular landmarks in male T.
swinderianus (n=11) and C. gambianus (n=12) were analyzed by geo-
metric morphometrics. T. swinderianus presented a coronoid process
equivalent to condyle and a more caudally displaced angular process,
whereas cheek teeth was less prominent and shorter in C. gambianus.
This study may be useful in solving phylogenetic ambiguities, wildlife
surveillance and age-population control, ration formulation in captive
species, and eco-migration. This is the first time to our knowledge that
geometric morphometric comparison of mandibles in these African ro-
dents has enabled an inference of ecological preferences in diet based
on mandible shape.

Key words: craniofacial, comparative morphometry, osteometry, com-
parative zoometry.

RESUMEN: Comparacion de la morfologia geométrica de la man-
dibula de dos roedores africanos, Thryonomys swinderianus y
Cricetomys gambianus (Rodentia: Thryonomyidae y Nesomyidae).
La rata gigante africana (Cricetomys gambianus) y la rata de cana afri-
cana (Thryonomys swinderianus) tienen conformacién corporal similar
y biomas similares. Este estudio tuvo como objetivo comparar los pa-
rdmetros mandibulares en adultos de ambas especies. Para ello usa-
mos 9 puntos de referencia mandibulares laterales en machos de T.
swinderianus (n = 11) y C. gambianus (n = 12) analizdndolos mediante
morfometria geométrica. T. swinderianus present6 un coronoides equi-
valente al céndilo y un proceso angular desplazado més caudal, mien-
tras que los dientes de mejilla son menos prominentes y mas cortos en
C. gambianus. Este estudio puede ser util para resolver ambigiedades
filogenéticas, vigilancia de fauna y control con la edad de la poblacion,
formulacion de raciones de especies en cautiverio, y eco- migracion.
Creemos que esta es la primera vez en que la comparaciéon mandibu-
lar de estos roedores permite inferir preferencias ecoldgicas en la dieta
con base en la forma de la mandibula.

Palabras clave: craneofacial, morfometria comparativa, osteometria,
zoometria comparativa.

The African giant pouched rat (Cricetomys gam-
bianus) and the greater cane rat or African cane rat
(Thryonomys swinderianus) are separated along fam-
ily lines (Nesomydae and Thryonomydae, respectively)
despite a similar morphology. These rodents inhabit
Liberian coasts in the west to east African countries such
as Kenya, Tanzania, and Gabon, and have been reported
in the South African enclave (Ajayi, 1977, Hammond et al.,
1999). Both rodents share ecological biome, habitat, diet,
certain aspects of prehension and mastication, although
body weight differ; (adult T. swinderianus / C. gambia-
nus weight between 5-8 kg / 3-5.8 kg respectively irre-
spective of gender bias) (Onyeanusi et al., 2009). Pelage

identification might be misleading except for the white
patch on posterior third of the tail length in C. gambianus
(Olude et al., 2011).

A rapidly extending geographic distribution of the
two species has been observed in areas otherwise not
reported especially islands and landlocked enclaves
(Hendry et al., 2006; Wright et al., 2006; Pergams &
Lawler, 2009). Ecological separation and home range
overlaps exist between them as they share and interact
in conflict or competitively but not necessarily exploit-
atively within territory limits (Ajayi et al., 1978; Happolds,
1987). Occasional interaction between colonies of both
in drought periods has increased in frequency due to
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human and natural agents of change (Pergams & Lawler,
2009). A colony comprise of a male and about five fe-
males (Onyeanusi et al., 2009;) making seasonal avail-
ability or scarcity of food, high temperature deviations,
flooding and moonlight the limiting or promoting fac-
tors of interactions (Happolds, 1987).

Literary information on head morphology of the T.
swinderianus and C. gambianus is rare despite an abun-
dance of similar works in other small mammals, such as
mole rat (Vinogradov & Argirnopulo, 1941), mink (Dursun
& Tirpirdamaz, 1989), rabbit (De Abreu et al., 2006;
Samuels, 2009), African giant pouched rat (Olude et al.,
2011) and jirds, among others. This paucity justifies the
necessity for this investigation. The objective of the study
was to compare certain inter-species dimorphic varia-
tions in the macro anatomy of mandible morphology of
both species. This study is performed using geometric
morphometrics technique, which has a unique ability to
measure displacements, deformations and rotations of
objects, and as well graphically visualize these variations.
This method enables a better representation of shape
than traditional linear and angle measurements, allows
visualization of shape differences within and between
group means in specimen space, and can quantify such
traits described qualitatively.

Some studies have pointed out the existence of a close
relationship between feeding habits and skulls or man-
dibles morphology using classical and geometric mor-
phometric tools for quantification of shapes (Michaux et
al, 2007; Renaud et al., 2007; Samuels, 2009; Cox et al.,
2012; Hautier et al., 2012). As the masticatory behaviors

are important in evaluating biomechanical proper-
ties, we predicted that aspects of mandibular shape, as
revealed in the principal components analysis, would
separate C. gambianus and T. swinderianus. Relevant
data obtained will be useful in bridging knowledge gap
in the comparative mandibular-macro morphology be-
tween C. gambianus and T. swinderianus as well in solving
taxonomic challenges.

MATERIALS AND METHODS

Two initial mandibular samplings of T. swinderianus
(n=11) and C. gambianus (n=12) were used. Each com-
prised animals collected from a village locality in South-
western Nigeria between January to March and between
July to October of year. Age was determined by dental
eruptionsand body length (Ajayi, 1977;Olude etal.,2011).
Skull maceration of decapitated heads was done imme-
diately after acquisition using procedures described by
Onar and Parvant (2001). Mandibles were posteriorly dis-
articulated and two hemi-mandibles separated.

Photography: Pictures of right hemi-mandibles (on
their lateral aspect) were taken using a digital camera
Canon EOS1200D, (Canon Inc. Tokyo Japan) equipped
with EFS 18-58mm telephoto and Hama® tripod with sta-
bilizer. Images were taken at a DIN of 25cm, a focal axis of
5.6, a speed of 200 and sensitivity of 1/500 for all pictures
taken. The landmarks assessed on each digital picture
were 9 in number (Figure 1 and Table 1). Landmarks used
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Fig 1. Right lateral mandible view of Thryonomys swinderianus and Cricetomys gambianus (left to right) with 9 landmark points.

Numbers correspond to definitions in Table 1.
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TABLE 1
Nine landmarks studied on lateral view of each mandible

Lanﬂomark Right lateral view of mandible
1 Lateral point of first incisor teeth in the alveolus
2 Ventral point of first incisor alveolus
3 Direct ventral point of mental foramen on

mandible body

Caudal angle point of mandible
Point on mandible condyle

Point on coronoid process

Point on last cheek tooth alveolus
Dorsal point of mental foramen

O 00 N O L1 »

Point on alveolus of first premolar

in this study were primarily chosen to describe major
mandibular regions, and points of particular morpho-
functional interest. The x and y co-ordinates of all land-
marks for the photographed views were then obtained
using TPSDig 2.16 software (Rohlf, 2010) and processed
with Morphol 1.06¢ (Klingenberg, 2011).

For the smallest shape variation around the point of
tangency, the best point of tangency is the sample mean
form. TpsSmall, v.1.20 software (Rohlf, 2014) was used to
assess this correlation between the 2D Procrustes dis-
tances to the Euclidean distances in that tangent space.
The correlation was very close to linear for all of the data
(r=0.998; slope, b=0.945), suggesting that tangent space
was an adequate approximation to Kendall and that no
specimens deviated appreciably from the linear regres-
sion line. Thus, although the lateral view of the mandible
is not a flat object, authors considered that two-dimen-
sional approach implies a limited loss of information, and
we proceeded with the morphometric analyses.

Landmark coordinates were then superimposed us-
ing generalized Procrustes analysis (GPA). Multivariate
analyses based on Procrustes-aligned specimens were
found to have higher statistical power than alternative
geometric morphometric approaches (Rohlf, 2006). GPA
superimposes specimen landmark configurations by
translating them to a common origin, scaling them to
unit centroid size (the square root of the sum of squared
distances of all landmarks to the centroid of the object;
the measure of size used here), and rotating them accord-
ing to a best-fit criterion. This procedure eliminates “size”
as a factor (although size-related shape differences may
remain). “Shape” can therefore be analyzed separately
from “size”. A Principal Component Analysis (PCA) from
covariance matrix was used for analysis. PCA is a data-
reduction exploratory technique, which summarizes the

total variance in a data set by rotating it so that the prin-
cipal components explain progressively smaller amounts
of the total variance (Lestrel, 2000). Principal component
axes function as shape variables, the first of which rep-
resents the major axis of variation among the objects. A
discriminant analysis was finally used to determine how
well the principal components classified both species.

Ethics statement: The investigation did not involve
endangered or protected species. All protocols accord-
ing to the Veterinary decree 1962, animal welfare, game
hunting and handling edict of the Federal Republic of
Nigeria (1978) were strictly observed.

RESULTS

For both species, significant shape differences
(p<0,001) seems to exist. Average shape data for
each species is shown in Table 2. First two Principal
Components in PCA explained a 84.81% of the total ob-
served variance (PC1+PC2=63,11+21,69%) represented
in Table 3. Coefficients of PCA appear in Table 4. C. gam-
bianus specimens were scattered along axis 1 and 2, with
mostly negative scores. There were no overlaps with T.
swinderianus (Figure 2). The first principal component
of the PCA (63,11% of the total variance) described the
functional mandibular shape, including the shape of
the ramus, with low scores corresponding to short and
low mandibles, and high scores reflecting long and high
mandibles (Figure 2). C. gambianus had low scores and
T. swinderianus had higher and positive scores. Correct
classification for each species was 100%.

TABLE 2
Average shape (axis 1 (x) and 2 (y) for males in
Thryonomys swinderianus (n=11) and
Cricetomys gambianus with 9 landmarks (Imk)

Imk Cricetomys gambianus Thryonomys swinderianus

Axis 1 (x) Axis 2 (y) Axis 1 (x) Axis 2 (y)
1 0,36 0,11 0,34 0,08
2 0,39 -0,01 0,35 -0,07
3 0,20 -0,15 0,13 -0,23
4 -0,38 -0,25 -0,49 -0,24
5 -0,46 0,06 -0,40 0,16
6 -0,33 0,20 0,22 017
7 -0,05 0,03 -0,07 0,05
8 0,15 -0,02 0,13 0,009
9 0,11 0,01 0,21 0,06
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TABLE 3
Principal component cnalysis for male mandibles.
The first two components (PC) represent most of
the variation in the data set

PC  Eigenvalues % Variance Cumulative Variance %

1 0,012 63,11 63,11
2 0,004 21,69 84,81
3 0,001 7,03 91,84
4 0,0005 2,89 94,74
5 0,0004 2,04 96,78
6 0,0002 1,35 98,14
7 0,0001 0,83 98,97
8 0,0001 0,51 99,49
9 3,93E-05 0,19 99,68
10 2,34E-05 0,11 99,80
11 1,69E-05 0,08 99,88
12 1,11E-05 0,055 99,93
13 8,09E-06 0,040 99,97
14 4,28E-06 0,021 100

Total variance: 0,02030138.

Variance of the eigenvalues: 0,0000112009608.

Eigenvalue variance scaled by total variance: 0,02718.

Eigenvalue variance scaled by total variance and number of variables:
0,40975.

TABLE 4
Principal Component Coefficients for Principal Component 1
(PC1) and 2 (PC2) (84.81%) between male mandibles

PC1 PC2
X1 -0,14 -0,01
y1 0,09 -0,09
x2 -0,18 0,06
y2 -0,12 0,15
X3 -0,07 -0,02
y3 -0,09 0,08
x4 -0,32 0,003
y4 -0,33 0,08
X5 0,20 0,02
y5 0,19 -0,02
X6 0,35 -0,07
v6 -0,29 0,08
X7 -0,24 0,01

y7 0,08 -0,05
X8 0,17 0,48
y8 -0,006 -0,58
) 0,25 -0,47
) 0,47 0,35

4

Fig. 2. Plotting for each species (Thryonomys swinderianus
(ACR) above, Cricetomys gambianus (AGR) below).

T. swinderianus presented a coronoid process equiva-
lent to condyle and a more displaced caudally angular
process, whereas cheek teeth was less prominent and
shorter in C. gambianus. Set of lines connecting the digi-
tized points on a shape do not represent data, but are
used to aid in visualization (Figure 2).

DISCUSSION

As predicted, mandibular shape was a valid distin-
guishing means for separating African giant pouched rat
(Cricetomys gambianus) and greater cane rat or African
cane rat (Thryonomys swinderianus). The latter presented
a coronoid process equivalent in height to condyle, both
processes getting closer, and the angular process being
elongated (posteriorly displaced), whereas, cheek teeth
was less prominent and shorter in C. gambianus, while
the angular process enlarged (caudo-ventral expansion).
T. swinderianus presented also a remarkable uplift of the
tooth-row, a mental foramen further backward with a
more rostral shift of coronoid process.

Comparatively, higher cheek teeth (above the alveo-
la) and surface for M. pterygoideus lateralis muscle in T.
swinderianus is a discriminant factor of diet adaptation
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which favours fibrous diet type during the drier seasons
compared to the reverse in C. gagmbianus mandibles. A
more dorsally placed and posteriorly oriented coronoid
process relative to the articular condyle in C. gambianus
is similar to ruminant’s mandible (Olopade, 2006) located
well above the level of the cheek tooth row in contrast to
T. swinderianus whose coronoid and condyle are placed
at the same level with the tooth rows; a trait synony-
mous with primitive carnivoran condition (Figueirido et
al., 2008) in some members of Heteromydae (Pergams &
Lawler, 2009) perhaps for mechanical advantage in prey/
food summarization.

In comparing diet in these rodents, other authors
(Ajayi, 1977; Ali et al,, 2011) reported that the African
Giant rat survives more on domestic waste and less fi-
ber diet, this is perhaps corroborated by its curved and
longer mandibular architecture (longer buccinators
muscle attachment), for food stowaway in cheeks, while
T. swinderianus utilizes high roughage and fiber con-
tent plant food such as Austrophia species (spear grass),
Pennisetum purpureum (elephant grass) and Saccharum
species (sugar cane). This fact is postulated to contribute
to the characteristics of some mandible anatomic param-
eters and becomes important in formulation of captive
animal diet. The plant species becomes scarce between
the months of September-April being the drier periods
of the year (Happolds, 1987; Tong, 1989) serving as a sub-
strate in home range extension with probable overlap in
spatial use and competitive interactions. Artificial ration
formulation for species preservation especially in colo-
nies and parks might be necessitated to avoid encroach-
ments into other territories and exposure to raptors.
The dental space length in T. swinderianus was found
shortened compared to the C. gambianus and may be an
adaptation for diversity in method of prehension, mas-
tication and deglutition (Tong, 1989; Hammond et al,;
1999). T. swinderianus; possess a more robust mandible
architecture which supports vigorous horizontal snap-
ping movements of the head; thus resulting in differing
specific alterations in morphological proportions of the
jaw. Fatalities resulting from brief occasional interactions
between and within both species favour cane rats often
by means of such differences. Numerical increases in the
presence of such adults are precursors of new colonies
and relocation of C. gambianus species (Matina et al.,
2010; Ali et al,, 2011).

Comparative studies on mandible typology of both
rodents are relevant in phylogenetic investigations, do-
mestication, and population surveillance and as well in
diet research. New introductions of similar sized rodents
may be identified by this means. In prolonged drought
young C. gambianus species becomes exposed to risks

of raptors and contribute to economic losses in homes
and farms, whereas the T. swinderianus relies more on
adipose reserves, it selectively roams in late evenings
with comparatively less dietary challenges (Ajayi, 1977;
Hammond et al.,, 1999; Pergams & Lawler, 2009) body
weight therefore remains relatively constant. Knowledge
of mandibular relationship of these species as presented
in the present study may be valuable in rodent taxonom-
ic ambiguity (Tong, 1989; Yigit, 1999; Olopade, 2006),
construction of head restraint tools and localization.
Sustained temperature deviations in weather events are
also postulated to trigger deadly and population threat-
ening interactions (Serrat et al., 2008).

Abundance or lack of favourable ecological conditions
is often an index of species population density but might
be determined by inter-specific contacts more probable
in food scarcity (Happolds, 1987; Pergams & Lawler, 2009;
Samuel, 2009).
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