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ABSTRACT

This study aimed to compare mandibular parameteediult males and females of Greater cane rat oicafi cane

rat (Thryonomys swinderianus). For this purpose@ial mandibular landmarks were analysed by meahs o
geometric morphometrics. Based on data, and exarusi the size related component of shape variatitales and
females can be clearly discriminated according emdible shape.In males the ventral point of firsti$or alveolus
tends to be more cranial, whereas the mental forapresented a more caudal displacement in femalagh
moreover demonstrated a more slender mandible. Maimechanical points (mandibular ramus flexurepwhd

no differences between genders. It may be concltltstdmorphological differences the in the mandibfeboth
sexes of T. swinderianus are not due to a funcliceasons, as masticatory behaviour would be. Thige first
time to the best of our knowledge that geometricpimametric comparison of mandibles in this Africadent is
reported, which has enabled the inference of idahthiomechanical forces in males and females.
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INTRODUCTION

Greater cane rat or African cane rdthfyonomys swinderianuFemminck, 1827) belongs to the family
ThryonomydaeThe specieshas been widely recorded over mu@ub$aharan Africa, living in Liberian coast in
the west to east African countries such as Kengazania, and Gabon, and been reported in the Jduttan
enclave [1, 2]. Body weight is between 5-8 kg[3].

Rapidly extending geographic distribution Bf swinderianushas been observed in areas otherwise not reported
especially islands and landlocked enclaves[4, 5,T@Eir colonies comprise a male and about fivedes [3]
making seasonal availability or scarcity of foo@jrhtemperature deviations, flooding and moonlitjiet limiting or
promoting factors of interactions [7].

Literary information on head morphology of tfie swinderianugs rare despite an abundance of similar works in
other small mammals, such as mole rat [8], mink&89), rabbit [10, 11] and African giant pouched[¥2],
among many otheds the skeleton, male and female characteristics ttmough a continuum of morphologic
configurations and metric values. A good understepcdf the nature and factors of expression of akxu
dimorphism is fundamental for the study of growdeyelopment, and evolution. The isolation, intetgtien, and
guantification of manifestations of sex bias arseaesial parts of all skeletal analyses.The pauoftyliterary
information inT. swinderianugustifies a necessity for this investigation.

The objective of this investigation was to compsegually dimorphic variations in the macro anatahynandible
morphology of this species. Osteometric approackiesh as discriminant function analysis, have shivan size
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alone is not the best indicator of sex, this stisdgerformed using geometric morphometrics (GMhtégue. GM
employs the Cartesian coordinates of a set of t@mitcally corresponding landmarks to compare threnfof
organisms and their organs. In two-dimensionalys®e, the landmarks areusually digitized on imajgesganisms
under study. To remove differences due to specionemtation and position during data collectiond 4o separate
the size and shape components, landmark configasadre first scaled to the same size, centerggbimtorigin and
rotated to minimize the distances among the cooredipg landmarks (Generalized Procrustes AnalysiGRA).
After the GPA, each landmark configuration correxf®to a point in a curved shape space and neebs to
projected in a tangent Euclidean space to perfeéamdard multivariate statistical analyses: thiscpss is analogous
to a flat map approximation of a small region of #arth's surface. The coordinates of the tangedesprovide a
set of shape variables that describe only thosehabogical features that do not change with sgadssjtion and
orientation

Some studies have pointed out the existence afse gklationship between feeding habits and skullmandibles
morphology using classical and GM tools for quaecdiion of shapes[13, 14, 15, 16]. We predicted tha
mandibular shape, as revealed in the principal comapts analysis, would separates exe$.iswinderianusit
would be explained by different masticatory behawionly if those differences were related to bosgexts linked
to biomechanical mandibular properties, e.g., raftexsire

MATERIALS AND METHODS

A skull sampling ofT. swinderianugn=21, 11 males and 10 females) was used. It dgeganimals collected from
a village locality in south-western Nigeria betwelamuary to March and between July to October af.y&ge was
determined by dental eruptions and body lengthlf], Initial heads maceration was done immediatgtgr
acquisition using procedures described by OnarRargtant [17]. Mandibles were posteriorly disartatad and two
hemi-mandibles separated. No edentulous mandilgeaapd in the sampling.

Pictures of right hemi-mandibles(on their laterapect) were taken using a digital camera Canon RO®EL
(Canon Inc. Tokyo Japan) equipped with EFS 18-58mephoto and Hama tripod with stabilizer. Imagesyren
taken at a DIN of 25cm, a focal axis of 5.6, a spe€200 and sensitivity of 1/500 for all picturesken. The
landmarks assessed on each digital picture weren@iinber(Figure 1 and Table 1). Landmarks usedigstudy
were primarily chosen (type 1 landmarks) to descrifmjor mandibular regions, and points of particat@rpho-
functional interest. Th& andy co-ordinates of all landmarks for the photographiedvs were then obtained using
Tps Dig, v. 2.16 software [18]and processed withrphoJ, v. 1.06¢[19].

For the smallest shape variation around the pditamgency, the best point of tangency is the samptan form.
Tps Small, v. 1.20 software[20]was used to asskisscorrelation between the 2D Procrustes distatcethe

Euclidean distances in that tangent space. Thelation was very close to linear for all of theal&t=0.997; slope,
b=0.906), suggesting that tangent space was aruattegpproximation to Kendall and that no specinmimsated
appreciably from the linear regression line. Thalfiough the lateral view of the skull is not a fidoject, authors
considered that the two-dimensional approach impdidimited loss of information, and we proceedéth the

morphometric analyses.

Landmark coordinates were then superimposed usingrglized Procrustes analysis (GPA). Multivaratealyses
based on Procrustes-aligned specimens were fourthie higher statistical power than alternative ngetoic
morphometric approaches[21]. GPA superimposes secilandmark configurations by translating themato
common origin, scaling them to unit centroid sittee(square root of the sum of squared distancedl indmarks
to the centroid of the object), and rotating theroaading to a best-fit criterion. This procedurenghates “size” as
a factor (although size-related shape differencag remain).Shape” can therefore be analysed s&ply from
“size” . A Principal Component Analysis (PCA) from covarianmatrix was used for analysis. PCA is a data-
reduction exploratory technique, which summarihestotal variance in a data set by rotating ithed the principal
components explain progressively smaller amountheftotal variance[22].Principal component axexcfion as
shape variables, the first of which representahgr axis of variation among the objects. A distniant analysis
was finally used to determine how well the printipamponents classified both species.

Ethics statement

The investigation did not involve endangered ottgeted species. All protocols according to the Yetey decree
1962, animal welfare, game hunting and handlingtedi the Federal Republic of Nigeria (1978) wetécy
observed.
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RESULTS

There were significant gender shape difference8(il.The proportion of correctly classified sex nfro
discriminant function reached 100%. First two Pipat Components in PCA explained a 80.44% of thalto
observed variance (PC1+PC2=53.96+26.48%) (Fig. Zaile 2).Ilt must be acknowledged that male spetéme
were more widely distributed on the first planetioé PCA than the females.Main differences were mieskeon
ventral point of first incisor alveolus (2), on ¥&i point of mental foramen on mandible body (8),the condylar
ramus (6) and on mental foramen (8) (Figure 3).rAge shape for each gender appears in Table 3.

DISCUSSION

Mandibular shape detected shape differences in sanatel females of greater cane rat or African caae r
(Thryonomys swinderianusThe results indicate that ventral point of finstisor alveolus, ventral point of mental
foramen on mandible body, mental for a men ancctimelylar ramus assess the sex differentiation.addrhark on
the mandibular ramus flexure contributed to the s@ndibular differentiation. In males the ventraim of first
incisor alveolus tends to be more cranialand diveatral point of mental foramen on mandible bodyrenventral,
thus marking a more impressive “face”. In femates inental foramen tends to be more caudally displaBut this
foramen is just is the way by which mandibular siioh of the trigeminal nerve (V3) and mental vesssiters, so
nonfunctional difference can be deduced from thiserdorsal position. Moreover, minor locations &ians may
be phylogenetic related, at least in humans[23{, evidently it does not implies functional diffeoes between
human groups.

Bringing the incisors together or using them tosehaway at a surface requires muscles that fdigdftings the
lower jaw forward. In rodents, this is done prirhaby the masseter muscle. By moving the pointrafio of parts
of the masseteric musculature anteriorly, rodeais goth mechanical advantage and additional rafiggovement
of the lower jaw. The masseter is on the lower jagerted along the lower part of the mandible at risar, but
condylar and angular processes of the ramus appéaise similar in shape for both genders. Thidgraw part of
the mandible would present differences if differkisimechanical forces were present.

T. swinderianusutilizes high roughage and fibre content plant disth asAustrophia speciegspear grass),
Pennisetumpurpureurelephant grass) arSaccharum specigsugar cane)[1]. This fact is postulated to cdotie

to the characteristics of some mandible anatomrarpaters and becomes important in formulation gftica

animal diet. Such plant species becomes scarceebatthe months of September-April being the drixiggls of

the year [7, 24] serving as a substrate in ovedfpatial use and competitive interactions. Act#fi ration

formulation for species preservation especiallgatonies and parks might be necessitated to avadoachments
into other territories and exposure to raptors.

The mammalian mandible arises from embryonicnecnedt cells that migrate to the first mandibulashaiwhere
they provide thee embryonicmesenchyma for mandibsleeletal, dental, and connective tissues[25].elAft
migration, mesenchymal cells aggregate, producimgdensations that differentiate further and givee rio the
variousmorphogenetic units of the mandible, whichadult individuals are recognized as semi-indepahd
morphogenetic regions: the horizontal ramus; thé&amend incisivealveolar regions, which supporttomots; and
the ascending ramus, which includes three musputaresses, the condyloid, coronoid, and angulazgsses [25].
This growth is directed and molded by numerousu#rtes [26]. The effective number of cells in the
condensations, the relative timing of the initiatiaf the condensation, and rates of cell migratieti, birth, and cell
death are the developmental parameters known itm@tant in the production of mandibular shapef2s], These
developmental parameters of cell population dynaméce responsible for the assembling of a complex
morphological structure such as the mandible, #edations in each of these parameters may ledévelopmental
changes and morphological evolution [27].Genetycalediated changes affecting developmental paramatehe
mesenchymal condensation stage will affect thereemtiandibular structure, whereas changes in dernedotal
parameters occurring at the stage where mesenchgoralensations already have differentiated willeeiff
individual units of the mandible, for example, #egular, condylar, or alveolar regions[27], andefare will have

a localized effect on mandibular shape.

As is any bone, the mandible is subject to remadeliased on mechanical stress, changes in funtiartizrns.
But, being male and female differences located on-mechanical mandibular point, sexual divergence i
morphological form of the mandible h swinderianusan be explained only by changes in some of tepseific
mandibular morphogenetic units rather than the ldgweent of musculature.
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On the basis of our findings, we can conclude thifferences in both sexeBb. swinderianusare not due to a
functional cause, as masticatory behaviour would be

Table 1. Nine landmarks studied on lateral view oéach mandible forThryonomys swinderianus

Landmark no.| Right lateral view of mandible

Lateral point of first incisor teeth in the alle®

Ventral point of first incisor alveolus

Direct ventral point of mental foramen on manelibbdy
Caudal angle point of mandible

Point on mandible condyle

Point on coronoid process

Point on last cheek tooth alveolus

Dorsal point of mental foramen

Paint on alveolus of first premolar

OO [(N[O|T|D|WIN(F

Figure 1.Right lateral mandible view of Thryonomys swinderianus with 9 landmark points. Numbers correspond to defiitions in Table 1

Table 2. Principal Component Coefficients for Pringpal Component 1 (PC1) and 2 (PC2)for mandibles dfhryonomys
swinderianus(n=21, 11 males and 10 females).PC1+PC2=53.96+2604®rocrustes which explained most of the differenes (>[0.2])
appear in bold

PC1 PC2
x1 -0.16242 -0.06677
yl -0.05365 0.11176
x2 -0.30982 0.28324
y2 -0.20138 0.37258
x3 0.11697 -0.48605
y3 0.18244  -0.15865
x4 0.01878  -0.11949
y4 0.03000 0.10287
x5 0.00637  -0.13877
y5 -0.00704 -0.06604
X6 -0.28348 0.42318
y6 0.07881 -0.17794
X7 -0.08623 -0.18891
y7 0.01214  -0.00238
x8 0.81374  0.40464
y8 -0.10930 -0.17768
x9 -0.11395 -0.11109
y9 0.06795 -0.00454
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Table 3. Average shape fofl. swinderianus (n=21, 11 males and 10 females). Procrustes whiekplained most of the differences in PCA
appear in bold

Males Females
Lmk. Axis1(x) Axis2(y) Axis 1 (X) AXxis 2 (y)
1 0.3314 0.0810 0.3446 0.0803
2 0.3492 -0.0684 0.3590 -0.0697
3 0.1799 -0.1896 0.1796 -0.1919
4 -0.4902 -0.2719 -0.4860 -0.2715
5 -0.4123 0.1609 -0.4134 0.1587
6 -0.2397 0.1817 -0.2397 0.1829
7 -0.0941 0.0499 -0.0818 0.0508
8 0.1668 -0.0147 0.1207 -0.0039
9 0.2090 0.0713 0.2171 0.0642
0,06
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Figure 2. Principal Component Analysis for males ad females of hryonomys swinderianus(n=21, 11 males and 10 females). First two
Principal Components in PCA explained a 80.44% oftte total observed variance (PC1+PC2=53.96+26.48%).the morphometric space
described, both species were significantly distingshed from each other (p<0.001). It must be acknoetiged that malespecimens are
more widely distributed on the first plane of the RCA than the females

23

8

Figure 3. Plotting for each gender (extreme specims 23 and 8) ofThryonomys swinderianus(male above; female below).Set of lines
connecting the empty points on a shape representdtaverage data (males and females). Main differere®etween genderswere observed
on ventral point of first incisor alveolus (2),vental point of mental foramen on mandible body (3), rental foramen (8) and the condylar
ramus (6).In males the ventral point of first inci®r alveolustended to be more cranial and ventral pat of mental foramen on mandible
body more ventral, whereas mental foramen presentetthe presented a caudal displacement in females
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