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ABSTRACT

Greater cane (Thryonomys swinderianus) and Afrigamt pouched rats (Cricetomys gambianus) have ayniap
ecological relations and identical body conformaticharacteristic, and inhabit similar ecologicaldmne and
sometimes synergize seasonal activities acrossiespedhe introduction of new variants due to geneti
biodiversities and migrations as well as age rafagkull ambiguities has necessitated a survey afiometrical
data. For a geometric morphometric comparison, densal, ten lateral and fifteen ventral skull lanalrks points
landmarks were used. The study concluded that epedith low leverage, long skulls and low mandiblement
points utilize animal resources in diet and postesautility of assessed parameters are importanhfime range
exploration and diet partitioning, new colonizatigmocess, communication, tracking, trafficking, edefe and
sexuality signals; it also suggests the observadtiglity may be due to newer variants or an indefaona quality,
such data will be useful in solving phylogenetifficlilties, wildlife surveillance in age-populatiaontrol, ration
formulation in captive species, and eco-migration.
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INTRODUCTION

African giant pouched ratCficetomys gambianlyisand the greater cane rat or African cane Tatrfonomys
swinderianuy are two separated along family linééesomydaeand Thryonomydaerespectively. Ecological
separation and home range overlaps exist as thae simd interact in conflict or competitively budtmecessarily
exploitatively within territory limits [1, 2]. Ragly extending geographic distribution of the speclas been
observed in areas otherwise not reported; espgcidinds and landlocked enclaves [3, 4, 5]. Lénercoast in the
west to east African countries such as Kenya, Traazand Gabon and has been reported in the SofnitaA
enclave [1, 6]. The rodents share certain body aromdtion similarities (adults of2. gambianusand T.
swinderianusveigh between 5-8kg and 3-5.8kg respectively ireetipe of gender bias), ecological biome, habitat,
diet, certain aspects of prehension and mastic§fiprsub-Saharan African rodent types form an irtgoat link in
maintaining the ecosystem; as natural resourcegvdaintributing to a genetic biodiversity with itilin genetic
surveillance of extant types. Further attestatmtheir relevance includes an economic value whdietives from
use as explosives sentinels, emerging alternataeat protein source, disease epidemiology in trassion of ebola
virus and such invasive threats they pose to nagsc[7, 8] in farms and barns.

Previous studies on the cranial morphology of reglamd similar species include those on mole fanfénk [10],

rabbit [11], beaver [12], and [13] evaluat€d gambianusThe paucity of literary information on the compam@
cranio-macro morphology and spatial interactiveedatnant indices between these two closely relatstents
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justifies a necessity for this investigation. Reletv data obtained will be useful in bridging knosde gap in
anthropologic surveys, invasive species contraservation, conservation through systematic pojouldialance
maintenance. The objective of the study was to @mgertain inter-species dimorphic variationsha thacro
anatomy of skull morphology of both species whidyrbe useful in solving taxonomic challenges.

MATERIALS AND METHODS

Two separate samples ©f swinderianugn=25) andC. gambianugn=25) were used. Each was comprised of 12
males and 13 females collected from a village ibcah southwestern Nigeria between January to Maaod
between July to October of year. The heads wererated using procedures described by [14].

Pictures of skull parts were taken with a digimhera, Canon EOS1200D (Canon Inc. Tokyo Japanppediwith
EFS 18-58mm telephoto and Hama tripod with stadilian dorsal, ventral, right and left lateral viewsh two

ruler points included non- biological landmark s tast two marks to scale for size. Images weentat a DIN of
25cm, a focal axis of 5.6, a speed of 200 and seitgiof 1/500 for all pictures taken.

The landmarks assessed for the dorsal, right lateeatral views of cranium were 10, 14, 13 andhSumber
respectively (Table 1). These landmarks were cemsitito define overall cranium shape. Specimens akgned
using Procrustes superimposition with the softwdieSRelw v. 1.41 [15] which provided the consensus
configuration of mean shapes. Thin Plate Splinections were interpolated for deriving the uniformdanon-
uniform components of shape change, Partial Waopescwere calculated for describing the differerfoetsveen
each specimenu€0). The relative warps (RW’'s) summarize the omjimariance of both samples and describes
major trends in shape change [16, 17]. Principahpanent analysis methodology was used in assessidg
interpretation of cranial morpho-space in the tweces and in making inferences on phylogeneticlogical and
dietary dispositions within and between populatidPsncipal strain maps were computed (Thin-Plalee) with
area of highest strain (red color), medium and kivegrains in yellow and blue colors respectively

Ethic statement

The investigation did not involve endangered ortgeted species. No animal was sacrificed with infen the
purpose of investigation. All protocols accordingtihe Veterinary decree 1962, animal welfare, gam&ing and
handling edict of the Federal Republic of Niged8718) were strictly observed.

RESULTS

The relative warp analysis for the 10 landmarkscdbimg the dorsal skull shape yielded 18 RW scaneboth
species of the present study. The first three alcomponents jointly contributed about 86% af thtal variance

in T. swinderianu$ut only the first two made up 97% G gambianusvhile the rest represented minor taxa related
morphological differences.

Figure 1c illustrates the TPS of both dorsal skytiologies showing the inter-species expansionofacand the
principal strains of skull shape change (in redipdpenostly in the dorso-caudal direction in the neecranium inT.
swinderianuswhile the direction of shape change is in a veptaodal direction of the neuro-cranium @
gambianusand produces more strain of shape changes. Dededawanial, bowed zygoma and shortened facial
bones is observed ih. swinderianudut an elongated crania and facial bones, lon@mggwith less pronounced
infra-orbital foramen as shown by the TPS diagranfrigs 1c and 2c. The x-axis comparison in Figsatd 2d
displays little simmilarity in a reverse in scogguation in both species. The second RW (Figsaridi2d) upper y-
axis sharply discriminate morphological differentesween the studied species with a lowest negatiojections
scores inl. swinderianusLower y-axis representing the second PC (Figsaridi 2d) further separates between the
rodent species despite phylogenic proximity, thesTdtagram confirmed thaf. swinderianugpossess a deeper
rostrum, a more anterio-ventrally oriented orbitendasC. gambianusas a more caudally displaced orbital rim
(Figs. 3d and 4d), most expansion factors and pahsitrains of skull morphology shape change ocicutise dorsal
frontal bones ifT. swinderianudut at the palatine and maxillary level ventrallyed) inC. gambianugFig. 2c).

Ventral skull morphologyThe landmarks assessed for ventral skull shape swinderianugielded 19 relative
warps; the first five had significant eigenvaluemitributing about 98% of the total variance whilemologous
landmarks inC. gambianugielded 12 relative warps; the first five contribdtapproximately 100% of the total
variance (see supporting information). Figure 3ualized the vectors of skull shape deformatiorttier morpho-
space defined by the first principal component (PGignificant scores correlation on the warps eentroid size
between both species indicates allometric changmg mot be exclusively responsible for the pattefrstmape
differences observed in the ventral surface of tsidlil types. The first principal component sconel ahe scatter
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plot discriminated both species on feeding basferbephylogenic proximities, both scored negativetythe first
relative warps but to a greater extent in cane, fEitg.3c also included a TPS showing a patternaofiinark
displacement depicting a more concave and stoutalesurface in the more negative RW scores contptre.
gambianusventral skull surface TPS. Finally, there existmadially vaulted calvaria short rostrum and a bowed
zygomatic arch ifl. swinderianugelative toC. gambianuswhile a multivariate allometry assessment revealed
significant percentage component variation of 9%4ihd 2.40%T. swinderianugnd C. gambianusespectively)

in PC1.

DISCUSSION

Morpho-craniometric variation studies of Africana@t Rat and the greater Cane Rat skull bones madssible to
determine species-specific skull and mandible attaritics. Seasonal activities of the species beagnonitored to
demonstrate sex-species-specific population typeowmered within moon cycles in any particular eco
environment.

Literary information on comparative investigatiams skull morphology of th&. swinderianugnd C. gambianuss
rare despite an abundance of similar works in otbdent species: rodents [9, 10, 13], minks [1&] Emgomorphs
[19].

Comparatively compact cheek teeth and surfaceMoipterygoideus lateralianmuscle inT. swinderianugs a
discriminant factor of adaptation which favors fibs diet type during the drier seasons comparedréverse irC.
gambianusmandibles Fig. 4e where PC1 alone made up 99%sofotal variance where feeding habit was a
subsidiary consideration to strong phyloge@ricetidaefamily character evidenced by a more profound gkagc
constraint in the species [20, 5]. A more highlpgadd and posteriorly oriented coronoid processgiveldo the
articular condyle inC. gambianuss similar to ruminant’s mandible [21] located wabove the level of the cheek
tooth row in contrast t@. swinderianusvhose coronoid and condyle are placed at the sawe With the tooth
rows; a trait synonymous with primitive carnivoreandition [20] in some members ideteromydadamily [5].

Comparative skull data analyses derived from tlesqmt study revealed the nasal, frontal, premaxdtd maxilla,
and zygomatic bones exhibited remarkable morpholagiriations between and within species. Theseltsesu
suggest that cranio-dental morphology may be uséufér extinct rodent diets [5, 12].

In comparing diet in these rodents, [1, 22] rembiteat African Giant rat survives more on domestaste and less
fiber diet, this is perhaps corroborated by itsvedrand longer mandibular architecture (longer mators muscle
attachment), for food stowaway in cheeks, whileswinderianusitilizes high roughage and fiber content plant diet
such asAustrophia spp(spear grass)}ennisetunpurpureum(elephant grass) ar8accharum spp(sugar cane).
This fact is postulated to contribute to the chemastics of some skull anatomic parameters andies important

in formulation of captive animal diet. Such plaptsies becomes scarce between the months of Semterbril
being the drier periods of the year [2, 23] serviemy a substrate in overlap of spatial use and ctitwpe
interactions. Atrtificial ration formulation for spies preservation especially in colonies and parkght be
necessitated to avoid encroachments into otheitaees and exposure to raptors. The dental spaegth inT.
swinderianusvas found shortened compared to thegambianusind may be an adaptation for their diverse method
of prehension, mastication and deglutition [6, Z&milar maxillo-dental construction obtains in babdents, but
larger sized ifl. swinderianusas partial adaptation for vigorous horizontalpgiag movements of the head; thus
resulting in differing specific alterations in méiqdogical proportions of the skull and jaw. FataeBtresulting from
brief occasional interactions between both spe&@sr cane rats more often by means of such diffezs.
Numerical increase in the presence of such adsilfgecursor of formation of new colonies and reiiocaof C.
gambianus spd19, 22].

Though genetically related, both rodent speciethefsame superfamily do not crossbreed [1]. adamtivergence
revealed by the analyses of cranial variation3.iswinderianusand C. gambianus waterhousgemonstrated that
highest coefficient of variations if. swinderianusnales occurred in neuro-cranial, orbital and nasale varied
most in females. Investigations on cranial pararmseta C. gambianusmales revealed highest coefficient of
variations in zygomatic and orbital regions obsdriaggher and longer with a high relative warp ci&ht in C.
gambianugmale and females), a character associated wittumad ecology [13] despite its skull length comgzir
to values obtained i. swinderianu$l8, 24, 25]. This phenotypic plasticity observedbe in agreement with [5]
has been noted a substrate in evolutionary changments.

Inference from the presented data observed a sliogtef nasal bone length ih swinderianugontributing to the
exceptionally large infra orbital foramen observiedall specimens studied in that species. The skullC.
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gambianushas a high coefficient of variation and is suggeste contribute to the observed occipital area
morphologic variations encountered [12, 18, 14,81d may give insight to age estimation in thisertd

The skull height and length of tie swinderianusvas found longer compared @ gambianusa lower profile and
gradient of theC. gambianuskull is suggested to be an eco-adaptation whigindposed to permits survival from
predators in burrows for quick getaways from witharrow tunnels, a character not seeii.iswinderianus. more
diurnal species. There is a shortening of the netaoium with a concomitant negative correlatioregfension of
the viscero-cranium iff. swinderianusA reverse of this observation existeddngambianusthis is speculated to
be a characterizing index in regional populatiorveys for adequate taxonomy [5].

A comparison of the mean values of each variatdess®d in both females and males in individualre¢papecies
identified significant differences and variationsneuro-cranial angkull sizes as between the species.

The greater cane rat has a generally globular skatphology demonstrated by a larger index (skeight/width x
100) of 46.97% with a remarkably shorter (and adchmaxilla) incisor to premolar distance comparedh&s more
elongated skulls of the giant rat with a shortdugaof 28.41%. This representation unlike in anotioglent type
and the rabbit [11] is the contribution of the atrwre gradient of the nasal bone in @iegambianudeing less so
than theT. swinderianusvhere it is shorter. The proximity to the olfactarguro-epithelium is enhanced with the
more forward displacement of the cribriform platsthe ethmoid bone in the latter specie (not idetliin the
present study), thereby permitting a larger surfaceess of air to the neuro-epithelia filamentgshaf olfactory
nerves cells- an attribute found utilizable in lanohe detection [27], an essence in breeding akasedn adaptation
for movement in light- subdued environments whdsiding in deep tunnels below surface [7, 13].

Theos incisivumin the adulfT. swinderianuss short and stout terminating in the alveolarketg of the incisors on
both sides; suggesting a stronger prehension aedfdrice of the cranium [28] corroborated by thgayatic
process (Fig. 3b) which is more bowed in this spesi it utilizes more fibrous plant diet than tiengrat and gives
more surface for the attachment of thetemporalismuscle [29, 30]. This bone, (incisive) is highhdented and
grooved inT. swinderianugor lodgment of infraorbital nerve and vessels [Zifje study of skull typology of this
species is relevant in craniometric paleontolodwyl@-geography and tracking of eco-migrant speaiewildlife
conservation techniques [13, 19, 26].

In conclusion, comparative studies on skull typglaj both rodents are relevant in phylogenetic gtigations,
domestication and diet research. In prolonged droygungC. gambianuspecies becomes exposed to risks of
predators and as well contribute to economic lossesomes and farms, whereas the swinderianudays in
thickets most nights and relies on adipose resgitveslectively ventures out during this periodhwiomparatively
less dietary challenges [1, 5, 6] body weight tfeeeeremains relatively constant. Knowledge of aaretric and
mandibular relationship of these species repredemtethe present investigation may be valuable ddent
taxonomic ambiguity [21, 23, 26] and localizatidustained temperature deviations in weather evamtsalso
postulated to trigger deadly and population thr@atpinteractions during roaming [25].

Species population density often determined by dhonoe and otherwise of favorable ecological cootimaking
inter-specific contacts more likely in moonlight s€arce food periods [2, 5, 12]. Tolerance amorignies is
speculated to exceed territorial space among ofddes; more in th€. gambianusvho dictates or charts new paths
in the fadamas(dry straw irrigated grasslands in the dry seastorsothers [2, 8, 31]. The results of this stuafy
both species taken from the location (fig. 5) ewmbwariations in some craniometric indices betwden
swinderianusand C. gambianuspecies. These variations may be used for interifipeontacts, diet, vocalization
recognition studies [19, 21], ecoadaptation as viellweather phenomenon-driven species charactengeha
monitoring [5], and they may also find utility ire&ad restraint designs for medication in wildlife ragement [7,
12].
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Figure 1b, c, d and e. (b) shows the shape changessociated with PC1 and PC2 using the Procrustesardinates of landmarks on the
skull of T. swinderianus and C. gambianus shape transformation grid showing principal componats of shape change (PC1 and 2), (c)
Mean Thin-plate Splines and Warps of dorsal view of. swinderianus and C. gambianus with landmark links, principal strains (X, y)
values and expansion factors color code (red=highestrain value of shape change and blue =lowest sin of shape change or
contraction) (d and e) PCA scatter diagrams with covex hulls and 95% ellipses (PC1 and PC2 = x, y aiespectively) percentage
variation in PC1 and PC2 is 37.57%, 36.24% and 743% and 15.15% for T. swinderianus and C. gambianus respectively.
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Figure 2b, c, d and e. (b) shows the shape changssociated with PC1 and PC2 using the Procrustesardinates of landmarks on the
skull of T. swinderianus and C. gambianus shape transformation grid showing principal componets of shape change (PC1 and 2),
(c)Mean Lateral Thin-plate Splines shape and Warpsf lateral view of T. swinderianus and C. gambianus with landmark links, principal
strains (X, y) values and expansion factors coloiode (red=highest strain value of shape change andlile =lowest strain of shape change)
(d and e) PCA scatter diagrams with convex hull an@5% ellipses (PC1 and PC2= x, y axis respectivelggrcentage variation in PC1 and
PC2 is 43.29%, 14.38% and 77.39% and 11.14% fdr. swinderianus and C. gambianusrespectively.

26



Samuel, O.Met al Ann. Exp. Bio.,2015, 3 (2):21-30

L" = m .
-l 1 E 0t
\: s -
2 é-
ol 11 0.45 4iE
™ |

10
1 ; all ke 15
) N
0.16- 1
Iu.ca
0o
L il 4 4
5 ;
- ?,. ; 016
-H a8
_ T il
‘._ L] T " T T T T — T T T
- &t - 06 00 D6 OE 042 06+ DA ll;
b Landmark co-ordinates X- axis
a
[}
=
a
B
20 =
3 g
g
L)
054
Componernt 1 d Com e it =)

Figure 3b, c, d and e. (b) shows the shape changssociated with PC1 and PC2 using the Procrustesardinates of landmarks on the
skull of T. swinderianus and C. gambianus shape transformation grid showing principal componats of shape change (PC1 and 2), (c)
Mean ventral skull Thin-plate Splines shape and Waps of ventral view of T. swinderianus and C. gambianus with landmark links,
principal strains (X, y) values and expansion facts color code (red=highest strain value of shape aenge and blue =lowest strain of shape
change or contraction) (d and e) PCA scatter diagmas with convex hull and 95% ellipses (PC1 and PC2x y axis respectively)
percentage variation in PC1 and PC2 is 93.30%, 5.96and 97.92% and 1.95% forT. swinderianus and C. gambianusrespectively.
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Table 1. Landmarks on dorsal, lateral and ventral iews of skulls. See images above.

Landmark | Dorsal view Lateral view Ventral view
no.
1 rostral extremity of nasal bone the most antgr@int of premaxilla caudal limit of the incisivéveolus

nd

0]

2 anterior-most of suture between thentero-lateral point of nasal bone withsuture between the premaxillary al
nasals and premaxillary premaxilla maxillary in the ventral photographic plan

3 suture between the premaxillary,suture between nasal and frontal intersection lertwéhe premolar an
maxillary and frontal maxillary bone in the ventral view

4 dorsal point on the fronto-maxillary suture between incisive and maxilla suture betweemmaxillary and zygoma
suture

5 on the suture between the zygomatithe extent of frontal process of zygoma tip of jymacess
and temporal bone

6 caudal limit of the zygoma lateral limit of franparietal suture tip of jugular process

7 occipito-parietal suture in the dorsaloccipital protuberance most posterior point of foem magnum
plane

8 the external occipital protuberance the jugutacess point ventrally most anterior point of foemmmagnum

9 frontal bone suture on junction of thethe zygomatic process intersection with theuture of basi-sphenoid, basi-occipital &
bilateral parieto-frontal suture zygomatic process of the temporal bone | tympanic bulla

10 sutural junction of nasal bone withfrontal process of the zygoma ventrally suture & tpre-sphenoid and bag
the frontal bone sphenoid in the median plane

11 the most dorsal point of the infra-orbitaimost caudal limit of the incisive foramen

foramen
12 the base of the infra orbital foramen most adlichit of incisive foramen
13 caudal limit of dental space before the firatnost anterior point of the incisive forame
premolar
14 anterior limit of dental space on the fifst

incisor teeth
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