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SUMMARY

This study was designed to investigate
some morphometric characteristics of the
skull of the Greater cane rat (GCR)
involving 30 morphometric parameters. A
total of 10 adult GCR were used for this
study comprising of both sexes (5 males
and 5 females). Student t-test was used to
analyze the values obtained and to
determine differences between the sexes.
Morphological features were found in the
zygomatic bone which occurred as a large
and thick bone on both ends. From 30
parameters analyzed, 12 were statistically
significant (p = 0.05) between both sexes,
confirming the presence of sexual
dimorphism in the skull of this rodent. This
study provided baseline research data on
the typology of the skull of the GCR.
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INTRODUCTION

The Greater cane rat (GCR) (Thryonomys
swinderianus), popularly known as
grasscutter, is one of the wild rodents that is
currently undergoing domestication and
captive rearing in parts of Africa and is
regarded as the continent's number one
“micro-rodents” (Ajayi, 1974; Asibey and
Addo, 2000). It belongs to the sub-order
Hystricomorpha because they have their
medial masseter muscles spread through
the infra-orbital foramen while the lateral
masseter muscles are attached to the
zygomatic arches as in primitive rodents
(Allaby, 1999). The GCR is sturdy-looking,
with a stocky body and short brown, bristly,
scaly tail; it measures up to 60 cm in length
and 7.2 kg in weight (Onadeko, 1996). The
body is covered by coarse, thick and
pointed hair that varies in colour and can be
of any shade between grayish and yellowish
brown (Dorst and Dandelot, 1969). The
GCR has received increasing attention
from researchers who have documented
works on the reproductive system
(Adjanohoun, 1993; Adu and Yeboah,
2000; Addo et al., 2002; Addo, 2002;
Adebayo et al., 2009; Adebayo and
Olurode, 2010), urinary system (Olukole,
2009), circulatory system (Opara et al.,
2006) and nervous system (Dwarika et al.,
2008; Spruston, 2008; Byanet et al., 20009;
Elston and Manger, 2014). In the past,
morphological studies were restricted to
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qualitative description of tissue structures
and therefore, they are essentially
subjective. In recent years, the applications
of morphometric and stereological
techniques have increased in biomedical
research and have been well recognized as
a new approach in morphological study
(Mukerjee and Rajan, 2006).
Morphometric studies particularly of the
skull are very important in arthrology
(Bokonyi, 1974), regional anaesthesiology
(Olopade and Onwuka, 2005), taxonomy
and comparative anatomy within and
between breeds (Van der Merwe, 2007). In
rodent taxonomy, morphometric analysis
especially of the skulls has long been one of
the fundamental technigques for
characterizing, defining and discerning the
identity of individual specimens (Olayemi,
2007; Bezerra and de Oliveira, 2010;
Olayemi et al., 2012; Reisser et al., 2012).
Since the head contains the brain, major
sensory organs and the feeding apparatus,
skull morphometry can also reveal a lot of
information on the ontogeny, phyvlogeny
and adaptation of rodents. Several
morphometric studies of the skull have
been documented in many domestic
animals and rodents such as the dog, cat
(Kunzelet al., 2003), pig (Endo et al.,
2002), West African dwarf goat (Olopade,
2006), African giant rat (Olude et al.,
2009). Skull morphometry is scarce in
rodents undergoing captive rearing and
domestication. Webb et al., (1979) sparsely
described the morphology of the GCR skull
and Van der Merwe (2007) reported the
distinguishing features for differentiating
the skulls of Thryonomys swinderianus
and Thryonomys gregorianus. Little
information exists however, on the detailed
morphometry of the skull of the GCR. The
present study, therefore seeks to document
the morphometric data of various skull
bone measurements in the GCR
(Thrvonomys swinderianus). The
information obtained will essentially add
to the ongoing attempts to understand the

biology of the GCR. It will also be useful to
breeders, clinicians and researchers.

MATERIALS and METHODS
Investigation was carried out on 10 adult
GCR (5 males and 5 females). The animals
were purchased from Pavemgo grasscutter
Farm at Badagry, Lagos State, Nigeria.
Their live weights were recorded and
examined to exclude skeletal deformities,
after which they were anaesthesized using
chloroform. The animals were then
slaughtered and decapitated at the
occipitoatlantal joint, rapidly bled and the
skulls were prepared using the skull
maceration process (Olude et al., 20009).
The form (shape, size and position) of the
entire skull and individual bones of the
skull were studied using information from
Olude et al., (2009), Hebel and Stromberg
(1976) as guides. The live weight of the
animals and the decapitated heads were
determined using an electronic weighing
machine (Mettler Toledo®). Thirty
craniometric parameters apart from
weights were determined as adapted from
Olude et al., (2009), Fernandeset al.,
(2008), and Wysocki(1985) (see Table 1).
Measurements were taken using ruler,
vernier calipers, measuring cylinder, pair
of dividers, plasticine and twines. The
parameters were recorded in centimetre
(em), mililitre (mL) and percentage (%).
Data obtained were analyzed using the
student t-test (p = 0.05) and all analyses
were done using the SPSS version 15.

1027



Olude et al

ISSN 0331 - 3026

Table 1: Parameters and the definitions of dimensions used in morphometric analysis

FEATURES

DIMENSION TAKEN

FRONTAL BONE LENGTH (FBL)

NASAL LENGTH (NSL)

FRONTOPARIETAL TO NUCHAL
EMINENCE (FNE)
INTERPARIETAL TO NUCHAL
CREST (INC)

RIGHT INFRAORBITAL LENGTH
(RIOL)

LEFT INFRAORBITAL LENGTH
(LIOL).

INTERPARACONDYLAR WIDTH
(IPCW)

INTERCONDYLAR WIDTH (ICW)

BASAL SPHENOID LENGTH
(BSL)
BASAL OCCIPITAL LENGTH
(BOL)

MAXIMUM MANDIBULAR
HEIGTH (MMH)

HEIGTH FROM CONDYLIOD
FOSSA TO MANDIBLE BASE
(CFMB)

CONDYLOID FOSSA TO HEIGHT
OF MANDIBLE (CFMH)
MANDIBULAR SYMPHYSEAL
LENGTH (MSL)

DIASTEMAL GAP LENGTH (DGL)

Total length of frontal bone from the fronto -
nasal suture to the suture fronto -inter parieta |
suture

Overall length of the nasal bone from the
rostral end of the frontal bone to the rostral tip
of the nasal bone.

Length from the frontoparietal suture to the
nuchal eminence

Length from the interparietal bone to the tip of
the nuchal crest.

Greatest length across the right infraorbital
foramen.

Greatest length across the left infraorbital
foramen

The greatest breadth of the ventromedial ends
of the jugular processes

Width between the lateral ends of the occipital
condyles

Length of the basisphenoid

Length of the basioccipital portion of the
occipital bone from the tip of the foramen
magnum to the suture formed between the
basioccipital and the basispheniod bones.

From the base of the mandible to the highest
level of the coronoid process

From the condyloid fossa to base of the
mandible

From the maximum height of mandible to the
condyloid fossa.

Length from rostral to caudal limit of the
mandibular symphysis.

Length of the lower diastemal gap from the
lateral end of the alveolus of the lateral incisor
{on the bony ridge to the cranial border of the
alveolus of the 1% molar).
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DIASTEMAL CURVE LENGTH
(DCL)

UPPER DIASTEMAL GAP
LENGTH (UDG)

LEFT ORBITAL LENGTH (LOL)

RIGHT ORBITAL LENGTH (ROL)

LEFT ORBITAL
CIRCUMFERENCE (LOC)

RIGHT ORBITAL
CIRCUMFERENCE (ROC)

LEFT ORBITAL HEIGHT (LOH)

RIGHT ORBITAL HEIGHT (ROH)

ZYGOMATIC WIDTH (ZGW)
INTERCANTHI WIDTH
DISTANCE (ICD)

RIGHT ORBITAL INDEX (ROI)
LEFT ORBITAL INDEX (LOI)

UPPER DIASTEMAL LENGTH
(UDL)

RIGHT INFRAORBITAL
BREADTH (RIOB)

LEFT INFRAORBITAL BREADTH
(LIOB)

Length of the diastemal curve from the lateral
end of the alveolus of the lateral incisor (on the
bony ridge to the cranial border of the alveolus
of the first molar)

Maximum length of the upper diastemal gap.

Maximum circumference of the left orbit from
rim to rim (includes maximum horizontal and
maximum vertical diameters).

Maximum length of the right orbit from rim to
rim (includes maximum horizontal and
maximum vertical diameters).

Maximum circumference of the left orbit from
rim to rim.

Maximum circumference of the right orbit
from rim to rim

Maximum height of the left orbit from the
dorsal tip of the orbital rim to the ventral tip of
the orbital rim

Maximum height of the right orbit from the
dorsal tip of the orbital rim to the ventral tip of
the orbital rim

Maximum width across the zygomatic arches

Minimum distance between the medial margins
of the orbits

ROH/ROL x100

LOH/LOL x 100

Length of the gap diastemal gap from the
lateral end of the alveolus of the lateral incisor
on the bony ridge to the cranial border of the
alveolus of the 1% molar).

Maximum breadth of the right infraorbital
foramen from the lateral to medial rim

Maximum breadth of the left infraorbital
foramen from the lateral to medial rim
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Table 2: Morphometric measurements between both sexes in the skull of GCRs
expressed as mean + SEM.

S/No. PARAMETER  OVERALL TOTAL FEMALE  TOTAL MALE
MEAN(cm) (MEAN) (MEAN)

1 ICW 2.470.14 2.50+0.14 243+ 0.13
2 [PCW 2.60=0.14 EATER 2.63=0.16
3 BSL 1.30+£ 0.11 .33+ 0.08 1.27+0.13
4 *BOL 1.30+ 0.09 1.17+ 0.08 1.43+0.11
5 NSL 2.75 0.26 2.77+=0.29 2.73£0.23
6 FBL 2.58% 0.21 2,70+ 0.20 247+ 0.22
7 FNE 3.12=0.16 3.23=0.16 3.00=0.16
8 *INC 2.10£0.15 1.50+ 0.10 2,70+ 0.20
9 ZGW 3.92+0.13 3.90+0.10 3.93+0.16
10 ICD 2.750.18 267+0.19 2.83+0.16
11 *DCL 1.28+ 0.24 1.834+ 0.40 0.73+ 0.08
12 *DGL 1.3+ 0.08 2.03+ 0.08 0.73+ 0.08
13 *UDG 2.08 0.10 2.00+ 007 2.17£0.13
14 UDL 2.17+0.11 2.23£0.12 2.10=0.10
15 RIOL 2.22+0.12 2.17=0.08 2.27£0.16
16 LIOL 2.13+£0.15 2.10+£0.14 2,17+ 0.16
17 RIOB 1.02+0.08 1.00+£0.00 1.03£0.15
18 LIOB 0.98+0.11 0.97+0.12 1.00+0.10
19 MSL 7.85+0.33 8.07+ 0.08 7.63+ 0.57
20 CFMB 2.2240.11 2.23+ 0.08 2.20+0.14
21 CFMH 0.47= 0.09 0.50+ 0.07 0.43= 0.11
22 *MMH 2. 78+ 0.12 2.93+ 0.08 2.63=0.16
23 LOL 2.25£0.11 2.23+0.08 22T 013
24 ROL 2.25+0.11 2.23+0.08 2,27+ 0.13
25 *LOH 1.85+0.10 2.00+£0.10 1.70£ 0.10
26 *ROH 1.884+0.10 2.07+0.11 1.70+ 0.10
27 *ROC 6.98+ 0.26 6.73+ 0.30 7.23+£ 0.22
28 *LOC 7.02£0.25 6.73+£0.29 7.30+ 0.20
29 *ROI 83.83+3.83 92.67+6.60 75.00+1.00
30 *LOI B2 35E525 89.67 5.51 75.00+1.00

* Statistically significant parameters after t-test at 5% level of significance.
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RESULTS

The mean head weight for males and
females were recorded as 0.33 + 0.08 kg
and 0.25 £ 0.07 kg; while mean body
weight also as 2.86 £ 0.20 kg and 2.13 %
0.25 kg respectively; the female body
weight being significantly higher than
males (Table 2). Values of 12 other
morphometric parameters were
significant; 7 of which were female-biased.
The orbital heights were statistically
significant (p = 0.05) and higher in females
than in males but the orbital circumference
parameters were biased towards males
(Table 2).

Figure 1: Medial view of the mandible of the
greater cane rat. Note the mandibular foramen [A),
lower cheek teeth (B), bulgy medial alveolar bulla ©

The mandibles were observed to be fused at
the rostral symphysis. Caudal to the incisor
teeth and at the rostral end of the
symphysis was a depression which had
nutrient foramina. The depressed area
continued caudally for approximately 1.4
em before the mandibles took an angular
divergence at an approximate angle of 53°
and followed a line which projected caudal
and upward to terminate on the medial
surface of condyloid process. This
arrangement gave the medial surface a
peculiar bulgy area housing the lower
alveolar tooth (Figure 1) of about 1.5 em to
the lateral surface. The caudal aspect
appeared and ended as a thin plate about
midway of the length of the ventral
mandibular rim. The caudal end of the
symphyseal fusion formed a wedge into the
opposite mandible., The mandible

presented 4 typical processes namely: the
angular process, coronoid process,
condyloid process and the incisor alveoli.
The condyloid process was stout with
articular surfaces on both ends, there was
an angular process which extended about 1
cm caudal to the caudal vertical edge of the
ramus and tapered curving slightly
upward. The mandibular foramen was
found typically midway between the
coronoid and condyloid processes.
Nutrient foramina were caudally situated
few centimetres from the 3rd molar teeth.
The mental foramen appeared to be
represented by a collection of small
foramina. The lateral surface of the
mandible presented a tuberosity of varying
prominence. This tuberosity is ventral to
the 1st molar and rostral to a line which
runs ventrally to join the angular process of
the ramus. Dental formula was found to be
[1/1,Co/o,P1/1,M 3/3. All the skulls had
erupted molar teeth.

Figure 2: Ventral view of greater cane rat skull
showing the rostral “unnamed” foramina (vellow
arrows), ineisive foramen (white arrows), and
major palatine foramina (red arrows)

Typical features of the rodents' skull were
observed. The frontonasal suture showed
variations in shape with wedge, transverse
and U-shaped rostral tips.All males
(100%)had transversely oriented rostral
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Figure 3: Greater cane rat skull showing
morphometric outlines of some measured
parameters: (A) Dorsal view of skull and (B)
Lateral view of mandible. NSL=Nasal length;
FBL= Frontal bone length; FNE= Frontal to nuchal
eminence length; DGL= Diastemal gap length;
MDL= Mandibular distant length; MMH=
Muaximum mandibular height; CFMB= Condyloid
fossa base to mandibular base; DCL= Disatemal
curve length.

incisive foramen had a prominently raised
ridge on the incisive bone in all males and
some of the females. Immediately rostral to
the foramen were two smaller foramina
and in two specimens, the rostral foramina
were more than one on each half of the
median plane (Figure 2). The incisive
foramen was found with a rostral unnamed
foramen. However from this study, 50%
(n=5) of the skulls had 3 rostral unnamed
foramina while 1 had the typical 2
foramina. The rest (n=4) had only one of
such foramen. Morphometric parameters
were taken from dorsal,

Figure 4: (A) Lateral view of the greater cane rat
skull showing supraorbital foramen (blue arrow)
and the complete zygomatic arch (W); (B):
Ventrolateral view of the skull showing the foramen
ovale (X} and a spicule (red arrow)erossing it, the
tympanic bulla (Y) and the external acoustic meatus
(Z).

ventral, and lateral mandibular regions of
the skull {(Figure 3).
The supraorbital foramen appeared on the
dorsal part of the frontal bone, ventral to
the bony rim and on the bony rim. There
were variations in the location of the
supraorbital foramen. Thirty percent had it
on the dorsal part of the orbital rim on both
sides, 10% had it ventral to the orbital rim
on both sides. Ten percent had double
foramina, the typical foramen being on the
rim with the extra foramen located on the
caudodorsal part of the left orbit and the
dorsal part of the orbital rim on the right.
All other skulls presented the foramen on
the rim (Figure 4a). The zygomatic arch
was fully formed and complete in this
animal and was composed of the zygomatic
process of the temporal bone, the temporal
process of zygomatic bone and a 3rd
triangular jugal bone (Figure g4a). The
infraorbital foramen had an average
breadth of 1.02 + 0.08 em (right) and 0.98
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+ 0.11 cm (left). The greatest length was
2.22 + 0.13 cm (right) and 2.13 + 0.19 cm
(left) respectively. A spicule was noted
across the foramen ovale in all specimens
examined with a prominent typmpani
bulla caudal to the spicule (Figure 4b).
DISCUSSION

This study on the skull of the GCR showed
typical rodent features as described by Van
der Merwe (2007) and presents cranio-
morphometric parameters of various
structures. Parameters studied were
generally higher in females than in males.
From the total 30 parameters studied,
males were higher in 5 while females were
higher in 7. Twelve of the total parameters
were significantly sexually dimorphic, with
higher values recorded more in females
and confirm the presence of sexual
dimorphism in the skull of the GCR. The
skulls of males and females differed more
in size than in shape; similar to the mink
but contrary to badgers and otters which
differ more in shape than in size (Wiig,
1985). Mandibular parameters were higher
in females with some parameters being
statistically significant with higher values
noted more in females. This could imply
greater efficiency in mastication since the
larger indices indicate a larger surface area.
Naturally, larger female skulls will have
larger jaw muscles and larger absolute gape
(Greaves, 1983), The functional
significance of this dimorphism may mean
that the females have a stronger bite than
the males. Moors (1980) discussed two
theories which account for sexual
dimorphism in mustelids as including food
exploitation and sexual selection.

The dental formula in GCR 2(I1/1, Co/o,
P1/1, M3/3) is atypical to that of mole rats
and African Giant Rat 2(11/1 Co/o Po/o
M3/3) (Demlrsoy, 1998; Olude et al., 2010;
Mustapha et al., 2014) and moles 2(13/3,
C1/1, P4/4, M3/3) (Saunders and Manton,
1969). The incisors of Rodentia have a
characteristic chisel-shaped form, and lack
roots (Vinogradovand Argipulo, 1941). The

teeth were as described by Van der Merwe
(2007) with the upper incisors
dorsoventrally directed and the lower
incisors rostrodorsally inclined. The upper
incisor teeth curved deep into the cavity of
the alveolar process created in the skull for
approximately 3.7 £ 0.32 cm as against the
lower teeth 5.05 + 0.23 cm. It is difficult to
ascertain if this extension gives it some
reinforcement as the teeth appeared to be
fragile.

Dentition gives clues to the diet of
mammals (UMD, 2009) and that of the
GCR reflects its dietary habits as
herbivores whose natural diet is mainly
grasses and cane (Fitzinger, 1995). The
GCR favourite food is elephant grass and
sweet potatoes (National Research
Council, 1991) as they prefer plants with
lots of moisture and soluble carbohydrates
(Agbelusi, 1997). The sharp incisors (used
for cutting and gnawing) and the presence
of a system of flat premolars and molars
(for grinding and crushing)makethe GCR
well suited for this diet.
Foramen ovale spicules were present and
were observed to break easily during
preparation. This is in consonance with the
findings of Van der Merwe (2007) but
contrary to reports of Olude et al., (2010)
who observed no spicules in the African
Giant Rat.The incisive foramen was found
with the rostral unnamed foramen as
described by Van der Merwe (2007).
However in this study, 50% of the skulls
had 3 rostral unnamed foramina while
another had 2. The authors considered it
inappropriate to call the foramen unnamed
and thus, have proffered a name as the
'rostral accessory incisive foramen of
Amarawike'

The infraorbital foramen was higher in
length and breadth in GCR, as reported in
Rodentia (Vinogradov and Argipulo, 1941).
The average greatest breadth of this
foramen was 1.02 + 0.08 cm (right) and
0.98 + 0.11 cm (left). The greatest length
was 2.22 + 0.13 cm (right) and 2.13 £ 0.19
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cm (left) respectively.

The zyvgomatic arch of the GCR was
complete and fully formed. In the skulls of
moles, the zygomatic arch is often
incomplete and the jugal bone may be
small or absent (Saunders and Manton,
1969). The small jugal bone is present in
the Rodentia (Vinogradov and Argipulo,
1941). Zygomatic arch is not complete in
many species of the order Insectivora
(Oktay, 1988). In this current study,
zygomatic arch was well developed and
composed of zygomatic process of
temporal bone, the temporal process of
zygomatic bone and a 3rd triangular jugal
bone. In the skulls of moles, there is usually
no bulla (Saunders and Manton, 1969). In
this study, a well-developed bulla
tympanica was also identified. The skulls of
adult rodents often bear crests
(Vinogradov and Argipulo, 1941).
Similarly, a significant nuchal crest lying
horizontally and the crista
sagittalisexterna were prominent.

In mole-rats and the African Giant Rat,
there are 4 processes of the ramus
mandibulae. In the present study, the
condylar process was larger than coronoid
process and condylar process was caudo-
dorsally directed in mole-rats. In mole rats,
the transit portion from the condylar
process to the angular process was
significantly curved in the GCR as also
reported in the mole rats, while it is linear
in badgers (Hidaka etal., 1998).

Therefore, we conclude that there is a
consistent sexual dimorphism in the skull
of the GCR. This study provided baseline
research data on the skull typology of the
GCR and will be useful also in the clinical
management of this animal.
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