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Abstract: In this study adult common and golden palm civet mandibles were analysed by geometric morphometric method. For this
purpose, the materials were photographed in accordance with the procedure and analysed using computer programs. No allometric
component was detected in the comparison of the mandibles. The first principal component defined 28.657% of the total shape variation
in the mandibles of the two groups that were analysed with a total of 19 landmarks. The samples were largely separated from each other
in the principal component analysis. The shape differences were mostly in the caudal of the mandible. Also, in the common palm civet
mandible, the mental foramina were located more ventrally from the premolars edge than in the golden palm civet. It is thought that
the information obtained as a result of the study will contribute to the studies of understanding the taxonomic difference or similarities

in terms of two species.
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1. Introduction

Paradoxurus [1] is a genus belonging to the family
Viverridae of the order Carnivora [2]. This genus includes
three breeds: golden palm civet (Paradoxurus zeylonensis,
PZ, Sri Lanka), brown palm civet (Paradoxurus Jerdoni,
PJ, Indian Western Ghats), and common palm civet
(Paradoxurus Hermaphroditus, PH, South and Southeast
Asia). These species are mostly nocturnal and fruit-loving
animals. The palm civets also consume species such as
insects, worms, mollusks and small vertebrates [3].

The determination of shape differences by statistical
analysis of coordinates of homologous landmarks is
possible with the geometric morphometry (GM) method
[4-6]. Geometric morphometry is a method that can
determine phylogenetic relationships in mammalian
skulls or mandibles [7-11]. Common and golden palm
civets can be easily distinguished from each other by
their phenotypic characteristics (hair colour, head width,
etc.) [12]. However, the benefit that can be obtained from
this distinction is limited to current forms. Therefore, in
order to make inferences about the past of the civet, it is
necessary to elaborate the analysis on the bones of the
current forms. In the study, it was aimed to investigate the
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common and golden palm civet mandibles by geometric
morphometric method, and the answers to the following
questions were sought:

- To what degree are the shape differences or similarities
between the mandibles of the two civet species?

- If there are differences in shape, at which points of the
mandible are these differences concentrated?

- Can shape differences be used to distinguish between
two civet species? Could these perhaps be considered pilot
study findings?

2. Materials and methods

2.1. Materials

In the study, 7 common (PH) and 11 golden palm civet
(PZ) mandibles of adults were used. Materials were
obtained from different regions of Sri Lanka (Table 1,
Figure 1). There were no pathological conditions in these
samples.

2.2. Geometric morphometric analysis

Palm civet’s left mandible was photographed laterally,
focusing on the fourth premolar tooth. Mandibles
were photographed from a distance of 20 cm. Nineteen
homologous landmarks were defined on the photographs

This work is licensed under a Creative Commons Attribution 4.0 International License.
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Table 1. Locations of animals obtained from Sri Lanka.

Individuals No Place

PZ1 Knuckles Walpolamulla
PZ2 Knuckles Illukkumbura
PZ3 Sinharaja Pitakele

PZ4 Kurunegala Boyagoda
PZ5 Matale Rattota

PZ6 Bibile Lunugala

PZ7 Thabana Monaragala
PZ8 Knuckles Illukkumbura
PZ9 Thabana Monaragala
PZ10 Nuwaraeliya Hagalla
PZ11 Kandy Lake round
PH1,2,3,6,7 Katubedda

PH4 Knuckles Meemure
PH5 Pannala

PH: Paradoxurus hermaphroditus, PZ: Paradoxurus zeylonensis.

(Figure 2). These landmarks were marked in the TpsUtil
(Version 1.79) [13] and TpsDig2 (Version 2.31) [14]
programs. As a result, x and y Cartesian coordinates
of homologous anatomical points in the mandible
were determined. TpsSmall (version 1.34) program
was used to determine the accuracy of the landmarks
[15]. Accordingly, the uncentred correlation value was
determined as 1.000000, while the root mean square error
value was determined as 0.000005. These results proved
that the landmarks were marked correctly.

2.3. Statistical analysis

Superimposition of the mandibles was achieved by
performing General Procrustes analysis (GPA) in order
to eliminate the differences in the position, placement or
size of the mandible in the photographs. In the study, PCA
analysis was performed on the new coordinates obtained
by GPA to determine the shape variation between groups.
Thus, the degree of separation of the samples according
to the group was determined by using covariance analysis
among the factors [16]. In the principal component analysis,
the results were determined as a percentage value and how
the samples were separated from each other was shown
on the graph. Two t-tests were performed to compare the
Procrustes coordinates between groups. Morpho] program
was used to determine the points of shape differences in the
mandible [17]. Principal component analysis and classical
cluster analysis (CA) were performed in PAST (Version
4.02) program [18]. Allometry and canonical variance
analysis (CVA) were performed in Morpho] program.

Figure 1. Locations of animals obtained from Sri Lanka. Red:
common palm civet, green: golden palm civet.

3. Results

The reports of principal components analysis were
presented in Table 2. There were 17 principal components in
total. It was found that 28.657% of the total shape variation
was explained by the first principal component and the
first three principal components explained 61.089% of the
total shape differences. An evident difference in refraction
was observed between the first and second principal
components. The distribution of individuals according
to the first principal component was shown in the graph
in Figure 3. A sample (PZ2) took place at the intersection
of the groups with reference to first principal component
(PC1) graph. PH samples (approximately 57%) were
clustered more in the second region (x: -, y: +), while PZ
samples (approximately 54%) were more clustered in the
fourth region (x: +, y: -).

The hierarchical distribution of individuals was shown
in the graph in Figure 4. In this graph, it was seen that
individuals other than PH1 (Number one common palm
civet) and PZ1 (Number one golden palm civet) were
concentrated in their own groups.

The Procrustes coordinates of the two civet groups
were statistically significant. These results are presented in
Table 3. In this table, the statistical differences were seen
in y coordinates in LM1, LM2, LM3, LM12, LM16, and
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Figure 2. Landmarks, LM1: the most oral edge of the incisive teeth, LM2: anterior edge
of canine, LM3: posterior edge of canine, LM4: posterior edge of P1, LM5: posterior
edge of P2, LM6: posterior edge of P3, LM7: posterior edge of P4, LM8: posterior edge
of M1, LM9: posterior edge of M2, LM10: anterior corner of coronoid process, LM11:
posterior corner of coronoid process, LM12: mandibular notch, LM13: anterior edge of
condyloid process, LM14: posterior edge of condyloid process, LM15: the midpoint of
margo caudalis on mandible, LM16: angular process, LM17: flattening point of ventral
edge of mandible, LM18: posterior mental foramen, LM19: anterior mental foramen
(LM: landmark, P: premolar tooth, M: molar tooth).

Table 2. Results of the principal component (PC) analysis.

PC Eigenvalue % Variance PC Eigenvalue % Variance
1 0.000494305 28.657 10 3.43148E-05 1.9893

2 0.000357048 20.699 11 2.88908E-05 1.6749

3 0.000202394 11.733 12 1.90369E-05 1.1036

4 0.000155598 9.0206 13 1.53437E-05 0.88952

5 0.000128276 7.4366 14 1.2374E-05 0.71737

6 0.000102448 5.9392 15 8.01031E-06 0.46438

7 5.80275E-05 3.3641 16 5.44317E-06 0.31556

8 5.52011E-05 3.2002 17 3.33305E-06 0.19323

9 4.4884E-05 2.6021

LM19, and in x coordinates in LM 14, LM15, LM16, and
LM17.

Regression analysis was performed to determine the
predictability of mandible size related changes of shape
in civets. According to this results, a rate of 5.6913% was
obtained (p: 0.4805 at 95% confidence interval). In civet
groups, 18.6982% of the shape determined by the first
principal component could be predicted by size (p: 0.0507).
No allometric component was found. These results proved
that variations in mandible shape were not dependent on
size.

The shape differences of the landmarks that marked on
the mandible were specified in Figure 5 according to the
first and second principal components. These differences
in the first principal component became evident in LM10,
LM11, LM15, LM16, LM17, and LM19. The distinct shape
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differences in the second principal component were in
LM7, LM8, LM9, LM10, LM11, and LM17.

The localization of the civet mandibles within the
canonical variant was determined by canonical variance
analysis. As a result of this analysis, the landmarks of
the shape in first canonical variance (CV1) and the
first principal component (PCl) were largely similar.
Mahalanobis distances were determined as 3.3874
and Procrustes distances as 0.0262 (p: 0.0003). Shape
differences (in wire-frame warp graph) detected in the
civet mandibles according to the groups were presented
in Figure 6. In this graph, homogeneous distribution of
frequency between groups was observed. The mandible
of the common palm civet was higher at the mandibular
ramus level than the golden palm civet. In the common
palm civet mandible, the mental foramina were located
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Component 2

Component 1

Figure 3. Graphical representation of the civet mandibles according to the first principal component. Red: common palm civet, green:

golden palm civet.

more ventrally from the premolars, and the mandibular
notch was sharper than in the golden palm civet.

4. Discussion

In the study, the mandibles of two civet species belonging
to the genus Paradoxurus were examined by geometric
morphometric methods. In this study, firstly, the effect
of taxonomic relationship on the shape of the mandible
was tried to be determined. Although the number of
materials was initially considered sufficient, the inability
to standardize living conditions constituted the limit of the
study. Considering the degree of difficulty associated with
conducting scientific studies on exotic species, conducting
such a study may present difficult information to the
literature. This shows that the limits of the study are at a
tolerable level.

Members of the order Carnivora can be grouped into
hypercarnivores, insectivores, omnivores, fish eaters, and
herbivores. Therefore, this team has a wide range of dietary
habits. Studies have shown that allometric and phylogenetic
models result from shape-function relationships [11]. The
mandible is a bone that is responsible for catching, piercing,
cutting and shredding food. Therefore, diet and nutritional
behaviour are closely related to the shape of the mandible
[19, 20]. In addition, the chewing muscles that provide
the movement of the mandible also affect the mandibular
growth morphology [21]. The synchronized movement
of the chewing muscles controls the jaw movement and
chewing force [22].

FH2
FI3
PHT
FH4
PHS
PH6

0.05251

g

0.0600

0.0675+

Figure 4. Hierarchical graph of civets. Red: common palm civet,
green: golden palm civet.

Giirbiiz et al. [9] compared the wolf and dog mandibles
of the order Carnivora with the geometric morphometric
method and found that the shape differences were more
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Table 3. Statistical analysis of the two t-test of the landmark

coordinates.

Landmarks X y

LM1 NS S (0.00638136)*
LM2 NS S (0.0358)*
LM3 NS S (0.002646)*
LM12 NS S (0.044127)*
LM14 S (0.043842)* NS

LM15 S (0.0056086)* NS

LM16 $(0.0026775)* S (0.038242)*
LM17 S (0.00045353)* NS

LM19 NS S (0.002797)*

NS: no significant, S: significant, *: p values.

Figure 5. Wireframe graph in first and second principal components (PC1 and PC2).
The red plots indicate the positive limit of the PC1 and PC2.

concentrated in the mandibular ramus according to the
first principal component. HadZiomerovi¢ et al. [23]
determined the shape change of the mandible between
the red fox and golden jackal using 10 landmarks. In
their study [23], it was stated that the ventral edge of the
mandible is more convex in the golden jackal, while the
dental arch is longer in the fox. They also reported that
the condyloid process of the jackal is wider and stronger,
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and the angular process was angled more sharply in jackal
than in fox. In our study, similar to the literature [9, 23],
the most shape variation was observed in the landmarks
representing the caput, ramus and mandibular angle
between the two civets species. Considering that the
nutritional habits are similar for the two civet species,
these differences may be significant in terms of taxonomic
distinction.



GURBUZ et al. / Turk ] Vet Anim Sci

Frequency

b

Canonical variate 1

Figure 6. The results of the shape differences of mandibles by canonical variance analysis. a: wireframe
warp graph, b: frequency graph, red: common palm civet, green: golden palm civet.

In conclusion, the shape of the mandible in common
and golden palm civets was similar at the points
representing tooth level but different at points where the
masticatory muscles are functional. An important point
in terms of shape difference was that the mental foramina
in the common palm civet were located more ventrally
from the premolars edge than in the golden palm civet.
This was noted as a significant difference considering the
inability to detect an allometric component. When all the
findings of the study were evaluated, it was concluded
that the mandibles of the two civet breeds could be used
in taxonomic distinction. However, it can be offered

References

1. Cuvier PE The integrated taxonomic information system. In:
Saint-Hilaire GE and Cuvier F (editor). Martre des palmiers.
Histoire Naturelle Mammifeéres; 1981. pp. 20-24.

2. Wozencraft WC. Order carnivora. In: Wilson DE, Reeder
DM (editor). Mammal species of the world: a taxonomic
and geographic reference. Johns Hopkins University Press,
Baltimore, Maryland; 2005. pp. 532-628.

as a suggestion to reach more comprehensive data by
increasing the number of materials and including brown
palm civet samples.

Acknowledgement/disclaimers/conflict of interest

The authors declare that they have no known competing

financial interests or personal relationships that could have

appeared to influence the work reported in this paper.
This research did not receive any specific grant from

funding agencies in the public, commercial, or not-for-

profit sectors.

3. Jennings AP, Veron G. Family viverridae. In: Wilson D and
Mittermeier RA (editor). Handbook of the mammals of the
world. Carnivores lynx edicions, Barcelona; 2009. pp. 174-226.

4. Bookstein FL. Morphometric tools for landmark data: geometry
and biology. Cambridge University Press, Cambridge, UK;
1991.

67



10.

11.

12.

68

GURBUZ et al. / Turk ] Vet Anim Sci

Mitteroecker P, Gunz P. Advances in geometric morphometrics.

Evolutionary Biology 2009; 36: 235-247. https://doi.
0rg/10.1007/s11692-009-9055-x
Slice  DE. Geometric morphometrics. Annual Review

Anthropology 2007; 36: 261-281.

Demiraslan Y, Ozgel O, Girbiiz I, Zimre O. The mandibles
of the Honamli and Hair goats Capra hircus a geometric
morphometric study. Ankara Universitesi Veteriner Fakiiltesi
Dergisi  2021; 68: 321-328.  https://doi.org/10.33988/
auvfd.759964

Demircioglu I, Demiraslan Y, Giirbiiz I, Dayan MO. Geometric
morphometric analysis of skull and mandible in Awassi Ewe
and Ram. Kafkas Universitesi Veteriner Fakiiltesi Dergisi 2021;
27: 43-49. https://doi.org/10.9775/kvfd.2020.24714

Giirbuiz 1, Aytek Al, Demiraslan Y, Onar V, ()del 0. Geometric
morphometric analysis of cranium of wolf (Canis lupus)
and German shepherd dog (Canis lupus familiaris). Kafkas
Universitesi Veteriner Fakiiltesi Dergisi 2020; 26: 525-532.
https://doi.org/10.9775/kvfd.2019.23841

Giirbiiz I, Demiraslan Y, Rajapakse C, Weerakon DK, Fernando
S et al. Skull of the Asian (Paradoxurus Hermaphroditus) and
the golden (Paradoxurus Zeylonensis) palm civet: Geometric
morphometric analysis using palate, tooth and frontal
landmarks. Anatomia Histologia Embryologia 2022; First
Published. https://doi.org/10.1111/ahe.12847

Marcus LE, Hingst-Zaher E, Zaher H. Application of landmark
morphometrics to skulls representing the orders of living
mammals. Hystrix 2000; 11 (1): 27-47. https://doi.org/10.4404/
hystrix-11.1-4135

Groves CP, Rajapaksha C, Manemandra-Arachchi K. The
taxonomy of the endemic golden palm civet of Sri Lanka.
Zoological Journal of Linnean Society 2009; 155: 238-251.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Rohlf FJ. TpsUtil program version 1.79. Ecology & Evolution,
SUNY at Stone Brook, USA; 2019.

Rohlf FJ. TpsDig version 2.31. Ecology & Evolution, SUNY at
Stone Brook, USA; 2018.

Rohlf FJ. TpsSmall version 1.34. Ecology & Evolution, SUNY at
Stone Brook, USA; 2017.

Zelditch ML, Swiderski DL, Sheets HD. Geometric
morphometrics for biologists: a primer. Elsevier 2004.

Klingenberg CP. Morpho]: an integrated software package for
geometric morphometrics. Molecular Ecology Resources 2011;
11: 353-357. https://doi.org/10.1111/j.1755-0998.2010.02924.x

Hammer Q, Harper DAT, Ryan PD. PAST: Paleontological
statistics software package for education and data analysis.
Palaeontologia Electronica 2001; 4: 9.

Hildebrand M. An analysis of vertebrate structure. New York:
John Wiley and Sons; 1974.

Turnbull WD. The trinity therians: their bearing on evolution
in marsupials and other therians. In: Dahlberg AA (editor).
Dental morphology and evolution. Chicago, University of
Chicago Press; 1971. pp. 151-179.

Russel AP, Thomason JJ. Mechanical analysis of the mammalian
head skeleton. In: Hanken ], Hall BK (editor). The skull.
Functional and evolutionary mechanisms. The University of
Chicago Press, Chicago, Illinois; 1993. pp. 345-383.

Herring SW. Masticatory muscles and the skull: A comparative
perspective. Archives of Oral Biology 2007; 52: 296-299.
https://doi.org/10.1016/j.archoralbio.2006.09.010

HadZiomerovi¢ N, Gundemir O, Kovacevi¢ S. Mandible
size and shape of the red fox (Vulpes vulpes) and golden
jackal (Canis aureus). Advances in Animal and Veterinary
Science 2022; 10: 364-368. https://doi.org/10.17582/journal.
aavs/2022/10.2.364.368



	Are the mandible shapes of common (Paradoxurus hermaphroditus) and golden (Paradoxurus zeylonensis) palm civets different? A pilot study
	Recommended Citation

	tmp.1676905923.pdf.gNLiH

