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Abstract: [Objectives] Rodents act as crucial hosts in transmitting diseases such as the plague. Having
efficient methods to identify rodent species is essential for disease prevention. Species are typically identified
based on morphological features such as fur and body structures in the field. However, rodents are highly
diverse and have variations within and between species. Examining stable and sturdy skulls can help identify
the species considering the unreliability of external appearance. Currently, there is limited research on the
morphological distinctions of rat mandibles. We aimed to explore the morphological differences among four
rat species in the Yunnan Province, including Rattus tanezumi, R. nitidus, R. norvegicus and R. andamanensis,
and provide more efficient and accurate classification criteriafor species identification. [M ethods] We carried
out traditional linear measurement analysis and geometric morphometrics analysis on 40 mandibular
specimens (10 for each species). One-way ANOVA analysis was employed to examine the differences in
traditional measurements. Principal component analysis, canonical variable analysis, and phylogenetic signal
test were used to analyze the differences in the geometric morphology of the mandibles of the four Rattus
species. The accuracy of different methods for species identification was tested by Bayes discriminant analysis
and function discriminant method. [Results] There were overall significant differences in mandibular length,
length of the molar row, mandibular height, and length of the diastema between the four species, with the
difference between R. tanezumi and R. andamanensis being the most prominent (Table 1). The results of
geometric morphometrics showed that the mandibular morphology of R. tanezumi was similar to that of R.
andamanensis, and the mandibular morphology of R. tanezumi was the most different from that of R. nitidus.
The morphological differences of the mandible between four species were mainly detected in the coronoid,
angular, and condylar processes (Fig. 4 and 6). The species classification accuracy results of Bayes discriminant
analysis and discriminant function analysis both showed that the two methods have considerable reliability in
species classification accuracy (Table 2 and Fig. 7). [Conclusion] The mandibular morphology can be used as
the basis for the identification between the four species. The geometric morphometrics analysis method can
help identify species between the four Rattus species. In subsequent studies, this method can be applied to
verify additional groups to obtain more extensive information on morphological differences. Thiswill serve as
areference for species identification, further promoting the control and prevention of rodent-borne diseases.
Key words. Small mammals; Morphometrics; Species classification; Canonical variate analysis; Phylogenetic
signals
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Fig. 1 Sketch map of mandibular landmarks
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1. The most concave point of the curve between coronary process and
ankle process; 2. Tip of coronoid process; 3. Molar aveolar to
ascending branch inflection point; 4. Molar teeth anterior border; 5.
The most concave point of diastema; 6. Incisor aveolar anterior
dorsal upper end point; 7. Incisor aveolar anterior dorsal lower end
point; 8. The lowest point on the ventral surface of horizontal branch;
9. Posterior vertex of angular process; 10. Posterior vertex of ankle
process; 11. Inflection point of anterior and posterior edge of ankle
process; 12. Ankle process anterior margin; 13. The most apex of the
ventral surface of horizonta branch; 14. The lowest point of the
ventral margin of the angular process; 15. The most concave point of
the curve between the ankle process and the angular process.
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Tablel Bonferronitest of the measurementsof mandibular characteristics among four Rattus species

H#1E Characteristics

YyFh Species

FREAE JEKHE: Bonferroni test

P ZE Mean's difference (I-)) P

THUE K Mandibular length (n=40) 3R vs.SEZ% 14 iR R tanezumi vs. R andamanensis - 2,055 <0.001
T %% Length of the molar row FHiIER vs K& iR R tanezumi vs. R nitidus - 0.342 0.022
(n=40) T B vs. B %5 iR R tanezumi vs. R. andamanensis -0.843 <0.000
R vs. B4 15 il R norvegicus vs. R andamanensis - 0.673 <0.001

KA B vs. B2 U5 B R nitidus vs. R. andamanensis - 0.501 <0.001

i Es Mandibular height (n=40) KA R vs. B2 14 B R nitidus vs. R. andamanensis - 0.893 0.029
TR Length of thediastema (n=40) #i i vs#5 % R R tanezumi vs. R. norvegicus - 0.665 0.021
HE R vs. B4 1k i R tanezumi vs. R. andamanensis - 0.776 0.005
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measurements of mandibular characteristics
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Table2 Bayesdiscriminant analysis classification results of mandibular characteristics

T ZH A% 7% Prediction group members

bai! — Bt
Group B B, K2R (e B R Totd

R. tanezumi R. nitidus R. norvegicus R. andamanensis
i) . Rattus tanezumi 70 10 20 0 100
2 X gk 72 B R nitidus 0 70 20 10 100

Cross-validated j(i .l i

(%) #2 B R norvegicus 20 10 70 0 100
=21 i, R andamanensis 0 20 0 80 100
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Fig. 3 Scatter plots of the principal component PC1, PC2 and PC3 of the lateral mandible
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Fig.4 Thin platespline(TPS) and vector diagram of each coordinate axis of principal componentsof lateral mandible
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al & a2,cl & c2 and el & €2 are the deformation maps represented by the minimum values of the first three axes, respectively. bl & b2, d1 & d2

and f1 & f2 are the deformation maps represented by the maximum values of the top three axes, respectively. The deformation map represents the

difference from the average shape.
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Fig.5 Scatter plot of canonical variate (CV)

analysis of lateral mandible

K3 AMEXRTHEMEESS KER
(10 000 R E R K%
Table3 Mahalanobisdistance of lateral view of
mandiblein four Rattus species (10 000 repetitions)

KA [ESE P B
R nitidus R norvegicus R.tanezumi

¥ B, Rattus norvegicus 8.716 7

H B R, tanezumi 82247 9.2933
24U R andamanensis 8.314 2° 9.8301° 82744

* P<0.001

WR AT K2 RAEER TPS K E7E A
1. 2. 3. 9. 14, 15, 10 fFEMEER, HBK
B K BRAH G T AR TS RN iR R 5 2R
RRF KR, FTHNIIKZR, ARETK,

F R BRI LRI AL AR BN BE RS AR,
BRR N5 K2 RABELEU R TPSE 1
S 1. 3. 8. 14, 9, I5fFEMEXER, B
Vi R 5 KR RAH L FalE & RN A RAD
4, FHEWFIKARE, EAHETEK, AREK
e ARG ERIEL I 5 B BEER
Hey 2% BRI B IR R TPS ¥ - 7E A8 2. 14, 10, 11,
12, 8 fAfE R, R SH\KEAML T
B SR MRBME, FFHEK, f
RAFGE, ARGERIGELTT OB KR AEHE K,
BRI S MR AN B B TPS Bl E7E A1
1. 3. 8. 14, 9. I5fFEHEE R, BXRRE
P25 R LR AIE T A R IR e R 9 AR 4
K. TAGIKRE., FTHAK. AR
R AREGIRISEL I T ER . FEEE A,
SHRER-BRR. KER-EEUR. BFER-
B B L T SR - DR U BRI A8 BRI 4
#RIAF 80% 1 LA I, X #6555 Bt - B 2 1A BRL A8 L
IESSIESE Rk, 4 60%.
23 THERZLKRBEESHT

DAF AE P I TS IR BE B AL R R B R
R (PR 8a) AR ER, MR EALE
REAN—, BERMREBREEREAN K 5
PAZRRifA Cyt b JE[F T HIM I R G K B W4
BHIFE (BT 80). RGEKBEESHHEM
K6 4h B R Is 9) £H, 4R R aE
AEREE TS (K=0.624, P<0.05),

3 Wit
FRBEFMREZ, EREE, EEGIEE
S EAFAETZ R WA AR AR L, XS

R4 AFFKBADRESHE KR & P (10 000 KERKK)

Table4 Procrustesdistance of discriminant function analysis between four Rattus species (10 000 repetitions)

K2 B R nitidus

% 5. Rnorvegicus M B, R, tanezumi

% %% . Rattus norvegicus 0.040 97765
/i 5. R tanezumi 0.04397765
244 B, R andamanensis 0.04283283™

0.038919 98"

0.039053 61" 0.029 377 24

*P<0.05 **P<0.01, *** P<0.001
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