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Characteristics of External and Cranial Morphological Characters
of Asian Lesser White-Toothed Shrew (Crocidura shantungensis)
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Abstract - This study was conducted to screen the characteristics of external and cranial characters
of Crocidura shantungensis collected from Korean Peninsula, Ulleung Island and Jeju Island.
There were significant differences in head-body length (HBL), tail length (TL), ear length (EL),
and hind foot length (HFL) in males and HBL, TL, and HFL in females among three populations
(p<0.05). The HBL and TL in the Jeju Island population were larger (8.0 mm and 4.0 mm in
lengths, respectively) than those of the Korean Peninsula population. Based on skull analysis, a
total of thirteen traits showed significant differences among the three populations (p <0.05). The
condylo-insicive length (CIL), maximum width of brain case (MWB), mandibular length (ML),
and mandibular height (MH) in the Jeju Island population were significantly larger than those
of Korean Peninsula population (p <0.05). Principle component analysis (PCA) showed that two
principle components (PC) identified from the PCA affected on the body size and width of the
skull, respectively. Discriminant analysis revealed that these populations could be discriminated
through skull traits. These findings concluded that the Jeju Island population was greater in the
size than the Korean Peninsula, suggesting that the Jeju Island shrews have successfully adapted
to the island environments and they had morphologically differentiated during glacial period after
natural immigration into that Island. Thus, this study supports the ‘Island Rule’, showing that the
population is well adapted to the island environments. This may provide important information for
biogeographical and ecological studies on insular animals.
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Fig. 1. Map showing the collection sites of Crocidura shantun-
gensis in Korean Peninsula, Ulleung Island and Jeju Island.
The number in the parenthesis indicates the number of indi-
viduals collected and used in this study.
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Table 1. Comparison of the morphological and skull characters of Crocidura shantungensis collected in Korean Peninsula, Ulleung Island

and Jeju Island
. Male Female
Character
Korean Peninsula Ulleung Island Jeju Island Korean Peninsula Ulleung Island Jeju Island
BM 47+0.15(2) _ 6.63+£0.21(47) 5.7+£0.86(4) _ 6.18+£0.17(39)
45~48 4.1~9.7 4.0~8.0 42~9.1
HBL 61.69+2.14(8)" 61.93+1.55(3)" 7138+0.68(51) 61.62+2.49 (6)" 66.67£387(3)"  69.71%0.90 (43)"
49.97~69.12 59.49~64.81 57.71~82.32 51.91~69.69 62.26~74.39 51.29~80.2
TL 4159+1.07(9)"  4593+145(3)" 46.46+0.45 (51)° 39.77+1.41(6)" 4395+295(3)"  45.12+0.35(43)°
38.49~48.46 43.43~48.46 38.53~54.15 34.68~43.90 38.67~48.86 40.46~49.96
EL 704£0.20(8) 6.31£0.10(3)" 7.62%+0.10 (46)" 6.81£0.30 (6)" 6.72£0.10 (4)" 7.59+0.09 (42)°
6.17~7.89 6.17~6.51 523~9.17 6.01~7.92 6.46~6.92 6.07~8.77
HFL 1146£0.15(9)°  12.04£0.183)" 12.78£0.08 (51)" 11.65+0.24 (6)" 11824030 (4"  1251%0.09(43)"
10.93~12.38 11.78~12.38 11.76~14.59 11.12~12.42 11.29~12.63 11.35~13.84
CIL 17.70£0.21 (8)" 17.86£0.11 (6)" 19.15£0.07 (24)° 17.33£0.11 (5)" 17.58£0.14(8)" 18.81+0.10 (26)°
16.78~18.43 17.59~18.25 18.55~20.14 17.05~17.60 16.82~18.25 17.75~19.66
MCL 16.92+0.23(8)" 17.04+0.12(6)" 18.37£0.09 (26)" 16.58£0.07 (6)" 16.84£0.15(8)" 18.06%0.10 (27)"
15.92~17.81 16.71~17.43 17.61~19.38 16.42~16.83 16.04~17.54 17.02~19.03
MWB 8.11£0.10(8)" 8.33+0.07 (6)° 8.47+0.03(25) 7.95+0.06 (6)" 8.25+0.08(8) 8.32+0.03(27)
7.81~8.64 8.17~8.64 8.23~8.78 7.72~8.07 7.83~8.51 791~8.57
OB 3.40+0.03(7) 3.40+0.03(6) 3.49+0.02(27) 3.31+0.04(6) 3.44+0.03(8) 3.44+0.02(27)
3.29~3.57 3.30~3.51 3.26~3.71 3.16~3.40 3.31~3.56 325~3.69
WI 1.78 £0.03 (8)" 1.75£0.03 (6)° 204%0.02(27)° 1.63+0.04 (5)" 1.70+£0.01 (8)" 19+0.02(27)°
1.69~1.95 1.64~1.88 1.71~2.25 1.51~1.76 1.65~1.75 1.69~2.14
WM 5.20%0.09 (8)" 5.20+0.03 (6)" 544+0.03(27) 5.01+0.05(5)" 5.14+0.05(8)" 536+0.02(32)"
495~5.77 5.11~5.31 5.11~5.79 4.84~5.15 491~535 5.09~5.62
WU 2.31£0.04(8)" 2.36+0.03(6)" 2.5240.02(27) 2.27+0.02(6)" 2.32+0.03(8)" 249+0.01(33)
2.11~2.44 2.22~244 2.36~2.71 2.19~2.35 220~2.41 2.35~2.68
LM 442+0.05(8)" 4.46+0.05(6)" 4.68+0.02(28)" 4.29+0.04 (6)" 4.40£0.04(8)" 4.64+0.02(34)
421~4.64 4.29~4.64 4.48~499 4.18~4.44 4.26~4.55 437~493
UT 7.57+0.11(8)" 7.68+0.08 (6)" 8.14%0.05(26)° 741£0.06(5)" 7.52+0.08(8)" 8.07%0.04(34)
7.19~7.90 7.38~7.90 7.71~8.61 7.27~7.62 7.09~7.84 743~84
PL 6.90+0.13(5)" 6.98+0.13(5)" 7.5740.04(25) 6.77+0.08 (6)" 6.92+0.11 (7)" 7.45£0.05(30)°
6.65~7.35 6.62~7.35 7.31~8.12 6.58~7.12 6.51~7.26 7.06~7.88
PPL 7.88+0.11(7)" 8.08+0.07 (6)" 8.57+0.07 (26) 7.76+0.11(6)" 7.92+0.11(7)" 8.42+0.06(27)
7.50~8.34 7.89~8.34 7.89~9.24 7.27~8.09 745~8.37 7.77~8.96
PGW 5.41£0.09(7)" 5.56+0.08 (6)" 5.57+0.04(27) 5.28+0.04(6) 5.46+0.08(8) 541£0.03(27)
5.18~5.86 5.30~5.86 522~6.13 5.10~5.39 5.06~5.71 5.05~58
ML 10.76£0.15 (8)" 10.86£0.14 (6)* 11.49%0.05(28)" 10.44£0.07 (6)" 10.61£0.08 (8)" 11.4240.0527)°
10.14~11.27 10.36~11.27 10.96~12.17 10.24~10.66 10.10~10.82 10.92~12.01
LTL 6.92+0.07 (8)" 7.0110.06 (6)" 748+0.04(28)° 6.7910.04 (6)" 6.91+0.05(8)" 744%0.03(27)
6.60~7.18 6.76~7.16 6.82~79 6.65~6.93 6.67~7.12 7.16~7.73
LML 3.68+0.04(8)" 3.70+£0.04(6)" 39+0.02(28) 3.55+0.03 (6)" 3714002(8) 3.85+0.02(27)
3.52~3.80 3.54~3.83 3.64~422 3.40~3.62 3.62~3.81 3.68~4.05
MH 4.14£0.04(8)" 420£0.04(6)" 455+0.03(28) 4.03£0.06 (6)" 4.03£0.03(8)" 441£00327)
3.94~4.29 407~4.33 4.09~4.89 3.79~4.24 3.87~4.11 4.04~4.82

Superscripts within the same row indicate the significant difference between groups at 0.05% threshold level.

The number within parentheses is number of individuals used in measurements.
l, abbreviations of each trait indicate: BM, body mass; HBL, head-body length; TL, tail length; EL, ear length; HFL, hind-foot length; CIL, condylo-insicive
length; MCL, maximum cranial length; MWB, maximum width of brain case; IOB, interorbital width; WI, width across incisors 11 —11; WM, width across
molars M2-M2; WU, width across unicuspids U3-U3; LM, length of molariform tooth row; UT, upper tooth row length; PL, palatal length; PPL, post-palatal
length; PGW, post glenoid width; ML, mandibular length; LTL, lower tooth row length; LML, lower molar row length; MH, mandibular height.
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Table 2. Principle components analysis of skull characters of Cro-
cidura shantungensis

Table 3. Discriminant analysis of skull characters of Crocidura
shantungensis

Variable PC-1 PC-2
CIL 0.973 —0.099
MCL 0.967 —0.081
ML 0.961 —0.120
LTL 0.943 —0.187
uT 0.938 —0.102
PL 0.928 —0.086
LM 0.896 —0.165
wu 0.892 0.062
PPL 0.890 —0.022
WM 0.886 0.157
MH 0.883 —0.048
LML 0.818 —0.267
WI 0.811 —0.063
MWB 0.805 0.352
I0B 0.562 0.485
PGW 0.552 0.671
Eigenvalue 11.990 1.027
Variation explained 74.9% 6.4%

Abbreviations of each trait indicate: CIL, condylo-insicive length; MCL,
maximum cranial length; ML, mandibular length; LTL, lower tooth row
length; UT, upper tooth row length; PL, palatal length; LM, length of
molariform tooth row; WU, width across unicuspids U3-U3; PPL, post-
palatal length; WM, width across molars M2-M2; MH, mandibular height;
LML, lower molar row length; WI, width across incisors I1-11; MWB,
maximum width of brain case; IOB, interorbital width; PGW, post glenoid
width.

o] MWBE e oo 7H &1, SR E-AFEE 2

7] 27 gl ALE YEsT I0B &8 Ate] YH)= &
-5 % Ab], ESE-AFE Ato] A 7F KAl
L (p>0.05), SRI=-AF= 7kl FoApgE Rl it
(p<0.05). PGWE &A Atolo| A 284 et 7t zpo] 7} ¢

Atk(p>0.05).

AEFH e FAZY F7)E I v wek Ay},
Ao AFrY £AS| HE F él‘% of vl AA|HoR
B FAEY 27171 e, gAY Ho= A AFE
o] shite | 5% F Ao vlg) & &4, 18, 7, 1
g1 oo FE o] E AFE Bk

2AFES PUE, ST WY F

Ak ¥ S Pejo] xo]E u|waly] ¢35 PCA &
4 ZA3H= Table 29} Fig. 201 YeRH ST 44+ (principle
component, PC)& 2712 FFE ™ (Table 2), FAHEE
o &3t scattergramo]| A AA|Z o2 271 9] clusters B3}
+ o2 Yeylth(Fig. 2). A HA cluster= PC-1°] 2|3}
A g9l g Felo] EEST glom PHE-LFE Hol
ZEH JHE FHotHT T HA clustere AFE AT
S30] Rudoz FPuo] eyt PC-1, 2 HA 2

Canonical variate

Variable
1 2 3
LTL 0.734 0.241 0.110
MCL 0.598 0.284 0.057
CIL 0.591 0.294 0.031
ML 0.554 0.213 0.160
uT 0.534 0.179 0.112
PL 0.530 0.207 0.007
MH 0.524 0.359 -0.233
WM 0.499 0.444 0.123
LM 0456 0.210 0.235
wu 0.450 0.300 0.210
LML 0413 0.301 0.260
PPL 0.383 0.265 0.169
MWB 0.295 0.663 0.365
PGW 0.110 0.539 —0.102
WI 0.466 0.481 —0.384
10B 0.143 0.298 0.029
Eigenvalue 7.009 0.905 0.299
Variation explained ~ 85.3% 11.0% 3.6%

Abbreviations of each trait indicate: LTL, lower tooth row length; MCL,
maximum cranial length; CIL, condylo-insicive length; ML, mandibular
length; UT, upper tooth row length; PL, palatal length; MH, mandibular
height; WM, width across molars M2-M2; LM, length of molariform tooth
row; WU, width across unicuspids U3-U3; LML, lower molar row length;
PPL, post-palatal length; MWB, maximum width of brain case; PGW, post
glenoid width; WI, width across incisors 11-11; IOB, interorbital width.

Abol 81 3%AEE AWste Aoz Uehgon zkz A
o] 74.9%, 6.4%2 AHsATH A2 QHAZS PC-1
o distel AbE 2E FHo] 050149 g Heref 3
W5 AYy AlFE O A Aol FEiEA A}
ol FAE AAAQ 2717t A Toste 2HE A
PC-29] A= PGW, IOB, MWB7} H| 2 &2 gt} oFo] A

S
£

o

o] Qi Ao Ueht £AZ 2 vu] Fo] VA
of 919itt.

3.DA 24 2%

SR 16714 §7 o] 4 WEEY (DA) A3t WY
4 Function-1, 2, 39| 2|3l AA| 2] 89.4%71 AEH3]
TEE AT FdHF o 93t scattergrame A|FE & F
S e E AT AtoloA T35 FEE FHE
e )Ltk (Fig. 3).

A WA FEe (Function-1)9] eigenvalue= 7.009, &
HA S (Function-2)9] eigenvalues= 0.905, Al HA|
IS4 (Function-3)9) eigenvalue:= 0.2992 UERgETH
Z 167019 F71= ¥3& 3= Function-194+ LTL (o} € %]
do| Zo])9] wgo] 7H} A, I thF 22 MCL, CIL,
ML, UT, PL, MH, WM, LM, WU, LML, PPL 5°] <At
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Fig. 2. Scattergram of the principle component analysis factors of
Crocidura shantungensis.
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Fig. 3. Scattergram of the discriminant analysis of Crocidura shantungensis.
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