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Geographic variation of morphological characteristics and female fecundity in different
populations of Rana chensinensis. YU Qing, CHEN Hui, ZHAO Wen-ge, LIU Peng” ( College
of Life Sciences and Technology, Harbin Normal University, Harbin 150025, China).

Abstract ; A total of 130 specimens from two Rana chensinensis populations were collected in this
study, with the Zhengzhou population ( Henan Province) being the southern part of the range and
the Zhalantun population (Inner Mongolia) being the northern part of the range. Female fecundity
and 26 morphological characters in males and females were measured to examine geographical
variation of different populations. The results showed that females were significantly larger than
males. The body size of Zhalantun population was significantly larger than that of Zhengzhou
population, which is in accordance with Bergman’ s rule. However, the length of the limbs was
also larger in the cold climate that does not conform to Allen’ s rule. Sexual size dimorphism in R.
chensinensis did not obey Rensch’ s rule. Females should be more sensitive to environmental
changes because they could grow faster than males in snout-vent length and weight which ensures
their greater reproductive success. The different variation trends in body sizes between females
and males across different environment imply the substantial differences in their adaptation
strategies, which should be the main reason for geographic variation in morphological
characteristics and female fecundity across different populations.

Key words: sexual size dimorphism; morphological variation; reproduction output; geographical
population ; environmental adaptation.
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B3 47 % B ( Meiri et al., 2003 ; Blanckenhorn er
al.,2004 ; Millien et al.,2006) ,

PP 508 LR AE WG 235 38 777 ( Shine, 1979
Woolbright , 1983 ; Kupfer, 2009 ) , i {1t Jk 1 1) Ji
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P, BRI CEIE AR R (B R, B E K
BEN a=0.05, B TEHEEA ESMERM T 22551k,
PRt SR AR R J7 22 0BT (ANOVA ) oAt K
FMARE i) 22 5, % FH 878 B Pearson AH ¢ M 70 B H
I A2 R IR S5 AR A DG | 2 3 AH G, T DA A
KRy U A5 £ HEAT I 7 22 43 B (ANCOVA) |, #5 AN AH
O WHEAT B PR 3R T 22 43 5 FH T M S 0 R B i
(SDI=1-SVL,, /SVL,, ) AR P E A B 22 5 e
i, Horp Sy, AR AR TR BN O 3 R K
SVL,, fCRRIE B R A R K . 18 F o
SRR 26 MEFRFRHEFT 2500 0T EREE KT
1) 3 35 MRS bR R i RN, K R e R I
13 AR SRR AR 4 o b gkt AT g
5 25 ey b A8 75 A [ B R PR 25 B4 PR ARRAE (5
BRI ZE U7 2257 B HH 56 ( Correlate ) 1 0] 5 ( Regres-
sion) SFSEG T TR IR TR 5 AR 1 4 % AR R
HZEBIRR

2 ERESH

2.1 R EAREE P S 3 B S
Hh ] b e 2 A b e 2 A A S A R SR 0T B



448 ERFIE B3 E 2
0 rmgEE Aa 0 Aa
O e
60 25
50 - Ab Ba
. Bb 20
£t C)
£ w15
K
ﬁ 30 ﬁ Ab Ba
10 +
20 b Bb
10 - 5 | h
0 ,
Hxm FM E (A= M
FhEE g

1 FERERRMEEKIGEENAERT

Fig.1 Sexual size dimorphism in snout-vent length and weight in different populations of Rana chensinensis
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Fig.2 Female morphological characteristics in different populations of Rana chensinensis
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F1 HEMERRMHBEESHENTEERE (FE.g; 4K . mm)
Table 1 SSD of morphological characteristics in different populations of Rana chensinensis ( Weight: g; Length: mm)
A 2R KRN BA FL2s R FRMFRE
AT W Tk HEVE Tk FEAE Wi i3 HEHE etk
(n=35) (n=35) (n=30) (n=30) (n=35) (n=35) (n=30) (n=30)
SVL 63.94+0.81 47.74£0.65 47.87£0.54 42.52+0.49 SL 32.91+0.45 25.97+0.44 27.14+0.31 22.04+0.31
(54.90~75.70) (41.80~54.80)  (42.28~52.27) (35.11~46.58) (27.33~37.13) (21.84~31.55)  (24.21~31.05) (18.65~24.65)
F g5=245.546,P=0.000 F, 5=54.118,P=0.000 F| =1.013" P=0318 F| 5=46.815" ,P=0.000
W 27.19+1.04 9.74+0.40 10.20£0.35 7.00£0.23 FL 34.08+0.39 27.21+0.47 27.11+0.30 21.08+0.29
(16.90~39.30)  (6.30~14.30) (6.70~14.50)  (4.70~9.90) (29.63~38.13) (22.07~32.80)  (24.37~31.33) (17.69~24.01)
F, g=243.187,P=0.000 F, 5=57.903,P=0.000 Fy =2706" ,P=0.105 F, =87.020" ,P=0.000
HL 18.37+0.28 14.48+0.23 13.28+0.36 12.08+0.15 MAL 3.89+0.06 3.11+0.07 3.10+0.06 2.90+0.04
(14.45~22.88) (12.55~17.43)  (4.16~16.83) (10.28~13.77) (3.13~4.83)  (2.38~4.05) (2.40~3.67)  (2.54~3.68)
Fy 63=16.534 * P=0.000 F, 5=9.485,P=0.003 F\ 6=0.736 " P=0.394 Fy 55=0.001 ", P=0973
HW 17.38+0.24 13.91£0.20 14.48+0.31 12.68+0.16 BW 5.51+0.08 4.34+0.06 4.11£0.07 3.66+0.05
(13.77~20.08) (12.00~16.33) (7.17~16.88) (10.49~14.46) (4.40~6.40) (3.60~5.00) (3.49~4.93) (3.08~4.21)
F, 6=8.048"  P=0.006 Fy 5=3.225%,P=0.078 F) =0.037",P=0.848 F, 5=0.623" ,P=0.433
SNL 8.61+0.12 6.69+0.08 6.13+0.08 5.64+0.08 THMT 2.93+0.06 2.30+0.05 2.51+0.06 2.07£0.05
(7.25~9.86) (5.65~7.98) (5.44~7.19) (4.55~6.28) (2.48~4.17) (1.85~2.96) (1.94~3.28) (1.40~2.68)
F| =0.044* P=0.835 F| 5=1.075" ,P=0.304 F gs=1.161" ,P=0.285 F, 55=28.058,P=0.000
IND 5.25+0.05 4.27+0.06 4.11+£0.06 3.50+0.06 MTM 15.31£0.19 12.89+0.13 12.77£0.16 10.84+0.11
(4.67~5.99) (3.43~5.43) (3.62~5.07) (2.90~4.18) (13.14~17.57)  (11.52~14.50)  (11.28~15.22)  (9.50~11.75)
F =T7.442% P=0.008 F 55=8.270" ,P=0.006 F 5=5.896" ,P=0.018 F, 5=24.362" ,P=0.000
10D 4.46+0.06 3.80+0.04 3.46+0.07 3.00£0.07 MTS 17.30£0.22 13.95+0.16 13.51£0.18 11.54+0.12
(3.74~5.23) (3.02~4.18) (2.36~4.10) (2.16~3.63) (14.91~20.33) (12.23~16.58)  (11.61~15.40)  (9.52~12.54)
Fy ¢=1.666" ,P=0.201 F) 55=22.338,P=0.000 Fy =0.867" ,P=0.355 F, 5=17.925% P=0.000
ULW 3.67+0.07 3.09+0.05 3.37+0.07 2.91+0.04 MTN 5.17+0.07 4.09+0.07 3.72+0.06 3.31+0.07
(2.96~4.61)  (2.10~3.85) (2.67~4.06)  (2.15~3.29) (431~5.93)  (3.16~5.14) (3.00~4.00)  (3.00~5.00)
F\ 5=3.956" ,P=0.051 Fy 55=3.453" ,P=0.068 Fi =0.009* ,P=0.923 Fy 55=0.571" ,P=0.453
EL 6.28+0.09 5.62+0.07 6.08+0.08 5.39+0.08 FL3 10.49+0.16 7.540.11 8.40+0.15 6.88+0.12
(5.44~7.74)  (4.92~6.42) (5.24~6.88)  (4.25~6.22) (8.20~12.80)  (6.20~8.90) (6.94~10.62)  (5.45~8.78)
F| =6339" ,P=0.014 F| 5=2.6027 ,P=0.112 Fy =8.249 % ,P=0.005 F, 5=16.458" ,P=0.000
™ 3.63+0.07 2.76x0.07 2.94+0.07 2.57+0.06 FL1 9.14£0.14 7.37£0.10 7.860.13 6.11£0.10
(2.85~5.05) (1.71~3.46) (2.22~3.73) (2.06~3.18) (7.57~10.72)  (5.67~8.61) (6.08~8.95) (4.97~7.00)
F| =2.141% P=0.148 F| 5=17.677,P=0.000 Fy =3.094% ,P=0.083 F, 5=33.400" ,P=0.000
LFH 26.56+0.35 22.73+0.48 23.03+0.23 17.32+0.23 TL 30.52+0.51 24.05+0.34 25.09+0.38 20.51+0.25
(21.32~31.66) (19.10~33.39)  (21.08~25.87) (13.39~19.36) (23.95~36.37) (20.36~27.71)  (22.16~31.05) (17.55~22.61)
F =6.443% P=0.013 F 55=134264" ,P=0.000 F g5=7.461" ,P=0.008 F, 5=25.651" ,P=0.000
FAW 3.76+0.10 3.66+0.09 3.88+0.10 2.40+0.06 FTL 29.59+0.42 23.70+0.39 24.22+0.35 18.47+0.30
(2.69~4.88) (2.59~4.79) (2.97~4.92) (1.89~3.12) (24.66~33.84) (19.45~28.27)  (20.60~27.48) (15.20~22.13)
F\ 5=25.024 ,P=0.000 Fy 55=65.774" ,P=0.000 Fy 45=0.088" ,P=0.768 F 55=51.282" P=0.000
LL 108.42+1.39 83.59+1.30 84.02+1.12 67.10+0.87 MTL 2.44+0.06 2.12+0.05 2.15+0.04 1.89+0.04
(90.95~124.82) (70.46~100.87) (64.51~91.77) (57.00~77.39) (1.83~336)  (1.56~2.79) (1.77~2.63)  (1.46~2.20)

F\ =1.621",P=0.207

F =44.218" ,P=0.000

F\ =8.469" P=0.005

F\ 5=3.155",P=0.081

* FoRIZAE R GO RO, Gt it LU S AR el A T B 22404

Y AR 5 KT AR FhEE(P<0.05) (K 3) .,

2.2.3  PEDMRIE IR S RRAE AR S 1 R B

X H DRI MEPE 26 TR A FRAE HEAT BT 0 BT 1 45
IR T2 > E AR R TTHER R A F] 78.52%
551 M TR N 63.25% , %t K A SNL,
MTN SVL W FL .BW LL MTS .IND SL MTM .IOD .
FTL .FL3 LFH MAL HL TL TM FL1 HW  IHMT;
52 FEMA TR N 15.27% , %R T FAW

ULW EL MTL( % 2) . XJ [ b e 26 P&
FREHAT T 0 i 25 3R W | 2 A FE s iy 2
DT R R 3k 3 74.56% . 5% 1 E 0 sk FE R
42.72% , %f i N F & IND . 10D, FL, FAW . MTM |
FTL MTS,LL MTN,FLI LFH, SNL BW HL, TL,
SL; 565 2 M43 1 ST ik 260 31.84% , % i A 4
HW W SVL FL3 EL TM,ULW  MTL, IHMT K MAL
(£2),
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Fig.3 Male morphological characteristics in different populations of Rana chensinensis
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Table 2 Primal factors loading capacity of morphological
characteristics in both sexes of Rana chensinensis

1 2 1 2
SNL 0.952 0.213 IND 0.851 0.190
MTN 0.945 0.151 10D 0.843 0.207
SVL 0.939 0.299 FL 0.816 0.510
W 0.910 0.316 FAW 0.815 0.361
FL 0.920 0.276 MTM 0.806 0.492
BW 0.906 0.106 FTL 0.806 0.489
LL 0.904 0.298 MTS 0.795 0.509
MTS 0.894 0.350 LL 0.792 0.564
IND 0.892 0.199 MTN 0.770 0.407
SL 0.878 0.333 FL1 0.753 0.248
MTM 0.862 0.439 LFH 0.728 0.485
10D 0.860 -0.087 SNL 0.723 0.561
FTL 0.836 0.233 BW 0.717 0.503
FL3 0.835 0.213 HL 0.715 0.634
LFH 0.835 0.292 TL 0.694 0.643
MAL 0.822 0.201 SL 0.684 0.583
HL 0.815 0.362 HW 0.514 0.758
TL 0.803 0.472 W 0.591 0.735
™ 0.791 0.141 SVL 0.626 0.718
FL1 0.776 0.163 FL3 0.410 0.701
HW 0.710 0.462 EL 0.218 0.689
IHMT 0.589 0.448 ™ 0.175 0.668
FAW -0.123 0.784 ULW 0.242 0.654
ULW 0.342 0.760 MTL 0.366 0.623
EL 0.210 0.735 [HMT 0.303 0.595
MTL 0.464 0.487 MAL 0.251 0.593

Y5 Xt 28 F1 ok 1439143 (800 ~3629) ki ; K54 Fh
(4 X A58 ok 805432 (452 ~1299) i, F1 2% o Fif
TR O A 1 265 X6 A B ) 0 R TN RN (F o, =
16.142,P=0.000) ,

3 1 it

S WA 2R 1 b LA S A A A I
AR EE R JE W58 Sl W0 PR I8 I Ao )i, B
TE FI SRR B Sl T 8 2k 45 14 FN ) B A el 28 e 7
FROR RO PREE , IR ] T AT 38 4% 1Y 728 SR 34 m A B i
AR, NS 25 L 1 246 (Mayr, 1956 ; James,
1970 ; Millien et al.,2006; Valenzuela-Sanchez et al. ,
2015) o /N[ B [] 3 ) 4 2R 8L 03 Ak 32 A 4%
EHURE | B8 450 /N TE () 28 4k 3 e =X
(Ray,1960; Allen, 1877 ; Mclean et al.,2014) ,iX 483
A A2y i R 1 =G U B PR A
FOUESE | T AEZ Y |- A5 — e AR, 0 DUA% 2 s
] ( Bergmann’ s rule) F[4&7% ] ( Allen” s rule) Flf&
Jiti 1 W] ( Rensch’ s rule) %% ((Ashton et al., 2000;
Salewski et al.,2016; 32545 2017)

rh IR FL =2 T AP TR R 3 A DX B b
FRCTIES,2017)  IZ MBI KR 2 B08 B FREYE
RT3 DX BB ER MR | 006 DL A =k —
PO A TEMRIR S5 T Sh W A B 18 M L [ |
FEA R MR A ATE A F T 8070 B (R R i
(Ray,1960) , S FE A HEAE (%) b AR 57 52 A 1 52
e 53 d 3 O Bl W) N SRV SR Y — Rl OR 2R 3
(Babik et al.,2000) , 1 FEbRE: DU KR A9 722 £ AL
AN LA A 42325 U] Bk 78 DU R AR S T 3
Pl b A= T T 75 UK S IR A5 A4 TRt | 7R €V 1 XA TE
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Fig.4 Linear regression of SVL and weight with female fecundity of different Rana chensinensis populations
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