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Populations of Takydromus septentrionalis
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Abstract : The relationship between form,function and ecology is very important for us to understand the process of pheno-
typic evolution and ecological evolution in biological organisms. Trait evolution between species and populations is the
result of multiple factors. The Bite force of a vertebrate plays an important role in its life , mainly including eating habits,
mate competition, territorial possession, defense against invaders and so on. In this study, the northern grass lizard
( Takydromus septentrionalis ) was used as a subject to explore the influence of living environmental factors on lizard
morphology and bite force. After measuring the morphological traits of five populations it was made a comparative analysis,
on the differences in morphology and bite force between populations by studying the morphology, bite force and sexual
dimorphism between different populations. The results showed that with the morphological size and bite force of the lizard
increase as the average annual temperature of the land population decreases,however,the island population did not show
this phenomenon. A significant positive correlation between the head size and the bite force of the lizard was found, and
the obvious sexual dimorphism of head size ,mouth opening and bite force of the lizard was also detected.
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APLAL. BIEF] T & i s ) B BERE R RE LA AR AL, e H 38 B AR I e 45 T 47 8 I ] B0 2, B
ZIRIR . WIIE £ T 1A B T RE A2 BIAEAT AR R S , B e A 38 R T RE S B0 A A
SHSTE AR AW P22 540 e T RIS M BRI | PRI AE S B 25 M 57 (sexual dimorphis ) 2
[ T REAPAERAIRIHE AL . PSR IR AEICA T3l AR DL FE M AN o e | R 2R MR 2 (7R L
PELUHEPEZS ) 509% ) ; AESE AR C AP i H SR MENE (R 22 (70 1R L AEVE LUMEPEZ ) 50% ) |

AL BT (T. septentrionalis ) P ERFATFRN EATTIE LSRRI LUFKRIAR AR, 5347 90 B 55 v el e s
FRAEHHLIC 1 SRS R )RR R P SR A A AR R, T, 6T M5 9 1 ST B 5 -
FARFIRISEIEAS  MOCTF A SR FERAR W AR IE. A SCLAIG B R G2, BRI B AT TR RE (B () PR 4
MEESTIREE 1) S A Al B R/ NI I 25 5 e ) Z AR R 2R A SR A e M S I AR 4%

1 MRSk

1.1 SEIeHr#y
1.1.1 R IR

KNP 5 DREECHEE (GY . 25°75'N, 112°73'E) . T (ND.26°66'N, 119°53'E) S+ 5
(7S:30°05'N,121°56'E) M (CZ:32°29'N,118°31'E) M (YT:37°50'N, 121°27'E) , MR YK th Al &6 3 1]
T 2 B . [R)— M X A AC R 8 AT AR AR — SRR FEBH TR RN B 3 P B X R LR R
)@ A LA T WA LA
1.1.2 SHIHMmesRE

VEBUEERH (GY) T (ND) S F 5 (ZS) M (CZ) M (YT) 5 ANFE S Jb w0 bl VE S 5256 5
Yy, 7 2018 41 2019 4F 14 = H JiE 2 PU H 4 NP SME Tl HI 22 P SR AR AU B 8. S50 2l ) R A J g A
FEARIFE , b G TR SE IR T 4R Z 10 & AR AC L, DME 2 5 SE AR 647, St 452 H(GY: 293 695,ND.; 221
822,78. 245 547,CZ; 256 853,YT: 26 & 14)JbHilfi T ASLL.
1.1.3  ZIE

JE A Mitatoyo BURFAR R RIEFTINE KB A 0.01 mm , BRI R FE AT Mettler L R 8
R mg.

WS TR M S R AR IR TR (R 100 N, 4338 .0.01 N, H 42500 g, B L R A= 8 e Rl 4%
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Fig.1 Bite force sensor design
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1.2 SEWHE
1.2.1  E%shimesk

HE R AR B Sh Y 0] B 5t VYR P I AT sh 52 36 %, BT BEARIC, U], BT 90 emXx60 emx
50 em (K xFEximy ) WFREL SR, N S om JREIE IR 0 E IR BB b S BU R RRT e R R A 4
P RO EERRE. K5 FL AT S IECIRE 18 0 I P R 1 2] T [ AR RIS B A0 SR L PN, A [ i 5 2 1) 32
SR A IR L, SR S S SR R HEAT . AR SR EL B TR (28+2) °C YRS AR A B RS 1 i % Y L —
Ui — H 75 W AGiEAT , SRR A BESEE R 0700 ~ 1700 ( PHOE 78 AL B 5GP 463 kT, foff i 155 4% % B
JGHRE G R I PR IS ] B S OCIRAZ B35 005 ), KT IR R AT ST N IR I iR 28 55 °C A RS2 B A B, it
WSS TR AR SR — N R L, A SR £ LR K LA gy 1 = 0 £ N AROK, B R IR — IR B
— JAMRE — I R (A0 AA) | MR A A R Bk 5 X RCE A A T 1k S BEA TR R (B kS SR )
() Fof A H MR 3 W A LR T AR A NS K, K E s AN X R SR A A T A Sl A
PRI B T 28 00 2 AR AT, DR A 1) SR PR B i Ui TLAE
1.2.2 MEWH EHAF

2019 4F 4 AR R T A Sh) R A SEHE TR R 5t S0 3 0T U MR EAT PR R, B, 10 s B R AR AL
R b B R] 00 N 2R A4 AR Y Sk AR K (snout-vent length, SVL) i+ (abdomen length, AL) 3k 1 ( head
length, HL) .3k 5 (head width, HW) .3k (head hight, HH) (3K I1 )5} ( mouth opening, MO''?) | K ( tail
long, TL) A& (body mass,BM).
1.2.3 =R Ee0

FEFEAT IS R Z BT, K Wi & T — A FRAE T FE A G KT T RREE 2 h DGR LR 3 by i B 3 2
PRI XPMARSEAT 3 vk, 3 Ykl (6] 2= /D AR RS 0.5 h, {8 RDS 4 (AL ERES Bie B AL B B %
A8 I SRR A P RAR e G ) R R S Rl R — 1 H (4 A 1S H,5 A 15 Hy6 A 15 H)MM
TSI AT B AN T B , 5 J B 3 Y S S (A R A AR R BB 2R e 1 RN A TR A
G AR S R Bt A 1) e A A8 Ak i ™ A 1R 2.
1.2.4 K3RRTEREAH X F

PRI B SRR 5 e T AT Ak B OC R JF AT 5 B A I AP AT A Sk RST (head
size, HS ) i 22X HS = VHLXHWxHH 71545451
1.2.5 it o7

>k ] Bartlett 4658 F1 Kolmogorov-Smirnor A5 %6 X fir A7 (19 B 48 47 I 22 ¥ 57 P4 A1 1E 28 M A6 0 {8 1)
STATISTICA 8.0 Al SPSS 20.0 #EAT4E 270 M. i EGETHE I I B (E 45 1R (Mean £SE ) R KR, I
FVEKFEY BN a=0.05. R E 225081 (one-way ANOVA) | 0 35 ( Tukey’s post hoc test) F1 3
185353 BT ( principal component analysis, PCA ) , XTEFE bR IEA THEIARPESE T34, 10T JCFL AN [3) AR 1% e
HER] FEEIEASFRRAAT LK.

2 g#R5he

2.1 JeESFRE A AR L B

AEPIRAAE R K 3 (BRI <http . // www. weather.com.cn>) WIS fr7~ B2 BH: 17.2 °C, 1 385.3 mm; T
5.17.0 °C,2 350.0 mm; f}il1:16.7 °C,1 222.6 mm; i . 15.4 CC,1 054.0 mm; M55 :12.6 C,672.5 mm. 4F
T UR R B 2F BE 1 TH TBWTFAT , GY <ND<ZS<CZ< YT 3 4F [ 7K ot it 25 JB5 T i Wi B W W AT, L3 4 54 P
A, T BE P R PH AT P, R AN B Vg A T4, AR R K it ND>GY >ZS>CZ>YT (B 2,58 1).

FREF RS AR R G (] 1) ST 7R, SVL(F, 4 = 94.50,P<0.001) (AL(F, . =67.78,P<
0.001) \HH(F, ,,4=22.17,P<0.001) Fl HS(F, ., =63.10,P<0.001) £ £ (¥ T i & di4 n, Bl GY <ND<
ZS<CZ<YT;fHAE HL(F, ,s=75.61,P<0.001) HW (F, ., =93.47,P<0.001) MO (F, ,,s=79.14,P<0.001) |
TL(F, 45 =6.86,P<0.001) BM(F, ., =101.94,P<0.001) Fl BF(F, ., =24.24 ,P<0.001) /¥ tbEH, SHl S
TR e | B GY <ND<CZ<ZS<YT; Mot Ia JE 2S8R 17 AR 3 22 5.
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Fig.2 Sampling sites and their annual average temperature and precipitation of 7. septentrionalis
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Table 1 Descriptive statistics of body indicators in different populations of T. septentrionalis

bR GY ND 78 Cz YT ARt

S KK SVL/mm 59.43£0.39 62.50+0.75 68.09+0.39 69.51£0.58 73.04+1.45 F, 45 =94.50,P<0.001
(45.14~69.07) | (50.86~74.39) | (58.63~75.8) | (52.60~80.14) | (61.01~80.53) | GY* ,ND",ZS°,CZ*, YT

Wik AL/mm 31.49+0.269 33.55+0.48 36.26+0.31 37.38+0.39 39.75£1.01 F, 45 =67.78,P<0.001
(22.51~38.63) | (27.99~42.84) | (27.30~44.74) | (27.72~44.37) | (30.90~46.61) | GY* ND",7S°,CZ YT

K HL/mm 13.3420.09 14.0020.21 15.40+0.13 15.3720.12 16.21+0.35 F, 445 =75.61,P<0.001
(10.19~16.14) | (11.46~17.48) | (12.83~18.41) | (12.64~18.57) | (12.86~19.19) | GY* ,ND*,CZ™ 78", YT™

9% HW/mm 7.57£0.05 7.94£0.11 9.06+0.08 9.03+0.08 9.13+0.26 F, 445 =93.47,P<0.001
(6.03~9.65) | (6.75~9.72) | (7.01~11.36) | (7.62~11.00) | (7.16~11.40) | GY* ,ND*,CZ",7S",YT"

S5 HH/mm 5.60%0.05 5.57+0.09 6.08+0.06 6.23+0.07 6.17£0.16 F, 445=22.17,P<0.001
(3.47~7.14) | (451~7.18) | (4.92~7.61) | (5.00~8.16) | (4.62~7.57) | GY*,ND*,7S",YT",CZ"

SR HS/m’ 8.26+0.06 8.520.12 9.46x0.08 9.51x0.08 9.69+0.24 F4>,443=‘63.10,P<0.001
(6.36~9.94) | (7.22~10.62) | (7.74~11.40) | (7.93~11.67) | (7.52~11.81) | GY* ,ND*,7S",CZ",YT"

TR < MO/ 11.4420.07 12.04£0.17 13.20+0.10 13.13+0.10 13.89+0.27 Fy s =79.14,P<0.001
(9.01~14.28) | (10.40~14.87) | (10.16~15.53) | (10.68~16.14) | (11.43~16.04) | GY* ND",CZ°, 78" YT

LTI/ 148.64£3.06 | 152.71+6.85 | 171.64x4.89 | 158.07+4.88 | 192.35:13.34 | F, 45=6.86,P<0.001
(15~227) (40~228) (16~238) (54~256) (73~278) | GY* ,ND",CZ* 78" YT

P BM/g 4.21£0.07 4.99:0.18 6.73£0.14 6.58+0.15 7.55+0.44 F4v‘448 = 101.94.,P<‘().001.
(1.56~6.21) | (3.32~8.00) | (3.66~9.86) | (2.88~10.45) | (4.10~10.87) | GY*,ND",CZ°,Z8°,YT"

Bl F1 BE/N 3.60+0.13 4.32+0.36 5.83£0.29 5.64x0.28 7.36%0.75 Fy s =24.24,P<0.001
(1.32~8.53) | (1.70~9.01) | (1.54~12.42) | (2.24~13.36) | (2.13~12.80) | GY*,ND*,ZS",CZ",YT*

T P AR (B BAR M () Fom N 705 2200 b M2 TR A

R (MK N 0.05) ,a>b>e>d.

Note : Mean+SE (top) ,data range( bottom) ; One-way ANOVA and Tukey’s post hoc test, (@=0.05) ,a>b>c>d.

FEEIE S £ 8 LKL IR ( Tukey’s post hoc test) 559 7~ (1) SVL FEAERH | T A8 AAF L FREE 55 Bk Al
JH 5 FIEZ 0] 22 5 0 2 R 55 000 5 RO A 25 5% 5 (2) HS FEREBH AT T PR RE () e 22 5, F il B
PR B A R0 VA 22 5, (EURE BRG0P S5 1~k L8R M VR FRRP O 22 18] 22 5 103 5 (3) BF TEAEFH AN
TAERNHEIR] A 22 57 , S L AR RRRE ] 35 22 57, AEURE BH RN 3 FEAR AR 55 R LRI N AR e LA B2 AR 5 bR
ZEAFTERE R (£ ).
ABIFFE 5 AFE R EER TR RN ARG 4 ASFRRERT AL R, B2 B | PRI IR R . BFST AR
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b 7 A ot A i ST bt DX AT A7 R ) AT G ()T A R A ) 2 LG 4 ) R . (E 5 R ARUAS [
B , A LLRRE 9 G Rl SR R S ] T A AR A MR FHIL AR A SR SR8 R D RS R K R E AN
WA 1 AR T RN AIEE IR B 4F 73R/ INF R 10 ELAE o B 0 Ai5 1 25 B KTl sk i B 7 F 95 245 1
P PR T 8 AR A AN R AR A L FETIE 2SR & 0 U A 2 AR AN 2 M — e R R AR
AR AR A T30 0L 2 PR 1 A ) T SR 2 AR
22 ILtEHKRENSLMBRIOEER

DLSAARARAE Sy U A8 i (AT O 22 43 B R, 5 AR BE D R 5 ) Z 1A 25 5% (F, 43 = 0.867, P =
0.484) . LUKERRSIAE A UME B/ A, 5 MR A ) B 22 53 35 (F, 45 = 11.704,P<0.001) . X3k
T S0 A F1 34T A S04 LR 205 22508 (F 4, = 1230.26,P<0.001 , ¥ AR 55 . P<0.001 , P47
K3 . P<0.001) 7, 35K A48 o [B) 222 2 3 IEAHOC (F) g = 1 230.27,P<0.001 ) , X AS [ A AE (] (4 P A~ 42 o
PEAT RS0 Hr s [RIRE BAT 18 28 TEAH 5E (P<0.001) , He A 5 B4 A/ GY<ND<CZ<YT<ZS(1E 3). L)
AR AR AU E e G 0 2 Sk BRI A RIS K T L 3G S 4 B i 32 e AR T 1 o L i b e S
INT B WGP

16 16
“ 1=2.282x-15.602 al ﬁ %
12F A 7S
z o YT
R 8r
iff 6r o - y=1.173x-12.691R*=0.736
4  y=2.438x—16.453R=0.678
5 1=3.224x-24.659R*=0.796
""" ~ 1=2.882x-21.776R=0.670
0 . — — y=2.961x-21.339R*=0.869
1 | -2 A 1 1 1 |
6 7 8 9 10 11 12 13 6 7 8 9 10 11 12 13
S HBR S /mm? AR /mm’

A5 AR AR Sk BT S 08 FT B Z 1] B9 [TV 547 5 B < AN [RI RN [ JE B Sk 38 RS S5 e 3 Z 1A (|15 434
B3 AtEHLARTERENMNEIFRXER
Fig. 3 Regression relationship between head size and bite force

2.3 tEHTERIEREOFAIERE SN

XF AU REMT PR AR R RS T SR o O R B R SR AR, X T o A P A S — FE R (PCT) R
o IR R AT IR Z 18] A L. 28— E 0 BME5 4 MR b S IE AR G, 5 5 74.2129% 1978 5+, SVL  HL
HW _HH MO HS BM .BF B A7 %0 m i9AH 3¢ 2280 5 — F i3 (PC2) MUfE S SVL AL TL BM &2 IEAHE, 1
5 HL HW HH MO HS BF S A 5¢, HAH ¢ R B, & 98 10.689% 1972 5 BB 3545 19 704 th
95% EAR M s (K 4).

PIPESIE LB A 4 2R s ERES AR HS (MO (BF ££ 5 ARl b 2 BAT 35 22 5% (all P<0.001) ,

PC2 (10.7%)

210 5 0 5 10
PC1 (74.2%)
B4 deEHTERIERER S D0

Fig.4 PCA analysis of character indice of the T. septentrionalis
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BT, 45 AU ( Takydromus septentrionalis) FRRFIEIE A5 WA 1022 1414

I ELHEYE R HS MO F1 BF 20T MEVE ; MEMEANA R SVL FEA: BH Bk H Rl e B 22 5% (P<0.05)  {HAET
i FR G AVEER O 225, T H R T AN 4 ANFREEOMERE A SV AR K T EM:  MEHEAS AR BM FE
5 ANFIRE AR AT 22 5 (ER T REBHFIRE 2 SN 4 ASFREE e A AR AR T e (% 2).

F2 EHEEHROAEER

Table 2 Male and female differences in major traits of the 7. septentrionalis

EiEan b Gy PYESS SRR ik RS R WA
oy 8 94 58.53+0.52 8.58+0.08 11.77+0.17 4.20+0.11 4.78+0.19
Q 117 61.82+0.54 8.35+0.09 11.63+0.12 4.73+0.13 3.81+0.27
- F| 15=5.73 F| 156 =37.46 F 196=22.59 F| 15=0.03 F| 156 =146.79
T P<0.05 P<0.001 P<0.001 P=0.953 P<0.001
D 8 22 63.47+0.99 9.00+0.15 12.65+0.22 5.32+0.28 6.30+0.33
Q 21 61.48+1.11 8.01+0.13 11.40+0.16 4.64+0.21 2.25+0.09
- F =178 F| 45=25.85 Fi =19.99 Fi ,=3.88 F| 4 =133.46
e P=0.190 P<0.001 P<0.001 P=0.056 P<0.001
75 8 47 67.99+0.46 10.01+0.09 12.840.12 6.87+0.16 8.27+0.25
Q 45 68.14+0.66 8.88+0.07 12.51+0.10 6.56+0.23 3.27+0.09
P F| 4 =0.07 F| o =95.59 F o =72.43 F\ 4, =1.08 F) o =330.39
L P=0.786 P<0.001 P<0.001 P=0.303 P<0.001
oz 8 52 67.84+0.88 9.93+0.12 13.560.17 6.64+0.24 8.47+0.41
? 55 71.09+0.71 9.11+0.07 12.72+0.09 6.52+0.18 3.57+0.09
Yoo F\ 106 =8.29 F\ 06 =33.24 F\ 106 =20.37 F\i06=0.18 F\ 06 =122.48
e P<0.05 P<0.001 P<0.001 P=0.673 P<0.001
- 8 14 71.93+1.65 10.04+0.27 14.29£0.31 7.77£0.58 8.87+0.76
? 6 75.62+2.88 8.90+0.28 12.98+0.32 7.03+0.67 3.84+0.41
. F| ,=1.38 F\ 15=6.21 F, 1,=6.16 F| 16=0.60 F\ 5=17.49
BithR P=0.256 P<0.05 P<0.05 P=0.45 P<0.05
A3
3 énllﬁ

PRI AR AP ) 79 728 A 2 LA P ik 1 2 b 2B SR A AT D 3RS A IR R
B A BT A PRSI FE 1) T o AR 200 A A RS R i B ) B RS I, ZE R I TRLEE T 3k B A Y
ARIRI TS ) AR 25 5 S B AR KN = A i B 2 S ) B R 2 — . A T AR RN G S Al D P
TV ) A I\ HR F B 7R K R SR M 955 ( Psammodromus algirus ) B R 7 Bl 25 6 45 14 T v T 488 G, Rk Tl %
W 5 VA R TRY A 18 R I/ N1 15 0 P R A AR £ A5 AR AR A T BB s A LRI S e & 1R
[ T HABFEE A IR, IR E RSN 27 S 2807 W3 W 5 BE 5T ( Podarcis gaigeae) BURTY SLERTE AR F it
BB 25 A LT 4 IR B AR By W AR 1) Sk SRAH X B, 5 ., I 5 b i a1 L B R
) Sk 0 UL PRI A L%t 214 il g S RS 4 DRI 45 Jp R SR L B —=  ER AR AR TR S R BT
TGRS 7 5 3k AR S AT RE R T LB 8 AE | A1 AT R 3 N A5 9 AT S S L B DU 5 b 5 Y
AP L, K 5 A SRR A0 L5 B g 5% 5 37 e ) RS A ) L B B KA 22 s T LA S R A ]
By WP 5 Bl b AP R AE I S R G 0 Z TRl 2 5.

H i N A G T Mg e & 1 ST 3 X LB TR S 5 A 1 Z RO R A TIR I, 45 R & W]
JC Rl Sk ERIE AR 5 W 1 Z BAE AR J 5 TE A DG, bR M Al =2 (] 7 Sk A0 R sk 1 RS R &5 07 1 AL
A 2R eI B PV S R . JEB i Pk S 08 77 26 B D DXL T BB R AR B (A2 R0 ) R A 58 4
(MEAE$E 7 ) B 5 75 S A H S AR 5K 1 DAWSAE A , 3R A Sk 3 o0 S 4% S A UL PR R B 5 ) e 5 )
AR A 10720 e I A v 5 v e D9 S 30 2 M S R O S A 1 O A0 ) i ELA < R R
T IO TR I I e A 7t P R SR R P R T B — A

g5 L RTIR  JE B R R SR G ) B W 25 e 10 L BRI (0 IR B S 9 e DX PR B R Y
REEARRTITHG A, Byl e AN R] 35 5 5 0 R e AR B 25 A A G 5 AL B i 18 S A RS ok R (e
JIEAA AR FIE SRS 5 E ) B IEAR G, JRD ) MR TR B 22 e 5 A AR IR IR R
WUIAHOC , XA PR MG T2 D RE AN A 28 Z ] 1 O R B 2 T 4R 0.
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