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AL Z B EH i, AL E O
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Fig. 1 Sampling sites

BN K 5 25 50 Mt (One-Way ANOVA) il 2 & H 4%
(P>0.05 Bf F§ LSD ¥, P<0.05 i /§ Dunnett 3% ),
a2 8 Mayr PV MR 2R RECD,; = | X —X;|/
(o-i+0'j), Kb, X MY FRYE, oMo &R
PRifE2E

AT RATEH IR &5 H tpsUtil
BAEFN tpsDig 2 #4565 X4 B8 P A5 A o R
ITAbEE, 7 18 D HuAR s P& 2). FIH tpsSmall
B AG 3 H bR A S H tpsRelw 3R A X 4
DNEEA ) AR AT AR, PEAG I Ak AR, BE AT
AHXTHLH (relative warps) F1Js3ERHLH (partial warps)
F G5 HT, IF A ORI 48 4K (relative warps
scores) A B A4 AT 4R 255 i tpsRegr 2K R 2 il 3
VLB SRR AR AR, WEEHIEAS ] A

2 R

2.1 ST

I R A, REER, B Sk
A, Wi EE SR o A YR SE B 3k ) By g i
120 &, “FHRK N (115.44£14.48) mm, (K&
H(16.25+6.60) g, HoHr b i dg B AR 4 5 i o8
11.30~32.92 g, &K K 104.12~148.03 mm; 1 Jif
BERIR T Bl 5.92~3591 g, KK N 84.97~144.01
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BABRE: 142K, 2.4K, 3.kK, 4 KTK, sk, 6 R, 7.MJ5kLK, 5~8. WEE, 9~10. R, 11 BEK, 12. ks,
13 BHEC, 14 BAIR, 15 MEETTRE, 16 IEEERTER, 17. k. A M5, B WEEE S, CWEEEE —MRAEERI K, D. W5, E
BERC N, G IEEEE —IRAERIR, HOILT), LGSR, JBEEK, K BESE—MER, L BHRE, M R6EE—REH, AE. W
fEE, AM. lfEK, BD. WHERK, BC. IWiEm K, EG MK, IK BEREK, U BHEEK, FLIEEBENE, HLITEE. 18 /M
R E: O Wa, @HEERR, @ WHESR, @ FHEH KR, © BHEETN Lin, © RM A, © B85 T i,
FEEEAL R, © BEER A, O RS, Ok, QRi%, OWE%, OMEF%, OME L%, © s Ek
Ko @ NEURSG, @ R AR

Fig. 2 Morphological characteristics and positions of 18 landmarks of S. dabryi
Morphological characteristics: 1. total length, 2. body length, 3. head length, 4. trunk length, 5. snout length, 6. eye diameter, 7. postorbital head length, 5-
8. length between dorsal fin and rhynchodaecum, 9-10. length between tall fin and rhynchodaeum, 11. caudal fin length, 12. body depth, 13. caudal ped-
uncle length, 14. caudal peduncle depth, 15. length between pectoral fin and rhynchodacum, 16. length between ventral fin and rhynchodaeum, 17. head
depth. A. origin of pectoral fin, B. origin of dorsal fin, C. end of the first sharp fishbone in dorsal fin, D. posterior end of dorsal fin, E. origin of ventral
fin, G. end of the first sharp fishbone in ventral fin, H. anus, I. origin of anal fin, J. posterior end of anal fin, K. end of the first sharp fishbone in anal fin,
L. posterior end of coccygeal vertebra, M. end of the first sharp fishbone in pectoral fin, AE. length between pectoral fin and ventral fin, AM. pectoral fin
length, BD. dorsal fin coxal length, BC. dorsal fin coxal depth, EG. ventral fin length, IK. anal fin coxal length, 1J. anal fin coxal depth, FI. length
between ventral fin and anal fin, HI. length between anus and anal fin. Positions of 18 landmarks: @ tip of snout, @ distal tip of occiput, 3 origin of
dorsal fin, @ posterior end of dorsal fin base, ® upper insertion of caudal fin base, © the pits of caudal fin, @ lower insertion of caudal fin base,
posterior end of anal fin base, @ origin of anal fin, @0 origin of pelvic fin, @ origin of pectoral fin, @ the anterior margin of the eye, @ the posterior
margin of the eye, @ the posterior margin of the operculum, @ the upper end of operculum, @ origin of the preopercle on the ventral, @ distal tip of
mandible, 18 distal tip of caudal peduncle

mm; & R IR B &k 4.83~3224 g, &K  BW/BL. PFL/BL. LBPR/BL. VFL/BL, CPW/
83.21~146.01 mm., H #5630, AI[E VLB g il BL. CPD/BL. CFL/BL % >F>T; LBAA/BL

T 22 I 440 6.3 22 5 HFh>E.

‘ : _ AT S M AR EH 2 T
22 WHFARIRBSRLERRIbEFSLE
S 8 R Y Y IRCE 2 VS TN T EE L P

0.99, WUASTIF 2 7 6 5 7 44 B 508 2 2K
FERTENNAS T AR )y pRelw B FE PR R LB 60729

AWML )ik, W ia R RS RI0T g e b 0 B AL 20 1 T A ACR A (1 3).

REMUEE, I T BIEMHDSECONE e popegr 0 WS 2 414725 T (1 4),

RGeFE, SR G AT 17 D ASHRIE PIV AL e o e B 0 01 252 5 % L

AL BERE IR A7 £ 820253 (P0.05) (R D gy (i 1, 11, 17), 190 (A5 A3, 9),

H 34 dFL# (FL/BL. IW/HL, HW/HL ., HL/ RO AR S, 6. 7. 18). KEEE QbR A 9) A

BL. HD/HL. BALHL), # (DFCL/BL. PFL/BL. oy | LB A 10), T 25 0025 5 A0 31 15

VFL/BL. CFL/BL) fFEH (CPW/BL. CPD/BL) L'\ s sy

HHFL/BL. IW/HL, TL/BL. LBPV/BL, DFCL/BL

4 S AMBAAFIERI Y o> s BWHL > 23 ERA A

b>t; HD/HL. BAL/HL 34 E>TF>t1; HL/BL, FAXS ALt 3 B o e SRR I T 32 4 F
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Tab.1 Differences of the phenotypic morphological parameters of S. dabryi among each section
P yp P 4 P Vi g
DA A E LG 1E) T (40)E) TUF(39E) 39 Pl
part morphological variable upstream midstream downstream comparison __significance
SL# head Sk/MRK HL/BL 0.2126+0.0021° 0.2308+0.006 1° 0.2057+0.001 9° > B> 0.000%#*
(0.165~0.226) (0.193~0.446) (0.183~0.249)
Skae/sk&  HW/HL 0.5381+0.0057° 0.5154+0.0084° 0.5392+0.005 7" T>FE>rh 0.024*
(0.491~0.654) (0.286~0.608) (0.464~0.639)
sk#/SkK HD/HL 0.560 1+0.006 7* 0.529 620.008 7° 0.54030.003 9° > 0.009%*
(0.510~0.696) (0.273~0.596) (0.482~0.606)
CA4iK/3k& BAL/HL — 0.1811+0.004 5 0.2132+0.003 7° 0.1767+0.006 3° > 0.000%**
(0.154~0.245) (0.106~0.294) (0.127~0.248)
AR MM BE/ Sk TW/HL 0.2347+0.003 8 0.220 10.004 9° 0.2195+0.0040° b>rp>TF 0.029%
(0.196~0.295) (0.117~0.265) (0.175~0.294)
R0 trunk XK/ K FL/BL 1.1004+0.004 1 1.0699+0.004 7° 1.064 4+0.003 6° b>rp>TR 0.000%%*
(1.065~1.165) (1.018~1.14) (1.010~1.109)
R%E/1AEK  BW/BL 0.1167+0.0011° 0.1217+0.001 6° 0.1159+0.001 3 > >R 0.005%*
(0.099~0.133) (0.101~0.139) (0.096~0.134)
SRTEE/AA K TL/BL 0.3504+0.002 7 0.3308+0.003 9" 0.3229+0.0042° >rp>TR 0.000%**
(0.301~0.375) (0.279~0.383) (0.244~0.361)
Mg /A K LBPV/BL 0.2110+0.0024 0.1994+0.0022° 0.197 8+0.003 0° E>>T 0.001**
(0.168~0.236) (0.148~0.233) (0.172~0.234)
flgtgK//A K  PFL/BL 0.1938+0.001 8 0.2099+0.001 8° 0.18860.003 0° > B> 0.000%#*
(0.169~0.209) (0.185~0.235) (0.112~0.213)
ftERTIE//A K LBPR/BL  0.2152+0.0012° 0.2257+0.0021° 0.2151+0.002 3 > E>TF 0.000%**
(0.202~0.230) (0.197~0.257) (0.175~0.242)
g/ DFCL/BL  0.1476+0.0014° 0.143 0+0.001 6* 0.1429+0.001 4° E>rp>T 0.041*
(0.126~0.158) (0.125~0.162) (0.125~0.159)
fEtEK /A K VFL/BL 0.1556+0.001 4" 0.1604+0.001 5 0.1499+0.001 0 > B>TF 0.000%**
(0.139~0.172) (0.140~0.184) (0.140~0.162)
AT FE/fA K LBAA/BL 0.1878+0.002 5" 0.2014+0.002 6° 0.2020+0.0021° F>h> | 0.000%**
(0.167~0.224) (0.171~0.238) (0.180~0.239)
B tail FEW%/Ak& CPW/BL 0.0336+0.0009" 0.03800.0007° 0.033 0£0.000 8" > >R 0.000%%*
(0.025~0.043) (0.028~0.046) (0.022~0.043)
FMm/AK  CPD/BL 0.0558+0.000 6" 0.058 6+0.000 8" 0.0550+0.000 6" > E>TF 0.001 **
(0.049~0.063) (0.037~0.069) (0.049~0.062)
fi&K/fA& CFL/BL 0.192540.001 8a° 0.2006+0.002 0° 0.1914+0.002 8° th> F>TF 0.008%**

(0.170~0.214)

(0.181~0.236)

(0.126~0.222)

T BRI ELR R, CNRERE, NR/NG FRERIRZE R B3 (P<0.05),
SR . Kb Lo By, bRt < FRR e TR

SR 2 R BOR A (1g) DAV B e A 4 R A T 22 3 3

Notes: the data were presented by the mean£SE, the significance characters were in *, and the different letters meant significant difference (P<0.05).

Using logarithmic transformation (Ig) to remove the effects on analytic results by allometry and body size. The same below

[ 3 o4 2 i?) "
= .1;12'13 1154 .18 o %ﬁz‘l?ﬂgS *
sl cell 010 9 8 17 &*Il *10
(a) (b)
3 mHEHEMESNMRRRENL
(a) WA P T L (b) e il 55 5 1) B A A 0% AL T

Fig. 3 Mean shape and the superimposed landmarks vectorization of S. dabryi

(a) mean shape of S. dabryi; (b) the superimposed landmarks vectorization of S. dabryi
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Fig. 4 Grid deformation and variation visualization of three S. dabryi populations (variation are enlarged 10 times)

(a) mean; (b) upstream; (c) midstream; (d) downstream

2 BT 11 AEXT R E R S R FHEE M TR E
Tab.2 Eigenvalues and contribution rates of

the first 11 relative warps

A 175 fik 322 0,
Ly WHE g PO
principal . o cumulative
eigenvalue contribution rate o
component contribution rate
1 0.264 39.34 39.34
2 0.159 14.26 53.60
3 0.131 9.68 63.28
4 0.111 6.94 70.22
5 0.099 5.54 75.76

gy, HART S A FE LA I REAEAE 53 50 R 0.264
0.159, 0.131, 0.111 F1 0.099, A& o7 Bk R 43 51 K
39.34%. 14.26%. 9.68%. 6.94% Fl 5.54%, FEH
TR R 75.76%(K 2). LATTERFE KA PCL AN
PC2 #57 X-Y A ppdil, DATLBEN IS, Wl 445
0.35
0.30
0.25
0.20 +
0.15
0.10 +

IR TR
relative warp contribution

PC2

0 2 4 6 8 10

18/ b £
18 landmarks

(2)

14 16 18

0.05 | I
.I o bl
12

T TS R (K5), B TR R RS S R B,
g BN KA B &, Joik M\ PCL AT PC2 | IX 43
BT B BREA L 18 S M bR 5 AR AR X L h 35 AL
SO MT I STER R A R N, HiAR A 15, 14, 18,
213N TS %% TSR % . B AR . B
Ja A MR G ) simk i ok, TE &1 sk R
80.11% (&1 5), FHALIPAEEZE . Fri . IRLLK
B S2Z R RARITE M FENIE S5 R
FRAE
24 MREFMSW

X} A [ 9T B e BB A 17 T00 48 3 MR A 4
TR 225001, 25 RELRES R (6 3) iR,
ANTRIVT B g SO0 RE A B4) BT A S 3 PR T SRR A 1 25 5%
REF/NT 1.28, R 5 BT AR VT B g B {4
6] B T 75 22 5% N @ TS [) s BE AR BE N 19 22 5%

0.005

o ojrﬁg/? upstream
L X bird idst
0.004 O O ATt downstream
0.003 | © o
L O om
0.002 o 0O Goib 4
0.001 o A on
0L % o X
I
-0.001 | o X @%X éA
—0.002 | PN i
~0.003 | X" Ban
-0.004 |
O
~0.005 - - - - -
-0.015 —0.010 —0.005 0  0.005 0.010
PC1
(b)

5 SANMRCRENHMTEMEEMESHME 1. £2 RS FTHSE (ERSFH>107)

Fig. 5 Relative warp contribution of each land mark and scatter diagram of relative warp scores on

the 1" and 2™ (principal component scores are enlarged 10° times)
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Tab.3 Difference coefficient for morphometric characters

of three S.dabryi populations

F—f  d—F  bE—F
upstream-  midstream-  upstream-
midstream _ downstream downstream

A
morphological variable

XAKMEK FL/BL 0.21 0.13 0.53
SRR/ TL/BL 0.23 0.16 0.58
LK/ HL/BL 0.30 0.30 0.10
ki3 HW/HL 0.17 0.19 0.09
Skm/skK HD/MHL 0.12 0.26 0.28
MR IAIRE/ S A TW/HL 0.07 0.28 0.33
P/ BALHL 0.30 0.17 0.57
HEERK /A K DFCL/BL 0.04 0.00 0.09
%/ BW/BL 0.11 0.27 0.32
g/t PFL/BL 0.24 0.43 0.35
Mg E/AA K LBPR/BL 0.12 0.27 0.31
fffgEE/ K LBPV/BL 0.24 0.09 0.54
g/ VFL/BL 0.04 0.38 0.54
A& B/ K LBAA/BL 0.17 0.12 0.08
A/ CPD/BL 0.18 0.26 0.18
FARTE/MK CPW/BL 0.32 0.42 0.18
K/ CFL/BL 0.10 0.25 0.29
Y% mean value 0.17 0.23 0.32
AR TR BN AP A
3 Wik

A 5T 25 B 1 B2 B T 25 D 2 0 7 32 3
F bR 23 W JUIE 25 25 I o3 B ik, W58 bR
TRV Bobg B p JE 25 R AVRRAE ) 22 7 647 T 4%
Bro PIRRIE 25 3R 7Y 25 5 0 B 7 1k 45 SR 3 s 5%
B TTAS TR YT B g I 25 6 0 22 S 2 A v 7 Sk 3
MARFEM g (4, B 5, £ 1) . X
3 B A A B DT CR S R R, S A HUAR A
EFH TR Ik 80.11%, FEUA LIRS | AL
B HR DL R R 0 R A S DX I 1 5 o R A
& T EOAN RV B g B R A e A 22 S () FH B
o mRILARVLE R 2R KK, Lilifh %
ZBEWEEY], AT AR, R I TR R
Hu R B O VBN, @ RETY, e SRR R G P
AR 25 5 W] R R X 5 B VLA [ VL B 2 HE M

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

B (i . KR . PR B AR ) B 22 S R I

TSI £ S NI AR Y S 3R 2,
de Barros 55 " BIF 5% & B, B R U U R SRR
) 2 A L R A RRAE . R BN, BIRAF K,
XAE AT LA B T 280 K ot B Bz 3 5
e, L B R B A IR L R 1Yis B oK .
ARG, FEBR VL SW AR I S, A
TE 7K 2 B 3¢ e 1 b D VB 1) e e R A A B G
AT . UK E R, W fmikdidc, &
BUEE e im & AL, AT R D i K B9 By o [
I, b G0 T SE R A, X AT REA B T H
TE 5 KO R R AR E ek S, 2
e i A O SO A BE B R 1, Bl S B VLKA
EE N EE R R e AR, AR T i AR
LB e SN TSGR W EE . RBE . EEE A
fig 1 5 B AR IS I I S AR

W M YR 5 0 R SR R 22
SER YA Kristjansson 467 1A Ay il i sk
Keyg g fisi bt g W 28y, #af
UK B BRGNP o s, 5B
TR sh P RS IRE s, BRI A B ™17,
o T i SRR A3 S B A S R A5 T ke i v 4
B, RBCEBREREY . S35, il
BRI B A 1 K R B FORDIE AW (BN SE . 8
W ) At e 8 B L™ AR R A B AL HE Bl )
W 2O WE DR BE Y, T AT LS A .
8 S N E R,

BT bR s U IE 2 S 2 i L H 4Rk Kk
R E B S e 5k, RIS Ry
Br Wb b BE R 3l o ) B 25 5 5 2 D7 T
VA Ly 0y o A B A T AR A LT
B M5, Lostrom S5 HER X 43 7Y A8 %
WA AR [/ — I E 3 AN [RI A MR, Jf e fk
TEME RIS 7K 2 H5E k B5
VLA [RIVE B (b it Flrb— T 3 ) e R A i B
25 5 T AR A H i 5 HA v (8] 594 25 A B
=5 Langerhans % 1Ak, R4 S 78 ik 24 5%
A RRRE AR LE L WS 7R AT T Y PR AR R A (Bry-
conops caudomaculatus 1 Biotodoma wavrini) i) £
W E, BB - AR, MBS
TEZE S M R =, T bR SR LA B 2
FREGE o M 5 vk 4 R AR — B, BT RE LA
EOE 75 20 B b 52 B 38 22 S SO AR R i #4
BN ) N =3 ] I T R VAV ) 18 S 1 7
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44 %

S LATIE 255207 L 00as T, [R) A A e 220 et
FEGUIE MR 7 M7k R B 1R

AR 2% S e 10 25 W BRI Y LR AR B
L2 Wl 0 2B ) o 2 ) T AR, 2 R
BN LR AR, AN
LB i) P I 25 28 S HAR R BN B AR B0
AR E A, IR, FEERL . Shm A
AR WK AR g | AR . R 6g
K, B, K RS, Mg T
PR K AR O LB IR RSk SR K HE
HESRZRBOaIE R E R, A RFEHES
FRRAIE 1 25 57 22 BB 4% oK M 5 S b 2 26 Y 1
{H, RUIR AR SR AL e — E TR R Y
AR ES, BHAYE T A [F) s BRI Y
25, WRBENWMAKF . MK, 3RITAF
B g St A [ 75 5 A% ZAEE LR B AF 22 5+,
AT THE— L5,
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Comparison of morphological differences of Saurogobio dabryi in
different reaches of Jialing River

XIAO Jin 1, ZENG Yu ", ZHANG Fubin®>, PENG Yan',
ZHANG Chen', ZHANG Qian', SHU Qiugui'
(1. Southwest Branch of the National Freshwater Fishery Engineering Technology Research Center, College of Life Science,
China West Normal University, Nanchong 637000, China,
2. College of Environmental Science and Engineering, China West Normal University, Nanchong 637009, China)

Abstract: This research was conducted to explore the morphological characteristics and difference of Saurogobio
dabryi in different river sections of Jialing River. A total of 120 samples collected from upstream, midstream and
downstream of Jialing River were analyzed, using the multivariate morphometric method and the landmark-based
geometric morphometric method. The morphometric analysis illustrated that there were significant differences
among populations of S. dabryi in different river sections. The morphological variations of the three populations
were mainly observed on the head, fin and caudal peduncle. The body of S. dabryi in the upstream group was the
most slender. Besides that, the fork length, length between pectoral fin and ventral fin, trunk length, the inter-
orbital width, dorsal fin coxal length, head depth and beard length in this group were the largest. The midstream
group of S. dabryi had the longest pectoral fin, ventral fin and caudal fin, the strongest caudal peduncle, the largest
of the width of caudal stalk, the depth of caudal stalk, the longest head, the widest body and the largest length
between pectoral fin and rhynchodaecum. For S. dabryi in the downstream, the length between anus and anal fin
and head width of the lower reaches were the largest. However, the scatter diagram of relative warp scores ana-
lysis showed that S. dabryi population from different river sections of Jialing River cannot be distinguished. The
variation coefficient of morphometric characters showed that the phenotypic differences of S. dabryi in the three
river sections were intraspecific. We speculated that the morphological variations of S. dabryi in Jialing River
should be the result of adaptive evolution to the diverse environments in Jialing River, such as the flow rate, water

temperatures, and food types.
Key words: Saurogobio dabryi; ecological adaptation; geometric morphometrics; landmark method
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