HEDKFERR2E 2019 £ 9 B, 26(5): 823-833

Journal of Fishery Sciences of China

DOI: 10.3724/SP.J.1118.2019.18407

AEERERFNFEBHETHNESER

wET, WET, kR

1. VOB AR KR KB 2= BEK =Rl 52 e, PE3E $iB% 850032;
2. W EKPEREF ST BE K VTR P2 R ST BT, Al AW FRIR K A W AP 0 T S S0 2, W1db BRI 430223

WE: LB Bk(Glyptosternum maculatum) e H [ i — i S kg ta 2k, 7 b 000 A T DU R A VT . O T i
B J Ak 7 A B A AR R AR A 25 52 R 25 7 A AL R, Ko 5 AT VTS 3 JE ) B T 3 I g 0 o #5019
FEARFEAT TIE A A&, il T 10 TH B0 el kA 19 IHEZREE Rk, 25 S B, AT BEAR TR0 sk
RS H BRSNS SRR LR 2R o BT T4 R B H g B i T8 A8 RRAE 2R = T AR IR,
WO LB 1) R B Rtk AR TR SRR L SE 2 JF; HIE AR 2 M utb MG, IR & DIASEHE P A B (R 7]
IR 22 57 . 25K R DR A BRI RIIE S 252 7 KRBT F K. 3R8E24 5 BAEAE R 1 R TR T 2
FEIANBEHRIE S 22 500 i) BRI, 1 2 BrfEAR R 7z B 56 R A8 i ol BRI T X a1k

K. BERG BEER, BMEER, AFES; EHEZR

FE 5SS S931 XHERFRERD: A

B 5 i (Glyptosternum  maculatum) s J& T
fifi 1 11 24 (Osteichthyes) | f5JE H (Siluriformes) .
Bh(Sisoridae) . Jifsk)E, siE 2 A, BHIK
sl B fafs, e v [ — Y I kR 2, A
A3 A VT P X PR T
JRAVG R ER, WA, SR EEARXTRAR, MRS
4%, FERERRIME R, A K52
18, GEIRANTE TR, XA B B 1 AR %)
D ok SEAE A ISR SR, R TR T Sk ol
WIBHE, WEVE A 5 W, MEPE 7 08P H4axd s
TR, F3(727+408)ki(nQ=128) ¥ JFLEAESR, H
TLTH 2R SR A BElES . /K KRR |
RIS AE | N R SR KIS | AR a2
MR WS AR, FRBE I ke IR S
1SS RSN S0 WL B G e RSt A (TR NS AR Sa = VA
AR/ N IRG A P 2015 AEFREREIPR A R
LR Gt ChEEY Z R g5k
) OB T G (CRWIFH .

i BHA: 2018-11-29; 1&iT HHA: 2019-04-12.

LEHS: 1005-8737-(2019)05-0823—11

H TR~ B, VO A A KRB
2K RRE S TN 2015 4E#— 1\ Z5 R BE
J ik N T ZEHF 5T, X HMG & E Y BRI
TTEE AL 5%, & IR AG EL A RUZ B 5 7 SRRk 25
U I BB SR G A T T U H v T
BEAY M n s R B Sk, (R] ) A R R INAE A 22
5, GRS T X 2 FASURILAE SR KD,
1117 LA A B AE SR R AR 1 B S AN ] A
[ e B AR SRR B 28 527 X Fh 25 57 31 14
FRAREE, ORI ARHEEE? AR5 B TR
Top ik e ) B, Ay BB Sk 1 B PR AR Y. R
TEH G AL IL A TR IR 2= A
1 MEEAZE
1.1 HFARFRIR

2007 4F 5—7 Ho3n THES AT S R e v
TAL I 3R A AR T T A YTk B B B D R TR T B
() H %00 T 7 £ L R A7 R i R A A CR A

BEUE: A AT RO RHIF L 351(201403012); PH3#E F 1 DX U & S AL H .
EZRN: WBLT(1984-), o, BYBWITE 6L, it, Lok w5l 2R 75 5 % . E-mail: pyingzi_tibet@163.com
BEEE: XN (1981-), B, #F5E 5. E-mail: livhapping@163.com



824 [ K R 2 %26 5

ML 1), PRI 533298 3200 m Al 4100 m,

P HEAR I RE AR & 0 31 R 30 B 34 2

N
300 -
higE B
Lhasa Bahe River
hr
28| Lhatse the Yal'] gﬁﬁ&
a“gbo Ri
v
200 km o
— . %ﬁ— i sampling 51te
84° 88° 92° 96°

K1 R ARER
Fig. 1 The schematic diagram of sampling locations in
the Yarlung Zangbo River
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Fig. 2 The schematic diagram of morphological
parameters of Glyptosternum maculatum
Annotations of the morphological parameters are shown in Tab.1.
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Fig. 3 The schematic diagram of structural parameters of Glyptosternum maculatum
AB: DI11; AC: D12; AD: D13; AE: D14; BC: D15; BD: D16; BE: D17; CD: D18; CE: D19; DE: D20; GH: D21;
Hh: D22; GB: D23; HB: D24; Bd: D25; BF: D26; Dd: D27; DF(dF): D28; IF: D29.

Annotations of the morphological parameters are shown in Tab.1.
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Tab.1 The methods for measuring morphological parameters of Glyptosternum maculatum in Tibet
e B (B2 A RN 05 HEZREE A IR
code morphological parameter structural character code structural character
SR I T 30 R 1 S
AT s 1] 2 Al 248 ity %) 7K P L2 B D11 rd between the starting point of the nasal whisker & the
DI LSS horizontal rectilinear distance (hor. rd) starting point of the pectoral fin
total length between the end of the snout & the end SRATUHEFR B 15 6 BT A M g
of the caudal vertebrae D12 rd between the starting point of the nasal whisker
& the starting point of the dorsal fin
e 01 S 30 M S R 1
D13 rd between the starting point of the nasal whisker
D2 AN BRI FE AL R KT LR & the starting point of the pelvic fin
body width hor. rd at the widest part of the body SRATHEFR B g 65 5L ) M g
D14 rd between the starting point of the nasal whisker
& the starting point of the adipose fin
Y S T 308 R 1 S
N W J 5 A % I T 0 T B B D15 rd betwt?en thc? starting point of the pectoral fin &
D3 [N vertical (ver.) rd between the highest the starting point of the dorsal fin
body depth . O £ Myt 0250 [ 015 68 35 3 5
point & ventral side of the body ) )
D16  rd between the starting point of the pectoral fin & the
starting point of the ipsilateral pelvic fin
Y S 8 300 i 1 P S
Sk I 2 0 26 0 KT 2 D17 rd betwt?en thc? starting pqint of the pectoral fin &
D4 hor. rd between the end of the snout & the starting point of the ad¥pose fin
head length GL B s i
the back edge of an operculum ) ; )
D18  rd between the starting point of the dorsal fin & the
starting point of the pelvic fin
T T 30 g TR 1 S
" B 2 R E 2 KT B B D19 rd bt?tween. the starting.point of the dorsal fin & the
D5 Ik hor. rd between the end of the snout & starting point of the adlpose fin
snout length ) : i s 0 1) Al B S ) L
the front edge of an orbit ) ; o
D20 rd between the starting point of the pelvic fin & the
starting point of the adipose fin
A7 A5 08 1) iy 230 S ) B Y
R S K MHRHE 5 2% 28 B 55 15 JR 21 K P B BE RS | D21 «d betweep the s.taning po@t of the external check barbel
D6 : hor. rd between the back edge of an orbit & & the starting point of the internal check barbel
postorbital head length the back edge of an operculum D22 T PR 250 S 1] 1)
rd between the internal check barbels
&M 25T RE 70 30 W i s S ) B
D23 rd between the starting point of the external check barbel
D7 HR 1] B TR IR IR HEE ] %) 7K S B 2k M & the starting point of the pectoral fin
interorbital width  hor. rd between the orbits A T 23 5450 3] s 0 ) 8
D24 rd between the starting point of the internal check barbel
& the starting point of the pectoral fin
JY s R 30 SO0 A A S )
D25 rd between the starting point of the pectoral fin & the
D8 Bhal e P S L I (4 7K T B B starting point of the opposite pelvic fin
nasal width hor. rd between the nostrils Jie s S 3] A B8 2R i 1) P
D26 rd between the starting point of the pectoral fin &
end of the adipose fin
WRH USRS HURHE R4 SR | Doy AR
K S ) 28 rd between the pelvic fins
Do caudal ASRIORERBES A 4 6 8 4 B
fin length rd betwefen th.e starting point & end of the D28 rd between the starting point of the pelvic fin &
caudal fin at its base .
end of the adipose fin
RS FEA R AR AL B T B LR TEBFFL 380 A B8 A S 1) P 2
D10 ver. rd between the lowest points of the D29 rd between the cloacal aperture & end of the adi-
caudal peduncle depth

caudal peduncle

pose fin
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Tab. 2 Differences about morphological parameters of Glyptosternum maculatum between
Nyingchi group and Shigatse group
MSTREAR T K25 5%

EESH

morphological parameter

MRZREE
Nyingchi group (n=30)

EEYIEEREN

Shigatse group (n=34) independent-samples

T test result

170.00+10.19°

D1/mm (148.0-190.0)
D2/D1 0.200.02
D3/D1 0.18+0.02°
D4/D1 0.26+0.02
D5/D1 0.13+0.01
D6/D1 0.15+0.01°
D7/D1 0.09+0.01°
D8/D1 0.07+0.01
D9/D1 0.18+0.02°
D10/D1 0.10+0.01
D11/D1 0.17+0.01°
D12/D1 0.34+0.02
D13/D1 0.500.01
D14/D1 0.66+0.02°
D15/D1 0.27+0.01°
D16/D1 0.36+0.02
D17/D1 0.55+0.02°
D18/D1 0.23+0.01
D19/D1 0.32+0.02°
D20/D1 0.23+0.01°
D21/D1 0.05+0.01
D22/D1 0.09+0.01
D23/D1 0.11£0.01°
D24/D1 0.14+0.01°
D25/D1 0.40+0.02°
D26/D1 0.79+0.02°
D27/D1 0.15+0.01
D28/D1 0.43+0.02
D29/D1 0.29+0.02°

200.35+46.06"

(125.0-297.0) G1<G2
0.200.02
0.15£0.02° G1>G2
0.27+0.02
0.13+0.01
0.14+0.01° G1>G2
0.10+0.01° G1<G2
0.07+0.01
0.19+£0.01° G1<G2
0.10+0.01
0.16+0.01° G1>G2
0.34+0.02
0.50+0.02
0.68+0.04° G1<G2
0.28+0.01° G1<G2
0.37+0.03
0.58+0.03" G1<G2
0.23+0.02
0.35+0.02° G1<G2
0.25+0.02° G1<G2
0.05+0.01
0.09+0.01
0.10£0.01° Gl1>G2
0.13+0.01° G1>G2
0.42+0.02° G1<G2
0.80+0.03" G1<G2
0.15+0.01
0.43+0.02
0.300.02° G1<G2

TE: RSB AR AR 2% 40 TR A7 A B 25 5 (P<0.05). G1 FoR MR BEMA, G2 o H I HEA.
Note: Values in each column with different superscripts are significantly different (P<0.05). G1 stands for Nyingchi group; G2 stands for

Shigatse group.
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XM BER S B e WA 29 MEESEUE
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— TR TTRREL 21.50%, 55 T TR SRR
14.37%, = EMIr STHRR 2 8.77%; R4 64 E
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FAMCZEBER S H e WEAARRTT 3 > FEsre
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Tab. 3 Factor loading about morphological parameters of Glyptosternum maculatum between Nyingchi
group and Shigatse group

EASE F W43 principle component
morphological parameter 1 2 3 4 5 6 7 8 9

D1 0.568 0.182 -0.139 -0.217 -0.188 -0.206 -0.305 —-0.387 -0.035
D2/D1 0.462 0.335 0.614 -0.102 0.048 0.042 -0.113 -0.25 0.042

D3/D1 -0.067 0.378 0.788 -0.022 0.15 —0.029 0.011 —0.091 0.02
D4/D1 0.367 0.315 —0.463 0.297 -0.009 0.074 0.147 -0.309 0.087
D5/D1 0.334 0.513 —-0.246 -0.013 0.024 —-0.154 -0.472 0.059 0.231

D6/D1 0.131 0.441 0.233 -0.047 -0.106 0.416 0.287 -0.163 0.44
D7/D1 0.555 0.079 -0.283 -0.194 0.254 0.393 0.031 -0.088 -0.274
D8/D1 0.457 0.484 -0.208 -0.216 0.276 0.186 -0.049 0.129 -0.238
D9/D1 0.496 0.123 —0.485 0.163 0.028 0.195 0.237 -0.034 -0.206
D10/D1 0.446 0.314 0.219 -0.052 0.311 0.324 -0.189 0.264 0.292
DI11/D1 -0.232 0.726 -0.05 0.303 -0.115 -0.109 0.018 -0.01 0.035
D12/D1 0.495 0.48 0.031 0.315 0.066 —0.135 0.152 —-0.16 —0.152
D13/D1 0.474 0.37 0.328 0.382 -0.417 0.2 0.042 0.089 -0.188
D14/D1 0.789 —0.069 —0.001 —0.055 -0.217 -0.252 0.125 0.071 0.128
D15/D1 0.725 0.151 0.102 —-0.092 0.227 —0.035 0.052 -0.198 -0.243
D16/D1 0.621 -0.191 0.307 0.293 -0.29 -0.02 -0.18 0.237 0.029
D17/D1 0.82 -0.314 0.051 0.093 -0.174 0.1 0.045 0.111 0.137
D18/D1 0.15 -0.159 0.635 0.183 0.096 0.288 0.19 —-0.088 -0.237

D19/D1 0.683 —0.388 -0.215 —0.097 —0.245 —-0.036 0.312 0.178 0.18
D20/D1 0.59 -0.167 0.021 —0.348 0.098 —-0.097 0.311 -0.037 0.336
D21/D1 0.177 0.398 0.035 —0.067 0.442 -0.135 0.026 0.656 -0.015
D22/D1 0.183 0.473 -0.257 0.276 0.245 —-0.16 -0.248 —0.042 0.208
D23/D1 —-0.529 0.466 —-0.04 0.343 -0.155 0.002 0.165 0.191 —-0.013
D24/D1 -0.224 0.494 —0.146 0.243 0.038 -0.054 0.478 0.074 0.021
D25/D1 0.602 —0.287 —-0.078 0.221 —0.141 0.312 —0.129 0.153 -0.113
D26/D1 0.323 -0.571 0.068 0.486 0.203 —-0.04 -0.213 0.107 —-0.139
D27/D1 -0.137 -0.186 —0.112 0.375 —-0.131 0.604 -0.171 0.026 0.235
D28/D1 —0.049 —0.433 -0.037 0.505 0.461 0.1 -0.085 —-0.342 0.217
D29/D1 0.142 —0.487 0.076 0.22 0.533 —-0.282 0.289 -0.007 0.115
FRIE(H eigenvalue 6.234 4.168 2.542 1.856 1.65 1.419 1.335 1.256 1.066
BTk #/% contribution rate 21.497 14.373 8.765 6.398 5.691 4.893 4.605 4.33 3.675

ER TR/ %

accumulative contribution rate
T 1-9 ARFRHUY 9 A FE Ay, WRBFE IR R R EAE B

Note: 1-9 represent the nine principal components extracted and can reflect the main information of the original variables.

21.497 35.87 44.635 51.034 56.724 61.617 66.222 70.552 74.227

DIS/REK, Ft 10 TEASHEIATE R REUMT. 45
RANFE 4 B,

Mayr %0422 B 2B RN 128, I 31 MEBHGSHBENBEANESESES
DUKISE S — Wy R b BB R ) R R A2 7E A0k . bk HRRE
BEMR 5 H v U RER R EIE S E A B 2B T WSLAEA T K30 TR, MCZREAS H g R
0.07~0.85, HI/NF Il FLAE 1.28. RAEINERIE SR IE BAAEZE S, H WA 9 {4

3 it
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Fig. 4 Principal component analysis diagrams of Glyptosternum
maculatum between Nyingchi group and Shigatse group
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Tab. 4 Different coefficients about morphological
parameters of Glyptosternum maculatum between
Nyingchi group and Shigatse group

BESH AR
morphological parameter coefficient of difference
D2/D1 0.09
D3/D1 0.07
D11/D1 0.50
D14/D1 0.50
DI15/D1 0.45
DI16/D1 0.19
D17/D1 0.58
D18/D1 0.07
D19/D1 0.85
D25/D1 0.47

BRI K, AR BERIR G Sk KK, 45700 5 i g
SRR, MEE R, BRI TE R
N, H BRI E R IE 2 RE 0 5 A AR,
PIANBEAROEAR ST S AR IEHE L S22 X0 . | 3
A ERSF DTN, N 44.64%, [l B BT
JREkE S 2R 2L outk. A7 9 N EMS BT
BRI 74.22%, RiEF] 85% K LA I, Pl FikIE
BFHEAA B DL e SRR A BRI S22 5.
EZFRBOTEES R/ NFIRFE 1.28, KA

FER B FRIE 2522 3 R IR BN AP OK -, AR T
R 225 Zid LR ah R, PR B kit
PRIESNERIE S EA 225, (A7 e W2 AR A7)

1k, AR B AP, X BB IR SR AR BR iE (Cyt b
LA D-loop 44 il X 7 51O K % K A i
(SSR HI APLF)!'igtf ZREMERF ST 245 5 5 1k — 3,
Tt B 43 A 7 P 65 AT YT S 3 e T AT S L H g )
TLEL 2 A FHARBER R T B asi il 22 5, nTdAE
[F]—FhHE
32 MES5HERNEEERES
IEYES

T gTFI, e AR R )
PP e B RS, BBERE IR, AN E5E R
TR AE 2 A S 0 T 1k S 5 B A 5 ik
SEARE S H e A B A B AR S 2 R

WFFE X 5 R 2O R R AR A R WP & 22 7
f4 B AT T #8F. Xof 411 (Tani chithys albonubes)*
T B, BPAEREAR R E E R, M55
B R AR 25 S 0, 00 D R Sy B A R A ) A 9 R
BAHAE, AEIEEARL, W5 N TR R AR AR K
TRIREE . W RS 5 TH Y 25 K X BT
Iz fit) (Saurogobio dabryi)3 MEEA!NT . L pus
fif7(Eleutheronema rhadinum)4 MHBERRFARS 2
ﬁ(Pseudorasbora parva)8 /i~ i B R R T fF 5

g5 R 5 AEE . X R BR 2 DL (Schizopygopsis

stoliczkai)s /> HiL B R FEE Sk 548 BT IR 22 S 1 B

SERTEMSUL

AR NGB s s R RS RS R A L il i T
TIPS MR A S A AR o XS AN [R] {0 O

B 5 J= f4.(Diptychus maculates) it B 55 & B8, [l
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K ZHIRERAEIE A AL, TARIRZK & 69
PEORIE AR B GER 5), ZRA T TR 451,
JEON T B I VS PR, BN 2 A A A
PG, SOl A A FVSEATT, W 5 0 3
ST kAL, FEASRHE A T AR R A2 AL,
ATRLIACH, BRE 22 S5 i) T AR 2R R4
LS 225 B AR o AR s TR ANTR] S 2R 2 %o

Mo PP, SBSIFEIRE IR | SR ALTE I S
(R AF X b SR R 4 (AR B 448), B > A b P o T
M7 sSARRS S A R R, 5 DRI SRR AR AR
IV o A (T RE R Ty & A 2D S R I N B
ol AN TR A e B A R RS 8] T 380 . B
ARG T RAFAE AT B, PR SE A 22,
SAE—EREE EIMHIE SRR 1L

RS FMEBEESEREMUNEERR

Tab.5 The main factors influencing the the differentiation of fish morphological characteristics

R NI 2 5 520 K & influence factor SCHER
H ﬁl_ number differentiatiqn on i Tl fE BT b T 2 I P
order species of group morpholo'gl'cal geographical geographical environmental literature
characteristics isolation distance difference  SOurces
rRAE{E] e Spinibarbus sinens 3 & yes J [12]
3 /& yes \ \ 16
F s Pseudorasbora parva =y [16]
8 & yes \ [33]
Hfif) Saurogobio dabryi 3 £ yes S [17]
I AE #ifi Megal obrama skolkovii 3 £ yes S [25]
Cypriniformes #4454 Plagiognathops microlepis 3 & yes \ \ [31]
JEt Tanichthys albonubes 6 2 yes J [34]
FAMELLA Erythroculter ilishaeformis 7 J& yes J V [35]
T JERZLL Schizopygopsis stoliczkai 5 & yes S S [43]
BEFEJF i Diptychus maculates 3 £ yes J J [44]
. ﬁﬁ.ﬂj H HiFifh Pelteobagrus fulvidraco 9 B yes J N [30]
Siluriformes
g
FrERH Kl Mastacembelus armatus 7 2 yes J S J [18]
Synbranchiformes
KHRHE Sniperca kneri 3 & yes J V J [14]
#% H L0045 i Eleutheronema rhadinum 4 £ yes \ [26]
Perciformes  JaJI|yb3## Odontobutis potamophila 4 R yes J J [40]
LB Epinephelus septenfasclatus 3 & yes \ [42]
& B KAt Protosalanx hyalocranius 4 JE: yes J J [22]
Salmoniformes
=]
A H 3CE 1 Branchiostoma belcheri 3 & yes J [41]

Amphioxiformes

R B AR 36 T 98 A VL RS i 2 — 1)
JETEI, R 3200 m, 424E/KIE 1.8~14.0CH; H
WS DU AR A 9% R - AT VL P AL B, TR
4100 m, 24E/KIR 1.0~16.0°C, pH. E1F Y . A .
WARTRE . 7SHa . ik . Cu. fL2FFE5E
mFRTEN, KR E, AEBERLaE, BA
WHRTFJEFEm, B 2R e P ) —2F
) PRASEALE 1% (0 M BRER B A7 AR B R 25 57 SR
DAl R A v 3 0L BB 1) AR B ] B A A RN BB,

JH AT 35 A5 B R E B 25 5 A, AN S8 I PR Y
AR A MVEGE I AT BEVE /D, AR X R HT,
FEVRAS W 2B 26 A2 A LATE B BRI, A [ FE 4R 1] )
SR ILZ# . P, PREE2s 5l fE 251k
AR ] SRR U R BB R N 2 — o e Ah,
JEFE R i SR AR R, N, BT
A0 BRI ) PR B SR R Y MR B — R, MR
FEVRTE X 1 AR BEWR KA 5 15 0 B s 2, 52 3]
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Morphological variations between two wild groups of Glyptosternum
maculatum in Tibet

PAN Yingzi', LIU Haiping', ZHU Tingbing’

1. Institute of Fishery Sciences, Tibet Academy of Agricultural and Animal Husbandry Sciences, Lhasa 850032, China;
2. Key Laboratory of Freshwater Biodiversity Conservation, Ministry of Agriculture and Rural Affairs; Yangtze River
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China

Abstract: Glyptosternum maculatum is the only endemic fish that belongs to Glyptosternum in China. It is only
distributed in the Yarlung Zangbo River in Tibet. To determine the existence of morphological variations and the
degree of differentiation between two wild groups, fish from the Nyang River, a tributary of the Yarlung Zangbo
River and Shigatse river section, a main stream, were evaluated. Here, 10 morphological parameters and 19 struc-
tural parameters were assessed. The results were as follows: the independent sample t-test revealed differences in
external morphological characteristics between the Nyingchi and Shigatse groups. Principal component analysis
revealed that the diversity of morphological characteristics in the Shigatse group was higher than that in the Ny-
ingchi group, and it was difficult to completely separate the two groups based on morphological characteristics
alone. Moreover, the morphological differences in the Shigatse group were diverse, and the measured traits were
insufficient to summarize the morphological differences between the two groups. The difference coefficient
showed that the apparent morphological differences between the two groups did not reach the subspecies level.
Environmental differences and different survival pressures may be the main causes of morphological differentia-
tion between the two groups, which may have been inhibited by extensive gene exchange between previous
groups.

Key words: Glyptosternum maculatum; morphological variations; environmental difference; survival pressure;
gene exchange
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