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Tab.1 Sample information of ten T. albonubes populations

T RHURE PRI fAse/em K& PR
group number sampling position body length  drainage systems  sampling date
HE AR MAETIHRR AT SM 30 23°38'N, 113°46'E 2.56£0.14  JbiL Beijiang 2015-09
Guangdong Province, China
Fim LH 30 23°19'N, 115°40'E 2.64+0.09 2/ Luo river 2015-07
Wi QY 30 23°46'N, 113°9'E  2.66+0.12  JLiT.  Beijiang 2015-10
wYl sz 30 22°29'N, 114°30'E 2.58+0.11  ZRiT. Dongjiang 2015-10
)T X% DX 30 21°40N, 108°5'E  2.71+0.08  Jb¥  Beilun river 2015-03
Guangxi Province, China )
- GP 30 23°23'N, 110°5'E  2.73+£0.13  P4YL  Xijiang 2013-12
SHERET] ' HN 18 2.53+0.12 2012-12
Hainan Province, China
o] Rt VN 30 2.63+0.07 2015-02
Vietnam
FRIRE HESHIE ARG BT FC o 30 2.67+0.09 2015-10
hatchery population
Wi F iy SIN 30 2.69+0.11 2014-05

e a FETRER SR IR R R, r A R R AT RAACRRE
Notes: a. we didn't publish the specific sampling position of the Hainan and Vietnam, because of the sample provider’s willingness and protection
purpose
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Fig. 1 Positions of 18 landmarks of T. albonubes

BB L WA R AT ) H tpsSmallfk
AT B /N7 RN I ) 434, BE)ZS ()R
15 (distance in tangent space, y#ill)5 ¥ [ &5 (procru-
stes distance, xFl) A [ 73 B, K 55 B A7 H b 2
HA B0 . B tpsRelw /42, 2838 B & (e
PRI e /N a5 R IR AR AR, X 5
DR AR AT A . R E S, KR
KN IT SRR 2R, DL AR B AR A 2
[i) B8 1 BT R /N, A O BE R, PRAL
A R B Hbs R A bR, R AT R AR
1 i (partial warps) A XL i1 3= 5553 3 BT (relative
warps), PRAFFR A B B AH XL IR 48 2L (relative
warps scores) i [ F BT 5 o k¥ R 0 B4R ]
RIS E S WAL, ) HtpsRegrfk 4>, JEATF

2 MWRSEBRS5EY
Tab.2 The landmark types and definition

Hbr pi 7Y E
landmark types definition

I BUHAR R
3 HHEHL AT origin of dorsal fin
4 HEEILH ARG posterior end of dorsal fin base
5 JEEEIEHE G upper insertion of caudal fin base
7 JEHESRLIT R lower insertion of caudal fin base
8 R EILH AR U posterior end of anal fin base
9 R ERL AL origin of anal fin

10 JIE#EE AL origin of pelvic fin

11 JR#EiEE sl origin of pectoral fin

11 B HAR R
2 KL JE A distal tip of occiput

12 HRATZ%  the anterior margin of the eye

13 HRJ5% the posterior margin of the eye

14 35 J5%%  the posterior margin of the operculum
15 3% %% the upper end of operculum

16 I8 535 A

origin of the preopercle on the ventral

17 FHEIANG  distal tip of mandible

18 JEMA R distal tip of caudal peduncle
IR HIAR S

1 Wikt tip of snout
6 JEEER M &L the pits of caudal fin

YR b e, @ da Xr Al L 1l 43 A A
¥ 56 (permutation test, n=1000)3E4T M % 1k Fl 22 5+
Kk, 2100 AR A Mg IE K, SE
B A AT AL

FI R 5 Hr I FH 45 A B AR D6 Ll 32 A
1541 (relative warps scores )i i1 3 A5 H 51 v A1 28
I UE 9 A B EE AT 0 A A, B O v R
Bayesi%, HISPSS 18.08#1758 120 #T .

2 4

21 JLEIEESR

F tpsSmall /4P WE AT 5 F5c /N Fl ik |1 15
AT, eSS B A Il ) R A
}90.9997, EVT1, FHAWEGT A A BT A H
Fr A ER A R, T LA T — 4 i b AR R
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Fig. 2 Mean shape of ten T. albonubes populations
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Fig. 3 The all superimposed landmarks vectorization of

LR

ten T. albonubes populations
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Tab.3 Eigenvalues and contributions of

the first seven relative warps
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Fig. 4 Scatter diagram of relative warp scores on
the 1* and 2™ (principal component scores are

enlarged 10’ times)

22 METRSH

il 3 tpsRegrA (4 P HEAT AR AR IE 43 B, 45
RWoR, MXF TR FEIEMNE, 1040 H Ak

 cimal RHE(E TTHRH/% ati tributi . . B
Cgﬁlr;;lﬁ :nt cigenvalue contribution rate © wfai:n rbution MIER S FLERAAEMARSL, 3. 4. 8. 9,
: 5 88 48.20 48.20 11, 12, 13, 14, 16Ck# ., HEE . &g | 16§
5 |38 - . HgEE). SM. QY. GP. SZMILHJH i i i)
X 05 g3 “ols i 1e S DX ARF 5 A T i 1) Sk DX B,
' ' ' D) g DX B 5 MO A 1) Sk DX Y, T ) £
4 0.37 6.25 92.40 R N
LA 1] R DX B 5 T I A ) Sk X B
’ o1 7% . HN. FC. SIN. DXFIVNJE i (A 1 25 1
6 0.07 0.46 94.42 OLIAR S (151 5) 0
7 0.05 0.32 94.74 23 ;iIJ %Uﬁ*ﬁ
BT 5.75
total variance Bt 324 48 % HH A 3 AR 154 (relative warp
R4 BRSO EXHE TR E
Tab.4  Relative warp contribution of each landmark %
HibR A landmark 1 2 3 4 5 6 8 9 10 11 12 13 14 15 16 17 18

IRk contribution rate

2.82 1.20 0.34 0.49 1.77 0.01 2.08 0.28 0.28 0.15 9.06 10.72 4.25 32.89 2342 135 2.02 6.87
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Fig. 5 Grid deformation and variation visualization of ten T. albonubes populations (variation are enlarged 10 times)
(a) mean; (b) SM; (¢) QY; (d) GP; (¢) SZ; (f) LH; (g) HN; (h) FC; (i) SIN; (j) DX; (k) VN

scores, RW)EE 7 BayesH il bR &L, HIZ A H 501k
A B 55 9E 3k 43 3 2647 0 530 43 A o B FH SPSS i
T HGEE, RW1~17, 19, 20, 22~25, 294k
5 244 R G A il AR kg A S0 R 0 (A1
HEMEK L, P<0.05)., Wilks’Lambdafi & %
B, O R 04 244 R Xt L il 2 e A <7 ) 0 A 7Y
R (P<0.01), ] LAAE A 50 5] 43 B A A 3 o
B FN S R R, SM, DX, HN,
LH. SZFISINM 4308 i fre s, F5 n o
KFN100%, BA HE A LA ; FCRI30REH
fmAES R, TRAAQYFIHE T, H5 % h
96.7%; GPFEEH, 1RBF AHN, 2FEH ASIN,
FIB AL R N 90%; QYFEET, 1REHFIASM,
1RHIASZ, FIGIEIIHEH93.3%; VNFREH,

[T

]
o

L

l
il

“E‘ LH‘

1RHIASZ, FIHIELII R H96.7%(K5), ZH 1
WM, SM. DX, FC., VNEEKRZE R 5%
L FN s AR ; GPL HN. QY. LH.
SZ . SINHEAR By 25 5 W) m AR T 328 25 A1 55 o3 B 25
e P T | B T T s X N
TER RS 5 97.6%H192.0%., PRI, 5 T 1
T A5 3 1 TLART 0 S 2 Dy 2% A S ) 5 e B AR A T
F S M A RO, HADN RO A

3 iR
3.1 HARmAYIEER

BT Hu bR AR JLATIE 200 i, R TR
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Tab.5 Discrimination results of ten T. albonubes populations
SilE| ) S B K IR EFZE  discriminated species
item predicted species SM DX FC GP HN LH QY sz SIN VN
B T 4 R SM 30(100%) 0 0 0 0 0 0 0 0 0
result of GDA DX 0 30(100%) 0 0 0 0 0 0 0 0
FC 0 0 29(96.7%)0 0 0 1(33%) 0 0 0
GP 0 0 0 27(90%) 1(3.3%) 0 0 0 2(6.7%) 0
HN 0 0 0 0 18(100%) 0 0 0 0 0
LH 0 0 0 0 0 30(100%) 0 0 0 0
QY 1(33%) 0 0 0 0 0 28(93.3%)1(3.3%) 0 0
SZ 0 0 0 0 0 0 0 30(100%) 0 0
SIN 0 0 0 0 0 0 0 0 30(100%) 0
VN 0 0 0 0 0 0 0 1(33%) 0 29(96.7%)
2 H GRS R SM 30(100%) 0 0 0 0 0 0 0 0 0
result of cross
validation DX 0 30(100%) 0 0 0 0 0 0 0 0
FC 0 0 29(96.7%)0 0 0 1(33%) 0 0 0
GP 1(33%) 0 0 22(73.3%)3(10%) 0 0 0 4(13.3%) 0
HN 0 0 0 2(11.1%) 15(83.3%)1(5.6%) 0 0 0 0
LH 0 0 0 0 0 26(86.7%)3(10%)  1(3.3%) 0 0
QY 1(33%) 0 0 1(33%) 0 0 27(90%) 1(3.3%) 0 0
SZ 0 0 0 0 0 0 1(3.3%)  29(96.7%)0 0
SIN 0 0 0 2(6.7%) 0 0 0 0 28(93.3%)0
VN 0 0 0 0 0 0 0 1(33%) 0 29(96.7%)

s SN TR IR AR RS 55 AET R A E A LLS]; o, SXIRIH 2 H RGP IN97. 6% AT T IEMI722%; b, X

A AR5 2 Z 45 P F92.0% FEAHEAT T IERi 0 2

Notes: The number outside the braces means discriminated samples and the inside means the discriminated proportions; a. 97.60% samples of the initial

grouping case were correctly classified; b. 92.0% samples of cross validation grouping case were correctly classified

MR B AERCR, BRE R AR S IE S
WhELAE B, SCEL R A R TG A b A a5 A 22 i
AR B IUA o A I8 28 B 1Y b A s R0 T 754 3y
b 376 AH Xt 3 A b 8B 3 5Tk R 4 0
14.45%H182.72%, W] T 18R 1T AU dth A5 5 76 X
Sy NIRRT R B 2 . T B b AR A5 120
135 5 IR AT MR J5 2%, 14NBESE 5%, 15K
e 2, PUHDTHREA T H71.28%, RUIMRE
RNFH Sk BRI 25 J2 AN [) i £ 4 ] o5 22 1Y X
OYRHIE, TX A TR HUBR 3 B AN AT 2
32 AEEG#HAKENESESSH

KR A B EBHRL ST RO A i
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Geometric morphometric analysis of body-form variability in
populations of Tanichthys albonubes

ZHANG Xiuxia', ZHU Qiaoying '?, ZHAO Jun "

(1. Key Laboratory of Subtropical Biodiversity and Biomonitoring, Key Laboratory for Healthy and Safe Aquaculture of
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School of Life Science, South China Normal University, Guangzhou 510631, China,
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Sun Yat-sen University, Guangzhou 510275, China)

Abstract: Tanichthys albonubes, which was listed as Class II protected animal in China’s State Key Protected
Aquatic Animal List, is a typical representative of the small Danioninae fishes in South China. Aimed at
understanding morphological differentiation between populations as well as providing scientific basis for
developing conservation strategies of 7. albonubes, we investigated the body-form variation using landmark-based
geometric morphometric method among 8 wild populations and 2 hatchery populations of 7. /bonubes. Frozen
anesthetized fresh specimens were then fixed in 95% ethanol, a Nikon D-800 SLR camera was utilized to take
standard images of the fixed specimens afterwards. Landmark coordinate values were extracted after samples
digitized by image processing and processed by relative warp principal component(RW), grid deformation and
discriminant analysis in TPS series software. The 24 RW were then identified using discrimination analysis to
differentiate the ten 7. /bonubes populations. The result indicated that, the 1 st, 2 nd and 3 rd RW accounted for
48.20%, 23.12% and 14.83% of the total variation respectively, of which type landmarks 12, 13, 14 and 15 had
important contributions, and could explain the most variations. The most morphological variations were displayed
in eye diameter and head shape. Furthermore, it uncovered obvious morphological variation among wild
populations and hatchery populations. Therefore, we suggest that it should be forbidden to release the hatchery
populations in filed. Given the results in this study and the punctate distribution of 7. albonubes, we also proposal
that the 7 wild populations (expect Vietnam) should be regard as 7 management units(MU), respectively.

Key words: Tanichthys albonubes; morphological variation; geometric morphometrics; relative warp principal

component; grid deformation analysis; protection strategy
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