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Fig. 1 Positions of 13 landmark of silver carp larvae
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Tab. 1 The landmark type and definition
AR T

Landmark De?'lEn?t(ion
type
I BYALFR RS
3 &2 £ Origin of dorsal fin
4 i i L AU Posterior end of dorsal fin base
5 JEHEFEES I Upper insertion of caudal fin base
7 JEHEEHL I T v Lower insertion of caudal fin base
8 R L3 AU Posterior end of anal fin base
9 g ke £ Origin of anal fin
10 &2 25 Origin of pelvic fin
T BYAAAR R
2 #i'H Frontal bone
6 JFEWiA Ui Distal tip of caudal peduncle
1 A8 55 A8 ML & Origin of the preopercle on the
ventral
12 AR fT %% The anterior margin of the eye

13 AR J5 %% The posterior margin of the eye
JIEZEY 3=
1 Wi Tip of snout
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Fig. 2 The Procrustes diagram of five experimental groups of silver carp larvae
S KRR BEAT )T TS

Solid points indicate the average morphology of silver carp larvae
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Tab. 2 Principal component analysis of morphology in silver carp

larvae

oy TRy Ry=
component igenvalue  Variance (%) variance (%)

PC1 0.00138356 47.64 47.64
PC2 0.00042130 14.51 62.15
PC3 0.00031310 10.78 72.93
PC4 0.00013657 4.70 77.63
PC5 0.00011275 3.88 81.51
PC6 0.00010520 3.62 85.13
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Fig. 4 The scatter plots of PC1 and PC2 for morphology and outline variation of silver carp larvae
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Mean shapes of silver carp larvae are shown for sores of 0.1 (A) and —0.1 (B) in PC1. Mean shapes of silver carp larvae are shown for sores

of -0.12 (C) and 0.12 (D) in PC2; E. the circle represents 95% confidence ellipses of the mean shapes of silver carp in different experimental

groups
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Tab. 3 Canonical variate analysis of morphology in silver carp
larvae

SRR ey

Canonical

ugpn  RITRAER

Cumulative

variate Eigenvalue  Variance (%) variance (%)
CVl 0.40673144 54.55 54.55
CV2 0.18592402 24.93 79.48
CVv3 0.08441425 11.32 90.80
Cv4 0.06859854 9.20 100.00
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Fig. 5 The scatter plots of CV1 andCV2 for morphology and outline variation of silver carp larvae
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Mean shapes of silver carp larvae are shown for sores of 5.0 (A) and 4.0 (B) in CV1. Mean shapes of silver carp larvae are shown for sores of

—7.0 (C) and 4.0 (D) in CV2; E. the circle represents 95% confidence ellipses of the mean shapes of silver carp in different experimental groups
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Tab. 4 Mahalanobis and Procrustes distance computed from a
canonical variates analysis of a matrix of 13 landmark of silver
carp larvae

xR H
Control 0-05 /L 0.5pg/l Sug/L 50 pg/L

T, (K. #H 2 Mahalanobis distance

X} 4 Control 0.0004  <0.0001 <0.0001 <0.0001
0.05 pg/L 1.0538 <0.0001 <0.0001 <0.0001
0.5 pg/L 1.6705  1.1827 <0.0001 <0.0001

5 pg/L 1.3086  1.1278  1.1546
50 pg/L 1.8497 1.5651 1.3084 1.1161

G #E B Procrustes distance

X} 4 Control 0.0299  <0.0001 0.0008 <0.0001
0.05 pg/L 0.0138 0.0269 0.4196 0.0006
0.5 pg/L 0.0262  0.0137 0.0990 0.0385

5 pg/L 0.0187  0.0076  0.0107 0.0036

50 pg/L 0.0322  0.0205 0.0132 0.0169

e EEARORPE, T AR R A B RR R A
A1 2 129 S22 35 11 1 PR e HE A1) 1056 (100004~ 32 52 T B HH SR 1Y

Note: Upper triangle are P-values, lower triangle are distances

between populations; P-values for the significance of the interpopulation
distances were computed using permutation tests (10000 replications)
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GEOMETRIC MORPHOMETRIC ANALYSIS OF SILVER CARP LARVAE
AFTER EXPOSURE TO TDCIPP

YANG Hao"?, PU Yan™’, GAO Lei’, DUAN Xin-Bin’, LIU Shao-Ping’, CHEN Da-Qing’ and LI Yun'

(1. Fisheries and Aquaculture Biotechnology Laboratory, College of Fisheries, Southwest University, Chongging 400715, China;
2. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Science, Wuhan 430223, China; 3. Key Laboratory
of Freshwater Fish Reproduction and Development (Ministry of Education), School of Life Sciences,

Southwest University, Chongqing 400715, China)

Abstract: Tris (1,3-dichloro-2-propyl) phosphate (TDCIPP), widely used as a kind of organophosphorus flame retar-
dant, has been detected in the Yangtze River water environments. Many toxicological assessments have shown that
TDCIPP could change morphology of fish. Silver carp (Hypophthalmichthys molitrix) lives in the Yangtze River for its
entire life story, however, the effects of TDCIPP on silver carp is unclear. In order to clarify the main morphological
characters of growth inhibition of silver carp larvae caused by TDCIPP, the present study analyzed the morphological
traits between four environmentally relevant concentrations (0.05, 0.5, 5 and 50 ug/L) and the control group by geomet-
ric morphometric analysis. After the image information of larvae simple was obtained, the body length and body weight
were measured. Then, digitization of landmarks was carried out with the TPS series software. Finally, principal com-
ponent analysis (PCA), canonical variates analysis (CVA) and results visualization were carried out with Morpho J soft-
ware. The body length and body weight of silver carp larvae decreased significantly under exposure to 0.5, 5 and 50 pg/L
of TDCIPP compared with the control group, but no effects were observed in 0.05 pg/L. This indicated that environ-
mentally relevant concentrations of TDCIPP induced growth inhibition in silver carp larvae. The results of PCA and
CVA indicated that the first principal component (PC1) and the second principal component (PC2) together accounted
for 62.15% of the overall variables (47.36% and 14.51%, respectively). The first canonical variates (CV1) and the
second canonical variates (CV2) together accounted for 79.48% (54.55% and 24.93%, respectively), which satisfied the
requirement of morphological analysis of silver carp larvae. The results of grid profile analysis indicated that the ave-
rage morphology of silver carp larvae in different concentrations was significantly different with the control group (P<<
0.05), which identified by the growth retardation of the head, longitudinal axis of body and tail. As a conclusion,
TDCIPP could induce the growth retardation of head, longitudinal axis of body and tail in silver carp larvae. Therefore,
attentions should be paid to the environmental concentrations of TDCIPP in the Yangtze River Basin, and the ecologi-
cal risk of TDCIPP to the replenishment of silver carp population resources should be assessed.

Key words: Geometric morphometric analysis; Morpho J; TDCIPP; Growth inhibition; Silver carp larvae
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