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Fig.1 Truss network of distance measurements of
bighead carp

1. tip of maxillary; 2. forehead (end of frontal bone); 3. origin of dorsal
fln; 4. termination of dorsal rin; 5. dorsal side of caudal peduncle, at the
nadir; 6. ventral side of caudal peduncie, at the nadir; 7. termination of anal

fin; 8. ongin of anal fin; 9. origin of pelvic fin; 10. origin of pectoral fin
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Tab.1 Variance analysis results of morphological parameters of bighead carp population of different treatments n=14; X+SD

IR character ZHA group A Z1B group B ZHC group C ZHD group D P{H P value
4K/ TL/BL 1.174+0.008° 1.173£0.014° 1.182+0.011* 1.189+0.015" <0.01
SLKMRK HL/BL 0.340+0.011° 0.320£0.012° 0.333+ 0.008" 0.330£0.013" <0.01
3k s/ HH/BL 0.250+ 0.005 0.243+0.007 0.248+0.008 0.244+0.006 NS
AR fE Sk K/ HLBE/BL  0.248+0.015® 0.246+0.010° 0.254+0.006" 0.256+0.007" 0.033
WK/k K SL/BL 0.07120.006" 0.056+0.005" 0.059£0.005" 0.055+0.006" <0.01
AR12/4A ED/BL 0.022+0.002° 0.021£0.002" 0.0210.002" 0.020+0.001° 0.015
fA /R BH/BL 0.276+0.001° 0.291+0.010° 0.292+0.008" 0.295+0.009" <0.01
A JE/#A K BT/BL 0.0110.004° 0.013+0.001° 0.013+0.001° 0.014+0.001° <0.01
PR K CPL/BL 0.188+0.005° 0.1810.006" 0.177+0.010" 0.173+0.009° <0.01
B s/ kK CPH/BL 0.097+0.004* 0.102+0.002" 0.102:£0.003" 0.1050.003° <0.01
1—2/#k% 1—2/BL 0.250+0.009 0.245+0.009 0.249+0.007 0.252+0.007 NS
2—3/#k & 2—3/BL 0.28120.008" 0.290+0.009" 0.290+0.009" 0.288+0.008° 0.034
3—4/fk K 3—4/BL 0.101:£0.006° 0.099+0.006™ 0.091+0.012° 0.098+0.011" 0.035
4—5/fkK: 4—5/BL 0.326+0.014 0.323+0.015 0.330+0.017 0.317+0.016 NS
5—6/fk K 5—6/BL 0.125+0.003 0.127+0.003 0.126+0.003 0.126+0.005 NS
6—7/1k & 6—7/BL 0.128+0.007 0.123+0.006" 0.118+0.013" 0.119+0.008" 0.016
7—8/Mk K 7—8/BL 0.144+0.005" 0.153+0.008" 0.154£0.011° 0.155+0.006" <0.01
8—9/fkK 8—9/BL 0.218+0.009" 0.230+0.007° 0.227+0.009" 0.239+0.009° <0.01
9—10/{& & 9—10/BL 0.179+0.009° 0.1930.007" 0.192+0.009° 0.194+0.007° <0.01
10—1/f44% 10—1/BL 0.311:0.006° 0.295+0.011° 0.303+0.012° 0.294+0.014° <0.01
2—10/#A4 2—10/BL 1.174+0.008° 1.173£0.014° 1.182+0.011° 1.189+0.015° <0.01
2—9/#kK 2—9/BL 0.340+0.011 0.320+0.011 0.332+0.008 0.330+0.013 NS
3—10/4+ 3—10/BL 0.250+0.005" 0.243+0.007" 0.248+0.008" 0.244+0.006 <0.01
3—9/k K 3—9/BL 0.248+0.015" 0.246+0.010° 0.2540.006 0.256+0.007" <0.01
38/ 3—8/BL 0.2860.008° 0.307+0.008" 0.3060.007° 0.309+0.008° <0.01
4—9/fkK: 4—9/BL 0.022:0.002° 0.0210.002" 0.021£0.002° 0.020+0.001° <0.01
4—8/fkK 4—8/BL 0.213+0.008" 0.238+0.009° 0.240+0.006° 0.242+0.008° <0.01
5—8/1k K 5—8/BL 0.3130.010 0.317+0.007 0.317+0.009 0.315+0.007 NS
47k 4—7/BL 0.188+0.005" 0.181+0.006" 0.177£0.010° 0.173£0.009" <0.01
4—6/#k K 4—6/BL 0.355+0.011 0.363+0.011 0.365+0.012 0.359+0.016 NS
5—T7/MkK 5—7/BL 0.250+0.009° 0.245+0.009™ 0.2490.007™ 0.251£0.007° 0.035

3K HH: k#&: HLBE: H/S3k{: SL: W; ED: HR4%: BH: ff#: BT: f&)%; CPL: EHMiK: CPH: EMim: NS: ZRALF
Notes: 1-2. the distance between point 1 and point 2; 1-3. the distance between point 1 and point 3, and so on; the same below. a, b, ¢ in the same row
denotes significant difference among the four populations (P<0.05).TL: total length; BL: body length; HL: head length; HH: head height; HLBE: head
length behind the eye; SL: snout length; ED: eye diameter; BH: body height; BT: body thickness; CPL: caudal peduncle length; CPH: caudal peduncle
height; NS: non-significant
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Fig.2 Dendrogram of the relationship for
morphometric characters of bighead carp population of

different treatments
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D: Y,= —7868.82+9857.22X,+12 072.82X,+
40 948.46X,+2806.17X,+6320.03X5+4138.15X
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Tab.2 Principal components of morphological parameters of bighead carp population of different treatments
B—ERS BERS W= BIUERS BRERS BATRS BLEs
4R character
PC1 PC2 PC3 PC4 PC5 PC6 PC7

4K /MRK TL/BL -0.776 0.113 -0.251 0.101 0.143 -0.388 0.070
K/ HL/BL 0.785 -0.521 0.276 0.120 -0.039 —0.001 —0.097
SR K HH/BL 0.932 -0.106 0.125 -0.010 -0.004 —0.030 0.149
AR5 Sk K/ K HLBE/BL 0.693 -0.433 0.399 -0.136 0.185 ~0.174 -0.212
WK/ SL/BL 0.683 —0.487 -0.063 0.301 -0.323 0.173 —0.024
iR f%/#4 K ED/BL 0.427 -0.211 0.336 —0.411 0.299 0.471 0.098
A /A& BH/BL 0.809 0.375 0.333 0.140 0.051 —0.067 0.088
&K BT/BL —0.042 0.202 -0.094 -0.773 0.212 0.408 0.309
FAMK/MRK CPL/BL -0.538 -0.292 0.216 0.434 0.519 0.179 0.188
M/ fAs K CPH/BL 0.527 0.525 -0.021 -0.210 0.146 -0.303 0.436
1—2/fk % 1—2/BL 0.282 —0.845 0.160 —0.172 —0.208 —0.041 0.305
2—3/fkK 2—3/BL 0.574 0.450 —0.128 0.110 -0.183 0.357 —0.498
3—4/fk & 3—4/BL 0.336 —0.598 —0.678 0.028 0.008 —0.182 0.068
4—5/fk K 4—5/BL -0.327 0.576 0.367 0.450 -0.294 0.250 0.123
5—6/k K 5—6/BL 0.683 0.330 —0.448 ~0.089 0.037 -0.225 0.267
6—7/M& K 6—7/BL ~0.666 0.068 0.295 0.345 0.549 -0.095 -0.086
78/ 7—8/BL -0.340 0.308 —0.460 0.028 —0.668 —0.011 0.162
8—9/1k & 8—9/BL —0.149 0.531 0.151 —0.471 -0.014 —0.468 —0.428
9—10/#A+% 9—10/BL -0.210 0.484 —0.479 —0.466 0.165 0.397 —0.145
10—1/#A4 10—1/BL 0.826 -0.397 0.200 0.276 -0.058 —0.061 —0.026
2—10/#4K: 2—10/BL 0.903 0.025 -0.101 0.322 0.057 0.142 0.073
2—9/fk & 2—9/BL 0.878 0.307 -0.118 0.197 0.055 0.229 —0.062
3—10/#k % 3—10/BL 0.700 0.627 —0.167 —0.010 0.056 0.219 -0.105
3—9/#k & 3—9/BL 0.845 0.455 0.066 0.121 0.053 -0.082 0.057
3—8/#k & 3—8/BL 0.822 0.458 0.116 —0.043 0.079 —0.156 0.133
4—9/fk K 4—9/BL 0.799 0.299 -0.263 -0.126 0.064 —0.355 —0.153
4—8/fk K 4—8/BL 0.258 0.730 0.581 -0.072 0.021 —0.088 0.088
58/ 5—8/BL ~0.189 0.511 —0.613 0.494 0.004 0.113 0.156
4—7/tkK 4—7/BL -0.255 0.786 0.454 —0.036 -0.295 —0.002 0.103
4—6/tkK 4—6/BL ~0.500 0.617 0.541 0.206 —0.124 -0.011 0.088
5—7/#k % 5—7/BL 0.168 0.459 —0.478 0.389 0.573 —0.024 —0.054
FFHEE eigenvalue 11.4 6.79 3.61 2.66 1.99 1.69 121
BTHR#/% contribution 36.8 21.9 11.6 8.58 6.40 5.46 3.90
ZRTFTTHA®/% cumulative contribution 36.7 58.7 70.3 78.9 85.3 90.7 94.6

i PC.ERST
Notes: PC. principal component
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Fig. 3 Principal component analysis of
morphological parameters of bighead carp population of
different treatments

The relative warps image of group A and group D, grid deformation
maps formed by landmark method, highlighting the deformation of fish
trunk from head to the dorsal fin of group A and D

®3 TREIAIBLAGEFRERSMERF R 54
Tab.3 Discriminant analysis of meristic of
relative biometic values of bighead carp population of

different treatments

Tt 732k

LS sy 511
bichead ca predicted group membership FITHER /%
ggroup P WA 4B 4C 4D identification accuarcy
HA 13 1 92.1
2B 12 2 87.5
#C 3 9 2 64.3
%D 1 1 12 87.5
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Morphological variations of bighead carp (Aristichthys nobilis)
fed by feedstuff

XU Degao"?, LIXuemei'", ZHU Yongjiu', ZHANG Jiabo’, YANG Deguo'

(1. Key Laboratory of Freshwater Biodiversity Conservation,
Ministry of Agriculture of China Yangtze River Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Wuhan 430223, China;
2. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: To elucidate the morphological variation of bighead carp (Aristichthys nobilis) fed by feedstuff, 31
morphological proportional characters for four populations (56 specimens) from four treatments as fertilization
(group A), fertilization+ 1/2 feeding (group B), fertilization+ feeding (group C) and feeding (group D) were
investigated, using the traditional morphological (one-way analysis of variance, cluster analysis, principal
component analysis, and discriminant analysis) and truss network analysis. The four populations of bighead carp
differed significantly for 24 morphological proportional characters (e.g., TL/BL, BH/BL, SL/BL), while there were
no differences for other characters as HH/BL, HL/BL, 4-6/BL, 5-6/BL between different groups. A cluster
analysis indicated that the group B, group C and group D were more similar compared to group A. The principal
component analysis yielded seven principal components with a cumulative contribution ratio of 94.6%. The scatter
diagram of major principal components also showed group A completely separated from other three groups, while
the latter overlapped together. The discriminant functions of the four populations of bighead carp were established
based on 6 morphological characters that differed significantly among the populations. The accuracy of
discrimination from four populations was 92.7%, 87.5%, 64.3% and 87.5%, respectively, indicating the reliability
of discriminant functions. In summary, the morphological characteristics of bighead carp fed feedstuff changed
significantly. However, the morphological characters of fish head have not changed, while the trunk from head to
the dorsal fin is significantly increased, hence giving an illusion of smaller head. It is the first study to prove the
bighead carp fed feedstuff still have the big head features, laying the theoretical foundation for rearing bighead
carp with feedstuff.
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