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Fig. I Morphological measurements of Oryzias larvae
@ total body length; @ pre anal length; 3 anal length;
@ head length; ® eye diameter; © head depth;
@ body depth; ® yolk depth; @ yolk length.
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Developmental characteristics of three Oryzias species hatching larvae
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Fig. 2 Morphology of three Oryzias species
alive hatching larvae
(a) Oryzias sinensis; (b) Oryzias pectoralis;
(c) Oryzias curvinotus.
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Fig. 3 Morphology in abdomen of three Oryzias species
hatching larvae (fixed by 5% formalin solution)
(a) Oryzias sinensis; (b) Oryzias pectoralis;
(¢) Oryzias curvinotus.
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Fig. 4 Lateral morphology of three Oryzias species hatching
larvae (fixed by 5% formalin solution)
(a) Oryzias sinensis; (b) Oryzias pectoralis;
(¢) Oryzias curvinotus.
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Tab.2 Morphological measurements among three Oryzias species hatching larvae

measurement Oryziassinensis  Oryzias pectorali Oryzias curvinotus significance
(n=36) (n=28) (n=33) (P<0.05)

&4> K /mm total body length (TL) 4.04+0.19° 4.64+0.18° 3.88+0.17° F,. 04=147.810, P=0.000
JTHTH/mm pre anal length (PAL) 1.81+0.07° 2.11+0.09* 1.71£0.09° F.. 0,=182.820, P=0.000
JILJG K /mm anal length (AL) 2.2240.14° 2.53+0.11° 2.17+0.12¢ F..0,=71.965, P=0.000
3k K /mm head length (HL) 0.82+0.05° 0.93+0.06" 0.79+0.02° F.. 0,=73.408, P=0.000
3 15 /mm head depth (HD) 0.55+0.03 0.57+0.04 0.55+0.04 F,. 0,=1.633, P=0.201
& %5 /mm body depth (BD) 0.69+0.07° 0.70+0.06° 0.78+0.08" F,. 04=14.828, P=0.000
R 4% /mm eye diameter (ED1) 0.37+0.02° 0.42+0.02° 0.37+0.02° F).04=49.244, P=0.000
iR [A] i /mm eye distance (ED2) 0.65+0.05° 0.69+0.05° 0.64+0.02° Fa. 04=12.648, P=0.000
A % /mm mouth width (MW) 0.29:0.02° 0.30+0.02° 0.25+0.01° F2.04=71.338, P=0.000
B[ #% K 42/mm yolk length (YL) 0.85+0.09" 0.98+0.09* 0.97+0.09* Fa. 0,=22.477, P=0.000
B[l #4544 /mm Yolk depth (YD) 0.49+0.08° 0.48+0.05" 0.60+0.12° F,.04=20.178, P=0.000
AR /CHTK TL/PAL 2.23+0.06° 2.20+0.05° 2.27+0.08" F,.04=8.524, P=0.000
WeK/MIEEK TL/AL 1.8240.04° 1.83+0.04° 1.7940.05° F,.04=7.963, P=0.001
haK /LK TL/HL 4.92+0.24 4.97+0.26 4.92+0.26 Fs. 04=0.477, P=0.622
A K/ E TL/HD 5.90+0.68" 6.66+0.52° 5.05+0.58° F2. 04=53.810, P=0.000
KK /MRE HL/BD 1.20+0.14° 1.34+0.13° 1.03+0.12¢ Fa. 04=44.224, P=0.000
kK /MR4% HL/EDI 2.23+0.12° 2.24+0.11° 2.11£0.13° F,.04=10.388, P=0.000
K /R EIE HL/ED2 1.2740.12° 1.37+0.12° 1.2440.06 F2.04=14.767, P=0.000
LAK/H % HL/MW 2.84+0.17° 3.18+0.24° 3.18+0.18° F1.0:=31.671, P=0.000
AR PE/IR 42 ED2/ED1 1.76+0.11° 1.65+0.10° 1.71£0.10° F2.94=9.420, P=0.000
WLF5 %% sarcomere number 26.72+1.43% 27.29+1.33°% 26.21+1.19° F2, 94=4.992, P=0.009
WKL pigments in back 44.36+9.92° 32.18+7.94° 22.36+3.32° F.. 0,=71.716, P=0.000

T8 =R 8E A b TAR T RN R 2 2R DI (] 22 5 oA S22 5 L(P<0.05)

Note: Different letters in the same row indicate statistical significance (P<0.05).
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Fig. 6 Combine plots for discriminant analysis
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Tab. 3 Standardized typical discriminant function coefficient

S8 PR%Y function
measurement 1 2

JLHI K /mm pre anal length (PAL) -3.847 -5.981
ATJ5 & /mm anal length (AL) 3.754 0.648
3k K /mm head length (HL) -1.093 4.96

3k ¥ /mm head depth (HD) 0.516 0.212
£ % /mm body depth (BD) -0.177 0.517
HR#%/mm eye diameter (ED1) -0.178 2.082
HR [E] #F/mm eye distance (ED2) —0.628 0.813
A 5% /mm mouth width (MW) 1.333 -1.25

4% /mm yolk length (YL) 0.121 —0.467
Y148 #%/mm yolk depth (YD) 0.029 ~0.085
MK vs ATHT K TL/PAL 0.89 4211
&K vs iTJF £ TL/AL 4.462 0.199
M vs Sk TL/HL 0.845 2.563
4 vs f& R HL/BD -2.557 6.283
kA vs M5 HL/BD 2.439 -6.251
%+ vs 4% HL/ED1 1.031 0.998
%A vs ][] #E HL/ED2 -1.792 3.25

Sk vs 158 HL/MW 1.6 -2.314
IR FE vs IR4% ED2/ED1 —-0.943 1.845
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Fig. 7 Cluster analysis among three Oryzias
species hatching larvae
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Developmental and morphological differences in hatching larvae of
three Chinese Oryzias species
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1. National Positioning Research Station for Dianchi Wetland Ecosystem, Southwest Forestry University, Kunming
650224, China;

2. College of Wetlands/National Plateau Wetland Research Center, Southwest Forestry University, Kunming 650224,
China

Abstract: An investigation into the developmental and morphological differences among the hatching larvae of
three Chinese Oryzias species, Oryzias sinensis, Oryzias pectoralis, and Oryzias curvinotus, was conducted. All
embryos and larvae were cultured in a water bath with a temperature of (27.0+1.0)C. The results showed that there are
significant differences in morphology among the hatching larvae; specifically, the body length of O. pectoralis
larvae [(4.64+0.18) mm], is much larger than that of O. sinensis [(4.04+0.19) mm], and O. curvinotus [(3.88+
0.17) mm]. One-way analysis of variance (ANOVA) revealed that 90.9% of measurements were significantly dif-
ferent among the three species’ hatching larvae (20 of the 22 measurements). Further, Principal Component
Analysis (PCA) showed that total body length (TL), head length (HL), HL vs. body depth (BD), TL/BD, anal
length (AL), mouth width (MW), and yolk length (YL) were the main variables contributing to the morphological
differences among the hatching larvae. Additionally, discriminant analysis confirmed the differences among the
larvae, and the larvae were separated from one another in the combined plot for the discriminant analysis. The
above results were also confirmed by analysis of similarity (ANOSIM). ANOSIM showed that the differences
among the larvae had statistical significance (P<0.05). On the other hand, cluster analysis revealed that O. pector-
alis and O. curvinotus larvae are more similar to each other than to O. sinensis larvae, and O. sinensis larvae were
isolated in the dendrogram constructed from the cluster analysis. This result correlates to their geographical dis-
tributions, because O. pectoralis and O. curvinotus populations are found closer to one another than to O. sinensis
populations in the wild. Finally, the chromatophore pigment pattern on the body could be used to discriminate the
Oryzias larvae; the chromatophore pigment on the abdomen is denser on O. sinensis larvae than on the larvae of
the other species, and the chromatophore pigment on the petrol fins of O. pectoralis larvae is more abundant than
on O. curvinotus larvae pectoral fins. Also, many morphological measurements could be used to discriminate be-
tween O. pectoralis and O. curvinotus larvae.
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