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Tab.1 Sample information of Champsocephalus gunnari and Cryodraco antarcticus

Fh AT/ em TR BTl g Fe U R

Species Standard length Total weight Sample size
BICHEESL vk Champsocephalus gunnari 10.5 ~18.3 4.0~48.1 98
/N S48, Cryodraco antareticus 11.0~23.8 8.7 ~45.0 41
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Fig.1 Schematic map of otolith morphology and measurements of
Cryodraco antarcticus and Champsocephalus gunnari
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Note: OL, otolith length; OH, otolith height
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Tab.2 Size parameters and morphological indices of otoliths for two icefishes

R SFZH Size parameters HATEIRAEHR Otolith morphological indices

HA K (Otolith length, OL) HIP #a 1 % ( Rectangularity ) = OA/(OL x OH) : B #5555 H g/ MMEAIE X R
HA7%5 (Otolith height, OH) [ B (Roundness) =40A/ (wOL?) : FA7 SN G # T [ )18 0
HA Ji4K (Otolith perimeter, OP) BT H. ( Aspect ratio) = OL/OH . H-fy (Kl 5 45 4l [a] 1) 22 SRR B
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B i ( Otolith weight, OW)
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Tab.3 Comparison on otolith morphology of Champsocephalus gunnari and Cryodraco antarcticus

EBICHEESL UK Champsocephalus gunnari /NS Cryodraco antarcticus

SR - = PE
Parmntors S BUME skl ROKH BUME bR p o
Maximal value  Minimal value ~ Mean = S. D. Maximal value  Minimal value ~ Mean +S. D.
HAK OL 1.150 0.502 0.837 +0.119 2.753 0.770 0.987 +0.333 <0.01
HA7% OH 1.098 0.500 0.792 +0. 126 2.634 0.740 0.973 +0.310 <0.01
HARFEK op 5.944 1.285 2.913 £0.602 5.022 2.766 3.384 £0.635 <0.01
HAMM OA 2.374 0.108 0.555 +0.262 1.499 0.467 0.709 +0.270 <0.01
Hop i OW 3.385 0.359 1.549 £0.725 6.526 0.978 2.157 £1.326 <0.01
®4 BRELKENMFRNEBEGKEEARESSHENTEXR
Tab.4 Functional relationship between otolith morphology and standard length of
Champsocephalus gunnari and Cryodraco antarcticus
ESuSN
X Z functional relationship B R

Relationship Wilcoxon signed-rank test

R ERAG Kokl

Champsocephalus gunnari

W/ IV £

Cryodraco antarcticus

HR-HAK SL =5.699 6! 70k SL =5.579In0OL + 18.279 Py >0.05
SL-OL R*=0.6849 R* =0.314 P >0.05
-HA SL=5.980 4¢ =5.305 3InOH + 18. % >0.
H-HA 0-987 20H SL =5.305 3InOH + 18.322 Py >0.05
SL-OH R* =0.756 6 R*=0.26 Py >0.05
HR-H A K SL=2.130 70P +7.003 3 SL=8.548 5InOP + 7.718 3 Py >0.05
SL-0OP R*=0.369 4 R*=0.3735 P s >0.05
MR- AR SI,=15.010A02065 SL =4.587 2InOA + 19.842 Py >0.05
SL-0A R*=0.341 1 R*=0.3797 P s >0.05
K- I SL =9.993 3¢* : SL=2. nOW + 16. « >0.
MR- B i i 0- 173 20% SL=2.974 1InOW + 16.136 Py >0.05
SL-OW R*=0.77217 R* =0.306 4 P >0.05
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Tab.5 Comparison on otolith morphological indices of Champsocephalus gunnari and Cryodraco antarcticus

BREE kL Champsocephalus gunnari

HH/ NS Cryodraco antarcticus

28

PE

Panon RAM ROME Wlehilz BRI ROME MERRER o
Maximal value ~ Minimal value ~ Mean = S. D. Maximal value ~ Minimal value ~ Mean = S. D.
%Eﬂ:}ﬁﬁﬂi$ 4.950 0.200 0.845 £0.500 0.8438 0.114 0.767 £0. 106 >0.05
Rectangularity
Bl fF
I 5.672 0.233 1.016 £0.590 1.151 0.139 0.970 £0. 155 >0.05
Roundness
WEF}HS' 1.150 0.968 1.059 £0.037 1.179 0.868 1.013 £0.071 <0.01
Aspect ratio
K
ST 0.848 0.441 0.791 £0.047 0. 846 0.601 0.760 +0.048 <0.01
Form factor
PF/? 110. 464 1.054 13.860 +16.256 12.716 2.236 8.092 +2.804 <0.01
Circularity
Wﬁj& 0.070 -0.016 0.029 £0.017 0.082 -0.071 0.005 +0.035 <0.01
Ellipticity
T 1 10. 681 0.371 2.982 +1.417 5.662 1.986 2.867 +£0.690 >0.05

Surface density

2.3 EWRHHSH
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Fig.2 The 1st and 2nd principal components on
Fourier harmonics for otolith morphological
parameters of two icefishes
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Tab.6 Classification of otolith morphology for Champsocephalus gunnari and Cryodraco antarcticus

based on stepwise discriminant analysis and random forest

VAW WA g FIB|J5#  Discriminant equation - R ES
Analytical Procedure ér(zp Gl yk fa RN :E;tal /%
method analysis Champsocephalus gunnari Cryodraco antarcticus Accuracy
IR K5 RISk 98 0 98 100
BB 5T Original result AN I 0 4 41 100
SDA B LHAIE FE RISk 98 0 98 100
Cross-validation resut  Eg# /N7 2 £hy 1 40 41 97.56
PE RN RISk A 72 2 74 97.30
BEHLARAR B Training sample AR /IN I £ 2 27 29 93.10
RIF WA REA EI kKt 23 1 24 95.83
Test sample RN I fa 2 10 12 83.33
TN 1 MCELDOWNEY " X6f i 1 i 15 b 3/ 7K 35 ( SL
3 itie

3.1 HAELSE

Mad A AR B0 7 I H A B S22 4E
FrRoRF , F ARV I £ R0 38 Qi Sk vk fa A il —F
G R PRI 0 & Ve 22 55, TR0 148 bk BB A7
R EEE S (HE I A AL TC VA 15 AT 51
SrMHE . I AR eI A8 25 D i 0T A R T
W A A5k X 33X PR R K £ B R 22 57

HRAE AP vk fa AR K 5 B B S S 500 1Y R
O Z AT, PP vk A0 E 1 /0N B AR 7 15
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B SRl eR A R, R ARV IS R K
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HAR GRS 2 S AETE TS 2 R BRA:, an i
AR )30 BRI A A R /N 1 W 32 5 359 2 XoF e R A1
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Comparative analysis on otolith shape of Champsocephalus gunnari
and Cryodraco antarcticus based on four morphological techniques

QIAN Hurui', ZHU Guoping' > **

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Center for Polar Research ,
Shanghai Ocean University, Shanghai 201306, China; 3. Polar Marine Ecosystem Group ,Key Laboratory of Sustainable
Exploitation of Oceanic Fisheries Resources, Ministry of Education ,Shanghai Ocean University , Shanghat
201306, China; 4. National Engineering Research Center for Oceanic Fisheries, Shanghai 201306, China)

Abstract; To study the effectiveness of otolith morphological techniques on the population classification of
Antarctic ice fish, based on the collected samples of Champsocephalus gunnari and Cryodraco antarcticus, 5
kinds of basic otolith morphological parameters were measured and converted into 7 morphological indicators,
the differences in otolith morphology of two species were compared and analyzed, principal component analysis
(PCA) , stepwise discriminant analysis (SDA) and random forest ( RF) were then used to discriminate the
77 elliptical Fourier harmonics of otolith morphological parameters. The results showed that the otolith
parameters and body length of two species were significantly correlated (P >0.05). The body length of C.
gunnari showed a power function relationship with some morphological parameters. While otolith length,
otolith height, otolith area, otolith perimeter, otolith mass of C. antarcticus were all in logarithmic relationship
with the body length. Tt could be seen that the otolith ring rate of C. gunnari was lower than that of C.
antarcticus, compared to the otolith of C. antarcticus, the otolith of C. gunnari was rounder and more
regular. The conventional morphological analysis could not discriminate the otoliths of two species. The PCA
could discriminate the otoliths of two species, and the discriminant success rates of SDA and RF were
98.78% and 91.67% , respectively. SDA has its advantage in small sample size, but RF is suitable for large
sample size.

Keywords: otolith shape; Fourier analysis; principal component analysis; random forest; Cryodraco

antarcticus ; Champsocephalus gunnari



