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SVREAT L OB 2 R, TR B A DA A 2 T S e )
. S SR, R RS L, HAME A
PEREAR FgHEE . 4R K A R I R () A £
2B 2 B, 2% 5 % B H A B, R A5 R
SE R {E A4 2510 B R . H T RaE, 56
T £ (R 9T AR R e R R e Y
S AR RAT A A T, AT G HOA RS
7 T IR e 50, ELAYAN 128 B 78 ST 3k A R~ 3
BT g B, 2 R R AL AS 2 R AT Ty
T AT RN . ST M, AR 52 LA G Vb
AR ISFhESHE oSO R, BEFER AR T HA
T2 e S A s 0 o 25 1 R AT, 5 SR T S B 1
He G0 A5 49 SRR E U IR B e R R B A
T A U 7 0 ) ) 46 SR S, 224K IS A
W 10 AT TS 0 RO 50505 SR R RS 2
T EAT WAL I . AT 58 LU A 5 P v B 19
W £ ST 9 SR LR 2 HEORE, M L R
R4 5 TFRAR LS AR YE .

1 #R5RE

1.1 SEIGAR)
S8 AT FH 8 M £ A A 2018—20214F K H -k
B 5(16°55'—17°00'N, 112°12'—112°21'E). 7K 2%

5 (16°50'N, 112°20'E). 78 55 (16°40'N, 112°44'E).
T (16°27'51"N, 111°44'17"E). F2EHE(16°28'N,
111°35'E). 4=E 55(16°32'N, 111°40'E) fI4I5(16°35
03"N, 111°42'19"E)%5 P4 ¥D B B ifg ik . SREE T 4)8
15T s IE £8 (% 1), LT 14698 . R4 3 (1) 29
O REAR A R RAT, BE G 38— A S0 FE i 128 [0l S2 56
o TR E MR G L2 R, SRR E A K
K573 21 mm). 1K B G5 75 £/ 0.01 g; £ 1), B
o BRBEACK BRI NEA), HKBEE G 3%
AN B O EEAT
1.2 #HmpaiE

HA 4 FHPS-30AME 75 S & P WL (T B, 2R 583t
1TiE P )5 BT 101-3QBH # 8 X T8 46 (W 3%, K
EYHS0C TR 120 2 H 5, T8 )5 i B4
JJ124BCH; % HL T K T(G&G, H BOBEATFRE, K5
£0.0001 go B E- AT Gl T (= MR BT LE TEDAE A 4
Mriin, B i e b, KPR T R BT 405
BARIEAS, R B A HoA 200 7 1 — 2L
W N AR ZE (B 1), R E RS EARE R E R,
T e8I E. S 29 R HLEICA SODR
1445 (Leika, Germany). LEICA MC170 HD & 4
5% #5154 3k (Leika, Germany)f LASKE 14 K % & 4t
(Leika, Germany)it 7 H- A BE R4 . AW 5048 A

R ERSHERNEK. FERE

Tab.1 Body length and weight of Parrotfish
7 L KA s S N
Genus Species Body length range (mm) Body weight range (g) samples

S5 HE R, 52 HR 200 %5195 €4 Calotomus carolinus

Calotomus Valencionnes 158—270 (209+26)  134.17—612.76 (357.80+£121.79) 39

LRUGIE £ e £ . )

Chlorurus IR 88 € Chlorurus sordidus Forsskél 103—264 (193+26) 45.95—594.49 (273.75£94.51) 323

EEEI é} rm;l] b,@ . .

g]ggjﬁg it Chlorurus microrhinos 173—375 (275+52)  161.99—1980.00 (800.68451.50) 24

I 485 5 1 K3k 595 5 Hipposcarus longiceps

Hipposcarus  Valenciennes 144—391 (237+45) 98.31—1885.00 (468.00+£289.47) 184

WO R il S B WE 6 Scarus rubroviolaceus

Searus Bleeker 175—331 (255+48)  211.09—1380.00 (659.46+362.66) 11
P PTYEME 11 Scarus globiceps
Valenciennes 123—205 (166+19) 70.22—329.56 (180.36+53.57) 121
LI 1 Scarus niger Forsskal 168—297 (211£23)  150.38—570.03 (340.82+268.05) 53
YA S WE 48 Scarus dimidiatus Bleeker 164—235 (197+20)  153.13—398.43 (266.76+73.69) 29
B ¥ S 8. Scarus oviceps Valenciennes 117—274 (191£29) 69.80—733.07 (265.69+119.49) 248
BB ME 8 Scarus rivulatus
Valenciennes 123—294 (197+42) 83.40—1111.80 (340.08+268.05) 30
4} JE S 6 Scarus forsteni Bleeker 160—330 (224+26) 136.39—1591.50 (387.97+144.43) 193
T /5 85 18 Scarus ghobban Forsskal 142—280 (195+33) 93.54—807.21 (284.54+172.42) 13
W S5 £ Scarus frenatus Lacepéde 168—334 (260+41)  250.20—1486.10 (750.46+328.58) 15
Y IRESE 4 Scarus schlegeli Bleeker 165—274 (209+22)  140.79—635.03 (306.75£90.54) 109
KEWI W t8 Scarus Psittacus Forsskal 130—213 (173+24) 76.90—314.35 (177.78+53.73) 77

E: QW BT E AR EE

Note: The numbers in () represent mean+SD
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1) B I £ A 3 B P 1 b o 3R AT HE TEORN 40 R
(Kl 2).

KA B HA B8 )5 18 F Image-Pro Plus 6.0/&{%
I3 M1 8 A (Media Cybernetics, USA)XT He i3k 47l &
K BEHUERE R 3)0.01 mm, TASUERS#%0.01 mm’.
ABFFEI T 19N B ATEAfRRI (R 2), HA
RO T A KO AR R N BURR, R — AN
Wy e D, DR b, AR SO N B TS
RAEMESH. BAMATRLRSS DA

A9 53] {8 B vk 45 3R 1~ (Elliptic Fourier descriptors,

] Dorsal

Hii

Anterior Posterior

Ji5§ M Ventral

K1 B T A R &
Fig. 1  Schematic diagram of Scarus ghobban’s left otolith

measurement

ABNH A K, OL; ACHE A %, OW; EF NFeret L2 K; OLAH-
Fir/N AR, Ry OGN H A BOREAR, Ryax

AB. otolith length, OL; AC. otolith width, OW; EF. feret length;
OL. radius min, Ryy; OG. radius max, Ryax

EFDs) At % i ik 111 & — 256 BE AT T RS, {8
SHAPE 1.3% 144"/ f#)ChainCoderF2 /5 M H 41
GIREUE A R B, K e BB 15 B AR A7 B
i, 1247 CHC2NEFAE J7 i ik B A7 1 #E AR 46 51 4 1
(14D 5 PSR B P 3 40 0 B D A v A o e R T
fH. BFITCEREA, B A A 38, B4 A
LI IE DU 100

FH T A7 10—202H 18 BL 185 {5 58 9 3 18 B4 1)
EEAMBRE . AT AT 2028 4 B -
BEAT 00T, B — 4B E AN B & (a,s by e, fd,)
A, MRS B T 25 1 80/ [ {8 HL - 2% i3
LR, BT bR A FE O oA R = A R B
A5 R [ 58 18 (a,=1, by=c,=0), & LA 7% v 5% FH 774
AVR I o8 B v 2R ﬁ(az—zoa by 20, €220 d; —20)iﬁ 74
T,

W 7E L A B RO R TE S 8 hn it AT
I, 45 R BRI ESME I FE . A BA TR X
IR LY TR E M E R (P>0.05; % 3). B, 4
— i F A2 B AT AR A AR B P HOA TS
13 HIEAE

R T AR T 3 45 SR T4, SRk
HATEAS TR AR A (8 Bk R B g (x + 1.1) 1%
e, LR O A T v Y IR B 194
FTEASFRBR AN TTA G [ 48 B R B3 AT IS A
T EFERL, RE M & KR EERIT T 20

2 mm

B2 AT B e e R B AA

Fig. 2 The left sagittal otolith of parrotfish
A. B IRA1YWE € C. carolinus; 7KW #.C. sordidus; C. /NS5 WE 4. C. microrhinos; D. ¥ 3k 5 %5WE 4 H. longiceps; B. Bli Sk 55 1%
S. rubroviolaceus; F. S BT BG4 S. globiceps; G. TRESMES. niger; H. JHTRSME LS. dimidiatus; 1. T 5WE .S, oviceps; 1. 7R %W £
S. rivulatus; K. £ S WWE .S, forsteni; L. T A B5ME .S, ghobban; M. W SUESWE .S, frenatus; N. ¥ IRESWE .S, schlegeli; O. W) BEWE
S. psittacus
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I3 M5 25 EHE AN A2 25 1, M E AT Kruskal-WallisJfE
RIS, KIS SEAEA R a1 22 0k, IR
B 2= TR E(P<0.05)IES B EH T . HT
RAR A KR 0 R AT A R, 18
5 3 43 BT 2 1 25 Bk £ 2 5 3 2E K (Allometric
growth) % 1 71 45 533 i 22, 6k T 20 AT AR
BT R A KR IEP

Y =aX" (1

lgV =lg(a) +bxIg(X)+e ()

#* 2 RTSBMAARER
Tab. 2 Sizel parameters and morphological indices of otolith
RIB% HAAR S
Size parameter Otolith morphological index
H K Otolith length (OL) %)% #(Rectangularity,
R)=0A/(OLxOW)
HFi % Otolith width (OW) [l ¥ (Roundness, O)=(40A)/( nOL?)
HA JAKPerimeter (OP) /% H(Aspect ratio, A)=OL/OW
HATHA Area (OA) S Al ¥-(Forn) factor,
F)=(4nOA)/OP
it/ N B fFeret min 7% (Circularity, C)=OP’/OA
(Fmax)
PN K E S Feret max i[5 % (Ellipticity,
(Frin) E)=(OL-OW)/(OL+OW)
B3 H AT Feret mean  ¢f HAZ LU (Fere ratio, G)=F pax/Finin
(Fmean)
H A /¥ 1%Radius min 1% i (Radius ratio, D)=R yux/Rimin
(Rmin)
HoA i K ¥ 1£Radius max TH % % (Area density, 4)=OW'/OA
(Rmax)
H A # & Otolith weight
(OW)

VE: TR R mm’, KIELHAL A ymm, R A g
Note: Area unit of measure is mm’, length unit is mm, and
mass unit is g

R3I RWERELAEAERMELER
Tab. 3 T-test for the left and right sagittac of Chlorurus sordidus

EHA HHA
‘U”\U%j‘ﬁ‘ﬁ . Left sagittal ~ Right sagittal P (Ttest)
Measurement indicator otolith otolith
(mean+SD) (mean+SD)

HAKOL 5.33+0.45 5.31+0.52 0.893
HAHHEOW 3.33+0.24 3.304+0.25 0.528
HA EHKOoP 1533+1.52  14.98+1.58  0.294
HATHOA 11.92+1.65 11.651.78  0.480
FRE I /N AR F g 3.27+0.25 3.25+0.25 0.667
PRI K B AR F in 5.38+0.44 53540.51  0.764
PP HARF pean 4.35+0.31 430+0.35 0.507
HA BN ERR iy 1.52+0.10 1.48£0.13  0.177
HA KRR pax 2.79+0.23 2.78+0.28 0.871
HOEEOW' 0.0169+0.0039 0.0168+0.0039 0.918

VE T AR B B mm”, K BE BT Jymm, i B A A g
n=42

Note: Area unit of measure is mmz, length unit is mm, and
mass unit is g; n=42

) X\’
= () ©
L, X A AR RS ARK . AROFRHAD
EEZRRFIEXARN—RER, AXQFTREIRE
T B A 5 i R ZE I R R R, AR
E— AN WEAE (X, ) R e e — AN B AA (X, Y7
¥ it FH 21 11 28508 308 T A 1) A8 s 0 e PR A 5K
Q)IEAT A HT, K h S 5b, FHZ IR A KGR H
T— BRI RE .

AW FT LAA2 R IR B M fa o o), 3t Ho ke . A EA
F IR TEAS e br S B 8 AT OLFEAR A5G, A
MR N AL . AHAMERM. REMEKT
Ho=0.05. 43 7K F 350 7 2O 15 Fh B 0 £ i3k A7 H1
Bl 4 BT (DAUAE F 19 B T 4 Fa A ()01
TIA MR i R EG (3)45 & 19 HoA TR AT bR Al
T7AN W [ L R . 3 Oy 2 A A I
(Cross-validation)4 247 LU . BRUb 2 4b, iE 45
G20 S T RS W R 10 2 TR AT A0 43 A, I
ELXH VS b B W £ 1) A TR A R b RO ARG [ 48 L R
B -F I E DA AE B E T AT R
153043 Bt A F Fisheri& 25 J) 710323, 582853 B A i BR
IREE B R4 5 2R0E, HdE 4 A48 FHSPSS 27.0 (IBM,
USA)F1Excel 2019 (Microsoft, USA) 4 58 it . 45
B IR (%) =R IR AN A E 8 AN A £ < 100%

2 £R

21 DBEafHEmNEARESHBSH

43 9K FH 3 7 0k 1 S b S £ 33047 340 531 43 BT,
X IIELS R ANER 4R .

IO F A TEASTa bR, 1SR ESME f 2] ) 2%
933.3%—83.3%, L5 i F N 56.8%, A A i
Fot 1o ) L R 2 SRS 21, SA194.9%; 31 5l 3R B ARG 1) A
75022 S s £ R R S B £ 50°M33.3% 0 AXAE 77
M DA Bk R B, 1SR B M ) i 2R R 36.4% —
83.3%, L5 I 25 63.1%, Horb H) 51 2 5 5 i 2
/N B UEINE £, SA83.3%, JAI I R B ALK 2 Bl Sk B g
i, N36.4%. 455 19N HATREIRIRA 774 3
e B R B0, 1SS £ 1) % R43.3%—100%, 27
B HIN R T5.7%, Fo b T 2R B 1) 2 A2 R 20 G
1, J9100%, FI 5% AR A2 8 R S ME 11, 43.3%.

g5 b, WA E L R A M R ME R I R A
FIEE T B ATEATER, 46 B AR in A
[53] {E ERL Pr 2R 250 0 S W £ ) 5 4 DA 2R v T
ff b —Ms. WK, Fhg— AR
ATaArRah A A 8 B R B T £ (1) S AT A

G55 B T A 48 br AU [ 48 B i R B0 15
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R4 ZMEENRIXAEER

Tab. 4 Cross-validation results of three methods

$1) 5| 2 Discriminating rate (%)
it )
> AR DL S S
e 11?6 gtolit}*la éﬁg‘w A Number

Species ;
P morphological Otolith  of sample
indi morphological
indicator eFcs e
indicator +
eFcs
SRR A5G
C. carolinus 94.9 51.3 100 39
IR
C. sordidus 60.1 70.0 76.2 323
N B R S £
C. microrhinos 79.2 83.3 79.2 24
Sk T B £
H. longiceps 78.3 78.8 87.0 184
Bl Sk BE M f1
S. rubroviolaceus 63.6 364 81.8 11
SR PTG £
S. globiceps 40.5 51.2 65.3 121
P £
S. niger 60.4 64.2 66 53
S Y £
S. dimidiatus 58.6 58.6 65.5 29
T i G £
S. oviceps 38.7 52.8 75.0 248
T B £
S. rivulatus 33.3 40.0 433 30
SRS
S. forsteni 59.6 64.8 75.6 193
7 A
IS i
S. ghobban 69.2 69.2 92.3 13
IS
S. frenatus 333 46.7 60.0 15
VT QUG
S. schlegeli 63.3 59.6 72.5 109
Frm) B £
S. psittacus 41.6 64.9 79.2 77
ZEG )
Comprehensive
discriminant 56.8 63.1 75.7
rate (%)

W 0 HATEAS IR S5 R WLER 5. R 2050
() 31 53] 36 B i, DN 100%; K B8 I ) ) ) SRR
76.2%, Tl £33 1A ) DRy /)N S Sk G g 1 1 I £
J& N RO/ W Tl /)N 5 5 B g 01 1) 220 1) 2R 0H 79.2%,
12.5% /A 50 A [R] Ja 1R K B WG #1, 6 4R 8.3%H K
PRI £ K Sk T B £ 1) 0 R ON8T.0%, 2.7% (1]
AN R £ G W £a 8 9 F2N 0 R, )43 10.3% 00
A HI A B W 1 S P ) TN D S R N 11N )
T ()34 59 28943 .3%—92.3%, T 15 B G 11 f1h) 1) 1)
5=, N92.3%, KA 7.7%HIANA HI oy o i B £
AR B W a1 R R R, N 43.3%, AR A
20.0%H) Ay S B B8 WE ) 13.3%H) A 5N 55 g £
6.7%J 3 JE M £, JIA K Sk T £ L L
W TS A P SUREE A | Y QRS £ %
3.3%; A W £ Ja PN (1 S M R A TR A e, R
0 9 TR J P 1 A 4 o 2 4 B s £ S 19 1 4

T, W20 Rk e IR 2 B i A Sk T W
22 WEaEEEAFIRIER

G199 H A T A TR bR AN 774406 (R 48 Lk R
B, S R 1) S AT A . IR, HEhE
144 8 1A 5 R N 86.5%—100%, 474 HI BN
88.6%, L H I 7 2R d v 1R A2 2 S E A L N 100%,
F ) A 2 S B 0 )&, N86.5% (3% 6); FH
BRI — BB 8 MR R 52.8% 1 M 1] 22 53¢, W LA &%l
L PG s £ Jeg AT R M £ T A 3N & X 40 T ) BRI AL
TREME AR RE26.2% 1 P R 22 5, REREH RO 4 5
W fn A AR RS L R . IS B X o I (K 3),
X ) 531 R B — A FH B K S 50O (3] B i R %k
s, X HDN R AR s KIS O AR .
23 BEaMEEEMEARSRELESH

MR 19 B4 T 25 48 b A0 774406 [ 48 B ik R
B, 43 N AE AR () J2 THDGE 1S B £ AT SRR
. SRR, YR E T L, B 8 N
ORI K B M 0 5 O — 32, B 5K Sk T B £
TN — >, BEWE A JE N B 2490 R /N B 2R S I £
FN—3, BN — X E F5 B IR 4 550 1 2R
K2 — (& 4); fERINZTH L, ZR5HE g A5
HIRREN—, BESEM AR, wa 54
R Je TR B — (K 5).
3 it
3.1 ARFEIFHIRAILE

AW 25 S 2R B 45 6 B T 25 4 A AU, (5] {3
B R BT s £ 1 A s ) R R A B, LR
[ Bk 240, BHARSf R ZE. AR
N, BIESZHE, GRS NEEETATRAER
FIERIN _EAEAE— e i R B, HRefE— e IR E b
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Tab. 6 Results of otolith morphological discrimination of four parrotfish genera
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Fig. 3 Scatterplot of otolith morphological discrimination results
of four parrotfish genera
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FEASIBILITY STUDY ON SPECIES IDENTIFICATION OF SCARIDAE FISHES
FROM XISHA ISLANDS, CHINA, BASED ON OTOLITH MORPHOLOGY

KANG Zhi-Peng"*”, LI Chun-Hou"’, LI Chun-Ran">’, WANG Teng"’, ZHAO Jin-Fa" ",
SHI Juan"? and LIU Yong"2
(1. Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization, Ministry of Agriculture and Rural Affairs,
Observation and Research Station of Pearl River Estuary Ecosystem, Guangdong Province, Guangdong Provincial Key
Laboratory of Fishery Ecology and Environment, South China Sea Fisheries Research Institute, Chinese Academy of
Fishery Sciences, Guangzhou 510300, China; 2. Scientific Observation and Research Station of Xisha Island Reef
Fishery Ecosystem of Hainan Province/Key Laboratory of Efficient Utilization and Processing of Marine

Fishery Resources of Hainan Province/ Sanya Tropical Fisheries Research Institute, Sanya
572018, China; 3. Huazhong Agricultural University, Wuhan 430070, China)

Abstract: In this study, parrotfish were obtained in the sea area of Xisha Islands from 2018 to 2021. Their identifica-
tion was analyzed by 19 otolith morphological indicators selected by traditional morphometry, along with 77 elliptical
Fourier coefficients (eFcs) selected by elliptical Fourier analysis. This comprehensive approach aimed to investigate the
feasibility of otolith morphology in the identification of species in the Scaridea family. The results showed that the
comprehensive discriminant rate was 56.8% when using only otolith morphological indicators to identify parrotfish.
This rate was lower than the 63.1% achieved by utilizing only eFcs and the impressive 75.7% when combining both
parameters. However, the combination of these two parameters significantly enhanced the discriminant rate to 88.6%
for 4 genera, with Calotomus achieving a perfect 100% discrimination rate. The clustering results based on otolith
morphology for the 15 Scaridea species largely align with the evolutionary tree results obtained from the study of mito-
chondrial genes. This agreement, especially at the genus level, showing a high degree of agreement, confirming that
otolith morphology has genetic properties and illustrating the feasibility of otolith morphology for fish species identifi-
cation. The results of this study contribute essential scientific information to the basic research of parrotfish in Xisha
Islands and establish a theoretical foundation for the conservation and development of parrotfish resources.

Key words: Otolith morphology; Traditional morphometry; Elliptical Fourier analysis; Parrotfish
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