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1 MREFE

1.1 MRKXi

FEVFHENL T 9°54'N, 115°32'E, & hE Vb #E
SV I T O S b, S TR B A A 2R
e, A IR, RPKZ 9km, MILTEZ 6 km,
T KRR IR 27 m, HEEIRIAL 14.69 km®, 53
AN 30.62 km?; ELAT TSN | B B AR I 35k 45 gt
A gy b 43 U, T e A B e 2K 2 A
AR AT 0 BRAR X 3
1.2 HERIRE

HIE T 1998—2018 4F b [ /K =R 24 A
5% Bt i 1 7K 7 B9 5 T A 5 U AR S AT BRI e £ 2]
AR A, SRARM S FEUERIX . 1998 4F 4 H
PEA M R b ERAE 357, S 300 t. 1999 4F
5 AHAAR BT 730" ML 7337, M
DE5r51h 98 t #1189 t, MFCA/IME. 2012—2018
ARV N R, R 1537 ¢, L TAEAE
FHRPHEER 7.85 m, % 1.5 m), RFEERTE 4L
5 3 12T, BIEZ(EE 2016 4F 4 H (2017 4E 5
H . 20184 4 7)., BZ=(fu4f 2012 4F 9 H | 2018
9 H). Z£FQ0124 12 A).

SRREE ARG TR RN . 1998 4F 4 H RAE
HREAEFE . 1999 4E 5 H Rk Jr 2 A4 5] 9 A
T4, 2016—2018 44 Z= KA Jy AL 45 ] ] F1 5~
By, RS —E A AT A v BRI DLER 1,
FHNIRJZEN, FrE i A 48 1 K MR E], K
KA 10~20 m, FYHRATHTEREIRY) . 1999 471l X
FIRAE L RAE . 2016—2018 4F 33 1 78V B 18] €0, 55
LR FIBE ], 4028 1 % B Nelson >,

PRAR SR 43 R b

F1 EFHEBEHIREBERERER
Tab. 1 Samplinginformation of fish in the
lagoon of Meiji Reef

-5 L AR

year—-month net and specification

1998-04  F4y: EEHHHAE K 25 mmxFE 10 mm
1999-05  F4hy: A4 HIME 5 1998 4E 4323, JIR0: B2 3 %,
AR5 40 mx1.1m, W H 55 mm

FIR: AN SF 40 mx1.5 m, WM E 33 mm, 4h
R H 78 mm

FH: WP 1998 4RI, FIM: Mg
2012 4F 12 A —%

F47: BRI S 1998 4E4E0T; RIM: M5
2012 4 12 A —3%

T8 IS 1998 4EHT; HIM: Mk S
2012 4F 12 H—%

T8 AR S 1998 4T, HIMN: Mk S
2012 4F 12 H—%

T4 BE MG S 1998 AR, I AR R <)
50 mx1.1m, WMH 20 mm, #F™ H 70 mm

2012-09

2016-04

2017-05

2017-12

2018-04

2018-09

1.3 HEFEHH
K A # ELMEFE B (index of relative impor-
tance, IRI)FIARXT 8 245 50 A 43 L (%IRD) 73 Bt
O AERETE T L P, Ha AR R
IRI=(N +W)xF (1)
IRI% = (IRI / ZIRI) 100 2)

Krf, N MRS PR f R A 2R
BB E L, w AR a b 2K A E
HINE T FO M R E ., A
W5 HLE IRI=500, 100<IRI<500, 10<IRI<100
K IRI<10 P25 FR AR SR | 5 W . —eFh
P& IRERL

¥ H Margalef #FhF & BE 840> . Simpson
ZREPEFE R Shannon-Wiener ZREMEFE R |
Pielou $4%] FE F5 KU PO EAL 28 ZREVE K .

Margalef F & & 544

D=(S-1)/log,N 3)
Simpson ZHEMEFE AL

Cloy =1->(w; /W)’ (4)
i=1

%)
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Shannon-Wiener ZHEHEF8 5
s

Higy == (w; / W)log, (w; /W) )
i=1

Byo) e A
J' = H('B) /log,S (6)
o, SOAREA IR ML, N A RTA R A
FKIMEREL CeyFm LR HE T 1Y Simpson
ZREVERREG wi NS i PRI TR, WO T A
ARTN IS 19 B 5T bk s Yy A2 D A0 S Jot e T 5 1Y
Shannon-Wiener ZFEPEFE %L
ARBFFE5r 5L keg/(100 m*h)Fl kg/(100 hooks-h)
71 I OO R T4 BN AR 455 55 ) b 3R (catch per

1.0 - IR gillnet

CPUE/[kg/(100 m?-h)]
o o o
£ =)} oo
T T T
i+~

S
)
T

L0 e [

1999-05 201604 2017-05 201804
4E—H year—-month

unit effort, CPUE) Y L0 , >R FH A7 £ 2R Ap 250 by
T7 W 5 %% 11 3 (fishing effort per species, FEPS)
VE i it PP 2 5 B LR FE 4R AR 2 —,
Horbfil 9 K 449797 219 FEPS 43 %A FEPSG (m?h/
species) . FEPSy (hook-h/species) &7~ .

2 HZRE5HMH

21 BUBBENERRKE

1998—1999 4EHZ (KA 4 H & 5 )Tk
TEW X A2 A4 CPUE W& T 2016—
2018 4E# 75 (T-test, P<0.05), .7 2 NI 251
PR B R R 1),

100 - b F4Y hand line
_80F
=
2
[
g 60 r b
= L
=]
E 40 |
=
= b
& 20r D b

1999-05 2017-05 201804
4E—~H year-month

1998-04

Bl 1 1998—2018 4F75 2% 35 B iy i) X £6 253l ) F1F-449 CPUE
a il b 435378 1998—1999 4 2| [ FIF49 CPUE .3 & T 2016—2018 4 (T-test, P<0.05).

Fig. 1

CPUE of fish from gillnet and hand line in the lagoon of Meiji Reef in spring during 1998-2018

a and b indicate significant differences among fish CPUEs of gillnet and hand line between
1998-1999 and 2016-2018 (7-test, P<0.05), respetively.

2.2 FhEARM

221 ETRIMEEHEARMNTEHER 1999 45
A R 2R 30 Fh(E 2), Hodb g Rl
(Scaridae) . [ 3k fa Bl (Labridae) % fi§Fl (Serranidae)
a2t 29 F . 5 F A 5 R, 2012—2018 4%
AR AR RPN T 10~14 Fh(E 2). 5 1999
AEAHEE, 2012—2018 AF 2SR Bk b, —
o B H A S IRE M A AR SO A . i,
1999 s Rl 9 Fifazl, 2016 FAUH 1 Ff,
2017—2018 %A K IS fa Rl 25 1999 4F i
T1a R} (Siganidae)F 2 Fh, 1Mii 2016—2018 4EEA
RINEEFapa,

40 - 3 #f Species
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30 30 & B} Family
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Fig. 2 Taxonomic categories number of fish from gillnet
in the lagoon of Meiji Reef during 1999-2018
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1999 4FJ M55 %5 1 & SR 2= 1 2016 4
24, m/NFRIZET A 2017—2018 4, {H 1999
SEAR PR FH L T 2016—2018 4E(T-test, P<0.01)
(Bl 3). 51999 4 5 JAHLL, 2016—2018 4[] 2=
45 FEPSg & 3 7F = (ANOVA, P<0.05) (& 3), %W
HE A0 S A B IR B RRAR, 5 B SGE
I R B D i 2 R — 2

N
=)

5
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g 30/ i
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B3 1999—2018 4F-3& B ffl I8 180 bR o i oft 50 5 4l 495 5%
J1 5 R K B RSB B 455 55 ) 4 (FEPS)
a Fl b 435K 1999 455 5] £l 4 A S
FEPS &% /NF 2016—2018 4F-(T-test, P<0.01).
Fig. 3 Relationship between species number and fishing effort
and required fishing effort per species (FEPSg) by gillnet
in the lagoon of Meiji Reef during 1999-2018
a and b indicate significant differences among fish

amount of species and FEPSg between1999
and 2016-2018 (T-test, P<0.01), respectively.

222 ETFHEEERANTEHEMK 1998 4F
F1 1999 AEFE R EBEEIR T 2017—2018
AE(E 4), 1998—1999 AEF-Ey s hfiaRl . #E
i} (Lethrinidae) M 4 8% . B} (Holocentridae) i
K%, 2017 4E 5 A i 58FH(Lutjanidae) 1 HE fi 65
FBh(Scolopsidae) RS i 2 (7 Fh Al 5 F), 4 fitn
Fh SRR BB EIR Z (BA 4 F). 2018 4F 4
H S RENS Fiy o Bk aBH4 R R EERHE FRY

5 1998—1999 4EAH Eb, 2017—2018 4 1 2 Fif
A G, AR T B 4% ) SRR

A3 A 2t R AR B ks, XML 5
el A E5 B 47 7 45 0 o BRF AR e 2 T RSO S 14
BRI &, BS54 gt RAE B 2
firo 5 1998—1999 4FAHLL, 2017—2018 4F 5 H
FEPSy it 3 F1 5 (ANOVA, P<0.05), 5 il 210
(BB

45
3 Ff Species

J& Genus
B8 A} Family
30+ H Order

4—H year—month

Kl 4 1998—2018 4F 3 Ptk ey ) X T4 12K
A I 2R B e KL
Fig. 4 Taxonomic categories number of fish from hand
line in the lagoon of Meiji Reef during 1998-2018
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T

a
|:| a
. [

1998-04 1999-05 2017-05 2018-04 2017-12 2018-09
4E—F year—month

K5 1998-2018 4F- B HEIR ) X T3y (A B 5 4l 5 55 1)
Y O B S B R BT I 5 85 )1 4 (FEPSy)
a /R 1998—1999 4F FEPSy B3
/NF 2017—2018 4(ANOVA, P<0.05).

Fig. 5 Relationship between species number and fishing
effort and required fishing effort per species (FEPSy) by
hand line in the lagoon of Meiji Reef during 1998-2018

a indicates the FEPSy in 1998-1999 significantly
smaller those that in 2017-2018 (ANOVA, P<0.05).
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55 1998—1999 4FAH L, 2017—2018 4 3 il
FHIE LSS Ty i BAR R IR G N, SR, B 7 1
It 2 B85 R RSO, 1998—1999 4
2 1 PR B S W £A JE (Cetoscarus) . Wi T )@
(Siganus) N CHS 85 E (Anyperodon) 257 2017—
2018 AEHIR MBI, X 5 R EE rY 45 R — 2, AP
R 2T 2R B B R I SRR
23 MEMRBE

1998—2018 FEFrafE LR L 2. 1998
LR, KRR AR AF TR B, HIEA
PR FEE IR AE] . Flan, 1999 4 5 H il £
R BN B W £f1 (Scarus prasiognathos) . 154,
WO E £01 (Scarus sordidus) . YBER B i1 (Acanthurus
nigrofuscus)%5 10 FLEFR, 7E 2016 4F 4 HEH

Fofr o ASUFE 15 € 55 W 0 R A S £ (Cheilinus  fas-
ciatus) 2 B, TAE 2017 45 H 12018 4F 4 G
—fETE

1998 LISk, JETE IS B Ah i Fh 2 50 kR
LE RN 6), 52 AHAREE 1 A SFh AR XS &
B R BOE 20 (IR1%) AT A A S 16 57 2 41
& (mIRT)BH B34 (& 7). Filn, 1999 4 5 H H|
501 PRIAFHMSE B WE Y IRI% K 23.9%, i
2016 44 H . 2017 4E 5 H . 2018 4F 4 A% 11k
PR IRI% 20 35 B TR 53.2% . 64.0% .
35.1% (P<0.01), [HA mIRT HY 1646 435 8 % T+
% 2529, 2542, 3644 (P<0.01), TR 111
FANHY IRI% 1A PL3AF T mIRT (42 {6 4R
R 50 Y — 2,

]| 2 1998—2018 £ EFHEEMX R M F 5 & KRR B F

Tab. 2 Dominant fish from gillnet and hand linein the lagoon of Meiji Reef during 1998-2018

PLEFh

dominant species

L Fh: Frimdl g 6 (Scarus prasiognathos). 1505 WE fh (Scarus sordidus) . WBEH i (Acanthurus
nigrofuscus) . 1k DY WE 10 (Scarus longiceps) . I\ %5 W5 fi(Scarus dimidiatus) . 1 ¥ T 0 (Siganus
fuscescens). LRJEWMELN (Scarus forsteri), BEICRMEN i (Tylosurus crocodilus) . KBEN i (Tylosurus

LA JEBEILE 0 (Mulloidichthys vanicolensis) . VU5 i ) (Lutianus kasmira). 21181 04 (Lutjanus
erythropterus) . ¥RIB A1 Bt £ (Epinephelus quoyanus) . =7 B4k (Parupeneus trifasciatus) . 15 (055 W i |

EAFh: 7 [ML(Neotrygon kuhliiy , #5105 §ill Bl (Ctenochaetus striatus) . BBBE 5k BB HL(Taeniurops meyeni) .
CIBEHG O . 22 WU £ (Chaetodon auriga) . KT-FEMISIEN (Lethrinus atkinsoni). B JEf . LRI M

i Fp: BN, KRl (Diodon liturosus). VU H 88 . JTCHELE M BRI 6
PEFh: BBELREAL . DU 87 . KPR &5 (Gerres filamentosus) . JTCHEIAE A | FA S {4 (Sargocentron

ATl 2 B E (Aphareus rutilans) ARV RES 1 (Sargocentron spiniferum) . JESUILIET(Cephalopholis
urodelus). P55 5 (Monotaxis grandoculis) . 31585 8% 1 (Myripristis murdjan) . TSGR (Lethrinus
kalloperus) . IS f (Sargocentron caudimaculatum) . ¥8U U (Cephalopholis boenack) . ¥ 5%
W5 £f1 (Cetoscarus bicolor), WEH A Bt | =B KM (Apogon trimaculatus). ¥ SR fh (Sargocentron

PRl DU 6 . 4500 08 (Lutianus sebae) . W AT BEth | BETF I 08 . KT 4 14 88 (Pentapodus

DRl PO R TR . RSB | MR N BB (Lethrinus microdon) . £1HRIG
(Lethrinus rubrioperculatus) . K HEVG 8] | 46 L0 3 L (Halichoeres hortulanus) . 2= 80 3 fa(Halichoeres
nebulosus) . ZLBENH): 40 (Synodus rubromarmoratus) . 1 8@ fli(Pseudobalistes flavimarginatus)

FF: WeBLABEM . RAFHEGE . REEREIEE . SPIELES (Rastrelliger kanagurta) . 2THRBIH | X
LKA M (Apogonichthyoides taeniatus ). SRV 10 | %W IBE (Lethrinus obsoletus)

SRt B £
sampling net  year-month
1999-05
giganteus) . K7 & i (Cheilinus fasciatus)
2016-04
Sl B
gillnet 2017-05  fL#Fh: B BR(Lutianus gibbus) . 5 BEE LB (Parupeneus barberinus)
2017-12
2018-04
2018-09
cornutum) . Y A1 BE 0 (Epinephelus merra)
1998-1999
Surcatus) . WA HRIBIEH (Lethrinus lentjan) . ¥ 35 JUBE (Cephalopholis aurantius)
2017-05
caninus) . T EH | VPR (Lethrinus atkinsoni
T4y ) RIS PRI (Lerh ki )
hand line 2017-12
2018-04
2018-09

LR e m et DA 0 RIFHEGER . BTS00 . =2 IEPDS (Scolopsis lineata) . 1% FGNE Jift
fifi(Scolopsis affinis). =7 MIAREE . B IS M0 RGH BB
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80 - — RI% b | 4000
—e— mIRI i
R 60F a f 3000
= . ; Z
= b |
4F i 2000
: LT L
20 - 5 = ’ 5 S 1000
B\ NP\ T L
G T e

4—H year—month

Bl 6 1998—2018 4F &5 AR IR DX il W) £ 2 I FFh
BH . H 1 ARSERA T B 43 L (TR1%)
LA 35 189 ~F- 24 ) 4 B (mIRT)

a Fll b 43R 1999 4F IR1%FI
mIRT #2422 & /N T 2016—2018 4F(T-test, P<0.01).

Fig. 6 Number of dominant species, IR1% of first dominant

species, and average IRI of all dominant species from gillnet
operation in the lagoon of Meiji Reef during 1998-2018

a and b indicate the IR1% and mIRI in 1999 significantly smaller

than those in 2016-2018 (7-test, P<0.01) , respectively.

—_
—_ W W

[ N B )

R R
dominant species number

1998-1999 2017-05 2018—04 2017-12 2018-09

50 = 1RI% 4000

—o— mIRI

a

IS
(=]

3000 g

=]

2000

IRI%/%
W
S

11998—1999 2017-05 2018-04 2017-12 2018—091000
4—H year—month
Bl 7 1998—2018 4 & P kIR X T M I 35 b
BH B 1 RER AR E B ECA 43 L (IR1%)
B S A Ot 5 9 7 4 5 44 B2 (mIRT)
a il b 41138 1998—1999 4F IRI1%F1 mIRT H it 3
/NF 2017—2018 4F(T-test, P<0.01).
Fig. 7 Number of dominant species, IR1% of first dominant

species, and average IRI of all dominant species from hand line

operation in the lagoon of Meiji Reef during 1998-2018
a and b indicate the IR1% and mIRI in 1998-1999
significantly smaller than those in 2017-2018
(T-test, P<0.01), respectively.

24

1998 FE kK BRHIWEE
1998 — 1999 4 XU B fi] & fa . 4 4y il 2 fa

(Acanthurus triostegus) . M2 241 %W 1 (Calotomus
spinidens) 32 P A1 2E7E 2012—2018 4 A H B (%
3), ENRIET 14 8, HrhBugart | gosisne |

%= 3 1998—1999 £ H I 2012—2018 £

FHAWEFHEAE
Tab. 3 Fish found on Meiji Reef in 1998-1999
but not in 2012-2018

[S= ik ﬁ$i/°@ﬁ-
oder species nslﬁrelgler?/‘;r;t
1 WEER B Acanthurus nigrofuscus 14/G
2 RS2 Acanthurus triostegus 2/ G
3 U4 BWE {6t Calotomus spinidens 1/G
4 KL DM Scarus longiceps 8/ G
5 A BSWE . Scarus dimidiatus 7/ G
6 SRR USWE . Scarus forsteri 4/ G
7 EIFUEWE 6 Scarus janthochir 1/G
8 HRMSWE . Scarus taeniurus 1/G
9 R B WE A0 Scarus scaber 2/ G
10 & T Siganus fuscescens 8/ G
11 KEW F10 Siganus oramin 1/H
12 IK#EFfa Siganus vulpinus /G
13 #0044 Epibulus insidiator 1/G
14 #BEHEE A Choerodon anchorago /G
15 9ze] TpEagc] Anampses meleagrides 1/G
16 TG B Pentapodus macrurus 1/H
17 =BERMH Apogon trimaculatus 6/ H
18 & H WMt Chaetodon selene 1/G
19 =AW fH Chaetodon trifasciatus /G
20 BIMELEE Melichthys vidua 1/G
21 XJBW Aphareus furca I/H
22 LI R Aphareus rutilans 10/ H
23 FZ#E B Carangoides ferdau 1/G
24  EAABEM Epinephelus areolatus 1/G
25  BiIABEfA Epinephelus fasciatus 1/H
26  =BEABEf Epinephelus trimaculatus 1/G
27  LLEERRISEY Lethrinus haematopterus I/H
28  THEERRIGIE Lethrinus kalloperus 4/H
29 VURF BRI Lethrinus lentjan 6/H
30 ZROBRIBER Lethrinus variegatus 2/ H
31 BN HY Monotaxis grandoculis 10/ H
32 YU Sargocentron furcatus 5/ H

TE: G A H 23 AR R R A4

Note: G and H represent gillnet and hand line, respectively.
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TR NG EH . %] 2012—
2018 AFEJIMFN TR 1w 2R 1998—
1999 4F 1) 8 51 11 i, iXLEk A REE &
N FEREIT H, BH 43 A7 3 R R = B T AT
25 SIEMEIEH

FHENESH D, Hg). Ce. JIHXR
B 0.673, 0.727. 0.207. —0.322, (ARG
2 (Pearson AHICAMHT, P>0.05) i X 5% 11 5 AH b
FEEU A & R 0430 H-0.358 . —0.175, —0.180,
—0.125 (Pearson FHXC43HT, P>0.05), BRI TF
BB o 55 A AR B A 2 R AR (B 8) il 5% g
NG 2R R B I s N R, 0
HIZE D F H'gyo

551999 4E 5 A AL, 2016—2018 4F 3 5 ik 7l
I R A B 35 PR IR (ANOVA, P<0.01),

HIP gillnet
oD VHp

oo
1

Co *J

)}
T
[ ]

ZREMEFESL diversity index
o IS
°
g °
: ©
o |

2 [ ]
—A—A c P
- 1 d 1 = 1 - 1
2000 4000 6000 8000
H#% f7 8/(m?-h) fishing effort
w 8¢ F4 hand line
T | eD vHy =Cy ¢ .
g T o aa @
§ °
g 4r ° b
&
|, '
ﬁ e C o * o o
RN 0 L d 1 I | )
0 30 60 90 120 150 180

HHH% S18/(hook h) fishing effort
B8 EUTHEIE W IX a2 Wyl 22 A 1k
Rl B 55 1 1 1 AR b ke
a. b. c Al dZr Rl FRIRSS Ty 52
ZHEMIEED . He). Cr). JIHEMEAR B,
a's b’y o A HIRR TS 8 S50 RS
[D. Hgy. C'my. JUHFEEA B,
Fig. 8 Changes of fish diversity with fishing effort
in the lagoon of Meiji Reef
a, b, ¢, and d indicate the correlations between gillnet
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Fig. 9 Variation of fish diversity index by gillnet
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(ANOVA, P<0.01) , respectively.
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L ong-term variation in dominant species and biodiver sity of fishin the
lagoon of Meiji Reef in the South China Sea based on hand fishing and
gill net

ZHANG Jun'?, CHEN Zuozhi"?, CAI Yancong', LI Yuanjie', LIN Zhaojin'

1. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Open-Sea
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Abstract: Fish is the crucial component of the new approach to diagnose and recover the degraded coral reef. In
order to enhance our understanding of long-term variation of species composition and diversity of coral reef fish in
the South China Sea and its responses to environmental changes and human activities, using specimens of fish
collected by hand fishing and gill net in the lagoon of Meiji Reef in the South China Sea from 1998 to 2018, the
long-term variation in species composition, dominant species, diversity of fish were studied. Results showed that
compared with 1998—-1999, the species composition and dominant species changed significantly from 2012 to 2018.
Some species with ecological function, such as fish belonging to Scaridae, Acanthuridae and Chaetodontidae, disap-
peared or decreased significantly. The species richness of diminant fish decreased, but their dominant degree in-
creased significantly. The relative dominance of first dominant species and the average dominance of all dominant
species increased significantly. The number of fish species per unit fishing effort and per sample size decreased
significantly. The increase of hand line fishing effort had a significant influence on the increase of corresponding
diversity indexes, while the increase of gill net fishing effort had no obvious influence on the increase of corre-
sponding diversity indexes. The gill net sampling method was more robust to assess the diversity indexes of fish in
the lagoon of Meiji Reef than the hand line sampling method. Based on fish assemblages collected by gill net,
compared with 1999, the species diversity of fish during 2016-2018 in the lagoon of Meiji Reef reduced signifi-
cantly. It was concluded that the fishing and decrease of ecosystem capacity caused by the decrease of available
habitat area of Meiji Reef was the main reason for the decrease of fish species or abundance and diversity. To
promote the recovery and protection of fish on the Meiji Reef, it is recommended to take timely measures to pro-
tect their resources and improve habitat quality.
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