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Fig. 1 Thedistribution of sampling sites and contour line
around the Wang-An light fishery forbidden zone in this
study.

=~ B E R

R 18 25 ) e 106 L ke M R g A S B B o AR
Fr o BERE F A I BE S B T R I vk
HEAURH A= SR PR - BB hER 1% T AR SR - &
HISMVERE (ML, mm) KBSE (g) [RIRFEUH AR
i~ BACRER () ARTEIREER 10% WRFESFRERTE -
TR TE BT -

Y EAEYRE - JeDAME ~ TEVENE A3 47 - Sb
ESRE — e EBRR BW = a x ML » Hrt BW
RleH (2) ML BfMEEE (mm) - a~b Fy228
DU AR (maximum likelihood estimation) g



B S R K SR S T R AT 15

Table 1 The fishing methods, status of fishing equipment, and sampling area of three sampling vessels in this study

Sampling vessel  Fishing method

Status of fishing lamp

Sampling period  Sampling area

Above water: 12 (2 kw/lamp)

Light fishery 1 Stick held dip net Under water: 8 (2 kw/lamp) Apr. to Sep., 2022 All stations
. . . . Above water: 16 (2 kw/lamp) .

Light fishery 2 Stick held dip net Under water: 4 (2 kw/lamp) Apr. to Sep., 2022 All stations

Hai-Ani Pole and lines  Under water: 4 (80 w/lamp)  Jul. to Aug., 2022 St. Aand B
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5 mm ML FyiR BRAG SN ERL R ATl -
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(12.51%) - 6 HLUINSHEIRGE (31.45%) kR Lhtfa
BIfEf (Siganidae larvae, 33.07%) Lhffilig s - H
Khw/NA T A (Sardingllalemuru, bali sardinella,

12.65%) > 7 ALV il EE (74.85%) Fot -
TEEMITR VA (15.41%) - 8 ALE/NS T

b Bl f = (8549%) - 9 H HIDILE H 2
(Decapterusmaruadsi, round scad) F 3 (35.21%) »
HR Rt ERHHERE (25.10%) R BE/NDT &
(23.93%) (Table 2) »

Table 2 Monthly %N of the catch composition in the Wang-An light fishery forbidden zone between April and

September 2022
Species Apr. May Jun. Jul. Aug. Sep.
Engraulidae
Stolephorus indicus 0 22.76 0 15.41 0 0
Other Engraulidae (<5%) 0.23 0 0 0 0 3.50
Clupeidae
Etrumeus micropus 39.31 4.93 31.45 0.09 0 0
Amblygaster leiogaster 12.15 3.78 0 74.85 0 0
Sardinella lemuru 0.10 0.61 12.65 0 85.49 23.93
Other Clupeidae (<5%) 1.86 0.02 0 0.12 0 2.52
Bregmacerotidae
Bregmaceros pescadorus 0 12.51 0 0 0 0
Atherinidae
Atherinomorus lacunosus 8.45 0.02 0 2.02 0 0
Carangidae
Decapterus maruadsi 0.16 0.17 0.12 1.98 0.43 35.21
Other Carangidae (<5%) 0.13 0.79 1.99 2.39 0.11 1.55
Lutjanidae
Lutjanidae larvae 0 6.48 0 0 0 0
Siganidae
Siganus fuscescens 0.10 0 0 0 0 0
Siganidae larvae 0.03 1.45 33.07 0 0 0
Scombridae
Scomber japonicus 8.74 2.01 10.90 0.28 6.30 0
Scombridae larvae 0.03 6.70 8.01 0 0 0
Loliginidae
Uroteuthis chinensis 0.77 0.61 0 2.23 6.30 3.31
Loliginidae larvae 25.27 26.86 0.96 0.02 0 25.10
Other Loliginidae (<5%) 0.16 0.14 0.30 0.02 0.96 3.50
Sepiidae
Sepiidae larvae 0.03 5.49 0 0 0 0
Other Sepiidae (<5%) 0.09 0.02 0 0.14 0.32 0
Others
%N of family < 5%** 1.30 4.60 0.31 0.36 0 0.99
Unknown 1.09 0.05 0.24 0.09 0.09 0.39

*The numbers underlined in red correspond to the highest values (%), whereas those in blue are the second-highest values,

and those in green are the third-highest values.

**%N of 23 family (Ophichthidae, Synodontidae, Exocoetidae, Belonidae, Ambassidae, Priacanthidae, Apogonidae,
Coryphaenidae, Menidae, Leiognathidae, Caesionidae, Mullidae, Chaetodontidae, Acanthuridae, Sphyraenidae,

Trichiuridae, Nomeidae, Pleuronectidae, Tetraodontidae, Enoploteuthidae, Sepiolidae, Octopodidae, Portunidae) were less

than 5% of the total count in any given month.
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Table 3 Monthly %N of the catch composition in the area outside the Wang-An light fishery forbidden zone between

April and September 2022

Species Apr. May Jun. Jul. Aug. Sep.
Engraulidae

Encrasicholina punctifer 0 0 0 0 0 20.50
Clupeidae

Etrumeus micropus 4.99 33.95 48.56 0 0 0

Amblygaster leiogaster 6.21 0 0 82.88 0 0

Sardinella lemuru 0.12 3.70 6.91 0 49.80 54.50

Other Clupeidae (<5%) 0.49 0 0 0.63 0 4.00
Atherinidae

Atherinomorus lacunosus 32.52 0 0 11.26 1.72 0
Apogonidae

Rhabdamia gracilis 0 0 0 0.44 45.13 1.00
Carangidae

Decapterus macrosoma 0 23.46 0 0.76 0.16 0

Other Carangidae (<5%) 1.83 0 0.38 1.70 0.57 0

Siganidae

Siganus fuscescens 0.37 0

Siganidae larvae 0 20.92
Scombridae

Scomber japonicus 4.14 38.89 16.12 0.13 0.50

Scombridae larvae 0 0 2.11 0 0
Loliginidae

Uroteuthis chinensis 1.10 0 2.30 1.32 0.74 12.50

Loliginidae larvae 44.95 0 1.92 0.19 1.06 6.00

Other Loliginidae (<5%) 0.73 0 0 0.25 0.16 0

Others
%N of family < 5%** 2.06 0 0.40 0.31 0.50 0.50
Unknown 0.49 0 0.38 0.13 0.16 0.50

*The numbers underlined in red correspond to the highest values (%), whereas those in blue are the second-highest values,

and those in green are the third-highest values.

**9%N of 7 family (Chirocentridae, Belonidae, Caesionidae, Chaetodontidae, Sphyraenidae, Sepiidae, Octopodidae) were less

than 5% of the total count in any given month.

st 4 -9 HIIEYIREET 15 B s
YIRE 21 f - 4 JLUSIREIHERS (44.95%) Berae
% $1 ¥ f4  (Atherinomorus lacunosus, hardyhead
silverside, 32.52%) J ¥ » 5 H DL/ AE AR &k
(33.95%) K HEE (Scomber japonicus, Pacific
mackerel, 38.89%) L@l s 0 HX R G EHE
(Decapterus macrosoma, shortfin scad, 23.46%);6 H
/NEEHERR IR LE BRI (48.56%) » HK Ry B fa kst
HESE (20.92%) » HIRASELHIRIRRESR 16.12% - AL

JE#= - 7 ALV RIstlEsE (82.88%) Fut » HX
FoFPESRIREE SR (11.26%) > 8 HLIE/ ATt
Bl (49.80%) > HAHIRH7R=MH (Rhabdamia
gracilis, slender cardinalfish, 45.13%) - 9 H&/\ND
THHERFREILER] (54.50%) > HK Rk ~FRefiE
(Encrasicholina  punctifer, buccaneer anchovy,
20.50%) » HE g $5% (Uroteuthis chinensis,
Taiwanese squid, 12.50%) f\7JFZ5= (Table 3) o
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(D) Egarntt

2alEmN 4 HLUmERESE (Ablennes hians, flat
needlefish) FEfiliRi (23.58%) @ H A Ry MEAEAR
B (15.42%) » FPERIRERAL R = (13.49%) 5
5 HREREEHERAA S (17.56%) » HX R E
fifi (17.16%) = 6 H LI/ MsHERRSE (38.01%) FyF- »
RS LB (36.08%) > AZfEER— <7 H LI
Mo i B (44.49%) Ry F 0 H R RyHhEIE 8
(20.46%) > & B ¥ 4 2 (Scomberoides tol,
needlescaled queenfish) f\7JEEE= (15%)-8 HLI&=
N T (45.57%) By E 0 H R Ry H I fE
(25.94%) FHEEEE (19.39%) - 9 HLIEHEE

Whl = (56.55%) » E/N T LB B
(20.70%) » {i7JE45 . (Table 4) -

2l st 4 HoarnlDUmEREs (31.78%) ~ FEvE
ELIREER (27.17%) plERE » ERBEE 2
(10.74%) - 5 HLAENEEEN 49.19% Fyirafd > H
R R B EHEB (2544%) K /@5 IR @
(21.69%) - 6 HELEEEE AL > DU AR S
(30.96%) ~ FlEfE (31.01%) FoE = 7 HLLVHasl
HEE (52.89%) ByF > HXEREREL (27.31%) ;8
HUE/ND T (68.28%) o » HR Ry R4
(10.18%) 5 9 H & /N T fa Al #E 5 i = Eb ]

(39.78%) » HXHATEhEHEHE (28.45%) » @
BESSAT RS = (19.06%) (Table 5) °

Table 4 Monthly %W of the catch composition in the Wang-An light fishery forbidden zone between April and

September 2022

Species Apr. May Jun. Jul. Aug. Sep.
Engraulidae

Stolephorus indicus 0 6.8980 0 1.8180 0 0

Other Engraulidae (<5%) 0.0581 0 0 0 0 0.5469
Clupeidae

Etrumeus micropus 15.4218 8.5479 38.0111 0.1519 0 0

Amblygaster leiogaster 3.6346 1.4300 0 44.4897 0 0

Sardinella lemuru 0.1761 2.8592 9.9691 0 45.5729  20.6972

Other Clupeidae (<5%) 0.5598 0.0067 0 0.0633 0 1.6998
Atherinidae

Atherinomorus lacunosus 13.4851 0.0410 0 0.4646 0 0
Belonidae

Ablennes hians 23.5776  17.5653 2.7818 0 0 0

Tylosurus acus melanotus 0 1.5299 0 0 0 0

Coryphaenidae

Coryphaena hippurus 0 0 0 6.4326 0 0
Carangidae

Scomberoides tol 4.2198 9.7116 2.0079 14.9967 0 0

Decapterus maruadsi 0.1567 0.0732 0.0114 1.6373 0.3981 56.5540

Other Carangidae (<5%) 0.0009 1.2553 1.2400 2.8387 0.1355 2.1601
Scombridae

Scomber japonicus 12.0703  17.1624  36.0820 2.3550 25.9389 0

Scombridae larvae 0.0026 1.1227 1.0978 0 0 0
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Table 4 Continuted

Species Apr. May Jun. Jul. Aug. Sep.
Loliginidae
Uroteuthis chinensis 3.1440 4.3873 0 20.4590 19.3906 6.3585
Loliginidae larvae 9.7652 10.5880 0.1956 0.0146 0 8.5299
Other Loliginidae (<5%) 0.3596 0.7762 0 0.0419 4.6477 2.6987
Sepiidae
Sepiidae larvae 0.03 5.49 0 0 0
Other Sepiidae (<5%) 0.09 0.02 0 0.14 0.32
Others
%W of family < 5%** 5.0409 5.8432 1.086 1.588 2.7158 0.2521
Unknown 8.3269 10.2021 7.5173 2.6487  1.2005  0.5028

*The numbers underlined in red correspond to the highest values (%), whereas those in blue are the second-highest values,
and those in green are the third-highest values.

**9%W of 25 family (Ophichthidae, Synodontidae, Bregmacerotidae, Exocoetidae, Ambassidae, Priacanthidae, Apogonidae,
Menidae, Leiognathidae, Lutjanidae, Caesionidae, Mullidae, Chaetodontidae, Siganidae, Acanthuridae, Sphyraenidae,
Trichiuridae, Nomeidae, Pleuronectidae, Tetraodontidae, Enoploteuthidae, Sepiolidae, Sepiidae, Octopodidae, Portunidae)
were less than 5% of the total count in any given month.

Table 5 Monthly %W of the catch composition in the area outside the Wang-An light fishery forbidden zone between
April and September 2022

Species Apr. May Jun. Jul. Aug. Sep.
Clupeidae
Etrumeus micropus 0.8970 21.6870  30.9551 0 0 0
Amblygaster leiogaster 2.1056 0 0 52.8949 0 0
Sardinella lemuru 0.1038 3.6767 2.7903 0 68.2763 39.7791
Other Clupeidae (<5%) 0.1128 0 0 0.7857 0 2.6525
Atherinidae
Atherinomorus lacunosus 27.1676 0 0 4.2108 0.5313 0
Belonidae
Ablennes hians 31.7807 0 5.7764 27.3138 9.7529 19.0593
Apogonidae
Rhabdamia gracilis 0 0 0 0.1448 10.1839 0.0537
Carangidae
Decapterus macrosoma 0 25.4433 0 0.9148 0.3180
Decapterus maruadsi 10.7437 0 0 0.9237 0.8411
Other Carangidae (<5%) 0.0037 0 1.4208 1.9071 0.0509
Siganidae
Siganus fuscescens 5.5687 0 0
Siganidae larvae 0 0 0.3254 0 0
Sphyraenidae
Sphyraena flavicauda 5.0132 0 0 0 0 0
Sphyraenidae larvae 0.0454 0 0 0 0 0
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Table 5 Continuted
Species Apr. May Jun. Jul. Aug. Sep.
Scombridae
Scomber japonicus 2.8548 49.1930 31.0123 0.9979 0 2.5115
Scombridae larvae 0 0 0.2629 0 0 0
Loliginidae
Uroteuthis chinensis 3.0970 0 1.1734 3.7992 3.7215 28.4544
Loliginidae larvae 7.0094 0 0.5262 0.1053 0.6236 2.1383
Other Loliginidae (<5%) 0.6161 0 0 0.5939 0.3427 0
Others
%W of family < 5%** 0.0165 0 0.0001 1.6179 1.1145 2.5707
Unknown 2.8640 0 25.7571 3.7902 4.2433 2.7805

*The numbers underlined in red correspond to the highest values (%), whereas those in blue are the second-highest values,

and those in green are the third-highest values.

**9%W of 6 family (Engraulidae, Chirocentridae, Caesionidae, Chaetodontidae, Sepiidae, Octopodidae) were less than 5% of

the total count in any given month.

(=) 1EHERMEH (R) RIBHERES
D (%IRD)

AN~ %W %F ST HH IR B %IRI
HWEA 4 B2 IR DUNSIRIR SRS (312.77,
%IRI = 29.38%) » H: 7t by 18 fok B FHE B (200.17,
%IRI =18.80%) - 5 H/NiEIREE %IRI T > 18
SRRHFERSHERAEENEE (111,78, %IRI = 18.64%) -
OB EIEEHIES VA L (88.54, %IRI =14.77%) ° 6
H/INgsHEIRAE IR S _EFHE 750.89 (35.97%) » By
P HEmEE HXBAESE (407.95 %R
2433%) K E it fa B HE L (367.29, %IR
17.60%) > tREERIHERS IR R R - 7 H LIS
SIEEE (900.70, %IRI = 63.53%) s > HA
BN (299.73, %IRI =21.14%) ; 8 HLIEE/ NS
THa (1541.86, %IRI =58.44%) i » HokhE
TN (604.41, %IR = 2291%) K [ g &
(379.24, %IRI = 14. 38%) 9 HEHILIEEERS
(873.98, %IRI =48%) » HZ b/ N T 1 (425.02,
WIRI = 23.34%) KAk RIHERS (32026, %IRI =
17.59%) (Table 6)

At - 4 HDARE RS IR EiR
(459.15, IRl = 34.41%) » H K B b8 fik Bf #E i
(399.65, %IRI = 29.95%) K Jmkaf (124.58, %IRI
9.34%) ; 5 ALIAESEERAME (2202.05, %IRI

44.04%) » H R Fy/NMeEEIRBE (1390.94, %IRI =

27.82%) KREBEE (1222.5, %IRl = 24.45%) - 6
H/NBEIEIRGE (1135.94, %IRI = 44.64%) FF+%E
Bl EXCEEIEE (673.36, %IRI = 26.46%) -
Ed %W SpAAEML - 7 HDUSEReSiIEEE (1044.44,
%IRI = 69.07%) k¥ > HX BRER (212.04,
%IRI = 14.02%) » FAFEEIREEM (119.04, %IRI =
7.87%) PIfEEE = 8 HLLE/NAT fa (1242.86,
WIRI = 61.50%) fis @ R EE K26 (582.22,

%IRI = 28.81%) - 9 HRAIDIE/ND T kil
(1047.55, %IRI = 47.14%) » H X B B iE 844

(455.05, %IRI = 20.48%) (Table 7) -

(W) BREYEEAB MR LR

Byl NS H gy %R BRI By
27.61% L1k (B-C similarity, © = 23.01, p-level =
0.001) » LL SIMPROF Z3#f7 » fahiklE 231 4 #HANFAH
DR EERRERE > 4~ 5 AU A
58.41%, 1 =42.43, p-level = 0.001) ; 6 HEL 4~ 5
FEUERZ » By 44.62% (B-C similarity, © = 36.04,
p-level = 0.001) ; 7 HEL 4 - 6 FAAMUEEIL - Ty
29.94% (B-C similarity, = = 27.54, p-level = 0.001)
(Fig. 2A) - HERHRHFAR ERBIE 5L (One-way
ANOSIM, global test: R = 1, p-level =0.017) » DIFE{EL

15 (B-C similarity:
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FE 50% LISy 4-6 H~7 H~8-9H 3 #HFcEt
#H » pairwise test fH~ 3 AHIGARFEESEE (p>0.05)
SIRRE nMDS 4347 - £/ A2 AR I e AR
M H AR %l RI AEARALR (B2 76%%K 0.01) -
IR H A E o Fs 4 -6 H T H R 8-9 H
38 FHUELE 40% LI | (Fig. 2B)
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Fig. 2  Dendrogram of cluster analysis (A) and

nonmetric multidimensional scaling (B) of monthly
index of relative importance (%IRl) for catch
composition in Wang-An light fishery forbidden zone
(station A, B) between April to September, 2022.

B S HEYRE %R MBI Ry
22.28% LA E (B-C similarity, n = 14.84, p-level =
0.002) - L SIMPROF 73477 » fahiRlE 23 3 #HANA
MO R - 5~ 6 HHEBIE®R S (B-C
similarity: 55.82%, ©t =42.54, p-level =0.003) ; 4 ~ 7
H & 8 -9 HE{LUE 3Rk 54.67% (B-C similarity,
n = 32.01, p-level = 0.003) k 53.08% (B-C
similarity, & = 36.68, p-level = 0.001) (Fig. 3A) » &
REZ e A H S - (HAEE# (One-
way ANOSIM, global test: R = 1, p-level = 0.067) °

SItREE nMDS 7347 - BR A AEZE RIS IR AR
&AM H B %R FHEEIGR (B J11R 8
0.01)»5-6H~8-9 Hk4~7 Hrl#lsrFy 3%
FRAREAE 40% LA L (Fig. 3B) ©

AR ~ S HRERR R %R AH{EL
&0 BR S A HEg HRIAE 40% LLE (BEJI1%
#0.1): DL 6 AAEPUE RS (B-C similarity: 74.31%,
T = 65.67, p-level = 0.001) » Xk 4 H (B-C
similarity: 74.31%, n = 65.67, p-level = 0.001) Jz 7
H (B-C similarity: 74.31%, © = 65.67, p-level =
0.001) (Fig. 4) -

A ‘Group average
(&) [Translorm LogiX=1)
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Fig. 3  Dendrogram of cluster analysis (A) and
nonmetric multidimensional scaling (B) of monthly
index of relative importance (%IRl) for catch
composition in area outside of Wang-An light fishery
forbidden zone (station C) between April to September,

2022.
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Table 6 Monthly IRl and %IRI of the catch composition in the Wang-An light fishery forbidden zone between April

and September 2022

Index of relative importance (IR))

Percentage of IRI (%IRl)

Species
Apr. May Jun. Jul. Aug. Sep. Apr. May Jun. Jul. Aug.
Engraulidae
Stolephorus indicus 0 88.54 0 65.00 0 0 0 14.767 0 4.585 0
Other Engraulidae (%IRI<5%) 1.21 0 0 0 0 19.28 0.114 0 0 0 0
Clupeidae
Etrumeus micropus 312,77 40.23  750.89 0.93 0 0 29.379  6.711  35.968  0.065 0
Amblygaster leiogaster 90.20 15.54 0 900.70 0 0 8.473  2.593 0 63.525 0
Sardinella lemuru 0.78 10.37  244.54 0 1541.86 425.02 0.073 1.729 11.714 0 58.443
Other Clupeidae (%IRI<5%) 13.85 0.05 0 0.44 0 20.14 1.301 0.008 0 0.032 0
Bregmacerotidae
Bregmaceros pescadorus 0 39.70 0 0 0 0 0 6.621 0 0 0
Atherinidae
Atherinomorus lacunosus 125.37  0.10 0 14.08 0 0 11776 0.016 0 0.993 0
Belonidae
Ablennes hians 102.56 52.73 7.68 0 0 0 9.634 8.794 0.368 0 0
Tylosurus acus melanotus 0 2.32 0 0 0 0 0 0.387 0 0 0
Carangidae
Decapterus maruadsi 1.36 0.37 0.71 27.27 9.71 873.98 0.128 0.061 0.034 1.923 0.368
Other Carangidae (%IRI<5%) 12.38 20.36  45.09 52 1.43 26.28 1.162 3.396 2.160 3.668 0.054
Siganidae
Siganus fuscescens 2.62 0 0 0 0 0 0.246 0 0 0 0
Siganidae larvae 0.05 224 367.29 0 0 0 0.004  0.374 17.594 0 0
Scombridae
Scomber japonicus 118.93 85.85 507.95 1990 379.24 0 11172 14.320 24.331 1.404  14.375
Scombridae larvae 0.05 23.34 73.86 0 0 0 0.005 3.893 3.538 0 0
Loliginidae
Uroteuthis chinensis 22.37 14.93 0 299.73  604.41  92.06 2.102 2.490 0 21.139 22909
Loliginidae larvae 200.17 11178  3.13 0.07 0 320.26 18.803 18.644  0.150 0.005 0
Other Loliginidae (%IRI<5%) 2.23 2.65 1.15 0.12 58.20  29.53 0.209 0.442 0.055 0.009 2.206
Others
%IRI of family < 5% ** 6.91 57.88 1.46 16.91 35.72 5.83 0.626 9.65 0.07 1.192 1.354
Unknown 51.03 30.60 83.87  20.70 7.69 8.49 4.793 5.104 4.018 1.460 0.291

*The numbers underlined in red correspond to the highest values (%), whereas those in blue are the second-highest values,

and those in green are the third-highest values.

**9%IRI of 24 family (Ophichthidae, Synodontidae, Exocoetidae, Ambassidae, Priacanthidae, Apogonidae, Coryphaenidae,

Menidae, Leiognathidae, Lutjanidae, Caesionidae, Mullidae, Chaetodontidae, Acanthuridae, Sphyraenidae, Trichiuridae,

Nomeidae, Pleuronectidae, Tetraodontidae, Enoploteuthidae, Sepiolidae, Sepiidae, Octopodidae, Portunidae) were less

than 5% of the total count in any given month.
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Table 7 Monthly IRl and %IRI of the catch composition in the Wang-An light fishery forbidden zone between April

and September 2022

Index of relative importance (IR/)

Percentage of IR/ (%IRl)

Species
Apr. May Jun. Jul. Aug. Sep. Apr. May Jun. Jul. Aug.
Engraulidae
Stolephorus indicus 0 88.54 0 65.00 0 0 0 14.767 0 4.585 0
Other Engraulidae (%IRI<5%) 1.21 0 0 0 0 19.28 0.114 0 0 0 0
Clupeidae
Etrumeus micropus 312.77 40.23 750.89 0.93 0 0 29.379  6.711 35.968  0.065 0
Amblygaster leiogaster 90.20 15.54 0 900.70 0 0 8.473 2.593 0 63.525 0
Sardinella lemuru 0.78 10.37  244.54 0 1541.86 425.02 0.073 1.729  11.714 0 58.443
Other Clupeidae (%IRI<5%) 13.85 0.05 0 0.44 0 20.14 1.301 0.008 0 0.032 0
Bregmacerotidae
Bregmaceros pescadorus 0 39.70 0 0 0 0 0 6.621 0 0 0
Atherinidae
Atherinomorus lacunosus 125.37  0.10 0 14.08 0 0 11.776 0.016 0 0.993 0
Belonidae
Ablennes hians 102.56 52.73 7.68 0 0 0 9.634 8.794 0.368 0 0
Tylosurus acus melanotus 0 2.32 0 0 0 0 0 0.387 0 0 0
Carangidae
Decapterus maruadsi 1.36 0.37 0.71 27.27 9.71 873.98 0.128 0.061 0.034 1.923 0.368
Other Carangidae (%IRI<5%) 12.38  20.36  45.09 52 1.43 26.28 1.162 3.396 2.160 3.668 0.054
Siganidae
Siganus fuscescens 2.62 0 0 0 0 0 0.246 0 0 0 0
Siganidae larvae 0.05 2,24 367.29 0 0 0 0.004 0.374  17.594 0 0
Scombridae
Scomber japonicus 118.93 85.85 50795 19.90 379.24 0 11.172 14320 24.331 1.404 14.375
Scombridae larvae 0.05 23.34 73.86 0 0 0 0.005 3.893 3.538 0 0
Loliginidae
Uroteuthis chinensis 22.37 14.93 0 299.73  604.41  92.06 2.102 2.490 0 21.139  22.909
Loliginidae larvae 200.17  111.78 3.13 0.07 0 320.26 18.803 18.644  0.150 0.005 0
Other Loliginidae (%IRI<5%) 2.23 2.65 1.15 0.12 58.20  29.53 0.209 0.442 0.055 0.009 2.206
Others
%IRI of family < 5% ** 6.91 57.88 1.46 16.91 35.72 5.83 0.626 9.65 0.07 1.192 1.354
Unknown 51.03 30.60 83.87  20.70 7.69 8.49 4.793 5.104 4.018 1.460 0.291

*The numbers underlined in red correspond to the highest values (%), whereas those in blue are the second-highest values,

and those in green are the third-highest values.

**9%IRI of 6 family (Chirocentridae, Caesionidae, Chaetodontidae, Sphyraenidae, Sepiidae, Octopodidae) were less than 5%

of the total count in any given month.
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Table 8 Monthly variations in family number (S), abundance (n), Shannon diversity index (H"), Margalef’s richness
(D), Pielou’s evenness index (J) of catch composition in waters around Wang-An light fishery forbidden zone between

April to September, 2022

Month S n H’ D J
Fishing forbidden zone (St. A and B)

April 16 3077 1.24 1.87 0.45

May 25 4075 2.06 2.89 0.64

June 8 1656 1.20 0.94 0.58

July 13 4247 0.86 1.44 0.33

August 5 936 0.54 0.58 0.34
September 7 512 1.26 0.96 0.65

Outside of fishing forbidden zone (St. C)

April 10 817 1.31 0.35 0.57

May 3 324 1.08 0.35 0.98

June 6 519 1.14 0.80 0.64

July 8 1587 0.61 1.09 0.29
August 8 1219 0.92 0.99 0.44
September 6 199 1.05 0.94 0.59
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Fig. 4 Dendrogram of cluster analysis (A) and

nonmetric multidimensional scaling (B) of the monthly
index of relative importance (%IRl) for the catch
composition inside (labeled F) and outside (labeled O)
the Wang-An light fishery forbidden zone between April
and September 2022.

M7 - BL RS AL RISERE - Rylth > ARFFELURHESGHE
TR XA AR RS -

WA > HE H ELS HimEr (2.06) HOR
4 H (1.24)~9 H(1.26) > L 8 AL (0.54) - D
FLL S A (2.89) Xy 4 H (187)~7 H
(1.44) - L8 Hixi& (0.58) ;3 J HILLS H (0.64)
9 H (0.65) fE 0 L7 H (0.33)~ 8 A (0.34) £
1K - #8853 THLBERMEHES 2EALL 5 HAEY
LM - 8 HRIKHAMRK (Table 8) -

ZualEsh HiE H DL4 H (1.31)~6 H (1.14)
w507 A (0.61) ix{K;D L7 HEREE (1.09)
4~5 AMEEAK (0.35)5 LAS Himwm (0.98):7 H
&K (0.29) - ¥ 3 IS AR BT > Z5AE I 6
AAEREEYIZENE - 7 Hit D e > RAE
EERS SR A - B3 CERsilEsl) 43 fakciA
> VIR K (Table 8) -

AT SR AR R e B 8 A4 H
R H LA RENE R EE - H B85 0 B 4
8 A4b - Her Htn IS & A tHE &E D AIlE
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8 A RRfE - I 5 - BR 7~ 9 HSh -
FRESMI A FE (Table 8) -

=~ TR E DN A ki < BB
PG A 5

Bk 6 HAb (0.32%) - 4 -9 HZESaE A HEE HE
FoAh H SR (%W) 1Y 15.20 - 26.75% Hrp X
LL7 H (21.86%)~8 H (26.75%) Ltz (Table
4) - VR T 5 B TR R AL 9 fE - DL
HhEMEEEE LEPlEs - 4 4 - 9 HESEREIE R
(19 10.29% » HAK e fhBIHERS (3.32%) °

S [F] 0 R R 5 2 B A Bt — 2 T
B o MRSZHETE 7 ~ 8 HRVEE R R G
RN 3.75% ~ 7.39% - DU B A 84 s
(94.70%) » HX A1 EH4 (Uroteuthis edulis,
swordtip squid, 4.53%) » ¥ FA&#H%E (U. duvauclii,
Indian squid) 1% 0.01% -

—3Z8) QBRI E R AEE
2 7-8 HEFEIEEHE - G Hia g
(BHERREIREY)) 19 18.11% ~ 19.36% - SHE4H
RS » [FIAH e S E R = (83.25%) » HK
AR S (Sepioteuthis lessoniana, bigfin reef
squid, 7.04%) - E 5 (Sepia esculenta, golden
cuttlefish) % f& 3¢ & B (S pharaonis, pharaoh
cuttlefish) % 4.82 - 4.88% - §7%_ 4347 » E51EIEE K
WS T BB S S N TR B B - HEA A
WESBIEOIRE TR - e 2R JE 2 BT R P i
A A B — A T -

(—) NEREEREMER

DARRSERETIERITE ~ HEVE R BE S E
BEE 43Rk 121.98 = 57.5 mm (n = 56) ~ 122.02 +
5236 mm (n=94) » PG E TRk 24.48 £28.24 ¢
(n=56) ~ 25.78 +£30.44 g (n = 94) » &R EA[EIEH
MERGR ~ BRERHER (K-W test, p<0.05) Fefgf -
PEEMHE M (maximum likelihood estimation, p <
0.05) H¥gH#EAR » MEMIMERE —BERRR
ok BW =2.807x 10*ML2% (n = 56; p<0.05) ;
iy BW = 1.462x 10 MLV (n = 94, p < 0.05)

DA—SZhssnte ~ e -h b s s e
RS RIE 17345 + 18.47 mm (n = 39) ~ 223.84 =

4744 mm (n=152) ; SEHREE AR 114.74+£27.15 ¢
(n=39) ~ 146.26 + 53.08 g (n = 52) » F&MEAIEIE
AR R - BEEHR HTHEE AR (K-W test,
p < 0.05) - LAk - Mt ~ HEERSAERGR FINERE
B (maximum likelihood estimation, p < 0.05) » [
SMEER — BeERBIfRZ0U BW = 1.643X10°ML>"¢
(n=39; p<0.05) ;5 MR BW = 2.95x102ML"’
(n=52,p<0.05) -

B 7 - 8 H Rl AN [l A A
P B E BEALHE — 2 PR RIBONE IR RS R 0 AT
HUR - B iR M T e R B it 110 -
155 mm > DL 145 mm HfilfE (22.22%) » HX
By 155 mm (16.67%) ; RS RS - DL 115 -
140 mm LEBIIERE (66.67%) ik M M e AU H I
TR (K-W test, p<0.05) (Fig. 5A) » DI—>C#U5i%E
HOMEE RS R LA 145 - 200 mm- [ 165 - 195 mm
el (71.79%) - HEPERS R AR R E - 7R
155 - 230 mm ~ 250 - 320 mm & [ESEY5070 0 Tk
AER Ry 320 mm - fSAR E HE M G AU B RAR M R K
(K-W test, p<0.05) (Fig. 5B)
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Fig. 5
Uroteuthis chinensis sampled by stick-held dip net (A)

Mantle length frequency distribution of

and pole and lines (B) in the Wang-An light fishery
forbidden zone between July and August 2022.

(D) AREREHREEGERAEER

7 -8 HLIBZHER ot Ea s E
GSI 4371k 2.74+4.79 (n=13) ~ 2.57£5.08 (n=5) >
TG H1Ry 23.08% ~ 20% » IR SIE R By
¥ (Fig. 6A) ; el 7 ~ 8 H GSI 2381k 2.13 + 1.15
(n=19) ~2.08 + 1.39 (n = 29) » LA A
63.16% ~ 65.52% (Fig. 6B)
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Fig. 6 Monthly group maturity and gonadosomatic index (GSI) of Uroteuthis chinensis sampled by stick-held dip net
(A, B) and pole and lines (C, D) in the Wang-An light fishery forbidden zone between July and August 2022.

7 -8 HII—SZH eI hEIME 8 GSI
Z¥AE 10.52 + 5.64 (n = 25) ~ 8.08 + 5.39 (n = 14) -
ELEREREEBI 53 AT Ry 80% ~ 71.43% » BHEHEESZHE
FefiliEs (ofF test, p < 0.05) (Fig. 6C) = 147~ 8 H
GSI 435 2.48 + 1.41 (n = 40) ~ 2.74 = 1.39 (n =
12) » EL LISy 85% ~ 83.34% » #ARZHY
15 IRARARE SRR 22 5L (i test, p > 0.05) (Fig.
6D) -

ﬁ\

ET|

EAUINEIE YUY EIENR e G} TIEliEY/ ST
W ~ KA R R - B EE AR B AR
BRSO ERIIE © R ~ EREE B A
PREs ~ TR - RIS ~ FTR I A ELTER > P
PIFRKIR RGN > ESE IS £ B A IR
o5 S e [ P e 3 R A o 2 B iR M 2 7K T
bk o R ~ BRI SR VS RIS IR PR % - 1
KT ESEH R E AR ~ L
GRMBPY TR - BOR ~ XFEE2 B A i
o8 > PRI R > BRSNS KR SERIIIRS R

(&,2007; B5,2022) - #7%8& Falt » (EBARESPE{H]
] SR HEAE 2 WS I R i 32 ~ HUESERE K
WENITEEEEE (34, 2006; §F, 2012; Chen et al.,
2020) < & (2007) $5H! 2005 - 2007 4F AT K
A TR R BE R - AR\ T &
Y\ 3 1 A EHAE ~ /NBE TR AR s H ARSRAT Ry
FEREYE - HAERN REEIER 90% L
FeBE (2022) ARIBIEANIE 8 MRS KAEARIAE B
THRR S 2 HaE K S AR BRI e BT TRl
HIRIAEAC SR 2y S s L i B S R AR 43 #T

2018 - 2020 FHILUS SRR Fy T B RS »

16 3 W &R 85 08 I SF B o R A 2321
kg/vessel/day » Hr » BZ2S K IfSERA R ESR
#I Ry 34.09 kg/vessel/day » =R RERSIREEIMH -

SR 8 MRS KRR s HESHiE T &R 2018 -

2020 4 1-3 HLRBHERERTE > 4~ 5 HEUNEERR
ARME ~ SR R T > 6 -9 HLURE/IND T
R 10 - 12 HLba IR SRk R AH AIE R
HaE Y DIBE R - SRIKEREAE - BRE/ DT
A~ /NBETEIREE - BEEBE LT (B 2022) - K
WgEHh - 25 IR BT K nMDS Z3Af SR
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ZEMAER A ~ SRR B B T HERS A A YRR
ERHES 4-5 ) DUNMEIEIREE -t itRHER L
Plimrm - H 3R VIRACRRE IS - RS
B> 6 HEREARMIEL - /INBHIEHRBE)YF - 2R -
AP IERIFERE LU BRI - RSB R fa Ry
FEFLEBINGIN © 7 - 8 RS LAV Sl A bz 5
/NG T R thEESE LLBIIIRE - 7k 4] (9
) BRE/ND T fadh - BRI g iR IR R 3
TR - B S ERH AU B T 5 - 4 HER
PEICEHHERZST - DIRIHESSIREE AR i L > &
KEH (5-6 H) AMEEAMAEHIERR  LIe
N fE B MEHIRIREE R = - 7 - 8 FEdE@PAAR{LL - P
MaglifiE i e o/ N T R 1 EYIRE  RROIRI DA
/N T O e EE ARG - fR BB - 1
BRI R DA R ~ /NIRRTy = > B
(2007) ~ B (2022) AELL > MESRIKFBERE ~ REE/IN
W T i ke HARAF IR I LEBIAER e © 2

SV i i B e /N9 T A K A B A FUITHA EE R
(Table 9)

BE A ~ SN SRR R SR
HEEREEER 8 HAh » IS AE e =) - Hade H’
Bl D JRDAZEME s - i I RIS S
15 M Ry BT SV R Sl e e D P 88 - 2R
@A~ SMAYIRE 2 ok 1 2 SR HEH Bl S8 2 P g e
TBIEHE ~ ZFEMERIRIR S A EH AR - B4
JEE M R R AR AL A - A e
P ZER N - FTEEREN (A ~ B #lI55) Fy/kEe
20 m HYBEREHE (Fig. 1) - /R ~ EAIEHERSF
Ui~ WIS AR » EEE RIS AR il - B
JEg 7K ELHRERS FRIR AR BAF T » $EAE/K B B 15
T B EATEE - KSR IR EE
(&,2007) » iRy BTG ~ W B3 R AT -
KIL » BB FEI TR AR ~ W ~ /KR 7t
SRR EY S BRI - B g
Bl D JAER - BEVREHEEEME - FHERILIEE 21
Bl > %N A 5-6 HiEmlE » 7 hlihiEigE s
48.47% ~ 42.05% » 4 ~ 9 AR » ¥1E 25%L) I
Bl Li et al. (2014) REEALEHISER SO FOE
S FEIMEEM AR DL AR RE ) (7 -
8 H) BxE#EERHR B Bl D HLEf P REAYIS
& HEELEZ H 2R BURGEBAE ~ /KIS A2 5L
/N EEAKES R SRR AR

i

REESAR - FhILBEE - Z5E ny YR D ~
H' A ERZ G MR AR B I (BT ~ TR -
EEEHRIRIE ~ K BRI A YR AR i B )
HEA (Hsieh et al., 2005) - S3fEZEE S PEHIE —
JREERT 20 m ¥ oA ARV FrBR 2RI S5 7K
AT 30 m e [y C MR BRI 2 30 m ZFEE
FREVERE (Fig. 1) » HHPS/KEREMEK - TBIRITEE
P SRR SRR ~ R MR R B
Br 8 ASh - IHERESMER ; B EHEf EaE 8
Bl 4 H (45.80%) ~ 6 H (24.95%) HEEHIEE
EEBI - RH i B AR e AR, - HEHT T HE H i
TR - AR (2022) R AHFSEAEAN IR -
RIEZ EERITEE R - (ESEA T T i R At
TRk -

PSR Ry S R K U SR AR TR i B L H AR
2 — » BRIMEREE 30 mm DUF ~ Sl
AERERESE - I EESE Ry - - IRIZIHESE IR
b S R i g i b B AR B H Bl
PR AT (Table 6& 7, Fig. 7) » HEfRFHHERZ
4-5 Ak 9 HREELRE] - dhEbgsiE A
HERIY 7 - 8 H Ebfiliserss - HEW AR R 2= SR E ik
BHE 2 -3 HEEHERIE (&, 2018) » HERSAEARAR
4-5H) BEEEEEES 21 -23°N-117-118°
E) Wbtk - BEE RWISOHERR ~ T2 28I
HEE (23 -24° N - 118 - 120° E) W7 F -~ REH (3,
2006) - 6 HE&HEK ~ AR - 7-8 AMEREE
JIGR 0 BZ ST AT B e, ~ SR AN - SER
FR IR (51,2000) - 2 9 H » EEEIVE
7E NHIRERS (AR Wbtk - BEEnEi A=
ABIE R ~ SRET (FK, 1993; 3, 2006) » FELLIE L
AFH-RENEGHe (6, 2006) -

WE& i a i S RHGE S - R Kb
FRRERTE M A EH L (B, 2004) - SERUGHIRS
SRR B R R D T S BRI R R
BRI - YRR REE i S R B i B U AR -
SEIRIN I FETR B P 7252 (Clarke and Pascoe,1998;
Kim and Wardle, 1998a, b; Marchesan et al., 2005;
&, 2007) - Liao et al. (2007) DIEEERILER S
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Table 9 Comparison of the monthly predominant species caught by light fishing in waters of Penghu reported in the

literature
Fishing Fishing
Reference Main species Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
ground season
Etrumeus micropus**
Amblygaster leiogaster
Inside Sardinella lemuru
Wang-An
light fishing ASPT' 0 Decapterus maruadsi
. ep.,
forbidden isani
2022 Siganidae larvae
cone Scomber japonicus
com s
Penghu jap
Uroteuthis chinensis**
This Loliginidae larvae**
study Etrumeus micropus**
Amblygaster leiogaster
Outside Sardinella lemuru
Wang-An
light fishing ASPT' 1o Atherinomorus lacunosus
. ep.,
forbidden s hians
2022 Ablennes hians
ones Scomber japonicus
com 5
Penghu jap
Uroteuthis chinensis**
Loliginidae larvae**
Engraulidae
Spratelloides gracilis
Etrumeus micropus **
Mayto  Herklotsichthys quadrimaculatus
Edd . .
E Penghu Oct, Sardinella albella
(2007) water 2005-
2007 Sardinella melanura
Carangidae
Scombridae
Loliginidae**
Encrasicholina punctifer
Etrumeus micropus**
Sardinella melanura
Jan. to
5 Wa”tg'A” Dec., Decapterus maruadsi
waters,
(2022) 2018 Scomber japonicus
Penghu
2021 ) )
Sepia pharaonis
Sepioteuthis lessoniana
Loliginidae**
**Main species caught by light fishery presented in each study; l] Occurred as main species; — no data during this period

& AEBIRIIRDELIER T - A SE A B = AvRA L
SR T RS R L - PSRNy H AR -
B YRR R - EREDEDERIG - TR RIRY
FRFERHE RSN E RTINS - BUa#E

TRHELLPIE 15.75% - BLAh > ANERDETIR - 188
ERIERS RGN 5 > 40 kw @A EZHES )
EBR 80 mm DURAY{EES - ERDEDIRARL 60 kw
DIE - MR 80 mm DL HGEIRALERG S -
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Fig. 7
length frequency distribution
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Sep. 2022
n=42

of Uroteuthis chinensis in the 10
Wang-An  light  fishery .

forbidden zone between
April and September 2022.
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#7534 £ 16.97 mm (n = 46) > - KAEE#EHE T
73.33 + 14.34 mm (n = 6) > PEFEFEHIEK > DL
65-155 mm Jy (Fig. 7) - SR SAIRIELLAI e Aa
BREHHERS ~ RISta B ~ H A BYE RS 11 B
Liao et al. (2007) BEHIRAMEL - IRrPBIEHE

65 75 B85 95 105 115125135 145 155 165 175 185 195 205 215 225 235 245 255 265 275 285 295 305 315

Mantle length (mm)

JERaUNIEL Liao etal. (2007) L1 100 kw SEFREELH
SRR - T—328 (LR #or - i
LA AR AR TR 320 w o (EFARSZ RN

40 kw - SZif R FIRIGEIR R 8 (EHE R SR
LB (100%) S BERBEATFe 32 ~ Liao etal.
(2007) K (Fig.7) » B4 > 7 - 8 H—SCHUIENIAL
ARSI S R R EUHERS - R AR
RITEAMERRE: 215 mm DL ERET R HEME(E RS - 82U
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Frequency (%)

Scomber japonicus
l L0 =200 mm n=148
I (3 - 2014)
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Fig. 8 Length frequency distribution of Scomber japonicus (A) and Decapterus maruadsi (B) sampled by stick-held
dip net in the Wang-An light fishery forbidden zone between April and September 2022.
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ABSTRACT

We collected specimens through vessels fitted with stick-held dip nets and pole and lines, from April to
September 2022 to determine the monthly catch composition of the light fishery in the Wang-An light fishery
forbidden zone. In the spring, the main species were Etrumeus micropus and Loliginidae larvae. In the summer,
the predominant species were Scomber japonicus and Siganidae larvae in June, Amblygaster leiogaster and
Sardinella lemuru in July and August (Uroteuthis chinensis was a minor catch in both months), and S lemuru,
Decapterus maruadsi, and Loliginidae larvae in September. Lower species richness and diversity were observed
in the area outside the forbidden zone because of the high depth gradient and flow rate. The predominant species
there were Atherinomorus lacunosus and Loliginidae larvae in April, S. japonicus and E. micropus in May and
June, A. leiogaster in July, and S. lemuru in August and September. Moreover, the larvae belonged to up to 21
families, with catchability above 25% from April to June and September, employing stick-held dip nets around
the fishing forbidden zone. More than 46% of S japonicus and D. maruadsi were smaller than sexually mature
specimens. Both the mantle size and sexual maturity ratios of the specimens caught by stick-held dip net fisheries
were smaller than those caught by pole and lines ones, suggesting that the study area must be an important
reproductive and nursery ground for these species. Our findings may facilitate the management of fisheries in this

region.
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