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Tab.1 Voyage information on acoustic assessment of fishery resources in Fangchenggang Gulf
A 8] time X35 region F-17K % /m mean depth L2 /n mile voyage i A/n mile*area 7 35 % coverage
2017-02 NTAHEX reef area 16.2 5.6 0.36 9.33
i ffEJE X around 18.5 66 109 6.32
2017-04 AT faffEX reef area 15.97 5.91 0.43 9.01
1 ffEJE 71X around 17.94 63.37 106 6.16
2017-09 AT faffE[X reef area 16.21 5 0.32 8.84
10§ i34 1X. around 17.99 59.5 94.2 6.13
2017-11 AN T AiEX reef area 18.09 53 0.39 8.49
faffEH 1 X around 18.41 18.7 20.5 4.13
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Fig. 2 Acoustic detection (a) and underwater video (b) of artificial reef in Fangchenggang Gulf
Benthonic reef and suspended reef were connected by ropes.
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Tab.2 Main technical parameters setting for scientific
echosounder (EY60, Simrad)

technical parameter parameter setting
Hefie #2451 K transducer frequency 200 kHz
Jik & BF pulse duration 0.256 ms

)3 power 150 W

W% S 22 %4 absorption coefficient 61.9 dB/km
7 sound velocity 1514.1 m/s
W REAS M 25 transducer gain 27.18 dB
Jik i (8] B% ping interval 0.2 s/ping

AUHL S 58 B (volume  backscattering strength, Sv)[&]
{EDREAS [ 288 1Y 1 [l g AR A AT 028, 0l B T T 1k
AL WEFRWATUL . TR A LA R B T R A6 [
P Sy R A R 1 S P R AL
A R A ARG AT I R (B 3) o BRI BB
rh AR H BR5E I (target strength, TS), #iR 53 H
AT, FIH Echoview 7 Hp 5 [B1 387 A5 (single
echo detection, SED)-5 18 Bt (tracking) 3R HX
1.3 E£YZHERE

S B 2R WUR S AT, A3 e N T AR S
JE D ARS8 27 SR FE 0 O RN PS4 P 14677 2 ) 2R

R

noise near surface

AbFEEG Sv [l EER

Sv echogram before processing

© ' ERk single target

a. 4bPERT before-processing
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W B s ) Sk H PSR IS, T2 H H AR MR
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/NTHI 8 em. 6 cm F 4.5 om, RERPEILAS A 5K
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KK AR, REKAETHZE 1 om, WERHE 1 .
1.4 Bl FIFRESEFITME

Fie N8 22 B U M B VR IE AN T ik, £ g
XI5 N T A REX 535012 0.2 n mile #1100 m 7K
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Fig.3 Sv echogram in Fangchenggang Gulf
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Fig. 4 The design of biological sampling stations in Fangchenggang Gulf
*3 EESEENFIEFIEAER
Tab. 3 Biological sampling stations information in Fangchenggang Gulf
iz 23} 3 213 WORE Iy 15
site label longitude latitude sampling method
S1 108°9.530 21°25.455' Hi ¥ trawl net
S2 108°11.278' 21°20.535' Hi ¥ trawl net
S3 108°12.794' 21°27.281" #i 1% trawl net
S4 108°13.827' 21°24.477' #i M trawl net, FiHIRY gill net
S5 108°15.085' 21°20.971' i trawl net
S6 108°16.895" 21°25.455' Hi ™ trawl net
S7 108°20.803" 21°25.455' i trawl net, FHIM gill net
S8 108°24.640" 21°25.455' Hi % trawl net
S9 108°27.490" 21°25.455' i trawl net, FAIM gill net
R a] 345 U BT N 75 BB (NASC) o LIRS (%), NASC Jy LR HEL g 557 i) T AR [l i BICSH AH p

{E(m*n mile®), o 43T X I8 P BT A 75 2 A
K 7 5 1O I (m2), B R 4B X 38k A
Py (kg/n mile®), WOWES i Ffven S g7 1) i
iR, n h S 5PN AR, TS WA i
3 HARMEEAB), L WE i ARk,
byoi 5 | R 0255 B SR, S A AR
K CHRGE A, Hgk BN 4 s> 0010

2 ZEREHW

2.1 EIRFHIEAMR
2017 4F 4 WA, B3 A T fa i X R Hl
ST 3 4 A5 4% S Ui Tk A ) RS A TG B HE Sh
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TR TR 45 25 B Wi AR W e 4 1 b 349 o 0 I 34t Ao
Ry Rk VI R A S TR, 7 2 Il
T3 X 6] 35 RIS 0.3 mo LA B oK, Wi

28 (Un TS S5 ) A TE 7 22 PP YL Bl 2 N . 2017 4F 2
A4 A9 A, 11 A%, 25522060
VIR 50k 40 B, 47 Fh . 55 FRFD 41 F, 61
(R R LE R, BRE . M2 A
I A R 45 A R A v 2017 AEBCE LR
MR S 5 il B U5 2 ] AR 43 43 B i A 28,
HAY2= U5 B ANER 6 Fis .
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Tab. 4 The referred by values of the acoustic estimated species

2 species b,y P2 species by
P4t Argyrosomus argentatus 68 HMEH4ifa Pennahia anea -68
Ji i Psenopsis anomala -80 4251 Nemipterus virgatus —68
4 /1 Trichiurus haumela -66.1 #iF Leiognathus insidiator -72.5
FEEGAR B Uroteuthis duvauceli -78 W% Caranx kalla -72.5
JEAF 8 Trichiurus brevis —66.1 AL Epinephelus sexfasciatus ~72.5
SV E Leiognathus brevirostris -72.5 JEBTER Leiognathus ruconius -72.5
Z Vit Saurida tumbil -80 H A B Epinephelus awoara —72.5
K Parargyrops edita —68 H 7 4:4k £ Nemipterus japonicus —68
Rk F5 Caranx equula ~72.5 FLF 14 Lactarius lactarius -725
I6F%  Muraenesox cinereus -76 ULk KA Apogon quadrifasciatus -72.5
#Efif Arius thalassinus —66.1 H 2482 Loligo tagoi -78
skl Lagocgphalus laevigatus -72.5 B E Leiognathus berbis -72.5
EBE g Saurida undosquamis -80 #7341 Branchiostegus argentatus —68
1Ef¥ Lateolabrax japonicus —66 E[I ) 1lisha melastoma -72.5
HBE#E Leiognathus bindus -72.5 A6 Gastrophysus lunaris -76
FREWE T4 Siganus canaliculatus -68 KR gtf Saurida elongata -80
WA Upeneus sulphureus -72.5 P E M Uroteuthis chinensis ~78
Y Setipinna tenuifilis -72.5 Yr#&44 Trachurus japonicus —-72.5
Je k% Caranx djeddaba -72.5 FRBEAEfilfl Gastrophysus spadiceus -76
HIJHE 4, Uroteuthis edulis —78 HAHFh other species -71.9

x5 BEBATEESETREKEYLEFNIE

Tab.5 Species numbers of different nekton groups in the study area

Yikh 2017-02 2017-04 2017-09 2017-11

species %ﬁniﬂz Hr /% %Wiﬁz HAr /% %ﬂlﬁz HAr /% %ﬁniﬂz HAr /%
species number percentage species number percentage species number percentage species number percentage

162 fish 41 52.56 56 60.87 62 62 45 66.18

&% crab 13 16.67 18 19.57 15 15 7 10.29

R decapod 10 12.82 8 8.7 10 10 7 10.29

W28 Squilloidea 6 7.69 5 5.43 5 7.35

3k /£ Cephalopoda 8 10.26 5 5.43 4 4 5.88

2.2 N FRIRE = 4 R AHIE

R A5 22 b 2 il B8 5P 22 AR 40 T S0, 9
A gL IR PR S R N 5 PR, 2 A
T Ao X ) 9% U8 % B (547745 ind/n mile®) ]

B, 29203990 ind/n mile?)f
2.68 1% 4 N T AHEIK Wl ZEE R (70110 ind/n
mile? FIXEEEAE, (0 L i3 3145192 ind/n
mile’)iy 1/2; 9 A AT faflk X K o JH i g b
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body weight range
1.3-37.0
4.0-40.0
4.0-22.0

15.0-33.0

20.0-112.0
4.0-14.0
1.0-171.0
5.0-22.0
1.0-39.0
8.0-24.0
2.0-17.0
4.0-15.0
3.0-14.0
4.0-18.0
8.0-22.0
3.0-7.2
2.0-28.4
7.0-29.0
3.0-6.1
5.0-73.0

18-52
71-150
65-120
45-76
45-140
94

50-83
13-170

60-91
35-126
67-95
39-86
41-120
35-75
40
62-105
50-62
68-125
60-100
40-57
11-90

PR/ mm

body length range

|=|
B85

AP R AR ACR DS

|
.86
16.54
16.36
11.21
8.57
8.10
24.53
49
.64

J

it
33.69
21.11
10.52

6.92
14.94
10.33

9

7
28.09

percentage
5
15.36
13.28
12.84
3.55

EiRHEMBMEE
B E A%

Tab. 6 Biological information of dominant species assessed on fishery quantity in each survey

< 6

species
K4 Parargyrops edita

Z 15 I Saurida tumbil

W AT AR v
Lk

Saurida undosguamis

1§ Parargyrops edita

14
I
15,55 Loligo edulis
fi

fi

i Lactarius lactarius

I
i

V)i Leiognathus brevirostris
)i Leiognathus brevirostris

V)i Leiognathus brevirostris
#iif Secutor insidiator

K
W LR Leiognathus bindus

B
i FeA 151, Loligo edulis

ULk R4 Apogon quadrifasciatus
JEBE I Leiognathus ruconius

ML F Leiognathus berbis
#13J% £8 Trachurus japonicus
7 4R Upeneus sulphureus
MR Leiognathus berbis

Z Wil fiff Saurida tumbil

i FeAg 151, Loligo duvaucelii
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Fig. 5 Horizontal distribution of fishery densities in different transects of Fangchenggang Gulf
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Tab.7 The temporal and spatial variation of fishery resources in the study area based on two-way ANOVA

A )i %5 FF biomass density

BUEE % abundance density

P<0.001

15.74
=16.63

F4, 1432 = 10.67

F3, 1432

P<0.001

H 43 month

F3< 1432 = 14.44
Fl, 1432 = 1556

F4, 1432 = 9.99

P<0.001

Fl. 1432

P<0.001

X4 region

P<0.001

P<0.001

A #y= X3, monthxregion

<0.001), HAZHAEH &3 (P<0.001),
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Fig. 6 Size composition and frequency of single echo detection in Fangchenggang Gulf
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Study on the trapping effect of artificial reefs on small reef fishes in
Fangchenggang Gulf
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Abstract: Fishery resources density, spatial distribution, and size composition were studied in February, April,
September, and November 2017, primarily based on an acoustic method to explore the fish gathering effect of
artificial reefs in Fangchenggang Gulf. A total of 201 nekton and benthic invertebrate species (including 126 fish
species, 32 crab species, 20 decapod species, 11 squilloidea species, and 12 cephalopoda species) were collected in
artificial reefs (and areas adjacent to the reefs) in the Fangchenggang Gulf. The results of a two-way ANOVA
showed that the spatial and temporal differences in fishery resource density in the investigated area are significant
(P<0.001). The interaction between seasons and regions is also significant (P<0.001). The fishery resource density
of the artificial reefs area (547745 ind/n mile*) was nearly 2.7-times greater than that of the surrounding area
(203990 ind/n mile?), showing an obvious fish gathering effect of artificial reefs in February. The types of fish
were mainly benthic and rockfishes such as Parargyrops edita, Saurida tumbil, and S. undosquamis. Small size
individuals accounted for a large percentage in the artificial reef area and their average target strengths (TS) were
—55.6 dB (in February), —54.5 dB (in April), —53.6 dB (in September), and —52.2 dB (in December), respectively,
which displayed a gradually increasing trend of TS values with the individual growth. In the vertical direction,
more than 90% of single echo detections were distributed in the middle and deeper layers (9~16 m) of the artificial
reef area in the February and April investigations. In conclusion, the construction of artificial reefs in Fangcheng-
gang Gulf revealed an obvious downward gathering effect on the small size rockfishes, which supports the need
for systematic evaluation of the ecological effect of marine ranching.
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