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Fig. 2 Experimental design (a) and LED lamp layout mode (b)
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Tab.1 Catch data of Mugil cephalus

x£SD
St light color & /ind amount PR Kl /mm length range # K /mm body length 1A /g body weight
21 red 212 337-550 430.48+42.26 1115.244305.46
1 white 256 338-551 429.22+43.98 1072.444282.44
% yellow 237 335-509 427.35+40.91 1061.444+265.62
1% blue 277 320-550 424.22+44.04 1032.474+286.37
£k green 369 321-533 424.58+44.05 1038.78+318.65
Joot colorless 198 333-531 428.79+49.93 1135.14+368.52
R2 BMREHNBEMHESWEERBENES
Tab. 2 Catch per unit of fishing effort (CPUE) and catch weight per unit of fishing
effort (WPUE) of Mugil cephalusin different trips
ik LED AT%i CPUE/(ind/net) WPUE/(kg/net)
trip  ED lamp ar 5| # W £ 5 ar F o} i £ 5
number red white  yellow blue green colorless red white  yellow blue green colorless
1 4 4 5.5 4.5 5.5 7.5 3 3.3 6.1 4.68 5.39 7.74 3.51
2 4 4 5 4.5 5.5 7.5 4.5 491 5.00 3.95 5.38 7.88 5.62
3 4 3.5 5 5 5 7 3 3.72 5.24 5.90 5.73 7.29 3.16
4 4 3.5 4 4 5 6.5 3.5 3.50 3.89 4.03 5.40 7.89 4.73
5 4 4 5 4.5 5.5 7.5 4 4.84 5.32 5.04 5.00 7.94 4.24
6 4 4 5 4.5 6 7 3 5.14 5.85 5.06 5.93 6.83 2.82
7 4 3.5 5 4.5 5 7 4 3.44 5.28 4.83 5.19 7.37 4.02
8 4 3.5 4 4 5 6 3.5 4.26 4.67 4.05 5.16 5.87 4.34
9 4 4 5 4.5 5.5 7.5 3.5 4.28 5.43 5.24 5.70 7.54 4.37
10 4 4 4.5 4.5 5.5 7 3 4.41 5.52 4.81 5.97 6.70 2.99
11 4 3.5 5 4.5 5 7 3.5 3.92 5.60 3.49 5.05 8.28 4.42
12 4 3.5 4.5 4 5 6.5 4 4.15 4.74 4.19 5.82 6.69 4.48
13 6 4.5 4.5 4.5 4.5 8 4 4.01 4.70 4.66 4.35 8.48 4.68
14 6 4.5 5 4.5 5 8 4 5.44 4.82 3.91 5.03 8.15 5.25
15 6 3.5 5 5.5 4.5 7 3 3.66 5.05 6.47 5.03 7.39 3.21
16 6 4.5 4.5 4.5 5.5 7.5 4 5.48 4.52 5.02 4.92 7.81 4.21
17 6 4 5 4.5 5.5 7.5 3 5.13 5.67 5.08 6.45 7.24 2.75
18 6 3.5 5 4.5 5 7 4 3.52 5.25 4.79 5.12 7.31 4.02
19 6 3.5 4 4 5 6.5 3.5 4.27 4.75 4.09 5.26 6.50 4.25
20 6 4 5 4 5.5 7.5 3.5 3.99 5.22 4.60 5.77 7.71 4.41
21 2 3 4 3.5 4.5 5.5 4 2.93 4.35 3.95 4.17 5.87 4.65
22 2 4.5 4.5 4 5 5.5 4 5.24 4.20 3.62 4.95 6.16 5.23
23 2 3.5 4 4.5 4 5 3 3.67 4.04 5.24 3.90 5.41 3.09
24 2 4 4 3 4.5 5.5 3.5 4.99 4.07 3.13 3.96 5.93 3.68
25 2 4 3 4 4.5 4.5 3 5.27 3.41 4.61 5.22 3.78 2.75
26 2 3 5 4 4 5 3.5 3.06 5.36 4.42 4.34 5.49 3.59
27 2 3 3.5 3 4.5 5 3 3.59 4.14 2.90 4.54 4.97 3.75
28 2 4 4.5 3.5 3.5 5.5 3.5 4.03 5.06 4.02 3.76 5.44 4.16
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22 WHRHESW W% &40 LED T A0S0 M R & CPUE 43 3l # & T

221 CPUE 44 AR 2R b 5 2 7 D) A DL - 36y
wOEVHE N, 3 SR 3 43 A VR Ay e P A G ok A
LED £J 66 A XTHiff CPUE AY52 0 . GLMM 44
RIRIA SC SN 3R 3 s .

GLMM il i e A R @ F 4 LED ATHY
9 i CPUE Wil 6 B .

570 LED ATHXT BRI AR EL, ik 2 3941 . .
B, WA, k8 LED T 195255 W i CPUE 43l $2
BT 5.51%. 17.97%. 7.25%. 25.22%. 50.72%.
P AR LT . BT A I 5 X BRI (W 6§ CPUE
22 5 AN (P>0.05), A T AY 52 56 0 55 00 iR
) 22 53 B 2 (P<0.05), AR HE . 2RAT HYSEH6 -5 %
R 22 5 1 25 (P<0.01), AT 4 2840, . B,

RN
A

5.93%. 35.03%. 24.58%. 49.44% . 97.46%.,
HRA I LT AT R S 56 0 5 06 BRI ) B CPUE 22 5% R
2 (P>0.05), M. . WSS 5
Xof R R 2 S B 25 (P<0.01), fiiik 6 341, 1, B,
W | &% (0 LED XTS5 55 W Hr fiff CPUE 43 il & 1T
10.22%., 31.22%. 24.31%. 39.78%. 98.07%., H:
HA LD AT R S 50 I 5 6 BRI (Y fiff CPUE 22 5% i
F(P<0.05), ik, . W FISRAT ) S50 M 5 %)
MR ) 22 S .35 (P<0.01)(3 4), i 4 2% LED 4T
X} Fff CPUE 50 57 1% 6 3% LED 4T At 22 5% A
W3 (P>0.05), fiix 4 3o 6 35 LED XX Ffiff
CPUE ¥ 54ii% 2 2% LED ATAHIL 2 2 &
(P<0.01),

£ 3 GLMM #E&E S
Tab.3 Parametersof GLMM model

N A As [&5] 5 RYNE
AIC BIC F dfl  d P
W group dependent variable  fixed effects 1
IEA43 i normal distribution CPUE JGff light color  318.110  327.221  96.627 5 162 <0.05
& number 527.048  536.217 8.264 2 165 <0.01
33434 Gamma distribution CPUE JGff light color —189.280 —180.169  16.374 5 162 <0.01
& number 15.747 24916  6.635 2 165 <0.01
JAFAS3 A Poisson distribution CPUE Jeff light color —179.031 —172.931  14.896 5 162 <0.01
B number 135.100  141.237  9.911 2 165 <0.01
it 35434 negative binomial distribution CPUE JGff light color —179.031 —172.931  14.896 5 162 <0.01
& number 82.217 88.355 9.694 2 165 <0.01
8¢ N % —
BRI YA SC S BN R 5 s .
-+-2LEDs A
7t ——4LEDs
3 -+-6LEDs ~ x4 GLMM Fill9&s CPUE RENE
E or Tab.4 CPUE and variation predicted by GLMM
Bst et CPUE/(ind/net)
5 light color 2% 4% 6 3%
4 L
1 red 3.64+0.21 3.75+0.26 3.99+0.33"
#ZTred K white B yellow 1% blue %% green JG colorless 1 white 4.070.24 4.78+0.33 4.75+0.39
S48, light color # yellow 3.70+0.21 4.41£0.30" 4.50+0.37"
; ¥ bl 4.32+0.25™ 5.29+0.36™ 5.06+0.41"
Kl 6 CPUE Tii{y . ome
Fig. 6 Predicted value of CPUE 4k green 5.20+0.30 6.99+0.48 7.17+0.60
7t colorless 3.45+0.20 3.54+0.24 3.62+0.29
222 WPUE 43#t  MREZRMWAESMENFIDLE gk w3078 50 B H 2% 5 35 (P<0.05), ** %78 2% R 1B %
(P<0.01).

HrfE BOEN, 3 A3 o A 7 R B A 480 A R 4 A
LED TG B X i WPUE 520, GLMM

2

Note: * represents significant difference with control group (P<0.05),
** represents highly significant difference (P<0.01).
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&5 GLMM #HESH
Tab.5 Model parametersof GLMM

KISy

I 5

W group dependent variable fixed effects AlC BIC £ a1 a2 P
25404 normal distribution WPUE Yt light color 2647.003  2656.114 47.876 5 162 <0.01
& number 2821.315  2830.484 8.455 2 165 <0.01
{¥5 434 Gamma distribution WPUE St light color  —102.598  —93.487  9.114 5 162 <0.01
& number 10.253 19.422 6.659 2 165 <0.01
JAFASI A Poisson distribution WPUE et light color  6843.181  6847.435 14432 5 159 <0.01
U number 15054.40 15058.749 22.089 2 162 <0.01
il I3 4 negative binomial distribution WPUE St light color —45.055 —40.801 5514 5 159 <0.01
& number —6.230 —1.881 3.721 2 162 <0.05

GLMM i A ARG A A LED AT
1 i WPUE 4ni&l 7 Fim o

8 r

[=)} =
T T

WPUE/(kg/net)
(%]

N
T

w

#Ired K white ¥ yellow ¥& blue %k green JG colorless
Y644, light color

K7 WPUE Fiiill {4
Fig. 7 Predicted value of WPUE

5JC LED AT HOXT R AR b, Aiiis 2 3540 .1 .
W@, St LED ST YSES W il WPUE 43 5]
T 6.21%. 12.18%. 3.37%. 12.69% . 39.38%.

HAfiger . |, . TR SCE 5 %0 BRI i
ﬁ“‘ WPUE 225% A3 (P>0.05), A1 BCERAT (1952 5
) 5 %k ) 22 S I 28 (P<0.01) A i 4 84T . H .
W, W5, g LED ATHYSEER M i WPUE 43l
PET 2.46%.28.57% . 13.55% ., 34.98% . 80.54%.,

A AT B 2T T 1 S 56 ) 55 %F JE ) 9 6iff WPUE 25 5
Kﬁ%(mo.osx AU BT Y 5256 Y 5 %) R 22
5535 (P<0.05), Ak . W FIERAT /Y 52 55 1 5 %)
MR 22 S 1255 (P<0.01) 0 AT 6 ZRLL. . B,
W . &k LED ATHYSLE M iff WPUE 430l $2 5
T 8.29%. 21.95%. 17.80%. 27.80%. 84.63%.

FEAP AR BT KT (1) 52 56 I 5 6] HE ) (1) fiff WPUE 25 5%
Tﬁa(mo 05), A1 BEKT Y S 5 ) 5 %oF AR 22

5 .3 (P<0.05), AL . ISk 1 5050 0 5% IR
I 22 S50\ 25 (P<0.01)(5% 6). i1 4 2% LED %I X%
Tiff WPUE 20151515 6 3% LED ML ZF A
3% (P>0.05), filk 4 3/ 6 35 LED T XF i
WPUE 0 54 2 3% LED AT AL 22 0 i 2%
(P<0.01)

&6 GLMM ¥l WPUE RELE
Tab.6 WPUE and variation predicted by GLMM

et WPUE/(kg/net)
light color 2= 4% 6%
21 red 4.10+0.26 4.16%0.16 4.44+0.22
4 white 4.33+0.27 5.22+0.20" 5.00+0.25
# yellow 3.99+0.25 4.61+0.18" 4.83+0.24"
% blue 4.35+0.27 5.48+0.21" 5.24+0.26"
4 green 5.38+0.34" 7.33+0.28" 7.57+0.38"
TG colorless 3.86+0.24 4.06+0.16 4.10£0.21
T IR G X BT [ 22 5 1 35 (P<0.05), ** 3R 22 i i 3

(P<0.01).
Note: * represents significant difference with control group (P<0.05),
** represents highly significant difference (P<0.01)

2.3 EIiEZKY

AR S R AR Y SRS ISR 7 R, B
KR 22 as R BRI . H . BT R S5
W AL 81 (Lateolabrax maculatus) )38 AL
T HE ) 25 A 2 (P<0.01), AR5 KT By S2 5
D) v A B R 2 EG Y- iy 14) 0 R 0 A A X R ) 22
S0 3 (P<0.05), A BEak kT Y 552 g ) rh i/ FG - fifl
) Y0 0 B R T 6 BRI 22 7 I 3 (P<0.05), H:
b A S R U0 R P B8 A [R) AT O A 13 21 280 1 3l Y
2% SR (P>0.05), K-S W45 R Bn, ik
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AT 4D 52 35 D P A ) (AR A A 0] TR 2 S
F(P<0.05), ALk FNER AT (1) 5256 ) H 2 (G
fifh 7y A 4 o3 A 55 IR 22 55 B 3 (P<0.05), HiAth
25 2 R AR P 1 MK o0 A T R RN AR 1 2R AL Y

3] ) v 2 SR B3 (P>0.05) o AN [ AT YA % 46 8
FFFCSPfil A 4340 an ] 8 iz, BEHR 350 mm Al
150 mm /5 4 A6 8 R G- il 14 B A K P
AV W KT AR S I v B RN E S i ) 40 £ L

xR 7 BIRRYIEREE
Tab. 7 Catch data of bycatches

¥4 /ind number

2 species

21 red F white # yellow #% blue %k green TG colorless
187 Lateolabrax maculatus 244" 205 217" 195" 173 162
VRSl Sebastes schlegelii 82 105 106 113" 108" 83
RPNl Hexagrammos otakii 67 71 59 62 55
B Sphyraenus 64 62 64 75 60
H A& Charybdis japonica 24 32 37 39 29
JE3L-fili Sebastes pachycephalus 0 1 0 2 0
WG HE Asterinidae 3 1 0 2 6

e * R 50 BEAH L 25 5 B3 (P<0.05), **3K/R 22 SR 8 3 (P<0.01).

Note: * represents significant difference with control group (P<0.05), ** represents highly significant difference (P<0.01).

24

a
8 % blue
[ m%% green ¥ ]
5 B colorless ¥ y
g 04 red ) ¥ e
g . ¥ I (L 7
= & [ white ¥ IR 7 1
121 2% yell e 2 4 I
B #Byellow IV IR IR
e L 5 i
= 199144 s
7 5 2 R ¥ | ¥
9 ] o | | ¥ > B B
, *INIEIE R E K 19V
6 v 199919 VIFW
& ¥ e i B ¥ Rl | e |
37 o | | N ¥ 2 A B
& ] o | | ¥ ik
37 o | | N ¥ 2 A B
& ] o | | ¥ ik
37 o | | N ¥ 2 A B
& ] o | | ¥ ik
37 o | | N ¥ 2 A B
o By 1 ] e
0 ¥ i 3 2 M : M2 R (Y 5
160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400
£+ /mm body length
15 b
m 7% blue
m 4% green
® G colorless 3
5100 o#rred i 4
£ . 4
s i white o (B 2
| ¥ .
g # yellow §2’ 1 4 Y A
e I R I
B 3 VIEE R IR
o ] w
N 1 " A | R
5+ B ¥ 2
e | ¥ V] v B
7 [ | b2 0k O s T
! e ¥ v A | ,q‘;
v % [ [ ¥ ’ s (A
¥ 't R A A " e I
v 7 e | o ] A v A
A [t o A A " e I =
v ] v o ] A v R
A 't R A A " e ]
o e [ e K2 0 0 B M
R " % e | W ] v | R
¥ 5 v e 0 N
By - o IS ] A v
R s 7 A 3 A9 329399y
0 R ¢ & L R o v (e R T R % ‘ 4
70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310

&+ /mm body length
B8 RIFATCA 35 N AL () FIF CF- il (b) 14 53 A

Fig. 8 Body length distribution of Lateolabrax maculatus (a) and Sebastes schlegelii (b) under different lighting layout
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Effect of light-emitting diodes (LEDs) on catch efficiency and bycat-
chesin grey mullet (Mugil cephalus) gillnet fishery

DOU Yilin', YU Mengjie', LIU Shude?, TANG Yanli'

1. College of Fisheries, Ocean University of China, Qingdao 266003, China;
2. Shandong Fisheries Development and Resources Conservation Center, Yantai 264003, China

Abstract: Gillnet fisheries targeting grey mullets Mugil cephalus are an important part of small-scale fisheries in
the coastal areas of China. However, in fishery production, the catch efficiency of gray mullet is low and the
number of catches is out of proportion to the fishing effort, which leads to a low economic benefit for the fishery.
Improving the catch efficiency of gray mullets has become an urgent problem that needs to be solved. In recent
years, light-emitting diodes (LEDs) have been widely used to improve the catch efficiency of target species. It
mainly uses the phototaxis of the target species to attract, gather, and trap fish. Many studies have shown that the
gray mullet has phototaxis and may have different phototaxis for different lights. Therefore, the application of
LEDs in gray mullet gillnet fisheries may effectively improve catch efficiency; however, their specific impact
needs to be systematically assessed. In this study, sea trials were conducted in the northern sea area of Rongcheng
from May to June 2023 to test the effects of different LED light colors (red, white, yellow, blue, and green) and
amount (2, 4, 6) on the catch efficiency of gray mullet. A total of 1549 specimens of grey mullet were caught. The
generalized linear mixed effect model (GLMM) was used to evaluate the effect of LEDs on the catch efficiency of
gray mullets. When building the model, CPUE (catch amount per unit of fishing effort) and WPUE (catch weight
per unit of fishing effort) were taken as dependent variables, LED color and quantity as fixed effects, and voyage
time as random effects, according to the Akaike Information Criterion (AIC) and Bayesian Information Criterion
(BIC), to judge the fitting degree of the normal, gamma, Poisson, and negative binomial distributions. The gamma
distribution was selected as the optimal fit to analyze the influence of LED color and quantity influence the catch
efficiency of gray mullets. Compared with LEDs of different light colors, the CPUE of mullet with 2/4/6 green
lights significantly increased by 50.72%, 97.46%, and 98.07%, whereas the WPUE significantly increased by
39.38%, 80.54%, and 84.63%, respectively. The CPUE and WPUE of gray mullets in the test nets with 4 and 6
LEDs were not significantly different (P>0.05). In addition, LEDs improve the catch efficiency of bycatch in sea
bass (Lateolabrax maculatus) and black rockfish (Sebastes schlegelii). Based on the results of this study, green
LEDs are recommended in grey mullet gillnet fisheries to improve the catch efficiency of grey mullet, and the
recommended number is four per net.
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