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WE A RERIRTALEE . BAMNEABTR - FEFLEFE, A Tx. axt
F K 7 & (Sebastes schlegelii) & # AT 7 W9 1F JH o HE 7 E 1 /X 410 5 AL 41, 36 6 ML,
BERaRREATERNETERL, AP0 E 2 hHAREAERIRaNGERRERE5HE
REFWBHRERBE, FHTLHART 2040, ERET, AEBEEMNEAEETANEEY W
H&, L el TIEEN, WK R KA K-FEZETH T EREF Y HE(P<001), L%
WHOREIRT Lo iy B i R B R AR a3 o WA BB HHE A LT H - EREF R
(P<0.01), AKX RAZHHTHHAT, MEARZNEARGEALAANEER, LEMEHRRKAER
WERE, EhamERRERMEAESIENR, KARRAABERLERE S NEAHHIELE
EAIK. BMERAREGMEAR G —HAPHAE, TRPUNEERR2DEFRRK, —FREHRN
T EBZF(P>005), KRN AH#HAXNRPFHEAEREBEFHELANEGENTERETEESH,
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OGS . BIHM R ERIAT, SRS EL R, I
A TR R B G RIR A, 20 a9,
H A1 52 [ 4 [ 52 R 5 T e T N T f itk %) e 4 Tt
5%, WY B eEkVuE . 21 v, AT kR
DIREMB AW £, G . = Fy ik
&, DB RN A B AR A T SRRl 48 B H AR (B35S,
2018; PhHEE, 2022), XL AT ES RS
AR B2 T3 0 R A S A 2R S FE B, R TR PRI
YRy nl sk kR BRI A & L (Yoon et al, 2014;
"%, 2022; kAR, 2001), A T fa k] DI A
SRUEAT DREE,, NI 51 R, R HEETT
S AR AR AR A RN B R A (Fh A5, 2022; WhEESE,

W T WREY; MAEY; ATE®E, BEMY
XEHS 2095-9869(2025)04-0108-10

2021) . E A WEIER W, £ B2 0 B EE R Y
(Acanthopagrus latus), K #& ffi (Larimichthys crocea) .
BEhfa(Danio rerio). ##ifh(Pelteobagrus fulvidraco) .
ff (Sparus macrocephalus) il # & fifi (Sebastiscus
marmoratus)F (L2555, 2023; Z=#%%F, 2019; T 4%
&, 2010 B A W R T . BT, X2
R AR AZ B B PR DL ST W AN 5848 o

VG SF-filh (Sebastes schlegelii) e Tk [ A J7 1 i b
KR EZELW M, RS MAERINE . HHE A
CRIVRE %, 2021, T 4%, 2014; Jistg%, 2020; Tt
&, 2024), AR HARPREE R B B e A T
Hy, BVEAT T ar SR AT A S N T A ffE Ja i, X AT
A B B ATHE LR S5 A Py vh SR SR B B Y 3 i
(X35 JHE 46, 2018; I 7745, 2023; k2%, 2018). Fifi
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25 T Y R UR A B T D, VR TGl A N T 3R AE N
B BRI AR A5 A S B, X A T A il AR e £ L
e A6y I PR O I R BT i A 2B RAE S (A
(RS, 2012; FIEF4E, 2015; 412k, 2016), 1F
F - i 4y 2 B A A R A A SR 5 HLJER B 2 T ) T g
WA . B ZR G FIIN LR 22 G5 2 1 DK fil 72 47 72
EFORIAE ST R v I SRR, 38 Bl DT Ml 7 V75 i
(7RI R R BRI A £ S, (EE
BGRB8 A VE R 2 2 BRI IR,
A P i 49 8 T G v B Ok ) N 28 2R 8 R R R
AR o IR 2R B8 MU AZ 8 R E JEAZ 2R 4L AR
RERSIERANKIR . R AT S A S5 A8 4k, o34 EGA- frh
AE A5 7E 5 2% 9 7K Sk o o 1 1R 0 21 % Bl %) TR R TR A
(B o AT 5 5 7 8 7 12 EC T il 1) SR 4 7 R
TR R AR, A A EGF fih A R il AL o B2 (AL 3 el 2B 4
2EORE, WO TR AR B AR A A

1 ##57Z%
1.1 SEBXK

ARG 6 R UK 772 4 B85 8 1V LG 7l 4 hy
S G S i 2 200 L (AT Dy 14.1~21.9 cm,
SEHRK N 17.1 cm; PR 89.1~279.1 g, T4
KT H 175.2 g. SCRTFUATT. ZEAMIHE9 72 h,
WIRRRRIEH 75, AT S200RS, o0 fn
WAL, AL SEE M0 40 FB .

1.2 SLIGHE

JRERALBE . FEB AR TN 20 L 13A WD HLAR
RS 10 LK, AT RFARE 1 g AR f
HURBER] MS-222, ¥ RIS T, ik 258
VR, BT 1 mg/mL B MS-222 TR
JBRIRERT 5] 24 2 i, Fg A7 JRR B 790 JBR i Ak 2 20 J8 SI2 50 1
2 e B OV AR (ki AE, 2021 B BB OB AR,
2011; #hk4E, 2024),

HR ER B S (AR BE IR . S 6 em, EHAE 1 mm B4
BER, BT IR AN Y, XA T R AL E, Bk
PRAE . MERS 75900 B FHPTRT , FHA 25 1 B 2= TG 462
FUEL o KRR e BR 1 SC B0 s (0 R I s 1 4K
EFREIRIRER B S AA . AT | iR B 10 P
IR HIR B A B 8 1 5 4 3ok o A B3 o FIR s 47 11
Ab VR IR LT85 2R AR B (PhEEAE, 2006)

2 B 08 2% B BEIR « B DR K85 38 nT AR I 2
IYEINERZ 2540 (Lloyd et al, 2018), [H, MEFRER

iR R KB AR IS i %] . AWFSR R 2 F
AN [ e 5 0 B R PR K 5 2% I VRO S 4 fa i A b B
4359 5 mg/mL 1 8 mg/mL , 7E 525 Rif — K% 18:00
P S I A0 A B AP BRI IR R R IE W, 7E5K
5 24 K 06:00 K 52 56 £0. 455 AR SR A AL S ]
Y474 12 h (van Trump et al, 2010; Brown et al, 2011).,

LEALHG 14X LR 5 Ab B4, 3L 6 L0,
AT WA 1o SEI A 7E HF Uf S50 B i B 7R 4R
Ab 1 h DLE NI, SEER R ] O K 08:00—20:00,
IR FE SRR . SCge b, R TSR
30 min FfRIC SR —IR, PRAFHVIOIRE

x1 LRHSAGBMLEELETE
Tab.1 Naming and treatment methods of fish in
different experimental groups

ikl v meas ®

Group  Vision Lateral line organ
Al % A4 ¥ Unprocessed
Normal
Bl  #imiik  ANAbPE Unprocessed
Damaged
B2 IEW 5 mg/mL B & PR A K 4 #
Normal Treated with 5 mg/mL gentamicin sulfate
B3  MimkIR  5mg/mL BRI KEE A M

Damaged Treated with 5 mg/mL gentamicin sulfate

B4 W 8 mg/mL B R PR B 2 AL
Normal Treated with 8 mg/mL gentamicin sulfate
BS  WiEIR 8 mg/ml BRER KK HE R A

Damaged Treated with 8 mg/mL gentamicin sulfate

1.3 EIR&H

SEITE IR A KR K =0 B SR Kt Rtk T, K
ALK 7 8.0 mx8.0 mx1.2 m(1 x5 x5 o 7K ML JEE # Al
WEEVR A B (K™ IR0 & MR RL, LD K7 5%
B L MR B 7K i 2 %108 15%16=240 4~ X35, &
A XIEAK/NHR 0.5 mx0.5 m. 7K 3t U T L EE K T
30 cm AbHE REAF IR B8 A e T 4 T, 3k 164,
B PR SZE0 X IR A H 5 BEBH . SEBG/KERN 0.7 m, ZKiEH
11~13°C, pH & 7.2~7.6, 5537 JE B FH A A B2
R EAT RS . T 8 B SRR /K R BIGHL,
BE— I i e [ FEAN B AN AR, SERE I 4 4>
o 7 JE Bl AR B B 7o o SRS S i B AERE BN T
fife 1.2 m A0S 7o {8 P £ AR A% Sk Xt 4 S8 /K 3l
AT 4 55 W I DA A B A S e #0135 sl B O, s
=LA 1.
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Fig.1 Schematic diagram of regional division
TR N R N T f i, faifEss A s S LKL 2. 181 3,
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Fig.2 Schematic diagram of artificial reef model
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Fig.3 Physical model of artificial reef
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Fig.4 Thetemporal variation trend of instantaneous aggregation rates for four artificial reefs
under different treatment conditions
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1 13:00 B RAE 4355 T 23.75%F1 30.00%,
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Fig.5 Thetemporal variation trend of instantaneous
aggregation rates under different treatment conditions
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gELRIA ) I IE R FIZ4L(AL, B2 Fl B4 4)7EiA %
RS A BE A A [R] 1 BH S PR P AL g i A 4 (B, B3
BS54, 58t T IEH LSS 7E (IS REA T h A 2
AL 4B AERT )R 3.5 h,B241K 4.0 h, B4 H 8.5 h,
B2 4R T 25 WA FEas IR T pe s, (Bl TR
IEF LSRR T, MKORBEECHE BN R B . 7EALE
BEIARZH T, BL A AERERHSY 4.5 h, B3 410 2%
FERZE 7.5h, 1 BS AUAIKEIBIE, X W 7E s A
LREBGRITEILT, HEIETT R 32 B AN H .

K4 459%1E Sy = Wk i SR A2 A B, 4 B A5 2] 4
S oH Bk FE A A . A1 A 5.0 h, B1A 11.0 h,
B2 & 8.0h, B3, B4, B5 i AKikF|HHE.

ZEHZRIT, AL, B Il B2 4 0] DLk 3] i g 58
ERME, AL dU7EIk 5] ke SR R B A I A8 2R 1
IFIA] R 5 h, AT ECAd AL BEZE 40, B £ 35 3 B {E BT
AR A 11 h, KT B2 4463 B mta (8 h) B3,
B4 F1 B5 4l A IR F A, 156 I 40 SR 0T S 40 1 % 40 5 il
M2 2% B AT R AL BE IR, 25 I 35 PRI SL g £
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MR RS FHE . B Il B2 AbFHA (1Y) b ek BE
— P, BN A IR S 06 ) B B 2R A%, S
5 AT T A o R 1 A R %) At R A JER R £ i
F R E, B3 A ETH# RS, B2 fl B4 4B
I ILIR L AR, BRIR K K B R A PRk Rk, 5K
I 1) RARE ORI . PRI IL, HEDU AR R PR R 25 R Ab P
B BE RN 2 2% B I IR A AR B 22 TR A G, IR 8% B il
PR, SCO R ) T A ) SOR R IR . BS
AL FRZE Y b R e 1, R I S £ 1) PR R 2k 5
EWIEIR, & B LT 58 2k KB Ak aE
1, HILTE S S R KRR
23 ARMBEAHTREERABREESMELE
£ 16:00—20:00 7] Bt , f s 3R 4 SR ik A e By
Bt MBI xTER4] AL, 4bFE4] B1. B2, B3, B4, B5

B I i 3R B2 SR A 40 1) ol 62.75% . 41.50% ., 48.25%
25.50%. 25.50%. 10.25% (3% 2)., 05 1F H 5256

STHIEAT LA, R RAR SR IE i R B/ MR AL,
B2. B4, B mE IR LGt A Al A7 e, R
Aef SR AR R I PR R B/ IMERUCH BL, B3, B5. #fillZk
IEH A AT 08T, AL P9 R A SR AR I h K30/
WA AL, BL, (4L fa ik SR Al iE AT AR,
A P GRS AR I R R/ MER YA B2, B3, Kl
2k WA Ay A T LA, A N R SR AR Y (E
KEIMKIK A B4, B5,

RS E 5 R SRR T Z IR R I 225007, 45
RN, UE R GV TGO il R A 7 ok v = A i 3
Y520 (P<0.01), AW BEIRREAIR 1 2 AR E 5 Bk It
RAER MR 2% B WA AR T o0 72 A A e 2 3
M (P<0.01), 7EMLSE REMBINIEN T, MLk RS
FIVE AR R M L, —F Y h EE N E . HAib
PR ) DK B 2 v B b vy , S0 £ ) B s I 2R
LR, I R G H Mk R G 38 T AN A 3%
(P>0.05),

x2 TEALEEZFHTRERRNRBEXRNE

Tab.2 The mean instantaneous aggregation rates after stabilization under different treatment conditions
T 58 J BRI AR R (E
The mean instantaneous aggregation rate after stabilization/%
P58 IE H Normal vision PGB B3R Visual damaged

NGRS
Different lateral line treatment methods

<k iE % Lateral line normal 62.75+7.04%" 41.50+3.79%8
Iy BE A3 Low concentration treatment 48.25+2 59 25.50+4.47°8
& A FE High concentration treatment 25.50+2.44% 10.25+2.56°

T BRI A A F/ NG b 75 AR TR0 5E A B 5 5T AN [R) 00 2 Ak 207 = 0 1 I 588 B 48 22 1) 22 57 . %5 (P<0.05) 5 K4l b
A AR R S B 2 735 A [ 0 2 Ak 3 25 A7 AN () 0 0 Ak L 45 A2 1 ok o 58 R 38 22 ) 22 5 Wil 2 (P<0.05)

Note: Data with different lowercase letters indicate significant differences in the instantaneous aggregation rates under
different lateral line treatment conditions within the same visual treatment (P<0.05). Data with different uppercase | etters indicate
significant differences in the instantaneous aggregation rates under different visual treatment conditions within the same |ateral

line treatment (P<0.05).

3 i1t

FEVE TSl F AT o, I RERIE T 2K
FEMMEM (LIRS, 2018; 5KkATSE, 2008), HIKL
L e s S IR € Y Sl B 21 0 o N D
P T AR B 1) 52 0 MR SR AE 1 3 I 1R
R MEL T, X—m e g, R
5 W {68 75 £ 2 LA VA A SR £ B 5 B N 254
NI ) B AT TAE A v A SR AR AT M o 2K BT v iy HLRE
BRI, W s BAE M B2 e F B, e
AR g T Hbr. b, RIm00uEe
X T R AR P A SRR T N R R
WRBIE W AT, fREeip el U fa gk, 17
ARG FERE , (B 632 B2 B, X AT R

Rl PE AR 2 ORIEAR,  HLSC 5 30 2 ) BUREBE |
XA REIRAAN UL 24T, Bos T R G A a2
TfEAT D i A P A E AR o U R G A G- i 1
AT D9 s A4 GBI E I (R 745, 2020), IR 58
REAS ORI AN R 1224k, D f PRI T 3R BT 3l 2
A E B0 B o LB BERBR BRI 45 AN T L J
SRV, 2% 22 e B £ 28 308 1o S A AL A e g 2 Aok
BEAT AU AL o S P B G o f E REAS £ 52 A ) BT
T DR S RIS T, T2 2R G e Lot 2R St ik
B D0 B B PR S o AEVF BT 1 AR AT
e, SE AN R GERINE R AN . AR A B,
PLBEFIIN L Z GE45 TE I, VR Dl 0 AR A T o Il
2 T T o O G 12 S i B (7L R T
IRRBEEZRAL BRI, SC5 1 R AL RATTREIA B 45
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ARTIFFE A B0,V ECF b 400 i o JEL SR e 7 -+
Sy, WHLR TR T AR SE I AR R B L S
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GRS 56 A S, 123 BBl /N9 FG T fif o £ ) TR
PR (AT 45, 2009; JRHRHE, 2010), faAE—IF 46
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Abstract Artificial reefs are increasingly used in marine ecosystems to support biodiversity and
provide refuge for fish species. To maximize the effectiveness of artificial reefs, understanding the
mechanisms by which fish locate and aggregate around them is essential. Sensory cues are critical in
guiding fish navigation and aggregation behaviors. Vision and the lateral line system are particularly
important for detecting environmental features and predators among the primary sensory modalities.
However, the specific contributions of these two sensory systems and their potential interactions in
guiding fish toward artificial reefs remain poorly understood. This study investigated the effects of
impairing the visual and lateral line systems, both independently and in combination, on the
aggregation behavior of Sebastes schlegelii, a species that relies heavily on these sensory modalities
for habitat selection.

This study aimed to assess whether visual and lateral line system impairments affect the fish's
ability to aggregate around artificial reefs. We designed six experimental groups to explore the
impacts of various impairments on aggregation behavior. The groups were as follows. (1) Normal
group with no sensory impairments; (2) Visual impairment group with visual cues blocked using
physical methods to destroy; (3) Mild lateral line impairment group with the lateral line system
partially disrupted using a gentle treatment; (4) Visual + mild lateral line impairment group with
combined visual and mild lateral line impairments; (5) Severe lateral line impairment group, with the
lateral line system extensively disrupted; and (6) Visual + severe lateral line impairment group, with
severe impairments to both sensory systems. Aggregation behavior was measured by observing the
number of fish within a defined proximity to an artificial reef over a 12-h period, which allowed us to
examine immediate and sustained responses.

Our findings demonstrated that fish in the normal group exhibited the highest levels of
aggregation, confirming that visual and lateral line cues are essential for guiding fish towards
artificial reefs. This supports the hypothesis that these sensory systems are crucial in habitat selection
and aggregation. Fish in the visual and mild lateral line impairment groups showed significantly
reduced aggregation compared with the normal group, suggesting that visual and lateral line cues are
critical for efficient navigation and habitat selection. Notably, fish in the severe and visual + severe
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lateral line impairment groups exhibited even lower levels of aggregation, indicating that more severe
impairments to either or both sensory systems result in further decreases in aggregation behavior.

Notably, this study found no significant interaction between the two sensory impairments.
Although impairing the visual and lateral line systems (either mildly or severely) resulted in a
considerable reduction in aggregation compared to impairing either system alone, the effects were
additive rather than synergistic. This means that impairing the two sensory systems did not result in a
compounded or exaggerated loss of aggregation behavior. Instead, the loss of aggregation behavior
owing to sensory impairments occurred independently for each system. For example, fish with only
visual impairments showed reduced aggregation, and fish with only lateral line impairments showed a
similar reduction. The combined impairments led to a further decrease in aggregation, which was not
notably greater than the expected sum of the individual impairments.

These results indicate that visual and lateral line systems are crucial for fish aggregation
behavior; however, impairments to these systems do not synergistically amplify the overall effect. In
particular, impairing both sensory systems reduces aggregation behavior more than impairing either
system alone, but the lack of an interaction effect implies that the two systems do not jointly
influence aggregation in a compounded manner. This finding has implications for understanding how
fish navigate toward artificial reefs and could guide the design of future reef structures. For example,
artificial reefs that target the enhancement of one sensory modality (such as visual cues) may remain
effective in supporting fish aggregation, as the loss of one sensory system does not appear to severely
compromise aggregation behavior.

However, notably, these conclusions are based on the behavior of S. schlegelii in the context of
this specific study. The lack of interaction between sensory systems in this species may not apply
universally to all fish species. Some species may rely more heavily on one sensory modality over
another, or they may exhibit different types of sensory integration. Therefore, further studies are
needed to explore the sensory preferences and behavior of other fish species in relation to artificial
reefs.

This study also highlights the broader ecological implications of artificial reef design.
Understanding the role of sensory systems in fish aggregation can inform strategies to optimize the
placement and features of artificial reefs, making them more effective in supporting marine
biodiversity. In particular, this study underscores the importance of considering the sensory ecology
of target species when designing artificial habitats and provides valuable insights into how sensory
impairments affect fish behavior and ecological interactions.

Key words Sebastes schlegelii; Visual organs; Lateral line organs; Artificial reefs; Reef-taxis
behavior



