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Fig. 2 The change of the light intensity and temperature inside and outside the artificial reef models.
a. Outside the artificial reef model; b. Inside the artificial reef model.
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Fig. 3 Schematic diagram of treatment at the bottom of the sink
X, Y indicate X and Y coordinates.
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Fig. 4 The pictures of distribution of yellowfin spiny seabream (Acantnopagrus latus) in different treatments
a. circle 7.5 cm; b. square 7.5 cm; c. diamond 7.5 cm; d. diamond 2.5 c¢m; e. diamond 5.0 cm; f. diamond 10.0 cm; g. control.
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Tab.1 Average distribution rate of yellowfin spiny seabream (Acanthopagrus latus) within

different artificial reef model conditions %
Ay I3 X3 region of distribution .
reef type I 11 111 v \% VI
XFHEZH control 20.35+3.58" 19.12£2.21"  14.04+1.24° 15.26£0.86*  14.56£1.31™ 15.44£1.63  0.039
[EJ¥ 2.5 circle 2.5 15.26+2.69 16.67+0.25 15.79+2.82 17.7242.03 13.33+1.31 19.82+3.47 0.191
¥ 5.0 circle 5.0 19.48+4.84 10.53+1.55 17.0243.45 16.49+2.80 18.77+2.03 17.55+4.22 0.185
B 7.5 circle 7.5 16.14+2.37° 16.31+5.39° 14.56+3.47° 10.00£0.43° 15.44+3.02° 25.79+£3.74° 0.014
[EJE 10.0 circle 10.0 18.07+5.53 20.35+2.52 15.26+3.10 12.99+2.44 17.0240.25 16.14+5.16 0.482
EJ5 I 2.5 square 2.5 16.84+1.97° 13.68+4.10° 15.61£3.60° 11.93+3.85° 16.31£1.97° 24.74+1.87" 0.020
1IEJ7 I 5.0 square 5.0 12.63+0.865%¢  17.37+1.48" 10.00+3.00° 13.33+4.135%¢  17.19+4.17° 27.89+2.274 0.001
IEJ 7.5 square 7.5 13.33+3.86 19.47+3.01® 11.58+1.29€ 11.58+1.97¢ 15.97+2.165¢  27.37+2.82* 0.00
1E W 10.0 square 10.0  17.54+2.86 17.55+2.37 11.58+3.87 15.97+3.02 14.56+2.92 21.93+2.73 0.076
% 2.5 dimond 2.5 13.86+3.28° 18.60+1.31% 10.88+4.33° 13.86+2.92° 15.96+4.33° 25.79£2.97° 0.012
2% 5.0 dimond 5.0 1631197  19.30+3.47™ 11.23+3.02° 12.81£2.16*°  15.96+2.44*  23.68+3.75" 0.011
29 7.5 dimond 7.5 16.67+5.468 14.04+1.745¢ 9.82+2.37°¢ 8.77+2.03¢ 14.39+£2.03%¢  34.39+1.98% 0.00

Z2J¥ 10.0 dimond 10.0 14.21+1.55° 16.31+£2.27° 12.63+1.87° 12.81+2.20° 17.02+3.11° 25.4441.08" 0.001

W BUE G I A F/NG FREFI RS 588 R A 7] — A Ak 3420 v 52 58 48 78 AS [R) X8R 9 7 389 43 A1 6 22 7 1 35 (P<0.05) 1 22 5 A W 3%
(P<0.01). FEREMAEAI G BERFAFFFFLK/N, 0358R 2.5 cm, 5.0 cm, 7.5 cm 1 10.0 cm.

Note: Different lowercase and uppercase letters following the values indicate significant (P<0.05) and highly significant (P<0.01) differences
in the mean distribution rates of experimental fish in different areas within the same treatment group. In the reef types, numerical values
represent the size of the openings, corresponding to 2.5 cm, 5.0 cm, 7.5 cm, and 10.0 cm, respectively.
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Fig. 5 Average distribution rate in area VI and no artificial reef area of yellowfin spiny seabream (Acanthopagrus latus)
at different environmental enrichment.

a. No model reefs and modeled reefs with different opening shapes; b. No model reefs and modeled reefs with different opening sizes.
Different lowercase letters represent significant differences between subgroups (P<0.01).
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Tab. 2 The behavior indexes of yellowfin spiny seabream (Acanthopagrus latus) in different treatments

S AT Y R . ] i 2 S AT el 75 e YEZ B A AL B B
e SR /(m/s) SN B/ (m/s?) s J/Fifjfei;ggtr;/- 5 BT R E 53 H/ % X A kR/m Y AfR/m
treatment group average average (deg/s)average turning percentage of X coordinate Y coordinate
speed acceleration speed activity time

Xt HR 4 control 1.1240.348 29.54+9.51PF 41.87+22.64°P 77.13£12.66" 1.23+0.24 1.03+0.16
BT 2.5 circle 2.5 2.02+0.6148 53.52+17.16"8 20.21+14.54" 90.07+6.39% 1.18+0.16 1.16+0.15
[ 5.0 circle 5.0 2.04+0.48* 54.13+13.6748 22.04+15.38F 93.97+4.46* 1.2840.17 1.18+0.12
FJE 7.5 circle 7.5 1.86+0.42°8 49.50+11.89" 38.18+25.32P 82.47+10.81°PF 1.30+0.18 1.16+0.18
FJE 10.0 circle 10.0 2.18+0.55* 58.10+15.50* 35.07+25.92°F 88.49+8.20° 1.27+0.17 1.04+0.19
IEHTE 2.5 square 2.5 1.56+0.50° 41.32+13.97° 39.17+20.88P 84.61+7.86¢ 1.27+0.14 1.06%0.15
IEJE 5.0 square 5.0 1.07+0.345F 28.03+9.39F 44 .83+25.815¢ 80.77+12.10"% 1.29+0.17 0.99+0.15
IEJHE 7.5 square 7.5 1.51+0.54¢ 39.96+15.16¢ 32.84+21.66°F 88.28+8.29" 1.27+0.17 0.97+0.16
EJ7E 10.0 square 10.0  1.61+0.45¢ 42.75+12.44° 27.92+19.56F 84.25+10.67P 1.2340.19 1.08+0.13
#J¥ 2.5 diamond 2.5 1.60+0.69¢ 42.54+19.32° 39.56+22.33° 84.5549.34¢ 1.23+0.15 0.94+0.18
#J¥ 5.0 diamond 5.0 1.27+0.31° 33.81+8.60° 45.76+£26.675¢ 82.04+10.58°F 1.28+0.14 1.01+0.12
2% 7.5 diamond 7.5 0.81+0.31¢ 20.85+8.38° 56.79+22.804 67.44+17.45¢ 1.20+0.18 1.08+0.20
2 10.0 diamond 10.0  0.91+0.277 23.90+7.31F6 52.75+26.4448 74.98+12.18F 1.2240.17 1.03+0.18

T BUE G I7 R RUNG FRE RIS 58 38 7R L8 [F) — 4> b 30 20 v 52 36 0 76 AN ) X481 1 24 43 A1 % 25 5t B3 (P<0.05) il 22 S AR 1 3
(P<0.01). FEMEARIER T, BEMRFARRFALID, H5I%F A 2.5 cm, 5.0 cm, 7.5 cm Fl 10.0 cm.

Note: Different lowercase and uppercase letters following the values indicate significant (P<0.05) and highly significant (P<0.01) differences
in the mean distribution rates of experimental fish in different areas within the same treatment group. In the reef types, numerical values
represent the size of the openings, corresponding to 2.5 cm, 5.0 cm, 7.5 cm, and 10.0 cm, respectively.
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Behavioral response of juvenile Acanthopagrus latus to artificial reef
models with different opening shapes and diameters

JIANG Manju'?, GUO Yu"’, QIN Chuanxin"’, PAN Wanni', YU Gang" >, MA Zhenhua"’

1. South China Sea Fisheries Research Institute, Chinese Academy of Fisheries Sciences; National Agricultural Science
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2. College of Fisheries and Life Sciences, Dalian Ocean University, Dalian 116023, China;
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Abstract: To analyze the reef-tending behavior and spatial distribution of rocky reef fishes under different
aperture shapes and sizes, the behavioral effects of artificial reefs with different aperture shapes (diamond, circle,
square) and sizes (2.5, 5, 7.5, 10 cm) on juvenile Acanthopagrus latus were observed and analyzed. LoliTtrack
Version 5 was used to analyze the mean velocity, mean acceleration, mean turning speed, percentage of activity
time, and mean distribution coordinate position of juvenile A. latus. The results showed that there was a significant
increase in the mean distribution rate of juvenile A. latus in the reef areca after being placed in the artificial reef,
and the juveniles had the highest mean distribution rate at (27.32+4.93)% in the artificial reef area in the diamond
opening experimental group, followed by the square and circular opening experimental groups, which had rates of
(25.4843.41)% and (19.83+5.59)%, respectively. In addition, the highest mean distribution rate of 4. latus
juveniles in Zone VI was found in the experimental group with 7.50 cm openings at (29.18+4.75)%; the second
highest mean distribution rate in Zone VI was found in the experimental groups with 2.50 cm and 5.00 cm
openings at (23.45+3.86)% and (23.04+5.51)%, respectively; and the lowest mean distribution rate was found in
the group with 10.00 cm openings at (21.17+4.93)%; followed by square and round openings at (25.48+3.41)%
and (19.8345.59)%, respectively. was the lowest with (21.174+5.14)%. In terms of locomotor ability, the mean
speed, mean acceleration and percentage of activity time of juvenile 4. latus showed highly significant differences
between the experimental group of the artificial reef model and the blank control group, with the mean speed
increasing from (1.12+0.34) m/s in the blank control group to (1.53+£0.64) m/s; mean acceleration increasing from
(29.5449.51) m/s in the control group to (40.47£17.53) m/s; and percentage of active time increasing from
(77.13£12.66)% in the blank control group to (83.36+12.40)%. The mean speed, mean acceleration, mean turning
speed, and percentage of activity time of juvenile A. latus differed significantly among the reef model treatment
groups. The lowest mean velocity, mean acceleration, and percentage of active time were (0.81£0.31) m/s,
(20.85+8.38) m/s’, and (67.44+17.45)%, respectively, for the reef model with a diamond-shaped opening and 7.5 cm
opening size, which was the least active; whereas the highest mean turning speed was found in (56.79+£22.80) deg/s. No
significant difference was found in the mean distribution coordinate positions. The study showed that after adding
the artificial reef model, the A. latus larvae had the greatest mean distribution rate as well as the lowest degree of
activity for the reef model with a diamond-shaped opening and an opening size of 7.50 cm and that this artificial
reef model was the most effective in attracting A. latus larvae. This preliminary study investigated changes in the
reefing behavior of juvenile A. latus on different types of reefs. The results of this study can provide a theoretical
basis and reference for the selection and design of species-specific proliferating artificial reefs.

Key words: artificial reefs; reef-seeking behavior; Acanthopagrus latus; behavioral response
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