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Fig. 1 Sampling sites of macrobenthos in artificial reefs

A1-A3, B1-B3 are short-age reef area sites, A4-A6, B4-B6 are short-age reef area control sites; C1-C3, D1-D3 are long-age reef area sites, C4-C6, D4-

D6 are long-age reef area control sites.
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I SUNAERE R R 1, LRNE 25
BT (ANOVA), X HRDETER IR SOM 1Y 6°C {H ik
FE T N T AR (P<0.05), 1Ak X 22 ] I G 2
EFEES, HR3FBEAEGEZME 6°C AR

IR T 22 5 . W7E UK SOM 1Y 6°N {H 7E
o % DX 2 UG T A 6 DXORT N R X (P<0.05),
POM [ S"NH 7F K i i X B 2 8 T X | IX
(P<0.05), HAy 0°N (E7EARIF Xk 7] 0 B 35 25 5% .

®1 XEFHBHEALSEXBERIEN 'CHONRERMEE

Tab.1  6°C and 6"N stable isotope values of potential food sources in the artificial reef area of Furong Island %o
X35 bIwaEYEERiIRY ) INES SR TVRERIKY IR FIEY)
area SOM POM zooplankton phytoplankton
o°C KRS X long-age reef area —20.38+1.84° —26.56+0.92° —25.63£0.74° —18.49+0.00
JEMERS X short-age reef area —21.74+1.36" —26.10+0.12° —25.59+0.04° —18.98+0.00
YTER[X  control area —15.14£1.25" —25.92+0.22° —24.86+1.05° —17.48+2.62
¥JfH mean —18.92+3.40 —26.12+0.47 —25.23+0.84 -17.98+1.98
"N KRS X long-age reef area 6.42+0.18° 4.18+0.42° 9.54+0.07° 9.34+0.00
FEMERS X short-age reef area 5.31£0.49° 5.11£0.09® 9.82:+0.24° 9.710.00
YHERIX  control area 6.2240.21° 5.60+0.53" 9.44+0.83° 9.09+0.21
¥JfH mean 5.93+0.59 5.1240.73 9.56+0.57 9.30+0.32

T ANEFRERR A S 2 7 B3 (P<0.05), T,

Notes: Different letters indicate significant difference in the same column (P<0.05), the same below.

22 ANOVA TN kKB, TERAHFF X 5k
T4 R AE IR Z 1A AY 6°C (F=29.686, P<0.001)
F10"N (F=99.836, P<0.001) fA7EM E25: SOM
FFHERE I 6°C F20E LR F- BB AR (PRI
Y H—17.98%0+1.98%0; SOM “H—18.92%0%3.40%o),
Jf # T POM (-26.12 %0+0.47 %0 ) F1 V% W zh 4
(=25.23%0+0.84%0) . TEUF S B 6N FoE [Rl iz
RV YME I (FWEE R 9.56%0%0.57%0, 17 1iF
PN 9.30%0+0.32%0), HAKIE A POM (5.12%0+
0.73%0), SOM ¥ "N & & ' (5.93%0+0.59%o) .

HEEK, RABEZRREHE KL
B, BRI S8 5 S TR AR
B & (planktonophagous group, Pl), K& # (carni-
vorous group, C). T4 JE & # (detritivorous group,
D) Fl1Z4 12 # (omnivorous group, O) 7E N AY 4 254%
BURERE, IRt T EMZMPER (B 2, £2).
et M, TRIEAEY B 6°C EHAE KR X
(—16.97%0:0.00%o0) i 2 /=1 T K0 Ak % X0 (—23.08 %o
0.89%o) (P<0.05), AS[a] X 3 [0] 77 i M & o N
H2ZEF AR, Mo, HAR 3R MR. B
SE [ ZABAE A R X sk 8] ) 06 B 25 57

ANOVA T2k it, TEs Mg, 1M
THHEN O°C 1E 4 PR AA I B 25 % (F=
9.233, P<0.001), C ZEHEHF44 6"C {H (—19.18%0+
1.91%o) fm1 THAR 3 2R (PI, —20.84%0%2.86%0
D, —22.2642.77%0; O, —20.78%0+1.82%0); [f]mf
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Fig.2 Biplot of carbon and nitrogen stable isotope values of each functional feeding groups of macrobenthos and
their potential feeding sources in Furong Island

(a) overall, (b) long-age reef area, (c) short-age reef area, (d) control area, Pl. planktonophagous group, C. carnivorous group, D. detritivorous group, O.

omnivorous group, the same below.

®2 TRERXEEREHRLFNERRER G RIFIE

Tab.2 Carbon and nitrogen stable isotope characteristics of different functional feeding groups in different areas

e sl X35 13 s
functional feeding groups area 9°C o°N
AP Pl)  planktonophagous group KAEHY X long-age reef area —16.97+5.14* 11.89+0.99"
JEHERS X short-age reef area —23.08+0.89" 10.79+0.68"
HHRIX  control area —20.98+1.68" 11.58+0.73"
W& (C) carnivorous group KAEHS X long-age reef area —19.32+0.89° 14.09+1.03*
JfEES X short-age reef area -19.18+1.43" 13.74+1.20°
XTHEX control area -19.05+3.06° 13.93+1.45°
KA X long-age reef area —21.34+1.98" 11.78+0.82°
WJEE# (D) detritivorous group FHMERY X short-age reef area —22.80+3.10° 11.21£0.92°
XFHEIX control area —22.2242.87" 11.01+0.95°
KHERS X long-age reef area —20.69+1.47° 13.35+1.54°
Z<&#(0) omnivorous group FHRERY X short-age reef area —20.90+2.04° 13.19+0.81°
XTHRIX  control area —20.81+2.15° 12.04+1.59"
R E K7 2: 2 E /) sponsored by China Society of Fisheries https://www.china-fishery.cn
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Fig. 3 Bayesian plot of functional feeding groups in different regions

(a) long-age reef area, (b) short-age reef area, (c) control area.

#=3 TRIXEEIEEER

Tab.3 Biological community indices in different areas

X 45

aera NR CR TA CD MNND SDNND
KAERS X long-age reef area 231 436 5.77 1.84 2.01 0.81
JEHERS X short-age reef area 2.95 3.90 1.58 1.92 1.15 0.75
XTHEIX  control area 2.38 3.17 0.56 1.12 1.14 0.83

A o AR T A U PR F G Ol fn % 4 P
N, FERBERX, OMEFRERMIRER, H
WHD, &MNC, HOS CAEERMELES
B, MR, DEFRESMIBERRER, A
HHRIANRBAESS MM ERES ., XX,
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23 BEREBENRERWENVRRINGEHRY
TERR

R KBAE S RGP R ted, HOBETEmR IR
EZ NI . DRI ALY . B BORA

ML KA . MGREAE . T 2RA B AN T
Vi B A PR R AW SR T B AE ik
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X N TG DX AT 2l T 9% 3 S D e R A 2
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¥ Pl. D LK O KBELUIR I . TRIERES
SOM Fl POM 1y 7 £ U5 647 6 W) 5T ik 3 70 Br
(& 4), 7ERKAERIX, PIZERET POM (5 M i A%
(18.7%), HAx 3 MiE e &R STk R KB IR . 17
TR IR AT D 2EHER DTRR R B 5 (36.5%), TRIF
Y (30.9%) HHAHIT, SOM (22.7%) i L JE 7,
POM 5 U AR /)N (9.9%). O M rf 7 it At A i VR
Fb 5 (44.5%), POM A% (8.4%). FEAGHERS X,

x4 TEBRMEFHESNHFAERL

Tab. 4 Utilization of ecological niche of the different functional feeding groups

KRS X R X R X
fﬁﬁ long-age reef area short-age reef area control area
index Pl C D (¢} Pl C D (¢} Pl C D (¢}
TA / 4.795 6.356 9.598 0.998 13.471 11.610 1.138 3.260 22.632 14.715 14.638
SEA / 2.889 4.977 7.098 1.811 5.434 5.895 2.064 2.322 13.956 8.190 10.552
SEAc / 3.301 5.972 8.873 3.622 5.887 6.431 4.127 2.786 15.700 9.099 12.060

e AREREVRAE: SEA. VU SbR AR B T A

SEAc HrAE [ 1 1E 5 TH A -

Notes: '/ represents missing values; SEA. Standard Ellipse Area; SEAc. after small sample size correction SEA.
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Fig. 4 Food sources and proportions of four functional feeding groups

(a) planktonophagous group; (b) carnivorous group; (c) detritivorous group; (d) omnivorous group. 1. POM, 2. SOM, 3. zooplankton, 4. phytoplankton.

* indicates significant difference.
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Fig. 5 Continuous trophic spectrum of macrobenthos in artificial reef area

(a) long-age reef area, (b) short-age reef area, (c) control area.
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Trophic structure of macrobenthos in artificial reef area of
Furong Island, Laizhou Bay

ZHANG Zhen', DONG Jianyu', SUNXin', ZHANG Yuyang', ZHAN Qipeng ',
ZHANG Zonghang ', SHEN Fengyuan', DING Xiayang ', ZHANG Peidong', ZHANG Xiumei >

(1. Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China;
2. College of Fisheries, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: Artificial reef is an effective measure for improving benthic habitat, macrobenthos diversity, and rich-
ness. Its ecological effects are closely related to the duration of placement. In order to explore the effect of reef
construction duration on the trophic relationship of macrobenthos, this study applied stable isotope techniques to
compare the carbon and nitrogen stable isotope compositions of macrobenthos and their food sources in artificial
reef areas of different ages and control areas in the coastal waters of Furong Island, Laizhou. In addition, the food
bases and trophic levels of macrobenthos in different areas were also calculated. The results showed that: (D The
6"C values of macrobenthos in long-age reef area, short-age reef area and control area ranged from —25.08%o-
—13.34%o, —25.86%0-—17.80%o, and —25.39 %o-—11.06 %o, respectively. The corresponded §"°N values ranged
from 10.73 %o-15.78 %o, 10.02%0-14.89 %o, and 10.17 %o-15.80%o, respectively. @ Compared to short-age reef
and control area, the macrobenthos community in the long-age reef area has higher trophic diversity, higher
diversity of food sources, more diverse trophic niches within the community and better stability of community
structure. 3 According to feeding habits, macrobenthos can be divided into four functional groups, namely plank-
tonophagous group (P1), carnivorous group (C), detritivorous group (D) and omnivorous group (O). Among the
four potential food sources (phytoplankton, zooplankton, particulate organic matter (POM) and sediment organic
matter (SOM)), phytoplankton had the highest average contribution (31.40%) to the three types of consumers,
except for carnivorous group. @ The trophic levels of consumers in long-age reef , short-age reef, and control
areca were 2.00-3.83, 2.00-3.49 and 2.00-3.87, respectively. In addition, higher trophic level predators were
observed in long-age reef area, implying more complex trophic structure in long-age reef area than that of
other areas. The results of this study showed that the construction of artificial reefs could enhance the utiliza-
tion of carbon sources of phytoplankton by macrobenthos, increase the trophic diversity and richness of mac-
robenthos community, and increase the numbers of higher trophic animals in the community. The results of
this study contribute to the existing knowledge for understanding the ecological effects of artificial reef con-
struction and provide basic information for further studies on the material cycle and energy flow of benthic
food web.
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