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Tab.1 Values of 3" C for the potential carbon sources (%o)

2 Category DI SOM IR LY POM FFFEY) Phytoplankton
2010 4EHEIX. The reef area built in 2010 —22.74+0.36 —23.47+0.40° —18.04+0.32¢
2012 4EREIX. The reef area built in 2012 —22.48+0.53% ~23.48+0.48° —-18.05+0.11°¢
2014 4EFEIX. The reef area built in 2014 -22.35+0.35% ~23.61+0.54° —~18.08+0.16°
YfH#IX The control area -22.5940.35° ~23.39+£0.37° ~18.03+0.34¢
{8 The average value —22.54+0.37* -23.49+0.39° —18.05+0.22°¢

AT R R 3 M ERR IR Z 10 81°C {122 5 1% (P<0.05), TFIH

Note: Different letters in each row meant significant difference among the 5'°C values of three potential carbon sources at 0.05

level. The same as below
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Tab.2 Values of 8'° N for the potential nitrogen sources (%o)
fh2k Category YU BT SOM B BURA HLA POM FFIFAE Y Phytoplankton

2010 4EHEIX The reef area built in 2010 6.48+0.20" 3.46+0.50° 5.59+0.16°
2012 4EHEX. The reef area built in 2012 6.49+0.36" 3.63+0.25° 5.52+0.17°
2014 4EHEX. The reef area built in 2014 6.55+0.06" 3.65+0.12° 5.59+0.11°¢
X} R&IX  The control area 6.35+£0.27* 3.61£0.22° 5.58+0.23¢

¥J{H The average value 6.47+0.23* 3.59+0.17° 5.57+0.15°
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Fig.2 Values of §"°C and 8'°N of different species from different areas

I PRIEEhY s 20 mESR: 30 B 4 FEEERIALE S0 KARWE; 6 BKLLER; 70 BICKEUR; 8 WGHUF; 90 HAGUF,
10: BFHAGNR; 11 ClFls; 12: fhEVIXSER; 130 KA, 14: PRZGRE; 150 HAXAE; 160 HAE;
17: =R T8 18: BERRERIEM; 19: NI, 200 88; 21: KWLLHE; 22: B 23: PR LS
24: Kly; 25 PIOORFEELM; 260 RUE I aiET s 27 VPPl 28: ShE#RE 0
1: Phytoplankton; 2: Glossaulax didyma; 3: A. subcrenata; 4: R. philippinarum; 5: C. gigas; 6: Rapana venosa,
7: Palaemon gravieri; 8: Latreutes anoplonyx; 9: Alpheus japonicus; 10: Alpheus distinguendus; 11: Squilla orarotia;
12: Fenneropenaeus chinensis; 13: Loligo beka; 14: Eucrate crenata; 15: Dorippe japonica; 16: Charybdis japonica;
17: Portunus trituberculatus; 18: Synechogobius ommaturus; 19: Amblychaeturichthys hexanema; 20: Liza haematocheila,
21: Cynoglossus joyneri; 22: Konosirus punctatus; 23: L. maculates; 24: Octopus variabilis; 25: Odontamblyopus lacepedii,
26: Ablennes anastomella; 27: S. schlegeli; 28: T. barbatus
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HE RS 1-17.18%0; 8'°N {H3 70 IIFUESIIY 7.70%0
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I 7.73%0 2VF G-l 14.26%0

% # UF (Latreutes anoplonyx) . {8 (Liza
haematocheila) . 7 [C IR 7 8 J% i (Odontamblyopus
lacepedii) . BT EHR L . (Tridentiger barbatus) AW i

WL i (Ablennes anastomella) R FEA T3/ Tkt 1740
AN, XA AT Sal ] — 1 9 i . ARG R Ul
S3AHEAT BRI R T 28 A0 T e T A 36y o %k BE DI 6 AN
TEREEIR ARG & PC (W IR Tk DO (P<0.05); K
FRUGAE 2012 4F A 2014 4ERECORHHAR, 28 THRR, XF
HE XA W51 8 PC (R T 2010 4 A DXL
HAbfagRFp 250181, 8 PClIERRI B EEER
(F 3)o KA HaFR AN & PN R LIS ER,
(B % BRI 4k O ﬁ_l:ﬁﬁ(Squilla orarotia) . 357 ?ﬁ@f(Eucrale
crenata) . H AR FNE(D. japonica) . H AME(C. japonica) .
B | B8 P 171 (Synechogobius ommaturus) . F8 W) 215
(Cynoglossus joyneri)F1H E LR & N {H & KT
HRITAF Oy i DX B 4 AR TR X (P<0.05) (3K 4).

%3 TEBHGAITE 0UC BEEER MW (%)

Tab.3 Species with different values of 3"3C from different areas (%o) '

Wl X} HRIX 2010 4ERfEX 2012 4EREX 2014 4EREX HRR I 2
Species The control ~ The reef area built in ~ The reef area built in  The reef area built Ay B gt
P area 2010 2012 in 2014 ANOVA result
e ~18.48+0.09° ~18.09+0.10° ~18.06+0.13° -18.07+0.18° Fs.15=9.551
A. subcrenata P=0.001
Az ~18.51+0.09° ~18.09+0.11° ~18.12+0.11° ~18.06+0.10° F3 1,=16.432
IR AT ,
R. philippinarum P =0.000
A g 2 ~18.53%0.10° ~18.20+0.01° F=2.131
C. gigas P =0.007

e 1 RAFARRE TR R R IZYFAE AR R 81°C [HAFAE2E 5 1835 (P<0.05)5 2 ARG Bl AN 1 J B IK 280y 22

OIMTAATE, AT TR

Note: 1: Different letters in each row meant significant difference among the 8'°C values of the same species from different
areas at 0.05 level; 2: Due to the values of C. gigas does not meet the condition of ANOVA analyze, T-test was performed

£ 4 FREBHEFKITE SN EGFEEERHYIN (%)

Tab.4 Species with different in values of 3'°N from different areas (%o)

W Xif R IX 2010 4ERE X 2012 4ERE X 2014 4EREIX AR 7 2%
Species The control ThF: r@ef area The rf_eef area Th_e r@ef area S Ak R
area built in 2010 built in 2012 built in 2014 ANOVA result
1 M 12.42+0.09° 12.53+0.08° 12.55+0.07° 12.54+0.05° F3.16=3.529
S. orarotia P=0.039
e o O 12.97+0.06 13.13+0.13° 13.12+0.10° 13.05+0.05% F3 16=2.914
E. crenata P =10.066
H A XN i 12.71£0.08" 12.89+0.10° 12.89+0.04° 12.78+0.06" F3. 0= 2.564
D. japonica P=0.113
EEN] 13.94+0.06° 14.15+0.05° 14.14+0.08° 14.06+0.10%° F3. 3= 6.004
C. japonica £ =10.009
BERMEE M 13.99+0.13° 14.17+0.09" 14.14+0.11% 14.10+0.12%° Fs. 1= 2.344
S. ommaturus P=0.112
5 1) &1 485 13.37+0.07% 13.53+0.06° 13.52+0.04° 13.46+0.06° F3.16=8.007
C. joyneri P=0.002
o [ 7 14.09+0.04° 14.26+0.06" 14.26+0.12° 14.19+0.05% F3.16=3.406
P =10.067

L. maculates
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T X 1Y) it MR (Gossaulax. didyma)] ; SOM 1 POM 5

2.3
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MR RS T 2200 . FEXT BRIX, VRIEAE Y
SOM Fll POM S 3 2 s A1 ) sk IR0 3 ik 2R 0 i) 2
67.2%. 17.7%H 15.1%; TEANFEAEGRIRELX, FifE
Y. SOM Fl POM X FEA =5 AT A e I o7 R 32 AH LI
2010 4EHEX 430 75.2% . 14.8%F1 10.0%, 2012 4
MEX A0 75.0% . 13.3%F1 11.7%, 2014 4EHEX 53
WIN 75.9%. 13.7%F01 10.4%., FRHFFEYIGIE X N TE

x5

Z T IsoSource (R SHEA T E HAEARBEMEBRENRIKE(%)

Tab.5 Results of the [soSource model for consumers mean contributions of primary producers to consumer nutrition (%)

X R X 2010 4EfEIX 2012 FAEX 2014 FHEX

Y The control The reef area The reef area The reef area

Species area built in 2010 built in 2012 built in 2014
plankien SOM POMH e SOM POM e SOM POM e SOM POM
WE G didyma 797 107 97 795 11.0 95 781 126 93 815 108 7.8
Elt A subcrenata 68.1 167 152 752 148 100 760 143 97 759 13.7 104
IEHERIST R, philippinarum  67.2 177 151 752 148 100 75.0 133 11.7 759 13.7 10.4
K45 C gigas 68.1 167 152 743 150 10.7 / / / / / /
JiKZIHZ R venosa 79.5 103 102 785 11.8 97 785 120 95 795 113 92
WKL P gravieri 79.0 11.5 95 788 122 9.0 792 103 104 795 11.8 8.7
AR L. anoplonyx 76.4 13.4 10.1 / / / / / / / / /
HAELIR A, japonicus 792 106 102 788 11.8 94 748 156 95 795 11.8 87
WERAGEHR A, distinguendus  79.8  11.8 84 795 108 9.7 792 108 100 782 114 105
FIRlS S orarotia 788 122 90 792 110 98 788 127 86 785 11.5 10.0
FHEBAXHER  F chinensis 754 142 105 750 151 99 751 123 126 752 134 11.5
KAl O. variabilis / /I 80.0 109 9.1 791 116 93  73.0 157 113
KA, L. beka 78.0 123 9.7 775 133 92 778 122 100 780 123 9.7
VELLIREE  E. crenata 780 119 101 785 128 87 794 104 101 782 113 104
HASENE D japonica 777  13.0 93 773 133 93 778 124 98 782 11.8 10.0
H7A48  C. japonica 69.2 158 149 700 163 13.7 697 172 132  69.7 142 162
SR T P triiberculatus 745 144 112 740 140 12.0 739 147 114 727 146 126
PIEIRTENES O. lacepedii / / / / / / 76.1 162 11.7 / / /
PhEESIEE T barbatus / / / 68.1 174 144 / / / 67.9 17.6 14.6
BEREAIRIER S, ommaturus 75.0 129 121 750 13.9 11.1 758 124 11.8 752 146 102
YA A hexanema 783 11.0 107 760 141 9.9 77.0 129 10.1 77.5  12.0 105
@ L. haematocheila 76.0  13.1 109 762 124 115 / / / / / /
GYILLENE  C. joyneri 762 13.6 102 748 156 95 762 124 115 760 141 9.9
B K. punctatus 749 127 124 752 146 102 751 143 106 752 124 125
RUEEr A anastomella / / / / / / 72.0 15.1 12.9 / / /
FPEAEST Lmaculates 78.6 129 85  80.5 9.0 105 795 13.0 7.5 799 119 82
VFEEA S, schlegeli / / / 795 113 92 796 12,6 79 795 123 83
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Tab.6  Species with differences in trophic level from different area (%o)

Wy Xif B IX 2010 47l X 2012 4T X 2014 4ETEX HRER Ty 2%
Species The control Th_e rs:ef area Th_e rs:ef area Th_e rf_eef area Ay B sh R
area built in 2010 built in 2012 built in 2014 ANOVA result
1 HF i 3.38+0.03% 3.42+0.02° 3.42+0.02° 3.41+0.02° F3.16=4.034
S. orarotia P=0.026
he ok DI AR 3.54+0.02° 3.60+0.04° 3.59+0.03° 3.56+0.02% F3 16=3.540
E. crenata P=0.039
H 7 5/ i 3.47+0.02° 3.53+0.03" 3.52+0.03° 3.49+0.03% F3.10=3.130
D. japonica P=0.074
EEN! 3.83+0.02° 3.90+0.02° 3.89+0.02° 3.86+0.03° F3.13=7.006
C. japonica P =0.005
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L. maculates P =0.040
VG T fif / 3.95+0.03° 3.93+0.02°° 3.92+0.01° Fy11=3.396
S. schlegeli P=0.071

T AT AR R R R 2 W R AN [ TR 1) 75 R A7 A 2 57 1035 (P<0.05)

Note: Different letters in each row meant significant difference among the trophic levels of the same species from different

areas at 0.05 level
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Study of the Food-Web Structure in the Dashentang Artificial Reef
Area in Tianjin Using a Stable Isotope Technique

ZHANG Bolun'?, GUO Biao'?", YU Ying'?, XU Xiaofu'?, WANG Shuo'?

(1. Department of Fisheries Resources and Ecologic Environment, Tianjin Bohai Sea Fisheries Research Institute,
Tianjin  300457; 2. Center for Marine Ranching Engineering Science Research of Tianjin, Tianjin 300457)

Abstract The present study aimed to quantitatively evaluate the ecological effects of artificial reefs
from the perspective of the food-web structure and provide reference material for marine ecological
restoration and conservation research. A stable isotope technique was applied to analyze consumers and
their potential carbon sources. Samples were collected from the reef areas built in 2010, 2012, and 2014
and the control area in Dashentang during June 2016. An IsoSource model was used to construct the food
web. Stable isotopes were used to calculate the trophic levels of the consumers. The results showed that
food sources can be categorized into three categories based on the 8"°C values of phytoplankton,
particulate organic matter, and soil organic matter. Phytoplankton represented the largest source of carbon
for consumers (67.2%~81.5%). The findings from the IsoSource mix model revealed that phytoplankton
were the main contributors to the food web in the studied areas. There were no significant differences in
the 8"°C or 8"°N values of the same food sources from different areas. The 8"°C values of suspension-
feeding bivalves, including Arca subcrenata, Ruditapes philippinarum, and Crassostrea gigas, were
significantly higher in the reef areas than in the control area. The proportion of phytoplankton in the
carbon sources for suspension-feeding bivalves was significantly higher in the reef areas than in the
control area. The 8'°N values of consumer species ranged from 7.70%o to 14.34%o, and the trophic levels
ranged from 2.0 to 3.95. The 8N values or trophic levels of piscivorous consumers were higher in the
reef areas than in the control area, and the level of significance increased with the duration of the reefs.
The findings indicate that artificial reefs might induce an abundance of organisms in reef areas, leading to
changes in the composition of the food sources of suspension-feeding bivalves and an increase in the
trophic levels of piscivorous consumers.
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