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Fig. 1 Sampling locations in Xiangshan Bay of the East China Sea
AR: artificial reefs; CA: control area; KF: kelp farming area; OF: oyster farms.
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Tab. 1 Speciesbiodiversity and abundance of zooplankton of study sites

n=4; X+SD
ZH index XTHRIX CA T3 I8 X KF HHUFR5E X OF AT AffEX AR
FHEEE D 2.794+0.112 2.933+0.686 2.202+0.133 2.159+0.519
ZREPEIR B HY 1.444+0.154 1.557+0.263 1.485+0.164 0.876+0.034"
YIS e 0.648+0.075 0.706+0.092 0.814+0.056" 0.404+0.049"
B FE ¥ /(ind/m*) abundance 20.35+4.41 19.15+3.19 12.11+£4.01 47.54+14.96"

R 5 IR XA A B 2 M 22 7 (P<0.05).

Note: * indicates significant differences from the control area at the 0.05 level. AR: artificial reefs; CA: control area; KF: kelp farming area;

OF: oyster farms.
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Fig. 2 MDS ordination of zooplankton
communities of study sites
AR: artificial reefs; CA: control area;

KF: kelp farming area; OF: oyster farms.
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Tab. 2 Discriminating species and their percentage
contribution to the dissimilarity between distribution

areas of 3 types of facilities and control area
%

X1, habitat

FhZk species - -
T FRIE X AL TR X N T AR X
KF OF AR

8 &t ol 7k & 17.07 47.07 66.66
Centropages abdominalis
PEREKE 3.42 3.97 -
Tortanus derjugini
R E S K & - 4.74 -
Oithona similis
FZFFH Caprellidae sp. 4.33 5.38 -
#JUF Gammaridae sp. 33.9 - -
SR T 291 3.69 2.85
Oikopleura dioica
JE-A 27.05 22.88 2225
ichthyoplankton
N S INAIN N 2.63 4.67 -

Brachyura zoea

Note: AR: artificial reefs; KF: kelp farming area; OF: oyster farms.

K3 TRRBEEXZFHENTHLERRFE

Tab. 3 Species composition and abundance of ichthyoplankton in study sites

ind/m’

Tk KE BB X1, habitat

species development stage IR CA TP FRAE X, KF HAGFRIE X, OF A TAOHEX AR
Bk FE 5.18 0.82 1.86 9.25
Konosirus punctatus FL 0.50 0.16 0.00 0.28
i FE 0.91 0.27 271 3.67
Acanthopagrus schlegelii FL 0.00 0.00 0.00 0.45
fifi Mugilidae sp. FE 0.00 0.13 0.16 0.19
IFpE 8 Gobiidae spp. FL 0.71 0.10 0.72 0.12
it total 7.30 1.48 5.45 13.96

W FE: bl FL: ffHEf.

Note: FE: fish egg; FL: fish larvae. AR: artificial reefs; CA: control area; KF: kelp farming area; OF: oyster farms.
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TR M SR R SRR R EH . RN RTT 20
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N T Ak DXL AR B 2 AR T BRI, 3 PRl
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IRTE X 2R a W R 2E R T XHIRIX, el
RN P WA TR 6 o 8 W 25 (IR T X BRI A W IR 0
DX TC AL S0 6 P W0 T e B2 189 2 v T 0 LI
MHERER a W50 IR IX T B M 25 57 (3R 4).

x4 AERXBREBAKTHNR. FUEBRBREMMHEE aiRE
Tab. 4 Dissolved inorganic nitrogen, dissolved inorganic phosphate and chlorophyll a of
surface water among different habitats

mg/L; n=4; X+SD

AT X1 habitat

variable MIRIX CA WX KF MWK OF A TfuffilX AR
JeHL4A. dissolved inorganic nitrogen 0.745+0.021 0.612+0.027" 0.874+0.034" 0.617+0.011"
TGRSR L dissolved inorganic phosphate 0.040£0.001 0.038+0.001" 0.045+0.004" 0.043£0.002
4¢3 a chlorophyll a 1.284+0.301 1.786+0.059" 1.390+0.120 1.470+0.273

e * e 5 IR IXAEAE B M 25 5 (P<0.05).

Note: * indicates significant differences from the control area at the 0.05 level. AR: artificial reefs; CA: control area; KF: kelp farming area;

OF: oyster farms.
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Effects of facilities associated with marine ranching on zooplankton
community: A case study in Xiangshan Bay, China

GAO Qian, LING Jianzhong, TANG Baojun, SUN Peng, JIANG Yazhou

Key Laboratory of East China Sea Fishery Resources Exploitation, Ministry of Agriculture and Rural Affairs; East
China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China

Abstract: With many fish stocks subject to over-fishing and marine fisheries in decline around the world, marine
ranching is rapidly growing in China as an alternative method to re-establish coastal fisheries and conserve aquatic
biodiversity. In China and East Asia, marine ranching has concentrated on a concept of aquaculture-based, artifi-
cial habitat-based marine ranching (e.g., buoyant rafts and artificial reefs) and rehabilitation-based marine ranch-
ing (e.g., seaweed beds and seagrass). Studies reported that some species of fish feed primarily on zooplankton,
which may play an essential role in the future development of marine ranching. To evaluate the effects of facilities
associated with marine ranching on zooplankton communities, a case study was conducted in Xiangshan Bay in-
vestigating the spatial heterogeneity of zooplankton communities in four different areas: an artificial reef, a kelp
(Laminaria japonica)-suspended farming area, a Kumamoto oyster (Crassostrea sikamea)-suspended farm, and a
neighboring natural rock reef habitat (control area). The results demonstrated that there were significant differ-
ences among the zooplankton communities in different areas. Both the Pielou’s evenness index (J') and Shan-
non—Wiener diversity index (H’) in the artificial reef area were lower than those in the control area, while an ap-
proximately 134% increase in zooplanktonic numerical abundance was observed in the artificial area compared
with that in the control area. The abundance of Centropages abdominalis (Copepoda) in the artificial reef area was
2.28 times higher than in the control area. The artificial reef area was characterized by a dense distribution of eggs
and larvae of the Dotted gizzard shad (Konosirus punctatus) and Blackhead seabream (Acanthopagrus schlegelii),
which indicated that the artificial reefs did have a positive role in promoting the enhancement of the above species.
A decrease in nutrient concentration and an increase in chlorophyll a were detected in the kelp farming area. The
concentrations of dissolved inorganic nitrogen (DIN) and dissolved inorganic phosphate (DIP) were significantly
lower in the kelp farming area than in control area, which indicated that kelp farming was an effective measure to
lessen eutrophication. No measurements of diversity or total zooplankton abundance exhibited significant differ-
ences between the kelp farming and control areas. However, a significant regional difference in zooplankton
community composition was found. The abundance of Amphipoda (Gammaridae sp. and Caprellidae sp.) was
higher in the kelp farming area compared with those of the control area, whereas ichthyoplankton abundance was
low in kelp farming. Since oyster cultivation increased the concentration of both DIN and DIP, eutrophication
tended to be elevated in the oyster farming area. The abundance of copepods, particularly that of C. abdominalis,
was low in the oyster farming area; consequently, the total zooplankton abundance was low. However, the abun-
dances of Caprellidae sp. and Blackhead seabream larvae and eggs were higher in the oyster farming area than in
the control area.
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