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Fig. 1 Location of Furong Island artificial reefs and investigation sites
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Tab.1 Speciescomposition of zooplankton in artificial reefs
251 sort YIFT species 1 season
% spring & summer £k autumn % spring
W EEI] Arthropoda Hh AR K % Calanus sinicus + +
AN K 3 Paracalanus parvus + +
931 2 i ) K 3 Centropages tenuiremis +
KO- B FE K % Eurytemora pacifica + +
B 2y e 7K Acartia bipinnata + + + +
2 KRGk % Corycaeus affinis + +
INBREIKF Microsetella norvegica + + +
HAhAR K % other Harpacticoida +
RV 55 K 2 Acartia pacifica + +
5E GGk K & Acartia clausee n
SHRATILPT K R Paracalanus crassirostris +
I RBIEKF Tortanus spanicaudatus +
BMKESIK & Oithona brevicornis +
K B K Oithona similis +
LN Gammaridea + + + +
g 2 ik (CRIR) Parathemisto gracilipes +
Al Caprellidea + +
B3k v Penilia avirostris +
WER )17 Coelenterata KA KB Moerisia lyonsi +
B 2% Rk B Eirene ceylonensis +
INBEPY KB Rathkea octopunctata + +
IFUiF4) 1 Planktonic larva ZEBH LK Polychaeta larva + +
A4k Lamellibranchiata larva + +
(RS AN Gastropoda larva + +
A SAILEN Copepoda larva + + + +
R TCATE) Nauplius larva (Copepoda) +
PRSI TEN Macrura larva +
F R FEIRE B Zoea larva (Brachyura) +
K Jgi g B Pluteus +
EWsh¥1] Chaetognatha i - i Sagitta crassa + + +
e 7 e Sagitta enflata +
&KW Chordata SRR R Oikopleura dioica +
FHoAth other 157 fish egg 4
fEEfn fish larva +

FF HURFK TR A Z R R AL, NUPIK B R E
Z 4 AL P SR (3 4) o ok DX AR XA 34
FhRR BRI A AT 16 Fh, fofl XA 38l 1 Fh,
X HE DX A 350 ok 4 Fofrs R DXRDGE RE X9 £
PRI R TRAEEL Co N 0.86 (>0.5), W frffk
DX RIS A DX P 731 B 40 e S e 2 ol s P A B

22 EESHMIEH

OREX PR SRS WA L. £
FE 8 EAE A R 22 A2 7E 25 5(P<0.05), FEHEA
M 29 A % 22 5(P<0.01), 1 ZHETEFE BUEA
[F] 25715 2% B A . (P>0.05) . AR X 4 4F i 7s
Ak L K 63.90~6623.81 ind/m°, =FRE7E H Z= ik 5|
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Tab. 2 Species composition of zooplankton in the control area

255 sort YFh species FH season
# spring X summer K autumn & winter
F B ¥ Arthropoda rRAEPT K % Calanus sinicus + +
N K T Paracalanus parvus + +
983 2 ok Centropages tenuiremis + + +
KPR KR Eurytemora pacifica + +
WU 27 4k 7K 3% Acartia bipinnata + + + +
ML RMREIKE  Corycaeus affinis + + +
NBSRKE Microsetella norvegica +
HAhAE K % other Harpacticoida +
KP4k % Acartia pacifica +
LRI A 7K & Labibocera euchaeta +
Be R Y K % Acartia clausee +
SRAAUT K & Paracalanus crassirostris +
K& Tortanus spanicaudatus +
P S K 5 Oithona similis + +
W IR K& Calanopia thompsoni +
LN Gammaridea + + + +
Al Caprellidea + +
WA 141 Coelenterata INBE P [ BE Rathkea octopunctata +
T4 R Planktonic larva 2 BH4K Polychaeta larva + +
TS & A Lamellibranchiata larva + +
R UL Gastropoda larva + + +
e /e 2 LAk Copepoda larva + +
B ZETC T 4 Nauplius larva (Copepoda) +
KEHL I Macrura larva +
Ny N Zoea larva (Brachyura) + +
K i 4 e Pluteus +
B3] Chaetognatha R H Sagitta crassa + + +
e 57 e Sagitta enflata +

WmfE, BEm THMEY, £FEEHEMK. F
HERBER RN RE N 247, EEREN
1.43, FpRE R E T fem, BRI,
M 2 FEVE R BOM B 5] RO W& s . B
A%,

o 6l DX R BRI () 77 Ui sh W B VG S UE A 5
H 25 (P<0.05), HAhFTAfA7E 5 225 BR
HZHb, X BRI, (AR S
KO AR DX T R R AR R B T
X, H4r 3 AFTAEXEKFXRX, HM
HTC 2 R BRACZERT IR IX (34 5] B 8 4k

TR AN, Hay 3 ASFE A X e X
X, [HMHF R E EEZES . LXK ZHE
PEFRRGE TOAEX, AR 3 MFEIOEXEET
XTHRIX, (AW )G g PE 22 5 (1 2),
23 BEREEFAH

] A Vi SR B IR A A 0 Y 2R AR Ak
(P<0.01), fafifi X 5 X 8 IX B9 255 28000 1o 3% 2=
SR 5). A XA i A R B R BIRAR IR

FLA K B BXKMGERIEERINE
PR TA . FE BRI & BRI

AL B BLF 2XKBTHLAS B e R
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Tab. 3 Abundance and dominance of zooplankton dominant speciesin different seasonsin artificial reefs

ind/m’®, n=28, X +SD

P 2 spring H 72 summer k2= autumn £.Z% winter
dominant species F B P Bz F P F P F P
abundance  dominance abundance dominance  abundance dominance abundance dominance
J\BE P Gk B 45.83+27.48 0.16 B B _ _ _ _
Rathkea octopunctata
KFHEETKF 40.23+20.08 0.14 B B B B 11.7849.20 0.13
Eurytemora pacifica
XU 25 e 7K 2% 130.88+74.16 0.46 265.70+263.83 0.03 B B 46.56+3.39 0.41
Acartia bipinnata
#JWF Gammaridea 10.18+12.85 0.03 - - 7.06£7.20 0.07 2.91+2.67 0.02
B 1 Sagittacrassa  37.68+13.03 0.13 - - - - - -

AN KR

Paracalanus parvus
SRAAPT K &
Paracalanus crassirostris
K S K &

Oithona similis

P SN
Lamellibranchiata larva
ERSESILIN

Polychaeta larva

A CET LI

Copepoda larva

B RATCTTL

Nauplius larva (Copepoda)
KRV K &

Acartia pacifica
NBARK %

Microsetella norvegica

FFFH Caprellidea -
i JE s Sl Ak

Gastropoda larva
SLIR K &

Acartia clausee

3047.52+1117.73

702.73+475.79

556.73+£339.53

296.21£273.02

1507.71+553.87

186.45+£308.16

0.46 5.84£3.05 0.09

0.10

0.08

0.04 22.08+39.01 0.29

2.51+2.91 0.02

0.22

0.02

10.23+£2.90 0.13

13.32+12.89 0.18

- 5.06+4.51 0.06 — _
6.40£11.62 0.06

4.51+4.16 0.05

WREK, B A& By aXAE N EE s 2K
W L& J Bk KRR A M e 2R
Wk g B A ARG X BRI SRR
R FE R TL&EF, 2K COD mFIK
24 FEHMYBENETEN

e DX B8 DX 7 i 3 0 b 288 B I 3 A 41
B AR ELRE VR S BOC B 122 5, DRI i
R DRI R DX 7 30 s Ak 0 1 210 AR A A 7 3
TRIHT o AESE 2 HE R 53 Hr (nMDS) 1R 28 73 Hr

SRR, TR SR T U AFAE B ) 2 %
5o nMDS Z5R IR, £ Ak 0 fF e i 2
TR, stress (H A 0.12, FHHIESE R (H
3); REHras LR, WA ER—ZFT TR
Uie 301 20 B AR R B v, A () 23 () A RLBE 4%
fIR(E 4).
25 FHFEPMBEESHNERFHXER

WAL IR R, AR N 7R E
(1 2535 P AR 1k (P<0.01), fhfifk X 55 X6 BRIX () 31 855
SHICE EES, HAREX X X3y
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Tab. 4 Abundance and dominance of zooplankton dominant speciesin different seasonsin the control area

ind/m®, n=28, X +SD

L

spring

HZ summer

FkZ= autumn

&7 winter

FBE

abundance

dominant species

el s

dominance

£

abundance

LB

dominance

£ LB

abundance dominance

£ (el S

abundance dominance

J\BE P oK BE 31.83+5.40

Rathkea octopunctata
ek

Calanus sinicus

98 FE I K &
Centropages tenuiremis
KPR TIK &
Eurytemora pacifica
XU Gy K 3

Acartia bipinnata

FHF Gammaridea

SR

Sagitta crassa
/MUK

Paracalanus parvus
SR K 3
Paracalanus crassirostris
R NE SI7K 5

Oithona similis
IGRESAILEN
Lamellibranchiata larva
VeSS

Copepoda larva

R RTCTT 4l

Nauplius larva (Copepoda)
KVFE iRk &

Acartia pacifica
INESRKE

Microsetella norvegica
FAFH, Caprellidea -

[FRRESAIUN 1.2741.80

Gastropoda larva

TEIRYiK

Acartia clausee
P RIRGIK &
Corycaeus affinis

KJpigh 8t Pluteus —

5.09£0.00

6.36+5.40

26.73+5.40

137.50£14.40

8.91£1.80

0.13

0.02

0.02

0.11

0.59

0.03

5820.52+3868.78

400.16+154.33

447.45£272.66

1353.27+473.30

0.53

0.08

0.07

0.20

1.69+2.40

14.67£10.46 0.54

3.63+5.14 0.06

2.30+0.85 0.08

2.124+0.60 0.03

5.09+£7.20 0.04

11.45%1.80 0.20

4.24+1.20 0.07

6.79+4.80 0.12

2.124+0.60 0.03

3.81£5.40 0.03

5.94+1.20 0.10

4.66+4.20 0.08

T2 R AR A A s B AR L LA V5 S 8000 e
225, AIAr T AR S YRR S A X IR
E R o AR AR LA A X =, R
PR TF 0.2 HARX B R T 5% 0912 8h 9
FREATHET (3R 6). VRIESIW AN BEREFE) DCA 43
Mrai R, s 358, T 3 5 4

Z ], PABIFSE £ CCA #ET Il sh M Rh e 5
W TR AW . 8 DIREER 7 XS Vi s W
KRR (P<0.01), MfRBEN 73.8%, Ui
PEMOABE R F A B, FREE DR 7 i A oo PR 4K
PR R 9 29.3%F1 26.7%, ZFfRE
H56%, Ui BT 2 Al AT LS ER S RO 1 AR AR
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Fig.2 Community parameters of zooplankton in the artificial reef, control and total area (n=28; X+ SD )
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Tab.5 Temporal and spatial characteristics of environmental variables
n=28; X+ 3D
¥ %72 spring H Z summer
parameter XF HR X control i fifE X reef 4 [X total Xt R X control faffE X reef 4 [X total
Tem/C 4.65+0.07 4.70+0.12 4.68+0.10 27.50£0.00 27.76£0.13 27.68%0.16
DO/(mg/L) 11.51+0.02 11.634+0.29 11.60+0.24 6.31£0.08 6.08+0.21 6.15+0.21
Sal 29.72+0.05 29.65+0.18 29.67£0.15 30.04+0.10 30.06+0.04 30.06+0.05
pH 7.48+0.00 7.474£0.02 7.47+0.01 7.6240.01 7.6440.01 7.6310.01
Tra(m) 1.45+0.21 1.46+0.11 1.45£0.12 0.90+0.00 0.80£0.00 0.82+0.04
DIN/(pg/L) 136.9+14.4 107.74+22.05 116.08+23.69 70.53+4.24 70.43+44.14 70.46+36.08
Pho/(pg/L) 3.76%0.00 4.761+4.64 4.47+3.82 10.174£3.13 11.40+1.87 11.05+£2.08
Sil/(ng/L) 65.64+13.82 51.39+6.72 55.46+10.50 415.27£13.74 439.44+48.64 432.53+41.81
COD/(mg/L) 0.56+0.15 0.36+0.09 0.41+0.14 1.98+0.05 2.2040.12 2.1440.15
Chl a/(mg/L) 1.9340.55 1.8440.59 1.87+0.54 6.07£0.11 7.2042.56 6.88+2.16
S8 X2 autumn & Z= winter
parameter X} HE X control £ [X reef 2£[X total %t BR X control X reef £[X total
Tem/C 15.70+0.00 15.62+0.08 15.64+0.07 2.20+0.00 2.1610.05 2.17+0.04
DO/(mg/L) 7.37+0.02 7.2440.25 7.27+0.21 10.9440.39 11.61+0.46 11.41+0.52
Sal 24.72+0.07 24.75+0.05 24.74%0.05 24.98+0.04 25.05+0.06 25.03+£0.06
pH 8.24+0.01 8.20+0.05 8.21+0.04 8.24+0.01 8.21£0.04 8.22+0.03
Tra/m 0.60+0.00 0.62+0.04 0.61£0.03 1.10+0.14 1.20+0.27 1.17+0.23
DIN/(ng/L) 1080.94+37.98 974.75+305.08 1005.09+254.90 90.574£28.54 85.57+80.15 87.00+£66.51
Pho/(pg/L) 11.09+6.08 19.90+6.34 17.38+£7.17 27.6247.11 27.2849.06 27.38+7.94
Sil/(ng/L) 351.10+£29.54 356.67+42.19 355.08+£36.60 174.33+4.30 120.68+92.03 136.01£79.59
COD/(mg/L) 1.75£0.40 2.20£0.11 2.07£0.28 2.77£0.13 3.52+0.77 3.31£0.72
Chl a/(mg/L) 2.94+0.55 2.1940.79 2.40+0.77 1.2240.26 1.7610.63 1.61+0.59
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A %% spring Tab. 6 Codes of zooplankton species for CCA ordination
¥ HZ summer %5 LTS G HES
m Bk au.tumn code species code species
& & Z= winter
s \BEP [RIK B s12 /NUF K &
Rathkea octopunctata Paracalanus parvus
% 2 rhAEPTIK s13 SRAIUPT K &
Calanus sinicus Paracalanus crassirostris
s3 3 Rk & sl4  JOP-FE 25 K &
Centropages tenuiremis Acartia pacifica
s4 KRR IEKE sI5 g RIRGIK &
Eurytemora pacifica Corycaeus affinis
5 XU Gy K 2% sl6 ZERKYHK
Acartia bipinnata Polychaeta larva
B3 ASTR A 37 D sl ) 1) 22 B B2 40 A 6 URIESDK & 17 e R4k
17 27 37 4 J}’ﬁuj‘jﬁﬂ;—; . E%—; . *}(%r; . g%&*ﬁlaﬂ:% Oithona similis LeAlme‘llibranchiata larva
Fig. 3 Multidimensional scaling of s7 /J\'%ZJWK% ) s18 @3’@%%%@5&
zooplankton of different sites Microsetella norvegica Nauplius larva (Copepoda)
1, 2, 3, 4 represent sampling records of spring, s8 #IF Gammaridea s19 K 241K Macrura larva
summer, autumn, winter, respectively. SO R $20 R B ARGy
. ?“ lﬁ {? (Jj?zgj%ﬁf: % E/J _/’Eﬁﬂ? [z—] (r&—] 5),_? Sagitta crassa Zoea larva (Brachyura)
. s10 Jig i Jeah ik $22 FEFFil
%??ﬁ*f—f{%ﬁﬁﬁ%ﬁ@%%ﬁ ERIVATE 5 Gastropoda larva Caprellidea
(R TERM, BRBERERA COD LASK, Hfth 8 S % i 4h $23 3L [CLHk &
/l\ﬂ:j%: %Xﬂ‘ {¥ {]ﬁfj] % ﬁi?’%"%*@ %Bﬁ \5'4 E; [LJ Copepoda larva Acartia clausee
A I EE B s 2K CR : Si0s-Si. DO, SRR R A A
B A DIN, Mgk LA pH, FE 3 Wi
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B — LR N K K (s12) 5 M4 % | Si05-Si Al
IR IEAX, M5 DO RAAHX, BB
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Fig. 4 Cluster analysis of zooplankton of different sites
s1-s7: spring samples; s8-s14: summer samples; s15-s21: autumn samples; s22-s28: winter samples.
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Tab. 7 Significance of effects of each environment factor on zooplankton abudance

3% K F environment factor CCA1 CCA2 r? P & significance

4 dissolved oxygen (DO) —-0.67 0.73 0.90 0.001 ok
#5EE salinity 0.70 0.71 0.48 0.001 ok
pH -0.46 -0.88 0.35 0.004 **
BB transparency -0.34 0.93 0.85 0.001 ok
IR temperature 0.85 -0.51 0.84 0.001 Aok
TEHLA dissolved inorganic nitrogen -0.41 -0.90 0.84 0.001 ok
PO4-P phosphate -0.38 -0.92 0.02 0.756

Si0;-Si silicate 0.69 —-0.72 0.91 0.001 ok
1k 2475 i chemical oxygen demand (COD) 0.82 -0.56 0.11 0.259

-2 4% chlorophyll 0.99 -0.13 0.70 0.001 Hkx

H:: CCAL. CCA2: REEH TS5 HEFF Gl A SCE; r2 MBI F 5P A6 0 R 50 P AHICHY) B3 1 ; *+*: P<0.001, **: P<0.01.

Note: CCAl, CCA2: correlation between environment factors and the ordination axes; r’: coefficient of environment factors and species

distribution; P: significance of correlation; ***: P<0.001, **: P<0.01.

7
1.0+ sl Trans 1
|

1
1 1 i 1 1 1 1

-1.0 -0.5 0 0.5 1.0 1.5 2.0
CCAl

K5 FEPFESh YRR 5B T B CCA HEF
Chla: M43 a; COD: fb @5 S DIN: Al ETHLA
DO: ¥ fi#%; Pho: PO,-P; S: #hJ¥; Sil: Si05-Si;

T: J&JF; Trans: %W E.

Fig. 5 CCA ordination of main zooplankton species with
environmental factors
Chl a: chlorophyll-a; COD: chemical oxygen demand;
DIN: dissolved inorganic nitrogen; DO: dissolved oxygen;
Pho: PO4-P; S: salinity; Sil: SiO3-Si; T: temperature;
Trans: transparency.
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Zooplankton community structure and its relationship with environ-
mental factorsin an artificial reef near Furong Island, Laizhou Bay,
Bohai Sea
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Abstract: As secondary producers, zooplankton play a key role in cycles of both biological material and energy in
the marine ecosystem. Therefore, evaluating community structures and seasonal variations in zooplankton assem-
blages is important for understanding the ecosystem structure of marine environments. Furong Island is located in
Laizhou Bay, China. In 2013, artificial reefs were constructed around Furon Island to improve the marine envi-
ronment and enhance fisheries resources. To better describe the community structure of zooplankton in this artifi-
cial reef area and its relationship with major environmental factors, four cruise surveys were conducted in 2018,
including in the spring (March), summer (July), autumn (October), and winter (December). During each survey,
conventional environmental factors were monitored and recorded. In the samples collected from the artificial reef
area, we identified 34 zooplankton species, including 18 species of Arthropoda, three species of Coelenterata, one
species of Chordata, eight species of phytoplankton larvae, two species of Chaetognatha, and two other species of
marine insects. We identified 17 main dominant species in the four seasons, with a certain seasonal variation. In
the control area, we identified 28 zooplankton species, including 17 species of Arthropoda, one species of Coe-
lenterata, eight species of phytoplankton larvae, and two species of Chaetognatha, and there were 17 main domi-
nant species in the four seasons, with a certain seasonal variation. The Sorensen index showed that the zooplank-
ton species composition and dominant species composition were highly similar between the artificial reef area and
the control area, and there were no significant differences in community structures. Zooplankton community pa-
rameters (species number, abundance, chlorophyll a concentration, Margalef’s richness index, Shannon-Wiener
diversity index, and the Pielou evenness index) were not significantly different (P>0.05) between the reef and
control areas, with the exception of the species number in winter, and significant differences were found among
the seasons (P<0.01). Environmental factors were also significantly different between seasons, but no differences
were found between the reef and control areas. Multidimensional scaling and cluster analyses indicate that zoo-
plankton community composition was very similar between the two areas but significantly different among sea-
sons. Canonical correspondence analysis indicates that environmental factors affect the zooplankton community
structure and that silicate, dissolved oxygen, transparency, temperature, dissolved inorganic nitrogen, chlorophyll,
salinity, and pH were the main factors affecting the zooplankton community. We believe the results of this study
can be used to inform artificial reef construction, management, and fishery resource conservation.
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