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Fig. 2 Measurement of wave motion
A: gypsum sphere; B: concrete block pedestal.
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Fig. 3 The wave motion in different depth of reef areas
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Tab. 1 Marine environmental conditions of different reef areas in Laoshan Bay n=3; X +SE
B S 1 X Huangshankou Reef = A X Sanmugian Reef
env1ropmenta1 5H 6 A 7H 8 H 9 A 51 6 A 7H 8 A 9 A
variable May June July August  September May June July August  September
&0
&I /m 1.8340.23 2.1240.34 0.83£0.21 1.93+£0.12 3.20+1.56 2.07+0.46 2.46+0.76 1.56+0.78 2.32+0.45 3.55+0.52
transparency
R e =5
(ﬁﬁﬁ%k/(mg/L) 7.15£0.04 8.08+0.12 8.83+0.23 3.72+0.54 4.47+0.21 5.51+0.63 8.88+0.87 4.68+1.24 4.93+0.54 7.30+0.12
dissolved oxygen
YEL [/
fmr;/ Ct 13.54+2.14 15.75£1.85 23.24+3.14 21.66+1.59 24.17+0.58 13.31+0.77 15.824+0.12 23.46+0.54 21.56+0.02 24.12+0.25
emperature

EhFE salinity

30.96+0.89 31.18+0.56 30.99+0.78 30.99+0.32 31.00+0.47 31.00+0.12 31.15+0.17 31.00+0.08 30.97+0.26 30.99+0.12

pH 7.94+£0.02 8.02+0.12 8.27+0.04 8.18+0.03 8.17+0.11 8.01+0.05 8.05+£0.02 8.15+0.04 8.14+0.21 8.19+0.12
AL e L

{Ckoql—)ﬁﬁ%\;g/(mg/L) 1.82+0.14 1.01+0.24 0.79+0.21 1.29+0.13 1.29+0.41 1.13+0.23 1.97+£0.14 0.86+0.19 1.92+0.22 1.84+0.23

M4k % a/(mg/L)

chlorophyll a

0.75+0.12 1.11+0.03 0.73£0.05 1.47+0.06 1.88+0.13 0.90+0.21 3.24+0.21 0.77+0.16 1.88+0.19 2.10+0.08

e S
HHHIEHLA (mg/L) 0.047+0.01 0.048+0.01 0.056+0.01 0.049+0.01 0.042+0.01 0.046=0.01 0.050+0.01 0.062+0.01 0.052+0.01 0.048=0.01

DIN

VP ke i 1
i PR AL/ (mg/L) 0.017+0.00 0.019+0.00 0.020+0.00 0.018+0.00 0.019+0.00 0.020+0.00 0.021+0.00 0.021+0.00 0.019+0.00 0.017+0.00

SRP
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3% (Gelidium divaricatum)Z U7 S2 & B, HTel ]

A4 Bz Y R A A 2E, o R A S (Undaria
pinnatifida) Fl 5 R iz # (Desmarestia ligulata){\{#E
1L VAR X & B, 1T 4% 8 (Colpomenia sinuosa) ¥
A = E X, JE T LR SR TR
AR, H H A LA ZE(UIva pertusa) i B R
BREER2).
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Tab.2 Directory of benthic marine macroalgae collected in the study

FIR species ! e B 51 52 53 tempfl;t%r)?;%ribute
£I% ] Rhodophyta
H AR5 % Sargassum muticum + + WT
S A Gelidium vagum + WT
W UM% Grateloupia turuturu ¥ WT
W53k 41 Plocamium telfairiae + + + + CT
JRILE Gracilaria textorii + + ¥ + WT
43 Chrysymenia wrightii + + T + 4 ST
/NI Corallina pilulifera + + + ¥ + ST
Fi4E3% Gelidium amansii + + + WT
X A5# Amphiroa zonata 4 ST
R EE Ahnfeltiopsis flabelliformis + WT
JEJE# Pachymenia carnosa + + WT
H 7l Ceramium japonicum + WT
=X AlliZ Ceramium kondoi + + cT
¥E3 Pterocladia tenuis + + ST
/NAAESE Gelidium divaricatum 4 ST
#5# 1] Phaeophyta
#3 Undaria pinnatifida + WT
125 ¥ Hterosiphonia japonica + + + WT
X JFR3E % Dictyopteris divaricata + + + 4 + WT
4% Colpomenia sinuosa i WT
JE %% Dilophus okamurae + + + + 4 WT
2 ¥ Desmarestia viridis + + + + + 4 CT
TORBRY: Desmarestia ligulata + + CT
£k307 Chlorophyta
fLAZE Ulva pertusa + n + 4 WT
EmRIEH Cladophora speciosa ¥ WT
£ 7k Ulvalactuca 4 WT
ZE W E Enteromorpha linza + + WT

T+ RAERIBE, WT RoR Rl

WIS, CT R il A, ST FR WA R,

Note: “+” stands for presence; WT: warm temperature species; CT: cold temperature species; ST: subtropical temperature species.
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HI1, S1: 2.89~3.27 m; H2, S2: 5.46~5.77 m; H3, S3: 7.24~7.81 m.
Fig. 4 Species number and dry biomass of benthic macroalgae in different sites of Laoshan Bay
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Wi, h(749.24+155.13) g/m?, i H3 3 o7 (1) 15 B
YR RAR, H(91.09+47.17) g/m®, [Fl—HEX A
[ K GRS L R e e e R B e K 22 5%, b T
Hh (] 7K J2 il 8 (H2 0 S2) 1 IR R Jie G v v 2 3 14
WY R, BOKZu A (H3 A S3)rhifg i iy A4
YR, HARRERSEE,

M]3 50, = e R DX 8 L 1 X 1Y
A AT I i P RN A i R R B T e
e sy, g s g 7 A k3 KA, L
CLHE IR AL, 5L R DR = R IX
(LR R TE 7 AR 8 A AR R, H&A
1y Z 0] 22 53 1 2% (P<0.05), AH#T 8 H, 9 H il
RSB A: i B TR, FEARTR Ay = AT
il DX 1) g AP 2 R A Py et 2 o Tl X
222 KRERWGERMMS S Xhir s KR
JEC AT Vg S AR IS AT R ZRE M T, ARk 3
Fis o SERFEM, KARAIEGEEREYE Y Shannon-
Wiener Z £ 48 501 Margelef $5 8UE A /] H 1y =2
AR Ak 22 5 0 2, ORI X [] — B 103 1) 2 e b4
B2 . = HEATHEX YR 2R L

MRS EEEIRBAE 8 AL B KM, mElin
WEIXAE 8 H A RAE B K ARG BEAE S . P
X B 5 SR TE 5 A hd/ME, iEl 6 Hik
P RMH . BUAORE, =07 AiHE X 19 R 2R
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Tab. 3 Diversity indices of benthic macroalgal community
in different reef zonesin Laoshan Bay, Qingdao

R FILTE = R
A Huangshankou Reef Sanmugqian Reef
mouth
H' R J H' R J

5 /1 May 0.247 0.206 0.351 1.203 0.907 0.646

6 H June 1.234  0.630 0.870 1.540 0.953 0.853

7 A July 0.403 0.355 0.372 1.097 0.707 0.694

8 H August  — — —  1.543 1.233 0.806

9 H September 0.497 0.402 0.405 1.250 0.867 0.765

S sum 2381 1593 1.998 6.633 4.667 3.764
HEr HOA RT3 A )5 i) Shannon-Wiener 54, R & Margelef
T4 5 IR ER, 52 Pielou B BEARAL, “— RN AR RERIFEA.
Note: H’ stands for Shannon-Wiener index based on biomass; R
stands for Margelef species richness index; J' stands for Pielou’s

evenness index; “—” stands for no sample collected.

223 KREERHESEMBMEZTH  BILIEK
TR TP G 6 8 110 £ 3o 20 i S A 3 B AR fb an 35 4
J7R o S5 FEH, 05 LL VO Y JRCAG g i AR S5 E
AN A B TRIK IR B 22 S8k 8.3 . B[R] R
BEAr BT, FZGS A)HRREF LA E, M3
(Desmarestia viridis) )\ 4 A FF %%, T 5 H k%
WEfE, 2B XL HA(6—8 H)
558 LA B 2 XL S, H b SO o) 3 35
(Dictyopteris divaricata)iZ # B R i, Wb E %+
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Tab. 4 Thechange of benthic macroalgal dominance in different reef zonesin Laoshan Bay

o NES ES 51 61 71 8 11 91
site phylum species May June July August  September
H1  #%#: ] Phaeophyta 2% Desmarestia viridis 0.740 — — — —
X IFMFEE Dictyopteris divaricata 0.003 0.017 — — —
B3 Undaria pinnatifida — 0.093 — — —
TRIR M Desmarestia ligulata — 0.079 — — —
4% Chlorophyta fLAAZE Ulva pertusa — 0.064 — — 0.188
#T3%:1] Rhodophyta /NI Corallina pilulifera — — — — 0.269
H2 #¥%: 1] Phaeophyta Y IR 3% Dictyopteris divaricata — 0.024 — — —
fR# Desmarestia viridis — 0.010 — — —
FAIRMR P Desmarestia ligulata — 0.020 — — —
JE %% Dilophus okamurae — — 0.030 — —
%317 Chlorophyta KA Ulvalinza 0.002 — 0.006 — —
fLA1ZE Ulva pertusa — 0.021 — — —
213177 Rhodophyta 4% Chrysymenia wrightii 0.450 — — — —
=X AliZ% Ceramium kondoi — 0.027 — — —
HAR S %  Sargassum muticum — 0.040 — — —
W34 Plocamium telfairiae — — 0.001 — 0.244
/NI Corallina pilulifera — — 0.333 — 0.209
H3 ## ] Phaeophyta 23 Desmarestia viridis 0.105 — — — —
£131] Rhodophyta 4:JE¥: Chrysymenia wrightii 0.024 0.389 0.594 — —
H RS ¥ Sargassum muticum — 0.111 — — —
JiiT# Gracilaria textorii — — 0.048 — 1.001
S1 ¥ %: 0] Phaeophyta 2% Desmarestia viridis 0.126 — — — —
X IFMFEE Dictyopteris divaricata 0.034 0.100 0.129 0.159 —
75T Hterosiphonia japonica 0.044 0.025 0.182 0.021 0.013
JE% % Dilophus okamurae — — 0.019 0.006 0.203
4% Chlorophyta fLAZE Ulva pertusa 0.054 — — — 0.001-
#1317 Rhodophyta #3341 Plocamium telfairiae — — — 0.008 0.029
/NS Corallina pilulifera — — — — 0.055
S2  #3¥:I] Phaeophyta i % Desmarestia viridis 0.013 0.003 — — —
X IF M3 EE Dictyopteris divaricata 0.011 0.244 — 0.014 —
757 Hterosiphonia japonica 0.007 0.003 0.011 0.013 —
417 Chlorophyta fL£7ZE Ulva pertusa 0.030 0.041 0.001 0.007 0.065
LS Enteromorpha linza — — — 0.016 —
#1317 Rhodophyta FAEK Gelidium amansii 0.007 0.021 0.012 0.002 —
/NI Corallina pilulifera 0.006 0.002 — 0.023 0.044
HZili3€ Ceramium japonicum 0.019 — — — —
4 Chrysymenia wrightii 0.001 0.091 0.001 — —
k40 Plocamium telfairiae 0.004 — 0.002 0.008 0.010
JiiT# Gracilaria textorii 0.008 0.013 0.001 0.003 —
W JZUREASE Grateloupia turuturu — 0.027 0.013 — —
=X AlIZE Ceramium kondoi — 0.014 0.001 0.001 0.010
YMEE Pterocladia tenuis — 0.003 — — 0.014
JE %% Pachymenia carnosa — — — 0.002 0.014

(%% to be continued)
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(823 4 Tab. 4 continued)

AL [BES S
site phylum species

51 6 J1 7H 8 J1 9H
May June July August  September

S3 ##%]7] Phaeophyta
[ Desmarestia viridis

1751 Hterosiphonia japonica

JEZk ¥ Dilophus okamurae
£[#]7] Rhodophyta

Ji L% Gracilaria textorii

/NI Corallina pilulifera

fi1E3% Gelidium amansii

4% Chrysymenia wrightii

X IFMF B Dictyopteris divaricata 0.017 0.484 0.043 — —

0.464 — — — —
— — 0.036 — —
— — 0.008 0.240 0.127

0.001 0.219 — — —
— 0.072 — — 0.326

— 0.084 —

— 0.029 0.001

T R AR R B

Note: “—” means no samples were collected.

(55 — DL, 20311 & B Fn B AR 548 5
(Sargassum muticum)iZ #r - -k EEAL AP, B
(9 F)LLBET TR TR B AR 807, VLS
LS Rt v/ s N B 151 DAND -3 T 2 g - Pl
PRV 1) 52 B LA T ) £ B R I A, fL
Fh 2z SN . (HAS R K IR B B S RE TR L 38 3 2=
S, HAROK I PLRAR 2 R mok, H3 DAL
I DA i VL RN 4 B o =LA 3AFh, T S3 W LA
PEITA ST M 398 | )R 2% 35 (Dilophus okamur ae)
RS EBALAFN . TAHEX A H)Z X (H2 Al
S2)BIALLHEl eSS th B 3 45 vy H2 b 4 JE e
/NI S 0 I B B R, R DX S A A
B S2 el S BRI i, LIRS HET T X
TFIRFE 5y FEARFHF oK IX(HT F1T ST FEZ LU
WEE TR BN 2, HE 3 Tl A ZEE Rk
BWTHCA TR X LT
23 KRERWEEEEVESHENHEEEA
DCA 4 #rrf 4 AHEF 5l i B B (8 53 51 8
1.366., 1.282, 1.320 1 0.000, i =%l A4 46 B2 1Y
INF 3, BT LA, PR SR 3 T A A
() TUAR 53 BT B 5 ST T N A58 I i AH B A
SR gEBmE 5 s, 9 NIEEIH T
T R Y JEC G ¥ 3 1) O A AR AR RO 67.5%, Tl
Wil EH iR T 60.5 %R uiE B, K S
AL, KR K ERE IR R R TC AL AR
SRR PR R, 4R K a MR PEBEIR
ER RS8R AR OGP SR TR e 1T IR
Ay R EAZ N — AR, AT ) B2

BRI SR 0B L TS R AR A SRR TE AR R Y
WEEHFH, m =043 K KT R
FE, XV AR A B R R 53 00 R 47.6% . 28.9% 1
16.7%; Horpod 86 1R 3 1 R 28 19 A ) 2 TR K
TRERBE . KRN /K I 5k B L R Sk, RN |
(A ERGINEREES T v W= N EE S AR AW F S
R LR B TR KR 2 2R a & 1 058 D i H G TE AR
b, 5K R AT M R AR EL A 60 A O
P SRR B 10 (P<0.05)25 SRR B, TR E 2
AR B A PRE R EENE, H5YRhd:
Yy A R ECH 0.729, X AE B0 iR B R Ry
37.64% . 7KL RN 7K RS2 5 R AN [7) il X RN 7K 2
TR R A 2 Y S EREE N T, A R B
J& 0.668 Fl 0.589, X4 AR & 1 i B 40
26.54%F1 19.13%.

3 e

31 KRERMEERETEAMK

P R A S S ) A A AR T R A1
B 2 N TREIX AR S RV IR i . &
JE A G AR LT T SR — LT I 4 i A T
BN o 8K, R DX P B A P bR R A U
BER AT RE, BTG ALY ABFSE T 2
B T S5 Ly 8 1 1R = A R A i XA [R] K
TR KT e TR 25 . Wb 2 REPE RO 3
JEARAL . R R, AN AR DX 45 R 4 B A
W, RUIMEX A BEERR C R KR 2 AR,
HLLLTSET 3o £, W 1Rz, SRl NUTE
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RDALI (48.9 %)

K5 RG-S P55~ RDA 23 Hr XU €]
WM FoR/K LR, Dep F/n/KIE, Sal F/REhE, Chl-a F/RM4E K a, Tras FniBE I E, Tem FR/KiE, pH F/RRE, DIN %
TR R TCHLA, SRP R/RVA FHIG PEBERR £h, Pha-B F/R W WAL Y i, Chl-B FIRGHAE Y i, Rho-B SRR LAY i
Fig. 5 The biplots of benthic macroalgae and environment variables based on RDA
WM stands for wave motion, Dep for depth, Sal for salinity, Chl-a for chlorophyll a, Tras for transparency, Tem for temperature, pH
for power of hydrogen, DIN for total dissolved inorganic nitrogen, SRP for soluble reactive phosphorus, Pha-B for phaeophyta bio-
mass, Chl-B for chlorophyta biomass, and Rho-B for phaeophyta biomass.

HOKIZ R H P MR BVERE . AT SR R
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TR X2 0 2H B DA T M2 O =, O IE
Py PV R A AR

M) RUBE G4, D5 309 H, W5 1Lyl 1X
PN B T B L B o 2 W A e AR A T
IR o 4 AR BEN TS AERE X N R AR R K, &
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e AR W R AT LU R AR BE MR . Pl T A0 ]
RRHANSALER, REBA KM LT
AR, AR R ROK EA BB IE W A% o Ik

7—9 H, LR RBRMEE PR R Z . i
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RIY AT L i R A B T 2 Ll R X
TR DR BT R, 32 2 URIK 3l 77 78 RS2 i
BR, HEXOKIRD) S ERIZAE 3, Rt 7 A A8
H 3z 6 W2, 8 1A DR AT K i AS AR 2,
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YRR (AAE 6 H, FRWE MR 1 5k LT
W3S 4 R E A — SR, (E7E
AR FERN S BBAEA . AN, T AR
PR TR A SIS MR R, SRR 1] B 2 R
FIUH A BREE S5 (75 £k, BE T b 0 00 3T R st o
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W 5 AE 6 AR il T ke
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Spatial-temporal variations of benthic macroalgae and their responses
to variationsin the environment in the artificial reef zones of L aoshan
Bay

YANG Xiaolong', LYU Hongbin', HU Chengye', ZHANG Xiumei'*

1. Key Laboratory of Mariculture, Ministry of Education; Ocean University of China, Qingdao 266003, China;
2. Function Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for
Marine Science and Technology, Qingdao 266003, China

Abstract: Benthic macroalgae are highly productive and increase biodiversity through the provision of a habitat
for marine organisms and act as spawning, nursery, and feeding grounds for an extensive range of marine fauna.
As a dominant habitat-former on temperate rocky coastlines, benthic macroalgae are important fundamental spe-
cies in the temperate marine climate owing to their high productivity and extensive distribution. However, the loss
of benthic macroalgal habitats has been widespread along the rocky coastlines owing to various perturbations,
including climate change, species invasion, sedimentation increase, and anthropogenic stress. The establishment of
artificial reefs have been proven an efficient approach for the recovery of the benthic macroalgae ecosystem. For
the past three decades, the habitats of benthic macroalgae in Laoshan Bay of Qingdao have been destroyed by an-
thropogenic activities such as mariculture and fisheries. To mitigate the habitat losses of benthic macroalgae and
restore the spawning grounds, artificial rocky reefs were deployed in two coastal areas, Huangshankou, which has
high levels of wave motion and Sanmugqian, which has low levels of wave motion, between 2009 and 2010. After
the deployment of artificial reefs, the marine habitats underwent a long-term and dynamic process prior to the
formation of stable ecosystems. The inter-month variation and distributional pattern of benthic macroalgal com-
munities were a reflection of the self-adaption of the ecosystem to the changing conditions. To study the commu-
nity characteristics, inter-monthly variation, and response to the environmental factors of benthic macroalgae in
the artificial reef zones, the horizontal and vertical distribution of the benthic macroalgae in two artificial reef
zones were investigated between May and September 2015. Wave motion indexes between the two artificial reef
zones showed extremely significant differences, whereas similar conditions were found among different wave
depths in the same artificial reef zones. The temperature range between May and November showed significant
variation, whereas no significant difference was found between artificial reef zones at same the time. A total of 26
species of 21 genera, belonging to three phyla were found; among these, 15 species belonged to Rhodophyta, 7
species belonged to Phacophyta, and 4 species belonged to Chlorophyta, which accounted for 57.69%, 26.92%,
and 15.38% of the total, respectively. The replacement of benthic macroalgal species in different months displayed
significant differences: Desmarestia viridis, Chrysymenia wrightii, and Gracilaria textorii were the predominant
species during spring, summer, and autumn, respectively. The species diversity indices of benthic macroalgae in-
creased at first and decreased subsequently, whereas the indices in Sanmugqian reef zone were generally higher
than those in Huangshankou Reef zone. Differences in the species diversity indices and the dominant species in
different months were mainly caused by temperature variations and different temperature adaptability of macroal-
gal species. Redundancy analysis further proved that temperature was the key influential factor in the monthly
replacement of benthic macroalgae and contributed to 37.64% of the variation, whereas wave motion and depth
were the key influencing factors in the horizontal and vertical distribution of benthic macroalgae and accounted
for 26.54% and 19.13% of the variation, respectively. The results indicated that the artificial reefs provided effi-
cient substrates for benthic macroalgae in Laoshan Bay. The benthic macroalgal communities showed relative sta-
ble seasonal perturbation in the artificial reefs, which reach maturity and have the ability to withstand the external
disturbances 5 years after deployment of the artificial reefs.

Key words: Laoshan Bay; benthic macroalgae; artificial reef; wave motion; intermonth dynamic
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