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Fig. 2 Seasonal variation in biomass of different algae

P13 ARl 3 Ak (AR 5 e i 2R 4 8 Ak
Fig. 3 Seasonal variation in biomass of algal communities
attached to three types of reefs
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Tab. 2 Indices of algal communities attached on three kinds of reefs in different seasons

SR RERT ] ﬁﬂ:ﬁg%ﬂ ﬁ;’éé& dﬁ%i%ﬁtg/(gmiz) W%’@ﬂiﬁ?fﬁ 59 i g*;(*‘lﬁr‘*ﬁbﬁ
sampling time reef type species number, blorr_lass _species evenness, J' _(hversny/
S density, W richness, d index, H'
2009-08 C 8 145.24 1.4060 0.8613 1.791
2009-08 R 12 246.41 1.9970 0.7687 1.910
2009-08 N 13 146.34 2.4070 0.7361 1.888
2009-11 C 7 98.29 1.3080 0.7688 1.496
2009-11 R 11 225.29 1.8460 0.7849 1.882
2009-11 N 12 138.81 2.230 0.7634 1.897
2010-03 C 4 52.95 0.7558 0.8168 1.132
2010-03 R 8 94.50 1.5390 0.8340 1.734
2010-03 N 6 43.04 1.3290 0.7130 1.278
2010-05 C 4 53.95 0.7522 0.7950 1.102
2010-05 R 11 117.62 2.0980 0.7645 1.833
2010-05 N 11 77.01 2.3020 0.6861 1.645
2010-08 C 8 166.40 1.3690 0.8686 1.806
2010-08 R 13 309.62 2.0920 0.8009 2.054
2010-08 N 13 177.41 2.3170 0.7804 2.002

i CIRBE A, RATHUEE; N3 SRHEAT
Note: C. concrete reef; R. rock reef; N.natural reef.
VI K AR 2 (Undaria pinnatifida)sZ 55 2 2K,
LSRR

X BEHER AR K -1 RDA Z0Hr & BE, 3%
B PR K I A 5 e S TR VR AR AR B T P
HIERET 47.6%MHFE M. AR ME— A5
K547 RDA 437, S50 7 iR o KR HoA:
YRR R KT 47% B A s . LA
afi . FUTE . AR AAER(Gelidium amansii)Lh
Rttt

G35 3 FIREAR b A EES R IS RN TR A IR
FEPRIEAT RDA 4307 45 R o, 520 3 R4 -
KRR AR S —FREE R e R -1 KGR, 520 A
SRHEAT LG SRR AR bR 2 — . = N
NP EFRER, MisEma £ B AR e 1l b B e

HEEALREE — . =N pH Fl DO, JE
PRI i T P AR A 1) R B IR BT IR HE e A 4R
LR R L3R 4.
3 itig

R R, N TAMERE, e b
F KR 2 A TR, R T
PRI, BRI ) S R R .
TSR MR A R A K, I R AT
RIS AT RS, — L) 2~3 4RRT
[B), i ) P2 B R B A A A RV BN T A e
PR R RS Choi 25 E 2001 4FJE 2 H A
DO G 5 T A AT TS A N TR AR & B0, AR
B 18 MHJE, HEUR A8 8 S5 B s S I3
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Fig. 4 The cluster analysis on the algal communities on 3 kinds of reefs in different seasons
Symbols in the figure mean sampling time and type of reefs (C. concrete reef, R. rock reef, N. natural reef).
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Fig. 5 Graph of algal samples from DCA
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Fig. 6 Species-environment biplot diagram from the
PCA of the algal communities
The corresponding alga names of the abbreviations in the figure
are shown in table 3.

S Tem- <
Ent <~
Ulv <>
Cho* S Mam
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Fig. 7 Species-environment biplot from RDA summarizing dif-
ferences in algal communities along the temperature gradient
The corresponding alga names of the abbreviations in the figure
are shown in table 3.
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i JI A K5V R Ay B U A RS T LUK
Bk HER E, KIENY, BRI, ARSI
X 3 FOR TR A R AYEER Y 5 UCRFE IR & B0,
AT 31T 13 FlORCAR 3E2E H BRAE R A X e, o ar
BTN ERFEE, HREBEITHE. |
FHEEIERMER, AV ER, 53



122 H [ K R 2 019 %
x3 3MEBEALRFETMERLEMMHEZR
Tab.3 Algae attached on three kinds of reefs in different seasons
WES AR x4 fay R
division Chinese name scientific name abbreviation
Wi Enteromorpha intestinalis Ent
£:3%1] Chlorophyta LAk Ulvapertusa kjellm Uty
P Bryopsis plumosa Bry
Vapi Gelidium amansii Gel
X E 3 Pterocladia capillacea Pte
41817 Rhodophyta LX{IJJ”?E Ceramium rubrum Cer
X Chondrus ocellatus Cho
BRI A Grateloupia ramosissima Gra
HILE Gracilaria asiatica Grac
T Sargassum muticum Sarg
¥91] Phacophyta FLURE Sargassum thunbergii Sar
? y e
it Laminria japonica Lam
M 3 Undaria pinnatifida Uda
x4 B3 MBAERHETUNERZENMEIRTHF
Tab. 4 Rank of important variables affecting the algal communities on 3 kinds of reefs
S— e T Eiame78e8 2 iSRS =B K T
the first important environmental the second important environmental the third important environmental
i 2K R variable variable variable
- o s X /o R L o R L o
reef type BT 7% #7514J(‘_%%£/A’ e #%xfkﬁ?ﬁi/ﬁ T4 #%xfkﬁ?ﬁi/ﬁ
. explanation of the . explanation of the . explanation of the
variable P, variable T variable T
variability in the variability in the variability in the
name - name . name .
community community community
SR T ;
A2 L EE Tem 73.5 NH,-N 15.9 PO;-P 8.6
natural reef
TR 1 it ; e fom S
st L Tem 68.1 pH 11.7 Vit 4 DO 9.5
concrete reef
jid , et f
15k JELE Tem 76.6 pH 12.0 7 DO 7.4
rock reef

KR D, ARk, FEHLAZERmmE
BN R, LB RS AR S AL
T i, AR AR K S L BB A OB A
MAEIE, TR KRR s Fp ki 2 .
i) 12 —28, YRR, AR R Y A v
BALAT 103 J8 200 A, R ariE 1A 97 FhlY,
Ngan 25775 X5t 80K FI . 177 30 24k 2 965 33 1) A7 64
PSR A BT, IR U R AR TS 4 RO AL . AR
FEMFIRAL T SR X, AT (R T AR 75
SN TR R RER b, AV Bk 3
P (A b A= 1y 1 %% B i e AR B o 288 (Ulva)
FF & & (Enteromorpha) & W & A6 5 15 1 e 7 UL
MaREads, ARMA LM, fLAaZERBTE & A ER
K a2 L8 F, PI8E (Bryopsis plumosa){Uh
T8 LR, xS R 2 ORI AR R I By | T
I I 1 R A 4 SR — 35 X e A s U e I AR B AR

PRV AR . H B XA NS B
S QA I 5 A JRC A T R R A 25 SRR B, R RIS
WA VE h R SR 2o A 2 e A & TR 1
Ak

AR, WA LR 2R 2L
TER R A AR, R SR 1 5 B
HAFIRREER oW, SRR S T
BOKIRIEH, BRI, BEMEFEE, Hb
T TR T | W A Yt b g x L3,
AT TR S BRI . Bl A A FR KR B R,
PRIV /N — AP A B A e | T A2 e 1) rh i 20
R iR, BB AEY R, H
AL K MR A K IR, 154 Rl VK
WS EMAE .

A3 Fr(cluster analysis)ZeBH, 7K | BkZ,
[ AR AEAAR b 3 ST I AR AR B A, AN TR AA I



5514

KA SRR AT AR DX R TR R SR R L L PR I i o6 AR 123

B A S I BV AL B AR, 130 BH AN (] o 2 R X
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1175 R B AR L S S 22 AR . AT
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AN, A G R K IR IR, R R 2 R A
B AREE A AL 5 TRBE A A T,
HRIEEH 5 APAEERKES, HEIFIERSR,
R Y — S SRR T R S eSS B, [HS
JE K SR ER A IR BT A AR s, ik, H O EER
PERBEIR 5 B . AR, IRBE T
TR BRI S 2 BEROIE Y T, AN FF S A
A KB Oyamada U5 I7E 3 2 op L R, Bk—IR G
IR A AR B A AR b, 2 ) R R DA L
P A R R RN Y T A o TR e, L
AR B TIRGE L. Kress PR &4
40%~60% M HE IR (P REEAAR I, 356 25 B 2 3k SR 2 i 3
U F AR EE - Al B AR . Ak, ARSI
TREE LR A BN THE, HI R nT GExT
KM G =B, %5 it — R g E .
DCA 4r#r 2, BTy s e HE P i b iy 43
MRS — . 5 W B e, 4206
FRET7 w50 T HE Y B — i 2o, s . Bk
ZEMRE T A0 A T 58 — B A . RLIBIAH,
KR A AP E T BRI REVR S5 H, B KR
Thim, —e KM B R K e e . R
TR S E R, B BETIRE L
MEBEERE Ty S0 A T4 i Fom, ., &%
() A HUAfE DL R B 2 1 B SR P 2 O 5 A 58
) B, EOALERARETE, MO8 LR AR
SR FILREEA R EER
R B & MR B2 T R i 1 A 1 R A
B, PN HCES, TEREILARUE, SRS He AL
i, LAREIR BT Xk B4R Jr 7 Rl 2 A 4 e 4
A EBYARBLOE 2 T DCA 43 B W2 78 X6 17 43 T
Femt B, b TIHBRHETE B BRSO (BT
FESE HEP b B0 o A B AR KRR AR T
TESE—Hl 0 o0 A, 3K J2 6 0 20 M o 1E 58 Ak A a0 R
&8 LV T Ak 60 6F 107 20 e, A oA — ol Al R A
FEGMBT T8, AT AR AR 52 i eSS BV AR

(INTER T o BF5E R, LT DCA M e Jr HE
J P T LS B B R OG 2R, R A A P
8 BB 1 A3 SR ] S A A TR 2 A ) R
FYSZI N, k% TWINSPAN E2K[K A1 DCA
HeF KL, Ak DCA 43 H T DAA %00 WAE IR D7 1Y
FIE R, I H A ITE S Hb i BRAE W RE TR 5 36
e AT BXF N K 2R o ABESE) PRIMER H2E 45 H7
5 DCAHE PRI G5 REAY) &, — 7Sk T 3R
ST A R A HE, RIS A T E DCA 4 HE) 7
E A BB ARSI SRR, BRI REIE
G M PRIV AR R - 2 [ R N AR R A
A PR A AL 55 BRI DR 4 A R i) oy A AR
B 28D, SRR BLIGEAR RY 3 2 PP AR AR I
X SR B T LR, FE R BRI R, £k
PEASTILERR BB R, PRI 2 AR DCA4 A-HE
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Effect of environment on benthic macro-algal communities of artifi-
cial reefs in Lidao, Rongcheng

ZHANG Lei, ZHANG Xiumei, WU Zhongxin, ZHANG Peidong
College of Fisheries, Ocean University of China, Qingdao 266003, China

Abstract: We evaluated the relationship between environmental indices and succession in the algal communities of
artificial reefs near Lidao, Rongcheng. We documented species diversity and biomass on a quarterly basis between
August 2009 and August 2010, about 3 years after the reefs were installed. We documented thirteen algal species
belonging to three divisions. Of these, six species belonging to Rhodophyta dominated the flora numerically.
Conversely, Phacophyta had the highest biomass density (92.724 g/m”). The algal community had reached matur-
ity after three years of development. The number of species and biomass were higher in summer and autumn than
in spring and winter. Both cluster analysis and detrending correspondence analysis revealed 83.1% similarity be-
tween algal communities in rock reefs and natural reefs. Both the biomass and diversity index were higher in algal
communities in rock and natural reefs than in concrete reefs. PCA and DCA analysis suggested that temperature
was the major environmental factor affecting the algal communities, explaining 47.6% of the variation. Nitrogen
and phosphorus constituted secondary factors in the natural reef area whereas pH and dissolved oxygen (DO) lev-
els were secondary in artificial reef areas.
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