ISSN 1000-0933
CN 11-2031/Q

cas

O
k=
=
g




AT ER
( SHENGTAI XUEBAO)

PRI AR EBEFEFNH 2013F6 A (FAT)

B V¢

ALAEIE 52 RIEE
# —X Landsat &%) L2 ;Landsat 8 #& B AT GAFAER L A SIRILEL wooeeeeeene wEmAk,E 3 (3249)
FAY B RARS R R 7 b —— 3 BB Aot JEAUBEDL oo F & (3258)
FIRTF GO HEJE v eerneerne ettt e % ¥ % Vanessa HULL, B [H £ = (3269)
RO AT ZARSHRGBALF) Z Ty e FER N kB ZE,% (3280)
RS AR A § RUE FURALARIRAC AR BB T +evveeemmeeeeeeeeeee M7, BER, A XF (3291)
gﬁii;}%%%xﬂ-&i#ﬁgfhéﬁj?%j@ﬁé&%ﬁg;ﬁ%ﬁ% .......................................... %ﬁél#ﬁ,%’%d‘l‘l (3298)
MESERMES
b BABET R EAT B ESARRRENEBOY R e WL LR R HEG, % (3311)
FE R AR AT IR F R R BAF,E BLE K% (3318)
e R R R B A LML PV i 25 7K AT T A8 B 05) L e vemernneennrnnneennnennsennnenieeannennnes

....................................................................................... KARFR,KEE L, % (3324)
SR A SIS R AT AL A A K A IR AR x| OREE T, % (3332)
ThEE BEENMAESRS
Gl B ARSI R IFHALY 0 DA AR I B e THEE AT, H #,% (3340)
D S S ) ST M A ] R A5 AL e e ereenneemeeaneeaneeneanteenee e enee e AfeF, 7 fF, QLT ,% (3351)
B TG A e A Z ok R B K 4 R G A BACEETE S e R W, P AE, % (3362)
Z T E AR A R B R MBI T B AL e WREE,EF BB, % (3370)
K B 3R Bl AR T e fe AM A B A Hm e B XH, A AT E % (3383)
A FTAG B R R RBEL DAY S AR LA R TR oeeeennnnns HHEE, kAT, EAKE (3394)
FRAC B A R AMENUE] L 52 e eerrrrnnrrerrrni e ettt et XL TG KB E (3404)
AR KA R RPN T A BT e BRE L RHE, TIE, % (3415)
o FIT I A AT AR LB r TR A TS rm e e AR E XE TRE & (3425)
ALZHEZTEHNKRCO, BEFLRAFEFT TSI e Wz ko B EEE S (3434)
AR FE R ERBRIEE T RO F A B IRILE 0B oo T &, BEE, R F (3445)
I HE K H vt T AR AT LE B R G 2 ] AT A e %OW.E R R &% (3452)
Fr oL BE By va AN IR SRR AR BRI AR S AR M AR AE ZE M e WARE, BEH, 0 F % (3460)
S RKEMERES
GAA R JE IR B S B T A ettt o\ Z’E,i%ﬁ{%%]],%’f]\ il ’13‘—; (3470)

AL R . AR LS FTIEILEL o X HrE, xRk, B B 4 (3480)



HREFEWES

TN B RGP E KL A AT cvvrvereeeeeeee e FaH, FAY, % U7 (3488)
2 F MRICES K27 8 SAZ BR T AREIAD AT wevvnrerrnnererneriiine e e e RHHL R BT 4 (3499)
FRAETER R TR P H T AT B A TR A e KANE B 5,3 % (3509)
AP RE B BT KYraE B ——F RIERRAGIEYE oovvrermrren ETIE, BB, 5 E % (3520)
BE RERAL IR ENEE FEE KT IGF-1 5 ARG A - OB L, T HE,% (3526)
WEEHSES

O B IR B ARG T FHRLTL  cevvnrrrrneereneernieeeiieeerieeeannn kKL E Ok E A% (3536)
Wt 32 R

FHREH RS EFER R TAZL @A LR S A B E AR v e £ ®,H A,HIERN (3547)
F D E R AR R B 7 AL R AR T eeeneeeee FEE F M, K FIE L (3555)

HAFIEASECN 11-2031/Q # 1981 # m * 16 * 314 # zh * P = ¥90.00 * 1510 * 33 * 2013-06

ECEEEEEEEEEEEEEE

HEEBE . H R R IL D BER——FIUE s AT R R AR 2 ) T A — B e S WX e PR PR B 13 1 5 6 b
W B R R RS E RO A B R AE M . SRR T AR R R S, A R R A R A R R
Wi S A KRR 0 F 5 R R e SR AR, B AR DR 1L T R R o B A R A 3R A A AE R LR LR
1500—3800m HbfF 4 FRARF G 76 55 11 28 7% b 22 ) AN T oo B2 38 T b, 50 e 21T BB AR I R ) A TR

FEREGRRME: FRaEhzuz ol K% E-mail: cites. chenjw@ 163. com




5533 B 11 ) S = £ il Vol. 33, No. 11
2013 46 H ACTA ECOLOGICA SINICA Jun. ;2013

DOI: 10. 5846/stxb201203010277
Wi FI B, AR, B0, AR, VLT PR, = A R0 AP S R o 4 ) S HL e 1 A Ak, AR A4 4 ,2013,33 (1) :3370-3382.

Chen Z Q, Shou L, Liao Y B, Gao A G, Zeng J N, Chen Q Z. Community structure of benthic algae and its seasonal variation in the rocky intertidal zone of
Sanya. Acta Ecologica Sinica,2013,33(11) :3370-3382.

T EHHEFRAEEREEHARESZTTENL

AR, F R B, BEAR, BT A
(E UG JRIE AR S R GG A Y R A 2 T 20 =8 [ KU R 3 I PERF R OT A 310012)

FEEE O 1 i — S (B AL e A A PR A5 6 S A ARITIET, T 2008 4F 1—11 H #6471 U 2P AR i e, ST R 2 4
PEFE S I HTAIT I 1T 1R) 21 AL DO 2 (R R VR A A 2 PR A, R A 3 5 R R IR 636 130 i SRIE T4 111 75
J& A LIBET 41 )@ 67 Fp MG TENT 16 J& 31 Ff LRFEI] 15 )8 29 R BEEE] 3 )8 3 B, WIS AN S ARASK R
P > HAY > WA Y T B AT RRAE , EL P I AT SR A b SR U ) Al AT B A W v TR R
WiZE (BIt R EZS, BEMENE ., EFEH WA EE Pading boryana . H ARAIZE Ceramium japonicum |- By &
Sargassum hemiphyllum ¥ Polyopes polyideoides , 5 Z=47 I ARIX M Chondrophycus undulates it 5 FE 3 Sargassum cristaefolium |
T XTI Amphiroa dilatata A1 A€ Gelidium amansii , /K ZAT M S e PORERIUTSE HARERET SR Ishige foliacea , %2545 TL IR
LB #E Sargassum vachellianum . EARTGEHE Symphyocladia marchantioides I Corallina officinalis P FIA S 3 . H ARMSE,
V% ZREME A EAK : Shannon Z2REM:FII Margalef F B ER U K E I AE L Z= |, Shannon Z2FE14 I Pielou 4] B8 BURAGE H 3
FEE T, XU 32 AR K A0 I A0 Ay 32 LR TR K P (4 B TR P2 JEAR A 5 i M g X BB K X R R ki, TP
B A 30 ) A T A 2R R S AR e PR B 25 5 (HRER S50 5 Z R R I —E i F= T 284k,

KERIR : 0 SN 5 20 R DUl VR 4540 s T Rh 2 RE

Community structure of benthic algae and its seasonal variation in the rocky

intertidal zone of Sanya
CHEN Zigiang, SHOU Lu, LIAO Yibo, GAO Aigen, ZENG Jiangning” , CHEN Quanzhen

Second Institute of Oceanography, State Oceanic Administration, Laboratory of Marine Ecosystem and Biogeochemistry, State Oceanic Administration,

Hangzhou 310012, China

Abstract: In order to investigate the current situation of benthic algal community in the intertidal zone of Sanya, field
sampling was carried out including six rocky intertidal sections from Jan. 2008 to Nov. 2008. The changes of community
structure and diversity of benthic algae in the intertidal zone were analyzed by species diversity indices and cluster analysis.
A total of 130 species in four seasons were identified, among them, 67 species of 41 genera belong to Rhodophyta, 31
species of 16 genera belong to Phaeophyta, 29 species of 15 genera belong to Chlorophyta and 3 species of 3 genera belong
to Cyanophyta. Species number altered slightly in four seasons, and its vertical distribution indicated a decreasing trend
along with increased vertical gradient. Moreover, mutual species were found at mid-tide and low-tide zone, especially
during the summer. Although the average biomass of benthic algae in summer and winter seemed slightly higher than that in
spring and autumn, there was no significant difference between them. Dominant species of benthic algae varied with
different seasons, indicating their functions in the community changed with seasons. Dominant species were Padina

boryana, Ceramium japonicum, Sargassum hemiphyllum, Polyopes polyideoides in spring; Chondrophycus undulates,
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Sargassum cristaefolium , Amphiroa dilatata, Gelidium amansii in summer; S. cristaefolium, C. undulates, Ishige foliacea
in autumn; and, Sargassum vachellianum , Symphyocladia marchantioides, Corallina officinalis, P. boryana, C. japonicum
in winter. The diversity index and Margalef’s species richness peaked in the winter, while the diversity index and the
Pielou’s evenness bottomed in the summer. The benthic algae in the intertidal zone of Sanyaare mainly composed of tropical -
subtropical species, followed by warm temperate species, which generally in accordance with the taxonomic features of the
Southern South China Sea. These results suggest that the community structure and diversity of benthic algae in Sanya varies

with seasons despite of no significant seasonal differences in species number and biomass.

Key Words: Sanya; benthic algae; seasonal variation; dominant species; community structure; species diversity
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Fig.1 Sampling sections for intertidal benthic macroalgae in Sanya
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Fig.2 The number of benthic algae species in different sampling sections of four seasons
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Table 1 Temperature features of benthic algae in Sanya
IR 7KYE Temperate water WK P Warm water

= HH A A I Iy Y Py Pt M
Seasons Items Cold temperate Warm temperate Sub-tropical Tropical
species species species species

7 Spring Fh# Number 0 15 5 13
HrHE Percentage/ % 0 45.5 15.1 39.4

X Summer L Number 0 19 16 13
H 3 Percentage/ % 0 39.6 33.3 27.1

K Autumn 5L Number 1 16 12 22
43 EL Percentage/ % 2.0 31.4 23.5 43.1

£ Winter F 5L Number 1 26 17 9
43 Eb Percentage/ % 1.9 49.0 32.1 17.0

44F Whole FI L Number 2 45 34 33
Y L Percentage/ % 1.8 39.5 29.8 28.9
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Fig.4 Distribution of benthic algae biomass in Sanya
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Table 2 Dominant species of benthic algae and its dominance in four seasons

x2

ETHEERESEABMOESARMABE

e 3Fh JELPE I 3 Dominance

Dominant species Temperature features # Spring H Summer F Autumn & Winter
HAAIZE Ceramium japonicum WT 0.03 0.02
WAREKIME Chondrophycus undulates ST 0.12 0.04

EARIGE W Symphyocladia marchantioides wT 0.06
S UV HE Amphiroa dilatata ST 0.04

MBIEE Corallina officinalis ST 0.03
MK Polyopes polyideoides WT 0.02

AL Gelidium amansii wT 0.02

MR ERETSE Ishige foliacea ST 0.02

WA A e ¥ Padina boryana Tr 0.15 0.03
M- LW Sargassum hemiphyllum wT 0.02

TN LB EE Sargassum cristaefolium Tr 0.04 0.14

IR R #E Sargassum vachellianum ST 0.09

WT: B, Warm temperate species; ST: W7 Fl, Sub-tropical species; Tr: A7 Fl, Tropical species

2.5 YIRh AR

N 3 Ui/~ , Shannon-Wiener F ZAEPEFE RO ME M 1 HET . 422 (2. 02+0. 38) >FkZE (1. 4320.75) >F

2(1.40+0.43)>8 2(1.130.65) ,{H 4

TR EESR (P=0.166, F=1.901),
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Table 3 Biodiversity indices of benthic algae among 6 sections in Sanya
80 FAy Wi Sections
Indices Seasons Sl D 3 U S5 S6
YR Z AR 1 # 1.97 1.70 1.56 1.50 0.82 0.85
Diversity index " 1.18 1.73 0.67 0.17 2.12 0.93
#* 2.55 2.01 0.81 — 0.56 1.25
% 2.26 1.32 2.27 — 1.92 2.35
bl it e i 0.70 0.85 0.99 0.75 0.82 0.53
Evenness index " 0.59 0.74 0.26 0.17 0.59 0.36
#* 0.71 0.60 0.81 — 0.28 0.62
% 0.71 0.66 0.76 — 0.64 0.74
YRR R £ 0.91 0.62 0.37 0.66 0.81 0.32
Species richness index " 0.54 0.60 0.75 0.27 1.93 0.74
278 1.98 1.43 0.25 — 0.48 0.61
% 1.19 0.65 1.32 — 1.13 1.09

Pielou Y2 AR B E A A HEF - 575 (0. 77£0. 14) >& 7 (0. 70£0. 05) >Fk % (0. 61 £0. 18) > K F
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Fig.5 The results of CLUSTER in benthic algae community among the 6 stations in Sanya
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Appendix 1 Benthic algae species collected and seasonal distribution in Sanya

FIok Species R # H ﬁvk %
Temperature Spring Summer Autumn Winter
TE#ET] 3 Bl Cyanophyta 3 species
By 223 )8 —F Lyngbya sp. +
EYRZE Calothrix crustacea Thuret WT +
T EREE Oscillatoria articulata Gardn. WwT + + +
£1.317 67 F Rhodophyta 67 species
WA Liagora viscida (Forsk. ) C. Ag. ST + + +
R R —F Liagora sp. +
WP IR Liagora hainanensis Tseng et Li Tr +
W IR 3 Liagora boergesenii Yam. Tr +
ERG . Helminthocladia australis Harv. Tr + + +
22403 Yamadaella caenomyce (Decaisne) Abbott Tr + + +
AR Calaxaura fasciculata Kjellm. ST +
WHEMFLH B Galaxaura subfruticulosa ( Chou) ST ¥
HAHE 29 Scinaia japonica Setch ST + +
FEEELT B2 Rhodymenia intricata ( Okam. ) Okam. WwT +
G MEEE Chrysymenia wrightii (Harv. ) Yamada CT ¥
AT Champia parvula (C. Ag.) Harv. ST + +
Y3EWE Lomentaria hakodatensis Yendo WT n
BEARFTIEHE Lomentaria catenata Harv in Perry WT +
Ji L& Gracilaria textorii (Suring. ) De Teni WT +
SV Gracilaria arcuata Zan. Tr +
MEHIILE Gracilaria hainanensis C. F. Chang et B. M. Xia Tr +
TORVLE Gracilaria edulis (Gmelin) Silva Tr +
HFARITE Gracilaria blodgertii Harv. Tr +
Ji& BWe Carpopeltis affinis (Harv. ) Okam. WT "
A1 Polyopes polyideoides Okam. WT n "
HEVTBEIE—Fh Prionitis sp. + +
HICWRMAYE Grateloupia turutury Yamada WT + +
FA RN EE Grateloupia cornea ((Okam. ) ST "
TORBRWAYE Grateloupia livida (Harv. ) Yamada WT ¥ i
B Betaphycus gelatinae (Esp. ) Doty Tr ¥
M5 A= &3 Callophyllis adnata Okam. WT ¥
HE% Gloiopeltis furcata (P. et R.)J. Ag. WT " .
FEFMFS Gloiopeltis tenax (Turn. ) J. Ag. WT i
REFITP3E Hypnea cervicornis J. Ag. ST +
F U JE — T Chondrus sp. +
FXZE Choudrus ocellatus Holmes WT + + N
RIS Chodracanthus tenellus ( Harvey) Hommersand WT + +
LGB —Fl Ahnfeltiopsis sp. " +
WIE A% Amphiroa zonata Yendo WT + + + +
T i XLATHE Amphiroa dilatata Lamx. ST " + i
ST Amphiroa ephedraea Dec. WT +
X HJE—Fb Jania sp. + + ¥
M X Jania crassa Lamx. Tr + + +
T fA X Jania adhaerens Lamx. ST +
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FIk Species IR AEHE # ] @< %

Temperature Spring Summer Autumn Winter

MPE Calliarthron cheilosporioides Manza ST +
B Corallina officinalis Linnaeus ST +
JNIEISE Corallina pilulifera Post. et Rupr. ST +
WA 03 Lithophyllum kotschyanum Unger Tr + +
LKA BE Porolithon onkodes (Heydr. ) Penrose & Woelkerling Tr +
SPIM#E Alatocladia modesta ( Yendo) Johansen WT +
UL Prerocladiella capillacea ( Gmelin) Santelices et Hommersand ST +
BEAESE Gelidiella acerosa (Forssk. ) Felkm. et Hamel Tr + +
KA Gelidium pacificum Okam. ST +
FI1ESK Gelidium amansii (Lamx. ) Lamx. wT + +
MBA I Gelidium crinale (Trun. ) Lamx. ST +
INAAEZE Gelidium divaricatum Martens ST i
ELETRRESE Acrosorium uncinatum (J. Ag. ) Kylin WT +
LI Delesseria sanguinea (L. ) Lamx. WwWT +
PR3 Phycodrys fimbriata (De La Pyl. ex J. Ag.) Kylin ST +
M T535 )8 —Fh Laurencia sp. +
PARFKIUIEE Chondrophycus undulates (Yamada) Garbary et Harper ST + + +
[ 4E 4K M58 Chondrophycus paniculatus (C. Agardh) G. Furnari ST +
RUB K E# Chondria crassicaulis Harv. wT +
WH B8 —Fh Chondria sp. +
KRB Chondria tenuissima (Good. et Wood. ) C. Ag. WT +
LRI E W Symphyocladia marchantioides (Harv. ) Fkbg. WT + + + +
LY 243 Antithamnion defectum Kylin WT "
HAMIZE Ceramium japonicum Okam. WT + + +
FHENIZE Ceramium peniculatum Okam. WT +
WML Centroceras clavulatum (Ag. ) Mont. WT + +
R IR —Fh Ahnfeltia sp. +

#5317 31 F' Phaeophyta Ff
A Ecklonia kurome Okamura WT "
BT#E Sphacelaria subfusca S. et G. ST +
WY Turbinaria ornata (Turn. ) J. Ag. ST + +
2t SL R Sargassum hemiphyllum (Turn. ) Ag. WT + + +
FM DR EE Sargassum graminifolium (Jumn. ) J. Ag. WT + +
S TR Sargassum cristaefolium (C. Ag.) J. Ag. Tr + +
BRIC LR Sargassum herklotsii Setchell Tr +
JEN DL R #E Sargassum crassifolium J. Ag. Tr + + +
E# DM Sargassum megalocystum Tseng et Lu Tr +
TEn LB #EE Sargassum euryphyllum Tseng et Lu Tr +
LR S —Fh Sargassum sp. + +
¥ Sargassum horneri (Turn. ) Ag. WT +
TR R #E Sargassum vachellianum Grev. ST + +
WEHMN R Sargassum duplicatum J. Ag. Tr + + +
ENFEWTEEME Hincksia indica (Sonder) J. Tanaka WT +
MRERET S Ishige foliacea Okam. ST +
RSB Leathesia difformes (L.) Aresch. WT N
JELZk ¥ Dilophus okamurae Dawson ST +
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2 Species A ﬁ " B g
Temperature Spring Summer Autumn Winter

B Zonaria diesingiana J. Ag. Tr + +
W RIA PR 3 Padina boryana Thivy in Taylor Tr + +
K #E Padina crassa Yamada ST + + + +
AR A B ¥ Padina arborescens Holm. ST +
[ 5 )R —Fl Padina sp. + + + +
/NAFE#E Padina minor Yamada Tr + + +
W15 Dictyota dichotoma (Huds. ) Lamx. WwT +
FEMPIZLEE Dictyopteris latiuscula ( Okam. ) Okamura ST +
335 & —F Dictyopteris sp. +
A7 Petalonia fascia (0. F. Muellér) Kuntze wT +
EHIBE Chnoospora implexa (Hering) J. Ag. Tr + +
£ Colpomenia sinuosa ( Mertens ex Roth) Derb. et Sol. WT + + + +
WS Hydroclathrus clathratus (C. Agardh) Howe Tr + +

£#517] 29 ' Chlorophyta 29 species
N2 ECKIE#E Cladophora ohkuboana Holm. ST +
NI-E#)E—Fh Cladophora sp. +
FRALFEE —F Rhizoclonium sp. +
SAMEEHE Chaetomorpha aerea (Dillw. ) Kuetz. ST
i E#H Chaetomorpha antennina (Bory. ) Kuetz. Tr + + +
i E#JE—F Chaetomorpha sp. +
KIEFEEE Valonia macrophysa Kutz. Tr
VLT Valonia aegagropila C. Ag. ST + + +
WIEREE Dictyosphaeria cavernosa ( Forssk. ) Boerg. ST +
KM-AlIZE#E Halimeda macroloba Dec. Tr +
% #E Halimeda opuntia (Linn. ) Lam. Tr +
RIF R #E Caulerpa okamurae W. -v. Bosse Tr +
BORBRSE Caulerpa racemosa (Forssk. ) Web. v. Bos. Tr +
T HE Neomeris annulata Dickie Tr +
ek B —F Bornetella sp. +
BRI MERSE Bornetella sphaerica (Zan. ) Solms-Laubach Tr + + +
L Monostroma nitidum Wittr. WT + +
FaHENL Monostroma latissimum (Kiitz. ) Wittr. ST +
Ji#F & Enteromorpha compressa (L. ) Grevl. WT +
MiF s Enteromorpha intestinalis (L. ) Grev. CT +
W& Enteromorpha prolifera (Muell. ) J. Ag. WT +
SWFE Enteromorpha clathrata (Roth) Grev. WT +
Wiz Ulva conglobata Kjellm. WT + + +
f1 2 Ulva lactnca L. WwT + +
428 Ulothrix flacca (Dillw) Thur. WT + +
HURAHE Codium fragile (Sur. ) Hariot. WT
LA Codium intricatum Okam. Tr +
KW #E Codium cylindricum Holm. ST +
WNFEFIEE Bryopsis caespitosa Suhr. ST + +

% CT. ¥ A, Cold temperate species; WT: BE 4 #, Warm temperate species; ST: V. #i7 Ff, Sub-tropical species; Tr: #7
Tropical species

o PRI SRR T SO B B % AR RN 28 5 A ) LA R0 B BT BBV AR A k) IS (P B AR ) | & R oh
RGP A
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