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Abstract; Zhelin bay is characterized by intensive aquaculture along the coast of Southeast China, where approximately half
of the water area are occupied by either cultured oysters or caged-fish farms. As one of the most important bays for large-
scale mariculture in Guangdong Province, aquaculture production in Zhelin Bay has made significant contributions to the
local economy. However, development of intensified caged-fish farms during the last decade has accelerated eutrophication
process of the bay, and massive fish kills due to harmful algal blooms such as Phaeocystis pouchetii were reported in 1997
and 1999. Diatom blooms such as Skeletonema costatum and Thalassiosira diporocyclus have also been reported in recent
years. Since May 2000, our research group has initiated an ecological investigation around Zhelin Bay, where samples were
collected monthly or quarterly for analysis of phytoplankton, zooplankton, microorganism, water temperature, salinity,
nutrients and other environmental parameters. In the present study, we described the seasonal dynamics of Rhizosolenia
community in 9 sampling stations from May 2004 to February 2005.

Samples were collected at high tide ( £1.5 h) quarterly during the investigation. For quantitative phytoplankton
analysis, one liter of water samples were collected with 5-L. HQM-1 sampling bottles 0. 5 m under the surface and 0.5 m

above the bottom at each station. Immediately after sampling, the samples were fixed with Lugol’s iodine solution with a
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final concentration of 15%¢ and then transferred to graduated glass cylinders and concentrated to 30 — 100 ml gradually
through sedimentation for a period of 3 days. Species identification and density counting was performed with inverted
microscope ( Zeiss Axiovert25, magnification 400 x ) using a 1-ml Sedgewick-Rafte counting frame, and a minimum of 400
cells were counted for each sample. Water temperature, salinity, turbidity, pH value, dissolved oxygen (DO) and water
depth were determined in situ with a portable water quality meter ( YSI6600-02, USA). Additional water samples (250-
ml) were collected ( filtered in situ) for nutrient and chlorophyll a analysis, and they were measured with an injection water
quality analyzer (SKALAR, Netherlands) and a spectrophotometer (UV-2501PC, Japan) , respectively.

A total of 72 phytoplankton samples were collected in the present study, and among which Rhizosolenia was found to be
present in 64 samples, with total 16 Rhizosolenia species; R. delicatula, R. fragilissima, R. setigera, R. styliformis var.
latissima were the species appeared in Zhelin bay all year round. The community density ranged from 0 to 25. 8 x 10”cells/
dm’ and an overall average of 5.04 x 10°cells/dm’ , contributing 4. 1% to total phytoplankton density.

Spatially , Rhizosolenia species abundance ranged from 4 to 14, and the density ranged from 2. 18 —11.02 x 10’ cells/
dm’, both were characterized by a typical increasing pattern with the lowest located inner and highest located outer of the
bay. Temporally, Rhizosolenia species abundance ranged from 6 to 15, and the density ranged from 0. 09 —9. 51 x 10
cells/dm’ , both were characterized by a typical annual pattern with the lowest in cold seasons and highest in warm seasons.

In total, Zhelin Bay had high Rhizosolenia species abundance and mid-level community density. Qur analysis indicated
that water temperature was the key factor affecting seasonally the species richness and community density of Rhizosolenia in
Zhelin bay, and the light. interspecific competition and structure of zooplankion community were important factors

controlling its spatial and temporal distributions.
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& P} (Rhizosoleniaceae ) , HiE /& ( Rhizosolenia) "' . ZJ& KERREBEMHAF B % AR HFEESE,

HTREE-HUREI N RLHFEL, HIRGELRA BRI ENIIMIRAERN ZER, PREEBR
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Table 1 Taxa composition and seasonal distribution of Rhizosolenia in Zhelin Bay

5 BF Density( cells/dm® )

Mo Spci 5% % HE [Es

Spring Summer Autumn Winter
1 EREEW(BR)R data f. genuine Gran 172 17 0 6
2 BREWAMERI R alata f. gracillima (Cleve) Grunow 17 6 0 0
3 BEREEONEBAI R alata f. indica (Peragallo) Ostenfeld 11 6 0 0
4 {HIRMRE B, R. bergonii Peragallo 6 0 6 0
5 FEWRAR S PE R. calcar-awis Schultze 33 0 0 0
6 BRI E B R. crassispina Schroder 694 6 22 0
7 B EFE R cylindrus Cleve 17 0 0 0
8 EBEHREW R delicatula Cleve 339 861 89 6
9 WS R fragilissima Bergon 2633 5722 850 22
10 BB S R. imbricate f. imbricate Brightwell 72 217 22 0
1 f Emffa% éfif %Z‘:Lbsolei (Cleve) Schrisder 106 8 3 0
12 ¥ARE B R robusta Norman 0 6 6 6
13 WIEAREFE R. setigera Brightwell 506 406 367 17
14 ARG R, sinensis Qian 328 528 244 0
15 Hr4ER S8, R. stolterfothii Peragallo 3283 1533 161 0
16 RGP R styliformis var. latissima Brightwell 428 172 122 33

2.2 WEEMEFEBENRE2MH

4 MR EEMNL LSRRG N LENEAEE N4 ~14 7, BMEN 16 . REELFEEEEN
BREHRESEES B, ZAEEN 3 ~ 1287, BMER 15 F(E2) . HR KK AEZES A4 13 (2 ~
11 ) FiEkZE 11 B9 11 7/ (3 ~8 Fp) , BANAZFE2 ArE96 ##(0 ~3 F) . Het, BME SRS EMZER
2.5 1%,

TS b AR A SRR B B K B R B O E I S S8 uhifz, O 14 F, HIKE B A
SO FHPGME 1 By S5, 3474 13 F , BARME FIRARAE 2 5 i BRAE B X iy S1(4 ) A =F 189 S2(6 )
(BE2), BRAZFE2 AR EEMNETE SRS AME D IS N R .08 S4, 5/ME H I7E H e f R M)
B S6 1 S7 40, HEEVWIREEMAFEEENEAEN HEEIMIE AL, R/MEH HREE NN
S1 8% 2, BAMNE , NEREEMLEEEEI B LN M EIMEES T
2.3 WEEREEENNESMmN

VEIEE SH ) R AP SRR RV 55 B 11403l (o SR B A AL TE BT 0 ~25. 8 x 10 cells/dm’ , 33J{E % 5. 04 x 10° cells/dm’,
REBEFEANENSRSEREESS A4, B EE N 1.15 ~25.8 x10°cells/dm’, H#{H 4 9. 51 x
10°cells/dm’ (B 3) , HWK KK AESES5 HY8.64 x10°cells/dm* (2.1 ~15. 55 x 10°cells/dm’ ) F1 k2 11 J
#3849 1.92 x10°cells/dm* (0. 95 ~3.35 x 10°cells/dm’ ) , B K H &2 2 A4 0. 09 x 10°cells/dm* (0 ~0.2 x
10°cells/dm’ ) , FH , A TR/MEAZ 105.7 £F,

FEZS A3 An b B R 2 B AT AR B SRS B A B K (Lt BRAE TS A1 SO 35437, O 11. 02 x 10%cells/dm”,
HWR MY S8, 4 9.59 x 10°cells/dm’ , B ARAE A ARAE 4351 tH BUAE 2 KT A9 S1(2. 18 x 10° cells/dm’ ) 71
EH=ETIH S2(2.45 x10°cells/dm’) (B 3) , ZEHERRBREY, BEEEEE MR KA H BB
S9, Ex/MEZT B BRAE AR S3 M ST, MK EN R REHREBHN =811 2, &/ MEBREF RE DK
S6; X FEHBEFELAMEAERABHIHER. BEME , MREREEMHEEERHBHMEINE
R,
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Fig.3 Distribution of Rhizosolenia density at each station
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Fig.2 Distribution of Rhizosolenia taxa abundance at each station
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Fig.4 The relationship between Rhizosolenia density and water temperature ,salinity
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U Bt 2B, REJLE TR AR S SR B RIS P S BN 6.5% , B TR Ak
BRAESR, MEEFEBENTE SRS ,20 e 80 K LK, BRI REBENA XRBEEN A
TEEMA 25 W(F BB NR2) . 7EXNHE P, ICRAREEEESMHBPNAE 15 K, 41 G E
H2 ~15 B, B RAERAR T AR RS AR B B SR 280 e A IR BV o B I U 3 Ik, ¥I{H K 0. 05
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HFERA (1) REEAEZE GRS, WA T L8 X, RS SEKN KR FBE N 23.45C, Baars
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Fig.5 The relationship between Rhizosolenia density and nutrients Fe
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Mal, 7K T BR BRI, Y58 B B A A TR B B = 0.5090 n=26 p< 00l
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REFHE; Q) RERERMEFREXHHEEER £2
16, MR AT AR BT — SR I R P K TR IR AP 2 (I B 2 150 -
TR AR SR UF LR RE 5 27, 99% P BB AE B2 | o
( Shkeletonema costatum ) ) 225 1) 36 VR BT 35 gé Lo e
G, CHRERY, PIEREMREE SFEKREK 3010 // -
EBRIEA R o bk o i 0 LA 24 70 of = 1" o
ke BB ETAUERAL 20 ke , KU M M BT S 0 0 0 o0 12000
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Tk, oA AR B R B FTE B 3 LR IR 32 4
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Fig.6 The relationship between Rhizosolenia density and abundance

REHIREY, EERERREEAEEZRE 7 A RS AR IR E R £, UH B LK
REBFGHEAETES, Trigueros %™ WP KB, TP Urdaibai 1] B IR WA 4 57, EEMAR
WEHREBE(R. fragilissima) FIFEE B 1.2 x 10°cells/dm’ , 5 RESEREUR B AIIERAY 77.0% . | MBBBEUYEAS
FEH .55 2003 SEEFR AN BARGHR(R. setigera) TR R X 2. 65 x 10° cells/dm’ , 5 PR S 4IIEH
99.8% ", FRAKEETARE SRVE TN 8. 64 x 107 cells/dm’ , ol FRIPHA A B AHHY 4. 6% , B A E 43
RS BV R AR E EHAEERRNE S, HYE B SCAAPICRMERT, MAEESMAEHE
( Chaetoceros ) TETEIF A Y B AR B T G B 4 N 42. 0% , B 458 ( Skeletonema) 5 27. 1% , 32 T8 ( Nitzschia ) 5
6.5% , BB FHIFE SR IR E EHOEE HAR AR E AR S TR 4R 4AL .
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Table 2 Comparison of Rhizosolenia between Zhelin Bay and other waters
Densil
o RERE W e S ST
Region Sampling time Taxa Species colls/dm?) References
BAREREAE(PE)
The adjacent area of the Huanghai 1987-05 — 06 R P, Rhizosolenia 15 [8]
Sea and East China Sea
W EE
R. stolterfothii 0. 154
I EA B o165
R setigera ’
e L HE S (BRI ) RERE
Port Phillip Bay ( Australia) 1987-09 —12 Rhizosolenia 3 (9]
EIEs(PE) RERE
Xiamen Western Harbor ( China) 1990-02 =11 Rhizosolenia 0.007 [17]
HLE(HE) RERE
Xunjiang Bay (China) 1990-02 =11 Rhizosolenia 0.078 [17]
R B (PHE) RERE
Water around Dadeng Island ( China) 1990-02 —11 Rhizosolenia 0.065 [17]
PEEE RERE
South China Sea 1994 Rhizosolenia 5 [2]
T ) 5 v RERE
Water around Canary Island 1996 Rhizosolenia 6 [18]
BEMEB(HE) 1997-06 —09 REE 6 [3]
Jiaozhou Bay ( China) 1998-04 — 09 Rhizosolenia
RERE
2001-08 Rhimosodonia 2 (5]
RERE
2003-01 —12 Rhizosolenia 9 [19]
RERE
2003-06 sl 3 [20]
Urdaibai i 0 (FHHEF) RE B
The Urdaibai Estuary (Spain) 1997-02 —1998-01 Rhizosolenia 7 [21]
BEARE
1997-04 R fragilissima 1200
KILA(HE) RERE
Changjiang Estuary ( China) 1997-11 —2000-03 Rhizosolenia 8 [22]
HEE(PE) RERE
The Coasts of Shenzhen ( China) 1998-11 Rhizosolenia 8 [23]
Hig(HE) R
The Yellow Sea ( China) 1998-05 —06 Rhizosolenia 3 [24]
PP R R A TE X RERE
The Western and Central Equatorial Pacific 1998-12 —1999-01 Rhizosolenia 6 [25]
EEPERBEAR (P E) s
The Central Bohai Sea and its 1999-04 — 05 i i 6 [26]
) Rhizosolenia
adjacent waters
IEA B 0.05
R setigera ’
BILHFHEX(PHE) W EE
Mariculture area of Zhanjiang ( China) Summer of 2000 R. stolterfothii 1.0 [27]
FEMNB(HE) W EE
Laizhou Bay ( China) 2001-03 R. stolterfothii 15.8 [28]
I EA B .
R setigera ’
2001-06 e B oK 25.72

R stolterfothii
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gk
Densi
15, SRAER T # S %fdﬁw L%t
Region Sampling time Taxa Species 3 References
cells/dm’ )
2001-10 ARER 1.8
R adlata
WrERAES .
R. stolterfothii ’
FERER
2001-12 R delicatula 116
WrERAS »
R. stolterfothii :
AIE A 0.5
R setigera ’
FERER
2002-01 R delicanla 3.8
SrER Lo
R. stolterfothii ’
=EEB(HE) R
Sandu Bay (China) 2002-03 —2003-10 Rhizosolenia 10 [29]
BYRBAS(FE) _ NI B
Nansha Longxue Island ( China) 2003-03 —04 R. setigera 2650000 [10]
AR (PE) R 8. 64 F:y'a
Zhelin Bay ( China) 2004-05 Rhizosolenia 15 (2.1~15.55) This paper
e 9.51
2004-08 Rhizosolenia 13 (1.15 ~25.8)
e 1.92
2004-11 Rhizosolenia 1 (0.95 ~3.35)
e 0.09
2005-02 Rhizosolenia 6 (0~0.2)
_ e 5.04
2004-05 —2005-02 Rhizosolenia 16 (0 ~25.8)

PRI RE AR R AP A R B AN R T B AR BT, 58 R 2R o R AR i A
BB MR SRR E B I 0 B SR RAE S BB B AR B UL R A R TR A A
LB (E5) » XMIREBIEFE SERRESRN EATENERRRNAETENREREKEMR, B4
B, MM B E RO A ERRR, Tk i B R S H RS, R RHRHES 5 R MBOK ™ I — 15
Yo U KRB AL EER B,

REBEMRERRMEFEROETELER BF, ERARESYRMMBEETRARIE, XFHE 2N
AT E SRE R RES A " RERERE S E SR XL R ERAFHIES (E
4) o BAh BB KER KT 20pum, BT /DR FHFAHY) (Micro-phytoplankton ) , M AR Bl S v
St/ ML 81,93, 9% Mk B AR AAAMAR B AR/ T 0.8 mm BN B, ZE BRI
Yre iR R 2T, X I8 /NEY TR i 3l ) b R 13 28U % U7 1 ) ( Pico-phytoplankton ) 113 B4 ¥ i 111 4] ( Nano-
phytoplankton ) ( il4n b B 4% 38) BB & FE ) R T/ INRL PRI (B ANARAS 8 ) RO SRR A T Y
B IEEZR RN RSP A BN T Spm MMM YN BRR EH RARER KT 8pm KH
&1 Bk, AR RIS X IR E R AR AR, SRS M SRS i R B IEH AR R
WA TX— R (B 6),

LZLnd, E—A B BRI B R R M, KR 6 R R R 3 G AR s WD R R ST AR AR
ERMAFEENHEEENEHTRLERBSBRENREY Y BRI T ERBRESREE R EH
HdEtE, R B RNEBCA RS R A REERERIC R, BRI F s Y+ 8 T MR s
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