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RE o 199144505 5 5 i K S 2 5 R A 38 1 0 1 K o B B A 3 v vk AE S R B B AR
8, HEEEREE(9.5, S9W /m?) ((EERE N 95, 190, 380, 760, 1520 J /m?) f1 & 3£k
(N. PYWREET, #EAT8MEMEURERBIR. SREN, FIMEATURBARER. #
KAFET. ABTEAH QKM T, AR ESMEF(95] /m”) ghARMAEH 28 5 77 15 R A A K &
KIETHE. MG, BERSAEREN BAFEEEMERKRRETHE HTHIBEHR
Z. TEMEFLMEHOIERES RN BRI A R, HERBMEBERMT I
FROOBERE, R T A TS U T O S M ST R R . B TR BE XS I 8
ShEESTRUBMER I 10 B, T H SR ERA R NER.

XEEA  HE FsMES BETHmLRE £ AS

FSE WL KR MR R, ' —-FERKAEMEREM. Kk, Tt
R L AFE, CEFREAE TAEERNEA2E, —E—RAMBIERE -1
#uri(Anderson, 1980). {H H Fifif o X T SMBH XA SBY KB 5THE. FH5TR
BTEARFDEH, BAREMEFRERESERMNT, FIMEHHERE KRN0,
IR B R A AR BTH SR B R SME S B2, I EBAF A Y A T 6 L .
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I 7 1L K 3 ( Alexandrium tamarense) % 1991 iﬁé}‘,‘éﬁ" T o R I S Vi R i A
RNk, BM4eS O DBATOl. BERMIEREM: BEA20I1T, HEH3— 33,
BN 50001, M LD=12:12. BFRMEFEZREKB AR N3 F: (1%
RS AR SR B S I BEAR B SR WO P RS 3 K B Y sk, 21 Guillard 25
(1962) f B 77 e ) 1M LA I & £ /2 9 K ¥ 57 2 (NaNO,, 75mg /Li NaH,PO, - H)0,
Smg /L), ANEFEREER. (2) ALK SRALKRAREFBROVRZH(S “48'N, 118°E, XK
TR 1 500m) ¥ K Bl B e € /2, {EAE N NaNOy NaNO; i meE /2 —F
RIEFRR, R N /2. (3B GBS A B B SRR i i) v S B A SR iR A )

TEFXARPEEEYBITA, 9380085, FWE, B, HAET9BELH, HHE.
WRIHR: 19944 H3E, B2aM: 194104 144,
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{EAEN NaH PO, - H,05 NaH,PO, - H,O #MInEAINE { /2 —FHUEFRI. FFAP /2
1.2 BHMEGT b RE

WAL T X RO E B B R R (R A DL LTRSS S — 6d R ), Z5E MM R
Ja, FEA4x6 HIEFR ERIS/NMLPRA LSml 208, AL 41l HC 10 — 20cell,
KR IR R BT HSMDEEIE T 7 20 com( SR 4T58R B 9-5W /m? ) 5 30 om AbCHRA SR N
5OW /m®) BEATIRSALER. BEFRBOLAE 6 —HEXHE, SHHESTALRR; BHN—NE
H, BAF 4T EES—HE, PREBITEHR, JEREREIMES LN R
Ho MRS EIERE N ENERENARTAR, L& L

R 1 AEFEEIIIRHER TR TR SR E

Tab.1 UV radiative doses and time under differrent radiative distances

BN AT (s)

(J /m?) 20 cm 30cm

0 0 0

95 10 16

190 20 32

380 40 64

760 80 128

1 520 160 256

1.3 sEgnkit

1.3.1 Jemgsim A0 /2 mERK, KWELSEE N 20 com MEIMCRESIESR,
FTRERE L SESCIOR LRI B FIRE R 2021 °C . SRR N 2 800 Ix 444 FifkT24h
BEECIRAE, REFERABA D L=12 12 &M TFHREREFR; BLBMETSE
WS IR 2 64T 24h S BHEALIE, SRIGTESERRMIA L D=12: 12 Fakseitst.
1.3.2 ESRESR MR /2 MERK, SR EI RSB 514 20 cm
30em( % 1. WG, wEIE FHEER20E1T ., SEME X 28001x. AEHHA
L: D=12: 12 &M F 17534, :

1.3.3 & Bl MABRAMN /20 BEERP /28 /2 857, £ 20 cm 1545
RS RSE, SCBIHITRESE, BERAMECL 327,

1.4 S %EE

B BT R RO S 8 R AL i 80k (Stein,  1973) %5 3% 3 40 A0 I 5 40 i ( 4
5 R BEEFLR FAME S IH) A FHE. ERESE T X, SFEEAFE4MER %
TIET4iMush, HAMECESR, HMEITFHRSE W Be HiIse TiRha
. M, LBAE T REHK.

FESRATALER S RO5E 4 — S K, TRAMEEENATIRE, A4 SCRIFETSE R A KR HR
PUSE S R HE. BT AILAEGBHARBARME, FEEREUHMNFERER B
e B X B 1P I AR08 RAE R 100%, SR H AR Sham s L bR R4 S0 i AR 1L
BIAEXT I Sh A PR, SRS LA AE IS 2. AR S A0 B 24 R LI 256 0
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Sh 4 B DA A B 400 R
BT HEBRFE—EHTE T & LRAPHFEERINARMEMN, 43 FSLR AR
AHEEE &AM T B EE RN ZR LU ER T YER B, SRHEFE—E
BT LRAMMARLEEZHZ W FHFERERHIMET KD LE2). G
N Co o BRI S KIS, T4 KR K bl Stein (1973) g R FK5:
_In(c/C)
5 .

2 #R
2.1 HIMIE SRBIER

S BIMRE T 20 AN bF XA K AR IE F 4E RN 20 N 22im bt abs(380) /m?) H7EXEE
928001k, JEEAHHL: D=12: 12, {BFH 2011 T WEG T IEHIEHR 48h 5 K58
WM. ZRBAEFMARNTEHKER Bum, 3 12um, KR 1.08: I B
AR E R 20um. FE 16um, KFEH A 1.25: IIW%TFEMP<MM,%%
BN ST S SR B L KA T S R R B,

HAEZESE, AR HREERE, HITRR. TURMBEE—fE1— 2d
NiXBIEK. HERSTURABRY SREENGES. EHIAEIHE. —BRELT,
RS HE 4 — 5 KIUSAREELARRE. XWBoUUEH R REERE G sh et
71, FHFEE 10 RERFFHRDE.

2.2 SEEFLEHEER

GEREW, AEIMREFEMNN O EFAZE 95T /m’ B, ﬁF*ﬁ%$ﬂﬁﬁ$ﬂ%
BFRET 43.7% 1 39.3%. M5, HENENMK, WLRMFERMBUE TR, HT
BEAHDBREBRE(E D). Nt BEETHEERMENTBERE, WEZE
HEABER. M RHAPESLBOEER L ESE BN & T 30.5%(%£2), XERAK
MR X R M AL K S E TR R . HARAEM 95 2 380) /m’ B, b, LR
ZEFFE RN EE R X RN, RAYERABSETAKT 760 /m” i, A Hxt
MAM®(E 2. MEER—H b B K RERREE 555 E 898 hin m AR
(AD. Fiy, HEFRORFHEOFRER BEHE. EERHEMNE, LERY
ARKREAD S TR, e R EEE EERSHENEImmGT A K
B XU, BEREZIMENGESLR TR KN E A KA IEE B

A RER BRI 2.
2.3 EEPRESRAR

BATIRE LB AATE R AN ER S EELR A RBAE, ERMREA NS
RZBIMEREEBHSNEHE MGG BT 2HB(E2). AEFSHNEDNTHRS
T 400) /m’ B, FEZEEHNE/D, HESHNBRTRET 760) /m’ 6, BHRE
R (30cm: 5.9W /m*) )34 77 15 R LU 3R 5 5R E B (20cm: 9.5W /m’) 7RG R B 8
e ME2HAR20TLAE N, WAEHREZMNEGERMERRNEEEERENE
MMMy KYEaESHE. XEERNE: —RERHHNEMEFERR. BHRER
K, HEEBHAERKZNEB/D, BIELAMTZHGERR ERhBgEs, —REY
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Tab.2 Relative differences of averaged survival rates between both different conditions in each

experiment under different UV radiative doses (calculating method: see 1.4)

LB Do F O BAFEEOE E (%

(J /m?) FLEE > mpr 30cm >20cm N /2>8% P /2> gk

0 30.5 10.7 4.1 34.0

95 21.5 14.7 25.9 323

190 23.5 22.2 18.6 11.2

380 14.7 23.6 35.6 20.9

760 48.4 31.9 4.5 20.3

1520 52.2 73.7 66.2 58.1
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Fig.1 Relationship between UV radiative doses and

averaged survival and growth rates of the Alexandrium

tamarense in light dark experiment
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24 R BELRER

— R UL, BB SE I T A T RN AR A AR R E B R L 9 K BOM )
(B L & 3a, b), [ERGHHEN 0FS] /m’ i, 7715 HE T FEIEZE HOLRE SR /D
L, HAsesll ) TR R A 25.2% — 25.9%. KRR, SA. SREECKRAR T
FIERPBELN /2, P /285, HAPUL 190) /m’ Bt 2y B3, MERBEE P
HETEREW P (2107 19.3% (& 3b). {H7E 15200 /m* B, BRAL BRBEAMT RS
ML N /2, P/2&MTHE. ERHAENT 15200 /m* i, BEA. GBS N /2,
P /2 Z 8370 R AR 22 5 #0008 X BRAR B/, {EL 15200 /m? el iy 290 L of BB 41
MR 2) . HARBRBER P /2 Z [H7F {6 SR B X Z(E1E 760 A1 1520] /m?* i 53 51 4
20:3% 1 58.1%, B RIFEAFIFE R ZEMEL 3 HZ 5.

ALK, BRER N /2 2 [a8F B R RN Z IR REE R 5157 B T K i % b
BB 3c). BAERELE P, BRTRAIHER 15205 /m® WIS, BRBEFIP /2 Z ]
P32 R AR E(E 3d).
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Fig.3 Relationship between UV radiative doses and averaged survival and growth rates of the Alexandrium
tamarense in the lack of nitrogen to the half nitrogen concentration (a, c), and the lack of phosphorus to

the half phosphorus concentration (b, d) experiments

3 FAig5ite

AW TG R R PRI 1L R ER 2 SR S ECBBUR A AR R BEN B #Y 5 4h
BHBEIBHAERNEE TR, BT MBER, ELZEIMEHFEHETHILX
BB UMARK RN (D)W E AR REGE, (2) AESIREI K. R
AEFE KRG Wrsh; (3)FeRWrshBE S, VIT /KR, XSELNMER A 2k 2 W 3h A A A
93, F4r WA RERE TEEIRES); (DYTTFKIE, FET=. Dohler (1984) 1A% % 5MESTH DNA
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A R R A A T E R . 4, FERMNEAEM, JURSCHERE
FHAE 11 0 40 R R S AR R SN ‘

R, BT MBREA. SR RAAERBHAD LR MN /2, P /2K
FAIGRAR. XU, JEMMA. BEX T XA E R MBS RN EER. X
FEBRA TR EB— RN RS, THZMUH. APIREREHAN - EEH
BE, FSERENFDEMERSACOTERNEREEA . T EENH BT8R &
SMBST I RAIGIIRE . TERIRTIE 15207 /m’ B, JEHE. N /2, P /2 KR T
SRS B BRE. BRBFSCR AR RN E0ETIZ R TN RAM, B30
BEHH T XA, BFERRER, AR Z 0 /D T X AR IR? RATME, Xf
RARBRAMEA LSRN E, SERMEERENEFRIEI AR REL X AR E
SEFEAE B R SR . (HAS WA AEE NN, FEZAMRATEER, ot
MM B R W L B0 SR ER T RETC IR L B AR R A= A AR RO AR BEAE Y, TIAETE R
BOUR USRI B S MR R HER) . [RIRS i T ARG BAR ST, SETH0 3%
REFEGEN MR D, MBGHARES, B ESNE X AR S A B
HEWE R85 B R AR R 52 24 FTRER T UM B SR BB E I = R R
i)

RABEE MM EEERY R, BEL(1997) " #1 Anderson (1980) IHF 5% i 5L »
BRE(R)BRZEFAEDSTH L KELRARNEERM. b, NEFRLBREA,
B LKA AT S SRS KA TEES S X . FERLER
MHRHAE, BRASKHFTHTEEFERILN 2K 4.1%, IEMRE4ALBPEER
KH(FE2). X, EHEEERENRE SEEMRMEKERIEES, B8
PEREAR. ERRSFIER, BASBEBRAETHFAERABRT N /258 P /2 2B THF
WERNIEE, TTRERERASBBNAMT, EARMAEBEERSmEREFIEER
. MMHESE T4 AT /MBI TG R, BB N /28 P /2 X4 TFHEH
J o} 58 A1 S S WT BB A B R TR R B BB A T A SR M. B R AR R 3
., XMFEES ML RN B BRI BB R EE Y. hik, FEERF
BRI, EfFERZENERGTHE/D, £2EERIRELGEFER WIEHE
NP dachris

MIAT W, b FARAEKBHARMME, BIRRE. SANSEEERN A2 B8R A
HER, WolEEBIEM N R RN BN ER. XU RS H AW
41 f BT BB 58 SR SRR B, AN B S 1) 40 G U BT BE T K AR S B BRI AT
No AR SCEA AR THREBAEK AR, K2 209 F0 B B 40 iy &5 L
BN EE. A, HEEHANEMN 0 AR 95 /m’ b, MAERM KBTI MEH
MBSt e, BT RIRAMB AR S HEI TR, ISR TRERERE2
%, BABNAEE T B AT A ARG Rt & W&, (H3X % 40
Jf AR B 2 R A RSN R ST U E R A TR TEE, MRS IR AR

D &%, 1997, AHRET RS TR LA RRAETIE, B SWIE.CHT).
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SR G B X R AN M A MR ST BURME R M R R B B, BRI B B XUE R
B0, AT SR BE AN B 0 R B R O st vT RE B KRR R SR AR A R .
B, KR REEZHIRERT S B0 L IMES R IR EY, RS A
AT e A BRI A B ( Dohler, 1984; Karentz et al., 1990; Sivalingam et al.,
1990), #n Smith 2£(1992) A%, BERKBMRRA =N ELH 6% — 12% K K2 h
BIMNESEIRM.
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THE ECOLOGICAL EFFECTS OF UV RADIATION ON A
TOXIC DINOFLAGELLATE ALEXANDRIUM TAMARENSE

Qi Yuzao, Huang Changjiang, Ying Zhehong, Qian Feng
Unstitute of Hydrobiology, Jinan University, Guangzhou 510632)

Abstract A toxic dinoflagellate Alexandrium tamarense collected in 1991, from
Dapeng Bay in the South China Sea was studied to assess its sensitiveness to different
UV radiative doses (0, 95, 190, 380, 760 and 1520 J /m? under four different pairs
of culture conditions, i. e., continuing light for 24h to continuing dark for 24h, differ-
ent UV radiative intensities of 5.9W /m? and 9.5W /m’, lack of nitrogen to half nitro-
gen concentration (6.17mg /L) and lack of phosphorus to half phosphorus
concentration (646ug /L).

The results showed that UV radiation changed the cell morphology, increased the
cell size and even killed them. The averaged length and width of the distorted cells
were 1.54 and 1.33 times more than the normal cells. Under all four experiments, a
low dose of UV (95J /m*) decreased greatly the survival and growth rates of A. tam
arense. Although the survival and growth rates continued to decline as UV dose in-
creased, the decrease rate bacame smaller and smaller. Light radiation and full supply
of nutrients seemed to be good for the recuperation of the population exposed to UV
radiation. However, the population pre—cultured under lack of nutrients (N or P) be-
came insensitive to UV radiation probably due to the declined physiological activity.
Higher UV doses significantly reduced the survival and growth rates, and effects were
doubled with the increase of UV dose.

Key words  Dinoflagellate UV radiation  Alexandrium tamarense  Physiology
Ecology



