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WE: L F 5T 2008 4 6 H i il E L& (Enteromorpha prolifera) FEE AT E IR, WAL
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WERWEE (Enteromorpha) GG, T
T2 AT S A AR X P RPRR A A MR A
ammET N MEANMUAEER P msm Y H
B 3B HE 2 AR T e g LR E By Tl
WERTEREET (Green tide) M FTEAKY —. &4
W R R S T RPN BB S 25k B
2008 6 H 7E 1 [H 13 b B i 12 R ) 2t
W & (Enteromorpha prolifera (Miiller)J. Ag.) & 4¢
# |7 (Chlorophyta) . f1 6%} (Ulvaceae) . 17 & J&
f— AL R A B R A AR, BER
BT, AR K AT LA S 1 m BLE T

H 17 i & B e 7 2 W TSR EA A
AT, o A R PR A B
BTFASE ) RBRFAR H EEEA BET DA 2
B EA KB R FEAS N e T
W AR DL R TR B A B0 R RS O IR R
RIS S5 A4 R 15 Eweih s ) i & 1w 9
S WFE IR DT B AT R B TN

AL LA 2008 4F B 2= [E i R R R
GRS TN G, T8 5050 S A NN B
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1 #MRETE

1.1 #RRIRESAE

WEFE MR AF DA My . BUalmnr &
FA R 8K B 7K R S BN e s KT R AR 1 7K
B IR, KR IRIE N 25 °C, SRR 60 pmol/ (m’s)
FEHERS R K 14 h/d.
1.2 #HmEEF

Bk A 58 R R R O & T AR
fl BN B 23 SR AR B, G BN K Pk S 1 B
0.3% M@ R ( LICEE YR ) 12 2 min
PLASER TR AN Y. H IRk e 6 U5 &
TEHAERFRWME R R BB EH 0.1
mol/L NaCO, 1 0.1 mol/L NaH,PO, [ /& [T K i
Ko BEFL&MSEFRELMMEAE, FR EF 9100 5
WRE TR T oh, A R KB TR A5 35 4 1
WFE R AR D) B K 2~3 om 1 A B R L EE, B
FREMER LR L
1.3 BNz

A Nikon 80i IF & W % % 5% Nikon Ti-U {5
BERMEES RN EF L XBEBR T RTF. R
1 Fr B DL R AR 4N i /Y A K R B IS O, 4 Nikon
DXMI1200F 15 i sl i8 2 it AT fg «
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REITH (863 1H4 ) TH (2006AA10Z414).
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1.4 PEBEFESFESHRE

W R BB I & B 71 1.5 mL 20
b, FTRA T 2.5% N BEE G, 4 CUKea R 1
12 he F 0.1 mol/L BEERZE M YE 3 X, IR 15
min, 2R J5 1% SRR C R =\ TREE 1 h A 4.
R & 5 50 3R 50%-70%+80%90% . 95%
() 2. B0 1 i /K & 15 min, 2805 AT BERR K 15
min. SR FF A TR A TR O, R A B AR R
AR A b WL B2 R T JEAT R . 4 FH KYKY-2800B
T4 T B A R

2 #R

2.1 BFHESS4E

FOLER IR 1 AT, AR T 4 AR B T 4
JE oy 24, R T3, TN 2 DM HERRE — e i 4
NBL T BT RERGA)S BL T IR AR IR, TR
T AN NIZ B, - Fr 82 AN T M M 52 HH L
HE. BREBENEE AT 2KAE, HAM B
W R & RO IR R Bk, R E IR HEE
(BRI 1~3) . AL FERARES 25K, BN 4~6
um, HEK: 4~8 pm (EIRRL 1~2) 5 HERL FERIA I 25
BN, HAR K 3~5 pum, HE B 4~8 um (BRI -3) .
WS AL TR AL R A RS TR RS T [ A
HHEEE (KRR 4).
22 MFHEE

WFRSAFRAMEX AR RARTE
TAEFR T3 U AN T AR e 12 5y, ik 2 A TR 11
BRTLA R 25 TR R 4 IR R, MERECR,
JEERH, BRAREE 73 BLAR A 6~10 pm, AL H 7
B ERER S (BRI - . AT LI
BICRH AR, B EL KB TREF T
R mE (BRI 2). MTlE4dELE,
o 4 B A T TR R (BRI -3) . BE
FHRARE R G, AR 5020 R BAR (R i
1 —4) . T & B TR GERE MR
23 HAMMEE

HWNAMEFRESR 3 AL, WS BRI H AL
IG5 57 B AR 40 M (5 22 70 R, 40 o kA I BE
Iy BRI 4. BEAARTE MO, A R A
REBKELTRENEBTE (BRI D, 559
Ji TR 46 02 Bk, o B AR Fe i B A Al i (AR -2) «
IR B, —Legn e T IF i vk, —Ledk
Grpn e RRA L (ERIRRIIL -3) . B 76 B L 40

A LR A 5y I B0 R B Y BUR A CELRR
[0 -4) o 4440 M1 B 2 AN 521> 40 B 1) 2 K O 4
(BRI 5), e R4 e (BRI 6), & #i 5 24
TEREA 2 N AR CBEIRRIIL 7)), 4k 4k
JEERER 4R (BRI -8) . BE&
B I TR] P S, 350 3 /AR AR 28 1) PR o Ak CEELRR
[ -9), ¥4 MMERE AT B CEIRIL -10), A
MR B BRI ANE
24 MRERFBEHEE

W E RR H Bt R i RE 300 BR i
AT AN & 8= B % = F K - A RN ENE P
MERE. PABEBNEHAH MBI T IS,
HH 7 PR 2 1T S B0 T B AR PR B, 43 A 7
TE AR AR FOrRAR CBEIRRIV 1o BENEAER
AR AR AE, BRI 52T 5 B A AR 1) — B S 2 T
TR, T ST PR AR ) — B R TE IR A (LR
IV 3). BIEEIEN—BREEEERERBEHR
(ERRIV -1.1V -3) , R G B #i K B TR B TE & 1E
FEEAR (ERIV 2.1V -4) .
3 itig

WGPEBE, EESE (Porphyra) ™ 1) Bryopsis) M
&, AR B A SN S, ORISR AR E Y A
REFMIR I —, BAMKEE 2 & R EHE 77 AR R
B EOREL B A . AFFRIL, M EA
AT LAE iR AL R ) AT, T A
A DL I mR AR R B DA R A A s 3R AR E T Xk
ITHEA. Ye 25 0 R L, S0 MK AV A B R
FI# (Bryopsis hypnoides) AN A LAJE i w44
B, T HL B K 4 R P 50 16 D A A Ty DA AT SR
RICEGH Ao W& 2 T BOR RIS 2 0 1) 3 22
Bk — R E S RO T R T R
GNP E Y 3 Vel & T NEY e i
EEMAM T, PRy — B R, LREAEK
(0B A DL R A A AL T A P S O P DA 97 5%
ZIRAMEH T AR ERE R EYER — N EE
PR % .

TR AR I R B e ™ DI R
B, 788 A4 B2 AT S ER I AR — i S R B B AR R 4
2, KGR B HCE A TE 2 1E A BaE (EIR
V). MR ERE, FERF R F AR E
TE BG4 B A RE 7 ARG 58, T 288 B 7 AR A R
BB &4 T AR SRR, M H
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AR RIB A RE DRSS . T b 25, Wr o AR 1Y
AR 2 7y W R B & 0 B BUE L )
PR A AL, AR BOR B S UL T A BEARSE
KETEHREM . EEFRET KB R A &
HO(E T 278 AR, 7R MK AR TR, Bk
B 7 A B AR B AT B L K KRBT o SR AT VA
AR EE R

W R I A S AR AR, T R
MREMGENE (E. linza) IR 7 HAT 244
FELHRE 7, TG T LA 2 5 & T2 BT A AK,
A DAZ TR A AR B TR M. AT
FUSH SRR B TR B R AR EL S
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Life history of Enteromorpha prolifera under laboratory conditions

YE Nai-hao, ZHANG Xiao-wen, MAO Yu-ze, ZHUANG Zhi-meng, Wang Qingyin
(Yellow Sea Fisheries Reseach Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: Green tide is one of the major environmental problems over the world. Ulva and Enteromorpha are two
of the best known marine green alga genera which responsible for widespread green tides. They widely distribute in
marine, freshwater and brackish environments throughout the world. Approximately 80 species are now included
in Enteromorpha genera, of which only 11 species are currently recognized in China. A large-scale Enteromorpha
prolifera-forming green tide broke out in the middle and south area of Yellow Sea in May,2008. Since the
present understandings of life history of Enteromorpha prolifera are insufficient, it is essential to investigate the
reproductive strategies contributing to its successful flourish. Samples of Enteromorpha prolifera were collected
from the middle and south area of Yellow Sea in June 2008, which formed green tide at the exact time. The
samples were cultivated in lab and the observation was conducted through microscopy (Nikon 80i) and scanning
electronic microscopy (KYKY-2800B) . The results show that male and female gametes releasing from gametangia
fused into zygotes and settled, then developed into new individuals. The released spores tended to aggregate and
formed cell masses before developing into new plants that bear rhizoids and thalli. During the senile period, some
of the somatic cells swelled and divided into two cells, and the newly-formed individuals could grow on the dead
matrix. The chopped segment of the thalli healed rapidly after the cut and showed apical-basal polarity during their
development: one side grew into rhizoids and another side into thalli. The two latter asexual reproduction modes
have not been reported up to now. [Journal of Fishery Sciences of China, 2008, 15 (5) : 853 859]

Key words: Enteromorpha prolifera; life history, gametes; spores; somatic cells; segments of thallus
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B ki 33t AR
BT #HERFRSFHEMAERRE
1.2, HAPIIREEENMERL T 3. A PIRMEBIOMEL T 4. WERNS T . HHIR =4 pm.

BRI WMERTEMEE
1. RN SR EE R T 2. T2 A i A s 3. B R RAR R A s 4. fF KB TR AR M4 . Hgl R = 20 pm.
Rd- AR Ts MHiR{E .

BT WEGHEBNEE
1. R R T TR T3 2. SRR AR iR 3. PIEFESET R 0k LRI PR AR 4. FE T BE0R LA R TE ORI M4 5. IETE
TEBIVRARE; 6. 7 FRHIRI R NL; 7. S0 RTLRE 2 A AR A1 8. 4 A EMRRAGAS 4 0. TR S 10 0 2 A0 A 1 10, TR
AL L HA R = 60 pm.

BRIV #WERERRIBE

1 R H FERGE AR RIRE & iR s B 2. KA AR BT BUBIR s 3. MR AR A B, —Im & 8 TR RO R, —im R
HBR,: 4. K AR E L 4 AA % (F A ER . B =100 pm.
DM ZET-EAK; Rd- AR Ts HARAE .

Plate | SEM microphotographes of gametes and zygote from Enteromorpha prolifera

1,2: female gamete with two flagella; 3. a male gamete with two flagella: 4. a settled zygote. Bar=4 pum.

Plate I Developmental process of sporophyte from Enteromorpha prolifera
1. Initially released spores; 2. spores developed into cell mass: 3. cell mass with a newly-developed thallus; 4. a new individual
thallus developed from spores. Bar=20 um.

Rd-rhizoid; Ts-thallus.

Plate [Il Development process of somatic cells of Enteromorpha prolifera
1. Sporangia developed from the somatic cells; 2. swelled somatic cells; 3. somatic cells attaching on the dead matrix; 4. newly-formed
individuals that are attaching on the dead matrix: 5. a somatic cell starting to prolongate: 6. a fissional somatic cell; 7. a two-cell

individual; 8. a four-cell individual: 9. a individual prolongating with both ends: 10. branched multicellular individuals. Bar= 60 pm.

Plate [V Regeneration process of segments from Enteromorpha prolifera
1. a newly-formed individual from a segment; 2. a rhizoid developed from the callus-like tissue: 3. segments bearing apical-basal
polarity in the development, with one side developing into thalli and another into rhizoid; 4. fixation-functional rhizoids developed
from the callus-like tissue. Bar=100 um.

DM-dead matrix; Rd-rhizoid; Ts-thallus.
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Plate | SEM microphotographes of gamete and zygote from Enteromorpha prolifera

BRI #wWERTFENERE

Plate [ Developmental process of sporophyte from Enteromorpha prolifera
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BRIV FERERREBE

Plate [V Regeneration process of segments from Enteromorpha prolifera
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