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ABSTRACT During late April to early June, 2009, free-floating green algae broke out in
some inner bays of Qingdao. We investigated the coastal areas with green algae and found that
the estimated biomass of Ulva blooms in Qingdao Bay reached 138 t at its peak time. Through
morphological and microscopic examinations, the green algae samples were preliminarily inden-
tified as Ulva linza , though they possessed wider and longer thalli and thickened cell walls
compared to the immobilized Ulva linza. PCR amplification and phylogenetic analysis of the
185-28S rDNA internal transcribed spacer (ITS) and 5S rDNA spacer region (5SS) of the {ree-
floating samples confirmed that the free-floating algae was Ulva linza. Morphological changes

could help free-floating Ulva linza adapt to the new drifting life. This is the first time that the
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Ulva linza blooms in inner bays of Qingdao was reported.
KEY WORDS Ulva linza Algae blooms Morphological structure

Microscopic structure Molecular identification

£ (Green tides) %% 3] (Chlorophyta) K BRI MG B R K MG 5E , KB ERHRE K P EFRERE
NS BT HMRAEREN—FRAESTEERSE. B 20 e 70 FRWEEAFE R E T IRIRE LK, &
R A 0 B B BRI VR g 3 L AR P R L AR TE AR B I T 1 DA SR ORI W4 (= B ROt AP IS T BRIR
8. BEIE R A FE R AZEH Ulvales MNIE£# H Cladophorales (3 2, i 1 288 Ulva BHF
% (Morand et al. 2005),

2007 FLURBEERBTE TR EERRKLUWE Ulva prolifera 3 ERBRMBEGHE, HAEYELE T
T g EEE R T AP AR, WESE —RES A LAFHE BT RO LI s i, 5
ERGFEHREA TR RERBRAEYE, E6 A THRRRMFHERHHOE SR, B . LK
L EMEUERY AR EESE (Suneral.  2008), {H 2009 4F 4 A TA~6 A L AEFEGEKIEZH], &
I E AR B H BRI S R KAk R AR it R TR TR SRR R PR B B4, TRV IR vl FRUR R T e M AR L
WRAEER T ZW, EHLHAET RAEET DIFENZWSE G0 T A9 R, I3 88 38 fEHETE
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L1 RAERESEYENE

WHESTXEBRELITREW R ENE 7
B S M T AR A R A A M;
B EAEANRRTEERLR(36°32"~ .
36°5'15"N,120°17'22" ~120°27'41"E),
BERET 10 L0 B A A b A (B
DL &uhi i HARABRIIE 1,
BUHEERETERERKRWUERFER
A 2009 4E 6 F] 9 HRE RS
ZQK; 1 U IEFAEA 2000 4 6 H Qe ERETA KSR 500, 35 66 B AR 20 R 0L ACHLRL 43 08 35 B0 i
17 H %% , gﬁ% TWLK), lgj Eﬁﬁ}zﬁ T3 Green-colored sites are with algal bloom, blue-colored sites are without algal bloom
A H 5T A5 b A B 3 A K K 7 2 1 SRR ROLAE N
ﬁzliﬂijﬁlﬁ,ﬂﬁ ,ﬁﬂﬂ%% % H BT Fig.1 Sites for Ulva blooms investigation
R X (35°23. 736'N,119°33. 714'E;2009 4FE 4 A 22 HR%,.% 5 RZ) A BE 20094 6 H 17 HRE . /5
TD) .58 Mg M (2009 4FE 3 A 12 HRE %5 TWL),

1.1.1 £mEMEH %k

WA ] BB BIAT . AR P SR REOUEEL 3 DR, B FIHUEERE W B 1, IR RE H oK

SEHREATEAMIRNSEEY R ANBELGENE TR SR IR XX BESENLEYE.

1.2 KESIHIENE

RENFEBOIE AN SOKRER FREFAEEERKNSRE., ESRERNEAFENEERNKE R
JE AT REBE WL O 00 A 40 M T A L HES 5 SR K/ . B ERAE Oy SR DR B A e B MR A, LUK BRIV KT UG
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1 PAENCHERBRAER

Table 1 Geographic and geological information of the survey sites

R A BT 2 X R LH LR SR AFAE

Site location Latitude and longitude Geomorphic characteristics of the coast
h ZG 36°4'53"N, 120°18'36"E e A TR 4R, 3 B BE A0 BRI TR, IR 55
B LD 36°4'10"N, 120°18'02"E BB RN TR, S B, KRS
EAKALET WT 36°3'47"N, 120°17'22"E BEME NN TR, B BE , JRIR 55
B & TD 36°3'02"N, 120°17'18"E YOMERELT YR R B WS SR A MR
HEE QD 36°3'42"N, 120°18'54’E VARG HEE I HARE BRE . FA AR
L#%E HQ 36°3'01"N, 120°20'25"E VRl B CEIF B R, B A KR
KFE#& TP 36°2'58"N, 120°20'34"E W ESE P REE BRE . AR
®ZHYE SY 36°2'58"N, 120°20'41"E TOMERE A, S SRR I OB VS, B A KR
wWWEN HY 36°3'32"N, 120°24'26"E KU T 5, ETTHORE A MR
AEZABE SLR 36°5'15"N, 120°27'41"E KRV L V58, ¥ R

B AT WO B I H B W ) B R R
L3 AFEMFERE %2 PCR3MEF

Table 2 Primers for PCR

AWk 185-28S rDNA ¥ 7 81 g X

FEH) (ITS) #1 58 rDNA H B & € [ f X ¥ TR 314y 5 71
%1 (5SS FE W A4 Fb & 4 & AR B RO 0 47 Locus for amplification Primer sequence

&, A CTAB ¥ (Murray e al.  1980; 185-28S rDNA ITS gzzzzztii“;:;?:;fé\f&/\:;”
Porebsi et al. 1997)%‘@ ° /I\F'éZI: %ﬁﬁ 58 space F.5-GGTTGGGCAGGATTAGTA-3
M DNA, Vst LBEEMEDEARE 58 rDNA spacer 55 _space R:5 AGGCTTAAGTTGCGAGTT-3
RAESHRGR 2,

PCR R fk 2 SR 201, £ 4 /345 ddH, O 12ul1,10 X PCR Buffer 2pl,2. 0 mmol/L MgCl, 1. 641,
2mmol/L dNTPs 1. 2pl,10mmol/L 1E & [ 519 (10mmol/L) £ 1 pl, Tag DNA & B (Transgen)0. 2pl, #4
M DNA 1pl, 8% ITS FpF 3 52 B 41 - B8 ¥ 94°C Smin; 28k 94°C 1min, £ 4 54°C 1min, fEf 72°C
1min, 30 MBI ; BJGLE 72°C {8 Smin, P48 5SS JFF B9 5 B 4 A0F K- BB M 94°C Smin; B 94°C 1 min,
R 50°C Imin, FE{H 72°C 30s, fEFF 30 W m /G 7€ 72°C {R IR Smin,

PCR 72438 o B R B 5F e B8 3k 43 85 . /8 | Agarose Gel DNA Purification Kit Ver. 2.0 37| & (TaKaRa)
B F B, 5 pMDI8-T # 4k (TaKaRa) % #8151k DHS5a B2 25 40 0, Pk 18 BH 1 50 FE 2 R T B A 5 = R T
(AEEANBHERERBE AR,

3E fH NCBI blastn 7E£: #2)% (http. //blast. nebi. nlm. nih. gov/Blast. cgD #HIT B FEV R E®E M. £F
Bl i 457 43 81 % F BioEdit( Version 7. 0. 5. 2)f3& i Clustal W package(Z$(i% & & Gap open penalty=15,Gap
extend penalty=6. 66) ., Z& &L W & 22 % B & KA ¥ (Maximum Likelihood, ML) (PHYLIP 3. 68) #14§
¥ (Neighbor-Joining, NJ) (MEGA 4. OB RSN . 55515 E R Al Lasergene 7. 1 18 Megalign i+5 .

2 #7

2.1 RERERRBREYME

SWHESER LN KERAET TERENBEA R, AREENRE BT TRIED . BEAA,
SERRBETIERBAKK BB FREEA R 40~60m B FBEHEW”, BRI A > BHEB B,
BABIRIEHWRRBETES (R 2.
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a. Algae blooms seen during high tide b. Algae blooms during low tide c. Green algae on the reef

B2 HFSEORHAMSREREYE S
Fig. 2 Green algae blooms in Qingdao Bay (East of Zhanqgiao Pier)

AR 10 AU 6 DL BB R A Y B H AR E R X G AT H SRR -2
P VS PN (R 1), HLA I R B 0% T 9 B ) 9 1 5 BB M Y PN T R AR 3 D i e I TR T I L
KAZANBGWE S RRMEREE. HPHFBEQDRFMMESE T RN ERN X E 2), FhH
frm AR EF BB I35 1 851, 79g/m” A G AR W) AT 3k 138t 24 (R 3D,

®3 EREZHKEEWECES )] 23 H)
Table 3 Biomass of floating Ulva in Qingdao Bay (June 23, 2009)

. B o7 T R b g A H & it
iR A T :
Tid Ulwa in unit area Area Biomass Total
1
© zone (g/m?) (m?) (kg) (kg)
s oy
_ ,’E‘Yﬁ%%ﬂ‘t% 1 033. 692447, 61 ~15 000 15 505. 35
High-tidal and supra-tidal zone
R
064. 91 =545, ~30 000 91 947, 30 ~138
Middle-tidal zone 3 o 9 0 3 138 000
i S e 1047.724762, 96 ~30 000 31 431. 60

Low-tidal and sub-tidal zone

FERARENEYREEYMEKGR O. 4 ATH . MEBKBENZH LA . AHSBEHARFSE MEEYEZTIEM.E6 A
T Ak s &R AR

2.2 REAHEMSHILE

A RFAE A B B ML B E BFREANRAMU. linza, HEEELERFK AL, AT
Fih ZEMIE S B BIAS VI B M ER.

4 BERUNGREYE

Table 4 Ulva biomass at different sites

#i 5 Location

H #§ Date
SLR G LD WS TD QD HQ TP SY HY
04-22 - — - - + + + + + -
05-05 - - - - ++ + + + ++ -
05-21 - - - + +++ ++4 ++ + ++ -
06-07 - - - + +++ ++ ++ + ++ -
06-23 - - - + + 4+ ++ ++ + + 4+ —

+ BB, AW E <] 000kg; ++ .1 000kg<TA: ¥ B <10 000kg; +++ AP E>10 000kg; — R MBI FIFRE
+ :Free-floating Ulva existed,biomass<1 000kg; + + .1 000kg<'biomass<C10 000kg; -+ + + : biomass™>>10 000kg; — : No free-floating Ulva

existed
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2.2.1 $UHE
W AE M6 TR R ORG A, WA N
Btk R 8 = £ 70 2R i 6T TR AR
B 6, FE BB A0 30 B ELWOR G L o
A 5 [ 25 € £ 28 0 S0 9 75 45T M
. BER KGN Y BT
B4 K KA, —E KR E B Free it L inza Aot C hza
R EHE RN 2.94L0.37, WMEHEN
7.291+2.08(F 3).,
2.2.2 R #sEMH
BT g 2K BT R 5 6 4
WL L 2 0 » B4R 8~ 120m, HEFUA BN . 4 U0 00
£ 7R, BEF N AR e 2R 2 200 My 3 1) T A
B2 I T ) — A R M BUR R R 54, 1 %
WA 52 A7 T AR AT B0 SRR G54, X P
SRKAHU. linva &8 FBFE S (Tseng 1983,
TRME  2009), L/
(SR SHERAZEA DM H EHHENnE [
S, BRI 20 B o R AR e Ew
ﬁ
|
\

5em

B3 EERERKOHSEEHERKAEINIES L
Fig.3 Morphological comparison between [rce-floating

and immobilized U. linza

REIE, R R R EANEFE AW ARKEY
HUEFK 2000, BrLL, AR LUTT 5 40 M BE i) i 5 72
B E N, W Bk DL 5, BAREE IR S GRS
FERAOBEARZE S ANFASHEITI R .

2.3 REZBENITERE

2.3.1 RATITSHAABELEER

HREAEN S RITS FH SOEREEZ XA \
R ATH) 6 DRI 20 2 ITS FFoIl - RME R G KM, .
VAR ¥, Percursaria percursa W 1TS JE#] (& 5. 8S
rDNAE R SEE, 45 R A BT S REHY 5 4 1TS k
¥ 5 U. prolifera U. procera M U. linza B2,
#W R T U. linzaprocera-prolifera B & # (LPP
complex) (Shimada et al. 2008), {1 itk ] LA#] 4 H) &E 00y

FEKAHE HE-§.Fp:

F}I:I]}f% B@Eﬁz{iﬂqiﬂ: 3 /l\%ﬁ“Z~ o {EX#L%f?ﬁg E/‘J Free-floating U.linza Attached U.linza

FRREATH N 0 Rt — B BB 5K B4 T 7 AR A B L

2.3.2 AT OSSAFIMERER Fig.4 Micro-morphology comparison between {ree-floating
ZKE:F%\:EF%E@ 5 % 58S J?&‘IJ SR AW 5SS ¥ and immobilized U. linza

PR BEAIAR . S 260bp A4, Wi & 9 5SS JF K

24 %5 380bp, A 28k 5 4 43 5 AR B 7R L 5 4% 5SS JE S 5K A 25 5SS FE B A B ALK 2. 20% , T
S E M 5SS JFHIE B B IR HI T 10. 81565443 5 4% 5SS IF A 5 H AT A LB B2 35 F GenBank T4 4%
B SSS P (KA 19 & . W& 31 50 —FBIRE L AR, A TE IR, 22 SCEHEH 4 5SS FHIH NI R
ZRHRERIE(E 7D, KB 7R LIRS MK GZES SR, MASCHRN 5 MR SKAAARE
T — . T DL E A SO ) BUIF SRR R R B [F T, 85 A Ik R WA R BB AEAEU. procerafyic
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R(Tseng 1983; FEMLJE 2005; XARHE  1999; K4

1993: 4 RE 2009, BA EHAMRBERK.U. pro- T, D,
cera ZE S RFE R, BEESHM (Tan ez al. 1999), Py
Rt FATT AT LLBH RE 2009 4F 1 UF i W iB SR B R Y
Wi KA,

ansayyen
LR ) D,i% 2 41 B K B
3 i Toop 3 o 20 B
D4 A B E
3.1 '&Eﬁfiﬁiﬁ B E E 95 T; : Thickness of marginal part of monostromatic blade

T3 : Thickness of middle part of monostromatic blade

Kﬁﬁﬁfiﬁ%ﬁﬂiﬁﬁ%ﬂﬁ ’ Eitf: g ?{:11. Eluz ﬂﬁ% ﬂi] i f/i D, :Cell length of marginal part of monostromatic blade
'fjﬂ%ﬁ (F Hg% 2009 ; 7%|< ) ﬁ% 1987) 6}1:9}—: %;{ Eya , D; :Cell length of middie part of monostromatic blade

bt B 7 ¥R : Marginal part of monostromatic blade

KA 25 A B0 A PR8I O RE 0 XK IR R BRI R B 1 S8 448 ) T A8 2% ] - Model structure of monostromatic

TEEART .7 2. 5m AKIE FARRBER A K, RIE T HE blade(transection)
S 1 45 B e T Bl A1 5 B AR B (A I A i1 %% - Middle part of monostromatic blade

B S B R MK B T B (B D

Fig. 5 Measurement of monostromatic blade thickness

2009, DEEE Q00D IE MK AEEA LM AT fia vt A4
B P R BB G, AT LA PR AR BB T A A T AL T L X 2k 1
FAED T A T K BT B R (R AR R L TR

and cell length (transection)

LRUEERIE . £5 BURMREE MK TR AR I )

E‘—é‘@f)‘[—%#% ?ﬁg@ﬁ_ﬁﬁgﬁ E/\J Eiﬁl j‘{ﬁz'ﬁffﬁ , ﬁE%}m Table 5 Statistics of monostromatic blade thickness
%ﬂﬁfm@%%iﬁ&%ﬁ%@ﬂ%ﬁﬁ ’mﬁ!‘gﬁ%‘m fﬁuﬁ\: and cell length (transaction, unit; pm)
Fem M AE BRI A KRR B 5 AR #0913 fE 77 (Nel- . f‘g‘ﬁajﬁl 1 Tlﬁiiﬁl

ree— Oatlng . mza mmobllize: . mza
. N Vs . e l';‘:‘Ah I e

soneral.  2003a; FMEHAF  2008); K A ZEHEAE B D T 70. 16+ 2. 42 32.80+1. 68
ifil B 2 A FE 51 B2 25 W) (9 AR ¥ U B Prorocentrum dong- D, 25.8141.40 19. 6240, 47
haiense M I8 B 7 ¥ Heterosigma akashiwo (Wang et T 65, 824 2. 46 10,5941, 23

al.  2007; ¥F F&SE 2005), XARERAEM, KA D, 30.65+2. 13 24.73£2.03
25 AR (e B G B A AT A A YR TR R
BEREEHAFEAEZ —.

BREOBESKBMBENEDMEFREIN GHEHNARERREU IR AEFELRRBHETERZMG.
Hiraoka 55 (2004) 4§ th . P KR MR K KM R B R KW IEH Z — ERITH P RO . KW RLE S #
AL, THEDAEER EEYXIR/ANGERLRES RKK K REE R L AR R0 R A ISR
i, R Bk B A5

AHRGER B KR N TE &R, RS A KR MR H HF K (Morand er al. 19965 Nelson ez al.

2003b; Valielaeral. 1997; H HKEE  2009),/m N KRS MBERMEMBEMRT K. REEBRRZH

A AR HES O, KEE & EFRITR IR B X7 TR AR 5T N (K S 8 8018 L 58 0 T B 79 0 5
R R E B IR, TTRE R A K0 2E R R R v A KR T &4

5 5 PR B S0 R 8] A A 2R AR 0K AR R R R R T S R SR AL O B L™ B N SR D) SE
A R T MV > NP A HERL .
3.3 BEKAHESE

AHBBAERS LA EREH TN, R E SN SUEE N AR L. BEERELHRFEEFR
A LR RE I B B A KK A ZE SR A e SR T A A B KL S R e B T OE A 4R HTRNVE 3R (9 IR I

(Blomster et al. 2002).,
M MERR,EFR OGN FEEREGHEME, X EX FEFAEN —FER.
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Callow (2000 5 i » #F & KM & TR B
2 58 R H A A0 M BE b /N R ST A A
BRI TRMMERSHFRILEY
S, R bR M RE R AR A KT AR
8 A B TR MR R R TR
BEEERM AN —FAEENNE. &
EHELT B EE KKK A 4R E R
ERAERNFEMAEFERANI.

3.4 FRFKOHEMEIFREN

K7 25 1 B 1A KRR 4 R R DUR KR
Fa AR 2008 4F 5 1 450 0 A A8 0K 425 1
IR A R R G A R A i SRR
RGBT SR 8 B % EN TG
7K AT B PR T 7K TR » A Al I 5 V6 R ) B0 R 1
G R 1 R 7E B O R A 4 PRV K 0
I 300 55 T 0T e B S 2R 6 I 14 K RS i
A VIS B3R B B AR T AR B I
PR M S ROV B 5 SR AE 2008 EEE
SR A LR R U AT SRR
R GZE(D /L 2009),HHKER
RJE KR MR, O RATIA
oAy 33k S P A K (1 45 B A N 3 AR M A U
.

3.4 REESELTE

HAETRM BN R TERAD> FoH
HEERREBSE S LAEE — LR, —
WAmBREEANERL EEME T — g
BB R, WL X,
HEMERE, A EREEHNEEE
KHEMAFR, ES ESREBRANEL
(Blomster et al. 2002; Valiela et al.
1997), Bt LL H A & BARKEE 3 7 7 B X 4 9 3
KEHITHBHEE, EELXFTTEEP,
ITS PP EMA T EEEE TE

(Blomster et al. 2002; Leliaert et al.

————————[ITS ZQK HIM461893.1]
b U.prolifera FJ539192.1
U.linza AJ000203.1
U .prolifera F1026732.1
U.prolifera F1426603.1
ITS TD HM461890.1
———————— U.procera AY422521.1
99 ———————— U.prolifera AB298315.1
—————— U.linza EU888138.1
U.linza AB097648.1
f————— U.linza AJ000204.1
[ITSRZHM461895.1]
eIl [ITSTWr AMAETEST)
———————— U.procera AY260558.1
ITSTWLK HM461892.1
U.linza AB097649.1
U flexuosa AB097644.1
29 U flexuasa AB097645.1
U flexuosa AB097646.1

83

U.californica AY260560.1

99 . X
——Q|_—_E U.californica AY422518.1
91 U.californica AY422516.1

U.compressa AB097641.1
‘ 99' E—:—U.compressaAJ550764.l
59 U.compressa AJ550765.1

Percursaria percursa AY016305.1

(.8 Bootstrap X E KT 50 438D

(Nodes with bootstrap values of less than 50% are not labeled)
Bl 6 LIITS FFIf e NI REN
Fig. 6 Phylogenetic tree of ITS DNA sequences
constructed by NJ method

U.linza AB298676.1
U.linza AB299441.1

{5SS TWL HM461896.1]
[5SS ZOK HM461898.1]
U.linza AB298685.1

U.linza AB298686.1
[5SSTWLK HM461897.1]

U.linza AB298677.1
7 U.linza AB298674.1
W[——E 5SS TD HM461895.1

51 5SS RZ HM461894.1

[ U.prolifera AB298650.1

100 ——— U.prolifera AB298667.1

(% 8% Bootstrap R E KT 50 #9480

(Nodes with bootstrap values of less than 50% are not labeled)

B 7 LLSSS S E R NI REH
Fig.7 Phylogenetic tree of 58S DNA sequences

constructed by NJ method

2009; Shimada et al. 2008; Tan et al. 1999; JKIRFELZL 2008, HiGHE R T RE S MR EE& XL RBIE
FYMESE SRR ZESR; R WRE D, RIS 58 KK, S R He X 0 6 R a4 F AR R E AR
FOEXRE  2008), AT, ITS 55 AL A # 4% LPP &4 45 /) 3 MG 8 558 i H M4 % X 47
Ko R THESZE S FoRFPHNEEHEM,BX LPP E 58T G ESN B RIER. BT,
AL BT 5SS FFHHIH B, T K A A B X 4 ok . i it 8 4% B B (Kimura-2-parameter dis-
tance) 38, MITR A K A ZE S HFE 9 5SS J55) B/ N a] i & BB 4 0. 098 2, M4 H B KM R
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5399 0.052 6 1 0. 028 6,552 A LIAEIX 4 ~ % 9 H #, Shimada % (2008)#4 i ,5SS [F 5 (197 5B &2 ITS
B9 10 A%, G5 & AT AR S BRAE B , 2 — B AT LA of S 2 e 10 8 T 90

2 £ x W

ERE, G, BER, & @, @R, kXK, B, FFEM, 4 M. F B 209 KABGEFE EESHMSHR. K&%R,
33(1>: 45~52

E OB, ERME. 2000 ITIHEWEROPERRE. ZRRLRE, 37(6). 2 676~2 678,2 710

XIARH, EHER, I F, BEHE, BRA. 1999, FRWEEEETREESEENSMR. BHEBHEER.3: 35~40

MEE, THF, EXR, TEA, X HE. 2008, KPP HE ML EIREY R AR WEK. WHKFHI, 29: 130~136

VE B, EXUK, THEML. 2005 BEMEMNKERT RN TAEMY. £85I, 25: 2 681~2 685

RBRE, BESE, EERME, WIF, T, M. 2008 BIGEHMHEMNESENR RS FEE. PEK™R¥, 15, 822~829

WML, 1993, HENMFLHEXRBEHRWR. BEWHBMR, 3. 75~82

ZEEE, BAW, FIEM. 1987, KA BRFEGEKSHMELE. KEKTZRER, 11~20

ZF M, A R, REE 2009 ASHETHEEREERAATHEFOEE. NARBLER, 24(5). 22~24
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