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Abstract : Effects of environmental factors on the zoospore release and germling growth of Chaetomorpha
linum were examined. Zoospore release and germling growth experiments were carried out under a
combination of temperatures X irradiances, and a single factor of irradiances, salinities, daylength and
nutrients (nitrogen, phosphorus). Zoospore release was maximal under condition of 20°C x 100 pumol
photons m™2s™! in a factorial experiment (temperatures x irradiances), at 100 pmol photons m~2s™' in
irradiance experiment and at 34 psu in salinity conditions. After 24 days in culture, germling growth was
maximal at 25°C x 100 pmol photons m™2s™" in temperatures x irradiances and at normal seawater (34 psu)
in salinity. Germling growth is faster at higher irradiance under same temperature condition and it increased
with increasing daylengths (8—16 h). Chaetomorpha linum grew in wide range of N and P concentrations.
The growth of germling was maximal at 50 pM PO4>~ and 40 pM NH,". Germling growth was more
effective under nitrogen addition than phosphorus addition in culture. In conclusion, optimal environmental
conditions for zoospore release were 20°C, 100 pmol photons m™2s™!, and 34 psu. In addition, the optimal
germling growth was observed at 25°C, 100 pmol photons m2s™', 34 psu 16 h, 50 uM (PO4>") and 40 pM

(NH,").
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1.4 £
2HAske} JIS7kE dste] shrek AME Al
Falet g e o] AE o, ol Qlste] s =

o] MAA et TS ALH R AaH e A4
o|tH(Bricker et al. 2008; Chan et al. 2008; Howarth et
al. 2011; Fan et al. 2014). ¥4 5-& w@E Aty
ANX =272 23 F(Ulva spp.), BFLF(Chaetomorpha
spp.), WP Z/(Cladophora spp.)2t 4 Z-(Codium
spp.) & 718Fo] Fo R WA= AL S
(green tide)°]2}aL 1M, o]# 3 F& YA F5&°] =
I wE S HolE E4S 7P| (Yabe et al. 2009;
Gao et al. 2013; Zhang and Shao 2013; Zhang et al.
2013; Tsutsui et al. 2015), ©]2] gk 2T A2 ofAJofe}
S E3he 2o YgloA B1E 3 At Taylor et al.
2001; Hiraoka and Oka 2008; Choi et al. 2010; Ye et al.
2011; Gao et al. 2014).

5257 72397 (Ulvophyceae), tvlt] 2 3H(Cladopho-

raceae)Xll 3= AFEE(Chaetomorpha spp.) NZF=
A AAA FE2E BHolw, vl-9-A| 2k A7} At

o uE FHo= t7lsh sl Aolo] AEEE
Bsle] YR oA, ANEFEL Ak AH)OR
270 #YFx desle T AAaE sk o
E =] A, A 9 T AAaE TRt
3 tH(Xu and Lin 2008; Nelson et al. 2010; Deng et al.
2011a; Renjun et al. 2013; Gavio and Mancera-Pineda
2015; Jeon et al. 2015). 3+ |2, SF9} wAA=7} LAt
A1 Chaetomorpha valida= 2] Dalian 3l|<te] -
w0} B-ogol S o 4254 ] Rongchentol]
A= 20080l oz wFste] AEs) i) 4
AAstaL A SAIA Yigk AAA S4E 7
FallFo] =UTHChi et al. 2009; Deng et al. 2011a,
2011b, 2012, 2013). B3k, f4, HolHg et 5= 5 Al
A B ygte] A nitels dFEe AddFe
(Chaetomorpha linum)ye- T2 &3 7kl tiz A3}
o g S LA Y= AeE dHA ArK(Taylor et
al. 2001; Menéndez 2005; Ajjabi and Chouba 2009; Gao
et al. 2013, Gavio and Mancera-Pineda 2015).

2 A7 o] &H AFFLE AREEA A A =gk
FFAZE A 2 A B et WES b vl
A} Agsel EAANZ e BB T Ao
2 4#HA Jdov(Deng et al. 2011a), FAEZ 373 (&

,BE, EE, ) AEA s E&AF A 2
Ae 7HloH, e S Hole 73FeR
5] FF &3t fellA the Foll His] meE BgE B

1B

],

£ ABALE Tt AFBRAN e dosls 2
o

=

3]

% TH(McGlathery and Pedersen 1999; Tyler et al. 2001;
Menéndez 2005; Bischof et al. 2006; Xu and Lin 2008).
AnkA o g2 sl|27o] ujol= Aol Bls) FA= B A=
2 gQlof e W5 Ho|il, F& xdshs AA7E A
A=A wE2A et 2oE dHA o, i ¢
AE< ATl gk APAT= A JS=HA A
o, Hijolel] #gt A= v]Fs A o]tk (Hoffmann and
Santelices 1991; Lotze et al. 2000; Cordi et al. 2001;
Sousa et al. 2007).
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g alo] dAFE] A ol vA=

dotr ] flate, mAsT AT JAE A FIA
- (34°51'N, 128°22'E)ell+ 2014 6ol Hdste] &
oA st Al Aol WL ofo]iubio) gol A
P2 29k e JAA A FTAET B
S AAS L 3-8 3 AF=l(0.45 um)E AHE-SF
of 3] AAE F Aol AHEEAT AH T AT
A (FTHE 1g= Eol=FT(slide glass) =7}
(2.5x2.5 cm)e| vl Z= Petri dish (@ 12 cm)oll B
& (150 mL)eF A 93 AE53 o= MY E wgr]el
Al 2k, 3 9 AR 5 UES fEsSTh W
FHo g AR HHslE 34 psuRlal 3 AR A
F AT ZAeA] ek dAvEA =719 fAE
Agste oEw Wl 74 WEFS 287HA 6
Zgfol=Fatn x7to)| 24 E Hjok(germlings mm™>)
}& v) 73 (Olympus, BX53F, Japan)aloll A Al 5=315
H, AA7ERE e vEFE R

HAFT 72 HE AP fEvket At e
slof s yHsIglon, 259 B 2 T 2
%=(10, 15, 20, 25, 30°C)2} 271 (50, 100 umol photons
msT), 283 AEFo R v E AlPsien, 2
aloll A 6 st Attt FETule w7l e
FAA FHE5 Petri dish®] 7H4-& 2Hste] THEL
o, TR Z=A(Takemura, DX-200, Japan)Z 373}
42 31 pmol photons m2s™! = ca. 51.17 Lux) 31

=

o 1
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THOlla et al. 2000). F=7 ADFE] {2} =0l v
e TS 40 F=(80, 100, 120, 140 umol photons
m s el U LE20°0)2 2 E vjY7]A 6 F
QF AFst o, Evt o] FiE(34 psu)S FLSHA
ot B3 Flgre] AR ert AEFEe] fA HEe
HX= G T AEEE(26, 30, 34, 38, 42 psu)ellA
6 FF AAENSH, ol L& FEE 20°C9
100 umol photons m~%s™'2 FA 3}tk A2F3]4=(34 psu)
o] Hla] Ad FE(26, 30 psuye BdlFol 33 F=FH
£ st TEANL, Y FE(38, 42 psuye HLHES
Zo] 28R oW, dEA (Atago, S/Mill, Japan)Z =7
2 gelakqit.

wjo} A7t 373 891

g ajlo] AT ko] ujopgel nx= S dof
B7] flete, d9F2 A
2014 109 (2%, G 23), 2015€ 2€ (2= A3)H
5994, g Aol AREJLL, @AolA a7t &
71 Ao g ofo]zukiel A PR 2nkate]
AF g & Aol ARGEACH, A ARE AEFT
< vAdsste] AR Al7]ol WE Zole fldTh AlHE
AATLL AEEQ] wg7]olA %(20°C), Z=(100
umol photons ms™"), FH-(34 psuye LA FAAA
At HES fFEsion, A3 A 6d F Etsla
(15 mLy7} @71 Petri dish (@ 5 cm)°l] wjol7F A E &
gho|EFeks 27F VRS Yol tefet A 2E
shAch R AL A Z20RE(GeO,, S mgL™)S
detaljol] Hrlsted AekAL, g2 49 HAH0 R
A weksiqit. wol= wF HA] 1293 24 Sl F
88 v] 7 (Olympus, BX53F, Japan)oll 22 t]2] € 71|
k2 &3 ¥ Image J ZZ 7 (1.48v, National Institute
of Health, USA)S o]&3te] Aol& SA 3L, A
ZE(RGR, relative growth rate)S ol2fjo] 2]o =z AAiks}
A th(Serisawa et al. 2002).

RGR (% day™') = 100 (In Ly—In L))/ T, T,

L= WY 5 Al sfobdol, L2 wieF 7§A] wje] ujjo}
Ao, T,- Ti= WFY F(day)s JERATE. wjof A7 4
HollM e ZAMR 33] WHETE FoH, e
30709] wio} Aols Al

259} F= 2ol AL wlo} Ao w|X|= 3
S Fetslr] flske 79l 2=(10, 15, 20, 25, 30°C)<t
270¢] #%=(50, 100 pmol photons m2s HE FHE wjF
71014 242 Fot vjekall o, A(12 hy?t EE(34 psu)
o 25 FAAZAT FEo] e AGFL wjole] A

A AEe 4709 =80, 100, 120, 140 pmol photons

IshE 2R 7oA 245t AAENeH, o]
= (25°C), B34 psu Y12 hy FLstATh
, Gt SE7F Ao} Al mlAl= I T FE
(26, 30, 34, 38, 42 psu)ollA AF3FL vjgF7]e] &=
(25°C), 3=(100 umol photons m2s )2} U712 h)&
LA AT oY AR 249 FRF AA
Hom, ugde 3d 7HHo g WY wAskh

7o) AL ujotA el niXe FF 3o I
(8, 12, 16 h) o= ZHH 7oA Flsion, o
w25 (25°C)¢F F%(100 pmol photons m s )E LA
SHA| A AT el o] A B 34 psuSioH, Hi
o= 244 ERF e & 12¢ M o= Aols ZA3)
Aok GdAel 1A (PO ) YEFNHNHS =T
AT L] wjol e X FEFS Totetr] flsked,
AAFLE AN 725 BE B FYAA el
(150 mL)7} E°]0+E Petri dish(@ 12 ecm)ol] &7 ¥
25°C, 100 pmol photons m2s™!, 16 h XA 36d &
QF wiFataATt. vl 360l 73 Zol7t 0.94+0.13 mm
(mean + SE, n=150 germlings)¢! Hjo}=E 212+ 57 &
%(0, 10, 20, 50, 100 uM)®F PEF 57 FE(0, 5, 10,
40, 80 pM)E 711 wgbolA 6 F<F vt
33] WHEFE 7R3 AT 1A dREA
0 uM9] T U272 AR-E A J PG5 (low nutrient
seawater, OSIL, LNS23, UK)o]ZL T2 Qi) oIwy
TR #7489 (stock solution, 10 mM)2 G S 3l
2 gAste] ARgsiSlth Y FDslre E4H (nitrate),
o} 4k (nitrite), 14 (phosphate)©] < 0.1 pMO]aL 4k
A (silicate)o] <03 pM ©]akQl SlFsligroltt. 14k 9
78N (stock solution, 10 mM) A G FH 34100
mL)° 0.119 g2| NaH,PO4Sigma Co., USA)S %%,
ARFo] AGEAS AFFAeNT(100 mL)ol NH4Cl
(0.054 9)= #71ete] WAL wlote] AFAHLS AF
MAl A3} LS 25, Fret dgolA] FP=nom,
Hj kel 29 A0 7 AT wAH|SIAN wiNAl 6d &
HHERH R 157] 9] wljo} Aol& S48t FAAGES
ARFst ATt

m

Y
fo

o

o], ZAEAL Cochran’s test® 5

of variances)S A5t dHlolE 2] FHAS A &,
two-way ANOVA test(=-3% 252} one-way ANOVA
test(FLH QN2 FoAHE B, Htoll thgh
Frelxp7t WA= Tukey’s HSD test H O 2 AR A

o
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S AN 849 01 (Sokal and Rohlf 1995), Hlo|E £4]S
(e}
5

+E
g A 4D Foll FFAE FAsEe
2 10-25°Ce] & W elolA 7hestsl,
E 2% Ag o)A 50 pumol photons m2s~'ol| H]3|
100 pmol photons m~2s7'oll A ZHY & wjo}r} wtom,
30°ColM = FA7F mAdsste] AT B EA skt
(Table 1). 2% Hjol= 20°C2] 100 pmol photons m s
o A 288.33 + 18.32 germlings mm>(n=3)E 74 2k
3, 10°C2] 50 umol photons m~2s7!ol|A 1.87 £0.07
germlings mm 22X Aok wEhA, AAFLe {5
2 A 2 HES ST HE 25 200000, 5Y
2roME FETt =5 9 o B2 A BEE
o2 IRIEAUTK(Table 1).

AdFTe] {72 WES 20°Ce] BE FE(100-160
pmol photons m2s7")ol| A Lojytow sFw7} Z7lshd
2 vjo} e HAEith AdFEe] wjol = 100
umol photons m~2s~'oll ] 261.81 + 14.92 germlings mm™
24 WAL 160 pmol photons m 2ol A 1933 +2.14
germlings mm & 48 Uehdo2n §54 1ES 9
& 22 =+ 100 umol photons m2s™'Z 1= ATH

Egh AGFE FFAE 25°Ce] BE A AFT
(26-42 pswellX] F4 2 WEEAeH, AAE vjol=

¢
¥

o)

b

o)

> g8

M

i)

jo

N

N

9

=

o

34 psucll 4] 84.68 + 1.08 germlings mm & 7}g Bk,
42 psudllA 5.72 +0.04 germlings mm~22X4 HAc}h 2
AFL 72 HES A% dre HF diEsEe
34 psu2] Gl gHoH, AAE(26, 30 psu)dl v ZH
20 42 psuoll A FFAF e AR oE A F AT

34 =74 wjo} AR

A5e AGFEe] A wEE fA 1Y ol
Eefol=Fets 27be] el Ao, A A
WAl Aol 2 E wfjole] Zoli= 5.51+0.04 um(mean +
SE, n=150)3t}. ol 10-30°Ce] thefsh £xox A
et o, vk 129 Fol wjobdol= 26.05-53.05 pum
AL, 24Y FollE 42.18-133.51 pm=EA] 25°C2] 100 pmol
photons m~s7!ol|l A HthAA-S B, 10°C2] 50 umol
photons m2s 1ol HAAYAS BYowN FHE A &
TE 25°CE FRIFATKTable 2). AF 717+ &<k, AL
2l 10°CS} 15°ColM = Fxol uE A o7t gle
U, L5271 45342 50 umol photons m2s'ol] 1] 3]
100 umol photons m~2s~'ofl A WHE AL Ho =N F
dgt 2rxoM s FEoA Aol mE AoE
bttt AT ot A ES Mg 129 &
16.96-26.56% day '3, 242) Fo] 8.48-13.28% day™’
M 25°C2} 100 umol photons m2s7'2] ZgtollA Z )
S E3ATH(Table 2). vio} A2 259 F= Aol

iste] FoJAE BRAom, 29 Fro] JE g e
FIFE W= AR IRIESITH(Table 3).

AdFe] wjol= 80-140 umol photons m2s7'¢] &
Lol st en, AS 918 HZAFEE 100 pmol

Table 1. Effects of temperature and irradiance on the zoospore release examined with number of settled germlings
(mm2) of Chaetomorpha linum fronds. Data represent mean + SE (n=3 replicates)

Irradiance Temperature (°C)
(nmol photons m™s™") 10 15 20 25 30
50 1.87+0.07 7.73 £0.47 28020+ 1243 63.80 +4.63 -
100 23.27+9.95 34.07+1.03 2883341832 152.00 + 12.94 -

—, No zoospore

Table 2. Relative growth rate (RGR, % day™") of Chaetomorpha linum germlings cultured under various temperature
and irradiance levels for 12 and 24 days. Culture conditions were 34 psu and 12:12 h LD. Data represent

mean = SE (n =3 replicates)

Irradiance Culture Temperature (°C)
(umol photons m2s~')  period (day) 10 15 20 25 30
50 12 16.96+£0.12 19.13+£0.18 21.68+0.14 2399£0.16 19.92+0.14
24 8.48 £0.15 9.57+£0.14 10.841017 12.00 £ 0.19 9.96+0.18
100 12 17.50 £ 0.11 19.39+£0.16 23.63£0.18 26.56£0.17  23.69£0.15
24 8.75£0.13 9.69£0.15 11.82%0.15 13.28£0.14  11.85%£0.17
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Table 3. Results of two-way ANOVAs for RGR of Chaetomorpha linum germlings which were grown under different
temperature and irradiance levels for 12 and 24 days

Day 12 Day 24
Factors
df MS F p df MS F p
Temperature (T) 4 20.298 231.01 <0.001 4 2.575 56.98 <0.001
Irradiance (1) 1 6.093 69.35 <0.001 1.544 34.17 <0.001
TXI 4 0.445 5.07 <0.01 4 0.394 8.72 <0.001
Error 20 0.087 20 0.045
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Fig. 1. Average lengths of Chaetomorpha linum germlings
grown for 12 days (A) and 24 days (B). Germlings
were cultured under 25°C, 34 psu and 12:12 h
LD. Vertical bars indicate standard errors (n=3
replicates). Different letters indicate significant
group of mean found with the Tukey HSD test

photons m~2s™'2 YERITE ek 129 &, ujole] Zole
100 pmol photons m~2s7'o14 42.66 +1.09 pm= NS
3(F38=276.41, p<0.001), 1003} 120 umol photons
m2sTIE AL S BE FEA vlohge g /A9
ZJole] H]3) 4-8ul] o] ZE7}51] O M (Fig. 1A), At A
AES 11.99-17.05% day 'tk vl 24 %, wljo}Zo]
£ 136.11-181.96 um(ZEHAAE, 11.64-15.40% day™)
24 100 pmol photons m2s oA HHY L 140 pmol
photons m2s7 1ol A 290, F=7} 120 umol photons
m2s1el Ag oA wjoldolE 177.99 +2.49 umzH

Salinity (psu)

Fig. 2. Average lengths of Chaetomorpha linum germlings
grown for 12 days (A) and 24 days (B). Germlings
were cultured under 25°C, 100 pmol photons
m 2! and 12:12 h LD. Vertical bars indicate
standard errors (n =3 replicates). Different letters
indicate significant group of mean found with the
Tukey HSD test

100 pmol photons m2s! 243} FAMSII AL, RE F=
27494 F 27 GEFSETHF; s = 75.36, p <0.001, Fig.
1B).

A
=

o] Hijo} A2 wleF 24 ol 34 psucllA] FH
HER 42 psuollME A7717F Bt HA AF
< Ve 129 5 wjole] Zol= 33.86-54.96 umSlaL
SN AES 14.70-19.13% day ' 22X AR Fxo| w2
A7 ZpolE B o, 37FA] G F%(30, 34, 38 psu)dll
A BATA FARE fLATHEF10=50.27, p<0.001,
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Fig. 2A). B3}, wi<F 249 % wijopdol= 239.40-461.01
umA o AHYAELS 15.40-18.82% day '=A FEE
2 Zol7b YRS FRIEIAIL(Fu10=32.69, p<0.001,
Fig. 2B), 34 psuollX HoiAd-S B gito] 728
U S7HS u e Ao, 26, 30, 42 psudlA
= o] gk SAH oA sl
AAFLe] wlol= 8-16 he] A eA st o,
16 hollA] HUAAS woloan gz Hs] U
Z7A whE AFE B th(Fig. 3). wio} Aole MY
129 % 16 hollA 73.06 £ 1.33 pm(AH A A=, 17.56—
21.53% day HEA HUHAZ L] w2 B 2pole
16h>12 h>8 h £o & VeI H(Fig. 3A), F¥=x1
oA Aol mhE A2 YERTHFa 6= 105.22, p<0.001).
HiGF 249 ¥, AAFT wjote] Zol= 126.30-421.82 um
AN AE, 8.54-14.61% day HEHA 16 hollA Hi
8 hollAl HAgom, Bdx71(8 hyell val] T Fd=7
(12, 16 h)ollA] <F 48l W=7 st g mE A%
2po]7F A S ATHF, 6= 163.67, p <0.001, Fig. 3B).
A8 A A ejole] ol 0.94+0.13 mm(mean +

SE, n=150)33, vl 64 & AAHAS Hrhst Agdtel

100+ (A)
80 ¢
—_ e
1S
2 et b
< a
2 3
o) 40
|
20 +
0
8 12 16
500 r (B)
C
—~ 400 =
1S
=
"_C"on 300 f 12
g £
[0]
—1 200
a
100 f
0 "
8 12 16
Daylength (h)

Fig. 3. Average lengths of Chaetomorpha linum germlings
grown for 12 days (A) and 24 days (B). Germlings
were cultured under 25°C, 100 pmol photons
m2s! and 34 psu. Vertical bars indicate standard
errors (n=3 replicates). Different letters indicate
significant group of mean found with the Tukey
HSD test

A HjoldolE 1.49-2.02 mm$iTth A ELS 7.67-
12.63% day '3, 50 uMollA] wjo} A7ge] the s
H)a) w2A JEREA THE, =528, p<0.01, Fig. 4A),
tE Fxolx e AFEH= Felxt giioh &, ok
AL A FEIE 0-50 pM7HAE SRR o
100 pMolIA = 238 aEo] IFk QitdolA = A
ol Aol gRlFon, A F5 5, 270 uM)
2 AL3 RE FE(10-100 uM)ollA] AAsIE wjol=
A E Tt R go] HIFE mgdolA 6Y * HAF
2 wjoldol= 1.76-5.85 mmS A FNAYLES 10.34-
30.40% day ! 2H ZTH0 pM)ellA HAR e, 40 uM
A HUEA dEF T e A ZfolE B
THFy 0= 544.69, p <0.01, Fig. 4B).

AEH o=, AFFT wjote] A 270 uM)°ll
Hlg] AAFE(10-100 pM) S AT F(4-80 uM) H7H-
NA w2 2O Z yeRsdTt. wjoke] Zol= g ge]
ot Q1AM F%(50 uM)ellA] 2.02 £0.13 mmRAIL, P
F SE0 pM)elA] 5.85+0.10 mm2A AFGFT vjo}
= QA wls) Ege] H7EE wf oF 3u) wiEA A
Aole 2oz FlE .

(A)
— 3
€
= b
%) 2 ab ab
c a a
[0}
—
1
0
0 10 20 50 100
. PO, (umollL)
(B)
e
6 £
= d
= ¢
£ 4 b
o))
c
[0}
— L1 a
0
0 5 10 40 80
NH,* (umol/L)

Fig. 4. Average lengths of Chaetomorpha linum germlings
grown in PO (A) and NH," (B) for 6 days.
Germlings were cultured under 25°C, 100 pmol
photons ms™!, 34 psu and 16 h. Vertical bars
indicate standard errors (n=3 replicates). Note
different scales. Different letters indicate significant
group of mean found with the Tukey HSD test
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4, 2L F

S A 2 wE
Azfel 27 ABAL A e FFAES XA

o] ¥4, BE % 7IE wiote] = 713]%] el v
+ T8 A4S o, FLFTAAM = LA DA (o},

Aol wet S a<lo] A 9 Aol WX = F ol
o 2oz d#A 3k(Callow and Callow 2000; Kim
et al. 2005, 2007; Martins et al. 2008). ¥ Ao )4
&3¢ A9 JA7E 20°C, 100 pmol photons m™s™,
34 psust &g 270 Hit slrolA] vl 4Y o &
FA7F BAEUT. AAAF VA, Ulva australis
(=U. pertusa)®] F5AR= 20°C, 100 pmol photons m s
ZAA vl 239 Fof FA O (Hiraoka and
Enomoto 1998), Ulva spinulosa= 20°C2] 50 pumol photons
m2s7lol A w39 Fo] A tH(Hiraoka et al.
2003). 3, Ulva fasciata= #2373(25-30°C, 15 pmol
photons m2s™!, 15 psu)ollA wjF 29 Fol] {547}
100% FA=EAem, the 271(25-35°C, 20-30 psu)ellAl
= Mg 6 Foll 80-100% F= A= A THMantri et
al. 2011). ¥ AP = thFst 213t AFF2e]
At @717 BEstelAl= FUAIRE, OE Y F
T2 B9717H2-3Y) PR AR v A #HE 4 o]
Well f-727F @488S g + AT

2 AFlM AAFEY FAF e g 6 F
o] 2220, 25°C)z} 3% Z71(100, 120 pmol photons
m2s oA AL(10, 15°C)zF 233%=(140, 160 umol
photons m2s7") Bt} AthHo g wekow 34 psuel 3
gafl gl A ThE AE(26, 30, 38, 42 psu)dll Hls) =4
Bk, wjole] A "= 20°CE] 100 pumol photons
m2s~!oj| 4 288.33 germlings mm 2.2 Htiich zEu}
Castelar et al. (2014)& 21°C, 100 pmol photons m~2s~'¢}
35 psu] A¥ 7oA ZE(1m)ol| T2 Ao F
(Ulva spp.)2] EA7} F 8007 4=tll, 2233 %200 umol
photons m2s7!) ZANM = EA7T 3,00007) A=
oF 4ul] FULSIATIAL sle] E AFtol= dnkd AHE B
Ak zeuh, A3 o] gt AP O R Bl
ZHSIA T Ulva flexuosa(=Enteromorpha flexuosa)®] -
F2 A ErE= 207 25°ColA oHE £5(10, 15,
30°0)° Hl& AAEA =S Aoz ol o] (Imchen
2012a), & A7 At ARSI

W) the) §FAE Y
Qe A7) o5 SRTYS o
2RO GFAES TAhe BAx 3 Fo mE A
7h AT B ARYL o), T

Aol vpehH, 7183 Agolle EAR23 (propagule bank)
£ Aot AET T o2l woll oA S stk
3} TH(Schories 1995; Lotze et al. 1999, 2000). whebA,
ATl ARE AGFEe] APAJ] TG 20159 &
T T diRo® F48) £ w(Table 4), =2 E(5-6%)
o Bt A HEEH 2 E F A5 7R
A Y] FET AEF SR olojd T AE SRE A
O F o H) &9 F2o] F§43] oAl ALH(12¢
—29) 72 F3te] Az ANA AT 54 A
=3 A ik F71 Ago] FPErtH sty
Z27] AGAL DA ] daAAE SH HEetA wet
S 7 AUe AR AlsHY.

wjo} 3¢

s z7o] At WA o] Lxot Fre Fa3% 9
7317 olw, 7] ALAL TA €] uijol= Ao H]sl S+
st o RIZFEHA Wk ZloR 4 Ath(Sousa
et al. 2007; Fu et al. 2008; Xu and Lin 2008). ¥ S 2
I, AAFE wjol= #1210, 15°C)0l Hls) 2220, 25,
30°C)oll A 2232 50 umol photons m2s'ell H|& 100
umol photons m2s7 oA wWLE AL HPYoH, E3]
25°C2] 100 umol photons m2s~ 1ol HJAY S B
2R FAGAN 7= A5 7HEEE AET A AT
AN FFERO A= el Akl Hs) vl
A =2 25(33-35°C)9t B =(108-400 umol photons
m s ol A] Ao] 7HE 3 S (Table 5), wioF A8 7<)
A%, Ulva flexuosa’= 20-25°C}F 80 pmol photons m2s™!
of| ] (Imchen 2012b), Enteromorpha sp.= 20°C<F 90
pmol photons m~2s~'oll 4 (Sousa et al. 2007), W=7 4474
sto] B AFA e} FAeHA dERE T GFEEe] g
21 Chaetomorpha firma2] ¥W°©}i= 2-25 umol photons
m2so] AFrolla AL, 73321 100 pmol photons

Table 4. Seasonal changes in average seawater temperature and salinity of Tongyeong, Gyeongnam, Korea in 2005

Environment Mar Apr May Jun

Jul Aug Sep Oct Nov Dec

Temperature (°C) 8.6 12.7 16.9 19.8
Salinity (psu) 34.6 33.6 32.5 32.5

23.2 25.9 25.6 22.7 17.7 11.9
31.5 30.9 304 31.0 31.9 32.9
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m sl E e eral skl (Santelices et
al. 2002), & A7 AHFDLLS C. firmaoll HIS| 3 W
& A ZZNA viote] Aol 7hssk e
(25-30°C)3} 22335 (120-160 pmol photons m~2s~1)ol| A
= AA2 AHE(7.52-21.00% day )l B8l (Taylor et
al. 2001) =& A5 (13.47-26.56% day )& Ho] =&
woll 2t dgo s WEE AL 53 o53Ho wiolrt
WEA st & AEFS ek 2108 Hojxith

2 AT diol mE AFFT vljole] A 26—
42 psu®] HelolA yepton, ol A2 v 1297}
A= 34 psudll BI3l ¢F7F =& 38 psucllA] dojwtont £
Oxf= llom, 249 Foll= 305734 psu)ell A Lo
Wh AFER slERF A HA @82 Chaetomorpha
indica’} 20 psu(de Paula Silva et al. 2008), Chaetomorpha
sp.7F 30 psu(Tsutsui et al. 2015), 223 AFF=&
27 psu(Taylor et al. 2001)9} 35 psuZA(Xu and Lin
2008), F5LF AAE 34 psu o|3ke] AFES A5
Ao g HolH, thE I/ vlE)] & W A& Ui
S 7h= Zlo = FIETH(Table 5). E=3h, AGFT vjo}
oF A o] A A AA S wet A FiEz7io]

, 9] AL

Theo @i Aaz|e] d& Fxo] W H38E 7=
Zo® AlgEnh

Santelices et al. (2002)2 23 F{(Ulva rigida, U.
confervoides, U. compressa)®] wo} A47go] L2} ]
g2l AAE BTy S3ied], B AFolME AdF
2 wjolrt ©A(8 hyell wlsh TL(12 hyzk FL(16 h) =
ZoA w2 LS B3, 16 hollA HABZS B
o AgAFd e 52/ e 2ol Fdxd
(14-16 h)ollA] o] Fo1F =H|(Table 5), ©1 A2 kA4
Al slzf/e] HE7F vdeps A7 B3 A5EH (Y-
99)e] AA(11.5-14.5 h)t SAF8IITHChoi 1996; Choi
et al. 2008).

AAFL vjols PG el s A4A(POL)
ot} FEHE(NH, S H7ieh AdelA] weE e B
Rom, Ak vlal EES H7FE w o] Xy
= AoZ Yepgtt. o]#f$t AZ= Taylor et al. (2001)2]
AGTFE GA Aol Qata AAE(NOs S Hohet
gl BT} FmERE 7R ujekellol A o] Srtet
A= A AV ol9]oll %= Cladophora vagabunda
o] AL AFre dRFAA FXHETGAL e

Table 5. Environmental factors (temperatures, irradiance, salinity, daylength, and nutrient) and growth rates of

seaweeds made green tide

Taxon Tem?%‘;lture (p{;l;?gﬁ;iis S?linity Daylength Nutl:_ent (llmoliL) Gll:(;:zth Reforences
m2s) psu) (h) POy NHy" (04, day™)
Ulvales
Ulva sp. 20 20-90 5-35 14 0.8-6.4 12.8-102.4 - Sousaetal. (2007)
(Ulva intestinalis)
Ulva compressa 10-30 0-175 0-34 16 0-200 0-100 <20 Tayloretal. (2001)
Ulva linza 10-30 0-175 0-34 16 0-200  0-100 <20 Tayloretal. (2001)
Ulva clathrata 26-29 - 26-33 - - - <12 Copertino et al. (2009)
Ulva fasciata 15-35 15 15-30 12 - - <16.1 Mantrietal. (2011)
Ulva flexuosa 10-30 20-80 15-35 14 4-15 20-150  <0.24 Imchen (2012b)*
Ulva australis 20 150 6.6-66.2 12 - - <23 Kakinuma et al. (2004)
(= U. pertusa)
Ulva prolifera 5-30 60 30 12 19-503 7-64 —  Fanetal. (2014)
Cladophorales

Chaetomorpha sp. 15-35 70 0.2-80 12 - - <60 Tsutsui et al. (2015)
Chaetomorpha indica 30 100 5-45 14 - 0-700 <30 de Paula Silva et al. (2008)
Chaetomorpha linum 10-30 50-160 2642 16 0-100 0-80 <31 This study
Chaetomorpha linum 25-32 60—-120 20-45 12 - - <7.52 Xuand Lin (2008)
Chaetomorpha linum 22-23 400 - 15 2-17 20-100 <0.13 Menéndez (2005)
Chaetomorpha linum 10-33 10-175 0-34 16 0-200 0-100 <22 Tayloretal. (2001)
Chaetomorpha valida 13-29 36-108 17-29 10 - - <25 Dengetal. (2012)
Cladophora coelothrix 30 100 15-45 14 - 0-700 <20 de Paula Silva et al. (2008)
Cladophora dalmatica 10-30 10-175 0-34 16 0-200 0-100 <15 Tayloretal. (2001)

*, zoospore; —, no data



Zoospore Release and Germling Growth of the Chaetomorpha linum 55

(Peckol and Rivers 1995), de Paula Silva et al. (2008)<]
AFollM = s Fet thrt]dRol s dFdRAA=
URF| FE7 F7HEFE Aol Wbl st
24, Menéndez (2005)E AAFTe A Fol Hls)
Artol A, 1Ak ol el Aito] H7HE ) gl ol A
HE AgS HYo2A AT A AEY F
7Y B IS T St ol#fdt A= Ad
S22 233 Tancada lagoon®] JFA A0 =& &
2 FE(117 uM)e}F iRl s = 22 dEE (40 uM
2 o]Fox] Slof, AAAE HAYHor Fdte] A
Zo 2 HolXith wepA, AdFEe] A 14k,
Rgdh A o] GRS DA A ARe] Sl whet A
She JPde) FRIL O 5 glon, vole] A 4
o] Aoluhz 1 ool FUH HEAME 28l 4
o] AP OTH WFEER FYUSE AN E el

o2

oA A7o| 7Fs3ittal 31 tH(Taylor et al. 2001; Sousa
et al. 2007; Tsutsui et al. 2015). & AFoA] AL&H A Y
o] wijo} gk thefel R Uig FH2 48
< 7KL SleH, e szl Hs) wEA g
ueHl, 53] aExd] g 2704 A Sx7F A4
G AT Wb ot dAo] Frlels B o232
off aFre] dEFe o3t FFLst A A
AT GAZE FYEHALS o, e s HEE 5
Are] AE3} wjore] wE A Ao AEF THE
SXAN7NA Ho] ZxEAe] Yehd 4

s

Lo

il

o=

KN
=

P
>
>

xo

o R YRR AN HPFAYP T
AMeALe] A7 EH] Aol ola) S E g &
= Aok S A BT AE

79 AuE geael FAEAFU.
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