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Effects of Inorganic Nutrients and Heavy Metals on Reproduction
of the Green Alga, Ulva pertusa Kjellman

Jang-Kyun Kim and Taejun Han*

Department of Biology, University of Inchon, Inchon 402-749, Korea

Recent concern over marine pollution has developed great attention on likely alteration of ecosystems thereof.
Considering that distributional ranges of seaweed species are governed by their success or failure of reproduction,
intertidal green alga, Ulva pertusa, was studied to evaluate reproductive responses to environmental pollutants.

Percent of sporulation and spore release of U. pertusa grown in the east seawater were higher than those in the
west seawater at irradiances higher than 100 ymol-m=-s7!. In the east seawater medium, optimal photon irradiance
for reproduction was found to be at 100 umol-m-2-s"! whereas in the west seawater, that was 30 ymol -m2.s"L.
Total quantum requirements for sporulation and spore release were much lower in the east seawater than the west
seawater, which suggests that reproduction may be influenced by water turbidity.

When U. pertusa was exposed in batch cultures to various concentrations of nitrate and phosphate at 100
umol- m=-s57 of white light, the rate of reproduction was markedly higher in nutrient-added conditions compared
with controls with no nutrients. As nitrate concentration increased, the reproductive rate of U. pertusa increased in
all cultures of phosphate concentrations indicating that nitrate but not phosphate plays an important role in repro-
ductive process. When copper and lead in combination were added to U. pertusa, percent sporulation and spore
release were solely dependent on copper concentration. Sporulation and spore release at 0.01 ppm of copper
reached about 80% which was similar to that in control, but no sign of reproduction was found at 0.1 ppm of cop-
per. It can therefore be speculated that reproduction is more sensitive to copper than growth in U. pertusa in view of
the previous report that 0.1 ppm of copper was not inhibitive to growth.
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&3t Aol AT wal szFt oldEivhAA
Al 1 A9 Tl wsEo AFHor FUk
ol ase ARE b A =AU (Stirn 1994), K
F3t A FGelA wiWaEA s AxFRe FE
=2 Ulvas}t Enteromorpha?} =t (Lavery et al. 1991,
Fletcher 1996), 1 ol o] FE¢| dgldog gsln
- e AAeHE /MY JIdF 55 A
Fedo] AM dUEFe FEWl & AL IY
A7 Yol FHAFF BAEAA F AFgle] Uo
g 7] WE2QY o224 EF & E3e] ZHaelA
W FEE HANE AFE F W7 HEQA Ao Algd
o} (Littler and Littler 1980; Kim et al. 1991; Hein et al.
1995). F719FEH F 53] ANAH AL 27
Aol o9 thefet FEl2 JFE vAe Aoer d#A
sedl, %% U fasciata®] 735 AAFo] nA=HAYE o
v 2L o] EXEHY oY nFmdME UYL T
AAAE e Aoz Yelyg o (Mohsen et al. 1974),
Nasr 5(1968) & siFde] F2FE Hrlsh FAE o =
2 U lactuca®) #52F F-g4o] vh-g &Lt o] Fo1t
3 BEn&tgch @d=x Laminaria longicruris®] 7% A<
HAFE7 52 ASE¢o] dEURE 3 ArwEr)
W2 oAEERt Aol &deiA FIyHe Hoz #FA
g9t} (Egan et al. 1989),

2 Kimz} Han(199) & 7 zaeel 4% 1 4%
27t SAeFgEHC] AYFAcr BYHe 2idaEde A
W Eoll £ FE9 FIF5 =EFHY] 9, o] o A
R BE A AFA A E wng 5 3
At dlrFe $E52 €Y, AddEs g 5
€ veille Aoz BaE vt 3led (Cho 1999), A Cl
A AN EEE 53] e goll thele] Z7ko] M=z o}
27 $33teg o2g 2345 TR Wi A
ole] fl¢lo] H7|x &} (Thomas and Siebert 1977), F+
2o G2 e FFH5EL d¥AT Tl dgE 73
Al AEHAA ZEol2E A s ARE VKL
o HEd Fro FIFEHL FY MAE st T8
742} (De Felippis 1979), sj&2Fol rlxle 349
=40 dis] A7 B A7t JYEHYEH iR
o A7t B E AEE FEEHYR Yol MR o
goll disir e F38] A AFro] o] FoFH )

2 d3s fevet st 2 ARo] BeleA B
2ata @edt FEFRE R don, ool fold
=2 TPA9HE e E JYIF (AT akd)
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 drdde Feve gl AdMste 52
T dutd (Ulva pertusa Kjellman) & A& 2 Al&3tgc)
Zote & A8 HAME P4 F2 FGAo A
H9| oA o] Fofjza] 2 & (Nordby and Hoxmark 1972) 7+
Zdotefel 173 dAY A E9elM 2% 14mme)
AP - disc) & Hohol AMgstdct, AFAHL 250
mle} wjkelo] &7l FepAdd] Y1, 15+0,5Ce &%
stollA 12:12LD9) FF7|2 fEulFslg or vkl 2
d ez HEF A FH

Salet AMsHollA xH=E Kidala=ol|l A Q] A4

el Y= Ila JAHFHA] Ynjzelr] Zhzt
A A TS ol e SExATL 10, 30, 60,
100, 150 pmol-m=-s7'e] FeFollA] 1453t vl g3t

FI|EUAT sTof mE A4

Frl9SEH/ Fue A 1043 Faet Mol &
2 THEARRRE (1989-1994 Ministry of Environment
Republic of Korea(ME); 1995-1998 Ministry of
Environment Republic of Korea(MOE)) & 7|23 &}
KNQO;(99.0%) 0.5, 25, 5, 10 ppm34} K,HPO,(99.0%)
0.002, 0.02, 0.2, 0.8 ppmo & AAslHRon, o wf s
& 7FBAFEM 3RS 10 B7kE AYY Bge =
pore size 0.45 ym2] membrane filter(Millipore Co.)& o
Hstal gt wlPAl BFL 100 pmol m2-s710]%]
on} wjg7Izhe 1ol it

a5 skof e 44

Han(1992) 9] d4dF AW wel e wix]o
CuCl, - 2H,0(99.0%)9} Pb(NO;),(99.0%)-2 w=dH=E 3
7kttt & A7olA AR Cu** gl Pb**e] TR &
A 1293ke] Fael Asfai A @ #ALR (Cho 1999) &
7122 38l CuCl, - 2H,0 001, 0.1, 1 ppm3} Pb(NO,),
0.01, 01, 1ppmE HF Hejstgdon, Fan wjg7|zt
& Tl FFRelAM Y Hegah gdsidc

EXHME 9 ZALEE X

FAHAGA QA ] o] ZAofr] AgddM F2 W
Moz WgtEle 3o AZdHez FWsiAl vehded
o] me] WAL JAEA 3| (Samsung Co.,, MW-200B)
£ ARt EAsidon], XA IEELS v sl
FA7L EE AXE #2R1% ¥ 1 AFE 533 Yt
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Fig. 1. Effects of photon irradiances on sporulation of Ulva per-
tusa, grown in the seawater collected from (a) east (b) west
coasts in Korea.

Wtk EAREAEL A Caxﬂ‘“—'iﬂl gk TAFAA
Ao AiHl &2 A4ER T, EAREE 3 AA JA
Hzol| thgt LapTETE o] *‘*Tﬂtﬂgi A Abstd et

2

S5l Ml KtodslsoijAle] A4

Tl Ml AAsFE ALgEle] A 9E
BHEE Fd2 YA BT viSsIN S o Jebd 2ok
& Figs 1-29} ) ZAEPY &L F dl4z2d 2% 44
HE A3 BE FxAUA w42 Fo Ex} A
7] AR on Fgo] Fyigh wel TaPAgol &
Al bttt (Fig. 1), Beislszzel & 100 ymol - m2-
slo] FapolA] wieF 5U Foll 0% o2 AT
AE&E Hol ubd, MejslezAdAE 30 umol-m—2-s7!
ol 4kl FaFoll M A& 5% HrEe EAFHAHEE et
Wk (Fig. 1), XAE&9 ¢ BE FxdA A
QAo 2 RE UAIE A T IxpEo] #aAEy] Az
stRom ExPAPET vhiA2 F# 100 umol -m-
st olide] FFZAME Falalez A Wik A
o IAFPAHAE 9 WEEo| MalsiFzrdA gd I
Ao Bk A4 Ueldth(Figs 1, 2).
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Fig. 2. Effects of photon irradiances on spore release of Ulva
pertusa, grown in the seawater collected from (a) east (b)
west coasts in Korea.
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1988\ F-E] 197 Alolol]l ZFd Falalrot Majsl
Wel FridSd®el Waltsd ARE <A (1989-1994
ME; 1995-1998 MOE) 2 3lo] Hxlgdal Qitde) s=8
AAstm KNO;ot K,HPO,9] dIdHFE B3 siod
THZv e HAAA B 100 pmol - m-s7'e] Fgkol)
A 143 wjRgE A vEhd g F4L Figs 349
2o}, wlF 3URIFE Xzt A7) AlAbglen °ﬂ°kﬁ§
FE HrtslAl obe dixaol vl BEfAeld e
FAF 2PN FREA 5L TAYAALEES EYx 02
ppm ©]3te] QI FxolA] Hitd Fx7l F7Hgd ut
2t 2ol A&sHA ol Foizle Aoz Jehtt(Fig.
3). EApEEe 29 i 3-5¢ Aol dojwtow ¥zt

K
ES UEEE B "J’&‘S Froll dugle] A4 F
57 Fhel] wet o] 2ot w2 Vel (Fig. 4).
3% sTol mE M4

19853 78] 1997+ Atol o] M3 ZA7qtelAe] F34 5
EHEE A (Cho 199) 2 Cu* ¢} Pbre] 28 433}
I 5 942 2§xe]sl] 100 ymol-m2-s719] Fako)| A
THATHE WAL Wit AH et g Pb*
F5o d#glol Cu EXE 0.01 ppmollA] wjok 4=
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Fig. 3. Effect of different concentrations of nitrate on sporula-
tion of Ulva pertusa at (a) 0.002 ppm (b) 0.02 ppm (c) 0.2
ppm (d) 0.8 ppm of phosphate.

8 F3&%E AVEA & dxdn vl E ¥Avt
A=7] AlEele 0% ol2e EAYYLEE HIl 6
M, Cu* 0.13 1ppm FEoME H4ALE B F 1
t}(Fig. 5). EAPLEL TAE Aol AZd F 2443ko] F
B3P W AFEA e dE2FI Cu? 0.01 ppmei A
W%l cl2x IALEES el (Fig. 6).
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B A wig- Fa% S vAe AR 4y
A ged, & dF7dA FEasee 2AEde WE
&o| FFo] Frietel wpa #A veEhd AL ol & BAF
g A deds Fua & 4 ohFigs 1, 2). ohE AT
NNz Tzt 2 A Eo £ Enteromorpha
intestinalis®] 7% 32 3A&o] 20 ymol-m=2-s12] &
Zol = 2F 10% #E3 e} 250 umol -m2-s712] BFIF
e 80%7HA] ol2e w2 @S veidtin Eud v
ATHKIm et al. 1992). %3+ AW F Zostera navazelandica
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Fig. 4. Effect of different concentrations of nitrate on spore
release of Ulva pertusa at (a) 0.002 ppm (b) 0.02 ppm (c) 0.2
ppm (d) 0.8 ppm of phosphate.

£ 300 gmol-m?-s1e] FAIN HlnAH we 48
HYT, 100 mmol-m2-s'e] FelA 2180 e Ao
2 Ha¥ vl 2t} (Ramage and Schiel 1998). 3HH, &%
Rhodochorton purpureum= 22 33 pmol-m=2-s71) o]
A oF S doll EAE A0l AL dojuA] AT, B
% 30 umol -m2-s7lol A E 100%2] EAEAPEES HIY
(West 1968). Uutxo g =z {9l ANFE TZF v
3 A & o AHEHEA AR L B Hg
3 e Hez ey Yok (Kamermans ef al. 1998;
Ramage and Schiel 1998), ule}r A4 L3}FFe Fo
FA AN BEE e FEEAH 4T #AAHA A&
3% + Ut

BE BFRAA FHzve] 4L wiF 44 FRE
AIZE R o] 7R S Reldd e HEE HolA|
ottt (Fig. 1), 30 pmol -m2.s7! o|Ate] Fake] 739 uj
& 5YU Aol o] ¥3td FHE & wjF7IEL o o
g A g0 F71BHA] & whd gl AF & wEA F
7¥she Zlo] #EAHAEH, olw FHAuH} A4

o




Kim & Han: Effects of Inorganic Nutrients and Heavy Metals on Reproduction of Ulva pertusa 85

100 Pb1

o ™
o o

(a)

H»
(=]

—e&—control —8—0.01
—h—0.1 O 1ppm

Sporulation(%)
8

(=]

100 Pb 0.1 ’

[ I -]
[= N =]

(b)

Sporulation(%)
-+
o

N
[N =1

100 Pb 0.01ppm

D @
(=2 =1

(c)

Sporulation{%)
F-y
o

N
o

0 e S S ——

1 3 5 8 7 8 10 12 14
Time{day)

—r
8

Pb 1

@D ™
o O

(a)

Y
o

—&——control —&—0.01
——0.1 o 1ippm

Spore release(%)
N
(]

o

pry
® O
(= =]

Pb 0.1

=]

(b)

1l

E-3
[=)

1

‘ Epore release(%)
N
QO

Pb 0.01ppm

~ 100 4
* i
% 80 :
S g0
o
©hs 4
g 20
A o

1 3 5 8 7 8 10 12 14
Time(day) [

Fig. 5. Effect of different concentrations of copper on sporula-
tion of Ulva pertusa at (a) 1 ppm (b) 0.1 ppm (c) 0.01 ppm
of lead.

Fig. 6. Effect of different concentrations of copper on spore
release of Ulva pertusa at (a) 1 ppm (b) 0.1 ppm (c) 0.01
ppm of lead.

Table 1. Comparisons of growth and reproduction of Ulva pertusa in response to inorganic nutrients and heavy metals.

Growth

Reproduction

Responses to water body

Optimal photon irradiance !

100 ymol -m=2.s~
Compensating photon irradiance
Determinant nutrient Nitrate
Optimal concentration of nutrients
Determinant heavy metal Copper
Inhibiting concentration of heavy metals

Reference

0.1-1 ppm

East seawater > West seawater
10-30 ymol - m=2.s71

N: 10 ppm P: 0.8 ppm

Kim and Han (1999)

East seawater > West seawater
100 pmol - m—=2-s1

below 10 umol-m=2.s1
Nitrate

N: 10 ppm P: 0.2 ppm

Copper

below 0.1 ppm

this study

el ARl FAAHE 3\*—% JD]OPE‘] A3 Aol
ME frEHoF YJote AAYES AAE FE Holth
(Fig. 1), & Q742 =4+ ‘T"“”Qﬁ]'aﬂ—’] SR E R
< 100 pmol-m2-s71Q1 Aoz Jelhted ol EE9
ARAA GGy Fdshes HoA Eu)Foh(Kim and
Han 1999; Table 1), wrd Fojzstele] A2dAFZe
10 pmol-m2.s71 o|3}e] FFo|A EAjshe RoE W
s = (Figs 1, 2), AT Kim %5(1992)2 Enteromorpha
intestinalis®] 21L& 95F A Feko] 20 umol-m2-s7! o]
sletn Hwslyom, Knaggs(1966) = &% Rhodochorton
purpureum®] AT-E F& TAHPY L fmste dABF
o] 2-18 umol-m2-s! Atolgtm AFF wh QUc}, %&94
AA TRl FRAH ] 10-30 umol - m2.571Q)

A& 7Aekgohd (Kim and Han 1999), 72 dulae] A2
& FEFN HIst] Fake] DG WS Hlge A
olz|gt 4L FzHl

< AlARsl E£th(Table 1). AFELo| A
THATH7E e FEC vE TN AolM YHFH
THE ARG = UEE dFe 71—} | 8 A& Ao
= Aladdh

Liining (1980) 2 3%e] @z clA|nlL 2| E (Laminaria
hyperborea, L. digitata, L. saccharina)-& 3o 8 $apd
A2 &E vlwdle o BelA Adzo] BRI g
< FoEA AT Q4L AolE M & & ddka sl
=t A% water type 59 Z7 oM = 100%9] A&
4383 FFo] 1-1.5 nEcm2-571¢1 ®WHH, Ht4 water
type 99lA& 2nEem?-s719] Aoz Busgh B AF
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spore release of Ulva pertusa.

oA FREE AP & BAE AHE A 50%
AP EE AT FHFE FAHFZAAAM 3.4
mol-m20]9l 1 AM&ls]lFZ Ao 8.8 mol-m2O 2 A
ARt oz g3l Aoz Lzl AMais|golAdel ATt
ko] Fajajo BTt Tl o] w2 AR e
on, IALEE I H=d FF(Fs 42 mol-m7?,
A3 9.0 mol-m2) & B it 7 date) g9A 4
of B4 AR ofdle] &9 Aol UEle A2

3

2 AgHd(Fig 7). ¥ AFeAe ol 2& B
274 8¥ oilg #FeddA F FUeTEF (BN

3 And) s FE5(Felsh Whe Wkl o)go| zz
Fuzse galol viE ool dha zAeZM
Solok Astels Afololn BRE HAE AolT FHa
2} ok,

)9 ® B8 A9YH Qe
Aol Agasz 448 4 Atkn YAA YA
Feie sigelle 1 Fol FEs] Wi dUFAF
o2 AT QAL AFstes 8om HAidte ALt
=&} (Hsiao and Druehl 1973; Chapmann and Craigie
1977). Hsiao%} Druehl (1973) & 4184 wjofz xjdAte)
ool wieks Fa 2% Laminaria saccharina®) wj<$-z}
PAol| o G FHiyEy Sug-Hela 2
v ed, AA AE d4AY (Lumberman’s Arch
Burrard Inlet British Columbia Canada) oA x}<i23e)] 8l

o L A oo

Fule ANEe) FEE A% SugHE xdete Aoz
vebgdtl, whd Hsiao$t Druehl(1973) & S29] 2] o]
HMad §e JUAF BN Lojum, AndD Q14
del wErt bl uieh gago] Zrlshal ik
588.3 g 17} Q14 15ug-Fol A HHe) Yage et
Ao stk 2 ATeld FPzAmE e Aidd kol
Faglol AN TE7t 71l wet & ¥AEALE
¥ HEE&E YellArh(Figs 3, 4). #< Kim# Han
(199) & TFe WI2LE FYPT AFdA QNFERGE
Aol ARG ale Lty Budded A
AT 7R 2 Aol Agaglor ke A
o2 wchdrt(Table 1), £ xAdele] sl4E ALES
Add d7EF Mafalrzdo wedst ARG AoE
o2 JdUdfHe vt $e FasiaRACdgA wdd
Aol YA &o] A Jepd ¥HA(Figs 1, 2), AFsl4
£ o|&ste JdUEdFY TEE Buieta s o Bl
g di#sle =2 0.5 ppm, A4 0.002-0.02
ppm)olA Btk XMaa+E diste = (NI 25
ppm °l4d, <14td 0.02 ppm o]} ellA] A2 o] EA Y
Bt A& 2AAdE oA AMalialiaol dibda QA o]
oo Fridsteiel 2L Adshs ool EAY F+ U
=& MA@ 4 sl

£ dFelA FHARe = Pb? Fe A#glel Cu?
E% 0.01 ppm AelolA 0% o2+ TAEA & W
288 Eed ole FE5% 7A@ gzt
ARG AZgov, IAFEA] ME dojuA] ¥ HE
ForE 203 dz2Ad RAojgtn & 4 vk (Figs 5,
). H, 37, FE 5 YRS AR FI5E FuFd
3T AR A dE¢E FAL v=7F 25 A¥
A2g Halg 713 4 Uoh(Dring 19%). 1 &2 Zz
Laminaria saccharina®] 73§ Cu?*g& #H7}stA] &g Wy
o 0ug-He] Cu™ & 7S o o g2 M4 B
o} 50ug-F! ool Cu* FEANAM = A &) wof o
A 7ZA3tg cHChung and Brinkhuis 1986), Leland$}
Carter (1984) = 2%2| tjdgt siZFE oz o
Cu* FroA 7f#Fe] e A7 24 G 5%
0ug-Foll w&AIAHE W 1 F 1635] MATF ZFAE U
EP o\t Achnanthes minutissima®} Calothrix spp. & %
AZ Cu?* Frolr] 23l &3 FHAE 3l 1 A
o] $HFo] He S FHY F UYL B ATolA
st AR olgt FEe FERAAM ud A
AgES she ez Jehd i dste g4 e A4
Tl o3t & AYYE e FTAE A5 (Figs

5 6). ] AN FI5 =4l ol oA wk

EU\

ja)

r
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FEoA A& A} (Anderson ef al. 1990). F+2ol]
et slzfFel Ageld wigde AHEd g2 dop}
FEYFET A dE 0aEes ¢ 5 9o
Smith¢} Harrison (1978) & @2 Macrocystis pyrifera ¥} $-
Aol FPYFo) Cud B 50ug-Hola] olA]sle
YA L 0pg-r'e] FmoA JAEkn Basch =3
%Y TAAE Uiz 3 d7EF dPyFe 2
pg-H, wole Weug-t, WAL 102ug-He Cu* %
oAlA] oA =22 (Anderson et al. 1990), ZZ Laminaria
saccharina XA 9] - JFY T 50ug-H, 2L 10
Hg-H'e] Cu? Fxolr A&l @25} Thomas
and Burrows 1984). # Kim¥} Han(199) & Cu®* &
= 1ppme| ZZlo] FRjzutale] Yol WA o8
& "t Basided, B AT gA#ge 0.1
ppmel Cu®* FZojA ¢ JA s Ao Hol 71
ot e AR Aol Cutol] »IZsHA 9hg
ot o2 Al gt (Table 1), o]4e] A3} Cute 74
Zaatefe] AW oflel AAdlxe M AFgecloz
2Hgate] Kol utig Jas F 4 qokn & 3§ Yo
AdGeel e Cu? X7 FHAgYo] EHEAE U}
B ThE 58 2 A8 g rEHe g A4
el Jehle 552023 ppm) e zn i gole) e
Ao Azt Hals d¥ ¢ U Aoy Algdd
(Lee et al. 1989),

Al A
ojo] HAISIE S Zdo] Yol Al=Huh B o
T g EFN2AT(AANE 1999-1-202-

001-3) 2jhg ol FP=AFY,

ANE?

e
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