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The effects of environmental factors, such as irradiance, daylength, salinity, and desiccation, on the growth of Lithophyllum yes-
soense and Hildenbrandia rubra sporelings were examined. Sporelings of each species were cultured with 10, 50, 80, 120, 150
umol photon m? s for 14 days and their maximum growth occurred under 80 umol photon m? s'. Germlings of both species

survived for 21 days in darkness, and even the L.yessoense germlings grew. In the salinity experiment, sporelings of each species
survived for 7 days and died after 14 days under 20 and 25 psu, but the sporelings grew well under 34 psu. Physiological features of
each species with respect to the evaluated daylengths (8, 12, 14 and 16 h) were slightly different, and maximal growth occurred at

16 h for L. yessoense and at 14 h for H. rubra sporelings. Mortality of the sporelings increased with the exposure period, but H. ru-
brawas less tolerant to desiccation than L. yessoense. In conclusion, sporelings of the two species showed similar growth responses
to various environmental factors with slightly different physiological features with respect to salinity, daylength, and desiccation.

However, more ecological and physiological studies on slow-growing crustose algae are required to elucidate the expansion of

barren ground around the coastal areas of Korea.
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HE sl 2 F(macroalgae)?t AlE/dEHAES Lot
ZF(marine algae)= |- Ak~ 9] 50-70%5
oF 25%%5 4ot FAsto] Bhaegte] Hofshz Ao R
U A it FRFR FEAT 2 F= BollAl H=7H4], &

g0l dofet 2t Aol M FE ARFAL v R 3Fo] =

o
e

10 o

-

ot A A 268 my7HA], B LIS RS Holw
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w3593 (Noro et al., 1983), Szl A= 1980E ] o=
LA S 2570] 9] %7} Z7}8}a1(Sohn et al., 1986), 1990 T
ol = A=, "ot Fafictoll A e A0 o7} el
01 20004 o] Fol= S F UL B SlA T AL Ho]
11 Q)= A o|tH(Choi et al., 2002).

2 s2Ret v = A 257 o) AT S =
T, i Az T ekt g aklel o diks e A
o BlH 9L ol 5o) e T, 35183 By e
=4 =91 0 1(King and Schramm, 1982; Martin and Gattuso,
2009), 74k AB 25| EHAT IS WA A
IAE 7HEck(Littler, 1973). Phymatolithon calcareum®] 4]
3|ohe-2 2o Hlsf Hitoll ofsl HW kS W] wizol
A& 7oAl AAlSHA] dh=thal 8F3Ith(King and
Schramm, 1982). 3}, 249 Fartozfol AL 9 33t
AL BAE, siollA AR E= HeEd, AT 57 2
&, FAr st A 5 oheret gh wistol| ofs) A4
tH(DeBoer, 1981; Maudsley, 1990; Steneck, 1997; Gardner et
al., 2005; Harrington et al. 2005; Martin and Gattuso, 2009;
Semesi et al. 2009). 9 & 5, FEAAS 279 71 (recruit-
ment), A8 438582 pCO, 5 =7t =& AMdete Ao+
ol A Z ol 92%7}A] 7H4-5}% 2. (Agegian, 1985; Jokiel et al.,
2008; Kufther et al., 2008), Russell et al. (2009) COZ%‘—E%
oJoped st 2w LANERR| AZ vwe} et
dEo] Astal o oA whE S Hol= HET G
25 Ao ® A EeAL sHYleh B sk FEAte R
= g HE A 252 (1.6-40 umol photon m?s™)of| -5 o] Q)
S 1KKuhl et al., 2001; Roberts et al., 2002), G521 Hydro-
lithon onkodes®] *Z3}%x=+ 200-600 umol photon m?s'9o|
a1, 1)) 312321 Northern Irelando]| A]2]31= Phymatolithon
calcareum®] ¥ a5 4=713} 140 umol photon m?s™!
O] oA Zrassto] AAeo ) Fof| whet thE 3 WS
H At Wilson et al., 2004). o]|F 5 t}ofFst 274 2 919 ojjst
FAANT 27| HET A RS2 Foll el v 7] wfe]
(DeBoer, 1981; Lobban and Harrison, 1994), 2-2|u2} 9k
o AAlsHe AT RO A2lA SRS 15t ol s}
Bk o] k- aele] uhy 9 faloke Selakiot] £
=7} 8 Zlelh

wfeba, 2 AT Saluee] A aelol 4 Sk &
Aae 25 5 &, FAEYI AE3HYA #orh 1) dxAdel
gt ido] Qlar W oA whE A Hol=4]? 1g]
a1 2) Aol thet W/do] oFskar x4l Ao tisto] &
H Bolide Hol=A]?9 thet Aeld] E44E uketstr] 9|6
e ol

(37°16 ' N, 129°19 “ E)ol|l A 2011'd 100, 712)a1 A E5ut
A= AE Bobit A 39K35736 ' N, 12628 “ E)ol|A 11¥
ofl A= e, Aol A a7t F71 AlE-50ll ¥l ice box
of got AF AR 2Rkt 7t Lol uHH 22 52 A4
ol A 2Rt B AlES A& HI AR A ASEAL o}s(0.45
um)2} brush2 FEHe| F2HH v 275 4=3] Al2ste] &
chel LefoledelA 27K2.5%2.5 cm)o] Bietol| Z-2 Petri
dish (217 12 cm)o]] 7} Fo] 9| &5 =& &1L Bdsf47}
S0 2 Lxo] ol wjd7|ol A ZAE & =sk3ith
(Song et al., 2013). H|%¥7]19] 2= Song et al. (2013)°] =}
A GAEYE 10T, IETHA= 20T = th=A Algst
o HE(34 psu) ZZ(50 umol photon m?s )2} 7]
(12:12h LD)+= -5 45 FA AT v k7] ol 4] 48 h 59t 32
A WEE FEF T Lol 27ho] 2zb vjolS 8427
ot} Ak A o] AR5

R AlA

s =50

7} 0] ZA7 20 Selo = 22t 3-471E Asb 2uks
(GeO,, 5 mgL")o] H7}EPES Hl <kl (Provasoli, 1968) ©] 30
LA §71 Petri dish (417 10 cm)ol 29ict. vhol7} Seig)
+ Petri dish+= 570¢] 2%(10, 50, 80, 120, 150 wmol photon
m?s), 18] 1 &E(20°C), §E(34 psu) B27](12:12h LD)
= EGoHA 2EE w7l A 1447t gshleh A==(10
umol photon m?s')i= Petri dishE 424 o= 7hbA], 11
23 112 %(120, 150 umol photon m?s*)= Hij7] Wo]
9191 G5 Perr dishe] 71218 243to] BEgom T
g 25 7(DX-200)2 243 = Olla et al. (2000)2] HH <.
2 F(Lux)S 2% (umol photon m?s'=2 FHZK1 wmol photon
m2s!'= ca. 51.17 Lux)3}%it}. wjol= 33s+& n] 73 (Olympus
BH-2, Japan) stollA] 79 7tA o &2 3kstgl on, txE7t
H2HCanon IXUS 8601IS) #-<J3}] Image J = 13H(1.40s,
National Institute of Health, Bethesda, USA)S.2 A=
o} 307hA19] T ALS A5t AT B ofelel Aoz
AlAFsFAth(Ichiki et al., 2000). HjoFeH-8- 2 7+4 0 7 w3ls}
gou, ojuf AE A=A A3HE ROE AAG o
ZEUE o] U7 E 9t
RGR = 100(InA -InA )/T-T,,

Ay, A8 A ) djobe; A e 37 A djobelA, T, T, &

1°

A~
wfof 214

Fzzdol thiet 2F Hijore] A& vhe2 Elshr] flstod, 9
HjoF Bl O & AlF]-S- A X519 01, Petri dish= F
[e]

=

Ely
nE Y= Paste] Fo Aehekiitt. ijok= 219 &<t
4

21 7} 2 Hjob] YENSE 22l
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Table 1. Average RGR (% day™) of Lithophyllum yessoense and Hildenbrandia rubra sporelings grown at various irradiance levels for 7 and
14 days. Culture conditions were 20C, 34 psu, and 12:12 h LD. Values are means + SE (n=3 replicates)

Culture period

Irradiance (umol photon m?s™)

Species
P (day) 10 50 80 120 150
7 9.31+1.80° 12.41+0.81° 12.51+0.26° 11.69+0.64° 9.66+0.68"
L. yessoense b b b
14 11.67+1.74° 16.25+0.21 17.00+£0.54 16.37+0.34 15.95+0.65°
o b 7 7.16%0.19° 7.9440.03* 9.96+0.24° 6.50+1.03% 6.41+0.61°
. rubra
14 11.09+0.27° 15.33+1.02™ 15.79+0.60° 11.67+1.08™° 11.31+0.66

* Different superscript letters within rows represent significant differences between treatments (Tukey HSD test, P<0.05).

QIX}E Al
2o =2

oet

U (daylength)o] 2F2] Hijol Aol A= F&= &4l
ab7] fIsted, 47119] thE LA, 12, 14, 16 h)ﬂr U &
(207C), 934 psu), =%=(50 umol photon m?sH = =4
oo7]olLA] 1421 52k vegstoict. wloke] 472l
ol 30714 o] M AE S 7t & W YLES AL e 3
(CEEEEET:C]

=
gz o

oat

7 5] Hjoh Aol thet i dFE
op7} F2kel Seto|=Z kA5 PES H 14
of JolAl 149 Fk vl shH A 79 1 i Hjjore] s
Z7gsto] AEES ALtskic) 4 E‘ = Hljo} 30714
of WAS S5kl on 33 v AdS A IOW"/P 71
9] 22(207C), 25%(50 umol photon m?s) W 33=7](12:12h
LD)= 55 Al55ts.0 0] @5 20,27, 34 pui th2
SHATE A Ao At Hatslaol 13 S5 A7k
HeAl(Atago, SMill-E)= 2HelshH s4=9] ¢ 55 We
TS Tl ARRSIGITE

sRelsty lﬂﬁ}ojl Gl
Folo] =71 Petri dish
O

FAAS 257 dfjore] Axkof it WS vlushr| $lste,
Sefo|Eguts 27bof| RakE xAl= AY Aol Algeste] 7t
F 2% AlZko] 2bdl & Petri dishof] o] v FH o] F%=%] ¢

AR = ai 7] Qrell A W ol oluf v %F7]+= 20, 50 umol
photon m?s'7} 12:12h LDE A|gEglom, A% 7|7+ 0
10, 20, 30, 40, 80 minute= Tt}2 7] 3} t}. vjol=
GeO, (5 mgL")7} 223+ PES HjFeH(30 mL)o] H4] Petri
dlShE ol sAIAA XA W} FUet 27 o)A 3°‘ £°} Hj
ot A viole] 3] & H g Slet it vieF 3Y & ek
u|7 stol| A 2] 5= 2] oFal ApYEt vljolE Alg=stAal AE A
Al A vjof i A 4=2} v] aLsto] APYE-S A4kt ol HA
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Fig. 1. Average surface area of Lithophyllum yessoense and
Hildenbrandia rubra sporelings cultured at darkness over 21 days.
Culture condition was 20 C and 34 psu. Vertical bars indicate stan-
dard errors (n=30).

SAEA

£, QA o] AT ARFTA wobe] At
A7} jote] Apato] n)3l e Qe molair] 915 EARA
L Cochran’s test® 554H4 7% (homogeneity of variances)
= AAIsto] HlofE o] FA/E E3IRE £, two-way ANOVA
test= 2S5l Batoll et Folxirt WA
Tukey's HSD test WO 2 ALG HAS A5 THSokal
and Rohlf, 1995). t|o]¥] 415 9Jal AREH SA T2 1S
STATISTICA version 5.0 ©] ¢t}

2 I

TS Z%:‘U]% 19 & 22519) o v, A1 7§ A] Zo] uf
2 2HE910] 0.0027 mm? (n=30 sporelings) 3137 12
A= 0. 0035 mm? (n=30 sporelings)ZA] 253wz Hjo}
7} oF7k AT}, okx Aol A YRE 0l o] el H njo}i A ZE-S gl
o] FeAE Heph A2k BAlE| o] 219 o] Fofli= Bl Aba
skl &S ok Edate] 0.0050 mm? (n=30 sporel-
ings)7HA] 155] 2718l chFig. 1). sHAIRH WHE1d AYEsh
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Table 2. Results of two-way ANOVA and Tukey HSD tests for the effects of irradiance on RGRs (% day™) of the two species, Lithophyllum
yessoense and Hildenbrandia rubra sporelings grown at various irradiance levels

Factor df MS F

MS F P

Day 7

Day 14

92.99 41.83
Irradiance 4 10.89 4.90
Interaction 4 2.46 1.1
Residuals 20 2.22

Tukey test (P=0.05)

Irradiance  Day 7: 10=50=120=150< 80, 50=80=120

Species 1

<0.01
<0.01
0.38 6.46 2.55 0.07

43.56 1717
2349 9.26

<0.001
<0.001

2.54

Day 14: 10=120=150<50=80, 50=120=150, 80=120

Hjoh= WA ghobA] 37 RHEE AR5 SRt e, o= <l
sto] FAA Y7 E7Fs ST RHA, 228w A 9] 2= Hfof
= A2 LA QAL v 2715 StEA 2 wljolrt
UpERU7] AlZhsga ek 219) o] ol cstie] jolr Ab
st

G291 9] sijol= 10-150 umol photon m?s™ &) TheFh 2 &
ol AAto] 7Hs sl on, uir 79 o] vol AL 0.011-
0.016 mm’% L, 14 Z-of+= 0.015-0.030 mm?> 2.2 80 umol
photon m? s of| A H ek H2HEA O] AHHAALES vl S T
dof 9.31-12.51% day, 14¥of= 11.67-17.00% day'Z 80
umol photon m?s™of| 4] Z|hEls Hth(Table 1). H2-=%
of = AYFEE W 72 Fol ol7} flglont, 14
U ol YRS EATHP<0.05). H2HES Hiok= A2=(10
umol photon m?s™1)2} 372 % (150 pmol photon m?s ™o H| 3
50-120 umol photon m?s'2] 2= ¥ $jof 4] w2 AA-S H Y
THTukey HSD test, P<0.05, Table 1). 3F, 255wk ufjo}
HA2 w9k 79 $of 0.009-0.014 mm>$ 3! 14 20 0.016-
0.032 mm>& 80 umol photon m?s'of| 4] Zth e} A ES
2] ] AhAAE-L- wfjoF 7ol 6.41-9.96% day! (P<0.01), 14
ol = 11.09-15.79% day” (P<0.01)& 2= 2o|7} sholg]
$1:21, 80 umol photon m?s'of| 4] Z | FTh(Table 1).

HAE S vlolo] A-E-S vl SF 7H T} 14 Fof = -9}
7h Rt on, darE o] AFEAo] uls) AdzwelA
AT w2 Ao Sluglot AR 918 4 2EE
80 umol photon m?s'2 5 U3} th(Table 2).

Uy %

o2

H2E T AL HA] 9] Hjot= 8-16 hef AoflA st
hom], wjob Aol 24} A2 HEEO] 16 h, WEEHA]
7H14hglom 7 & B ol 27000 vlsf A 20 A e
A& HIATH(Fig. 2A, B). ¥ 79 $ofl HEE2 AEE

0.030

O L. yessoense M H. rubra

0.024 | A

0.018

B B b ]
oon2} A @

0.006 | |_X—I

0.000 ' ' '
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Area (mm?)

0.024 B

0.018 [

C
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0.000 L L L
8 12 14

Daylength (h)

Area (mm?)

Fig. 2. Effects of daylength on the growth of Lithophyllum
yessoense and Hildenbrandia rubra sporelings. Sporelings were
cultured for 7 days (A) and 14 days (B) under 20C, 34 psu, and
50 umol photon m?s'. Vertical bars indicate standard errors (n=3
replicates). ~C +¢ Different letters indicate significant difference
between treatments (Tukey HSD test, P<0.05).

w0 H|a) w2 S K9 O U Two-way Anova, P<0.05),
HjQF 14 Sofl= Fit 2 35| ujobrt HakEelel vla)
-2 A2 1t Two-way Anova, P<0.05).

2= O] ol A v 7Y % 16 hoflA] 0.016 mm*=



FAMS 2T 23] ol ARl digt g aclef

Table 3. Average RGR (% day™) of Lithophyllum yessoense and
Hildenbrandia rubra sporelings grown at various salinity levels for
7 and 14 days. Culture conditions were 20C, 50 umol photon m
s, and 12:12 h LD. Values are means = SE (n=3 replicates)

Culture Salinity (psu)
Species period

(day) 20 27 34
! 7  7.41+0.58* 9.03+0.15° 9.91+0.33°
YesSoense 14 9.89+0.51° 10.13+0.38° 16.22+0.22°

7  7.16+0.19° 7.94+0.03° 9.96+0.24°
H. rubra

14 * 16.07+0.19

*; Sporeling death
= Different superscript letters within rows represent significant
differences between treatments (Tukey HSD test, P<0.05).

2| 132 12, 14h&} 16 holl A= vk 27| vfjote] WA o] v]a]
5u) Z7}5He] 0. M (Fig. 2A), AtHAYAE2 9.80-12.75% day’!
Ak @2 o] G AE2 W 7Y Foll oA B
%0 1(P<0.05), AF5- 74 (Tukey HSD test) 27}, 71 L4 (16
h>14 h=12 h>8 h)o]| A] AAFo] £ 2 © 2 UEhdth(Fig. 2A).
HjoF 14 o] ujobH 220.017-0.033 mm>2] | E 16 hoj|A]
7P 2 AL 14, 12, 8 he] A = YEE AL o] & AR g
A ABAE-S 13.10-17.81 % day ' 91 cH(Fig. 2B). E3F, QA
AFES WIS 14 Fof] Fol2b7t )11eH(P<0.05), T =
@ hyell vl FUA=7(12, 14, 16 h) 2] Lol A w2 &
B ItHTukey HSD test, P<0.05).

R w29 wjo} WAL vk 7o 14 hofl A Z{tf iz
(0.014 mm?), 8 holl 4 0.011 mm2& X 4] o (Fig. 2A), o}
O] A AYAE-L 9.89-11.74% day' & FU 2 71(12 h=14 h)o]|
A e 7d(8 h=16 h)ol| B]sf| =4 Urebsth(Tukey HSD test,
P<0.05). =3F, 125wk sjoli= vljoF 142 Zof 14 h (0.041
mm?*)2} 16 h (0.039 mm?)of| A -2 A7 K ¢l o v (Fig. 2B),
A AAE-2-14.55-17.68% day' 24] 8 he} 12 hell H]8j 14 h
o} 16 he] 47 270l A w2 7S B ¢l ch(Tukey HSD test,
P<0.05).

AHH o
= [S]

AT
0%

BANG 2R = F0| wjohs W ujof 790717] 20,277} 34
psucll Al AR AR 3§12 Holthrl 7 o] 5 A ol A Hf
ofe] S Tt 5 A5 ufjolrh AFEF T RS 4L o] wfjof
1427 50.008-0.011 mm> 3L A AAE-2 7 of 7.41-
9.91 % day'ZA] FEH 2}0](34 psu > 27 psu > 20 psu)E
HSIth(Table 3). =3, 149 $-of 254! vljobHA 2 0.011-
0.027 mm?$] o, AAE-L9.89-16.22 % day' 2 4] 20 psu2}
27 psucf| A= 2ol 7F L3I 34 psuoi| Al whE A H ATk

5 .

100

gy | - L.yessoense —k— H.rubra
9
< 60 |
é *
g
[} 40 | .
= ———%/

wl ke

0 I | | I
0 10 20 30 2 !

Desiccation period (min)

Fig. 3. Effects of desiccation period on the mortality of Lithophyl-
Ium yessoense and Hildenbrandia rubra sporelings. Sporelings
were exposed into air from 10 to 80 minutes and cultured for 3days
under 20C, 50 umol photon m? s, and 12:12h LD. Vertical bars
indicate standard errors (n=3 replicates). * indicates significant dif-
ference in mortality between the two species at 30 minute desicca-
tion period (One-way Anova, P<0.05).

(Table 3). FIE-5THA] vjob= v TH7HA] = = HE A+
(20, 27, 34 psu)ll A A5+ 3 AFE7 % (Tukey HSD test) 2]
A= diE AEEY Zol7t 9SS HER T Table 3). 5t
A5k, K3 A] viop= v eF 11 ©]% 20 psu®} 27 psuc] A
APESFATE vl ek 14 &, A= vljol= 34 psuof| A ik ¥ E]
Qom ojuf vjohH AL 0.033 mm>Y il AHALEL 16.07
% day o] I tH(Table 3).

HE o

—

0%

WAEY ARFUA vobe] YRS 8029 7] e
T oF 99%%lew, 1x 7|7t vlFste] S7Fskeich(Fig. 3).
H2HEQ) vljobe] APT-E-S 10-4022] A% 7|7 ol AEgw
A o] wfjoto]] Bl AT A o2 S AFES Byl ow, ojuff A
W52 J2HE910] 15.09-57.30% A 0.0 AEZTR]|= 16.45-
63.55%% ZHI=|ITHFig. 3). sobetAloflA] FaHEele 2+
FHA|of] H]3f| = AFYES Hof o et Aol W A
O 2 RIS OLH(P<0.05), 259 Hiol AFE-S £ 3042
Fol 7H Ahol7h 9l A0 LehdhFig. 3).

o

Ao A GRE A (Lithophyllum yessoense)} 2128w
A|(Hildenbrandia rubra) ¥fjo}2] A wjjof 723} 14 Zof
L5 80 umol photon m? s of| 4] 7HAF gl o m] | o] H T} W7

E2 2L A AR A A E It Hwang et al. (2002)-2 2
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2154 vljol= 20-100 umol photon m?s™ o] A A4} 0.
50 umol photon m?s™ o A Z| o] AYA-& K o] E o7Lel GAls)
o, Ichiki et al. (20002 A& 2(0.04-240 umol photon
m?2s™) 50| 41240 umol photon m2s™ of| A Z[of] A4S H Tt
31 5ho] B o132 2 Hwang et al. (2002)] Aioh= LR E =
AARES-S B otk -5l ©31Greenland ] =4 15-40 m of|
A A181= Phymatolithon foecundum®} P, tenue:= 13-17 umol
photon m?s12] W& I3}z of 255 o] ¢l o m(Kuhl et al.,
2001; Roberts et al., 2002), Johansen (1981)2 t}oFet 43
2571 AzmoA 2] Ao ofutrk sk, ofgtlel
A A4S dase] RAMEER) ARS 9T R
+= 11.2-16 pmol photon m?s! o]aL oJ# F2 t=F 0.56-1.6
umol photon m?s! 2 vjj-¢- kcH(Adey, 1970). gHH, Gojf AF
T 238} ol| H2I5H= Hydrolithon onkodes?} L5 FAAL G =
F+= 200-600 umol photon m? s | 4] FEs}7} LojLpz|qt
(Payri et al., 2001), th-0] 84 e 2 70F F8A S 257(
ol|, Corallina mediterranea®} Jania rubebs)= *| 2 o) A -2
A& Bt Hader et al., 1996). T3, FAALS 2 7= 274
ol u]a) Alj 2 0.2 Heko] He Zalo), FL 27Hoje} zal
foll A14]5Hz thal ShRe] 52 (canopy) oFfe} e 1
X1 oA =2 A A5z A 0= 1] ¢l tH(Johnson, 1984;
Johnson and Mann, 1986). Ichiki et al. (2000)-2 F2H5%1-S
Ui Eofj= o] tha|n} koA Akt 80% o]
9] wjob7} 10.6 pmol photon m? st &] A 2L A] AE3|= 7
2 shelakgict. 2 AolA] ERELle] U dloke gzl
X35 Ol4F A 9 A A 0. B191E % Wilson et al.
(2004)> Maér1 9] “JAl= =27 ol 45 52t Slol = FgHdell
2 Ajol7} ek sto whotel HAl7E g zol chek Ul g
S Z Ao detEc)
TS, HARE U A BT A9 vijohs B el 24 v
74 2o A wE S Bl o, 2o A JEHE

87116 hojl A, Z-E2FH A= 87114 hz T8 2o|& Kl
A& Fofj ol Aotz HAES 9] vjok= 10 hel 12 he
7ol vl 14 he] Y7ol A whe A2 1 ¢lar(Ichiki et al.,
2000), Gao et al. (1993 )2 -8 AFS 2721 Corallina pilulifera
o] AU vfeFellA] A2)3Ha2 ¢F7|(dark period)ol] Blsl H7]
(light period)e Z71eHea ahof 24y Abs 25re] ke
& oA et o] dojrl ojFHo| =2 dojidria
ERabiteg

HAEYI AESTA] 9] sfjohs HE AGR(AE Hw20,
27, 34 psu)oll A o] Hasts S HAATE, A il
gt WA FaE Yol 23T vlal et Ao g 2l
ek A Aol A ghaAt H2HES(L. yessoense)?] vljof
/372 34 psu (0-43 psuol| Al Ad)ollA] Zehglon, 259} 43
psu o[ Al= 7o) A A% Lo, 17 psuol st A= Hijol7F A
HE]o|(Hwang et al., 2002), 2 2] Ao} H|s=51o] 221}

ol

2t

ne

o cloke] HAHE Qe A4} Seb o] e 4 v
-2 GARSH A o & FRelw| Qi T3 Maérl ¢l Phymatolithon
calcareum 2] A= 3 psu, 15 psu, L& 3L 30 psuof| A= Fg}
AJEg-o] 4314 2. (Liining, 1990; Wilson et al., 2004), 5%
Zoll gt A3)ehe e =-Eo] AE 2ol oJsf A A
Tk 53] A Hatoll A wh=A s o] o] ool ¥ Ath=
Z1& B84 th(King and Schramm, 1982). 3124, Notoya
(1976)= Lithophyllum neofarlowii®] A§#4+2] 2|4 Ji-s=+=
49 psuztil skglom thE B FE52 50 psuol|A] A4kl
AUTkaL SFG=T o] thFREY FEAT 2R A A HE
of| A A AL A|WE ;S fIRE XA HES FHE Ao|7} Q=
20 &2 ke

BANSZRE AYP HRRIME th2A AA vheto] 24}
oz najste] Ao asled ol 22 M4eh] 1
o] ZAZ(desiccation)®] o} WS} WES-SFCHWilson et
., 2004). Maérl2 & A 31= Phymatolithon calcareum®) 333}
BES AR 7|7 AEA 8 Fasto] 158 3% 50%
228} F A 717ES 305 HA| FokitH(Wilson et all.,
2004). & Aol A = ZH ] T2 7 EEHE T KR A|
O ujoh= 30422] 1z Ao oA 30%] APYES Hle
80+ Ax Alofl= it AFEge =N Axe FAAT 2R
o] Aol 2172 Q1 Fake nA|w thE 2 2.l vl
2| & ol Aoz wetE),

FAMT 7= =7 AAH<T em yr')S HOolX|[RE AFA ) H
ol A X&A o7 TaE = 7]5A] Lo, & Aol A AR
B 2150 0] RS 12 mm yr! 24 WSS (ge-
nus) Lithophyllum imprepressum®] 5.0 mm yr'e]| v} =21
S B A9, Dethier and Steneck (2001)-2 A1 E-3wh2] =
A4 13 (damage)el gt RS 7HAICh L W sk, =
Lo A% Song et al. (2013)2] AFAT 4] 2 ETwkz] <]
22 ARLE 20Tl HAEY votel AR v msie
O}, oheFet 2 %(0-150 umol photon m?s™), 47H(8-16 h), &
$(20-34 ppi)el A HAHE 9] ok o] 7] vhebeto 24
AEZFYA = ok 2M3E A 2570l vlsf o} 2 A
Aol A 7ol L7 A 0 & Sl E| ¢lr}

AEA oz Syt AmE s olA HEEE A=
oA violr} 35 o] 4F &S g e o Bl
I Azo] gk Hiido] i thE Fofl vlsf wE e 2o
= Ao 2 It E3F, AP Ao A FEHEUE AF A
A713e BAdstaL A WE717H1-39 A 9))o] An, 2%
EE 2R E & IS Hol i, FFA 20 e E F
sto] k2 sl =5 viore] Raka AAIskL 245w A
ZHY A 7]+ EA](Masaki et al., 1981, 1984; Noro et al., 1983;
Morse and Morse, 1984)& 7FA 1L Q1o A =L Sl ol A =
2 s Zo® Al & AtolA AETHA= JE
ESol vlsl 2, i, AxRe; 2 eS| iRk A
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FAAS 2T 23] vior Al diTt &80l FF 833

&} Aol ofgt AR Y- A o 2 WA, o 5] ofxA
I AZ W2 FotA It Aot B =0l W
OF B 7} =2 Al Qtof| A M-Sz A 0= Abm Eth. Dethier
and Steneck (2001)-2 XI5 T2 = Ao gt A o] o}
£ Foll vlsl =453l o m, Hildenbrandia spp.+=3°] 9] &=
5}x] o= wol v (barnacles)2} B-X] (mussels) 2+ o2 ofl A
T 4| Bt A [ A8k Egthal B arskgl =], -2
et AgQtof| Al Aol =7 MESTA| 7L 82 JAE= A
2 opofet e A E | Aot A o] thE Foll Bl sl £917]
oo &2 e
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o] 82 2011HE (IS} |&5)2] YUOE 5
AT AEe] 7|2 TAR] AL ol S @A E
NRF-2011-0012519)2 4 o]o]] ZtA} =&t}

References

Adey WH. 1970. The effects of light and temperature on growth
rates in Boreal-subaratic crustose corallines. J Phycol 6,
269-276.

Agegian CR, 1985. A biochemical ecology of Porolithon
gardneri(Foslie). Ph.D. Thesis, University of Hawaii, Ho-
nolulu, U.S.A.

Bjork M, Mohammed SM, Bjorklund M and Semesi A. 1995.
Coralline algae, important coral-reef builders threatened by
pollution. Ambio 24, 502-505.

Choi CG, Takeuchi Y, Terawaki T, Serisawa Y, Ohno M and
Sohn CH. 2002. Ecology of seaweed beds on two types of
artificial reef. J Appl Phycol 14, 343-349.

DeBoer JA. 1981. Nutrients. In: The Biology of Seaweeds. Lob-
ban CS and Wynne MJ, eds. Blackwell Science, Oxford,
UK, 356-392.

Dethier MN and Steneck RS. 2001. Growth and persistence of
diverse intertidal crusts: survival of the slow in a fast-paced
world. Mar Ecol Prog Ser 223, 89-100.

Fabricius K and De’ath G. 2001. Environmental factors associ-
ated with the spatial distribution of crustose coralline algae
on the Great Barrier Reef. Coral Reefs 19, 303-309.

Foster MS. 2001. Rhodoliths: Between rocks and soft places. J
Phycol 37, 659-667.

Gardner TA, Cote IM, Gill AB, Grant A and Watkinson AR.
2005. Hurricanes and Caribbean coral reefs : impacts, re-
covery patterns and role in long-term decline. Ecology 86,
174-184. http://dx.doi.org/10.1890/04-0141.

Gao K, Aruga Y, Asada K, Ishihara T, Akano T and Miyohara
M. 1993. Calcification in the articulated coralline alga Cor-
allina pilulifera, with special reference to the effect of el-
evated CO, concentration. Mar Biol (Berlin) 117, 129-132.

Hader DP, Herrmann H, Schafer J and Santas R. 1996. Photo-

synthetic fluorescence induction and oxygen production in
corallinacean algae measured on site. Bot Acta 109, 285-
291.

Harrington L, Fabricius K, Eaglesham G and Negri A. 2005.
Synergistic effects of diuron and sedimentation on photo-
synthesis and survival of crustose coralline algae. Mar Pol-
lut Bull 51, 415-427. http://dx.doi.org/10.1016/j.marpol-
bul.2004.10.042.

Hwang EK, Kim EJ, Kim HG and Sohn CH. 2002. Tetraspore
release and growth of a crustose coralline alga, Lithophyllum
yessoense (Rhodophyta, Corallinaceae). J Korean Fish Soc
35, 242-246.

Ichiki S, Mizuta H and Yamamoto H. 2000. Effect of irradiance,
water temperature and nutrients on the growth of sporelings
of the crustose coralline alga Lithophullum yessoense Foslie
(Corallinales, Rhophyceae). Phycological Res 48, 115-120.

Johnson CR. 1984. Ecology of the kelp Laminaria longicru-
ris and its principal grazers in the rocky subtidal of Nova
Scotia. Ph.D. Thesis, Dalhousie University, Halifax, Nova
Scotia, Canada.

Johnson CR and Mann KH. 1986. The crustose coralline alga,
Phymatolithon Foslie, inhibits the overgrowth of seaweeds
without relying on herbivores. J Exp Mar Biol Ecol 96, 127-
146.

Jokiel PL, Rodgers KS, Kuffner IB, Andersson AJ, Cox EF and
Mackenzie FF. 2008. Ocean acidification and calcifying reef
organisms: a mesocosm investigation. Nat Geosci 1, 114-
117. http://dx.doi.org/10.1007/s00338-008-0380-9.

King RJ and Schramm W. 1982. Calcification in the maerl cor-
alline alga Phymatolithon calcareum, effect of salinity and
temperature. Mar Biol 70, 197-204.

Kuffner IB, Andersson AJ, Jokiel PL, Rodgers KS and Macken-
zie FT. 2008. Decreased abundance of crustose coralline al-
gae due to ocean acidification. Nat Geosci 1, 114-117. http://
dx.doi.org/10.1038/ngeo0100.

Kuhl M, Glud RN, Borum J, Robert R and Rysgaard S. 2001.
Photosynthetic perfomance of surface-associated algae be-
low sea ice as measured with a pulse-amplitude-modulated
(PAM) fluorometer and O, microsensors. Mar Ecol Prog Ser
223, 1-14.

Littler MM. 1973. The population and community structure of
Hawaiian fringing-reef crustose Corallinaceae (Rhodophy-
ta, Cryptonemiales). J Exp Mar Biol Ecol 11, 103-120.

Littler MM and Littler DS. 1985. Deepest Known plant life dis-
covered on an uncharted seamount. Science 227, 57-59.

Lobban CS and Harrison PJ. 1994. Seaweed Ecology and Physi-
ology. Cambridge University Press, Cambridge, UK.

Liining K. 1990. Seaweeds, Their Environment, Biogeography
and Ecophysiology. Wiley, New York, USA.

Martin S and Gattuso JP. 2009. Response of Mediterranean cor-
alline algae to ocean acidification and elevated temperature.
Glob Chang Biol 15, 2089-2100. http://dx.doi.org/10.1111/



834 FA - WA - 90H - 5

j-1365-2486.2009.01874 x.

Masaki TD, Fujita D and Akioka H. 1981. Observation on the
spore germination of Laminaria japonica on Lithophyllum
yessoense (Rhodophyta, Corallinaceae) in culture. Bull Fac
Fish Hokkaido Univ 32, 349-356.

Masaki T, Fujita D, and Hagen NT. 1984. The surface ultrastruc-
ture and epithallium shedding of crustose coralline algae in
an ‘Isoyake’ area of southwestern Hokkaido, Japan. Hydro-
biologia 116/117, 218-223.

Maudsley B. 1990. Defenders of the reef. New Sci 126, 52-56.

Morse ANC and Morse DE. 1984. Recruitment and metamor-
phosis of Haliotis larvae induced by molecules uniquely
available at the surface of crustose red algae. J Exp Mar Biol
Ecol 75, 191-215.

Noro T, Masaki T and Akioka H. 1983. Sublittoral distribu-
tion and reproductive periodicity of crustose coralline algae
(Rhodophyta, Cryptonemiales) in southern Hokkaido, Ja-
pan. Bull Fac Fish Hokkaido Univ 34, 1-10.

Notoya M. 1976. On the influence of various culture conditions
on the early development of spore germination in three spe-
cies of the crustose corallines (Rhodophyta). Bull Jap Soc
Phycol 24, 137-142.

Olla BL, Davis MW and Rose C. 2000. Differences in orien-
tation and swimming of walleye Pollock Theragra chalco-
gramma in a trawl net under light and dark conditions: con-
cordance between field and laboratory observations. Fish
Res 44, 261-266.

Payri CE, Maritorena S, Bizeau C and Rodiere M. 2001. Pho-
toacclimation in the tropical coralline alga Hydrolithon
onkodes (Rhodophyta, Corallinaceae) from a French Poly-
nesian reef. ] Phycol 37, 223-234.

Potin P, Floc'h JY, Augris C and Cabioch J. 1990. Annual growth
rate of the calcareous red alga Lithothamnion corallioides
(Corallinales, Rhodopyta) in the Bay of Brest, France. Hy-
drobiologia 204/205, 263-267.

Provasoli L. 1968. Media and prospects for the cultivation of
marine algae. In: Cultures and Collections of Algae. Wata-
nabe A. and Hattori A, eds. Proceeding of the US-Japan
Conference, Japanese Society for Plant Physiology, Tokyo,
Japan, 63-75.

Roberts RD, Kiilh M, Glud RN and Rysgaard S. 2002. Primary
production of crustose coralline red algae in a high Arctic
Fjord. J Phycol 38, 273-283.

Russell BD, Thompson JAI, Falkenberg LJ and Connell SD.
2009. Synergistic effects of climate change and local
stressors: CO, and nutrient-driven change in subtidal rocky
habitats. Glob Chang Biol 15, 2153-2162. http:/dx.doi.
org/10.1111/.1365-2486.2009.01886.x.

Semesi IS, Kangwe J and Bjork M. 2009. Alterations in seawa-
ter pH and CO, affect calcification and photosynthesis in the
tropical coralline alga, Hydrolithon sp. (Rhodophyta). Estu-
ar Coast Shelf Sci 84, 337-341. http://dx.doi.org/10.1016/].

ecss. 2009.03.038.

Sohn CH, Lee IK and Kang JW. 1986. Quantitative analysis of
the structure and dynamics of benthic marine algal com-
munities at the southern coast of Korea 1. Yonhwado near
Chungmu. J Korean Fish Soc 19, 265-273.

Sokal RR and Rohlf FJ. 1995. Biometry, 3" Edition. Freeman,
New York, U.S.A.

Song JN, Park SK, Heo JS, Oh JC, Kim YS, Choi HG and Nam
KW. 2013. Effects of temperature on the spore release and
growth of Lithophyllum yessoense and Hildenbrandia rubra.
Kor J Fish Aquat Sci 46, 296-302. http://dx.doi.org/10.5657/
KFAS.2013.0296.

Steneck RS. 1997. Crustose corallines, other algal functional
groups, herbivores and sediments: Complex interactions
along reef productivity gradients. Proc. 8th Int, Coral Reef
Symp 1, 695-700.

Wilson S, Blake C, Berges JA and Maggs CA. 2004. Envi-
ronmental tolerances of free-living coralline algae (méerl):
implications for European marine conservation. Biol
Conserv 120, 283-293. http://dx.doi.org/10.1016/j.bio-
con.2004.03.001.



