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Mass cultivation of Undariopsis peterseniana Phaeophyta,
an endemic species in Jeju island
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SUMMARY

The brown alga Undariopsis peterseniana (Kjellman) Miyabe et Okamura only
occurs in the Udo Strait between Udo Island and Jongdalri, Jeju Island in Korea
(Lee 1998) although Kang (1966) reported the alga growing in Kapado as well as
Udo Strait. The areas inhabited by this alga are directly affected by the
Tsushima warm current. Within this area, the algae is reported as occurring
within Laminaria japonica beds at the depth of 15 m (Lee and Koh 1991), and in
areas where gravel-form nonarticulate coralline algae cover the sea bed (Lee

1998).

U. peterseniana has traditionally been used as a salad vegetable in Jeju Island,
but recently the natural populations of this alga is in danger of disappearing.
The Korean government tries to protect marine algal diversity and this alga is
one of the species protectedby the law in Korea (Ministry of Government

Legislation, MGL 2010).

Recently, the growth and maturation period of U. peterseniana has been
studied by Hwang et al. (2010). U. peterseniana has been described as a warm
water species in the Order Laminariales (Kirihara et al.,, 2006). In other areas of
Korea, populations of cool water kelps are declining. This decline has been
partly attributed to increasing seawater temperatures around the Korean
peninsula in the last decade (KHOA, 1997-2006). Associated with the increasing
water temperatures is a change in the seaweed species composition found in the
area. As U. peterseniana is a warm water species, it has been suggested that it
may be a candidate for aquaculture in areas where environmental warming is

occurring.

We report here the relationships between environmental conditions during
whole growth period for the artificial seed production and mass-cultivation of U.

peterseniana. Those results are followed:
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1. Ecological study of Undariopsis peterseniana

Ecological survey was conducted from January to December 2008 in Udo, Jeju
Island. Natural population of U. peterseniana in Udo was distributed at 12 to 17
m of water depths in the narrow strait between Byyangdo and Udo. The area of
the population estimated 228 ha at their maximum growth period. Among 5
survey points, U. peterseniana population was observed just in Udo. The U.
peterseniana population formed dense patches at depths of 12~17 m depth.
Growth in length of the alga reached a maximum of 168+36cm at June. Sorus
were observed from May to August, and a maturation peak was detected in
June, when bottom seawater temperatures were around 18C. After zoospore
release, the alga bleached and disappeared after August. Developmental initiation
of sporophytes occurred at temperature above 15T, and sorus formation

required approximately 236 degree-days.

2. Physiological study of Undariopsis peterseniana

Photosynthetic yield of U. peterseniana was higher value in vegetative blade
than sorus area. Environmental conditions for the alga was different according to
their developmental stages. Gametophyte growth facilitated at 15-25°C, 20-30 pmol
m? s'. Micro sporophyte growth facilitated at 20C, 60 umol m? s' and 10:14h
(L:D) conditions. Young blade of the alga grew faster under 20-25C 20 pmol m™
s’ and 10:14h (L:D) conditions than others. Induction of regeneration and
maturation of the free-living gametophytes of U. peterseniana was studied at four
temperatures (5, 10, 15, and 207C), four levels of irradiance (5, 10, 20, and 40 n
mol m” s') and three photoperiods (14:10, 12:12, and 10:14h L:D). Female
gametophyte fragments were maintained in active regeneration without reaching
sexual maturity under conditions of 15C, 20 pmol m? s, 10:14h (L:D), whereas
the conditions for male gametophytes were slightly different at 15, 20 pmol m™
s', 14:10h (L:D). The sexual maturation of female and male gametophytes took
place under 15C, 20 pmol m? s?, 14:10h (L:D) and 10C, 10 pmol m? s?, 10:14h
(L:D), respectively. These results provide basic information for controlling the
regeneration and maturation of free-living gametophytes for artificial seed

production of U. peterseniana.
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3. Cultivation study of Undariopsis peterseniana

Growth and maturation were investigated from December 2008 to October
2009 in their natural habitat. Zoospores were transplanted into an intensive
seaweed culture ground in Wando, southern coast of Korea, for the mass
cultivation of this species. Indoor and outdoor cultivation were conducted from
June 2008 to May 2009. Mean production obtained from the zoospore seeding
was 311415 kg wet wt. m” of culture rope during the cultivation period in
situ. Transplanted F; thalli in Wando showed that length was 1.7 times longer
than their parents in Udo and their maximal growth period changed from June
(at 199TC in Udo of natural habitat) to April (at 14.0C in Wando of culture
ground). The relationship between optimal water depth for culture and
underwater irradiance during the U. peterseniana cultivation was defined as:
y=-0.78X + 7.67 (r2=0.92). This study indicates that U. peterseniana could be
successfully transferred to the northern coast beyond the original habitat in Jeju
Island. We cultured a hybrid kelp consisting of a cross between free-living
gametophytes of U. peterseniana and U. pinnatifida in an attempt to extend
culture period of Undaria which is an important species for both the abalone
industry and for commercial seaweed mariculture for human food applications.
Morphological characters and cultivation period were compared between the
parent thalli and the hybrid. The cultivation experiment was conducted in
Wando, on the southern coast of Korea (34°26718.68 "N, 127°05°43.88 " E). The
morphological characteristics of the hybrid thalli were intermediated between the
two species having shallow pinnated blades and a reduced reproductive organ.
Hybrid thalli showed faster growth rates, 1.5 times greater biomass and a longer
cultivation period than the parent thallii The hybrid strain possessed
characteristics that indicate it could be used as an alternative kelp source to

supply the abalone feed industry.

4. Utilization and Economical evaluation

In order to investigate whether or not CCD-986sk cell line can be affected by
U. peterseniana extract, we examined the MTT assay when we treated Korean U.

peterseniana extract in CCD-986sk human fibroblast cell line.
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80% methanol extract samples of U. peterseniana were tested for cell proliferation
activity by means of a modification of the MTT assay.

U. peterseniana extracts showed significantly strong cell proliferation activity
between 50mg/ml - 3.13mg/ml compared with control group. Especilly
50mg/ml (O.D.=0.166+0.001) showed powerful cell proliferation activity more
than 251 percent compared with the control group. These results suggest that
Korean U. peterseniana extract could be an excellent candidate for protection of
human skin aging.

From 20 set of installation (100 m of long-line culture rope), ca. 60 tons-wet
wt of U. peterseniana can be produced. Total sale of the production is 180,000

thousand won and production cost is 28,400 thousand won, thus the net profit

is 151,600 thousand won. The profit rate of U. peterseniana cultivation is 84.22%.
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A& AHERAe] TR

A1d AT 23

AM FRA FFo HFHH AFA | AFH o2 FEsh= Bt sjzFolth

< grl el W #4o] wopAla gloy AdAY AA7E AgdH ol Ao
Ho ok a82Ql o] &gk nhdd] tig a7k wobAaL 3tk

mep 2 dFelde "ol JhATe AedEet 2 e ATE Foh
THAM B FTIES NEFeEN dxF FHFT vdEE fresta,
71es 9y EEFeEN o] A5Fuel 7o #nt ofyzgt g
AE T ARIHAAES AESe dUEE 98 vadeE o &stuA I

A2d A7NEe 284

WuS [Undariopsis peterseniana (Kjellman) Miyabe et Okamural2 ZZ5F THA|
vk m o] Lshe AW Sl2RE FHUE AlFEe A2 Frar AR

Awbol) B3t} (Kang, 1968; Kawashima, 1989). $-gluetolxe] Bx = AlF AAxe}
FEALO] o] Absrdel AgtH o R AAElal U AFAGAME WS A JHE
2835t gtou 2 wede Ado] AA EWA 1 o]go] AgEHI

9, ZRoE Hoo HHde REUd SEFE APsd AT AHS

o SetEte] A% AFEeE W ARH Ao
AAsa gom, AdEere] FRE HH ZolEe] WF 4ol dE AEFE
A4 F4e FH A4 B Wrld AdA9e] niel Ade] BEH

o] Hof &= Folth
guet AFEe B FR e £4 15m FZol MAsta =
E737 A (Migita, 1963; Kang, 1966; Lee and

S wFAT (Saito, 1972) & A|E A7
= -

Aokl 3-5cm gHFo2 AF

Enzon AA7A @
Koh, 1991; Lee, 1998)¢} w4
o] +aHT. AW ATl wr)

&7 5

3t7] A1Zste] 697 WHES RS FASt 7L Ad%eH, 8= |Alv)
A2AEE Aoz d#A Yt (Lee, 1998). 23} dA7A Ru®E Hu|dd 33
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oW, AEEE ZWeN o] Fo| AFIE AT AEFIE A W7 A
A7 FA® v gk

Hrlele AEAo AF AN 3zte] HEow o]gHo] o}, AAX L]
Frama saAgBey AdEae §8 Fagenq AAFA7E 4o

iAol =lth (Hwang et al., 2010b). < Hwang et al. (201012 R thA Hw| <o
AEetd ATE Bl AdTgelA A 2 = FU71E Wi on, Hwang et al

Q) 27 FHo] F2 o]FolAm gt Ad FEAG Wr)GL =45t
3}

Ao AFFozA dFFAS A A A& HE 20S THIAT. o]
A= WA v FFQ W AT S-S o] &8t m A&7 wgt
AT So] FPH vk o} (Migita, 1963; Kang, 1966; Saito, 1972), A& =
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02
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Lo
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A 25 53 ¢F F59 wuie} AdSFo] 7|2E o = f8d
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z1e 7 A

7ZHel (Wi et al., 2008) 2 &3] (Hwang et al., 2010) SolA TH ¥ v} o}
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S
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M2z =Ue 7l=sHE g
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1-30% W& ZA] 718 BFste] 2o HYPstcr 15C, 20 pmol m™ s &
3

14:10h (L:D) FF7] =AdA g 545 5-8M =Y wj¢A (28 1-3d= AhH,

oy 2

i)

i

ol
o
> A

N
o

1

1583 217 oA (28 1-3e) v FHl$A (29 1-3DE AAAst¥uct. vjk
3045l = to] olEA (Y 1-39E FASFoH vk 508 T = ofd EAA

(T4 1-3he g AAsdq.

(ag 1-3) H0o|del FFA R siAIAE g MmEA. b A ¢f AL
d: B 5= HiPA|. e: HHRF 152L=o| HHH A, f: HHQF 15UZo| =HY
A g HIQF 302=2| OFEA|. h: HHQF H0=Fe| 7. HHYZHZ 15T,
20 umol m-2 s-12} 14:10 (L:Dh). Scale bar 10cm (a), 50un (b-f), 200um
(g) and Tecm (h).
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b %, & 9 FF7] 208 oo ujeAe A
Aol ALg3 Yol FAE 20099 5¥6 AFE oA AFI}IT HWrld
Ae FAe AF SA AFAEZ ukste] Addt IR E HFHsy SR

T3] AHe & FAA &A (Provasoli’s antibiotic concentrated solution, Sigma)el]

2-317F FA A AEHke 100mle] dH g ¥ Hlo|Ad &3t 15T}
40 ymol m? s & 14:10h D) AT NN FFA WELS F=a¢h 10cm 27
9] petri dishE o]&3le] nigols EHH cover glassE Z3 EHa4 20 mlet
A 2 me EFa cover glass] WEH AFAT 4 PR
ZFAHE cover glasse Al Sem A A 9] petri dish2 &4 742zt &, 2= ¥
37 4% 2002 47 WEAS AFE SAAET. WAL PESI medum
(Tatewaki, 1966)°l &4 &HS H7tstod Abgstdon 2-3d mivh AZF wA
ok

°ex 9 2% AL A7 4 &= 71 10, 15 20, 25C) ¥ I 2= =7
(20, 30, 60 pmol m™ s™o] 23l 127) AF I A ztzh 3WHE AF L] PGS

Targon 7] 202 10:14h LD)E FFSAth
Bz 2749 oA AFAFe exol 22 E 15C 2 30 ymol m? sTE 14
i Z+zb 10:14, 12:12 2 14:10h (L:D)Y] ZZAstelA Hrd w99 A=

Z33t ek Wr Y weAe 44T 24 9 2 9% 2Pk

F

0

O

2 g7 208 el ohzAe 4%
T 27 A4 ) &= =1 A0, 15, 20, 25TC) 2 I 2= =

(20, 30, 60 umol m™ s™'o] G 127 APFIrelM 22} 3ukE APFo] Pk

FF7) 27 olx A AFAPL £xo 22 15C 2 30 pmol m? s'&
OAS 242y 10:14, 12:12 2 14:10h (L:D)e] ZAstol A Hlu|Y ol Ao MAEE
S5k By otxzAlY AT 4L 93, 4F 2 Ul dule-AT ofxAl
5 SHA
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(th 3%, &= 2 FF7] 2398 gr| 249 AA

rlo
¥
B
b
BN
b
BN
)

2L 47 ) 2= =1 (10, 15, 20, 25TC) 2 370
(20, 30, 60 pmol m™? s'¢ ZFQ 12/ AFFNA 247} 3 AP7e ¥
Fatgom BFF7] 24L 10:14h LD)=E &4t

ol
M
)
filo

By Z2AE A AP oo 2w2 15C 2 30 pmol m? s'E 1R
sl 7+zF 10:14, 12:12 2 14:10h (L:D)e] ZAsFAA \Wr Y A9 AATE =H

stk WYY TAAY 43E S 9% L 9T SPsA

@ Feu A g =2
Ob #FA £33 D GEEeA 2o

B A AFEE As BE= 20099 599 AFE BEAFT =W F4 12-15m
ANA AFstAT. AHE Hs Exe Ice boxel ¥
Ak BES dHst d g
g wlolA Agwr xz+S Y, Incubator (EYELA MTI-202B, Japan)<
atod 10T, 20 ymol m™ s % 10:14h (L:D) ZANA 443 B4 453 FES f =
st HEE fFAY 0.ImLE #H3te] 12 multi well-plateS o] 83F 3jAHo =7
g 1-4¢F o] FFAdE AHE EFstd 2EE WA 459 % wi-eA”
=2 FEEHE =93l vd (Axio Observer Al, Carl zeiss, Germany)stoll Al z}+z}
el A oF A= et HEeo AA 5 cme] Eit® Petri dishell 83}
PESI ®fj o< (Tatewaki, 1966) 20mL-S Fo] wjsldA vt 2-3Y 1402
Stk dnh. ofs iAo Al wet w871 E 250mLE & 453l PESI #j A&
A7vstel Zhzke] sbrul-e-Al Wolgj7b 274 dmm =7 =2 w7bA] 50-604 %t
Hl} ¥t ot

- 53 -



Zoospore liberation
under 10°C, 20 pmol m3s™,
10:14h (L:D)

OO~
Wash and cleaning of excised thalli

in autoclaved seawater and

ABM solution 0.1ml of l

zoospore solution

Maturev frond of d\é\d\©
Undariopsis peterseniana dbbfb

L — ot e o
@ @ Isolation of one zoospore
by dilution method
Female gametophyte Male gametophyte

Cut & Regeneratlon Mass culture of ) Cut & Regeneration

under 15°C, 20 umol m™ clone under 15°C, 20 umol m?s™!,

10:14h (L:D) in every 20 days gametophytes 10:14h (L:D) in every 20 days

Cut & Mix female and male gametophytes as 1:1 ratio

Gametogenesis 25

under 15C, 20 umol m?s, Young sporophytes

14:10h (L:D) at least 15 days under 15°C, 60 umol ms”,
14:10h (L:D) for 40 days

AE 1-4) S0 F2|HIFH| CHRHHete| 2AL

b A @i dd 2718 A4
FrelueA gy dd Z71E AQAS etetr] ffste] FAZ R o i dd
= A "Wolgl 0.1g-fresh wt.2 sl 100mLe} $HA 250mL Hlo] Ao ¥
7zt 3R Aol A (DI 25 basic, GMBH & Co., Germany)e] 314 % 8,000, 9,500,
13,500, 20,500 2 24,000 rpm) TZHEZ 60%7F AHdt & 15CSF 20 umol m™ 59
Z7A94 12 multi well-plateE A}-g3e] 2027 A u st & w9 Zo| YA
£ THEAVA stollA SAAT. AdE weAY A7) 25EH Zo] ¥

Z':
AZE) AFe WE ANAY WA BTl R BT AZFE HFFEAY
A}

S al

N 02
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freful -2 o] MTS fFEjule-A G\ A 2 As fxdd fEg HA 8F
5 geotstr] f1s) WolgE A b fEuleAlE A4 SRAVCIAE Aol
7HE EUE Ag 2749¢ 8,000 rpme] £E 2 1E7F E3te], 12 multi well-plate
of PESI ¥ A 1mLE A% 3 welld 17148 e AE 247 F&3A0.
Mgz Ae 4 =77 (5, 10, 15, 200)7 470 ==+ (5, 10, 20, 40 pmol

2sh @ 37 B3] 32 [10:14, 12:12, 14:10h (LD)]e2 A A3te] Multi room
incubator (DS-14MCLP)E- ©]-8-3lod, vj-9-Ae] Zolyds =HdAv|Ho g #2sT
Z%9 Z=#¢& LI-1400 (LI-COR, USA)e.Z 39, 2% #3re 2HE AT
(Lee Filter) ND 209, 210, 21155 AR&ste AT 2ol SRAUCIARE
T & HAdE weAs ZAVE sle AEY RS AEs) SAs e PESI v A=
7dvitt W] FACH A A EE (RGR)S Serisawa et al. (2002)<]
W Sgatel olle 2 Ao Tagrh

RGR (% day™ = 100t™ In (Va/Vb)

Va : length at time t
Vb : length at time t;

t : number of days from tl to t;

Frefu Al AT FeueA GHY A B2 As frdd fHg HH 24
Z1s Hofar] Sl Wolg2 At sk freluleAlE 42 SEA YA R 2ol
74 E9E Aw 271492 8,000 rpme] £x 2 187 B35k, 12 multi well-plate

P B2 IMLE A$1 3 welld 1hRe] =n)$A2 2tz =839 HHO]:
2L ) 2=7F 6, 10, 15, 200)3 478 = 7+ (5, 10, 20, 40 pmol m™ s™)
2 378 F=7] F7F [10:14, 12:12, 14:10h (L:D)]e.2 A 3}e] Multi room incubator
(DS-14AMCLP)E- o]&3}¢], vj9-A12] A4 RS =hddnFog AA3AY. 229
=722 1]-1400 (LI-COR, USA)o. = 3t¥ 1, 2% 7te] 242 T4 8E (Lee Filter)
ND 209, 210, 2115& A}-&sled ZAsIHTh ZolAAe sRAVo|AZ 2 =
Add wjeAls A7 gle A AS s SA3813e™ PESI s A= 7¢ntth
wgkaf FA

[@))
—_—
jur)
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3]

of 3}
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@ AH A5 A7 T8

Fed 2008 12€ 58 2009 10€71A] AF=

S

2 9

Sl Ay AR A7 T

el I B o s s =S S S

s

Ay A
X

iz

Pz 7

I<1
H

218 Ate} Za mUAL 42
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WA 42 ZAsAr.

o §FA ARA

ar

Ehel

T
—_

ﬁ_ﬂl

- 56 -



L. el A E o] &3 JIE AR

(D) Frel-$-A 2 o Pl
B Ao AMEE Ae ExRE 20099 599 AFE EAFT %
12-15mell A} AHFH3FFYTE AHY AS Z2E Ice boxol] @ol] A AAdw uksl g,
ARt FitS AFHete] EHsiaR 73 AHE F dasisE 200 mL A

g0 nlo]Ad Agul 27+S Y1, Incubator (EYELA MTI-202B, Japan)g ©]&
ate] 10T, 20 pmol m™ s % 10:14h (LD) ZZANA 443 Bt f3A BE<
Sestdth HEE 329 0.1mLE FHste] 12multi well-plateES o] &3+ 3414
o2 a9 1-5¢ Zo] FFANE AHE EFstd BEE FFUAG. 4-59F
i 9-A 7 o542 FEEW =8 d8n 7 (Axio Observer Al, Carl zeiss, Germany)s}
AN 2zt huf-¢-A &} Fuj AR FEet] HEY A7 Scme] i E Petri dishol
S=g3lo] PESI vjoke (Tatewaki, 1966) 20 mLS o] wjFaldA wjfad e 2-3Y
A0 RE gttt ok wiAlY A wE wjFETIE 250mLE &AF
PESI A& F7Fste Z4zbe] beul-9-Al Golgj7t A4 Smm Z7]o] =g w7t
50-60Y 3+ wj ¥t At

N

{t

[¢]

@ WA AR
el oAz BelHo] Zhzte] 3L W )N ZAE Wrle wjeAE E3taa

ofe] A& ABE AHsh= AF2 1Y 1-59 2t

(32 1-5) S0/2 FBiRR MR L Lol 012 Y BAIE
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Q) F At FE Al AREF Bl

Wolge FFA ARk fEueA JERUH 284 BluE fsy FFA
ARt Fefule-Al HEE @*]3}9‘5\4. Wl 52 R AT ds 2xd
AL 20109 7€ AFE FEREA AAste] v9E AEE (e EUAL 2134
45x55cm)ell FFAE ARI F AdFL=E FA —rZ:HH%L% dAsaw. F5Ak

ABA A% Bz AFE ARE 15 T oF 20059 Adure ALgaArh £

w2 el AR 2008 6ol AFE WM AHE o EXEFH 294
Zrzre] b fFElule-AE 20100 8Y 27U7HA] FAAA e A Yol e
FEA Yol A (DI 25basic, GMBH & Co., Germany)®Z EHF Zgtslo], njd&
NEE (ZHEYAL 218AE 45%55cm)ol] HEST & FRulgS AAsAT #
Wl S-A A EA] A o] ke Gl $-A 2k 3L ZEkaIol A AHD w$A %
25 g-frewh wt.& ¢4 1:19 Bl& 2 1LY sl £33 F HILEFEE o] &

3] ARES JHse WS AL

2010 9<€ol Wrl o S FERMAY BlE&ES 122 8o 30 g-fresh wt.&
Hislg 1LeF A SR AYe]A (DI 25basic, GMBH & Co., Germany)2] 8,000 rpm
o] £=2 18z A5t ABRE (ZEEUAF 213AE 4555 cm)el] 7hzh AR,
A2 g AAGEA R FESIA FEu A E Xﬂuo}‘}iﬂ‘r AEAL FrEu-e-A
2HS AREC] FE3] AR} B o] AL wy

o2 AP AAFEAL 50X60cm T2 4 A WS o] g3t fEu]--A i

&
ﬁ
rlo
:)é
fd
i
ﬂﬂ
r.{

>,
£ H
U VI
BN
=2
>
=
o
ofy
o
Iy}
:|N£
fd
ko
)
o,
AN
ol
flo
Do
N
~
)
(o]
ut
2
o
o
X
>
a
=}
iy

G) @l FeuleAe] s FAUES AFE

201013 9€¥o HrlY o FuI$Ae BHE&S 11282 o] 30 g-fresh wt. &
dsfla 1ILeF 4 Aol A (DI 25basic, GMBH & Co., Germany)<] 8,000 rpme]
2 18 B4t ARS (ZAEUAE 218HAE 45X55 cm)ol] HALE o=
FreluAE Eﬁ}‘}iﬁ‘r FrE A HEA A = 2 wjeA E A

A7vsle] B A7 WS AFEE] wj Al FES 2
SAT AREH] 24 ARF A} lom F 227 WA Fo} Polw =4



) —‘}ll:» pH X‘] 7] 4—‘-——]—;—, '{l:%jg—%t»

== s
= -
A S ofibd A8 AlFolAdelA 2009 104 5-H

7holal Age 2009 10¥€F¥ 20099 11¥€7t# 3747 dAd 9= ofxtd
F8&E AFolFolAN FAE dFoln, FAESAHL FH FAE FFEEFSE F
sttt E3ee] =482 1I-1400 Data Logger (LI-Cor, USA)E o] &3t 7¢ 714
0= 44 (0,05 1, 2 3P =Qa1, YAt 535 2o WAgo R /)=
At 7bold FAe Z+ZE 05,1, 2 2 3 APFHEHE JERES FEog AA
stAom, wWrldel A B vlo]d ade FHL 15Y HAHCE 77 FALE
10cm Zeol= I7RA ddeted FAF 10cme] T#F, A Z2ojAd 2 lom B ofZA|
e F99 & AU

HEle GRS fusAe ARA T4 AR Ho|E Tolns] €5}

20108 10958 119704 A $EF e 4ge A4 54 2me] AF7

23 Ao 48 S99,

ey fFEulAlY AEA] AEHHE (B2, JA2 9@ ZJAAAE2]) Tho] 4
AT zolE dolr 7] flste] 2010d 10¥€HH 11971K] Ad 9= oA
AgE A F4 2mol] AFPFE ABES AXsl 23 HFHoZ FAF 10cme]
T, 799 9%, FAF lem B F2 GA9 & SBSATH

6 Ful$A FEE Ttold ARE

Wul) felul oA Fw=d (100, 200, 400 NmL) Frel 4 AFEe] Aol dolu]
Sishe] 20109 1095 E 119704 A S w48 A4 54 2mol
4978 ALEL A5} 2%— aAoz F4 10eme % 449 99 B4
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EREE %‘%E—t— 2000 1293%E 20104 49712 57 A%

o

A0 a
AR=E vusin. AFeY 42 94, 95, FA2el, é*ﬁoﬂxﬂ«l 2 2ol
= w99 dEFS T

=
1
= AgEe 24 dg 2449

sl

@ B FE FFFY BF3
WG] Y J10F £ERYR FA0 BA BEAE Astel £53F SPe
Li-Cor (LI-1400& ©l&3te] 58 233 @ BIANE Tahgch FF2Y AME

Spherical sensorg ©]-83}%t}.

®) frFaket Feju A Hla A A=
T2t frElmeAY ABA G AFZe HolE golry] 95
12975 20119 697t A S=at ofd A& A9 4 0.5mell A
[e)
o

vl
©H

2010

] <]

= S
FHA% FHY2L 10cm HH 02 Ieme] FAE 771402 Adstel 1)
Ahos 4Ae 94, % 99m g dEF 2 ANFE SPsAGh

6) Feluf-e-Ale AEYHE FE AF=

el freul Al ARAl AREEE (Fx, JAY 85 JALGEY) FA
Aol AolE Lolr 7] flste] 2010 12€+%E 20119 69714 Hd 9=

e ggel A4e) 24 05mel A FHASA FPEel 10om FH O 3cm)
FAE A9 0m Adstel DIY o gAe 94, 2% vem g AEY

% AAE Zgshac

(¢

Ll

(D) A s=2¥ 4 A=

1019 FEu A == (100, 200, 400 7H/mL) %A AAEL o] Lolr 7
ko] 2010 12€5-E 2011 6971/ A = oW A& Ao 4
0.5moll A FHAEFA kg2 Zo 10cm FAOS 2 3cme] EALE 7197|2072 AlA
st 1704 {Pﬁ-‘li AA Y FF, T, d9im & dAEF 2 NATE SAHFAH
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(®) 3]] A /\g U/\l—
20093 12€9%E 2010@ 6¥€71A] A7 T Yol FAARZo F3H3 Yoo
ololel HHYBAL ZARIAC HHYEL H2F, 2

=
FE olFeH, Uld Aoz sHdee] &8

oh We s v wiy

Yol 20083 590 28] w9 2004 5€] G Y=t oRbH Al oA
AX = He JAZFH E23 FFAE ol &3t ¢ i
o= wi-$-Al= Westermeier et al. (2006)°] <& dFH npe} o] Fr|xoz 14
& FHA e 2% (4-53 pmol m? sV A FAAHA AR oA wlgsc)
Wulg b FElu Al AT dess £dE] g AR S
Z 5 Q01Dol oJste] o] Fojx ut vk wEtA o] xS 85k, Wr Y H
o ode] ¢k freluj$Al E2E5S PESI WA, 10-15C 2 20-40 ymol m™” s™ =
ANX 2zt T GstEA SAAAY. AV vl AES FA T 22> FHY
dolgl2 Agom A4 2mmE Jow SEAYUo|AZ 8,000 rpmol A 607 &
&te] 200m Z7E ZAeFATh olE FEH¢A dHES FET G HH—?—iﬂi
At w7k A] A&EH o2 FAAF oW, WA 1Fgl FHA 1/2

il

>~

o] Fuj$-A g2z £ 14:10h (LD) FF712
stoll A N3 F7vidstdet. ZHE YA AU debFo® w ol thAnt
F2 e Ao o]&HE AMEE AMEEHE VAR, FYHIEA Afoln AP
A43+0.12 mmo|t}. o] Y EYALE 4cm ZolZ ZetA v 70% g &I
FAXNZF dry ovenoll Al AxAIA Hidtdnr. Ze| ZuaL @8-S ARRSHE ol
2% FHHlTARE aHRHQ RS FE3517] st AT oA
5 S 7 12mme] Zjzzgd 2o 20cm HF o
719, A et oA o] AP ojel A A APl o] &3t
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D W ga v Fea)e-A wgge] Aot

SWrlSd v FEaeA wfgSe HHgudEds FEsky] Asted, 2010 104
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NE
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HloF & 7)o 50425 l/cm®e] ul9-A TE I} 200450 7l/cmPe] FulS-A S X3
dws st el Aulz) 147 HES stk wWeEde e #5724
(10:14, 12:12 2 14:10h LD), 4719 &= =7 (5, 10, 15 2 200C) 2 479 ==
Z71 (5, 10, 20 2 40 pmol m? sHeA 2zt Wn o uj Ao} v Ful$-A) <]
W 7R 0 A} Wrle FulgAe] g el okEA o wek o ng
SRS ol 2 A WY FFs= 47 I grid FHAA wAE HA S8
Pg F BT olxA FA4 AFE BsAoh

@ 1 QA W)
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HHe AFE GUHE T 9= Afele] f&o] 0.5-1om/secE A3 2o
FE FX, AL FAMSERIE A4 2-4cme] FJE FAs AT EE
FAe 12-17m WGt welejel 743 s MAsE 2o F4E 14-16m
HAAT ARG He S JRATe] £F WAL of 228hag FHHAHIH
2-D. AAZMA &R el FEAHLE syt Ag AFE $Eo HIUE,
7ot = (Kang, 1966; Lee and Koh, 1991) % AHAF= (Lee et al, 1991)2] 44
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W AR e FAHZA A1 ¥ 2-13 o] TE42L 14.0-290 CgoH,
A 15mY AZ=Fee 13.7-26.0 CE 3¥€o) 7 i, 8¥d 7bF =t di
$5E 31.6-343ppt MYBoH, 44 5 E 54-7.6mg/L 18 A A=

40.8-48.5ms 9] At

E 2-1. HFE P X9ol H0|Y 2EX|Y SHEZAIRZ
. P
2 5T (C) AFTFL  9E (ppt) DO (mg/L) Con. (ms)
20083 12€ 17.20 17.3 34.4 6.63 44.5
20099 1€ 15.60 15.4 34.20 38.18 42.65
2¢ 14.90 14.6 33.50 7.50 41.38
3¢ 14.00 13.7 33.20 7.65 40.78
49 15.70 15.3 34.30 6.95 4297
59 17.50 17 33.40 6.89 43.48
6< 18.90 18 33.90 6.48 45.46
74 23.00 19 33.10 5.97 48.50
8¢ 29.00 26 33.6 6.43 45.49
9¢ 24.60 21 31.6 6.29 48.04
104 21.30 20.5 33.60 5.46 47.00
vl 2 AEFS IutF o Fod ng w08 FFS

oJolL} ThAvHiFY BE
=
-

Aoz 4# A v} (Kirihara et al., 2006). =, 22C &% 1 O]*PA =

rfo

Z0AM Axsta BEFE UMt FRES 9% 97 oy giR

92 YAlvliF (Laminaria japonica, Kjellmaniella crassifolia, Agarum cribrosum

f. rugosum 2 Costaria costata)= 20C ©|3te] & Z7stoA A& EY (Kirihara

et al, 2006). dE FF7F HEFAFY At AMHst= W9 Bee F2

25T o] =AM A&ste oz 4 Aok Migita, 1963). £ ZAA R

Hrlg Ade A0 Sdvec] 7MY =39 AVIE 8EE RFTFRS 29TAL
o] #

FIE AZY FLe 26TE Migita (1963)9] B8} A FLH ¢

T

il

o
o

o

Ao 27/ Lithophyllum spp.7} 3 &

a9 2-2), WrldE ol AeEFl

R
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(E 2-2) MF ek oI X-M =AM st si=R/e| =5
& o =+ o el — Total
HgE 7 T2 = 4

Enteromorpha compressa w2 g} 2 + +
Ulva lactuca T2 + +

Ulva pertusa T2 v +

Ulva conglobata EAS ST + + +
Cladophora albida vt +
Cladophora japonica vty + + +
Cladophora opaca sddrig

Cladophora conchopheria RIS e La= ki +
Cladophora wrightiana ZA ety g +

Bryopsis plumosa AL + + +
Codium adhaerens b kar + + +
Codium coactum T4 + +

Codium subtubulosum a7 +

Codium fragile 32 + +

Codium minus TERY +

Leathesia difformis L + +
Colpomenia bullosa Ned 7

Colpomenia sinuosa - s + +
Desmarestia tabacoides T Ak + + + +
Sporochnus  radiciformis dgn g +

Undariopsis peterseniana ERE +

Undaria pinnatifida 7o + + +
Ecklonia cava el + + + +
Dictyopteris divaricata ol e +
Dictyopteris latiuscula Hemo 1Y +

Dictyopteris prolifera ZHA W o 15 +
Dictyopteris undulata FEMHIES +

Dictyota dichotoma Fasnige +
Dilophus okamurae N1ERS T + + +
Padina arborescens AT +

Zonaria diesingiana lai= i +
Myagropsis myagroides & 7] ZAFHE +

Sargassum confusum o] BAE + +
Sargassum fulvellum LAy +
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(E 2-2) (AIH)

s o E A Total
HgE #3Y 32 ¢ XM

Sargassum hemiphyllum Q1 w2 At + +
Sargassum horneri 7 Ay o] B2} uk +
Sargassum ringgodianum ZARLARE + +
Sargassum thunbergii A Zol + +
Auduinella codicola Aausg +
Galaxaura falcata M Ry + +
Galaxaura hystrix A HA7LAET +
Scinaia japonica JEEE + + +
Palmaria palmata TEolE +
Acanthopeltis japonica Qs + + +
Gelidium amansii FX7HH +
Gelidium divaricatum o} 7] 7HAt e +
Pterocladia capillaceae 7} + +
Dudresnaya japonica AT 2E +
Peyssonnelia caulifera ApF- 8l oh3E 3L + + +
Hildenbrandtia rubru AEETHA +
Lithophyllum okamurae ZEd + + + + +
Lithophyllum cystocarpioideum g} + + + + +
Mesophyllum erubescens WA
Amphiroa beauvoisii e A +
Amphiroa dilatata S A + +
Amphiroa ephedraea of 7| =2} Al +
Corallina officinalis s +
Corallina pilulifera AeFeidsd + +
Jania adhaerens ool 713k s +
Jania arborescens UirEof 7|k s +
Marginisporum aberrans WAL +
Marginisporum crassissima =Y ALS +
Prionitis angusta B w7k +
Prionitis cornea Ferbed +
Grateloupia imbricata FE Aot +
Grateloupia turuturu | E Ao} + + +
Pachymeniopsis elliptica Al +
Schizymenia dubyi Ze el +
Meristotheca papulosa ZejER + +
Plocamium telfairiae FHE0l + + + +
Hypnea chaoides F7A +
Hypnea saidana Ao TF7HA]§- 5 +
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(E 2-2 (%)

ZAAA
,E TP g e se e w0

Phecelocarpus japonicus s +
Gracilaria chorda TR RLA 2 7] +
Gracilaria textorii AmA 7] +
Gymnogogrus flabelliformis A + + +
Chondrus crispus FEAFET +
Chondrus ocellatus A5 + + +
Chondracanthus intermedia o 71& 72 + +
Chondracanthus tenella =7H ] + + +
Chrysymenia grandis Friy 2o + + +
Rhodymenia intricata FAYEEA + +
Rhodymenia pertusa THEZA +
Lomentaria catenata o) &£ o] +
Champia bifida FAYAEE +
Champia expansa HeAEE +
Campylaephora crassa A E + + u
Centroceras clavulatum 7HE +
Ceramium boydenii 2y +
Plenosporium segawae A7ttt E +
Acrosorium polyneurum ZaETd + +
Martensia denticulata H| A} +
Ardissonula regularis 4y E +
Heterosiphonia japonica A7HAE + + +
Laurencia intermedia HEAA + +
Laurencia pinnata AEAL +
Laurencia okamurae ol M4 +
Neosiphonia japonica g7 +
Polysiphonia morrowi 24 + +
Symphyocladia latiuscula EIE SR S + + +

Chlorophyta 7 5 8 8 5 15

Phaeophyta 8 7 9 9 12 23

Rhodophyta 21 13 22 19 28 62

Sum 37 25 39 36 45 100
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(E 2-3) Mz ek 571 =AM HEF SR

ZAA A

o W Hge A9 32 = %4
Ulva lactuca 25l 6.7
Ulva pertusa T34 e 6.7
Undariopsis peterseniana ERl s 21.3
Undaria pinnatifida = 6.5 5.4
Ecklonia cava ZHel 74 39.8 122 5.1 33.9
Scinaia japonica = 6.4
Acanthopeltis japonica Al 7.5
Lithophyllum okamurae FEd 20.5 5.5 5.2 28.4
Lithothamnion cystocarpioideum A 8.3 6.4
Amphiroa anceps WA 12.2
Grateloupia turuturu 0| & X Fotg] 10.6 53
Schizymenia dubyi EAR 6.4
Meristotheca papulosa e EE 13.6
Plocamium telfairiae ZF <o) 5.6 7.9
Chrysymenia grandis Fr A o] 6.8
Rhodymenia intricata FAYEEA 5.6
Champia bifida FaHAlEE 7.9
Polysiphonia morrowii E2eEa4 6.2
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CE 2-8) Mz ek 571 ZARK|IEOIM HEHS siz=RFe| TrelHAT siEek (g/nf
ZAFA A
ik = HY= Ad T2 = %4

Ulva lactuca ey 27.3 3.7
Cladophora japonica vt 13 23.3
Codium coactum g7t 1.3 27 2
Colpomenia sinuosa 297 6.3 2.7
Desmarestia tabacoides Ak 29 12.9 4.7
Sporochnus radiciformis skl ity 23

Undariopsis peterseniana Gl 997

Undaria pinnatifida n| 6.7 19.7 46
Ecklonia cava el 3.3 94 92.3 5.1 862
Dictyopteris latiuscula G = 5.3

Dictyopteris undulata FEM 18T 1.7

Dictyota dichotoma FaEnig 6.7
Dilophus okamurae N 1Ev T 1.3

Scinaia japonica E=E 86.2

Acanthopeltis japonica Ak 68
Peyssonnelia caulifera = R 1.3 16.7
Amphiroa anceps WA 1.3 83.3
Corallina officinalis Ated 27
Grateloupia turuturu H| & A otz 1274 394
Pachymeniopsis elliptica 2k vk 18
Schizymenia dubyi e 27.5

Meristotheca papulosa Ea 324.9 14.7
Plocamium telfairiae <& 0] 0.7 4 47

Gracilaria chorda ARSI 27.3

Chrysymenia grandis FH U2 o] 2

Rhodymenia intricata FAHEEA 0.7 3.3
Rhodymenia pertusa THEZH 3.1

Champia bifida FaHAEE 2.7

Champia expansa HeAEE 33
Laurencia pinnata ZVE XA 13
Polysiphonia morrowii R eEA 0.7 23.3
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o A % 4% 7]

N

Hrge guAd dEF (X 2-5)8 295EH A FUHstr] AlFEre 59
13.3+1.2kg/m 2 A E BAXL, olF Ha #Hidte 98dE BE FAVF &4
A SHA T JAS GE 2-5)% 3€ol 134.4+77.6 ind/mE 7Y Bkow,
°o|F A3} zHastgnh

Wrle A (& 2-5, 29 2-8)2 4 15me] AFFeo] 15T ooz 4
371 AlFshs 495 E e AFo] o]FolA, AFeo] 18T 64l 168.1+35.7 cm
Z AUAAS Yellgla, AS5ee] 19T ooz F71skd fGA &do] doju
T FAase FFS Bk Wrige A% 27 N= 22X (¥ 2-9+=
190] Aol 2 25cm old 2Foz @A o, GAe do| Aol FHA
o]Folx = 5497 6¥le A 25-50cm TEFFH HAA 250-275cm 1F7HA ILE
23S Yt 88 olFols AYERH molurtr] AlAete] oAl AR
100 cm ©]3te] 2Ev 3t 194 alxFo HaF < S Bk

ofv
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(E 2-5

> HiFE fEof AizeiofM MEE HolY9ol e SHAE

82 o = . Q= magel SuaA AR
4 (kgfresh . ST S oo no H & ks
iy /M) ) em)m)m)
2008. 12 - - 0.6:0.4 0.5+0.3 0.310.1 0.1+0.1 - -
2009. 1 - 7 1.4+1.1 1.3+1.1 0.7+0.5 0.2+0.1 - -
2 0.007  118.7£23.1 2.7+0.5 24+04 1.0£0.1 0.3+0.1 - -
3 02£01 1344776 18.8+25 15.1£19 5.1+0.7 3.610.5 - -
4 11£02  95.0445 559£7.0 44.7+59 9.2410.9 11.2+1.7 - -
5 13.3£1.2 92.0+17.2 146.8+64.5 130.6+62.8 18.7+6.8 16.3+6.2 13 36.5+11.7
6 7007 413122 168.1£35.7 152.0£35.7 23.7+22 16.1+0.6 65 515.2+245.5
7  33%11 40.0+¢4.5 109.8+18.8 96.8t17.4 17.8+24 135+1.3 79 377.1£51.9
8§ 1.1£0.1 34.7+23 64.0+54 482+53 102+0.5 15.8%0.2 100 286.2+61.2
9~10 - - - ; - - - ;
35 250
[ Length
30 | - Temp. (surface)
-0~ Temp. (bottom) 200
O 25}
e £
[
5 20t Maturation 150 &
hd Ol e o e e e o e e e o - .:
© =
Q15 O~ s = &
o Developmental thresholds 1100 @
g —
10
150
5 L
0 Jp— L e | ﬁ 1 1 1 L L 1 L L 1 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

(A 2-8) HMF= =2 AATE0lM Holee M & d=it 22 2.
L

TR EEHAE LERY, SE2 dSAITIE LE-L
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100

Jan. N =31 Jun.
Mean = 168.1 cm

50
N =234
Mean=1.4cm
0 B p g ow \ .I...I.I.I.IIII
Feb. N =30 Jul.
Mean = 109.8 cm
50
N =289
Mean = 2.7 cm I I I I
0 1 1 1 1 1 1 1 1

Mar. N= 26 Aug
Mean = 64.0 cm

N =94
Mean = 18.8 cm

Apr. Sep. - Nov.

50

50

N =50
Mean = 55.9 cm

Percentage of Size Groups (%)
o

N=23 May Dec.
Mean = 146.8 cm
50
N =54

Mean = 0.6 cm
OM. - : L .

' h OO OHOHP
\b®®§@@&§$$$§b%@®@@0\0Wﬁwm%L
Qa/q"fg ATANCAN L N A 2 S NG SR A A G e P\
N of cg,\g\@,\fﬁ)\@\'\bw@w‘ﬁ’%@(& rb@ v 6’\65\6)\{{9'\@'3 m@%{£)%®‘i\ L

Size Class (cm)

A 2-9) MFE 2o AATEOM S0|del dd HE t: 22
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dAcete] HZ 10847

19.1C=E 1.0C7}F AsEHAa, E3) 12945 H °J77}X]-/] AE&4 T%% 5]% 10
P2t F7 18Ty Eokxd Aoz EAHAT 2/ Aot
A3 2o B4 Fo B9 dAE 9 275HE THEEY —%"E‘% g3 973
sl 2% 9} A|7he) %xgtd we e o= \/}E}Uﬂﬂ #th(Baskerville and Emin,

6’1—%4 oé 7z LT+ 15T

o} T - day7} A= 23 Adefol A
A5 lth o]+ Hwang et al. (2003)¢]

N
==
—_&,
M
X
>
—|~
_t
o::

1969; Allen, 1976). ¥lv] < 9] 763“?‘ ok9]
2 FAFEIeHGE 2-6), 4

s =
vl G e A Aes

5= (Cau]efpa okamurae) MATe A&Ha HL2=7F ¢F 270 degree-days=
H33d Ao st Aoz Wz #2 A|te g olef e Aol EF
=4 *gﬂ@ﬂ]ﬂﬂ Eolgde A 7|Q1E Aoz Hlg. B Hu|de ey A
A= AF2dsd mE AEHAHQ Add 450l At AAste s/

AAGAN HARH FFS VAT Yok A AT AT

(EH 2-6) 0|9l MitzpE: FHA|
AL &
712 () (Degree_] c11}a‘);s:L°Cday) S
20034 129 19(157)~2004 5% 299 (18°C) 2286
20044 129 19(155°C)~20054 5% 30%(18.9°C) 3011
20054 129 3€(152°C)~2006 59 312(18.1C) 3213 tE;‘;‘;};’S:e;’;é
20061 1291%(14.9°C)~2007d 54 31%(18.17) 1356
20074 129 39(14.9°C)~200811 5% 299(18.1C) 1935
B 7 236.0:76.6
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2. @vl99) Aees a7

AQeNA Hele GAe Aguro
FIAT Adw Y BN A
a5 Al

CE 2-T) &0 Ax|o It At

22 B35 (Yield
% @ %7 (mm)

FER 29 0.062£0.013 0.20420.026 0.478£0.148

s 79 0.096+0.14 0.544+0.051 0.022£0.020

L A d T
(D AsaAE Al FsdaT

Obh %, &= % 357 =44

=

dvjoje] WAL E 2-8% go] WY £x P 2x zAwe
)

el itk vk 10¢3 201C <9 30 pmol m™

Uelfgled, 20T 20 ymol m™

TEL BH o4 295
-1

30 ymol m™ s

IR B

ATl Hax)el 380 umeS JERAAOH,

Al go e we-Ae] A

sToll A o)A

°|

HAAQ 32 yms FERH AT vl F
109 o]FRE Fu| oA TR yisslgorns RE A Eg
HHO]: 20015 o]-HH q]o

N

o
HlF 2025 10T 9

60 pmol m™ s1 AFFNA HAR 128 e FEPHATE Fuj$A1e] Zolgge
ok 2093 25C 9} 60 pmol m? st AP H1AA 475 mS VERQPoH,

10C9} 20 pmol m™ s1 AFFoA HAX <
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webA g Gl Ale] wjkA HA wjgFEAL 15-25C9F 20-30 ymol m” 8™
Zolgt & 4 oy 25T FIlME FE2FY HAo] Ao rn=z, 15-20T <
20-30 ymol m™ s F7o] WuYg v HH wjgxolet & 5 Ut
Viujd o] wje-A wjkA FF7) 21L& F 2-99F go] mjek 5¢%F 10:14 (L:D)
AFHFLAA HuX FHF 35 mE BRGon 12:12 (LD) AP FoA HAX <
30 mE YERAC wlF 2095 el ZHolAde 10:14(L:D) AF oA
H3xQl 316 mE YERAOH, 12:12 (L:D) AFFANA HAXQA 270 mES e}
WA wiF 209 3% Fuj-Ae] Zolyge 14:10 (D) AP T FHax<l
465 mE YERgd e, 12:12 (LD) APl HAXA 263 mE YERN AT
weta FF7] 209E el wjeAe oL BT e wE fFofs

Apolup A7 F¥FHS HolA skt
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20

140
160
136
186
128
166
210
276
316
350
308
337
356
425
380
420
275
356
415
430
335
440
308
475
20
316
350
290
465
270
263

15

66
80
75
85
76
106
130
180
167
198
147
146
190
221
172
236
198
205
133
217
170
226
172
230
15
167
198
185
246
156
174

um
1)
10

33
41
39
56
73
93
80
32
68
120
97
112
32
67
88
82
137

10
73
93
80
120
52
69

29
32
33
35
34
31
33
31
31
32
33

31
o[, um, HYLRE 15C, =% 30 umol m? s™)

W FAS ()

21
=

L7
35
32
30

(

27
29
28
30
27
35
30
31
32
30
29
31
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7t ex 2 % 5
2 60 pmol m™ s AF oA g WA WdGEty] AFEPgoed, wg 1159F
ol A e Aol 15T % 60 umol m? s’
UehA$lem, 20C 2 20 umol m™ s APl FAAS 298 mE YERAIIT
gt Yol olx Aol ZAolAgAge 10-20C &=z Ae vz
60 umol m™? st A KT} wgom 25C LEZRAME HlwA Lt
20 umol m™ s AT wWE Lol AL YehAUT

Wn o] oz A wjekA] BF7] =X ¥ 2-113 o] #jF 80¥F 10:14 (L:D)
A FoA] XA FHF 124 mE Vo 12:12 (LD) A FAA HA =<l
70 mE Yo v 115¥9Fel= 10:14 (L:D) A FolAM HuAd B
1,200 mE JEpRRes 12:12 (L:D) A3 FlM HAAXA 984 mE YeERR AT
webx Gold oA e wedes FF7) 2AF RPN By 2839 A

O 2 UERH

CH 2-10) 25 ¥ =5 =AY S0 OfZAe| Ma (P8 B, )

L= z 5 gL (Y)
(C) | (mol m* s7) 30 40 50 70 85 95 105 115
20 - - - - - - - 733
10 30 - - - - - - 125 867
60 - - - - - - 204 464
20 - - 42 85 357 1,053 | 2,020 | 2870
15 30 - 120 150 170 243 541 850 1,200
60 % 117 365 410 1,250 | 2275 | 3,678 | 5,550
20 - - - 108 185 217 280 298
20 30 - - 174 180 183 439 888 1,370
60 - - 95 104 272 642 1,185 | 2,260
20 - - - - 219 335 921 1,522
25 30 - - - - 135 247 451 1,095
60 - - - - 275 380 675 717
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L4

ut]

H0[S] OfZx|of M
(

e
021
0K

AANE

o

. m, HIZRZ 15T, == 30 ymol m2 s™)

HFAS ()

85

95

105

115

10:14

124

243

541

850

1,200

14:10

105

284

297

798

1,160

12:12

165

570

984

20 pmol m? s

= 20 pymol m™? s

20C LxZzA0 = 20 ymol m™? s
el gen, 60 pmol m? st Ao HA X2 056 mmE BGT 25T
-1

ZZANME 20 ymol m? st AFF HmQ 1.09 mmE HPow, 60 umol
m? s1 AFFAA AR 042 mmE JERNATE weba] K ojd EA4H 9

e 20-25C =27 20 pmol m” s'e] xEx] HHYH 21U Aow
UEbst .
FE7) 2208 HWve ol IAA Y] e £ 2-13 B O¥ 2-113% o] zolE

B wleF 909F S A dolAyade 10:14h (L:D)e] Tz A
A1 X2 HF 0.82 mm=z YEFSO ™, 14:10h (L:D)e] A Y oA 0.52 mmY]
HAXE JepAoh weEbd welde] ofd ExA| 9] ¢ ddZ A A Aojagol

SAI% AOE vpeheth

%27

-
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o

2-12) 2= %

=

| ZE FAY

E10[S XA 2|

oSO

g g3, mm; 7| =4 10:14h (L:D))
PR W (2
(C) Jamolm™sh | | ¢ | 13 | 20 | 27 | 3a | 41 | 48 | 55 | 62 | 69 | 76 | 83 | %0
20 0.095 | 0.14 | 024 | 027 | 0.33 | 0.37 | 0.39 | 0.39 | 037 | 035 | 033 | 0.30 | 0.26 | 0.21
10 30 0.095 | 0.16 | 0.22 | 035 | 0.55 | 0.56 | 0.57 | 0.52 | 0.51 | 0.49 | 0.47 | 0.45 | 0.44 | 0.43
60 0.095 | 0.16 | 0.23 | 025 | 0.33 | 0.38 | 0.42 | 0.41 | 0.40 | 0.40 | 038 | 036 | 035 | 0.32
20 0.095 | 0.15 | 0.21 | 0.25 | 0.35 | 0.40 | 0.41 | 0.42 | 0.43 | 0.43 | 0.44 | 0.60 | 0.71 | 0.82
15 30 0.095 | 0.16 | 0.24 | 037 [ 0.39 | 0.42 | 0.43 | 0.44 | 0.44 | 0.46 | 0.48 | 0.50 | 0.50 | 0.62
60 0.095 | 0.16 | 034 | 049 | 0.35 | 0.38 | 0.34 | 0.43 | 0.46 | 0.49 | 0.68 | 0.74 | 0.59 | 0.52
20 0.095 | 0.15 | 0.21 | 030 | 0.36 | 0.36 | 0.45 | 0.51 | 0.62 | 0.65 | 0.91 | 1.04 | 1.19 | 1.45
20 30 0.095 | 0.16 | 0.23 | 030 | 0.36 | 0.43 | 0.50 | 0.57 | 0.63 | 0.66 | 0.76 | 0.86 | 0.86 | 0.86
60 0.095 | 0.15 | 0.22 | 035 | 0.44 | 0.51 [ 0.59 | 0.59 | 0.57 | 056 | 057 | 057 | 0.56 | 0.56
20 0.095 | 0.13 | 0.16 | 023 [ 0.25 | 0.28 | 0.28 | 033 | 0.41 | 0.55 | 0.59 | 0.67 | 0.84 | 1.09
25 30 0.095 | 0.14 | 0.15 | 0.24 | 0.27 | 0.35 | 0.42 | 0.43 | 0.53 | 0.68 | 0.62 | 0.72 | 0.78 | 0.55
60 0.095 | 0.13 | 0.21 | 031 [ 0.40 | 0.40 | 0.43 | 0.44 | 0.52 | 0.47 | 0.44 | 0.43 | 0.42 | 0.42
(E 2-13) 37| =AY 50| ZXA|Q| AME
(A2 MR mm; BY2E 15C, == 30 ymol m?s™)
WS (2)
#77) (LD)
0 | 6 | 13|20 |27 |34 |41 |48 |55 |6 |69|76] 8 |9
10:14 0.095| 0.15 | 0.21 | 0.25 | 0.35 | 0.40 | 0.41 | 0.42 | 0.43 | 0.43 | 0.44 | 0.60 | 0.71 | 0.82
14:10 0.095| 0.19 | 0.22 | 0.20 | 020 | 0.24 | 0.13 | 0.18 | 0.18 | 0.18 | 0.23 | 0.45 | 0.64 | 0.53
12:12 0.095| 0.13 | 0.16 | 0.25 | 0.35 | 0.35 | 0.40 | 0.43 | 0.47 | 057 | 0.52 | 0.53 | 0.65 | 0.69
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1cm
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60 ‘ W ﬁ
= v f /
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@
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S
5 :
© 4
| ..
= 20
10 15 20 25

Temperature (°C)

g 2-10> B2k 02+ Ol ZARHS| 22 H =Y dad|w

a

1cm

14:10

12:12 10:14
Photoperiod (L:D h)

<AF 2-11) B2k 0EF SOl EAAe| &=F7| =AHE daH(n
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(@) e wg=d

D FFA £ R GEuA 2

Hog 4 (2¥ 2-12a)9 AdEE (2y 2-12b)ez2REH HEd F5F4
(2 2-120= WE FA 750 RAstY F¥Poz FAsYct 15T, 20
Z st g 14:10h (LD) #F7] ZAA W% 5UF Zzp Fuf9-A (:L%l 2-12d)
EE FulA (29 2-12002 st Z47e g vl eAs 5] 245 A

0de] A= 27 2-12f-ge} Zo] wjl9-A Wolgg FAEHUL ZTEA Vo

=i

2 ol g3t Hud 5 wigAe AW (2Y 2-12h-De B7] 2 A A
FA GolElg SN AY A ES AAste 2095 2™ 2-12-kep 2o
Z

7
22k Aol 447 AL FEshh,
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e
g

b
*

%

ST

A
N

(O 2-12) 0l Fefe?H el 22| X A=l Ly, a: d=gH. b:
FEAE. ¢ FFAL d: BieE SEF AUBIPA|. er HHQ bUFOf FHIRA|.

f: HiQF 30 Fo| A FHo2l. g HiF 0YFe| FHiA o2l
h: FHIRAH Hol2|E 24fioto] LoIE oA SHH. |2 iR Hof2|
£ 2Molo] HOEl AuiRA| THH. 0 HAET|7F S RIUSA BHY,
k: Z2E7|7F SIS AREHIRA CHE HikEZAS 15T, 20 umol m? s’
2t 14:10 (L:Dh). Scale bar 10cm (a), 20un (b-€), 5mm (f-g), 50un (h-i),
100um (j-k).
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(W) a4 @i dd =718 A

BN
Y

FEla-Ae] E A7 ol Age 17 2-13 ¥ 13 2-149F o] AP A
zZyzyel Mgtz 2 M EZS HE Zpol& YER AT

Hi-¢-A4 o] At A78Es bl eAY B¢ ¥ 2-13a9t Zo] w-¢AY A
717} 74 Zekd 77.0+23.3 ym 2 A #jF 2093 AA-go] 3.5+0.2% day =
P Eeton, Ad 27|71 73 AW 16344214 mEAAA Wi 2045 Y-S0l
1.4+04% day & 713 ok Ao A% 19 2-13bek o] wj$-A <
A =717 7P ZAE 95.4+29.9 ym 2N wig 20¥8F Aol 4.1+0.5%
day' 12 7}3 Eskow, Ad m77t 7 AW 375.4+£17.1 mE A wiek 20
T Ago]l 0.1+0.06% day'= 7} ko).

WA AYA AESF 2AE2E A A9 29 2-14a9) o] AFA|
A MEFF 7 AQW 52+21 cellfind ZANA vk 2093 WL ol
20402 % day'2 7} =gton, AEF7 A 2ord 12.0+0.5 cell/ind. ZA A
wjok 2093 Aol 1140.2 % day '2 7F skeh iAo A9 29 2-14bs}
Zol APAFAA AEF7 7PF AQW 9.7+0.5 cell/ind. 27wl 20U 3
Lol 48+05 % day'Z g wgom, MEF7F sbE Bd 21.4+04
cell/ind. 27 A e 2095 WA Lo] 3.1+04 % day'2 7FF ot wapA
e A e Al @il e A7 Feas (oF 100pm) 1Al Al ZF7F eas
(Ful-9-A o] A9 oF 5 AE, FulA] B F 104xE) ZojAyo| AESF

27 2R AFgo] B4 Jehbe 28 B

T
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6.0
5.0
4.0
3.0
2.0

1.0

a. Female gametophyte

'6++

5.0
4.0
3.0
2.0
1.0
0.0
-1.0

Relative growth rate (% day™")

b. Male gametophyte

t

2l 2-13) &

6.0

160 260 360 400
Initial length (um)

2019 FelsiPHel =7 HHIV|E JMEE.

o

a: HEPA. b HiPH|. BHYZ=AES 157,

20 umol m? s % 14:10h (L:D).

5.0}
40}

3.0}
2.0t
1.0}

a. Female gametophyte

Y144 |

50}

Relative growth rate (% day)

20
1.0}

40}
3.0}

+ b. Male gametophyte

}
R

=l 2-14) 5

5 10 15 20 25
Number of initial cells (cells/fragment)

10| oo PHS] BT MEZs Z=AE LA
a: HHHPA|. b: HIRA|. BYZZ2 157,

20 umol m? s 2 14:10n (L:D).
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L}E}lﬂ A TH.

ohij o-x o] LxxAE ALLL wok 209% 15CEANA 2502 % day ' =
B} €% Z7 Bgte] 7} =okow, 5TEANA 0.2+0.1 % day' 2 7Hg vk
(p<0.05). 2= EE 20 ymol m™ s 1o A 2.54+0. % day ' 2 7 Ekon,
Suml m? st ZANA 0.6+0.2% day'Z 7} wRTHp<0.05). B AW E
10:14h (LD) ZANA 2.6+0.2% day 12 7} =931, 14:10h (LD)NA 2.1+0.3%
day™' 2 71¢ St (p<0.05).

oA L=z AY AZES WY 209 T 15CEANA 1.6+£0.3% day'=
= gg}guﬂl 20Cz70A 0.5+0.2% day'Z 7} wskth (p<0.05). 2EFHEEE
20 ymol m? st 274 3.6+0.3% day'2 7}F =gkom™, 5 ymol m” s‘1 Z 70 A
0.9+0.2% day'& 7b4 Witk (p<0.05). #F7] 2AWEE 14:10h (LD) 1A
2.7+0.2% day'2 7}F E=gkon, 10:14h (LD) Z7AA 1.0+0.2% day'2 713

52

Sk THp>0.05).
CE 2-14) &0l9 RefufHe 25, == % 37| TUE HHMEsE
Al ZA] Zo] (um+SD) Z8A] 2ol (um+SD) AHAZE (% day’)
Ag=zA
-4l FH) A a3 Ful-eA A FaleA

5 114.4+28.5  154.2+23.8 119.0+88.1 188.1+922  0.2+#0.1*  1.0+0.2°

10 159.2+67.3 202.9+71.1 1.7+03° 1.4+02°
25(T)

15 186.9+741 2104+684 25+0.2° 1.6+0.3°
20 147.6+55.6 17214872 13+02°  0.5+0.2°
5 12794259  136.1+8.8  144.7+56.7 1635603 0.6+0.2°  0.9£0.2°
zc 10 154.44575 186.5£62.5 0.9+0.3*  1.6+0.2°
(uml - m? - sV o 211.2486.8  280.0£64.1 25+0.2°  3.6+0.3°
40 194.8485.7 2405+449 21+02° 2.8+0.3¢
1410  122.8483 1549491  188.4+47.7 2641+758 21+03"  2.7+0.2°
F57] R R
12:12 193.0438.7 244.6+61.8 23+02°  23+0.2°

(L:D)
10:14 206.1+85.8 187.5+64.6 2.6+0.2°  1.0+0.2°

RE £AE 308 430 PEt B Jehior), $L 99 YAEL 5%elA /TS EA.
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(E 2-15 =09 HRe|siPlel 25, == H 37| =4E Ml 2 d=

_ H] Fd
ELEX
0 5 10 15 20
5 - - - - -
10 - - - - -
<% (0)
15 - - + ++ +++
20 - - + ++ +++
5 - - - - -
£ 10 - - - - -
(umol m™ s™) 20 - - + ++ 4+
40 - - - - +
14:10 - - + ++ +4++
F571
12:12 - - - + +4+
(L:D)
10:14 - - - + +4

- V1% +, 100% o13te] F@7) FA: ++, 30% olske] F@7] FA: +rv, 50% olskel ] A

(E 2-16) 509 SRPHS 25, T U BFJ| TAY WM ¥ A%
agzd o
0 5 10 15 20
5 - - + + +
10 - + + + +
L% (T)
15 : . . _ +
20 : . . _ +
5 - - - + +
= 10 - + + + +
(umol m* s7) 20 - - - ] .
40 - - - - -
14:10 - - - - +
337 (LD) 12:12 - - + + +
10:14 - + + + +
- s+ A7) BA

- 94 -



3 WWHe] FATgH AT
7k A AF AR

O #54 dFPE G5 2 AFAR
QU1 g4 @A (28 150 Vepde RS RAS 98 22 29 139
#el REAG AR LS A AT GTA} BIAG GFAGoRRT 1o
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(O 2-15) S0[H2| QISME. a: FFA UE R M. b MREQ T=HY

@ A4 A2 A7 T8

Hrlde Ad AR Al7I= AdelA Hrlde ds AVt 2dske Al71¢
HAZ Aol oy web AAT e WrlHe 4 FA 23 AVIE AR
Ad= ¥ 2-163 2o @] AdT AN ds QA 28s= A7l 5
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Q) AR71EE A 3 AR E
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u
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o
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s

e
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o Lo
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hs

(E 2-17) s [2hs

Al AB7IAE AFEAE &£
UAE 21341
9.1 ZN/lcmE YEhlo 4284 7
ALEHA FAEE= Zéi} aste
213HALe} 42341 A F
A== vl 1209%F 21541 A+
49.1+22.5 ymZ YeRG 213HALe] ATl W weAe AL
Ao ® YER

MZ7|

A5 229.0

+46.6
o B
8T T

=

T gl heRe) 2

2-173% 2. &
MlcmE e Sl

7} 98.6+16.2

o o
" A%

FAke] A

o 428419
7 58 AL E dEsith
Eb e 120
! 119.0£63.5 7}/cm=

Z 63.5+15.4 mP o

Y=
B
Alem %
T

m
o
| =)

0l =9} AHAIE

g L = pSie
Hl) oF " A 857 A
A T No. 21 No. 42
0 U= (cell/cm) 229.0+46.6 711.0+19.1
A (i) 4.8+25 48124
20 U= (cell/cm) 210.0+54.5 338.7+34.2
A7 (um) 17.3+9.4 15.3+5.7
‘0 U= (cell/cm) 209.0+43 4 294.7+17.3
A7 (um) 34.2+15.1 28.5+9.4
% U= (cell/cm) 142.3+26.1 248.7+57.1
A7 (um) 57.1+21.5 42.7+18.5
120 U= (cell/cm) 98.6+16.2 119.0+63.5
A7 (um) 63.5+15.4 49.1+22.5
4 ABEAZE Y 2 ABa
Hrlge] AFANEA ANHEAIZFLE FFAe FFo L8xe AHE ZAAsteH)
8% aclolgt & & Atk WG FFAd ARES H1e A 1 2, 3
2 4 AR SRS W FTA FEE veAY A 2 ABEFHE F 2-18%
2o AR A3 G5 BER doE AH A7 AT A 229.0+46.6 7)/cmE
HUANE BERom 1A APFolA 156411194 JH/lemE HA XS YEPR AT
A Helde] fFAE JAFANEE A9 AEEY @5 AL AR FX
ste Aol EHAQl Ao Z YE
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CE 2-18) MZAIZHE G0 BiPA|o| 2=t MEE

ujl < - AN BAIZE (hr)

a5 T 1 2 3 4
AE (cell/cm) 15414194 | 217.2+24.6 | 229.0+46.6 | 220.4%51.4

’ A7 (um) 49424 48+2.4 48425 48425
A% (cell/cm) 131.7429.1 | 183.4+32.7 | 209.0+434 | 197.5%57.1

o A (um) 32.1+8.1 35.5+6.4 34.2+15.1 32.1+11.4
A% (cell/cm) 97.5+24.4 12154315 | 14234261 | 134.9+54.1

90 A7 (ym) 58.1+35.1 59.4+31.7 57.1+21.5 451+
A% (cell/cm) 46.1+31.9 75.4+25.1 98.6+16.2 84.7+23.3

120 A% (i) 62.1+18.4 65.0+25.1 63.5+15.4 51.6+23.6

. A E o] 83 AFAE

Wrle gAo Agute 2 RE WEE A WE S
oz At 15C, 20 pmol m? s & 14:10h (LD) BF7] ZAdA 8¢
247y gt A e Fuj$AE Agith Zhzbe] g wjeAlE
of 30¥e] A=W wje-A Wojglz FAEHAY TRAVOIAE o]&ste AuH
A wA L] HHL B ZAUsPA A HlA B2 A AY FX el
AAE 209 % 24 Avier 37 FAS FEskATh

=1
o
=

(D At F A HREad Bl

Wele fFFaket el eAY AEA A FAYE 2 AP Es F 2-199
2. A2 AMES A AEAS EIEdes= 1525+£252 Ji/cm oy /-8
Hi--A1 o] A 58.2+£9.2 JH/ecm=z vEY 7] FRAEEE FwleAe A7t
Zhe Ao E Ut w4 dole HESF 15Y AASF FFA AR AFFY
A5 25.6+51 um o FHlA AR Ao AF$ 83.6+32.4 um=z A A0
WE Aog Uehgt
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(E 2-19 W0l RFA2 R2ANSH P2 U Y M

23 w3
0 15
waae e 15254252 113.8+11.0
(7H/em) Se] ) <A 582492 3944112
a1 201 =7 57405 25651
(km) Se] ) <A 524+10.6 83.6+32.4

(E 2-20) MELHE G0 Fojulexe] 2ot HEE

Z .E'.:IB—‘ = H _HHHJ—%
s N RERY A4 AAGEA
A% (7)/cm) 20.4+6.5 35.7+13.4 63.1+12.4
0
H (1m) 55.7+4.3 57.35.6 55.16.2
2% (70/cm) 22.0+4.7 38.2+5.1 49.6+15.4
15
B (um) 67.0+4.2 56.1+11.3 62.4+14.1
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(@ 220> 7101A] 712t Sot Tjojmel 42, g SEHA Y WIHES
(7]%3?};%5;:) T2(T) A& (ppt) DO(mg/L) 7 7] A = = (ms)
109 7%(0) 235 33.5 6.14 43.82
109 169(9) 21.6 323 6.12 273
10 22¥(15) 20.2 31.6 6.09 48.34
119 1924) 18.2 321 6.13 4268
119 149(37) 133 324 6.18 43.56

Hrde stoly 77E AW RS ¥ 2-23 2 a8 2-199 2o Ho

ol Aol FAE AYPFY 27| UE+ 98.6+£16.270/cmA o, 7}o] 37?:_‘

F4 2m APFolA FARALUEIL 15227470 /cmZ F 1]

Uehglen, 44 0.5mollA 1.1+0.270/cmz HA XS Jep it wetba wn) oo

st HA sro)A FAL Iy 2-199F 2ol 4 2m
=

TR _IR

rO ﬂJlO

2

o
wl

3

Lo

My
W

ol
o
flo
=3

2-249} o]l FA 2m F7rell A 0.041+0.006
0.5m F+7rell A 0.003+£0.001 cm/day® 7+& Skt

[e)
T
N
7ho] 4 —’Fﬁ%“ d3HY
=
3T

a7
o
2
¥
>,
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(E 2-23) 710[A] e

il

Si0/of OLER| % FYo Ut Mz

7kol 4 4 (m)

7kl 4] 2w
25 b 05 1 2 3
A% (74/cm) 98.6+16.2
0
A% (m) 63.5+15.4
A% (78/cm) 27.1£103 37.3+13.8 454+115 35.5+13.0
7
A (im) 150.7+31.5 241.0+97.4 358.1+114.4 183.5+64.1
A% (7}/cm) 5.9+2.2 17.144.2 254+14 11.57.1
25
A (um) 4154+34.1 714.2+71.2 913.0+74.1 560.4+85.8
A% (78/cm) 1405 41+47 9.7+25 3.2+1.2
37
%7 (mm) 1.10.2 11331 15.247.4 5.0+2.4
0.5
1
E
2
o
(]
Q
2
3

<O 2-19) Si0[2] 710[A] PAlE dE.
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(F 2-24) &i0]<42e] 710]

1z
mle
I
o
N
>
>

7ol A=

T 7 7ol 4 o
= SAm AR GR 7}o] 2] FFA 7}o] 4] A7 S
T @ A4 (cm) 71ZHL) (cm/day)*
0.5 0 0.140.02 37 0.0030.001°
1.0 0 1.1+0.3 37 0.03040.004"

7}o] 4]
2.0 0 1.5+0.7 37 0.041+0.006°
3.0 0 0.5+0.2 37 0.013+0.005

HHE Ao Hyy RFUAZ BAISHAS. 4ol HA= a posteriori Fisher's LSD

3) FFAel FelueAe) vm slola 4%

Hod A9 fEm Ao AqEA] Thold] A o]lE LolH Y] ¢5He]
20104 10€9%E 11€971x] A S5t ok 28] 249 4=4] 2mol A3
IRES dAse 25 Ao §49 47 R F4 lon 3 22 @A 48

btk W RSk fellSAY stolq AFEE E 2-255 2o sjol4

Wi
i

Ay
o
ol

3093% Z+zF 21.5+9470/cm 2 22.6+9.270/cmE Fosk 2ozt gllew, FdY
A JA 7rol 30YF 247 1.5+0.7mm 2 147H/cm 2 0.5mm= 9% 2ol &
HolA] ZUTh

(F 2-25) 10|91 SZ=X1et S2|HISRAS| 7H0|A] AHE:

-1 oo

A=
- &
743 4= 2t 74 4= 2] vl A
A=l /cm) 0 0
0 0
4 ZHmm) 0 0
U=l /cm) 14.3£5.7 13.8+5.2
15 15
& #Hmm) 0.94+0.3 0.8+0.4
A=) /cm) 21.5+9.4 22.6+9.2
30 30
4 “Hmm) 1.5+0.7 1.4+0.5
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@ Fel A ALPRE Shold 4

ol Ao ABA ABRYHE (FE2], AR 9@ HIAAE) 7}o] 2
Aol zpo]E Lolr 7] 93t 20100d 10¥€%E 11€9714 Ad = A
Fee Ao 4 2mo AP ARES HAS 499 44 2L FA lem &
72 QA FE SRtk Held §99 EEe i 2-263% o] Jo]A 0YF
A lemT A G AP FolA 15.8+4.270/cmE 7 E=kou B AT

Mlmste] frelgh Aol Gtk Ed

_ﬁ_
Holz ¢kt wEkbA Wrlge FEuje-A AHRA
]

(E 2-26) S40[< FelulPxe| M2EHE Jtol4] Mat

7}o] 2] . el A R
o T R 22 A )
9% (7)/cm) 0 0 0
0
A7 (mm) 0 0 0
9% (7h/cm) 15.4+7.0 16.5+7.3 15.8+4.2
30
A7 (mm) 1.6+0.3 1.5+0.7 1.6+0.6

5) e eA FEE Aold AR

el fElel A == (100, 200, 400 7}/mL) 7to]4 Ay ZfolE Holr 7|

(
gste] 20109 10978 A FEF WA FEe AM A 2me] AP

:’L
ARES AAst] 27 BF0R F99 43 2 B4 lm T ¥F gAY FE
At Wvg AR AY FEE slold e E 2-275F o] FYo
et fueAe FEs Be AYFY £% ZARE TS dsRoy

Aol 400 i/mL = AFF9 9 227 2442 31.5+11.570

AEA Sl 9AY = 200 //mL7} AE3 Aoz I
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(E 2-21) &0 Felulexe] M2A| Fe|siPHel =8 7104 Uy

-1 oo

7o) A . e $-2 F=0CH/mL)
?_:]‘/\ _FL Rl
T 100 200 400
4% (7ll/cm) 0 0 0
0
A4 (mm) 0 0 0
g% (Fl/cm) 16.4+5.1 31.5+11.5 35.8+15.6
30
|7 (mm) 1.8+0.2 1.6+0.4 1.6x£0.5

) OH&]% =-AF

Hrle 7hold 7ItE MBS B Sl 8T fHAES ¥ 2-28%
9€ol= 7HE B2 S 1150] S8 slzfie FFet =
, TEF R
3640}93’\‘4 10dol= F 5F9 siddEc] =dsAeH, sizR77 3F 7IE 'Sﬂﬂ.
s

N
o
o
2
ox
e
rlo
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o
fr
i
o,
oy
o
H
Jm
ol
ol
(r
)
ofj
o
ol
s
_gl il
Ny

]
%?4_5}9513}. ZAbo] 9ol WAL 99RE 119744 A&Hoz %L—s}m. w}am

2]
Wulde 7teld 77E 28T i 10Fcler FxFo TEs TP
EF 14F9 szl SdsAn
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i_z 9 2009
x4z 9 10 11
EES
Enteromorpha prolifera (7}X13}2) +
Ulva pertusa (7*422te) + + +
Cladophora japonica (Z-t{PHH'2) +
Codium fragile (37} +
Petalonia fascia (7§79 4) +
Acrosorium polyneurum (Za--5-3) +
Lomentaria catenata (W}C)&HE-0]) +
Lomentaria hakodatensis (¢} 7]7}c] 2--0]) +
Gracilaria chorda (7)ZLAZ}7]) +
Polysiphonia morrowii (E2-5-F-24) +
T 2 7IE A=
Navicular sp. + +
Caprella sp. +
Gammaropsis sp. ++
Hydrozoans ++ t+
Mud + + +
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2k 4

(D) &4 ool BAnist

W71 S 88~19.9TCY EEXE Yehhiled, 20103 2¥€9) 7}
8.8CE Ul 2010¥ 690 71F &= 199CE Yy 9%
30.1~34.4 ppte] BXE Yehyglon, 20109 5¥€] 7 e 30.1 pptE eER
2010 2€ 7M=& 344pptE YERIAS. &4 e w9 Wt
Fom 593-8.35 mg/Le] BEXE Yelfdd MA7|HEEE 36.39~43.96 mse] EEE
YER ATHEE 2-29).

rlo

ol

olf
3 HTONE
Borr

bl
ol
ol

Wl

(E 2-29) 019 2Y7[2Hs e ol eHgAtz
4 F2(T) A& (ppt) DO (mg/L) 2 71 == (ms)
20091d12€ 15.7 34.3 6.95 4297
20101 1€ 10.2 33.8 8.35 37.04
24 8.8 34.4 8.15 36.39
3¢ 11.1 34.0 7.31 38.16
44 12.1 34.1 8.01 39.10
5¢ 15.0 30.1 6.15 36.59
6% 19.9 31.9 5.93 43.96

_

Wrlgel 942 20109 195H waA AGstr] AlFete] 5YRE Ho|ygo
2dte A4S Yt a® 2-20a). €4S 201098 5€971A A&How F7}
of Hi 286.3+21.2 cmE UEHHACH o]F £ Frhet A Pl TA:
ste AFS Yepddth Helge Fe 20109 4€74A] wEA F7HE
35.1£3.5 cmE YEd ol & WHIE YA FATHIE 2-20b). FAZol=
20108 1€9%E 59717 723 Z7sle 596 Hu X9l 93.1+135 cm& HYGo
M O6ERFH O At BES YEUATHIE 2-200. FF 2o deime
Wrlgel dEFe 2010d 195 H REI Friste A4S Ho 49 Hax<l
A=

E]
31.0+3.4 kg/mE YeEPHAJATHZHE 2-20d).
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450 45
400 I g wthb
350 | 35
300 | 8o f
5 250t 5 25
RO L Hr
K 200 a0
150 15 |
100 b 10 b
50 | 5
0 0
12¢ 1€ 2¢ 3¢ 4€ 58 68 12¢ 1€ 2¥ 3g 48 58 6%

(kg/m)

o
Kl
B

129 19 2g 3@ 48 58 ed 108 1

el

2@ 33 48 58 6¥

(agl 2-20) si0|de| &Y oM MAE 3 ¥ (cm). b: ¥Z(cm).
c: FX|Zol(cm). d: EHImE SHE=2Hkg/m).

Biu o] sAd oFAd A i 2-30 © 29 2-219 2o A 27IEH FA
0.5m A@FolA G S717F F3lo]l Ydetur] A&stglen ol g e 44
DA A&E AT 1609719 FA 71 F4 0.5m AP FoAAM e TS
2.085+0.139 cm/day= 7} =skom, &4 3m AP FolA= 0.228+0.090 cm/day
2 A Eo] 7P SRtk wEA YW ge A8 FAS Filol ZodsE

WAgo] ol Ao e,
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e A%

T b A=Al opd A 9% A7+ S
2= 2] [eRRe] o0 O - Ok A 71 7H 2 pi o=
= 44 (cm) (cm) $371HD) (cm/day)*

0.5 6.4+1.3 340.0+23.5 160 2.085+0.139°
1.0 6.4+1.3 191.4+18.0 160 1.157+0.104"
oob\g
2.0 6.4+1.3 157.3£25.4 160 0.943+0.150
3.0 6.4+1.3 42.7+15.7 160 0.228+0.090°
* BE FAT 3WE AT Huy ZFARE ZASAS. 47 HAE a posteriori Fisher's LSD
test 23 £33 (p<0.01).

<OE 2-21) §i0[e] e M
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Wuge GA7IF S FERFY FAghe 1Y 2-229 go] Awksl g
F itk olmle £EFYL AAZaGORE AFdte] AT FRAAZ THEH

e YWe el rrold 7z7kE A £ 2me AS HF FFF O
476.4+59.3 ymol m™? sto] g} z 0 ¥
}aFo] 1,488.6+79.7 ymol m™? s'ol Ao 7 ElT)

NS ]o
. B
02
ox
N,
L

Underwater irradiance (umol m2s)

0 500 1,000 1,500 2,000 2,500 3,000
0 — y — y @ :
0.5[===eemeer ---------------------- : o
1.0} \ Main cultivation
15}

o] P ; Nursery cultivation

Depth (m)
N
o

Y =-0.78X+7.67 (r>=0.92)
X: depth, Y: LN (irradiance)

(O 2-22) 5i0[92] 710|4] H Lt 5SS 2|

©) F At el -Ale] v F B

s FAbeh el eA e AR F A} Aol debry] sjsted 2010
129578 2011a 647kA g et ofdkd FEe] Ao 4 0.5melM 43

Ao FY2Zo) 10cm AL=E 3cme] FAE 7197|142 Aldste] URd 1H4
o =

F 30 cmolq HzF S7st7] AlEbsle, #54F AR AT 92 20119
At 410.9+129.9 cmE dERRRC™, FEufeAl AR AP A

—
)
e
=2
ﬂ, _10 J-&

5¢
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2011 6€el Ho 398.6+175.4 cmE YWEMNRITH FAZol+ 19 2-23b9} o]
20101 129 FAF AR APF FuleA AR AFFNA 0.4~0.5 cmHA 2
2011 59l Z+7b 87.3+£24.6 cm ¥ 82.9+26.1 cmE UEMAT. gFFe 1
2-23cs} Zo] T AP EF 20109 129%¥ M Zvkstr] AlRske] 2011d 5€ 0]l
FFA AR Aol 1002.8+£270.5¢ 2 frE]ul Al AE Aol 983.7+254.7g
o HAuigrs et d&%e a9y 2-23det #o] 20113 4¥€e] FFA AR
AF oA 355+3.7 kgimet el $A AR AP TN 34.6+1.9 kg/mz Hhzk
et o]F HA dEFo] gadte AFS Ut 2 A3 Aol
5

[e)
X2
2 A A3 yrY dF5Fe St S5t 5-699Y dAEFo] fFAste A
qelel fRle) A 2 R3] RRo) By A o) ke Wabo] Uei]
jFo g Holth
450 100
400 | —e— =X} N0 r
350  —Oo— waluf e E 80
= I 70
£ 300 S ol
S 20t =M
R0 200 | I
a0t
81 150 R ool
100 | Kb ol
50T a 10
0 : 0
1200 40
1000f o TN 3 e REM
—o— g2/t 25 = 39| "o wEleA
S 800t £
=) o 25+t
5 <
mg 600 f 50 20 ¢
80 400 + K 151
w10 F
200 | q
0 . . . .
12 1 2 3 4 5 6 12 1 2 4 5 6

2010 2011 2010 2011

0 o

2

(OE 2-23) S0 RFARL FLUHPAH MZA| e HH H|
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3 HAHANELS ¥ 2-317 Po] £ 21F0F

o, o] 7k dEFe 12F)da 7E %HZ—W%—S— 9go = L}E]—‘;,\‘rt]-_

Z 7+ Betor

7A&d< 20099 12€F¥ 20109 2€71X9] EdNE EE}—E— =32Q 3€RYH 6¥
I Bokth 71 A BES] FAET 45 597149

P
T
=TT YEFe] 7HE Bt

N
I
o
©
©
MIN'

]I.
m
N

flo
N
fru
,J;
-m

(E 2-31) S0l 2d7[Hs S8t ofHd=
2 | 2009 | 2010
E iy 12 | 1 2 3 4 5 6
Ex
Enteromorpha linza (31 3}2) + + + ++ + + +
Ulva pertusa (778 2 3}2l) + + + ++ +
Cladophora japonica (2 vt Z) + + + +
Codium fragile (78 7}) + + ++ | ++
Petalonia fascia (717 < 4]) + + +
Grateloupia turutury (V& A]Fo}2]) + + + ++ ++
Graateloupia lanceolata (7] =4}) + +
Acrosorium polyneurum (a3 %) + +
Lomentaria catenata (v}t Z3-0]) + + +
Lomentaria hakodatensis (| 71v}t] ZEo]) +
Gracilaria chorda (7§ Z1A] 2} 7)) + + + +
Polysiphonia morrowii (E2-F-F-4) + +
FER 2 oI5 498
Navicular sp. + +
Caprella sp. ++ + ++
Gammaropsis sp. + + ++
Obelia sp. + ++
SELEE T+ 1+ 1 =
Hydrozoans + + + +
Y +
L HkE o] + +
B A + +
Mud + + + + + + +
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300

D0l QX 0l 3 a

250 m 0| QX0|E S

200 | T

150

.
100 |
T
50
8 . .
10:14 1212 14:10
Z=)| (LD)

300
N 1 b
£ 20t
o
= 200t
<+ 150}
T oo}
=
H o s}
o

0 . .

5 10
ec (°C)

300
Cc
250 |
200

150

1 ﬁﬂ ﬂ

XE (umol m?2 s

o

2-24) i 0= SO0t O]de| RE|tfRA| wah AsF7H OfZA|e| v
a EF7|. b 2k ¢ =&,

<

|
]]l'u

(2) ok dA7IHE wFEFY HAF Jey 5A

U NZE FL&& 7.6TCAA 184C7HA W3t dTt. Hu &8 20119 6¥o]
Rom, HA F 20119 1€t uFFL FL20] 76T o|Ho =z 45317
B 6

AAS 19 % A2y Adadr). 39

JEF 9
300~1,000 umol m™ s™olom, EFFHF 13-45%F W FAldlAM FgAH]
o]Fol Mt wFEY FAL 19 2-25a¢9 o] 59 F4o H 513.1+855 cmE
Uetlen, o 71zt% wde 3dolw G| FAasr] AFRsAA, Hyde
5¢o] Aol 410.9£29.9 cmz Hdl A& YedTh wgEe FAAol= 549
Ao 100.1+£17.1 cm, WL 8734246 cm ¥ WYL 549+11.6 cme] £o=

3¢ o|F AA IUtet7] AlFeklon,
H 74A] 578 .

et (29 2-25b). el dESe
1% 2-25c9} o] Wwlele] 18w 2 wele
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m

(E 2-33) 47|12k E0(, 01 2 S0l 0|92t naEe| Jefd 3 H|w

2 54 ¢ Gl nF{E v <
I /) 2= 2010 12€ 4.7+1.1 2.6%1.5 3.3+1.2
2011 1¢ 7.4+1.2 44+15 47+13
2¢ 17.241.5 5.3+1.4 12.4+1.3
34 13.4+1.4 5.8+1.7 15.6+2.8
44 13.1£1.5 5.7+1.6 12.3£2.4
5¢ 12.841.8 5.4+1.4 8.6+2.2
6¥ 12.7+1.9 5.4+1.3 -
a% / FAZ] 2010 12€ 7.1+1.2 8.5+0.9 7.3+0.9
2011 1€ 6.5+1.1 7.7£1.0 5.3+1.1
2¢ 6.3+1.0 5.8+1.1 51+1.1
3¢ 3.8+0.9 5.1+1.1 4.7+1.0
44 3.7+1.1 45+1.2 3.6+1.2
5¢ 3.3+1.2 43+1.2 1.4+1.2
6¥ 3.3+15 43415 -
EHZo] (cm) 20104 12€ - 0.3+0.1 2.1+0.6
2011 1€ 1.3+0.8 42+14
24 14.3+2.8 18.1%3.0
3¢ 16.1+3.4 27.7+4.8
44 18.05.6 32.9+7.5
5¢ 11.242.1 34.246.7
64 : 10.5+3.1 -
F=2 Z (cm) 2010 12¢ : - 0.2+0.1
20119 1€ ’ 0.9+0.4 25+1.4
24 1.5+0.5 2.7+0.8
34 2.0+0.8 2.8+0.8
44 31+0.4 32+1.2
5¢ 3.0+1.4 33+1.2
64 : 3.0+1.5 -
& ¥4 (mm) 2010 12€ 0.11+0.02 0.10+0.02 0.03+0.01
2011 1€¥ 0.13+0.05 0.25+0.04 0.12+0.01
24 0.45+0.03 0.64+0.05 0.25+0.01
34 0.57+0.06 0.95+0.08 0.34+0.02
44 1.01+0.08 1.05+0.06 0.52+0.02
5¢ 1.01+0.07 0.95+0.05 0.52+0.02
6¥ 1.00+0.09 0.94+0.06 -
At (So) EE 2010 12¢ - - Sp
EAY (Sp) B4 20114 19 - - Sp
24 - - Sp
34 So - Sp
44 So - Sp
54 So Sp® Sp
64 So Sp & So° -

T HEEHA S
°10% ol £AY A
©30% olst =AY B AP F4.
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5 - 2%
- A T\ B«
| sty B
o0 (5 Gt o O
®l 2l %F o 710141 Mzt Xy Eepy
e ——
onl |t ) A3
—_ | % "\'4
ol | x| 2 " N
E ‘%"’\‘\V \'g L\'»\‘?(Y‘é %9
= FE A SN\
I X & o HE 2ot & Y 712 o1
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42 58 628 72 82 98¢ 108 1&g 1228 12 22 32 42 58 62

<OE 2-27) si0[42| ATt i,

AR=
T o9 A9 F8A IS szmmel o
o= % =H 5 =d8eE IR BA
THm A=A 93 34 (cm) 71ZHY)  (cm/day)*
(cm)
0.5 0 0.1£0.02 37 0.003+0.001%
1.0 0 1.1+0.3 37 0.03040.004"
7o)
2.0 0 1.5+0.7 37 0.041+0.006°
d
3.0 0 0.5+0.2 37 0.013+0.005 YV=-0.78x+7.67
0.5 6.4+1.3 340.0£23.5 160 2.085+0.139* (r2=0.92)
1.0 6.4+1.3 191.4+£18.0 160 1.157+0.104°
A
2.0 6.4+1.3 157.3+25.4 160 0.943+0.150°
3.0 6.4+1.3 42.7£15.7 160 0.228 +0.090°

JubE AF 7Y HFI FTFAXE FAEH-S. Zzte] A= a posteriori Fisher’s LSD
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(E 2-35) 0/2i0] TIRIBIEEr MARE 3 Mol 37

X =) 2k* P PR el slZF (kg-fresh wt./ha)
oA T AF A3 e
©eNe (kg-fresh wt.m)  (kg-fresh wt./ha) - o A]
EiRsl e 34.5+12.4 51,750
28,000 36,000
wFE 37.5+5.1 56,250
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4 WEIG9 olg ¥ AAY £

7} o4&
D) ol 2289 AXATAY A7

op A&

o7t S0zt wet R}t FEE ojFe FEEES HIE AA Huh F,
Y57 AR FEo] FUIst ©@HS RA HUA FFxF o] gholA Al "tk
(Lavker et al, 1987). Rii¥ nlo] <J3tH ILll?—i
aging®. & W = =4 intrinsic aging©|

3}+= intrinsic aging¥} extrinsic
He W¥el wien wrTze
Agstd 750 AAxYA A= AL ‘?:_.é}ﬂi, extrinsic aging & #pe|d &
Z2EH 20 98 Sy unA w32 Z3ichLavker er al, 1987). & <& ub

uc)
R
0
l>

o} o] AL HAe 7 AEe 9Rxst FIEA Fo shtolth IR e AL
Z25d i FAAAEQ collagenﬂr elastine] WA =™ <lo]o] horny 1ayer7}
FAYA I FEo] XA FrHBraveman ef al, 1982). L3 A9 Mo =& H ¥R

pigmentary deposite] S7}sHAl H Il o] wel I FEAE Yo melanin cell®] 47}
Z7VeHAl Hol 77 AZ AA Wske AoltkKim er al, 1988). welA] 1712
VRt E WAE7] He B #gAEC] FES dTES Idsto et
B E FA3te] A7 collagens =7}, A EA) 7)1, fibroblastsE 43341711,
extracellular matrixs 57}, S48 71= 29 o] AF9x3%S HFst sttt
(Han ef al, 1987). o]#3t o2 Lee et al (1997) L-Ascorbic 4Fe] fibroblast growth
2 collagen biosynthesisel] #3 X 135}, Kang ef al (1996) retinoidse} vitamin
Do I3l wx] gyto)] thsll H st e, Kim ef al (1989) Panax Ginseng®}
Radix Astragalie] =|¥x=3} WX &3}, Han ef al (1987) sulfhydryl compounds<e}f
cysteine, glutathione 52 I|F-x=3}Wx] a3}, Hwang et al (20072 & 3| (Ecklonia
stolonifera Okamura)®] ¥|F-=3} WA g3 Fo s Hirstgith.

2710 e nkek 2ol AR F8% JFes N5EES ML) sl
kst chemical compoundd] W3t 37 P Ho] P FAE & Fo|A vk
o] chemical compound&< AMEZA 2 RBzLoF Qs 1 Ao dARE
AgtEa A= Aotk webA olds FAHS sAdsty] sl AAdE Ee 9FgE

g 3}

o] &3] AAAHo T obAF FRL-IJEZS s
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n) g FZ=E-S CCD-986sk cell line monolayer
(human fibroblast, KCBL-21947)e]] Fofsted IFA Lol gt Hr|dFEE59 HF
Ax AP asks SHsA

(WP Yrlg52E A&7} CCD-986sk cell line(AMgs) 3-A th 4| £F-human skin
fibroblast)¢] A&l mA= FF
HrulgFEE29] CCD-986sk cell lineol ot MEzAe|&d &EHE MIT HAY
(Tetrazolium-based colorimetric assay)S ©]-&3te =43 MITHAHS Foid
A 727} o RAE Asto] ATt e A AFAEY BEEC] S HeT
ojuj 27 ME MEET] AENY aiFEo] 98] 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromideMTT)e] ¢ = formazan crystal-s A 4FstA E ok
o] formazan crystal®] ¢S F3% Aot AFAME7 debg A48t =HIA=Tt
= BE AFAE S7HE oulstH AE
EAZO Frte AFAEY &A% netal ol HRABEHR E FEEAA
a3 H=rt He ZAold. MTTAAY 33 Al 96 well plate~ o] &5W A3
z7zhel A3 Jhesta Ad Ao AR AB|AE et EFd g olv
12} A o] Atk 2=y WRjolth
£ AP A= 0.8% methanolel] &g WP AFEE A18Q200 uw, WrIHF=
AlE 1000mg/mle &)= 0.8% methanold ©]&3ta] ALAH o2 28] AlEd A3 &
ZF wellell T3 Qo gF2& ARFATS AETLRE 303, oFFAEE A7t
2] ke Ank 0.8% methanolS ALHH oz 2u) Al Aste] zb welld] 71
TS Y ExFLoE ALEste] R vlaste] AlEe] CCD-986sk cell lineol o sk

O_ur

Ll
va
1o,
iiﬁ m«
r{r

e WHOR F F3

lm
Lo

lﬂ

_]zﬂ_]
¢

u}L
_132
i

=

o
HJEMESAH} A=E =7 oﬁ o]2 I 2-34¢] YER) T
¥ 2-3604 RoFE AP o] dExa9 0D. e 0.066+0.0022 epd whA,

shAb Y A5 F o2 50mg/mlol A 0.166+0.001, 25mg/mleA] 0.133+0.002,
12.5mg/mlell A 0.112+0.002, 6.25mg/mlellA4] 0.089+0.000, 3.13mg/mlellA] 0.078+0.001
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e AFLAxe] ¢ intrinsic problem(T}FEFZZZH o] E
A2 7159 4E)9 extrinsic problem(AF] A =% EE stress)o] I H
of7]sl= 7F
W=)3}7] 98) skin colagen®} elasting renature Al7]7] 93k B drugo] 7i
21} chemical compoundE ©o]&3 Al Wi Hie Bhouy JAAELAE
o] g3 drug e AdH oz AT}

gty B AFde HAES AAE dte dx3d, FEEAAAERI} Je
drugE 7H&str] 98] = AZshol] AMde= HrlgFE=E9 CCD-986sk A&
Y FARMETA g AzAEE &3 AF7 FRHL, Al Ved dF
235 nEs & W, H 1 =l

GFHE
24249 b5 e HelFan

Lo

Z & causative agente]™, o]=Z <l3l oF7|® skin horny layere]
2

N

2 jn vitro FFol 4

(¥ 2-36) CCD-986sk human fibroblast cell2| A8Ztofl CHEt SO0l F&=2| &1t

FZ2E 549 560 nmilAY FFE

200(mg/ml) 100(mg/ml) 50(mg/ml) 25(mg/ml) 125(mg/ml) 6.25(mg/ml) 3.13(mg/ml) 1.56(mg/ml)

o= 00600002 0.066+0.002 0.066£0.002 0.066:0.002 0.066:0.002 0.0660.002 0.066+0.002 0.066=0.002

1_4

RE AYTE 41Y P9 P AR DA,
*
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S8(%)

14.62

0.35
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10.14 9.11 3.44 17.90

Al v}

ANE FEHE Az
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31%= YEgew, v
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Nitrogen Carbon
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