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Abstract

Sargassum macrocarpum is a perennial species with a lifespan of more than 9
years and is widely inhabited in Korea and Japan. S. macrocarpum population forms
canopies to provide habitat and spawning grounds for biological resources. These
canopies also play an important ecological role as large-scale high-productivity
biomass. In addition, S. macrocarpum extract is recently founded as a marine
bioresource that promotes neurite growth and anti-inflammatory effects. Despite its
positive health effects, there is limited biological data related to characteristics of S.
macrocarpum that hinder the management, protection, as well as ecological and
industrial utilization of the diminishing Sargassum population. Therefore, this study
aims to provide information on reproductive biological research of Sargassum that
can be utilized in Sargassum resource creation and aquaculture technology
development. This study investigated an assessment of the ecology and reproductive
characteristics of the S. macrocarpum population inhabiting the Jocheon coast of Jeju

Island, Korea from April 2018 to October 2020.

1. Morphological classification characteristics of S. macrocarpum

S. macrocarpum has conical attachments, erect stems, and several main branches
growing from the stem with denticle protuberances on both edges of the main stem.
Leaves have serrated or double-serrated whereas the air bladder is spherical or
elliptical with mucronate or coronal leaf. While the shape of the female receptacle is

flat, it can also be either spatulate or oblanceolate. The male receptacle is linear.

2. Growth pattern and population change of S. macrocarpum
The total length and weight of S. macrocarpum were the highest in June (135.3
cm, 2.5 kg wet-wt m?) of 2018 and May (132.3cm, 3.6 kg wet-wt m™) of 2019.

The lowest values were found in August (water temperature 25.0°C) and September



(water temperature 23.5°C) of 2018 at 0.3 kg wet-wt m™. The average density and
biomass of the S. macrocarpum population were 4.6 individuals m? and 4.6 kg

wet-wt m™.

3. Reproductive period and resource allocation of S. macrocarpum

Based on the evaluation of the growth and reproductive period of S. macrocarpum,
the vegetative frond of the S. macrocarpum grew from October (water temperature
20.7°C) to January (water temperature 14.5°C), and reproductive frond grew from
February (water temperature 14.1°C) to April (water temperature 16.1°C). Further, the
maturation period of the receptacle was from May (water temperature 18°C) to June
(water temperature 19.3°C), followed by the reproduction period was from June
(water temperature 19.3°C) to July (water temperature 22.9°C). Consequently, the
reproductive frond length index (RFLI) and reproductive frond weight index (RFWI)
of S. macrocarpum were the highest during the reproduction period in July 2018
(RFLI 54.5, RFWI 62.3) and June 2019 (RFLI 62.3, RFWI 76.4). The maturation for
S. macrocarpum is induced at 726.3 + 105.6°C days, and the average vegetative
allocation index and reproductive allocation index from May 2018 to July 2019 were
VAI 63.9 and RAI 36.1, respectively, indicating a high resource allocation for

vegetative growth.

4. Reproductive organs formation and maturation characteristics of S. macrocarpum

S. macrocarpum is dioecious, and eggs and sperm are produced from the
oogonium and antheridium of the conceptacle formed in the receptacle. It is noted
that the oogonium and antheridium are created in the wall cells of the conceptacle.
Each female conceptacle of S. macrocarpum forms 5 to 6 oogoniums then 1 egg is
produced per oogonium. The male conceptacle of S. macrocarpum produces multiple
antheridia, which also results in the reproduction of multiple antherozoids.
The receptacles of S. macrocarpum are formed in April, and the receptacle growth

index (RGI) of the female receptacle gradually increased from RGI 20.85 + 5.53 in



April to RGI 35.70 + 5.8 in August. As the female receptacles grow, the ratio of
width was higher than the ratio of length. However, the male receptacle was high
ratio of length as they grow from RGI 4.12 + 8.55 in April to RGI 10.9 + 1.50 in
August.

The number of receptacles per branch of S. macrocarpum was the highest in June
at 22.2 + 3.08 for females and 25.7 + 1.89 for males. However, the receptacles
sharply declined to 2.0 = 0.82 for females and 3.36 + 1.12 for males in August. It
is also noted that the average number of eggs released from the mature female
receptacle was 208.5 = 3290 based on a 60% egg release rate. In addition, the
maturation of the female receptacle has an average length of 8.9 + 3.01 mm, a
width of 2.7 + 0.38 mm, and a weight of 9.7 + 3.69 mg in June. The male
receptacle peaked in July with the length of 18.9 + 5.95 mm, the width of 1.9 =+
0.31 mm, and the weight of 16.0 £ 6.84 mg. After releasing eggs and antherozoids,

both female and male receptacles rapidly degenerated and disappeared in August.

5. Gamete release and fertilization in S. macrocarpum

The female receptacle of S. macrocarpum released 100% eggs at 3 days in water
temperature (WT) 23°C condition, 7 days in WT 20°C, and 9 days in WT 17°C but
perished in WT 26°C condition. The egg release rate per receptacle was higher at
89.5% in WT 17°C condition and 70% in WT 20°C condition. The female receptacle
of S. macrocarpum released 100% at 6 days in 80 pmol photons m” s condition

1

and at 8days in 40 pmol photons m? s' condition. The egg release rate per

receptacle was higher at 87.5% in 80 pmol photons m? s condition and 85.0% in

! condition.

40 pmol photons m? s

The male receptacles of the S. macrocarpum released 100% of the antherozoid at
5 days in all water temperature and irradiance conditions. Both female and male
receptacles were able to reproduce and germinate seeds at the water temperature of
23°C, 20°C, and 17°C with the irradiance of 80 pmol photons m? s', 40 pmol

photons m? s, or 20 umol photons m? s.



6. Embryogenesis and seed development of S. macrocarpum

The fertilized egg of S. macrocarpum was 291.7 = 7.53 um on the long axis and
238.3 + 7.53 pm on the short axis and the embryogenesis process takes nearly 48
hours. After the embryo development, the size of seed from the fertilization
membrane was 0.32 £ 0.03 mm on the long axis and 0.21 = 0.03 mm on the short
axis, the thallus pole and rhizoid pole of the seed initiated growth. The thallus pole
expands in the horizontal direction whereas the rhizoid pole differentiates into
holdfast.

The primary leaves of the S. macrocarpum seed were formed on the thallus pole
to a length of 1.22 £ 0.13 mm on the 10th day of cultivation; the lengths rhizoid
were also grown to 0.86 = 0.07 mm. Secondary leaves were formed on the 36th day
of cultivation; the lengths of the thallus pole and rhizoid pole were extended to 3.4
+ 032 mm and 1.09 + 0.18 mm, respectively. After the formation of secondary
leaves, the shape of the main axis becomes apparent with the development of the

apical meristem and leaf primordium at the apical.

7. Development of S. macrocarpum seeds based on the culture environment

The water-temperature-controlled experiment revealed that the length of S.
macrocarpum seeds was the longest at 12.29 £+ 0.33 mm in WT 23°C condition and
the shortest at 7.84 £ 0.88 mm in WT 14°C condition. Further, the holdfast hardness
rate was 100% after 30 days in WT 26°C and 23°C conditions, 40 days in WT
20°C, 17°C and 14°C conditions.

In the irradiance-controlled experiment, the total length of S. macrocarpum seeds
was the longest at 12.32 + 2.17 mm with the irradiance of 80 pmol photons m? s™,
and the shortest at with 3.44 + 0.15 mm with the 10 umol photons m? s (P<0.05).
The holdfast hardness rate was 100% after 30 days in irradiance of 80 pmol photons
m? s, 40 days in 40 pumol photons m™ s”, and 60 days in 20 pmol photons m™

s' conditions. However, in irradiance of 10 pmol photons m™® s' condition, the rate

_iv_



was 75.84% after 60 days.

In the light period-controlled experiment, the longest length of S. macrocarpum
seeds was 11.16 = 0.66 mm under 14L:10D condition. The shortest length was
formed under 10L:14D at 894 + 0.38 mm (P<0.05). The holdfast hardness rate was
100% after 30 days under 14L:10D condition and 40 days under 12L:12D and
10L:14D conditions.

8. Seed growth and attach with attachment substrate and environment

Based on the water temperature and attachment substrates-controlled research, at 40
days cultivation, the leaf length of S. macrocarpum was 2.52 + 0.25 mm on the
seed line and 5.07 = 0.25 mm on the basalt in WT 23°C condition. The leaf length
in WT 23°C condition was higher than 26°C, 20°C, 17°C and 14°C conditions
(P<0.05). In the attachment rates, the WT 14°C condition on the seed line and the
below WT 20°C condition on the basalt was higher than the other conditions
(P<0.05). Additionally, the daily growth rates of seed line and basalt in WT 23°C
condition were 5.04% day' and 6.89% day”, respectively.

In the irradiance and the attachment substrate-controlled study, at 40 days
cultivation, leaf length of S. macrocarpum was 2.60 + 0.22 mm on the seed line and
6.01 £ 1.77 mm on the basalt in irradiance 80 pmol photons m? s’ condition. The
leaf length in 80 pmol photons m™ s condition was higher than 40, 20 and 10
pumol photons m® s' conditions (P<0.05). In the attachment rates, the 40 upmol

1

photons m? s' condition on the seed line and basalt was higher than the other

conditions (P<0.05). The daily growth rates seed line and basalt in irradiance 80

2 s conditions were 5.12% day' and 7.35% day’, respectively.

pmol photons m

At 40 days cultivation, the leaf lengths of S. macrocarpum based on light period
and the attachment substrate were 2.57 + 0.48 mm in the seed line and 5.0 = 0.81
mm in the basalt under the 14L:10D of light period. The leaf length in 14L:10D of
light period condition was higher (P<0.05). In the seed line, the attachment rates in

12L:10D and 10L:14D of light period conditions were higher (P<0.05). In the basalt,



the attachment rates was not significantly different in the all light period conditions.
The daily growth rate was 5.09% day' for the seed line and 6.86% day” for the
basalt under 14L:10D condition.

9. Mass production and environmental adaptation characteristics of S. macrocarpum
1) Indoor mass culture using natural seawater and underground seawater

Mass cultivation of S. macrocarpum seeds was carried out for 45 days under the
natural seawater and underground seawater on the coast of Jeju Island, Korea. The
recorded growth rates of S. macrocarpum seeds were 2.89 + 0.62 mm in natural
seawater with a survival rate of 31.9% and 2.19 + 0.35 mm with a survival rate of

61.56% in underground seawater.

2) Seed growth and outdoor cultivation according to sea depth

The leaf length of S. macrocarpum seeds were 5.1 + 1.9 mm at 1 m in sea
depth, 4.8 £ 1.2 mm at 2 m depth, 42 + 1.1 mm at 3m depth, 3.5 = 0.9 mm at
4m depth, and 3.3 £ 0.8 mm at 5m depth. Subsequently, the survival rates for each
study depth were 8.8% (1 m depth), 9.1% (2 m depth), 4.9% (3 m depth), 4.2% (4
m depth), and 4.5% (5 m depth), indicating that the survival rate of S. macrocarpum
rises as the sea depth increases.

S. macrocarpum seeds were also field cultivated during the study period from
November 2018 to July 2019 in the Hwabuk coast of Jeju Island, Korea. The
density of field cultivated S. macrocarpum were determined to be reduced from 25.2
+ 5.1 individuals m™" to 6.7 + 3.3 individuals m” while the thallus growth flourished

from 04 + 0.1 mm to 10.5 £ 1.4 cm.

_Vi_
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AT (Sargassum C. Agardh 1820)% Ul ZZ2FZ oA Ao 2 ofd
tf ol BHSHA FE5(Yoshida 1983; Mattio et al. 2008), H A Alolli= <k
40091F 23l F=roll= 309] Fo] skl TH(Oak & Lee 2006).

n=
forest’ = =2 ™ (Komatsu et al. 1982; Umezaki 1983, 1984; Gao & Umezaki 1988),

FAstel ot HF T At AE AL AAA S AMeAS Alst
31(Yoshida et al. 1963), Ul5f & Hfo] eujAel =2 iAo r Fa3st A A o

S Stk (Murase & Kito 1998).

o

B e At AEiAINA ‘Sargassum-beds’ B ‘Sargassum

gl = o
TS

‘Golden-tide’= ¢&1x H-FA F A Rk(pelagic Sargassum) -2F<Q1 ‘Sargasso Sea’
T HERS dAlTEs 2R FHFEE 14585 oF 1279F% ok nt
OAE, Al & 79 EuU$HoE HALE =(Laffoley et al. 2011) A ETFUFA

°] K. 310]thH(Choi et al. 2020). ‘Sargasso Sea’®] RHAMHEFT= @A Frko| At

2
s

oF 1MTFE 9] Sargassum®©] 53 (Gower & King 2011), 3|F &AAZ ] FQ
ZAPoR AAMA ¥4 H3EZ(carbon pump)® ©F 7%E  AFA| $tTh(Laffoley et al.
2011; Milledge & Harvey 2016).

o A AdAA fFEEte] FiA 25 P Sargassum horneri (3378
o] mAHH)=(Byeon et al. 2019; Xiao 2019) &% =38, AT & ¥ st=F P
Axa, A S OF FUse] A oA Y A 95 5 44D

EA AFE A EAlE obske HA A S WA|7]E @th(Komatsu et al

rp

2014; Hwang et al. 2016; Zhuang et al. 2021).
SAFgeAel Tojets A Petel FLAL B FATY BAH A7
& X389 h mA o] sl EA s A7 U E(Yoshida et al.

1963; Endo et al. 2010; Yoshida & Shimabukuro 2017), 2] ¥ (Ang 1986), 3t

Al

é

(Koh et al. 1993; Kim & Yoo 1994), ‘Zo}>Z 2] 7K(Gillespie & Critchley 1999), 7~
9l(Arenas & Fernandez 2000), $lv}=(Stachr et al. 2000), FAEE U} LU=



YoKMattio et al. 2008) T oAl o] FolFlaL, Aldel| wE Az HAA 7] o st
A= v]= A XY oK(Deysher 1984), iiﬂcﬂ(ArenaS et al. 1995), ¥+ (Yoshida
et al. 1998, 2001), =3}l ¢] Sheikh Said Island (Ateweberhan et al. 2005), &-tA] <k
42| Canary Islands (D1'az-Villa 2005), 1% F5<121¢] Visakhapatnam (Rao &
Rao 2002) I8 3 F= F5 Nanao Island (Zou et al. 2006)9]- FHAk) Lidao
Bay (Liu et al. 2016)°ll4 3ataL Qlth. o] 9ok, EANHF el Agol o
St AGZE = Sargassum ringgoldianum F-2Y712] 7% (Yoshida 1960)3} =719 &+
7] 3l¥ W 3H(Umezaki 1985), Myagropsis myagroides (&]&7/WE AR 7| A2 A
H3 A (Kim & Yoo 2003), "|RFW} Taninthay A9} Sargassum spp.2] FE|(Oo &
Soe-Htun 2014) 1231 Sargassum thunbergii (*15°)2 #2124 ] WHo|(Kim et
al. 2014) & B2 ATES E 5 Utk

AdeAom, EAbRe AF, AR 9 AgEA =4s 288 AEA 52
3}% 1 (Hwang et al. 2006; Redmond et al. 2014) thi-F-o] A=}
gloll ©]=3FA tH(Yoshida et al. 2017). Z121} St wigd, Ik =2 ot}
T s, A ek ol sell &§ 3K (Baba 2011) 181 HEF
aL It

AMA 27/ A= 20159 7= oF 3dT Eolal oF 96% (29,363,158
wet-ton)7} F2lo] 9J&] Ao] A THFAO 2018). T3t E xR AAMEES 0.64%
(189,050 wet-ton)= 1-¢- & H]ES HOJI(FAO, 2018) - Sargassum
fusiforme 1%°] A8t slZ2F/ F2 o= AAkstar Qlrt

=
=
RO oFA 7| Mo et AF= Sargassum fusiforme (%) (Pang et al. 2005,

o]

oo
r

Lo
rok

@

o
4
g

-

(Yoshida & Himabukuro 2017)°.2 AgFe] EAWE 2plo] 7F4s

_E

2008; Hwang et al. 2006), Sargassum fulvellum (X-AF5Y) (Hwang et al. 2006, 2007),
Sargassum horneri (*JJ ] ARY) (Pang et al. 2009), Sargassum naozhouense (Xie
et al. 2013), Sargassum vachellianum (Chai et al. 2014) & UlFiE 5=, St=, 4 &
oA astar it

BT FA WS dAY dFE AdsiAAd FAVIE dtEe] 719 &
Aek= W (Ito et al. 2008, 2009)04 SAFTZolA & AMEsIL Hjksto]

°]-&

o
fu
Y
o
of
ol

ol

= WY (Hwang et al. 2006; Pang et al. 2008; Xie et al. 2013)

H, AR gk o] &5 WAshs Wt B St

il
o



Sk=19] S 2H A AAFFS 20159 71 1,197,129 wet-tonO. E T3, QIR
Alot, Aol o]o] 4A 9 F|xF AALFOITHFAO, 2018). 2] FAAFYS
16001t Pyropia (31) 2 elA A1&=E QI 197090 o] F A TES o] &3t

GFAA ' JE gAakstal Qlth(Hwang & Park 2020).
2020 =] SRR A AYAFRFS 1,761,255 metric ton (Ministry of Oceans
and Fisheries 2020) ©]il, R ARE AYAFS <F 1.66% (Ministry of Oceans and
Fisheries 2020)%2 w|u] gt =Fo| X7k AA 4 7FX = 1,250 A ton' 02 A 3|
2 T 38l ZEuh AR, o] a2 A AR 97% ol THA
vl A, w|F7F x| skar Qlal, EARER= Sargassum  fusiforme2}  Sargassum
S RARE 5 A dAFe] vt .4 E L 9l

=
S B2 Sargassaceae (RAMRYH}), Sargassum (RAFRYS), Bactrophycus ©F
Z:o] 43} (Yoshida 1983; Oak & Lee 2006), =Ho] od o]Ael thdA =
(Murase & Kito 1998; Murase, 2001)°]3. 3$F=1(Oak & Lee 2006)3} < +-(Murase
2000; Murase et al. 2000) Aol FHLSIA +3x3rh. U Fukawa Bay®}
Wakasa BayollA] ZAFeE FEuj 2] Azt & AAFFS 1,600 ~ 2,100 g dry
weight m2 0.2 S42E F39 AAHd I 553 (Murase et al. 2000; Yatsuya et
al. 2005; Terada et al. 2020), TG Z ATt A %3 3}3E<Q] sargachromennol,
sargaquinoic acidv= A7 =719 A% £X 3 H$(Kamaei & Tsang 2003; Tsang
& Kamei 2004; Tsang et al. 2005; Yende et al. 2014) <35 3}3l Sargafuran,
SME, Tuberatolide B (TTB)= ¥+ A (Kamei et al. 2009)% FAS

fol
£

(Manzoor et al. 2014; Cheon et al. 2017; Kim et al. 2019)7} %<3lo] 3 &=
o] &g Hlo] @ A EA FHWI Qv

FAvEA R et e FE AN FRHRoH, AT A W
St(Murase & Kito 1998)¢} AJ4HAd 4] (Murase 2000; Murase et al. 2000), 7 3}
7)o B Fejed A(Endo et al. 2013), F-Hie] Aol thdlk FFup L9
% F(Yoshida et al. 1997), Tl &l o g ZAKYoshida et al. 1999, 2001), =
gy F99 BRI AA B Murase et al. 2000), FHY %o upE Fgh
A a8 &4 (Terada et al. 2020), 123 A 279} F5(Ohtake et al. 2020,
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1. 2gmEAne] Je2 593 £7H 9%

1) Behs 54
Soumae PeA 54 20189 5A%E 20199 79744 48 A
% 205MAE BAG BANTY FEH RHE PR, 27, 9, 719
3]

Feilell 7Rk 7o ok web e 240 w4 dEs S RAe] K
A

it
oy
ol
"
il
W
—r
2
=
—z
do

z-7](holdfast)2} <3 A

(branch), ¥(leaf) 18] 7]

ol
=
D
(0]
2.
o
1o
ot
=
il
EN
>~
>
_o|Lr

R receptacle

receptacle branch(terminal branch)

Upper part
Middle part
f———————b—l’t branch (main branch)
Lower part
— stem (main axis)
holdfast

Fig. 1. Diagram of Sargassum macrocarpum C. Agardh.



2) AR HRE o] & B F A

(1) A& 9 DNA &

4 AlEe 2018 7EHE 20206 10€7HA AFEEAALE AFA WS
YA AR FAujEARbo|th, T EARE JFPFe]l AdF-E Alsted
DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany)Z DNAE F=3}% 0. 4
H AEE TFT9 70% ethanol® A3 & 02g JEE FH3F] nuclei lysis
solution?} proteinase K& 3}l overnight RESSFTE  &3]¥  FRAofA
micro-column filter® DNAE 3]435t1, 355 =439 A260/A280 H]E©°] 1.8

o]%2l DNAE T aAA9-S(polymerase chain reaction, PCR)S 93t 3 ©

(2) PCR Z 3 DNA 971449 23

A F 585 93 mtDNA cox3 A4 dHE& PCRE FEatal A7IMEs
A3t mtDNA cox3 F9(656-bp) TFS e ZEolM= Boo et al
(2011)ell °Jsll Bl C3F34 (5-CCA TTT CAT TTA GTN GAY CCH AG-3°)%}
R20 (5-AAC AAA RTG CCA ATA CCA KG-3)% o] &3ttt +%3 DNA &
o Hy® FH, Zlo]w, Multiplex PCR Mix (Qiagen, Hilden, Germany)S &
gtslel 20 w7F H Al 8 3L, Mastercycler Nexus Gradient (Eppendorf, Germany)E

o] g3le] =Z319 . PCR %S 3t 2% 2d2 %x7] WA 95°C 3& o|%
7

-

95°C 13 - 58°C 13 - 72°C 139 Afvh-g5& 353] 53 5, 72°CollA 1033¢
FHF AMFssltt. S35 ¥ PCR A= agarose gel “JollAl H7lske] st &
w0 Ztolm ol JUFAFE AASt] FAletE FAE PCR AHEES TFL

dye-terminator 2] © 2 sequencing W= T3 , ABI Prism 3730XL DNA

2

=

Analyzer (Applied Biosystems, Poster City, CA)= Z7]3}o] A7IM LS A5
t}.



@) & F 54

A7 ¥ mtDNA cox3 A2 A D2 vl= =587 331 B Al H (National Center
for Biotechnology Information, NCBI)®] nucleotide database®l*] Basic Local
Alignment Search Tool (BLAST, https://blast.ncbi.nlm.nih.gov/Blast.cgi)& ©]-83}%

71Ee] i MAEIe] FAEE A ST



2. E2AEARY A3 REF TP

) A8 £

SELERTCRSEEE i

N
Ac)

=
T
(33°3223"N, 126°3744"E)9] ZAumaput Fetx] oA 2 A5+ th(Fig. 2).

>
>
N

Y
fo
_>,i

=
k= 2018 5EFEH 20199 6874 FAsla TS AT 7
lez]
-

H1 Hobo UA-002-64 data logger (Onset, Bourne, MA, USA)E *]2] X ol

AAsto] 1A7F 2HA o2 BUH P Ho]HE o] &ste] Atk AR

EHAEATHY ARE Vo R Sl

,/ :

Korea Jocheon &

&
N
m.
b

126°37°44"E

Fig. 2. Sampling location at Jocheon, Jeju Island, Korea. Closed circles represent the

population of Sargassum macrocarpum.
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3. SRR HAA 78 AL EiE

1) A FZATRFL, 2] Q5 EFA 5 (RFWI)

s Ae] MAAYIS AGAR S Asas] fa) A Be] Nawe
(reproductive  effort) (Reekie & Bazzaz 1987)3} ©o]F9 Ada SEAF
(gonadosomatic index)E H7}st= Wil (Lee et al. 2002)< sfo] A2 A A

o} AAATFATE Tt A2 9] 5 (Reproductive  fronds length index,
RFLD®} A2 %522 <=(Reproductive fronds weight index, RFWI)i= ts3} 72o]
aakssTh

RFLI = (reproductive fronds length/total fronds length) x 100
RFWI = (reproductive fronds weight/total fronds weight) x 100

S
x
e =

-
L 12

1o

r

olN

=

i

rot

¥
rlo

@4

>~

T

Q

(o

o

c
N >

S

(e

l\)

O\

D

o

o

[

=3

(U]

(0)e]

Q

lo

.

et al. 2010, 2015).

3) L= AREe] 2} vl i (Resource allocation)
S ZAEe] Apdul el ek 54 RFLIZ RFWIE ©|83to] FAksHS]
o} A2 o] A H)E A4 (Reproductive allocation index, RAI) ¥ JFedel =<

Hlj & 4] 4= (Vegetative allocation, VAI)i= Tth&3 o] #4lstdtt

RAI = (RFLI + RFWI) / 2
VAI = 100 - RAI
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4. SEHEALSY AX7H G A=

Jm

3

Foio.
Al ARERE Su b 57 8 20194 427 E sUA AFEA
Ak Tkl AR A5 AN BASHA

1
4 QA3 FEAA e A= 77 490 o 125.0 £ 3536 cm, 57 118.0

ol
%N

Sz Y2719 FYIHIT PAIE Y 5 B4

+ 11.31 cm, 59 &7 1233 + 17.01 cm, 5% 140.7 £ 20.31 cm, 6¥°] <A
123.8 + 33.42 cm, =% 123.9 = 1543 cm, 79l <7 968 + 21.89 cm, 7
128.1 + 38.60 cm, 8¥ ] 4% 67.6 + 24.83 cm, =% 80.8 = 18.38 cm©| Ut} A
27188 A= s AEstetr] A8 A A ddFel A" AT
7} (receptacle branch)yg AFstal A2 7|€re] do], & T3 FAE 574353
I AT THAG FASE A 7IES T, AATIEG WEE o] )
]
t}.

|
R
A

B

Al
&

3

0
N

e
>

2] A2 7| E Y] A A4 (Receptacle growth index, RGI)E 3151 1L
A8 2 FFr] g BAFEAAT} BAFTHEATE

A71e A S The) o] AArstelt,

32
0

HE
X

RGI = (receptacle width/receptacle length) x 100

b
i

AA7IE e 24 HAAS S, AAVIES 1 um ofdtelael Ere
o]gstol 3 AHT F BAVIHY] AV]E FA8L 10% T=TRIC| 1Y
ot

Sefol= EE AMS AT YAVHS 58 FASn 25, W% Lol

]_

=
ol
32

paraffin  Zv]3}H S ¢5st3 vlo] A= E(Leica RM2235, Leica Biosystems,
Germany)< ©]&3to] 5 pumE AM Sy AR AMES FAnpolARER®
(NK-101-II, Nippon Optical Works Co., Ltd., Japan)S ©]&3&tdvt A A&
Toluidine blue, Hema-Eosin, Anilin blues ©]&3}% 1 £E}o]= % E L2 (Canada
balsam¥} Corn syrup®. = -gd3te] & 3dn| % (BX53F, Olympus Co., Japan)® =
SR i

_’I‘l_



ot AEE AAVIES A AAVIEE AR § dasire] 73 A

Hato] HEHUA(AZ 90 mm x %] 20 mm)Z 7)1 PESI 20 mlE 3 7}a}
of wjoFstoltt. BE AL 3nbRo® A ZF AEZUAIY AT ES
g3kt

40 pmol photons m? s W FF7] 14L:10DON A 2

17, 20, 23, 26°C, Wl F% A 52 20°C, FF7] 14L:10DA F=F 0, 10,
20, 40, 80 pmol photons m™ s' S 2 =3} T},

FeF=74-2 LI1-1500 tlo]E] & 7](Li-Cor, Lincoln, NE, USA)S A}-&3&to] Hit ¥

HEZHAIL] ZHA ZEE SN B AFS AuS7I(HB-103S,

Hanbaek Scientific Co., Bucheon, Korea)E A3}t

W WES Kerrison & Le (2016)2 A4S 8319 G2 WES 4279
H]£(% egg release, percentage of receptacles showing egg release)@} AJ2]7|&w )

e
o

o] H]f&(egg release rate per receptacle)= TSIt AA WES HYAE
WEst AA 78] H]E(% antherozoid release, percentage of receptacles showing

antherozoid release)e A3t 2t &5 th& 3 o] ALlstalth

% egg release = (number of receptacles showing egg release/total receptacles) x 100

egg release rate per receptacle = (percentage of egg release/receptacle)

% antherozoid release = (number of receptacles showing antherozoid release/total

receptacles) x 100
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) EAH(germling) A4t

SA AR ZARE 20199 7€ AFSEAAAE ZHA G AT A
7185 ol &tk AT e AFe B2AT7] TR eA deste] EatsarR ¢
3] AH ATt ARl ARES A7 A7) o] 947 £ 0.71 mm, Y ©]
2.78 £ 0.11 mmo]al A7 F7|= Aol 1296 + 3.45 mm, 5°] 1.59 +
0.18 mmo|th. HEZYA(AZ 90 mm x 0] 20 mm)ol PESI 20 mlE 3 7}slo]
HjeFatlar vkl wid wEekgloh wiQF ¢ 27> FTF 40 pmol photons
m? s 8 FF7] 14L:10DOA = 17, 20, 23, 26°C, HSF HF AL FE 2
0°C, F7] 14L:10DIA &% 0, 10, 20, 40, 80 pmol photons m™ s oA =2 =]
Ak FA A A= A28 7] (HB-103S, Hanbaek Scientific Co., Bucheon,
Korea)E o] &3tqltt. 7zt A3 dEZYAle] SA7E 8 Mgt 827
2 JNAIE F&ekal 3 REESlth T ke A v B8 TR F VS

A NAE 702 At
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ol Ae] A%E GRANZIEE 20200 78 AFSUARNE 2He
QoA AF T TAMEAN P 242k AN A S AR s A

+ 202 mm x 1.6 £ 0.05 mmo]t}. A A A Ea e oA 7]
(1 pm)eF Hat (120C, 15 min)E 3] A ko] A7)
AL AASAY. it sz A3 A 7IES HEYYA|(F

oﬁ i
F

°] 20 mm)°ll FE&stL Hit AT 20 mlE WOl WA WEH TS FEs13

oo AAVIES wea WE e RS fdEll v

pmol photons m? s, FF7] 12L:12D Z7A°] A-2uj7](HB-103S, Hanbaek

Scientific Co., Bucheon, Korea)ol| 4] Bl F3}3 a1

ATk ZALZIZE ERF wieF e 1 opm ol dFE ARESke] 1~39 IF

WS duld FhEkeXcope T300)7F F-2E A A dw] 7 (Carl zeiss, Stemi

SV11)= o] &ste] #Estaltt.
v A g L A2 7 Erol] H-AFSE A

A Ao HARA S HA

W FEAA L~ 23 A, ) B R F, SR Fae wae

}fl-"
o,
pY
>
=
1o,
f
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o
0%
>
N
uu
-3
>
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o
1
o
Fu
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=
o
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)
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A
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i

}1. oo
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=]
=i

=
=

500 ml vjoFH o] PESI 300 ml

PR W FE71=

5]

ol ol &

Fzelg 5~ 1070

e
T

7F A28 eF7] (HB-1038,

]

o
T

ul
)

20 ~ 30709 A=

Hanbaek Scientific Co., Bucheon, Korea)oll~ <=3}

A s w3

,.__AO
B

L F%9 2o

oh 250 A gh& (holdfast

B

o

—_
10

T
g

14,

=

PN
T

bt

°©

& 40 pmol photons m? s, FF7] 12L:12D°lA]
- 15 -

o ol A

-
[¢]

[e)

=1

o}

o

Ry
T 21

OO]:

i
17, 20, 23, 26°C, wieF F=F ZAL £ 20°C, F7] 12L:12DA 3 0, 10,

Holdfast hardness rate = (holdfast hardness length / holdfast total length) x 100
H

pumol photons m™ s'o|A] F57] 10L:14D, 12L:12D, 14L:10D°. % 43§

20, 40, 80 pmol photons m? s 28 )

hardness rate)



8. 4714 TR $70 e S R4 T2 4} 234

RH7)4 FR9 Be] e S TR Agw A4 2AHs 1)

23} FZeRd e wEold A oAl TAEY ATY B4

F'

o] &ttt TEMEAS] A A e 2020 62 A|FEHEAAE FHA
Aol A A sk T o] AA7)= ZH2F A 106 cm, 164 cmo] Tk 4

IS

g AAVEES 73] "l E ol gste] AlFsta A% FR(Hel 30
17 ecm x ¥°] 15 em)ell F&3to] FHS FEsHth Aol AHEs St
B T2 QAT A 4 F BE fulE FERTIAQ] FAREG em)d @
Z 3 cm x 2 cm)oll FFeto] o] &t wigFET|=
00 ml2] ®joFH ol PESI medium (Tatewaki 1966) 300 mlS % 7}sle] Z7] wjokst

3 el 3 ~ 4lvhet WAFY AP 3 WRIAL WP AL}

o A (o] 3 em x

)]

7](HB-103S, Hanbaek Scientific Co., Bucheon, Korea)E AF-&3to] WSz S Ao

HjoF =& F7E& 4% 40 pmol photons m? s, FF7] 12L:12DNA 14, 17,
20, 23, 26°C, WF F&F 22 & 20°C, F7] 12L:12D°A] 0, 10, 20, 40, 80
pmol photons m? s' 183 ®iSF BF7] FHAL & 20°C, BT 40 pmol
photons m™ s'o|A]  14L:10D, 12L:12D, 10L:14D°. % 43 &}9 t}.

A F5S A0 93 4% 183 FES SAseL
£ (daily growth rate)<> Yong et al. (2013)%] #41& Fra1ste] th53 7o)
a3t

Daily growth rate (% d) = [(W: / Wo)"* - 1] x 100%

ofN

Wek Wos 2H2b vl T8 Aok vt AlFE Al fAolH, = Wik I3 A

o]t} ZHAY & (attachment rate)> Tho ¥} o] AlAkskSlTh.

Attachment rate (%) = (A, / Ap) X 100%

AE N T2 A9 2 AT, A e AR AlS] 2 A5l
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D SgrEpLe A 0P W
g A B WEE g AREL olgstel UF ARHY

S B Aol ol g3 = -

ofolN AAGYLE ARl olf Tri AHe e WA Fre £

Zol AFs] AW FEOIR 2 m x AR 1 m x £0] 1 mZ Wketa 7Y

85913 QA e FAE SRS S

23 PFEE &7 20089 TRRE 450z Aol A Wik )
Mopel AHEE FEE 7FE 2 m x AR Im x %0l 1 molleh 2 23 AR
52 1042 $EAAT FEFS 40 L min' S FA oS TS W)

of
ol
rlr
N

tdsla=ek Astal 27FA & ARESEIY e 2 =% Wiell Hobo

A-002-64 data logger (Onset, Bourne, MA, USA)E A X|]slo] =735}

c

R
oS AbR3ko] ¢k 644 ~ 96.6 pmol photons m? 5! (MY He F
ot AEES F Zo] 100 me FAE(IEEY 428Aho] 7
A (F°] 45 cm x HH] 65 cm)& ©]&st3ATh

o |
e mlr
o
i
Jo
N
011

N
)
v}
<
o
[kl
o
i

2) Aol hE 2REAR F2] 47
P BAL Y 2AE AU 340 AW ARE RAW F9
g3tk 2GS AFFEAAE eI 20189 9Y ]

< Hobo UA-002-64 data logger (Onset, Bourne, MA, USA)

il

o

112 7}A]

B
i
o2
o,
of
ol
32
o
¥

Z FFo AAF] AT Ao ®E AAstEtt FAL 1 ~5m 74 1 m 4
2 AHES AAst FAE AZT AESES AR T4 A 4

Aol A(mm), BEES F22] WX (individuals cm™)Z UEFH
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SR F2ke] okl g 7]k 2018 11€FE 2019 6¥7kA] 0] 1
AFEHAAN L FHAFo HAAs &2 Hobo UA-002-64 data logger
(Onset, Bourne, MA, USA)E 3% T35l AX|sto] 1A11F 11402 RUE P

dolel & Atk A T2 FAFE 2 FA5 AdolA 3704wt

HAEZE E9aY F3EE AR
T4 °F 3 m AF] AAsAv. A7 FeF QA A (em)H A

L
AVSFRA oL =SS A Eo ZAF F2F9] W (individuals m!)Z LERY LT

(P<0.05), AF$-77d-2 Scheffe test?} Tukey testE 2]-23}3TE ©|o]E = SPSS ver.
8.0 W SYSTAT ver. 9.0 (SPSS Inc.,, Chicago, IL, USA)S ©]|&3}lo] ®Alslar

Pearson’s “J ¥4 S A AT
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m. 23

1. S| EARE]

of

R

Jm
o,
i)
M
u
i)
A

1) FH3 52 L&A}

FAmEAREE ApgolAolw HAke] B AKdiplontic life cycle)s ZH=th A
=35k JA= AT el A ATIEe FAsta 24 BRI EelA mbEolxl WAt
o} AA7y 474, wotstel A Sth(Fig. 3).

T R AR F27]) = 453 (conical) ©]™ F7](stem Hi= main axis)i=
T (terete) 0.2 Aot 13 Ee= 2z st o2 7ie FA|(main
branch 5= Ist branch)E ~JAFSHoh(Fig. 4). A= AREA S 2 3x7A] A 514
gk, A 77 WA 4z ~ SAMA L A sk AR A4 2 sk =
=719 ddEHE FEE 5o, I 9] F2 ©]5 ¥ (ancipitous) &2 FE
7HgREE of] B 5 A U HE3E X] A (denticle) & 7](protuberances)E Z2t=TF A 9
sHT BFEsn WS =7 A48 F4HEE g9d BFES Aed
(triquetrous)©] th(Fig. 4A-C).

A2 7] HE= FE sk 71 74 3 (spatulate) 1= =3 3 (oblanceolate)
F Zow FolAi: FEO]A(Fig. 4D), Sfelrk(Y)Bo] =
2] B 7hean ok gEbel A4 9 (linear)o]

s
A
1o
oft

e Fejr ¥FY EE AYold FEE WA mi mde) A e
el 9 AN QAL de AXNEG gor], Fre| Qe A} Fiistu
o)F ANE A% YHEk PR AL Fo] FolAu FE e A A

* & HAThHFig. 5A-C). 71'¢< T P(spherical) = EF 3 (elliptical) o™, 7
= 7] (mucronate)tt 2 2] #3%] (coronal leaf)= ZH7] % $HCR(Fig. SD-F).
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aogonium

antheridium

Fig. 3. Life cycle of Sargassum macrocarpum C. Agardh. A. Female thallus; B. Male; C. Female receptacle; D. Male receptacle; E.
Cross section of female receptacle; F. Cross section of male receptacle; G. Released egg on female receptacle; H. Two cell stage of

zygote; 1. Germling; J. Germlings after 10 days; K. Germlings after 35 days.



Upper part
>
Middie part
—
Lower part

Fig. 4. Physical characteristics of Sargassum macrocarpum from Jeju Island, Korea. A. Upper part of main axis; B. Middle part of

main axis; C. Lower part of main axis; D. Female receptacle of receptacle branch; E. Male receptacle of receptacle branch; F.

Holdfast



(

T
N eee

Fig. 5. Morphological variation in leaves and vesicles of Sargassum macrocarpum. A.

Leaves of upper part; B. Leaves of middle part; C. Leaves of lower part; D.

Vesicles of upper part; E-F. Vesicles of middle part.
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ATE ZHAAMANA TS EAREF(Sargassum sp.)2]  mtDNA cox3 A LS
d7gstaleh 1570 Al 2" A2 BLAST A4 A3, Ao mAks.
macrocarpum)| 4] B 11 JF931748 (Cho et al. 2012) A3} U X3} tH(Table 1).
71&e) 4z FH 4 EA(Yoshida 1983; Oak & Lee 2006)7 82} ARE £

Fatol, ol Aol AYY AAES FARARo R Psgin

Table 1. BLAST search results for cox3 sequences of in Sargassum macrocarpum

this study
Population No. of Specu?s .name of the1 Ace. no. Length of Length of Identity
sample most similar sequence sequence match (%)
Jocheon-ri 15 S. macrocarpum JF931748 656 656 100

! all species names were cited from the NCBI database information.

2 accession number at the NCBI nucleotide database.
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2. AR A ey T3] As

gho] At F&2 18.7°ColaL, €H I Hi 22 89 25°C,

HA 7 2¢9 141CE 715U th(Table 2). FF7]= 5S€olA 789744+ &

AA7](14L)0] L 11 olA 187HA & TGL A 7](10L)el &3FSth(Fig. 6).

35 15:00

30 } 1 14:00
Yos 13:00
: 3
g0} { 1200 Z
: g
5 15 { 1100 @
2
@ 10 } 4 10:00
2 s

5 1 900

0 8:00

2018

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

2019
Month

Fig. 6. Mean water temperature and photoperiod of Sargassum macrocarpum habitat

in Jocheon, Jeju Island, Korea. The solid line indicates seawater temperature and dot

line indicates photoperiod.
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Table 2. Seawater temperature of Sargassum macrocarpum habitat in Jocheon, Jeju

Island, Korea

Period Mean+SD () Min (C) Max (C)
May 2018 17.3+0.7 16.1 18.5
Jun 20.2+1.6 17.9 23.3
Jul 22.942.5 19.1 28.0
Aug 25.0+£2.5 19.2 294
Sep 23.5+1.4 21.0 25.5
Oct 20.7+0.8 19.5 22.4
Nov 19.1+£0.7 17.5 20.2
Dec 16.8+1.4 14.2 19.6
Jan 2019 14.5+0.4 13.5 15.6
Feb 14.1+£0.8 12.7 15.3
Mar 14.9+0.5 13.8 16.1
Apr 16.1£0.7 14.3 17.0
May 18.0+£0.8 16.9 19.7
Jun 19.3+1.2 17.8 22.4
Jul 21.8+1.7 18.4 26.1
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2) SEiEAEEY] AR W™
1) e ¥4 W3t

TAMEARES] FE& Fig. 70 vEbd AAH € WS vland FEE
o} 2018 5€(17.3°C, 14L)3} 69 (20.2°C, 14L)2 23}, 32k A9 71A| 9} F4] 9]

],
mep e g%eha gt AR T48 FHHe AAT TH229C,

QA7 e AR S0 Ad ge m adugy A FA AE
A AR BATIE] Rolup] ol gglov WER e wuaEA ¢
9R(23.5C, 12 AAZEE BAYR 24, 34 AX I FASL grE =3

o
sto] ARk ol Qlu F7|A AEA AdE FHE0] AAESItE 10E 5E
19 1€9(14.5°C, 10L) Aololl= goFdo] st Qo] FAISEH 1 29 (14.1°C,

11L)3} 3€@14.9°C, 12L) 2x, 32k 7FA7F BA 97 AlZ&sk3ich 49(16.1°C,

7).
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I2Dcm

May 2018

Dec Jan 2019

Fig. 7. Monthly morphological features

% Data sources: Ko et al. 2019.

Feb Mar

of Sargassum macrocarpum.




2 A% -

T EAEe] P A TS 247 92,5 em, 1.1 kg wet-wt S THFig 8).
A2 18 6€(135.3 cm) Hrolw HAE HQl 10€(53.1 emy7H4] B wro}
Fa, 1TE5E g3 8 5231323 cm)7kA] AAZs= dEH-S B thFig 8).
A TF> 189 6925 kg wet-wt)F-EH A ol 81t 9€ef 0.3 kg wet-wt
o7 HASY 10855 tAl S7FsFe] 2019 59(3.6 kg wet-wr)ol] FH o] =&
3} tH(Fig. 8).

Aaelel dolgl FEe Hit 40.1 cm, 0.5 kg wet-wto] Tt AL 293
49742 A3Asta o] Fhasto] 10€ellE s At AP Aol
TS 18 6€(72.1 cm, 1.5 kg wet-wt)Z} 191 5€(80.3 cm, 2.5 kg wet-wt)°]l
7H =S4 THFig. 9). AA Aol T & Holgk T Fat 525 cm, 0.6 kg
wet-wto] Q111 F ko] Zoli= gdel 334 em® WAL 1229 814 cm® A3}
ATk ke FHEHS 59, 69, 11¥€0] °F 1.0 kg wet-wtE =S THFig. 9).

A EARES] G A5l st A9 dIRY AuaAE B4
(Pearson’s)3t A3}, AFH A2 AFTH@ = 0933, P<0.01), 943 A2FH( r

o] AaA

Il
O

i

0.797, P<0.01), 933} T (r = 0.713, P<0.01)9] +=AZ F2 9

X 3 TH(Table 3).
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Fig. 8. Monthly fluctuation of total length (a) and weight (b)

macrocarpum. The vertical bar represents standard deviations.
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Fig. 9. Monthly variation of the length and weight on vegetative and reproductive

fronds in Sargassum macrocarpum. The vertical bar represents standard deviations.
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Table 3. Pearson correlation coefficients analysis of Sargassum macrocarpum at the

natural population in Jocheon, Jeju Island, Korea

Total Vegetative Reproductive

Total Vegetative Reproductive
length length length weight weight weight
Total |
length
Vegetative o
length 0.352 1
Reproductive 0.797"" 0084 1
length
Total weight | 0.713™ 0.228" 0.584"" 1
vetetative | 51 0.509°" 0246 0813 1
weight
Reproductive | ) (o0 0012 0.686™° 09337 0.548"™ 1
weight

P<0.1; 7, P<0.05; 7", P<0.01

% Data sources: Ko et al. 2019.
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sy

(o]
R
X
ofl
iA
—_&4
1o,
ol
=N

i)
kit

= 4.6 individuals m2°]3l 18 6%¥ 2.3 individuals
m2olA 193 4€ 7.7 individuals m?* 7FA Az ZF7bstn 199 6¥€ 1.7
individuals m*2 7} $tch(Fig. 10). AL HF 4.6 kg wet-wt m=°] L °19

W 59 17.8 kg wet-wt m2 2 7H =3 CH(Fig. 10).

-
N

_
o

Density (individuals m)
[#7]

o

"]
o

Biomass (kg wet-wtni)
3R R >

(= T S R 2 ¢ ]

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
2018 2019

Month

Fig. 10. Monthly fluctuation of density (a) and biomass (b) in Sargassum

macrocarpum. The vertical bar represents standard deviations.

_32_



3. SRR HAA 78 AL EiE

1) A FZATRFL, 2] Q5 EFA 5 (RFWI)

A m Al B A AR 42 (RFLI = 29 (RFLI 37.3, temp. 14.1°C)FE 3243
FoR AL 49(RFLI 58.7, temp. 16.1°C)F-H 8Y(RFLI 53.4, temp. 25°C)7HA= 7
o] WEo] gl3lth RFLIE= A2 9ol &8sk & 7|3hs Algletd, "18id 9€
(RFLI 32.6, temp. 23.5°C)°] “Skth(Fig. 11).

B AFFAFRFWDE *18%d 29 (RFWI 19.2, temp. 14.1°C)F-E] H =} F7tst
71 Nkl 69 (RFWI 59.5, temp. 19.3°C)3 79 (RFWI 76.4, temp. 22.9°C)oll 8 H

of 23kl 848 olF w438 AetE Tt RFWI= A4 o] SdskA &2 7|3t

o

A shd 219 9L (RFWI 3.0, temp. 23.5°C)°] SthFig. 11). A nj & xpqk

AFREAIZ] = REWIZE 7 =906 68 ~ 79030t

1o

pry
D
(=)

30
C—Reproductive fronds length index(RFLI)

'g Eﬁ 140 R eproductive fronds weight index(RFWI)

H 'g —e— Water temperature F 25

=

s £ 120 ?,

c D -

[T 20 8

— =100 =4

] ]

28 3

< 80 F15 2

E 0 e

¢ z
0.1 c

= 60

- > =

0 = - m

3 i3] 10 -

S5 40 o

s 0

o o 5

v 0

oo 20

o
o

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
2018 2019
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Fig. 11. Monthly change of reproductive fronds length index (RFLI) and reproductive
fronds weight index (RFWI) of Sargassum macrocarpum in Jocheon, Jeju Island,
Korea. The vertical bar represents standard deviations.

% Data sources: Ko et al. 2019.
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2) A58 2ZA2(Degree-days for the maturation)

2 zAA e 2dujEapie AATe Ay JPs
2

o
flo

14.1°ColaL A4

4)\

o] X3 g 10878 A5y 6d7HA 9 AaFadatedS 7263 £

1301'

105.6 degree-days®] 21 tH(Table 4).

Table 4. Calculation of degree-days for maturation of Sargassum macrocarpum in

Jocheon, Jeju Island, Korea from September 2013 to June 2019

Periods (water temperature) Df(:og(l;et:ia(;i;ys Remark
Ist Oct 2013 (24.30°C)~30th Jun 2014 (21.16°C) 784.4
Ist Oct 2014 (22.62°C)~30th Jun 2015 (18.10°C) 518.8
Ist Oct 2015 (22.24°C)~30th Jun 2016 (19.90°C) 755.8 Developmental

thresholds:
Ist Oct 2016 (22.50°C)~30th Jun 2017 (19.50°C) 737.4 14.1°C
Ist Oct 2017 (23.80°C)~30th Jun 2018 (22.20°C) 746.4
Ist Oct 2018 (22.60°C)~30th Jun 2019 (20.90°C) 815.2
Mean 726.3£105.6

% Data sources: Ko et al. 2019.
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3) L= AREe] 2} vl i (Resource allocation)
A2} GoFd el ALl ES Al7IE R folE Kol AAH]EA] = 29 (RAI

28.3)5FEl A=} S7tsl7] AlAste] 49 ~ 7€ RAI 541 ~ 69392 AJ2le] o

FFgel et AYulES 102 ~ 1€9] VAI 10022 74 =31 A o] &
dAdlz 28 ~ 999 YA T+ F VAL 50.8°] A th(Fig. 12).

Agsh AAWEAFE 247 VAL

gh

18 59EE C19d 7E7EA] Ha o oFn)

63.9, RAI 36.1¢] 2 THFig. 12).

100
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40

30

20

10

Reproductive and vegetative allocatio index

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
2018 2019

Month
Fig. 12. Monthly change of reproductive and vegetative allocation index in
Sargassum macrocarpum. The black box indicates reproductive allocation index and
white box indicates vegetative allocation index.

% Data sources: Ko et al. 2019.
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4. SAMEALY AY71E FYB Y& 54

1) A7 434

T EAREE Aol Ao] ], T EAFES] hegg) “d AH(antherozoid)= 8
2171331 &57](oogonium) @t &7 7] (antheridium)o| Al TrEo X Th 7] e A
71= st JAle de7bA| (terminal branch 55+ receptacle branch)el] sl
A 21 7] EF(receptacle, “EFEZEHE) el A2 7] Ax(conceptacle)ol| Al 33k th(Fig. 13).
A7 495 E et A2 7] E(female receptacle) FE st 71 +Z4
% (spatulate) B== 3] 3 & (oblanceolate) 0. = 1% w21l SFFEHOE FolA| =

FHjolal FAAT G 7hEal ot JEet A ¥ (linear)©] TH(Fig. 13).
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conceptacle

i%

Female receptacle branch

B O

Female receptacle Cross section of female receptacle

conceptacle

ostiole T

. o gt n Y

oogonium S ZECANS Y
g J ARG

LA
"

Female conceptacle

ostiole
antheridium _ AL

%

Male receptacle branch

Male receptacle

Cross section of male receptacle

Male conceptacle

Fig. 13. Process of reproductive organs development of Sargassum macrocarpum.




1) BA7AETESEE, conceptacle)] 23}

Sojulmapube] A7 At A e el ek o FAEch 4]
B 222 dMx I F(mucilage cuticle layer), 33 M| 3Z 3 (epidermal cell layer), ¥
S A EZF(cortex cell layer) 183 5% Al ¥EZ(medullary cell layer)= TA33F3 1L
Y 21 7] 2~ (conceptacle)i= 35 A 3ET(epidermal cell layer)2} 3] 3| 3 5(cortical cell
layer) 7-%Fell 91| &ch(Fig 14).

A2 71Ere] BFA|EANA 71 Ee AT A Al YA E(initial cell)i= T

9% 293G, A HA BES Fopad 2o ARt uigFos v &
et th(Fig. 15a). &t ZdAlzs FEor 29S 75st &t 4

71429 WA E(wall cell) 8= 7] A Al E(basal cel)E FAASHA L FH2] 4~FAE

O

¥

+© 3] AM|E(tongue cel)®E T FEst] SALE DS TH(Fig. 15b-d). 274
o FHl= &2 559y FHol 2FE A27]F YN (ostiole sheath)= A}t
=] QU Th(Fig. 15d-c).

A7 AATIE S QAel wet v A ALY FHiRdE A
717 AXH ddeileh. HAxs Fdddete] Aebrish A7) aglan SAF
(paraphyses)®. =3}5} A T}

TAMEARE AT R @A AT T A7) AT (Fig. 150,
47 A7 2(Fig. 15g) el SAME BA7 AAA 7] 2(Fig. 15h)°] 3714
Holth(Fig. 16). 728 F7E AAV|&9 27FAHES FASEAAT SA= F
H7] AR 728 ZHT] A
FSiet.

ot

714 BT &

e
32
H
e
>,
(2
o
ot

B A7) 2

1>

rr
ol
32

tEA =Y
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Cross section
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Fig. 14. Cross and longitudinal section of Sargassum macrocarpum receptacle.




Fig. 15. Differentiation of conceptacle of Sargassum macrocarpum. a. Two celled stage;

d Conceptacle with tongue cell; e. Ostiole sheath of conceptacle; f. Female conceptacle

antheridium; h. Paraphyses conceptacle with paraphyses; a-e, and h. Toluidine blue stain;

b. Four celled stage; c. Five celled stage;
with oogonium; g. Male conceptacle with

f-g.  Hematoxyline-Eosin stain.



QOogonium
conceptacle

Qogonium

Receptacle > Conceptacle >

Antheridium
conceptacle

Antherndium

Paraphyses
conceptacle

Paraphyses

Fig. 16. Diagram of the Sargassum macrocarpum conceptacle by types.




(2) Z71(#IP28, oogonium) U
SRR AR = AT Al WA oA ety VA AEE AL
Tt A wdste] AR MxE7F 77 R A ¥ (oogonial mother cell)E &

sh3tcH(Fig. 17a). Aet7|ZAZE o oo B glo] AREAL A3y =

rlr

717} S dlsko] A<t sk (mature oogonium)= W $HCH(Fig. 17b-d).

S EARE] BA T A 1S 5~6708] AU E ISR ARV 1
9] Wegg)e XTSI THFig. 17e-f). Aet7]o] Hojsw, A= A2 7] 3o
AelHA A A BESTHFig. 18). A 7IEAA WE
73 262.5 + 40.75 pm, 7 20597 + 3597 pmolL FAYA 7| e AT E A

O

715 A7 135.09 + 2488 pym, Y 109.82 + 27.55 pmOl.Z AA 7| FS A7 =
wol F7]e nlE] &Askoh wWE A5 W EFsto] o] yEshA] 4orA

=
ok, AFE o] 2, 4, 8 NE FHEHA T = A th(Fig. 19).
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Fig. 17. Oogonium development of Sargassum macrocarpum. a. Oogonial mother cell; b-e. Development of oogonium; f. Mature

oogonium; a-d, and f. Toluidine blue stain; e. Hematoxyline-Eosin stain.



Ostiole

Fig. 18. Released eggs on female receptacle of Sargassum macrocarpum.

Fig. 19. Nuclear division in egg of Sargassum macrocarpum. a. Released egg; b.

One nuclear; c. Two nuclear; d-e. Four nuclear; f-h. Eight nuclear.
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3) FA7|(EF22, antheridium) W&

=
o7 ok BAdte] ARAFEE 57] K K(papillac)e] FAS FTHFig. 20a). A

Aze 2w A 5, B I ELeto] abi= AFA E(stalk cell), - &

>
N
b
o
b

L (antheridial mother cell)® 3} 3HCH(Fig. 20b). A=A X (stalk cell)= &
715 AA| = sHAIRE EAste] & e AV EAMAEZE s el
(Fig. 20c). Z71EAxE= A717F Foiste] =8t AA72 2 sth(Fig
20c-d).

SN AA7 At G5 3971F YA 37 =R 5

o) AN Rojuh
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Fig. 20. Antheridium development of Sargassum macrocarpum. a. First division of antheridial basal cell; b. Antheridial mother cell; c.
Antheridial branch with antheridial mother cell; d. Development of oogonium; e. Nuclear division of antheridium; f. Cytoplasmic

cleavage of antheridium; a-b, and f. Toluidine blue stain; c. Methylene blue stain; d-e. Hematoxyline-Eosin stain.
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Fig. 21. Released antherozoid from male receptacle of Sargassum macrocarpum.



2 BA7G9 4% 54

=
) FPANEY %

Zol= 49 22 + 1.45 mmollA 69 8.9 + 3.0l mm=E F43] =78t 7€ 9.0 +
3.85 mmE $A3% & 8¥ 54 + 1.3 mmE Yol AV e E
+ 024 mmolA 6¥€ 2.7 + 0.38 mmE AL =718t 7€ 22 + 04

+ 0.5 mm= AR A4 7]

J

Fol FE2 422 1 mg ©l3F
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Fig. 22. Monthly change of the female receptacle size and weight in Sargassum

macrocarpum. Values represent mean + standard error (n = 20 ~ 140).
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SO EAE FAA TS 49 FAAE 7€7A A7 8 FAVE S ek
et A 7E ] dol= 2.5 £ 0.64 mmolA 7€ 189 + 595 mmE

0.14 mm, 52 0.9 + 0.19 mm, 62 1.8 + 024 mm, 7¥ 1.9 £ 031 mm, 8% 1.2 +
03 mm=E 6¥7 790] =T FAAAVIES FAE= 492 1.0 mg ©lstlal 5€E
1.8 + 1.1 mgollAd 62 108 + 40 mg, 7% 160 + 6.84 mgl & A& Z7}et3dth
(Fig. 23). A=t W& 62Uy HAgstgla 8dols & W& A7 |gEo]

Al Hgsta 4471 s 2Eage

24 24

—&—length —O—width -8 weight

N
o
"
N
o

Y
[e)]

1 16

1 12

Size of male receptacle (mm)
® o

(6w) ajoeydendal ajew jo 1ybiapa

=S

Apr May Jun Jul Aug
Month

Fig. 23. Monthly change of the male receptacle size and weight in Sargassum

macrocarpum. Values represent mean + standard error (n = 20 ~ 140).
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3) A7 A+ (Receptacle growth index, RGI)

A7 e A ;= 49 RGI 20.85 + 553, 59 RGI 20.08 + 1.51, 62
RGI 33.40 + 9.14 1222 79 RGI 27.70 + 6.41, 82 35.70 + 5.80] 1L F=42]7]
Elo] A4 49 RGI 34.12 + 8.55, 59 RGI 1448 + 4.69, 62 RGI 14.31
+ 3.14 7231 7€ RGI 11.15 + 3.24, 82 RGI 10.9 + 1.50°] S THFig. 24). A2 7]
o] QA G Ay A S AdolHtt £ v o] FUHsIla A4

g Zart Zole] ulfo] Frkekn] At

40 40

35 41 35
o 30 4 30
) X
& o
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Fig. 24. Monthly change of the female and male receptacles RGI in Sargassum
macrocarpum. Values represent mean + standard error (n = 20 ~ 140).

RGI. Receptacle growth index.
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@ BN g &2 d A

A EARE A2 71 7FA] (receptacle branch)@ G4 sE FA A 7| B =
49 12 + 056 7, 5¢ 16.1 = 285 7N, 6€ 222 + 3.08 70, 72 209 = 1.37 7,
8 2.0 + 0.82 7ol FAAZIEY] AFE 49 119 + 054 7, 5€ 183 =
3.16 7N, 69 257 + 1.89 7, 7€ 247 + 1.64 7, 8¥ 336 + 1.12 7i°] A k(Fig.
25). 892 A2V gi-io] AEstidla =53] Ay A&

A2 71 o] 9.0 + 1.81 mm, & 3.0 = 0.13 mme ¢BA7|E] WFE&o)
60%2 w, oFB27EE H 2085 £ 3290709 W& WEEAC Y27
A7 s B 1358700100 AA Y& 1" WES P = Hd 5~ 6

7hol At
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|
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Fig. 25. Number of the female and male receptacle per receptacle branch of

Sargassum macrocarpum. Values represented mean + standard error (n = 10).
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(5) BA71E BAFZAFRFL) 2 2 G5 HA (RFWI)

A7 o] Edsk= A7 495 E 8E7MA], A EANNE A A
FAF(RFL)E 4€ 490 + 127, 5€ 576 + 54, 62 546 + 4.8, 78 563 + 3.1,
8¢ 475 £ 13.0%2 590 F7Ieke] g€ HAassith A A THATRFW)E 4
2 458 £ 0.1, 52 593 £ 103, 62 64.5 £ 9.7, 7€ 589 + 165, 8E 252 £ 742
2 590l F7tetar 8€ o S tHFig. 26).

TGS 495 Y7 SN FAMEARE A AL B4
FA9=(RFL)= 49 551 + 0.7, 59 603 = 52, 69 585 + 5.1, 7¥ 62.1 = 83, 8
4 56.5 £ 9.001Uh HAAFTHAFRFW)E 49 594 + 1.7, 59 614 + 85, 6
4 699 + 109, 72 71.1 £ 159, 8¢ 245 + 2002 g¥oll 73 tHFig. 27).

TAMEARES 8o AAVIE I AAV|EIFA] Tea 2%}, 32k A7 7HA]

S gel Hakstel 2Watn 1A BV RS 2L AR AEHY

80 80
—e—RFLl -+ RFW
70 {1 70
60 4 60
3 3
©
£ =
S =
o 50 {50 &
E g
& D
40 {40 ©
30 %I 1 30
20 L L i i 20
Apr May Jun Jul Aug

Month

Fig. 26. Monthly change of RFLI and RFWI on the female thallus in Sargassum
macrocarpum during reproductive period. RFLI. Reproductive fronds length index;

RFWI Reproductive fronds weight index.
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Fig. 27. Monthly change of RFLI and RFWI on the male thallus in Sargassum

macrocarpum during reproductive period. RFLI. Reproductive fronds length index;

RFWI Reproductive fronds weight index.
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(6) A7 S AR M AR F23 FF7

WA 42eln 87k SAuEApE A4 AFE 2

BN
B
:
-

oog]

I FFTIE 4

+

:

< 49 16.1°C, 5¢ 18.0°C, 6¥ 19.3°C, 7¥ 22.9°C, 8¥ 25.0°C9]

32

;

€ 13L:11D, 594 7€ 74 14L:10DC| 31 822 13L:11D°] ¥ th(Fig. 28).
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Fig. 28. Variation of water temperature and photoperiod in Sargassum macrocarpum
habitat during reproductive period. The solid line indicates water temperature and dot

line indicates photoperiod.
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Fig. 29. Egg release in Sargassum macrocarpum receptacles by water temperature.
Culture conditions were 40 pmol photons m™> s' and 14L:10D. Values represent

mean + standard error (n = 10).
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Fig. 30. Egg release rate per receptacle in Sargassum macrocarpum by water
temperature. Culture conditions were 40 pumol photons m? s' and 14L:10D. Values
represent mean + standard error (n = 10).

% Data sources: Ko et al. 2020.
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H] 82 4% 80 pmol photons m? s'Z7 oA 66Ul 100%°] 3L, F= 40 pmol
photons m? s'Z 7oA = 8UA, FTF 20 pumol photons m? s FZANA = 13U
100%°] 1 thFig. 31). A2 71g3d &gk Fo] H]&S F=F 80 umol photons m™
s'¥ 40 umol photons m™® s' FZA Z+Z} 87.5%, 85%°]1L FT 20 pmol
photons m? s' FZ oA 66.4%, 10 pmol photons m? s' ZAANAE= 22.9%

7283l 3% 0 pumol photons m? s' 2 A= 4.4%0] A ThHFig. 32).
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Fig. 31. Egg release in Sargassum macrocarpum receptacles by irradiance. Culture
conditions were 40 pmol photons m? s’ and 14L:10D. Values represent mean =+

standard error (n = 10).
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Fig. 32. Egg release rate per receptacle in Sargassum macrocarpum receptacles by
irradiance. Culture conditions were 40 pmol photons m® s’ and 14L:10D. Values
represent mean + standard error (n = 10).

% Data sources: Ko et al. 2020.
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2) AR HE =

() F2 OE A= FE F =
TAMEARES] F2o mE A BE i AN AAE wEI A4
716e] vl 3R T 26°C oA 99.3%, T 23°C F7lollA 83.33%,
2 20C Z27ANA 76.67% LB 3 17°C ZAA 66.67%°10aL 5Y o] Fef, &
T & 2194 100% FAHE W3 thFig. 33).
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Fig. 33. Antherozoid release in Sargassum macrocarpum receptacles by water

temperature. Culture conditions were 40 pumol photons m? s' and 14L:10D. Values

represent mean + standard error (n = 10).
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(2) BZ IE A HE =

A EAREe] FeFo] wE A WE F Aol AAE WES A4
7189 B]&2 3UA o] F3F 80 pmol photons m? s ZAANA 96.7%, B 40
pumol photons m? s' ZZ oA 93.3%, F% 20 pmol photons m?> s' ZFE71ofA]
93.3%, ¥ 10 pmol photons m? s’ FZ A 90% 723 0 umol photons m? s
Z7A 86.7%C10aL, 59U o] Fel RE FH ol 100% FAE &S

(Fig. 34).
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Fig. 34. Antherozoid release in Sargassum macrocarpum receptacles by irradiance.
Culture conditions were 40 pmol photons m? s’ and 14L:10D. Values represent

mean + standard error (n = 10).

_6"_



3) %A (germling) AJAt

A AN A FAMEARE F-FAA 782 PESI 20 mlE H7HeE )
E Ao 4A7IE 8l AIe} A2 7' 2
FEs A3, & 260C A Tl FREEA AR, F= 23°C, 20°C,

17°C 2304 = 22 2<d, 34, 64

Hepe] wWE SAnjmA o

pmol photons m? s'¥} 40 pumol photons m? s' F7oA 34 F FAo] FLHS

1, 3% 20 umol photons m? s> 4 F FHo] FEEHAAT, FF 1037 0

pumol photons m? s'ZANA = Fgo] FEHA LAt FHo] FrE T 2d
=

Fol 7ho]l BYHo B W

Table 5. The germling production of Sargassum macrocarpum by water temperature

Days
1 2 3 4 5 6 7
Temperature
26°C" - - - - - - -
23°C fertilize germling
20°C fertilize germling
17°C fertilize germling

Table 6. The germling production of Sargassum macrocarpum by irradiance

Days

. 1 2 3 4 5 6 7
Irradiance
80 pmol photons m? s fertilize germling
40 pmol photons m? s fertilize germling
20 pumol photons m?> s fertilize germling
10 pmol photons m? s - - - - - - -
0 pmol photons m” s - - - - - - -
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1) ¥l(embryo) A3

SduEANY A&5H vEARe AEdel s sge] Lxai 37

265.7 + 535 pm, ¥ 210 + 11.55 pm®|t}. S m EAuke] v Ao ol A7)
oA WES do] FAd Fofl ZEepe] FAg Aol s vk S

2ol 3/ (thallus pole, FERMR) T} -4k (thizoid pole, RiATHR)C.Z 2], °]F
sl A9 w53 98-S 3l THFig. 35f, Fig. 36f). 2W A Wdere A= Ho=
5 stA AEsta 4= FAe et A= 98kl thFig. 35¢-h, Fig.
36g-h). 3WAl FEE Gl AER Bt 4AE7F Ha 2SS dE
T AT AR 409 dE =3l th(Fig. 351, Fig. 36h). ¥ L] 4W
A FEE TS A, 2T 3T A8, A8 AEE SFithFig
35, Fig. 36j).

o] %, S A|(Fig. 35k, Fig. 36k)e} 6HA| A (Fig. 351, Fig. 361)7FA] A8k A|3E
T 98T 24 44 2R Btk ol 4 Bele ASHoE &
UHAA A GAZAE s a 242 s HAF Folxa EEshH
27] e 2 W5l th(Fig. 35m-o, Fig. 36m-o). Wl A F8= ZAT o
AR 7kt AlEEo] At QA AN e Ha1 vjolrt w4

Ue= Aoz <38 th(Fig. 350, Fig. 360). A=A vl w8 2474 (Fig. 37)

1

o] AR AIZFE 2¥Al EL@METN)ZEA F 10413, 4R FA (164 7)) 7HA]
oF 12A17F, 6 A EA7FA] ok 14A1%F0] Aular oF 48417 & ow) A S ¢

- yul
ety s 3 el FAE Aok
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Fig. 35. Embryology of Sargassum macrocarpum attached to receptacles. a. Unfertilized egg; b-d. Fertilized egg; e. First division
of zygote; f-g. Second division of zygote; h. Third division of zygote; i-j Forth division of zygote; k. Fifth division of zygote; I

Sixth division of zygote; m-n. Multiple division of zygote; o. Germling with rhizoid buds; Thallus pole (TP), Rhizoid pole (RP),
Meridional cleavage (MC), Latitudinal cleavage (LC).



Fig. 36. Embryology of Sargassum macrocarpum detached from receptacles. a. Fertilized egg. b. Nuclei fusion of zygote with
fetilized membrane (FM); c-d. First division of zygote; e-g. Second division of zygote; h. Third division of zygote; i Forth
division of zygote; j. Fifth division of zygote; k-1. Sixth division of zygote; m-n. Multiple division of zygote; o. Germling with

rhizoid buds; Thallus pole (TP), Rhizoid pole (RP), Meridional cleavage (MC), Latitudinal cleavage (LC).



TP TP
MC—»
LC
v
RP RP
1st division 2nd division 3rd division
4th division 5th division 6th division

Fig. 37. Schematic diagram of the early developmental stage of embryo in Sargassum
macrocarpum. Thallus pole (TP), Rhizoid pole (RP), Meridional cleavage (MC),
Latitudinal cleavage (LC).
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) FAH(germling)®] T A

A EAREE] = Holato] A E3ME FA FHL

A F5 5, TN U FA(germling)2] 27 F7AE 032
0.21 + 0.03mmo|1l FA9] {7t} At S JHAEA Y. 29

o B xzA o= Thto] Besty] Al#ebe, oF 18A1%F Fof Tkt 3 ~ o)

A7t EZshe sty 29 Foll= oF 2874 A7HA BRE QI THFig. 38a-c). Hi

6dell 2] JAH= Zo] 0.85 + 0.08 mm, £ 0.28 + 0.04 mmo| I A=
0.63 £ 0.13 mm®| AT} (Fig. 38d-e). 13} Ao T4 HLo] A Aok
FAx2S o7 AT g3t JHE 2E5 th(Fig. 38f-g). HiSF 10¥ 9

%

GAHR9} ARl Zol= zhzt 122 + 0.13 mm, 0.86 + 0.07 mmo| L wiSF 22
Aol FAF-9F F2Ho Zdoj= ZHz; 281 + 024 mm, 1.09 = 0.09 mmo] 3]t}
(Fig. 38f-g). 2AH = 129 9] 22 A WakolA] HAdddxA 9 50| F7]3tH
A, 36dA, FAT-eF F2H-] dol= 747 34 + 032 mm, 1.09 + 0.18
mm ©] I th(Fig. 38h). 22} AAF FF(main axis, stem)> TH A FEE 2ZF
F11 g x 2 (apical meristem)¥} 39 7](leaf primordium, phyllogen)”} &gk
Uh(Fig. 38h-i). 329 F8atA 718 At dxa oA A= 13493 23t
A ok 12A-AA G718 ST 24U A, PR TP o] A4S W

F13 7bEE5o] %387 A&ty A% $Ads] A shE U Th(Fig. 38i).
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Fig. 38. Germination of Sargassum macrocarpum. a. Start of germination; b.
Germlings after 18 hour; c¢. Germlings after 2 days; d. Germlings after 6 days; e.
Germlins after 8 days; f. Germlings after 10 days; g. Germlings after 22 days; h.
Germlings after 36 days; i. Germlings after 45 days. Bars = 100 um (a-c), 500 pm
(d-f). 1 mm (g-i).
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1) F&o OE FAY T2

Fof wE FIEAN T2 4 e 60 Foll & 26°CollA 4.2 +
0.5770, 23°CelA 3.7 £ 0.677H, 20°Col Al 3.4 = 0.4270, 17°CellAl 3.1 + 0.247), 1
4°CollA 2.7 £ 0.267] o] th(Fig. 39). =52 dol&= & 26°CellA] 1.33 £ 0.24
mm, 23°CollA 1.06 + 026 mm, 20°ColA 1.39 + 0.16 mm, 17°ColA 122 + 0.28
mm, 14°CellA4 1.05 £ 0.09 mm©] 1 (Fig. 40) 72> 26°CoAl 9.85 + 0.82 mm, 2
3°ColA 1229 + 0.33 mm, 20°CellA] 10.59 + 0.52 mm, 17°CollA] 8.82 + 0.78 mm,
14°Col A 7.84 + 0.88 mm©] AtHFig. 41).

A EAE T2 7] Aol £ 26°CSF 23°ColA 1044 ZH2 0.86 +
0.09 mm$} 0.92 £ 0.09 mm=E 2174 5 304l 72t 04 £ 0.05 mm, 0.45 + 0.09
mm7HA] FA4ska Y] 60Lol= 0.56 £ 0.08 mm¥} 0.77 £ 0.10 mmo] %}

. & 20°C, 17°C, 14°ColM = 20847FA4 Z42F 1.06 + 0.07 mm, 1.01 + 0.08

—

mm, 094 £ 0.05 mm7}4 WAL o F 40U Fastn 0Ll 2]

12

7]
0.72 + 0.16 mm, 0.61 + 0.05 mm, 0.55 + 0.15 mmC.% A& hFig. 42). &
o] EARE 7Rt AEE S 2 26°CF 23°C 30€ el = 20°C, 17°C, 14°CE
402 o] F 100%% th(Fig. 43). MlF & 60Y Al F2of e FAY HEs *
Abst AR, T2 7, F5 Hol, A% a8 A 7Y dole &

3°C 20| o8 FFA KRG 4 THP<0.05)(Table 7).
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Fig. 39. Effects of water temperature on number of leaf in Sargassum macrocarpum
germlings during 60 days of culture. Culture conditions were 40 pmol photons m™

s’ and 12L:12D. Values represent mean + standard error (n = 8 ~ 10).

_70_



g
o

Water temperature (°C)
——-26 -0-23 w20 {17 —a—14

-
(o]

w—
[9)]

Main axis length (mm)
(=] o o - - -
~ ® ® o N 0w

o
(N}

e
o

0 10 20 30 40 50 60
Culture days

Fig. 40. Effects of water temperature on main axis growth in Sargassum
macrocarpum germlings during 60 days of culture. Culture conditions were 40 umol

photons m™ s and 12L:12D. Values represent mean * standard error (n = 8 ~ 10).
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Fig. 41. Effects of water temperature on total length growth in Sargassum
macrocarpum germlings during 60 days of culture. Culture conditions were 40 umol

photons m™ s and 12L:12D. Values represent mean * standard error (n = 8 ~ 10).
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Fig. 42. Effects of water temperature on holdfast growth change in Sargassum
macrocarpum germlings during 60 days of culture. Culture conditions were 40 umol

photons m™ s and 12L:12D. Values represent mean * standard error (n = 8 ~ 10).
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Fig. 43. Effects of water temperature on holdfast hardness rate in Sargassum
macrocarpum germlings during 60 days of culture. Culture conditions were 40 umol

photons m™ s and 12L:12D. Values represent mean * standard error (n = 8 ~ 10).
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epel M 2w B4 AFE WY 609

photons m™ s'olA 4.4 £ 08270, 40 pmol photons m® s'o|A 4.0 + 0.007H, 20

of F% 80 pmol

o

pumol photons m? s'el4 22 + 04170, 10 umol photons m™ s'o4] 1.8 £ 0.297}
©]213L 0 pmol photons m” s’ 20 ©]F HALEFATHFig. 44). F=F2 ol
3% 80 umol photons m? s'olA4 1.51 + 0.18 mm, 40 pumol photons m= s °j A
1.32 £ 0.26 mm, 20 pmol photons m™ s'oA4] 0.72 + 0.11 mm, 10 pmol photons
m? s'el A 0.75 £ 0.06 mm®] 3 (Fig. 45) 22 3% 80 pmol photons m? s'oj A
12.32 + 2.17 mm, 40 pmol photons m™ s'oJ4 9.88 + 0.4 mm, 20 pmol photons
m? s'olA] 3.98 £ 0.54 mm, 10 pmol photons m? s'o|A] 3.44 + 0.15 mm®]3lt}
(Fig. 46).

T EARE T2} 7hEe] Aol ¥ 80 umol photons m? s A 10U A
0.97 £ 0.09 mm= FHF Zo]E H I 3044 044 + 0.08 mm=E 23k 60
A 0.72 + 0.08 mm= AAYAFATE. FF 40 pmol photons m? st A= 200 A
091 + 0.08 mm= A3t 4044 046 + 0.04 mm=z FAas T 60dA B
3Fo] 0.64 + 0.1 mmo] 3Tt 3= 20 umol photons m? s'¥} 10 pmol photons m™
s’ 2094 ZHZF 076 + 0.03 mm, 0.72 + 0.07 mmE HOAFS Holu A%
sl 6044 ZHzE 032 £ 0.06 mm, 0.3 + 0.04 mm©| X THFig. 47). AR
ARE A 7hE2 3% 80 pmol photons m? s, 40 pmol photons m? s”, 20 pmol
photons m? s'o] Z+Zb 304, 40Y, 60L°l 100% F3EFA AL FF 10 pmol
photons m™ s’ 60Ul 75.84%°] A ThFig. 48). Wi} & 60 A FHo| WS F
ko] b ZARSE A, T 1, 759 o), A% a8 4 7Y

ol t}

)

A

gl

Zo]= F% 80 umol photons m? s'¥} 40 umol photons m? s %

ZART} =9t (P<0.05)(Table 7).
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Fig. 44. Effects of irradiance on number of leaf in Sargassum macrocarpum
germlings during 60 days of culture. Culture conditions were 20°C and 12L:12D.

Values represent mean + standard error (n = 8 ~ 10).
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Fig. 45. Effects of irradiance on main axis growth in Sargassum macrocarpum
germlings during 60 days of culture. Culture conditions were 20°C and 12L:12D.

Values represent mean + standard error (n = 8 ~ 10).
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Fig. 46. Effects of irradiance on total length growth in Sargassum macrocarpum
germlings during 60 days of culture. Culture conditions were 20°C and 12L:12D.

Values represent mean + standard error (n = 8 ~ 10).
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Fig. 47. Effects of irradiance on holdfast length in Sargassum macrocarpum
germlings during 60 days of culture. Culture conditions were 20°C and 12L:12D.

Values represent mean + standard error (n = 8 ~ 10).
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Fig. 48. Effects of irradiance on holdfast hardness rate in Sargassum macrocarpum

germlings during 60 days of culture. Culture conditions were 20°C and 12L:12D.

Values represent mean + standard error (n = 8 ~ 10).
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3) BF7)e W& FAL U

FF7lel mE SAMEAR T2 A vl 609 Foll 14L:10D7F 4.0 +
0.357H, 12L:12D7} 3.9 + 0.227], 10L:14D7} 3.7 + 0.277H°] I tHFig. 49). %9
Zoli= 14L:10D7} 1.43 + 0.17 mm, 12L:12D7} 1.34 + 0.13 mm, 10L:14D7} 1.28
+ 0.18 mm®] iL(Fig. 50), A7 14L:10D7} 11.16 + 0.66 mm, 12L:12D7} 9.92 +
0.31 mm, 10L:14D7} 8.94 + 0.38 mm©®| X TtH(Fig. 51).

ZAv AL FAF 729 dol= 14L:10D1 A 1024 0.94 + 0.04 mm=z 7
dolE R 30LA 042 £ 0.06 mmZ 43 60LA 0.69 £ 0.09 mm=E A
A7gskier 12L:12D$}F 10L:14D+= 20944 2H2F 0.93 + 0.07 mm, 091 + 0.1 mm
2 S 4044 045 £ 0.02 mm, 046 £ 0.04 mmZ F43 F 60LdH 27t
0.64 £ 0.08 mm, 0.62 + 0.13 mm= A AY3FAThFig. 52). FL v ZAE T2 7}
=9 AsE&S 14L:10D7F 30%, 12L:12D$F 10L:14D7F 40¥ el 100%°] % th(Fig.
53). WF T 60d A FFTlel wE FAL wds AR A, T2
T%9 Aol, TA 7kt Hole FF7] 2 FoA Aot oy, A%

2 FF7N7F oA E =2 AEFS B THP<0.05)(Table 7).
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Fig. 49. Effects of photoperiod on number of leaf in Sargassum macrocarpum
germlings during 60 days of culture. Culture conditions were 20°C and 40 pmol

photons m? s”'. Values represent mean + standard error (n = 8 ~ 10).
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1.6

Photoperiod (Light hour : Dark hour)
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Fig. 50. Effects of photoperiod on main axis growth in Sargassum macrocarpum
germlings during 60 days of culture. Culture conditions were 20°C and 40 pmol

photons m™ s™. Values represent mean =+ standard error (n = 8 ~ 10).
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Fig. 51. Effects of photoperiod on total length growth in Sargassum macrocarpum

germlings during 60 days of culture. Culture conditions were 20°C and 40 pmol

photons m? s”'. Values represent mean + standard error (n = 8 ~ 10).
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Fig. 52. Effects of photoperiod on holdfast growth change in Sargassum
macrocarpum germlings during 60 days of culture. Culture conditions were 20°C and

40 pmol photons m™? s”'. Values represent mean + standard error (n = 8 ~ 10).
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Fig. 53. Effects of photoperiod on holdfast hardness rate in Sargassum macrocarpum
germlings during 60 days of culture. Culture conditions were 20°C and 40 pmol

photons m? s”'. Values represent mean + standard error (n = 8 ~ 10).

_86_



Table 7. Development of Sargassum macrocarpum germlings according to culture environment after 60 days of culture

Conditions

Water temperature irradiance (umol photons m?s™ Photoperiod
Trait 26C 23C 20C 17C 14T 80 40 20 10 14L:10D  12L:12D  10L:14D
Number 4.2 3.7 3.4 3.1 2.7 4.4 4.0 2.2 1.8 4.0 3.9 3.7
of leaf +£0.57°  +0.67° +0.42%° +0.24™ +0.26* | £0.82° +0.00° +0.41* +0.29° +0.35° +0.22° +0.27°
Main axis 1.33 1.06 1.39 1.22 1.05 1.51 132 072 0.5 1.43 1.34 1.28
growth (mm) +£0.24™°  £0.26° +0.16 +0.28" +0.09" | £0.18" 026" +0.11° =+0.06 +0.17° £0.13° +0.18°
Total length growth 985 1229 1059 8.8 784 | 1232 988 398 344 11.16 9.92 8.94
(mm) +0.82°  +0.33° +0.52° +0.78* +0.88* | £2.17° +0.40° +0.54* +0.15° +0.66° +0.31° +0.38°
Holdfast growth (mm) 056 077  0.72 0.6l 0.55 072 064 032 0.3 0.69 0.64 0.62
& +0.08  £0.10° £0.16*° +0.05 +0.15* | £0.08" £0.10° +0.06" +0.04" +0.09* +0.08* +0.13°
Time of holdfast 60 days 30 40 40
hardness complete 30 days 30 days 40 days 40 days 40 days|30 days 40 days 60 days oF more days days days




8. £4714 ERs B30 BE T2 433 34

1) F&o g FTAY 3FH A

) FAMEH T2 BE FAY AR 2

A EARE FAFE] e ol wE AFo]lE HQITH(Table 8). #<F 40
A, L 23°CeollA 2.52 £ 0.25 mm, 20°ColA] 233 + 0.18 mm=E U & T2%
U xS Ade BATHP<0.05). 9% AL o] wE Zpol7) AL, v
3 4094, =2 23°CollA 0.99 + 0.05 mmo]al 14°ColA 0.87 + 0.12 mm©] 31t}

(Table 8). 40 5 FAb=ol WS FAY dHALES T 26°C olA

—~
[

A
e

=
O

4.44% day’, 23°C Z7°lA 5.04% day', 20°C F7 oA 4.83% day', 17°C F71°
A 4.24% day”!, 14°C Z71014 3.98% day'o] Ath(Fig. 54). TR ARE FA}9]
AAPEL F& 260C FANAH 946%, 23°C F7A 12.96%, 20°C F7oA
18.39%, 17°C ZZA oA 22.22%, 14°C ZZA A 26.13%°] 1 THTable 8).

T SRR T2 A AES AR A, A R 23C %

el =k,

by

AES T2 14°C 21AM & AFS HATHP<0.05)(Table

8, Fig. 55).
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Table 8. Growth and attachment rate of Sargassum macrocarpum germlings according to water temperature and attachment

substrate
Substrate Seed string Basalt
. Attachment rate Leaf length Leaf width Attachment rate
Conditi Leaf length (mm) Leaf width (mm) 0 £ 0

onditions (%) (mm) (mm) (%)
26C 0.35+0.02° 0.23+0.02° 100° 0.35+0.02° 0.23+0.02° 100°
23T 0.35+0.02° 0.23+0.02° 100° 0.35+0.02° 0.23+0.02° 100°

0 day 20C 0.35+0.02° 0.23+0.02° 100° 0.35+0.02° 0.23+0.02° 100°
17°C 0.35+0.02° 0.23+0.02° 100° 0.35+0.02° 0.23+0.02° 100°
14C 0.35+0.02° 0.23+0.02° 100° 0.35+0.02° 0.23+0.02° 100°
26C 0.72+0.11° 0.26+0.04° 68.87+1.95 1.89+0.17° 0.87+0.16° 89.72+2 40°
23T 0.87+0.07° 0.33+0.06" 75.96+1.72% 1.99+0.15° 0.93+0.09° 92.20+10.04*

10 days 20C 0.85+0.02" 0.30£0.01% 76.07+£12.49® 1.92+0.07° 0.90+0.07° 94.75+5.17°
17°C 0.75+0.09% 0.31£0.04% 83.24+1.55% 1.81£0.12° 0.85+0.11% 96.66+2.90°
14C 0.68+0.08* 0.29+0.02%° 87.36+0.39° 1.79+0.29° 0.84+0.16° 95.80+1.27°
26T 1.15+0.19% 0.45+0.07° 36.81+6.35° 2.87+0.47° 1.47+0.21° 69.10+0.80°
23T 1.35+0.25¢ 0.50+0.21° 43.94+25.31% 2.98+0.20° 1.54+0.05° 72.38+8.91°

20 days 20C 1.29+0.03% 0.48+0.06 61.79+12.29% 2.94+0.19° 1.51+0.19° 78.41+8.43°
17°C 1.11£0.17%° 0.43+0.06° 62.35+8.94% 2.67+0.38° 1.48+0.21° 81.83+13.41°
14C 0.97+0.18* 0.39+0.15° 64.78+3.38" 2.55+0.58° 1.43+0.38" 81.52+5.63°
26C 1.58+0.12% 0.66+0.06° 13.76+0.88° 3.58+0.41° 1.81+0.11° 47.04+1.37°
23T 1.89+0.20° 0.79+0.11° 19.2445.95° 4.04+0.47° 1.91+0.31° 55.12+3.39°

30 days 20C 1.70+0.07% 0.74+0.02° 39.17+9.23° 3.72+0.09* 1.80+0.23 67.90+6.01°
17°C 1.56+0.17%° 0.69+0.12° 39.93+7.44° 3.48+0.38° 1.78+0.07° 71.59+12.31°
14C 1.4340.09° 0.65+0.04% 43.73+4.35° 3.53+0.67° 1.8140.49° 69.45+2.67°
26C 2.00+0.11%® 0.90+0.07" 9.69+6.54* 4.43+0.37% 2.30+0.19% 42.69+3.24°
23T 2.5240.25° 0.99+0.05° 12.87+2.23% 5.07+0.25¢ 2.55+0.07° 48.08+4.74%

40 days 20C 2.33+0.18" 0.93+0.06" 19.58+4.62% 4.65+0.37% 2.43+0.07% 60.524+9.37°
17°C 1.86+0.10° 0.90+0.11% 22.17+11.92% 4.13+0.64" 2.32+0.12% 63.74+15.29°
14°C 1.68+0.28° 0.87+0.12° 25.31+9.01° 3.95+0.04% 2.21£0.11% 60.57+0.56°

Values in the same row with different superscript letters are significantly different (P<0.05).
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Fig. 54. Growth rate (% d') of Sargassum macrocarpum germlings on the seed

string by water temperature during 40 days of culture. Culture conditions were 40

mol photons m™ s and 12L:12D. The vertical bar represents standard deviations.
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Fig. 55. Growth variation of Sargassum macrocarpum germlings on the seed string
by water temperature during 40 days of culture. Culture conditions were 40 pmol

photons m? s and 12L:12D.
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2 e FAMEARE F2Ee] A vk 309 7HA]

2 Aol7F Sl o, vieF & 40 A = 23°CollA] 5.07 £ 0.25 mm, T 14°C

oA 3.95 £ 0.04 mmE T2 we} xFo]E H G TH(Table 8). %9 AL F&

23°CollA 2.55 £ 0.07 mm, 14°CollA4 221 + 0.11 mm®| 3 ThH(Table 8). 40 % &

ok Ao sk FAe] AR FELS = 26°C N4 6.53% day’!, 23°C

Z7NA 6.89% day’, 20°C A 6.66% day’', 17°C Z71olA 6.34% day’, 1
4°C 704 6.23% day'o] A tHFig. 56). A RAE Fx1o] AAYES &
6°C 2 ollA 42.65%, 23°C ZNA 47.57%, 20°C Z7 4 60.22%, 17°C =

\S]

- }L

oA 61.90%, 14°C Z71olA 60.64%°] 1 THTable 8).
T T REAE 28] A 2AAS A Ao, S 2 23°C X
A4 507 £ 025 mm=z =AW FAELS T 200CE7 o]t A =3k

(P<0.05)(Table 8, Fig. 57).
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Fig. 56. Growth rate (% d') of Sargassum macrocarpum germlings on the stone by
water temperature during 40 days of culture. Culture conditions were 40 pmol

photons m™ s and 12L:12D. The vertical bar represents standard deviations.
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Fig. 57. Growth variation of Sargassum macrocarpum germlings on the basalt by
water temperature during 40 days of culture. Culture conditions were 40 pmol

photons m™ s and 12L:12D.
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2) Bl WE FAY A A
(1) FALES Bl BE FAY A 2

S EARE FA0] AL el wE AfolE EItH(Table 9). Hi<F 404
A, 80 pmol photons m™? s’ F71oA 2.60 = 0.22 mm, 10 pmol photons m™ s =%
7oA 0.99 £ 02 mm©]al 3% 0 pumol photons m? s' FH A= Bk 20U
5 HA}eE t(Table 9). SF iR xHE F21o] ¢ Jde wE FAFSH
Bk e 2FolE B TH(Table 9). wWiF & 409 A, 3% 80 umol photons m™
st Z7oA 1.18 £ 0.14 mmS 2 3 10 pmol photons m? s'ol4 0.32 £ 0.05
mmO. 2 SSITH(Table 9). A& 7|7F &<t L S(daily growth rate) 35 80
pumol photons m? s' ZZ oAl 512% day', 40 pmol photons m?> s' Z71ofA]
4.59% day”, 20 pmol photons m™? s' ZZ A 3.5% day’', 10 pmol photons m™? s’
Z7104 2.61% day’'o] A thFig. 58).

St F2Fo] ZAELS I 80 pmol photons m™? st ZZH A 14.06%,
40 pmol photons m? s' FANA 20.21%, 20 pmol photons m? st ZZ A
10.76%, 10 pmol photons m™ s' Z=71ollA 4.97%%E F=Fe] wE ztol& KTt
(Table 9).

Fed A EARE F2e] A S AR A3, A2 FE 80 pmol
photons m? s' F71o] ¥k, ZAE-S 40 pmol photons m” st FZZo] FUhTH

(P<0.05)(Table 9, Fig. 59).
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Table 9. Growth and attachment rate of Sargassum macrocarpum germlings according to irradiance and attachment substrate

Substrate Seed string Basalt
Conditions Leaf length (mm) Leaf width (mm) Attach(r[r'}:)nt rate Lea(ﬁn ll(:lr)lgth Le&;fmxgdth Attach(r[r'}:)nt rate
80 0.35+0.02° 0.23+0.02° 100 0.35+0.02° 0.23+0.02° 100
40 0.35+0.02° 0.23+0.02° 100 0.35+0.02° 0.23+0.02° 100
0 day 20 0.35+0.02° 0.23+0.02° 100 0.35+0.02° 0.23+0.02° 100
10 0.35+0.02° 0.23+0.02° 100 0.35+0.02° 0.23+0.02° 100
0 0.35+0.02° 0.23+0.02° 100 0.35+0.02° 0.23+0.02° 100
80 1.06+0.19¢ 0.38+0.08¢ 77.16£5.49* 2.34+0.20¢ 1.39+0.11¢ 92.58+1.65"
40 0.87+0.10¢ 0.3120.03¢ 80.33+8.01° 1.93+0.28¢ 1.02+0.12¢ 92.2842.48"
10 days 20 0.67+0.08° 0.26+0.02° 82.60+8.66° 1.09+0.16° 0.36+0.06" 85.95+0.83°
10 0.62+0.08" 0.25+0.01%° 74.33+6.71% 1.07+0.12° 0.36+0.09° 85.47+5.76°
0 0.510.11° 0.22+0.02° 84.82+8.51° 0.76£0.21° 0.25+0.04° 67.606.64°
80 1.44+0.30° 0.55+0.20° 45.13+8.68% 3.34+0.45¢ 1.88+0.25¢ 65.81£6.13%
40 1.3240.24° 0.50+0.09° 57.18+5.37° 2.95+0.32¢ 1.58+0.24° 80.71+4.67°
20 days 20 0.80+0.14° 030+0.04 51.46+1.28" 1.49+0.13° 0.48+0.10° 65.44+11.62"
10 0.67+0.05° 0.28+0.02° 36.13+8.60° 1.30+0.26% 0.42+0.14% 55.51+18.36™
0 - - - 0.89+0.05° 0.28+0.05° 24.39+21.62
80 1.9340.34° 0.80+0.09° 21.73+2.93%® 4.06:+0.34¢ 2.19+0.14¢ 44 49+5 .08
40 1.58+0.32 0.70+0.10° 32.7143.59¢ 3.45+0.22¢ 1.8240.13¢ 65.60+9.60°
30 days 20 1.19+0.25% 0.35+0.06° 27.75+0.98" 1.84+0.24° 0.67+0.09° 52.91+14.05®
10 0.83+0.12° 0.29+0.02° 15.20+6.81° 1.50+0.33° 0.54+0.10° 36.50+13.46%
0 - - - - - -
80 2.60+0.22¢ 1.18+0.14° 14.06+5.33% 6.01£1.77¢ 3.12+0.58¢ 40.38+9.06"
40 2.12+0.21° 0.93+0.10° 20.2142.65° 4.4940.82° 2.3440.39° 57.48+8.04°
40 days 20 1.40+0.17° 0.39+0.01° 10.76+3.21% 2.31+0.35° 1.07+0.12° 38.24+10.52%
10 0.99+0.20° 0.32+0.02° 4.97+1.53 1.87+0.28° 0.68+0.11° 21.15+8.88°
0 - - - - - -

Condition: irradiance(umol photons m? s)

Values in the same row with different superscript letters are significantly different (P<0.05).
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Fig. 58. Growth rate (% d') of Sargassum macrocarpum germlings on the seed

string by irradiance during 40 days of culture. Culture conditions were 40 pmol

photons m™ s and 12L:12D. The vertical bar represents standard deviations.
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Fig. 59. Growth variation of Sargassum macrocarpum germlings on the seed string
by irradiance during 40 days of culture. Culture conditions were 40 pmol photons

m? s! and 12L:12D.
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Aok Ao A FAwEANE F24Y] AL FFe] WE AolE B
CH(Table 9). #1%F - 404 A, 3= 80 umol photons m™ s’ ZZANA 6.01 £ 1.77
mm= %3 10 pmol photons m? s'o|Al 1.87 = 0.28 mm% Y% °S™ 0 pumol
photons m? s' FHelA = viSF 304 BT H ARSI TH(Table 9). < v & &}t
A FEE JAe wskel FARSHAl kel WE ApolE HATE i F 40

=
H
A, 3% 80 pmol photons m? s' F7olA 3.12 + 0.58 mm=Z 532 10 pumol

1

photons m? s'o|A] 0.68 £ 0.11 mmZ FSTtH(Table 9). #l%F 409 & A&
2 3% 80 umol photons m™ s FZA 7.35% day', 40 pmol photons m” s’
Z7M 6.57% day', 20 pmol photons m? s’ Z71o|A 4.81% day”, 10 pmol
photons m? s ZZ A 4.26% day'o] 3 THFig. 60).

T EAE FAo] 2AAELS wF T 409 A, ¥ 80 pmol photons m” s
Z7°1M 40.38%, 40 umol photons m? s’ Z7 oA 57.48%, 20 umol photons m™
st Z71elA 38.24%, 10 pmol photons m? s' 7oA 21.15%°] I tH(Table 9).
FEFE S REARE T2k A 2 A, S FFF 80 pmol photons

m? s'FEA ki, HAAELS 40 pmol photons m? sTFECA  ESkTh

g

(P<0.05)(Table 9, Fig. 61).
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Fig. 60. Growth rate (% d') of Sargassum macrocarpum germlings on the basalt
under varying irradiance during 40 days of culture. Culture conditions were 40 pmol

photons m? s and 12L:12D. The vertical bar represents standard deviations.
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Fig. 61. Growth variation of Sargassum macrocarpum germlings on the basalt by
temperature during 40 days of culture. Culture conditions were 40 pmol photons m™

s’ and 12L:12D. blak bar Imm.
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3) FF7) & FAL BFI} AP
(1) FALEH FF7) OE FAY AAH ZZA

TAMEARE T2k 3L FFT)el mWE AolE Edvh Wik § 40 A,
F7] 14L:10DAIA 2,57 + 048 mm, 12L:12DA 2,14 + 022 mm 183l
10L:14D° A 1.79 £ 0.12 mm©| A tH(Table 10). LA ZARE F2}F2] JAEE AA
I FAFsHA FAF7)elA B b AEE BT W 5 40d A, FF7I
14L:10D A 1.04 + 0.11 mm 12L:12D° A 0.93 + 0.02 mm, 10L:14D°A] 0.82 +
0.06mm®] $1tHTable 10). ZAF7]17F &b YA FEL FF7] 14L:10D =71l A
5.09% day’, 12:L:12D F71olA] 4.61% day', 10L:14D ZZ oA 4.14% day' =
FF7122140)00A4 =4 THFig. 62). WISF 40¢ 5, FF7] el wE FdH)
BA Exe] ZAEL FF7] 14L:10D 2AONAM 17.72%, 12L:12D F 7ol A
26.01%, 10L:14D Z=71°llA] 25.57%©] A tH(Table 10).

FF7)e e T EARE Fxo] A 2AAS FARSE Ay S AT
7191 14L:10D7} =koy, ZAELS 12L:12D9}  10L:14DZANA  =3hth

(P<0.05)(Table 10, Fig. 63).
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Table 10. Growth and attachment rate of Sargassum macrocarpum germlings according to photoperiod and attachment substrate

Substrate Seed string Basalt
Conditions Leaf length (mm) Leaf width (mm) Attach(r?;’:)nt rate Lea(illre:;gth Lezzfmv:ll)dth Attach(r?;’:)nt rate
14L:10D 0.35+0.02° 0.23+0.02° 100° 0.35+0.02° 0.23+0.02° 100°
0 day 12L:12D 0.35+0.02° 0.23+0.02° 100° 0.35+0.02° 0.23+0.02° 100°
10L:14D 0.35+0.02° 0.23+0.02° 100° 0.35+0.02° 0.23+0.02° 100°
14L:10D 0.9140.24° 0.3240.05° 77.60+4.53% 2.06+0.43° 1.2140.18° 89.73+3.05%
10 days 12L:12D 0.85+003 0.29+0.01% 83.88+6.96" 1.88+0.05% 0.900.06™ 94.48+4.21°
10L:14D 0.64+0.18" 0.25+0.02° 83.64+4.28" 1.61+0.24° 0.77+0.11° 93.64+1.53°
14L:10D 1.504+0.33° 0.52+0.04° 47.69+4.49° 3.33+0.89° 1.7240.34° 63.50+4.29°
20 days 12L:12D 1.25+0.22% 0.46+0.04 65.20+7.44° 2.8740.14° 1.47+0.14 83.45+12.62°
10L:14D 1.06+0.17° 0.43+0.06° 65.24+4.93° 2.56+0.36" 1.29+0.11° 81.8440.92°
14L:10D 1.97+0.10° 0.80+0.03° 27.00+3.57° 4.37+0.91° 2.104+0.20° 51.78+6.76"
30 days 12L:12D 1.76+0.15% 0.73+0.11%* 40.54+6.23° 3.65+0.05 1.81+0.05° 66.76:10.10
10L:14D 1.50:£0.42° 0.66+0.10° 38.19+3.61° 3.37+0.67° 1.76+0.17° 64.56+2.07°
14L:10D 2.57+0.48° 1.0440.11° 17.72+3.23° 5.00+0.81° 2.6240.55° 43.80+6.04°
40 days 12L:12D 2.14+0.22% 0.93+0.02% 26.01+2.40° 4.45+0.53% 2.27+0.18" 55.63+6.52°
10L:14D 1.79+0.12° 0.82+0.06" 25.57+4.23" 3.8540.08" 2.16+0.12° 52.76+1.47°

Values in the same row with different superscript letters are significantly different (P<0.05).
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Fig. 62. Growth rate (% d') of Sargassum macrocarpum germlings on the seed
string by photoperiod during 40 days of culture. Culture conditions were 40 pmol

photons m? s and 12L:12D. The vertical bar represents standard deviations.
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Fig. 63. Growth variation of Sargassum macrocarpum germlings on the seed string

by photoperiod during 40 days of culture. Culture conditions were 40 umol photons

m? s and 12L:12D.
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(2) AFEH FF7) OE TR A A

T RARE T2 g W $ 404 A, FF7] 14L:10D, 12L:12D,
10L:14Dl Al Z+7F 5.00 + 0.81 mm, 4.45 + 0.53 mm, 3.85 + 0.08 mm=z FUx=7
NN 2 AFES HQtKTable 10). A=A Fx19] 3% 37 FAS
Al = 409 A, 14L:10D F7olA 2.62 £ 0.55 mm, 12L:12D 74 2.27
+ 0.18 mm 23 10L:14D A 2.16 £ 0.12 mmo©] §{tH(Table 10). F=AF7]7F
Fot AMAFEL FF7] 14L:10D F7olA 6.86% day!, 12L:12D FellA
6.54% day”, 10L:14D Z71°1A 6.16% day' o2 FF7] ZZA(14L)°lA 3= Sk th(Fig.
64). MF 404 F, FF7] el wE FIWEARE T2 ABES FT7)
14L:10D ZZ1olA] 43.80%, 12L:12D =1l X 55.63%, 10L:14D 2314 52.76%
% 12L:12D ZZol|A = SttK(Table 10).

FF7lel wE FAMEAE FAe] A A A, A2 AT
14L:10D Z7 oA =0 (P<0.05), FHAAES FT7] oA /o7 Apol7t
A 2 tH(Table 10, Fig. 65).
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Fig. 64. Growth rate (% d') of Sargassum macrocarpum germlings on the basalt
under varying photoperiod during 40 days of culture. Culture conditions were 40

umol photons m™ s’ and 12L:12D. The vertical bar represents standard deviations.
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Fig. 65. Growth variation of Sargassum macrocarpum germlings on the basalt by
photoperiod during 40 days of culture. Culture conditions were 40 pmol photons m™

s' and 12L:12D.
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9. ZAMEAS i Bt} FFH S

Jm

3

1) SLEARRE T2 AW F
B Ao AeTE o] 8 Al

18 79 24U 18 99 TUMA] HAt wiFeRS AAE s 23.70 + 2.0
9°C, Astall 19.45 + 1.35°CE AAs7F oF 4.25°C3= U tH(Fig. 66). A el 2]
Ageier 717HE FHEFE2S 1 ~ 159 2499 £ 1.40°C, 15~30Y 2348 + 2.81°C,
30 ~ 459 22,63 £ 0.92°Colal FHAFL 2836°C, HATEL 18.62°Colqlth
(Table 11). A&tal2] BHFFES 1 ~ 159 1938 + 0.72°C, 15 ~ 309 2027 +
1.82°C, 30 ~ 45 18.70 + 0.72°ColiL HIALF2 24.26°C, HA T 17.48°CO|
A THTable 11).

A el Al SEuEARES] FAEEE wleF F 159 091 £ 0.31 mm, 30
1.49 + 0.47 mm, 45 2.89 + 0.62 mmo]il A3}l 159 0.87 + 0.24 mm, 30
A 132 + 033 mm, 45¥ 2.19 + 035 mm% Hx} 7} chFig. 67). AR
AE FARe] AEES AAE T 31.9%, AsEG 61.56%= A staEl¢rE =3k
(Fig. 68).

7 | —e—natural seawater —O—Underground seawater
g 25
g
S 1
" 4
© 23
[
<%
£ 21} y {
s ,
- > ~a Y —C )
2 19 | '\C\p —('C//\ \C\(vcx-o\c,c/(\—(
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C e O O—C
= - Se—o N0
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Days

Fig. 66. Monthly change of water temperature in underground seawater and natural
seawater.
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Table 11. Water temperature condition of underground seawater and natural seawater

Underground seawater temperature (°C) | Natural seawater temperature (‘C)
Period
min max mean+SD min max mean+SD
Jul 24- 18.05 22.62 19.38+0.72 22.53 27.37 24.99+1.40
Aug 07
Aug 08- 17.86 24.26 20.27+1.82 18.62 28.36 23.48+2.81
Aug 22
Aug 23- 17.48 20.90 18.70+0.72 20.23 25.32 22.63+0.92
Sep 06
overall 19.45+1.35 23.70+2.09

% Data sources: Ko et al. 2018.
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Fig. 67. Length of Sargassum macrocarpum seeds in underground seawater and
natural seawater. Values represent mean + standard error (n = 10).

% Data sources: Ko et al. 2018.
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Fig. 68. Survival rate of Sargassum macrocarpum seeds in underground seawater and
natural seawater. Values represent mean + standard error (n = 10).

% Data sources: Ko et al. 2018.
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u}
Tl wE FAL AT RbE FAFE A AlFE s 7Feold A9
e 7 20.99Colal FHiLFE 2590C, HAT2 15.66CE KU TH(Fig. 69).
H A 27 1 moll A 51 + 1.9 mm, 2 mol|A] 4.8 +
1.2 mm, 3 melA 42 + 1.1 mm, 4 me|A] 3.5 £ 0.9 mm, 5 mellA 33 + 08
mm©] A THFig. 70). FHWHEARE F2o] FAE AEELS A 1molA 8.8%,
2mel Al 9.1%, 3molA 4.9%, 4molA 4.2%, SmollA 4.5%°] A THFig. 71). A
712F &k AA A Hd A 29 £ 05 mmolA 42 + 12 mmE
N1 HAUEE 154 + 6.7 individuals cm™olA 22 + 0.6 individuals

cm' 2 A3 tH(Table 12).

N
B

N
N

Water temperature (°C)
& 3

—
&2}

Month

Fig. 69. Monthly change of water temperature during nursery culture of Sargassum

macrocarpum from September to November 2018 in Hwabuk, Jeju Island, Korea
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Fig. 70. Change of leaf length in Sargassum macrocarpum seeds on the seed string

by water depth during nursery culture. Values represent mean + standard deviation.
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Fig. 71. Survival rate of Sargassum macrocarpum seeds on the seed string by water

depth during nursery culture. Values represent mean =+ standard deviation.
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Table 12. Environments and growth of Sargassum macrocarpum seeds during nursery

culture in Hwabuk, Jeju Island, Korea

Growth Environment
= Length? No of Density” temW:rt*::ure Salinity
gt laterals y pc (psu)
(®)
0 2.94+0.1 1.4+0.1 15.4+£1.5
30 3.3+0.2 2.440.1 5.240.3
19.1 ~ 23.5 31.6 ~33.6
60 3.6£0.4 2.840.1 3.5+0.2
70 4.24+0.3 3.0+£0.2 2.2+0.1

Values represent mean + standard deviation.

* Length of seeds (mm).
® Density of seeds on seed strings (individuals cm™).

% Data sources: Ko et al. 2020.
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A RAREe] o] YA 713EQ 18 119HE 199 797k o] Lt

&2 HAA 147°C 29), F1 21.1°C (7E€X)0IAHFig. 72). LM EA0E F2b

<
T
o] AL 189 11€ 04 + 0.1 mmolA ’199d 3€ 24 + 0.5 cm, ’19d 6¥

—
=]

S5+ 1.4 cmZ A1F8FSIvh(Fig. 73). Tl EARE FxFo] A G (Table 13)&
18 11¥€ 252 £ 5.1 individuals m'o|A4] *19%d 69¥ 6.7 £ 3.3 individuals m” 0%
26.5%7F =3I tHFig. 74)

22

N
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Water temperature (°C)
= >
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N

10
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Fig. 72. Monthly change of water temperature during main culture of Sargassum

macrocarpum from September to November 2018 in Hwabuk, Jeju Island, Korea
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Fig. 73. Growth in total length of Sargassum macrocarpum seeds during main

culture. Values represent mean + standard deviation.
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Fig. 74. Survival rate of Sargassum macrocarpum seeds during main culture. Values

represent mean + standard deviation.
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Table 13. Environments and growth of Sargassum macrocarpum seeds during the

main culture in Hwabuk, Jeju Island, Korea

Growth Environment
Month
a No. of o b Water . .
Length Jaterals Density temperature ("C) Salinity (psu)
November
0.4+0.1 3.0+£0.2 25.245.1 19.1+0.7 33.6+0.1
2018
December 1.0+0.4 3.4+0.2 18.6+£3.2 15.4+0.8 34.2+0.2
Jz‘(‘)‘;a;y 14408  3.9+02  15.0455 14.5+0.4 342402
March 2.4+0.5 4.6+£0.3 11.3£3.5 14.9+0.5 33.2+0.2
May 6.6+0.5 6.7£1.5 8.3+4.1 18.0+0.8 33.440.1
July 10.5+1.4 8.5+2.1 6.7£3.3 20.5+£1.2 33.1+0.3

Values represent mean + standard deviation.
* Length of main axis (cm).
® Density of seeds on culture ropes (individuals m™).

% Data sources: Ko et al. 2020.
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T R ARES Sargassaceae (RAMHF}), Sargassum (EAFRE '/—‘T‘), Bactrophycus ©}
Z:0] Z3HH(Yoshida, 1983; Oak & Lee, 2006). Agardh (1820)%= U&= oIojA )
gk SRS e s S-S delste] stk Yoshida (1983)+ &
ZIHEE ] Z7)(stem), A](main branch) 1]l A2 7] E(receptacle)e] FEfel 7]
Jketod  Bactrophycus ©F5-& 471 H(sect. Spongocarpus (Kiitzing) Yoshida, sect.
Teretia Yoshida, sect. Halochloa (Kiitzing) Yoshida, sect. Repentia Yoshida)Z U7
3L, Stiger et al. (2003) sect. Hizikias F7FsFo] 5719 A= rQlth(Oak &
Lee 2005). Mattio & Payri (2011)> SFAFHFE9] FEf 2] x}o] 2F DNA A& A o
71Hksle] 4711 o}Z;(subgen. Arthrophycus, Bactrophycus, Sargassum, Phyllotrichia)

I 1270 A2 U3l Halochloa 9} Repentia 45 WE 7S Attt &4

v} RS- Halochloa 20l 431, Oak & Lee (2006)= dt=1of ¥¥3t1 3+
3001 T EANET F sect. Halochloa®| %3k 70l tist ez 54& AA

a3t}
Yoshida (1983)2} Oak & Lee (2006)= Halochloa Aol ZAm] 52wkl & el &

54 A5 RA Y AP ENE AN FA AR e 4

© FU R F38 BV EASL, /e APelA Sadeln way ®
L ARENE PR S, AR EE oFANE 2t 9% SHOE sy

Ao x93 2 71 Ere] o] t)alod, Yoshida (1983) =3 H oA Ao
%2, Oak & Lee (2006) AYE FARGORE HISIGI T o] ZAbeA] FAA 7]
go] el AP 71 F48 v 2yE Y ke FEHE B =57
sto| A = YEld Zlo® Kol Mg upel A IE] nAd FEA o}

|

]_
o] EAGE Ao warh wa 43 RAVE Ag7IZo F2)
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of whet A getol HPAQ ARl BEE ThAHA ofel7hx Fejel e

BEAurEo] Re= 4 EAS 7|WEO R Cox3, tDNA, ITS, rbel 52 o]&

2. ZEMEATS] A ddd £ W3

TRl AE 422 (Norton 1977), 4% (Hales & Flectcher 1989) 121l 4

7](Uchida 1993) & 4849 &S o, F4(depth)d} o st =&
(wave exposure) 5 A4 wet thekst 'S VEFHTH(Yoshida et al. 1963;
Wernberg & Thomsen 2005; Endo et al. 2013).

EARERo] AR oS JAFe] AdA Y 5402 FEskal T Umezaki
(1983)= FA ] AU &= 7I=o® 76k, 493 54 AW = Z
S. serratifolium ((FUEANHI S, patens (o] AN 58 2 &= (spring plant),

2y 8ol Hul HFE 2= S thunbergii (X159} S miyabei (7] EAFRE
v 995 A E(summer plant)E UFATE o] 7]Ee] mEWH, 2 Ao &4
ARk H) el 593 6ol YEh w3 o35 SbdACl &5t
2058 AEZ ¥t 3 Taniguchi & Yamada (1978)= 3A19 w3}

mlo
r{r

i

7IqkO 2 S patens®} S. serratifolium® AEZA  FAFS sprouting  period,

=
elongating period, thickening period, mature period®] 4TA= -3} 3L, Murase
& Kito (1998)2} Murase et al. (2000)> ©]5 A g3lo] U Fukawa bay?] .
macocarpum>= 217 6 ~ 89, 8 ~ 39, 3 ~ 59, 629F FAS AEHI} AHE
A A BF T

N adxiol &ope T EARES Aol wet JAe] Hojgl A9 Ao
7F A3, AF7|2 FAE AAYASE E (Murase 2001; Endo et al. 2013). 373}
FTE wor A WstE BAske d olywol Aok weEbA, o] dATelM =

sauzae] PAEe A9 JFPon PRI AZtn P I
7o AAGAE fabd Aol RESE E1he) Ao A, A
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= W Wae) geS w7 & (Wright et al. 2004), A2 %]H e W3}
HRlo) 7| &= slth(Fowler-Walker et al. 2006). Endo (2013):= <+ Goshiki-hama
ko] TR 4 FEnlwelA, 6 me] 42 AMAE 10 me] HA B}
dol7b o 49 dH 5= 7= Ale & 5 A3dH UE Fukawa bay?)

of Masts SAmMEANS Hdf A YEbd 3 ~ 59 Abolef 170 ~
il

©
inj
HE
rlo
po
o
i
1%
o
°
es]
=
oL
©
@
=
S
S
=
1o
o H
B
1o
Jo
S
=0
S
)

5, U Fukawabay®] ZHWiREANE eho] AT 8ol HA, s€o F
I L AYE Ho(Murase & Kito 1998), ZFelote] Sdmim bt ek}
AR A F71E BT SHARE R 2ol gl o] WAl vERY, 2
Ao RApRE ek A2 Aol whet Wk folrt Sl Zo® Wolxith

Endo et al. (2013) Z@viEApgke] A} 48 Fejuaelx Ayt 44,

oft

3. 2 EAY WA % A Lu)E

| =72 2 (reproduction), 87 (growth), +*|(maintenance)E 93+ A==
2 A 542 T Ao M B4 1Y AEARE oldlishe U 9
dgoltt, AR A= Tx2U tid 7] xAskeE U S| Afol®
dFstetal o5 Fall A= X3k A, WA SA4S £48FL ATHCody 1966;
Stearns 1976; Tuomi et al. 1983; Bazzaz et al. 1987, Weiner 2004). 53|, 2]
tf st AFul-S reproductive allocation, reproductive effort, reproductive outputs 2]
M-S A gsto] A=Fstelal Qlth(Bazzaz & Reekie 1985: Bazzaz et al. 2000;
Wenk & Falster 2015). A2 ullZol dist Ak Al ] Aa 3o 23ty = A
21713 wel ZebX v} Harper & Ogden (1970)2 SAFTHS, Gadgil & Solber

(1972)= %, #E, dvf 5 WA= Ee 78S AT del AR
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Thompson & Stewart (1981)> QG2 ZolA WHAHA] e B T2 Y
Hpo] Q uj A7 IF3FS 31, Bazzaz & Reekie (1985)= Ay 2ol 7]Q1sk= XA Fx
S EAIAC dhrha AMATh EF oled wMEFS S PHow 0F
% udg B, BaEs 5 ATAE Wk GO Wi A8dn U
(Hickman & Pitelka 1975; Thompson & Stewart 1981; Reekie & Bazzaz 1987). 3%

F ROl E o] o] g3 AU UAX o] F A (Ang 1991, 1992; Mathieson
& Guo, 1992; Arenas et al. 1995; Aberg 1996; Gillespie & Critchley 2001; Chu et
al. 2011), iy dxF& dubdo=m AAFA T B899 A5E = A2
7S] 2 YA RS e tH(Aberg 1990; Ang 1992; Arenas et al. 1995;
Gellespie & Critchley 2001). 3} RF 2§ 2o ofst zpdulE-& A 2Jstr] St dl =
79 P2 7158 SAel BAAE ok FHHA e Fio] wrh of
AN SdvmAne] YA7Iee FYstn pdshs MBS TgE R
49 el wakol A FARRELDS Y49
FYARREWDE AL % AEs AR RS o] &35 v

ZANZE E]t, A AL A A F(RFLD 2 A QT A F(REWD =

O
ri
e

e
o

.
o
-z
gh
tlo
o
;E
o
it
-

RFLI 38.3, RFWI 33.9% 3 36.12] AFglo] A2 Fitof Fof o)

AR 4719l 2 ~ 498 RFLI 47.1, RFWI 3292 Zo] Aol $-A53
a1, AFE71el 6 ~ 7S RFLI 57.4, RFWI 65202 S0 =9t} RFLIS A4
o] AAalz] A Zsl= 29RE] 49714 373904 58.7E A& ZUhe o) 4
~ 8 F 7R & WHes HolA 9 99RE Fiteksith AN RFWIE
29 (RFWI 192)%F W WE7]2 6 ~ TERFWI 59.5 ~ 62.3)7k4] 19.20A4] 7647
A& S ekl ol% gl wEhelglth wheba A EARE A2 o] A u|
T OES 295 497K = Holgt Tl wdst A FArt o] FojAw A

6 ~ TA7HA = 52.8 ~ 76.4% RFWITH Z7}alo] 22
A Tl AdulEo] JFTES & 5 Stk EF RFLIG 5ol HFAd 44

S AAEHE A1719 3 RFWIZF #3032 Hol 18 79(REWI 62.3)

flo
0%

>,
~
U}

7199 6E(RFWI 76.4)> 1 39 W WEA 7|2k dA]sith. RFLIS} RFWIE
S FF717F FbelE 79(22.9°C, 14L)7HA] d Ao EeEta dgo] wrolxA]

=
AL HarEEl 849(25°C, 13L)N-H ol 7] At of 23k AA ]l o] AR
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=

el wAe f1g BA7IEe] A, =, 283 #de] A2 Jow F44

o

RFLIS} RFWIE 7|Hto 2 A&t Zdujmaigte] g w23 A2 A5
718 zolE ZHATh FFEA ] AT19Y)FE thsl A Ee] AdET] A3
M= FEAFL (VAL 88, B AW F(RALD 122 FEFEAl, 82718 4
AXNNRE A7 74 ~ 79)= VAI 38.0, RAL 62.02 A2 AFHAd
AFg71Q1 C18 7E(VAI 41.6, RAI 58.4)% 19 6¥(VAI 30.7, RAI 69.3) A2
ol Aol Fekx ATt

EARER] Ao AsA 718 Aol ik AR S, fusiforme (35)°] 14%
(Yoshida & Shimabukuro 2017)°19, S. muticum (73STERAHS 20 ~ 24%
(Arenas & Fernindez 1998) 12|31 & Fukawa bay?] TLGu]EAHFS 34%
(Murase et al. 2000a)°]T}. ©] ZAlME A RAE ALy 6292 A2 )
TATE RAI 564 ~ 69305, A2l Q= A 7 & F&57|H=S At

shrietm A mARLe] g o] kv,

K

EARES] & Jw sk Al Aol A, McCourt (1985)= AH4 27
S 2= S herporhizum> P FH-Eol ARulEo] ol Tk A 9E A
N 7137F =2 WA, ddstal st B2V E 2= S sinicola var. camouii
3} S. johnstonii-2- A2 F-Hof HjES o] HU} AYZE i A1 F U= F

g F27E 2t S incisifolium®©] ARt FETIE 2SS elegans BT A2 o)
. T3k Mathieson & Guo (1992)= 8%9] ZHzxFHol st A
oA St B W A9 Ascophyllumol X A2 A4
AAQkel o] 438% = 5.5% KTt Eobh T EAES A3

Gol A% Mud PHA U AL S5 %3

584 ~ 6930 & @S mol 919 ATAREI FAHE 4

> a9
DA
o, ol
£
T
o R
I
e
+

T,
i
rlo
3
[\
!
e

5
NN

1
B
N
o
N

ML o3 oo

MK
at fu

Brenchley et al. (1996) 3 21WH ] Zpolef wE A& vlusto], th3]Ak
Sh(iteroparous)dt+i= Fucus serratus®] 735 A2 vt HA H2] o 38.6%, Thar
H 2o 50.5%°] 31 Aol 1¥ Al (semelparous)dti= Himanthalia elongatai= 98% ©]
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B 7R dell FAske] AAHE BlES FAT WA o] FAeks 7 &
A et thd A AES debth N6l 49S BREs] gl A0 g
AtEsheE ANUAE FHASFsEe] wHlslo]of $Hth(Bogdanowicz et al. 2011). tf &2

5 F, TEEARES o] 9d o] A8k (Murase & Kito 1998) Abgh7]
e 1/Eolal, F oserratusi= T 3 ~ 4dolw AkgT|7F 5 ~ 9o oy

A Slol(Aragjo et al. 2014), 2ol FAfsl= wjE&¥ ofyel A4 7]7F HEsh
oluAl vl B e stvE Fe S & F Aot FH
el ga AT A4 £ A, A, 5

oA ot FLF 4 F shuolth o Aol Aol A4
= b

4G AFRELDS 4G F
d Sdvwape 4 4% AHe

A
A
¥, kel AlFS RFLI 32.6, RFWI 302 73t 99€9(23.5°C, 12L)%

off flo

B, 82999 A4S RFLI 37.3, RFWI 1920 % Z7}8t= 2€9(14.1°C, 11L)4%-E
AZE ek A 7IERS RFLL S7F SHAIAQL 495 E A=Y O WES

RFWIZF 7 =9kd 189 79(62.3, 22.9°C, 14L)3} 199 6¥(76.4, 19.3°C, 14L)

Y
24
ol
o
rlo
B
il

o
E
>
2
il
ko
o
—r
Y
-
o
o
i
E
1>
>
N
il
N
e
QL‘
rlr
ol
i)

2
5 5 24 R Ao wep FAE 2 F3(Baskerville & Emin 1969; Allen
1976)°1H, | xF HofellA = olE o] &d A7} dF o] FojA L UTH(Dring
1974; Rietma 1982; Hwang et al. 2003, 2010, 2015). ©] oA, &G v ARk

=
& del ol AA/ES Pyss 54 gt T8, 4719 89 A9
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22 7263 + 105.6°C day©|Slt}. Ol Undaripsis

peterseniana (517]19}) 236 °C day (Hwang et al. 2010), Silvetia siliquosa (&71)

196 °C day (Hwang et al. 2015), Caulerpa okamurae (53 =) 270°C day (Hwang et
al. 2003) Xt} w9 & glo=® thd gl T EAFES] S0 F o AXIt

of el TAmEAMEY] Wt WEAIZI= C18d 783 "19d 6do] LA

U2 Fukawa bayollA <= 62T & WEo] ARt (Murase & Kito 1998). + A
=

EN

=
o] £2& vlwalE A3} Fukawa bay’} 62 ©F 22°C, 7€ 25°Colx A|F

[-4_>‘4_14

A ddete] 28 69 193 ~ 202°C, 72 21.8 ~ 22.9°CE Fukawa bayH T} %
bS] o] oF 2°C wakth mEh, FAMIRE FQF AAtF2 20199 %7F 2018
6

d BT 68.8°C day A WERL, W EAZIZE 2018 BT 2019 =7} 1)
Y W o Hol ATAV|E HAree JFL We Ao FYAr)

4. 2R AN71R FHTH S B4

=

SRR A7 e #gE A= F vesiculosus, F.  serratus, 1]l
Ascophyllum nodosum® “&<+7] 37 (Farmer & Williams 1898), Fucus®] Ak
¥ (Yamanouchi 1909)2} A2 7]4 W (Roe 1916) 12|l Cystoseira®l 321714
Wk (Dawson 1941)0]] thdt A-E5o] 7|dko] FH Tl o]F, McCully (1968) A2
ZA4 AE W AEL AR it 2AstH AFE £85Il Rao (1946)= &
ANKSargassum) 452 A 74, AR7)ek A7) #E#d 283 Blomgquist
(1945)%= Turbinaria <2 27|13 o] &3t A5 Bastinh

A (Fucales) ] A2 74 Wiy o}<4+(subgenera){+e] ¥

A
54 Ae @47 2 = Sl3(Yoshida 1983) XAt

M

o
%
e

A= HER A7 A 5
qE o3 5 e V2ARE ATA

o] ATl TAvmAE AA7|2e] ALAEE EIAAEZIA Ealelm
NAMEe FejE Zaaagels FAvie FA7E AATR wAEAA
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B3} wdel= S Bl S filipendula (Simons 1906)2} S, tenerrimum (Rao
1946) o] A AAE, F&tr], F7]e w3t g o FARSA T

S. filipendulat= 378719 Z715 BT 2t Y (bisexual) 27148} 47 7]
T FaE7|vs B3 W (unisexual) A2 7] A7F E A 8FA] 7H(Simons  1906),
A ARk A, b AAVIES 7z Aok AV R s 9 A
M ECI =

BARER S tenerrimums= F@7]ell AFAEZE FASFIL(Rao  1946) S
Sfilipendulai= 7§37 AFAE7F $= T-Z(Simons 1906)°|th. G vl B A2
B9 S filipendula®t FAFSHAl et AAFAELE B 5 gLtk BEAPERC
BA710A ZR7IE AA S AFAEL EAl= Foll Wl ZFolE &+ 33l
t}.

7)o I A T F SOl OR, Fucus 50 FH7]= 3HY A
F3l 87/ W= A S (Yamanouchi 1909), Sargassum 42 F&7|= 1709
THS THETHRao 1946). S BAES k7] A flo] 119 dvks FA st
3 A5l me AEH JdEde FH5 AVt SheAh

McCully (1968)= Fucus < 47|29 3t M8 7o tdid ¢Al

Hm

(alginic acid)? F3 oW (fucoidiny= SstH, & AEZA Yeole Zvs o
23 (polyphenol-containing vesicles)”} Wolxl-& B sHGIt o] AFoAE TLu|
v g7 2Ae AXD Jlde] WA sl Bu ARdels 4%

2% dE FTES FAFUA FAV AL FAsE 2E B 5 QoA

alo] 7] 7}A (antheridial branch)E A7 % Fch FAA 7] & ol th9
FA717F el A2 S filipendula (Simons 1906), S. tenerrimum (Rao 1946)°]

BAEER O] AREA AL, S, micracanthum (ZY7VA| BARY), S, ringgoldianum
(ZUEARY), S, fulvellum (EARY) 12|31 8. kjellmanianum (73 &5 2 AR 9

F7)E 29 @ PR 40 8 fAHRGS AY T ookAn AEARY

of 9& 64702 AAZS AYAFSCHOogawa 1974, 1976). ZAv]EAHHE A4 7] = &
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o] A-ellA

3lo] Oogawa (1974, 1976)9] A9}

btk

N

2ol A

o]
,.__AO
B

;OL
=0

[e)

t}

gH=

o A

—

0

™

—~
fie)

=r
!
el

Nd
H
of

JﬁNO

ol
mmO

ToNA, S, fulvellum< T 20 “C2t &% 80 pmol

T 20~23°Cet &% 200 pmol

=
R

photons m™® s o4 (Hwang 2006), S. thungergii

227

KR
T

TH(Liang et al. 2014). S. muticum

1

F80] 9

7} 2 20°CeF F% 50 ~ 100 pmol photons m™ s'oA 71 vk

L 30°ColA]

}

photons m? s’ A

s

20°Ce} F%F 50 ~ 100 umol photons m? s'o|A] 100%°] Ch(Kerrison &

-
.

release)

Le 2016).

7~

1

PN
T

o|J

=8

el

has

e

HAAFE AL, P27

1
L.

A RE, 26°C

20°C ZAoA wieF 8UA|, F=H 10 ~ 80

PN
T

ct.

1
pmol photons m? s’ ©] 90% ©]

o

=
YA

20°C7F 70 ~ 89.5%%

= lr.;_ol];]_.

o

~ 80 umol photons m? s' ©] 80% ©]%}

BERE]

S. thunbergii “1%

B w3l X

=
=

S. muticum®} AR L T2 23°C 9]

al

A, ¥ 102} 0 umol photons

ot} S.

&t7] 2]

s

=
=

2 FAK(germling)

o s A HA e 25°ColH, AR

o
e

ilicifolium
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BN e
1o
2
12
PN
A
l-'O
o
rfo
)
)
@
s
o
ol
=
=
)
=N
o
=
2
)
B
8,
o
_O|Lt
i
2
o
ot
r>~1

WE8o] =td & 17 ~ 20°C, 3% 40 ~ 80 pmol

=
25low §A8ks Ao agdole} AR

AR W) AN, FApolarity) % BHI W PP F SolHow

thekstn] FAJS wl @Al WEly REdo] wEES A4 $H(Quatrano & Shaw
1997)
Fucus 52 4 F 10 ~ 12A41%F oo =A Fo] 15 o] ZA=H(rhizoid

FRAL 2447 ool E4tFsiA AE s
(Goodner & Quatrano 1993). TG u|Z AR 7 F oF gAIZF o|ule] Jd=3
LT O R e stel #1835t Fucus 3 vje) < FE|7F @Rith
S. vachellianum (Yan & Zhang 2014)¥} S. muticum (Kerrison & Le 2016)2] 3¢
& A WA gsst AT 2R VA S ATE gEdgtel AR U
Am AT Ve R et SAMEARE o]e} fARste] 29 A Tk
ol HHAgE L= A% E VLo R WSkt

v 2 A Q A 7RSS vachellianum©] 9F 12A1%F 3-of] T3 7pLo] wHAY

O]

3t A TH(Yan & Zhang 2014) AR AR oF 24417 & wl) o] F gy of
42 Aol At

Inoh (1930, 1942):= Sargassum, Turbinaria, Cystophyllums TAFO =2 7}+2] Wb
Aot 54e Avstel, e AEY BARYL A Fgow Rt
A WAE 8 fFEom Tkt AT AR Edste] 8749 Thtol ARk /4,

AL 1648 §9, A YA 84 fFolth B A2 FE 1R A

=

=
AL 2719 Bl A, 164 F30 84 IR W] Ak FE A



ch ole] mEW, FTAwEANES 168 FPel &Hshe de] A7]E 2657 +
535 pm, @7 210 £ 11.55 pmC 2 84 {3l S. confusum, S. hemiphyllum®]
Bot A3 164 732 S serratifolium©] Y S. ringgoldianum®} A3} T

S. oligocystum> W] WA FT75 F 194 At (apical part)7} TASFAL, 7L A
S RA Slo] ek, 3044 JH P 4A o] uskil, 60dA FAHFOR
Hhdelar, 90 A G AP o2 WSS th(Noiraksar et al. 2017).
6dA =] st AP dHE ZF
1094 5 T4 12k40] estr, 3644 F=5° FHE 25 <lo] 27
o JA FEi= TS wEbA, EARE Fo w2y x7] dd

AIZEA Aol 7b Sl Ao w KAl

F. vesiculosus®] 7472 &A%l oYX At Ao o] A=, +7
T 6 ~ 9Yo] Ayt o] =9 tatdES AAL drtdEs FEH FAFske] o
AF AFEES FZHEa vl A715 ZFthA X tH(Tarakhovskaya et al. 2017). S.
cymosum B oA ZA| A= AEZHI F5 JA, AEAAYT D L= wpek
A #Ash 2] A E8)E T stth(Rover et al. 2020). o] sk v A
xd del =AAet A= Tk @A WY AVIE FUReke], S
vachellianum® 73 &2 A7]= &= 186.1 uym, &= 176.2 umo A #] 2+ F=
T 4% 2179 pme @ 188.0 umE FNEFITHYan & Zhang 2014). SA |5
ARke] AT A7]= A4 2917 £ 7.53 pm, ©7 2383 + 7.53 pmol A B A

o A7 320 £ 30 mm, 97 210 + 30mm=E AFEATt kA, FAHE

ARE AR AVIRse AR dAtEE daE =4S 5 ok

oL

<
ol

Ol

1

1979; Arai & Miura 1991) & 74849 &S won mapul Fxpo] A4 &
2 A2 gl upe}l cheksit)
= At Huiquan Bayol A3l S thunbergii A2 22 A =4

25°C, 44 pmol photons m? s'©]™(Zhao et al. 2008), S. muticum FA+= < 20°C,

rlo
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3% 50 pmol photons m? s'°] %]

(Kerrison & Le 2016)
< 24°C, ¥ 40 umol photons m
3, Ay mAh

S. vachellianum S A=
]Ohjr(Yan & Zhang 2014)
)1 8. ilicifolium A} #Z AL 25 ~ 30CE

A BAERO] HA gz 20 ~ 25°CHUE 9k th(Haraguchi 2018). H vl &

AP TR 2 20 ~ 23°C oA RSOl ol 2l EAMNTS] AR
Z3ol &ak3ith

Murase (2001):= ZLu ZAHHE
A A, ¢l 4

d7%2 &% 100 umol photons m
W 3.6 mm=Z 7HY =93,

bS] 7] Wk
s'9] A S 25CY
T2 20°CAlA 2.6 mm, =2 15°ColA 2.4 mme +©
sttt 18l3 3% 50 pmol photons m? s F

Yoshida et

Ir

T

Z7elA
2.1 mm, 20°CellA] 1.8 mm, 15°C$} 30°CellAl 1.6 mme] A%
. al. (1997)2]
umol photons m’

[e)

=
AFoA T AR xeE JH A Q)
Ea -k

S—l

b

Hg, g
SRR

25°C Aol Hughs B

WA 7 80 umol photons

el ARSI

F=F 100
AA .
m? s

| A-ellA S
A A o] =oF Murase (2001)°] 4

Sl ey A,
-2 S'l 57‘]_'

frefst Zlo® melrh
29

A Sargassum EAS] i AGAE A E o] A
KN
=

4 H

, A EF(clay) A3]4
(limestone)> YUdE A8 FAFERY Fvb WEZF =% th(Largo et al. 2020)
A EAREe] A7) Hlw Aol Tk At
TAME 2.08 mmO|

Kol A} A

G2 A5 445 mm
g2 I
=& 25 =4 YEr

oF 54.6%, EAFE 17.8%2 HFo &

o3

s whebd BAbERT BEE 7)de] o
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EARERO] Az Sy AEHHQd &Ea f3 EARER 4 A= S
fusiforme (Pang et al. 2005), S. fulvellum (Hwang et al. 2000), S. thunbergii (Zhao
et al. 2008), S. horneri (Pang et al. 2009), S. naozhouense (Xie et al. 2013), S.
vachellianum (Chai et al. 2014) 5-°] 3= 3},

A EAE FAe] diF ks A AT Astearel Ao A
o Az}, FAkS] AL HEFE 23.70 £ 2.09°C] A G AN =%k A

SEHES HATE 1945 £ 1.35CY AspalrolA =Skt ol Ao, T

S. fulvellums VFECFA A A FAHAL 1 ~ 1.5 mol™ 535 332 ~ 845

o
o

pumol photons m™ s'°] %3 (Ha 2007), & Z A2
51+ 1.9 mm= o] 7 bt fARE d3E B

Hizikia fusiformis (S. fusiforme)x= ¥t} <2 17012 & H 3.5 mm = A
33709 3 ok 5 cmQATh (Pang et al. 2008). TR AN ]2 T 1.0 + 04
cem, 3712 % 24 +£ 05 cm, 870¥ % 105 + 1.4 cm® AFsISith A< Ao
Mol AR Aol Aol mE FFe] dFoR AAAM, FF FAE G

g gel B A7 2 FH
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o) A4

<

2o}

P o} 717

)

7 e AAA AR vho] o AAEA FETI Qlh

ol

o] HEE 93 de7t AlthZ o] Fof XA ool FAEAMES A

A

ook A

1 2018 4€HFE 20201 10¢¥

3

2 9

boleh. ol

S

3

Ho

i

B
file)

N
oju

zel
il

olo

T
o
=

Ko
il

pig

i

gk o7

71l 24

7]

THA, FA 9 FE AR el A

=
=

Mel 54

—
o

ﬁo
‘m.lo

o|]

S

o

o 47

Ay

2. S BRI AR T W3}

18 6¥(F2 20.2°C, 135.3 cm,

o
e

ak

2.5 kg wet-wt m?)¥} *19 5€(F2 18°C, 132.3 cm, 3.6 kg wet-wt m?)0| 3L °18

™

H 8L (T2 25°0)T 9¥Y(F2 23.5°C)°] 0.3 kg wet-wt m>? O FE St}

H
ﬁo

o]

N
)

b

AL

T UE = 4.6 individuals m2o]

EEEEE:

s
kg wet-wt m2°] T}

#eo]

]:1]1_

A
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3. S EAES] HA A7) 9} -l

TAMEARES] ARG HAA Y] A AR, FAEEAREY] Fkde 108
2 20.7°C) ~ 1952 14.5°C)0 Ak, A2AFL 29(F2 14.1°C) ~ 44 (F2
16.1°C)ell AAFste}, A2 71Ee] 57702 SE(F2 18°C) ~ 62(F2 19.3°C)0]
I, AR Al7]E 692 19.3°C) ~ TE(EF 22.9°C)°] 3t}

A EARES] A A (RFLD S B4 5 FAF(RFWD = AFeEA 71?1 °18
W 79 (RFLI 54.5, RFWI 62.3)%} 19 6¥(RFLI 62.3 , RFWI 76.4)°] 7} =t}
T EAE HAS 93 dsFadatets 7263 £ 105.6 °C daysolyl, 18
W 5EFE 19d 7E7HA] Bk SR A (VAN S A A (RADE A

o

VAI 63.9, RAI 36.10.%2 Aol dist ApdulEo] =3kth

S EARES Aol Aol It A= AATIEM PR BT~
=

A7k BA7INM REEA AL, o5 AT WA A e,

3
Yhegge Ebsty. ZAwiEANES FAAYAE vl FAVIE I s
7] wek v AxE AT

A EAREE] AT e 49 FAHNL, AV E AEAFRCDE A
itk o2 7] E-e 49 RGI 20.85 + 5.53°14 8¥ RGI 35.70 + 5.80°.% =z}
S7keto] AREE ol vERY %o ulgo] FoRth FAAVIES 44
RGI 4.12 + 8.55914 8¥ RGI 10.90 + 1.50°.% Zo]¢] H|&o] =9t}

A AR AT e A whEoj X AV B e el R 22.20
+ 3.087H¢F 7 25.70 + 1.897F= 7F& w@oka, 8€el HA 2.00 + 0.827] 9 +H
336 + L127HE H43] Fasgith A= hAA7Ige & e Naes W
& 60% 7|0 F 3t 208.50 + 32.9070 5 e

278 AsA71E AR A3, P87 E 6d(H ol 89 + 3.01 mm,

3

% 27 £ 038 mm, TF 9.7 £ 3.69 mg), 1L FAAVE2 TH(HO] 189 =

9]

95 mm, = 1.9 + 031 mm, =% 16.0 £ 6.84 mg)oll Aol Feko] 7b E=tt)

EE R GE Wt BAE PES F sdel $45] Hskstel Aus
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5. 29 EAE wi-A WEH} FA A

T 2o g A BE A Ay, SAAAVES = 23°CellA 34,
20°Col A 79 283l 17°ColA 9Y Fofl 100% HS WESFAARE, 26°CAA =
HAretdeh AA7IEgE WES G HE2 F2 17°CollA 89.5%, 20°CelA]
70.0%%= 9%

Fefo] wE A2 7 ] W WE2 4= 80 pmol photons m? s'olA 6, 40
pmol photons m? s'ol|A] 84 Fof 100% W& HEsa, 2718 W&
o] &2 77t 87.5%%} 85.0%= LFERSLTE.

T Fel wE TAviEANES] ST S YA BE a3 gk
A 100% FAHE =

SRR FEx} ARS8 23°C, 20°C, 17°C =43 F=F 80 pmol
m

;1

photons m? s, 40 umol photons s', 20 pumol photons m? s'9] FZ A o] F

o At}

(=)}
riu
e
2
ko
Y
(.
fo
=
2
o

I FAe wd
ZAM R =R A7) A 2917 £ 7.53 pm, ©7 2383 + 7.53 pmO]
9]

A AZHE of 4gAZEol ST W g FR F, £

A e F20 A7)+ A7 032 £ 0.03 mm, T4 021 + 0.03 mmo| g, A
o] 2= (thallue pole)¥t 5 (rhizoid pole)t= ¢S MABAE A= F

FO072 AlAsta 2 7oz Esbsialth S EANE T3] 12
FAlA e 1094 FAdska, el FRHEe] Aol ZH7F 122 + 0.13
mm, 0.86 + 0.07 mmo| vt 2342 w<F 36LdA P JAFeF FATE
dolt= 77k 34 £ 032 mm, 1.09 = 0.18 mmolglth 22444 AAF FFH(main
axis, stem)< THSHA FEHE &"ﬁﬁ?}li’, Jetio Aok d * %] (apical meristem)

¥} 49 7](leaf primordium, phyllogen)”} &3}t
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T e FAuEARE T2 S AR A3, S & 23°C 24
oA 1229 + 033 mmZ 7FF A9lom, 14°ColA 7.84 + 0.88 mm=Z 7 Zk
th(P<0.05). 78] Ash&S 2 26°CF 23°C =AA 304, == 20°C, 17°C,
14°C 231904 40 o] %l 100%°] AT,

FeFo] whE FAvjragt Fx1e] WAL F® 80 umol photons m? s F7 0

A 1232 £ 217 mmZE 7 24221, 10 pmol photons m? s'FANA 344 +

rfo

0.15 mm= 7Fg ZATHP<0.05). 7} A& #=F 80 umol photons m? s7,
40 pmol photons m™ s, 20 pmol photons m™ s'oll A Z+Z} 30, 404, 604 ©]%
o 100% “d3}3lal 3% 10 pumol photons m? s'olA 604 o] 5o 75.84%°] T}
F7)el mE FEu EARE F24o] HAg2 14L:10DFZ A 11.16 £ 0.66 mm
2 7F A9a, 10L:14DZ AN A 8.94 + 038 mm=E 7HF 3 tH(P<0.05). 7F- 2
7332 14L:10D° A 309, 12L:12D$} 10L:14DollA 404l 100%%E HHEF T

oo

H27143 &7 bE T2 A3 2
27|43 g wE S EAREY] G wieF 404 A 7= 23°CxA
oAl A FALE 2,52 £ 025 mm, AFY 5.07 £ 025 mmOE 26°C, 20°C, 17°C, 14°C
3] w8 22 A4S BATKP<0.05). FYES TAMES] AF F2 14CxE
A, AF4e A9 F& 20°Colst 2HAA w2 AFES HIATHP<0.05). TAHE
T @] AAGES 23°CollA ZH7) 5.04% day!, 6.89% day'©] AT}
A7 gege] mpE SRR A wieF 409 A = 80 pmol
photons m? s'olA FAFE 2.60 £ 022 mm, EFY 6.01 = 1.77 mmS = 40, 20,
Ze vl 2 S HAthP<0.05). FAES FA

=7 dAF Y ZFolA #= 40 pumol photons m? st FHO] FUXTHP<0.05). FA}

N
i)
[‘-&{’l
1
12
lo
1°
L
o2
OEi

£+ 80 umol photons m™” s'olA FAFE 5.12% day’, &
-9k 7.35% day'o] T}
F271d 3 Gl wE FAMEAEY 2w F 40dA FFT]

14L:10D°| A A= 2.57 +£ 048 mm, AF 5.00 £ 0.81 mml = 7} =& 7k

)

= HATHP<0.05). FAAELS FAFES A9 12L:12D%} 10L:14DE oA #3ke
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LHP<0.05), d5-He B FF7] 2o A zel7t il FAFE @
L:

Toko] AP AE-S 14L:10DOIA] FAME 5.09% day”!, TF9 6.86% day'o] 31T},

9. T EAE diF AT BHH T 54
1) A4 sl A3 AFE ol & AW F Wi

AFAt A sl Aet als o] &3 Aul i vt A A3, FAA
B FAe] AL AA dllrollAl 2.89 £ 0.62 mm, A|SF dgellA] 2,19 +
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