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Abstract: The ecological characteristics of Sargassum macrocarpum, an ecologically
and commercially valuable brown alga, were investigated from May 2018 to June 2019
in Jeju Island, Korea. The S. macrocarpum population formed patches at depths of 3-5
m. Growth in the length of the alga reached a maximum of 135.3+20.0 cm in June.The
weight of the alga reached a maximum of 3.6 £2.1 kg -wet-wt in May. The mean density
and biomass of S. macrocarpum was 4.5 individuals-m™ and 4.6 kg-wet-wt.-m™ in
their habitat. Receptacles were observed from April to August and egg release was
detected from June to July when the seawater temperatures were 19.3-22.9°C. The
developmental initiation of thalli occurred at temperatures above 14.1°C and maturation
required approximately 726.3 degree-days. The reproductive allocation of this alga,
calculated from the reproductive frond length (RFL) and reproductive frond weight (RFW)
indices to the whole length and weight, reached a maximum of 69.3% in June. The
growth and maturation patterns of S. macrocarpum could be divided into vegetative
growth (October-January), maturity preparation (February-April), maturation (May-
June), egg release (June-July), and resting period (August-September). This was the
first study to examine an S. macrocarpum population throughout the entire year in a
natural habitat in Jeju Island, Korea.

Keywords: Sargassum macrocarpum, growth, maturation, degree-days, reproductive
allocation
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Fig. 1. Map of the sampling site at Jocheon, Jeju Island, Korea. Closed circles represent the population distribution of Sargassum macro-

carpum C. Agardh.
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Fig. 2. Diagram of Sargassum macrocarpum C. Agardh. TL, total
length; TW, total weight.
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Table 1. Morphological data of Sargassum macrocarpum C. Agardh in the natural population in Jocheon, Jeju Island, Korea from May 2018

to June 2019

Growth and maturation

Month

422
I 420
|
Developmental 118

. Density Biomass Receptacle
Length (cm) Weight (kg) (individuals m™) (kg-wet-wt-m™) formation

May 2018 104.6+32.2%° 1.9+2.5%° 3.3+23 6.3+17 ++
June 135.3+20.0° 25+£12% 23412 57412 F++
July 99.8+26.9%° 0.9+0.5% 3.0£10 26405 F++
August 779 +25.4%° 0.3+0.2¢ 47415 13402 +
September 68.6+15.1%° 0.3+0.2% 5.0+10 15+0.2 -
October 53.1+4.7° 0.6+0.1% 47412 3.0£0.1 -
November 65.9+14.7% 1.0£0.7% 4.3+3.1 45+0.7 -
December 814+218% 0.7+0.4% 3.7+06 26+04 -
January 2019 70.4+13.0%° 0.3+0.2% 5.7+0.7 19+0.2 -
February 108.3+£24.2%° 1.1£0.3% 47+14 53+0.3 -
March 74.4+31.1%° 0.5+0.5% 70£1.0 3.8+05 -
April 84.7+35.8%° 0.5+0.5% 77+4.2 4.0+05 +
May 132.3+29.4%® 3.6+2.1° 5.0+2.6 178+2.1 ++
June 106.8 4 147° 1.7+0.9°%° 1712 2.8+0.9 F++
Values (mean+ SD) in the same column having different superscript letters are significantly different (p< 0.05) a posteriori Scheffe test
-, sterile; receptacle formation represented as follows: +, less than 30%, ++, 30~50%, +++, more than 50%
& ol g3to] AASHAL, AT AL Scheffe testS ©|§5} w 5

O3 Length (cm) 424
Ack. AN B I Aol D FHAS| 2S5} * Temperte(©

_ 140

o, 9% D FT} Pearson's ATHEAL AN} 57 ol B
I

1. 22383

S Apro] A A5k FAFSH A
A g o= FHu AT o] €] l %JEZ}“J,%
L2k Aol mapt Fo] Exfsto] AAskal Ql8l
, 27 219l A1%°], &, o3, 27 AR, =8t
Zo] MASH= & sf|37Afo] & drdd]o] 99t

ZAF 717 Bt B2 18.7°CR AL, 422
2018 8Hof 25°CH.o™, o] F 2} spFste] 2019 2
Hof| FA52121 14.1°CE 7155t (Fig. 3). YA
2018 5~7¥-2 14410 2 7 2018 119H-E] 2019
| 19712]= 10~11A17Fe 2 T A 7] of] 53Tt

du o T lo
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Fig. 3. Relationship between seawater temperature and the
length of Sargassum macrocarpum C. Agardh in the natural popu-
lation in Jocheon, Jeju Island, Korea from May 2018 to June 2019.
The vertical bar represents standard deviations. The shaded area
indicates the receptacle branch formation in the habitat. The dot-
ted line indicates developmental thresholds.

Atk Go] Aol -2 649 ol F HAx}F AASHATHT 11
UHE oA F7lot= E-& 7T (Fig. 3). G419 5
F2 2019 s9of| 3.6kg- wet-wtO2 2 X1ZHS HlO
™, 8~9H°] 0.3kg- wet-wt 2= X[Z{ZLo| T} (Table 1). 5
Fo F7He= 69 o] % HAF HASke] 8~9Ho] A of &
2ottt 1095 E ThA] S7Hotsleh SAAE A
P EAEE 20198 499 7.7 individuals - m ™2 11
Zroldal, 20199 699l 1.7 individuals - m %2 A4 g
H AT (Table 1). AT dEF2 20199 5¢ 17.8
kg - wet-wt - m 282 gkl 31,2018 84 1.3kg - wet-

Em
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Fig. 4. Monthly morphological features of Sargassum macrocarpum C. Agardh at Jocheon, Jeju Island, Korea from May 2018 to June 2019.
The dotted lines indicate reproductive fronds.

Table 2. Pearson'’s correlation coefficient analysis between the total length, total weight, vegetative frond length, vegetative frond weight,
reproductive frond length, and reproductive frond weight of Sargassum macrocarpum C. Agardh in the natural population in Jocheon, Jeju
Island, Korea

Total length  Vegetative length  Reproductive length  Total weight ~ Vegetative weight ~ Reproductive weight
Total length 1
Vegetative length 0.352** 1
Reproductive length 0.797*** -0.284%* 1
Total weight 0.713*** 0.228* 0.584*** 1
Vetetative weight 0.661*** 0.5609* ** 0.246** 0.813*** 1
Reproductive weight 0.677*** 0.012 0.686*** 0.933*** 0.548%** 1

¥, p<0.1; **, p<0.05; *** p<0.01

wt-m 22 Z|ZZEo] 2Th(Table 1). G0 R 2}HEO] A A] 7]
g 42 20184 49 E A= 7] AlFsto], 6~790l

3. RFL2} RFW X

o] 5ttt 89 o] AAE N 20193 4EHEH
ThA] A A 7]eko] & =] QITt(Table 1, Fig. 4).
S zpute] A%, FAF do], A F o]

oy 00 H H
FE FF R Y

Forsk oy
o i QS'LTI‘

4
g Ao] 1+ FAHHAE £A4
Aod YAAD T (r=0.933, p<0.01), B~

d 20l (r=0.797, p<0.01) L FHT} T (r=0.713,
<0.01)9] =0 & 0.7 o]/Fe] v =2 o] AAAAE
Hou}, ymz] 23 270A= o]t 2 ATk
£ H S th(Table 2).

> 5 oof
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72 A Gol EdstA] o2 717+ Al 2lsHd, 2018 9
A (Hd-2 23.5°0)°0 32.62 HAFS HATH(Fig. 5).
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A ] ZFA] 4 (REW) = 2019 690l 7642 F] 115t
S B0, 2018 1095E 20198 1€97HA] A Go]
Sk &2 717 AQlehH, 2019 99of| 3.00=



Growth and maturation of Sargassum macrocarpum in Jeju Island, Korea

AE HAok(Fig. 5). A TFAFE 201899 H¢
78 (B2 22.9°C) 0l H1gHS B §HA 20199 9] A
% 64 (W2 19.3°C)°ll H gk Eh
ZEufRApre] gkl Y2 2018 1097 H
2019 1¥74H4] 100%E HEHHLOH, 297 A} 7
A35to] 690 FAZE HQl o|F thA] Z7)sH= 7 SFo|
At (Fig. 6). A =ATO] A A2 20199

90 O Reproductive frond length(RFL)
@ Reproductive frond weight(RFW)

Reproductive frond length and
reproductive frond weight (%)

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

Month

Fig. 5. Percentage of reproductive frond lengths and weights to
the total length and weight of thalli of Sargassum macrocarpum
C. Agardh in the natural population in Jocheon, Jeju Island, Korea
from May 2018 to June 2019. The vertical bar represents standard
deviations.

0O Vegetative allocation(VA) B Reproductive allocation(RA)

Reproductive and vegetative
allocation(%)

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

Fig. 6. Reproductive and vegetative allocations of Sargassum ma-
crocarpum C. Agardh in the natural population in Jocheon, Jeju
Island, Korea from May 2018 to June 2019.

69l 69.3%= HIFHS Hglom 2019 19712] AJA]
Hol EdolA] g2 717+ Al 2JotH, 2018'H 9Ll 17.8%
2 ZAFE HATH(Fig 6). AAE AHEiE-L 20181 9]
7L 790] 58408 kS Hel 0|5 Hat A4S

T} 295 E thA] Z7lehs ARS B9 l:]'(Fig. 6).

4,745 GH HAMRE
2 ZARR S o] ZLujEAEe] A e] et o
H2EE 14.1°CE YEgoH, A4 58 Z4ker =

726.31105.6 degree-days®= [B=sess (Table 3).

3 A sl A4 Sl 55
Rt 250 Aol A%, A

Alof| FZ BRI A Hoh(Wright et al. 2004). ©] 2 gt
gARfol A ROIA LR @A A4 9
g Holo] ¢l}lo] 7|k 2t} (Fowler-Walker et al. 2006).
Endo et al. (2013)= LE Goshiki-hama 19+ SF v 22t
W] AT} 2718 TR o 440 We) Aol
A gl w0l 2 RANA AT Holrt U,
oF 6m =412 HAIE 10m 5=412] AHA T Far B
Qe Aol 1 mapT), SLeRATro] A Aot B
5—*}1103—4 FAL 3~smP T, FEu ARl Hjdo|

= 135cm=, Y& Fukawa bay2] 54 8 mo] AJAlot= &
ol mzpgto] HtfZ o] 196.5 cmHTH 2Hfal, Y ZAME
Sojol BT 2t 2418 @A) BFFERE S4o] 2
o|ALE AAYS Btk HollA| Endo et al. (2013) 9]
2o} 490 A0 2
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Table 3. Calculation of degree-days for the maturation of Sargassum macrocarpum C. Agardh in the natural population in Jocheon, Jeju

Island, Korea from September 2013 to June 2019

Periods (seawater temperature)

Degree days (°C day) Remark

1st Oct 2013 (24.3°C) - 30th Jun 2014 (21.16°C) 784.4

1st Oct 2014 (22.62°C) - 30th Jun 2015 (18.1°C) 518.8 Developmental
1st Oct 2015 (22.24°C) - 30th Jun 2016 (19.9°C) 755.8 thresholds:
1st Oct 2016 (22.5°C) - 30th Jun 2017 (19.5°C) 7374 14.1°C ’
1st Oct 2017 (23.8°C) - 30th Jun 2018 (22.2°C) 746.4 '

1st Oct 2018 (22.6°C) - 30th Jun 2019 (20.9°C) 8156.2

Mean 726.3+105.6
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Morphology

Month Oct Nov Dec Jan | Feb Mar

Step I 1l 11 v \Y%
Phase Vegetative growth Maturity preparation Maturation Egg release Resting
Seawater
temperature(°C) 20.7~14.5 14.1~16.1 17.3~20.2 19.3~22.9 25.0~23.5
Dayienath 11~10 11~13 14 14 13~12
Degree-days 392.1+24.8 470.0+63.8 726.3+105.6 991.6+126.1
Reproductive
allocation(%) 0 28.3~54.1 54.5~69.3 56.4~69.3 39.7~17.8
50 cm

oIt d

April May Jun Jul Aug  Sept

Fig. 7. Diagrammatic schedule of the reproduction steps of Sargassum macrocarpum C. Agardh in the natural population in Jocheon,
Jeju Island, Korea according to environmental conditions, degree-days and reproduction allocation. The dotted lines indicate reproductive

fronds.

. Fukawa bayoﬂ ARG 2 2 A (Murase and Kito
1998) 7 ARt AEF S BdFe Bk 18y 24
o R b G| o] AU E = & ZARA] o] U+ Fukawa
bayH Tt oF gHl| o|4f WA LehEith o]} o] ZHujR
ko] A dERF] S S FAREA] R A4 7]
o gl whet S AT FEF W AAEETE A F
2 4 e HolE.

LAES] At A7 = 2,
2H 40 37 FFES O™ (Umezaki 1983; Uchida
1993), 4 (depth), ot of] et L& (wave exposure) A
T 5 AAA A ahef theket s El-S LR HTH (Wernberg
and Thomsen 2005; Endo ef al. 2013). Umezaki (1983)+= 7|
Aol whet BAER-0] ALuE-S FESt=H, S. patens
9} 8. serratifoliumi= -2°] 11~18°CE “55H= 4~549]
4ol NG =7t & d= 2 2 Ech= 59
212 (spring plants) 2, S. thunbergii®t S. miyaber= 6~7-49°]
Fo| ol ==t & 7~88 0] o FHo| S WESh=
5% A& (summer plants) 2 212} FESHQ T o]et &
& AFATe] oot = At S AR A
Aol mhg Adsuielo] s~edoll AN ETS 2L 6~7Holl

TF A Y7 5

678 ©2019. Korean Society of Environmental Biology.

ArieH o8 AlB iz T
ARLEl AEe JELEES 485l $8 4
A % 5 2 wadAe] det rAE ewel 5%

&
(Baskerville and Emin 1969; Allen 1976) 0.2 S| X7 &
ool Ak A-8= 11 9t (Dring 1974; Rietma 1982; Hwang
et al. 2003, 2010, 2015). Z AU EAFES ThAAY F27] 9t
Z7] (stem) 25-E] 2] (main branch)”7} sjotct A =H,
W Folls AAZES 20 E FAE2 F2EA]
9k =8 F2]7F 2152 0 & AAste] thaofiof] Al A
A71EE sk 54 Euth B3 5217191 8~94
= AQlstal ®E A7 FA9] o] T E S oH,
2018'd 79 20198 €O ' WE0] o|FojA= AL
= Uebgeh SEu A A Al 2AIA s
St 9 2T 14.1°CE £ 5.2 M (Table 3), A5
T8 AT 7263 degree—daysoﬂ o|2H AAA A9
135 etk o] = £33 270 degree-days (Hwang
et al. 2003), B7] <] 236 degree-days (Hwang et al. 2010) 2
557] 196 degree-days (Hwang et al. 2015) 2.0} o9 =2
o, thdgoln of5q Al=Q S =ARre] A
A EAJol v Atz HojRrh & A4 g
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Zpgte] i HFE Al7]4= 2018W R H Tt 2019 0] Ko} w2
Ao 2 Vet ol 2018 E2] A2 T} 20181
Hr} 68.8 degree-days = H Zo] FFS HIFH Zo=
wehE gleh

27O B (growth), 2| (maintenance) <t HA]
(reproduction)% Aot AJ=H=ko 2 A Z}%Hﬂ%(resource
allocation)©l] tHet 7Hd-2 s/ 7HA19] B=d 5%
AEALE olsfish= W o=m A8E 4 e Zo|t. of
Z5F oAk o] & o]-§3F A7t o] FolZ 1L Q=T
(Arenas et al. 1995; Gillespie and Critchley 2001; Chu et al.
2011), xR = LA oz A4 4FF T 471
5ol ASE E= 5 AR vl F4tol| o8-kl
1T} (Arenas et al. 1995; Gellespie and Critchley 2001). 51A]
BF AR Bl E= A olsh] A% silxRel FE A2
715l ol A= o13] gl AoF & FE-E50] Ht.

2 AR ZEu o] A o] iRt AhdElE
2 297 e 4D7HA] = Zolot Fgoll #A e A Hl
20| o] Fo R HA SRR sERE T HE71Q) 6~7
DA 52.8~76.4% REWTE S71510], A4
ol AdufEol FFH+= A o= Yehdth E3F RFL
o] /g0l HFUE 492 A7 |go] A== A7 Rl
REWZ} #11ghe HQl 18 79 (RFW 62.3) 7} 194 64
(RFW 76.4)2 Z1Z+e] o WEA1 719} AA]5HAT (Fig. S).
RFLY} RFWE 23 AZA|7H0] S71sH= 79 (22.9°C,
14L)7HA] 1|20 =kl d7go] Zotz|7] Alafstal
|52 A17191 8 (25°C, 13L)HE Holr]7] Al&sted
c}. o] 2f_t FAu AR 2] o] AAulE siEl2 HA
= 9%t AAZIEO B, e 9 AT wRlo] Z2 A
© & HojXth RFLY} REWE 7|WHe &2 4HE%t SR
AHEe] At AU FUD 65.7%, A 34.3%°
2 JFgol AIstATH (Fig. 6). TS T ARl A
& 3 At AE Asll 87 E= e AR
o] TA | whet sEAR FEE AT (Fig. 7). 19AE
10~1E (552 20.7~14.5°C)7HA] 2] FFIFTA, 23 A=
2~4Y (52 14.1~16.1°C) 714 €] YA G A TA, 324
£ 5~6E2(F2 17.3~202°C)7H] AT, 42 A= 6~7
(72 19.3~22.9°C)7HA1 9 T WETA 224l 52
£ 8~9¥ (42 25.0~23.5°C) 7] Q] TR 7| SA Tt (Fig.
7). 012t TS} Arenas et al. (1995)= S. muticum®] 20|
7} 2~597k2] F7¥ekl AL, A AEFL sl A E

Hom, QAFx o] dEFL 6ol Halof Fotdlas
Hsto] 2 A ATe] AL FrARE S UE
WAt
Si=Fo] 2t A= Al719] Sl tigt A S
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