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Growth and Maturation of Natural Population of Meristotheca papulosa
in Jeju Island

Bo Yeon Kim, Han Gil Choi' and Jun-Cheol Ko*

Jeju Fisheries Research Institute, NFIS, Jeju 63068, Korea
"Faculty of Biological Science and Sea & Biotech, Wonkwang University, Iksan 54538, Korea

The growth and maturation pattern of a commercial and endemic red algae Meristotheca papulosa were investi-
gated in Jeju Island. Ecological researches were performed in a natural population of 10 m water depth in Sinheung
from march 2014 to November 2015. Maximal blade length and weight of M. papulosa were 8.7 cm and 5.49 g in
July 2014 and 10.7 cm and 10.17 g in September 2015, respectively. Growth in blade area of the species reached a
maximum of 43.84 ¢cm? and 67.41 cm? in July 2014 and 2015, respectively. Thalli in the field population were rarely
observed from October to December but new recruits were found from January, following year. Carposporophytes
were observed from June to September when bottom seawater temperatures were around 20°C. At the study site,
seawater temperature was in the range of 14.9-25.7C. Growth parameters of M. papulosa and relative abundance
of carposporophytes showed significant correlation with environmental factors (temperature, salinity, DIN). In this
result, we clarified the growth and maturation period of M. palpulosa, and provided effective data on the protection
and management of natural populations and basic data for mass culture of the alga.

Key words: Meristotheca papulosa, Natural population, Growth, Maturation, Phenology

M E af| = F-o|ch(Lideman et al., 2011; Guiry and Guiry, 2018).
e Ago] fste] AeEg o851, Ui &
F 2 (Meristotheca) <5(genus)?] sl2F+= A oM = TFAHE Q2o ARE-E] AT ¢ 2 1 (Xia and Abbott,
Aoz 13%0] B35} (Guiry and Guiry, 2018), $-2]uz} 1987; Shinmura and Tanaka, 2008), 12| &Z9] 7] x| &7}
Qo A= 25(Meristotheca papulosa, Meristotheca coacta) 7} 912 Aolgtal B 1% o{(Park et al., 2001) 4] &EsHA 0 2
+ 202 &42#A SlthLee and Kang, 2002). 71 28 7HA7t =t vl A= AlF At A ARt
2yl H (Meristotheca papulosa J. Agardh)= 2E-0] E €j A AgHH= A o] 1960 o)l 222 7] 259 0™ (Kang, 1960),
FFAQt vk, L, Z|YAof, A=Y WA st 19855 2 Aol A s So] ola) ZAH o=
), 4] 5-30 m HY oA 2 F3231a1 lch(Lewis and Nor- =|7] A&kt AlFE af|F4=AFE 2 (Marine Fisheries Sta-
ris, 1987, Silva et al., 1987; Yoshida, 1998; Faye et al., 2005; tus, 2018)0]| w2, Zaf 1 o] ARYAFEFHAIAREA)L 1990
Tsuda and Walsh, 2013). S-2fufeol| A ZrefjFie 24 42 ol 161569 ¢) 0.2 23l o] % A} 7haste] 2004

o 12-13T ol SATHE AR Wi Ao AT o 11EQ3002H) .2 HHZLor, 20074 ol Folli= ke
A% % (endemic species)°]ul(Kim et al, 2016), oI5 B o] g3t 7|2S 22 4 Q& AER A Ao aele]

2222024 C2A, A A 2.2 S12of| A RSl ot A
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o} o]t Aol HEl olf= A7FA(1985-20131)
o] 4t 3,030 /kg o 2 Ao A APAtE = ThE 2R (R,
1,7349/kg; S-571A1, 1,9819/kg)oll ]3] =11, Yo 4=
Z3H= 7142 G AR 13,0009 /kg 02 A E(95009/ke)
of vl &fl Wi 37| ol ek o] A&, f-2uhetol A Al
= Aol ARt AAsh= 2| 9Foln dElo s Qlsto] 7f
Aol A Hasto] ApA g4 9] o7t Hagt F
S 2A AT B E ofdle] 25FHE flste] AefiEE
O] ZHA - H-goll that Aot 3F5 FA el thgk A+L7t A Al s}
Al F Qg Aol

2850 Ao tigh A= YRof|A F& o]FojF o
o, Zef i ko] WhEat 271487 (Shinmura, 1974a), A&
A} 322; 92 Al7](Shinmura, 1974b)o]] #43E A5 Al
2o g2 o7 A| - AJE ¢1-(Serisawa et al., 2000), S %A
S4E 0|43t =% Hl9K(Ohno et al., 2001), Y472 (Faye
etal., 2005), A7 2 334 (Lideman et al., 2011; Lideman et
al, 2012) 5 cheyst A7} S Esiet. eltolAle 2
FHO] A AA o) Lot A (Chung et al., 1999)2} ==
ol gt Ae|ahy Bl Bk AT s Qi Park etal.
2001). SFAIRE, AA =2 A1 SAREQ Zefii o) AH7y
Aol Thgt e - e sha] A AbR= 1995-1997d 0] =+
FARIG oA 3t f8e 2 (Eute, &, deiai) &
Al71e7hde] Halx w7t H5o|al 3R] o] AXH =&
<3 HE e Aot sl 2 A4 2ol whek A 3
BA1717F th2AL Yoz} ZiA|9] Ao Aol thet gk
= ol e g, eofue} Aol AAshs Zefi 74
ol ohgk A At Aol tigh =4 712 A7t 4

Zehmue 2e AAE AT AL BAS AL AR
9 Fm )7l W), o] 2 1aA] opel Al o] A
23 A1710] gt A7} aste], opA 8l 2l elo] 21
& shots}y] S Al AAIH 0] BhAdol et Avt B
sk b 2 Qs toket B Rl STe) B AL B
o AR el B a ope AR HAH g W H4A7|E
solste] AR 18- EATH A|7] 9} FAlo] At 8 o
A7 ]ol tht AR A B $I5t BA o 2 S gle.

Mz H L

2 AFE FYst] el allgehE ket AR o] A4
2 A FER 93 AZ(B317N, 126'46°E) sj2lo] =
sl 5241 10 mof|A] 20149 392E 20159 119714 vf
SCUBA Diving®]l 2]3}| A1A] =] 1thFig. 1).

ZBE MAH BZ A

30l }0] A% 488 452 = 2K (HOBO U24-
002-C, Onset, USA)E 441 10 mof A3x]fe] 141 uch 274

126°00°E

126°30°E 127°00°E

i

33
30°'N

Sinheung

33°

00'N 0 5 10Km

2 YSI (6600-V2, YSI Incorporated, USA)
£ o]-g3}3th. 34 Al &= Niskin 57| 5 o|-&3}0] 4= &
4TE FABHEA APA R 29kgt Fof A5k o} eh ot
A4(NH, ), 0P 2 4(NO,-N), 24+ 2 4(NO,-N), 914
?1(PO,?-P) 77} indophenol method, NED method, cadmi-
um reduction method, ascorbic acid method= EA5}% 0.
(MLTMA, 2010), 54t +#2x[Si(OH,)-Si]i= molybdenum blue
method= spectrophotometer (UVIKONxs, SCOMAM)E- ©]
£-51o] ATFslal ). 855 7] A Ax(dissolved inorganic nitro-
gen, DIN)= QFILUofe} op 2t ol 24k 240 gho & Lpe)
Wt F-8-52 (suspended solid, SS)2 =A% 2 LE GF/F
oATA|Z oISl 110TCollA AT $ HAAZ(CP124S,
Sartorius, Germany)= FAIE 4313t Chl ax= A=
1 LE GF/F o2} 2| 2 o] 35t &, 90% oFAE 8- 10 mLE 3
Holo] AB4T 25T T YARTR BeE A5AE
spectrophotometer (UVIKONxs, SCOMAM)E ©|-8-35}o] &=
A5 tH(Parsons et al., 1984).

ZelzE AT 2 2

2 AT B9 424 10 mol|A] A Alel= ZEiFEE F217]
OF A7} EFEA Bes BEE of8ste] v 30704 o
AR E QYT - AFAR Htskeleh deeri o] A
AAENE AR JUA|(vegetative), AREEZRA|(tetrasporo-
phyte)@} 3£ 414 (carposporophyte) S 725k 2 (Fig. 2), 7N
A S, Ao 2 IS S5k HAE A7 (blade
length, cm)-2 F2H7] o] A 5712 E vernier calipers= 2
A, 5 (blade weight, g wet weight)-S FA| EH2|
FTHRS Fo|e Y E A AS T 0.01 g F7HA] AA LR =
gotoieh. e GA12] W2 (blade area, cm?)> AFRIS 2
%3t & image J 3= 134(1.40s, National Institute of Health,
Bethesda, USA)S. & =A3}5t). ESk, 2k of /A
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Fig. 3. Monthly variations in average blade length (A), wet weight
(B), and area (C) of Meristotheca papulosa at Sinheung site, Jeju
Island, from 2014 to 2015. Vertical bars represent standard errors
(n = 30 thalli). *, no observation.

O A} Aol PR mIA= E Q17| HAIE dobi
7] 9J3l AFHEA (pearson correlation)2 AA|5FY 01, HA]
SPSS (Ver 23.0, IBM, USA)%} microsoft Excel 2010

ZefF1 9 9 em)S B 7.1+20.7 cm (mean+SE)$©
™, 201440 6.7+0.5 cm, 20159 = 7.4+ 1.1 cm= 2015
ol tha F7pstlch 9 -2 B, 201440l = 4.5-8.7
cmZ 7€) gL, 201590 1.2-10.7 cm& 9¥o]
= AyAsteich(Fig. 3A). 25 o] ZHAE AE57Hg wet
weight)2 B+ 4.51 +0.84 g (mean + SE)%]. 21, 2014 o=
2.97+0.51g,2015d 0= 5.86+1.38 g2 2015 o) Z7}15+ A
S gholstgich Y FE5akS B, 2014 of = 1.13-549 g&
2 790| gl en, 2015W 0l 0.55-10.17 g & 90| 3
8-S B Yck(Fig. 3B). ZHHE A9 WA (em?) Ht
36.37+5.35 cm? (mean+ SE)$] 1, 2014 0]l 27.55+3.54
cm?, 20150 44.09+8.93 cn?® 2015d¢] 2781t}
A S B, 20140 13.63-43.84 cn’E G, ¢
FEL uRIA R 79 HHE Hgom, 2015H = 6.89-
67.41 e’z 7ol 2|t {th(Fig. 3C). 220 94, A%
Ft PUAS TAR AT =, FERE A5 (5-99)019
o, 7R(109)ell =5 AT F AL (1)ol thA] e
= AP G s 27 AEH EAS Bt
AA7)11 AFE ARG T It 717 Al 5Y
(20149)7} 42015\ )ol] #H2H=]7] Al 2FsFGICHFig. 4). 2014
ol AR ZAA| = 5-99 ol Yefyt o, 78] 53.33%2 X|f
AL, THEAA = 6-9Y7HA] WA E] 9l 0, 9L o] 83.33% =
i gick v/ <et JdAlE 3-6Y7HA] UER o, 7Y o] 39
£ REINATE45HE A 0= ERIEIk(Fig. 4A). 20151 ¢l
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Fig. 4. Monthly variations in relative abundance of vegetative,
tetrasporophyte and carposporophyte of Meristotheca papulosa
at Sinheung site in Jeju Island, from 2014 (A) to 2015 (B). *, no
observation.

= AREEZAA7E 4-997HA] EE G om, 6-TH 56.67%=
AL, TEAA = 6-9U7HA] S8k 2H, 9d ol 66.67%
= ek A= 18978 69714 2dsH3on, 74 o
Foll= B HA7E <3k ith(Fig. 4B). 2= A< AN
AREIEARA, TEAA) O] 2 HlE = & 1 s Al7]= 6-9Y
= glE k.

ALK 8

2 a0 A& 4L (seawater temperature)> 19.9 +
3.67C (mean+ SD)Gl 0w, AEH 2 =20140]19.3+3.55C,
201540] 20.6+3.67TC 2 2015 2] 4=20] 1 C oA &2 4
02 3IE|9ITkFig. 5). 429 L8 SR 201440 149-
254CR 20| &, 9€of 2L, 20159 0= 3€0f
F153CE F4, 990) 25.7CE 7P =tk Agd A& 4
H(salinity)= 33.5+0.23 psu (mean+ SE)0| 1, A HZ =
20144 ] 33.6+0.34 psu, 201599 33.3+0.32 psu=Z 2015
ol tha WA YERGTHTable 1). @59 94 W3l 20149
o]l 31.8-35.0 psu 9o |4, 4¥of FfFlaL, 2015\ )=
31.8-34.7 psus 9ol 714 wokan, 29o]] 714 =gk,

AL7I7E B S5 71" 2 (dissolved inorganic nitrogen,
DIN)9| sE+ A%+ 0.085+0.008 mg/L (mean+ SE)°]
Qal, dEEzi 201499l 0.062+0.009 mglL, 20159
o] 0.1060.010 mg/LZ 20154 9] S7F8t Z1& Elst3ict

(o

4. 1z
30
Average : 19.9C

) Max : 28.7°C
Z o5t Min:14.0C
o SD:3.67C
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Fig. 5. Variations of seawater temperature (10 m in depth) of Sin-
heung site in Jeju Island from 2014 to 2015. SD, standard devia-
tion.

(Table 1). YHZE= 2014E9] 0.037-0.118 mg/LE 11¥€9]
4, 8o Hdiglon, 20159 o= 0.061-0.154 mg/LE 5
Hol| 24, 11l = Yyl 8EF7]2(dissolved
inorganic phosphorus, DIP)2] A4 5=+ 0.004+0.001
mg/L (mean=+SE)°|¢11L, A== F 2ol 5 HolA] ghgke
o, 9L 20144 €] 0.013 mg/Le] HEE Kol
ke AT 7HAHF2(silicon dioxide, SiO,)+= 0.183 (2014
4)-0.193 (2015) mg/L (B 0.188 +:0.021 mg/L)= 2015
o tha Z7tslgl o, YR 2014 0] 0.076 (119)-0.258
(8¥) mg/L, 201549 0.059 (9€)-0.373 (5¢) mg/Le]
A& Yepsith F-4-52 2 (suspended solid, SS)2] A-$ AHH
2.85+0.34 mg/Lo|9al, AwEEal 2014W0] 3.42+0.50
mg/L, 2015 0l| 2.33 +£0.42 mg/LE 20154 o] 7FA4stct. €
2= 201490] 1.80-5.80 mg/Lo] Q]2 497} 5¥o] 24,
1] HE =gom, 2015 0]= 0.65-4.38 mg/LE 39
of 2|2, 11of Zdjich. Chlorophyll a®] %9 HB+ 5%
L232+0.17 pg/Lgon, drHzt 201440] 2.88+0.21
pg/L, 2015d0] 1.82+0.11 pg/LE 2015 0] 7HAast AL ot
olslch YR = 20140] 2.06-3.71 pg/LO.2 40| Z &,
1140 Zfglom, 2015H o= 1.26-2.40 pg/LO=2 20| 7}
A LP_J—r_’ 7%01] 7]-ZO]— =0 710 ES’}E}

o X ST WA=

el

I A s oA
&, GHA g g o SdHEe] v
Z7}i= Table 29F 2o}, A A4 O] 4222 Zhefl i
2 9l FpARA o] Bl oF o AHHAE Lt
FH(r=0.65), ZHEAA| o] ¥]&(r=0.83) 7} =&

CHTable 2). FE-2 427} 50 A (=
0.79)5 2o, 25k 7HAlTe] AEeh] 5S40 52
ATAE YeEPdT GFA R FolAE 25714 4(DIN)

¢ = o T
7F A F ] A7H(r=0.53), A5 (1=0.56), FH2(1=0.50),

o ¢
ow, o

A
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TEAA] O] H]E(1=0.50)7} ko] ATTAE Rglon, 1 A
A g2 Fetont §948 et Z1(P<0.05)yS &
Q151

SRo] AT 4 S8, B 5 Tk B asle) A

¢1.2 ™(Liining, 1990; Pizarro and San-
telices, 1993; Agrawal, 2012), 5 dEo]2te A4 A g7 of u}
g} YEA A 2}o]E 2 irh(Kain and Norton, 1990). & &
TollAl Al A1Zs o] 2sttholl AAlsh= el o] A
22 7-9Yof| |t om, 20154 9€oll AA(10.7 cm), 5
#(10.17 g) 2t A 2(66.80 em?)y 2 ek, =S
9] 19979 RIuAoAE Al FRs ol Al4lehe defier
H ope7h Aol A NAE et FAE 12.9 cmo| il 55
9.3 g = 9of| A Helrkal 7] E5to] 2 A-o] A}
oF fARE 8-S HATHNFRD, 1997). 3HH, U Tosath<]
el iAol A A2 79(20.5 cm), EFS 5Y(2.1
kg/m?)of| )& 2 H=d|(Serisawa et al., 2000), 22|52 2
Z|th AA717F Dol vlsf AT iAol B =2 As o
4= Ql9leh o] k9] Tosath(15.7-27.3C)0] A5 4158

Plant weight (g wet wt)
@
Water temperature (°C)

N

01 19
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Fig. 6. Monthly variations blade weight of Meristotheca papulosa
and seawater temperature at Sinheung site in Jeju Island, from
2014 to 2015. The shade represents the period of appearance of the
tetrasporophyte (D) and carpospotophyte (©). *, no observation.

(1492540l 1] 48] 7] wjEou), AFAka} QJx AL
Lo En mE A7 9] 8.0 2125 TR Gl elrh. U
Tosa YRS F2A S (0] E57} qleko] A0 A

te 1o

Table 1. Monthly variations of physical and chemical values observed in the bottom water (10 m in depth) at Sinheung site in Jeju Island,

from 2014 to 2015
Sal (psu) DIN (mg/L) DIP (mg/L) SiO, (mg/L) SS (mg/L) Chl a (ug/L)

Mar 34.3 0.056 0.002 0.120 3.40 2.65
Apr 35.0 0.044 0.001 0.086 1.80 2.06
May 346 0.043 0.005 0.219 1.80 2.32
Jun 336 0.043 0.001 0.223 4.80 2.44

2014 Jul 32.8 0.086 0.001 0.230 4.00 3.37
Aug 33.9 0.118 0.013 0.258 2.20 3.64
Sep 31.8 0.077 0.003 0.244 4.80 243
Oct 32.8 0.059 0.002 0.193 2.20 3.31
Nov 33.8 0.037 0.010 0.076 5.80 3.71
Feb 347 0.090 0.001 0.259 1.90 1.26
Mar 34.1 0.065 0.001 0.243 0.65 1.80
Apr 33.9 0.127 0.002 0.361 1.08 1.39
May 32.8 0.061 0.001 0.373 0.85 1.78

2015 Jun 324 0.111 0.005 0.141 4.27 1.95
Jul 324 0.083 0.002 0.072 2.71 240
Aug 327 0.108 0.005 0.169 2.95 1.60
Sep 31.8 0.123 0.002 0.059 2.80 1.96
Oct 33.7 0.136 0.004 0.148 1.75 2.09
Nov 345 0.154 0.005 0.104 4.38 1.98

Sal, Salinity (psu); DIN, Dissolved inorganic nitrogen (mg/L); DIP, Dissolved inorganic phosphorus (mg/L); SiO,, Silicon dioxide (mg/L);

SS, Suspended solid (mg/L); Chl a, Chlorophyll a (ug/L).
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H| 2= s & 0 &2 0] A5z Al7]7F WE L, T A& 7)3E
T o] A5 Attt 4-20] w2 Ao Al E T E3, o}
ek -25(16, 20,24, 28,320l A HAIE Zefl o) A
HollA H4=2-2 24T AL, o] o} 2 20| A= A}
o] G5+l (Lideman et al., 2011), ©]+&= Z&l| 1 ofF
QN Ao A7 23t A X[

2 Aol A AlFAt YAy ZefjH o) A A -2
DAk =] A=, L2EAA = A A A] 20] 19.3-
20.0C3 6ol Hx= HHE $ 997K &8 HlEo] X|&
Ao w F715l O k(Fig. 6), Y TNA|Eol A T2ER A= 4
HR0T)FE 787 Sd ST 7| EE o] A 52 Y
2 JAITEe] oF 27 whE A o= et th(Serisawa et al.,
2000). E3E, 12 A-Fol| A Al TEAFA| BlEo] Xl
99 o] % ZAE W& & aE o, 3-471Yo] Hugt 1
A F=7 ol MEA 7 (recruits)E 7HAI(F7 1 emolsh7F
ZE| QAL o] Abgshes 5o mE S Holthrt 9de
Ao AL 71553} EA AR s2As0] Yo
U= 395 E el a5ohalen], 79 iyt A<
< 71535 & st 119 oA @ gl shel=d
(Serisawa et al., 2000), o]+= LUA ZHfl & H = 2 o) A& A
o] dojuf ZAE WEsh HEHS BYoU A 4] 2o
wheh A 9 A s Al 710 2ol 7t QS5 Ehelskeleh £, 2
T 24T S| e A Holtrt 42=20] 20T ©]
3L Al 710l Aol Zdjell mEsial Aol dojur] AlAkst
= A8 AbRET B3, st A gAls 20l 4
SHHA ZAE WESHaL o] 2 Qlel E=ao] MY EHA HA|
7h A Ao g FAEE o A Y AR - L of
A= Fog g agles g

2] 20

(o

o
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A= =t 2 Aol A 2k A2 o] P52 At
Al vlgo] 271 ko] A A|(ZH 1=0.65, 1=0.83)E e
Ak 20 TS SR o] sl 2Fo| A 2 A
%ol $Q3%E3H4 @ Qlo|gl= 12 Kappaphycus alvarezii®] A
ZH(Mufioz et al., 2004), ZZA| 2| 712N Gracilaria spp.)2] 8%2]
A7 (Raikar et al., 2001)0f| A = 21 =] T}

oo = §EF7|AA(DIN)7F defi ko] Aol 3=
T a0 RIFYE, o] EFt Al £
k= 71 QLA FE Sote] AR 2 Aol Zagt oy
2 A2(Lobban and Harrison, 1994)3}7] w2l o2 ot
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ek AR H A AZI7FEeRRitE Ale o 3%
Aol M= BAT LR FRSPUA = A7 A o] 4
A AR Y ASA7IE e e eR &

]
=
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= =
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Table 2. Pearson correlation coefficient between environmental factors and biological parameters of Meristotheca papulosa at Sinheung site

in Jeju Island, from 2014 to 2015

Tem Sal DIN DIP SiO, SS Chla BL BW BA RAC
Tem
Sal -0.79*
DIN - -
DIP - - -
Sio, - - - -
SS - - - - -
Chl a - - - 0.55* - 0.49*
BL - -0.56* 0.53* - - - -
BW 0.65** -0.73* 0.56* - - - - 0.89**
BA 0.59* -0.64** 0.50* - - - - 0.94* 0.98**
RAC 0.83** -0.67** 0.50* - - - - - 0.59** 0.51*

Tem, Temperature (C); Sal, Salinity (psu); DIN, Dissolved inorganic nitrogen (mg/L); DIP, Dissolved inorganic phosphorus (mg/L); SiO,,
Silicon dioxide (mg/L); SS, Suspended solid (mg/L); Chl a, Chlorophyll a (ug/L); BL, Blade length (cm); BW, Blade weight (g); BA, Blade
area (cm?); RAC, Relative abundance of carposporophyte (%); *, P<0.05; **, P<0.01.
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