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Abstract: The seasonal and vertical biomass of marine forest seaweeds were examined
to select a suitable species at 12 sites of the South Sea in Korea between 2018 and
2019. The Habitat Suitability Index (HSI) was also calculated in terms of biomass for six
species (three kelp and three Sargassum species). A total of 16 marine forest-forming
species including four kelp and 12 Sargassum species were observed at the 12 sites. The
average annual seaweed biomass by season and depth ranged from 843.73-2,925.85
g wet wt. m2 at the eastern South Sea and from 343.87-4,580.10 g wet wt. m™2 at the
western South Sea. In the kelp species, the Ecklonia cava biomass was predominant,
followed by E. stolonifera. The macroalgal species with the greatest biomass was
Sargassum macrocarpum, followed by S. horneri. The HSI values of E. stolonifera were
between 0.76-1.0 at eight sites and those of E. cava were 0.58-0.92 at four sites,
indicating that E. stolonifera was more suitable than E. cava. In the HSI values of the
Sargassum species, S. horneri ranged between 0.84-1.0 at all 12 sites and the S.
macrocarpum values were between 0.68-0.99. The results indicate that E. cava and S.
macrocarpum were the most suitable for the marine forest construction in terms of the
seaweed biomass, and E. stolonifera and S. horneriin terms of the HSI values. Thus, we
suggest that seaweed biomass and HSI values should be considered when choosing
suitable forest-forming species.
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= 49 A& Hlsff 48 oldoletal sFITH(Millar
2011). Kang (2018)- g A%t Hith&2] o] 52 =4kA}
Y S7HF 58,5127 )eF 2 MR (7] F2A, 2 9A
3}, A7) 5) 9 o] 521 29,5477 A5 ARE A A A H]
2= 9F 79 77T 9 ha ekl WUk

o] A9, itk AHA ZEx|et AR 7H]7F =&l
T 270t A BE (FH LY, FIUE ), 71FH
SH235 gt deh), 24529 4 5 o
e FAEH 9 A 82l ool A &HH o= AL
I 1™ (Gao et al. 2019), AAF FAH 3| 27 (crustose
coralline algae)7 } 45t A= g o2 Halstal Q)
T} (Serisawa et al. 2002, 2004). 5, G4 2771 gl= A
=2 o2 A= e (A 5T 8= & (7113l
e 5)oll ol SfiEar qlom, o] &2 ¢lste] AQHY
B A 2] eFYAd-2 mha s o ARE o] o] AE|o] whE oY
Q19 A= Al A HAa 5ol Aoz WAy
Stal QUTH(Choi et al. 2019; Hwang et al. 2020).
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7 9ov, el AL FRGAAATT (FIRAYE S
o2 clorg W (3ApE Y, AR A 2ol
A, AR A 5)02 Wk 29E 27515 9
T} (Kim et al. 2013; Kwak et al. 2014; Hwang et al. 2020). 9|
ZHE o8 A9AI Btk 24300 AMH xR
® (Ecklonia cava Kjellman), LAY (Sargassum fulvellum
(Turner) C. Agardh), T (Ecklonia bicyclis Kjellman = Eisenia
bicyclis Kjellman) , =T (Ecklonia stolonifera Okamura), chA|at
(Saccharina japonica (Areschoug) C.E. Lane, C. Mayers, Druehl
& GW. Saunders) 2} -2 2 L E0} W 2R A TH(Kim et al.
2007; Kim et al. 2013; Hwang et al. 2020).
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Biomass and HSI of marine forest seaweeds

&, AARE, Aute, R E - FE)oA 9 s &
S ZAFSFATH(FIRA 20153, b). A2 A%e =4

A Gt HA A A, 28, A7) 3g AR LEE S
o], Jofl FHolA= EAE ATEA (5.59~67.19 ha)©ll
tiste] Aol 20.04~91.09% (4 W, o ¢FEA),
YA 7} 2.72~65.74% (=, HE), AZF GAQ] ARk
2 2.57~31.46% (P&, )2 RISt 2hH, Hal
A 7R s GollA= EAE Rhe] HMAIHA-L 17.36~
249.31 ha® 01, Aro] 40.06~96.33% (G, H-9%),
%Y DA} 2.72~65.74% (DI, i), AZF TA
3o 1.06~12.71% (FAIE, 27125 )Ich(FIRA 2015a,
b). & AFofAE Eolt 1270 HH (T 6, A 6)o1A
vtk 24 0] i SRt Bt oS AAsh]
floto] 7+ oA 27Ol A BEFS ZAE A
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Fig. 1. Sampling sites (A) and environmental data collection sites (B) of the eastern and western South Sea in Korea. T-yeong represents

Tongyeong.
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405, AA03, AA 02, B3l03)2] 1097+ (2008~20179)
o] +2(2%), G, T4aCl 5% (pH), 2FetA At e 75
(COD), && #7144 (DIN)H && 7711 (DIP) AA=E
2] 9 £45}3I ot (Fig. 1B).

2

LR B

FolQh BReF AR 127) sfHollA] Hitke 24t
T2 ALZ 45 (AH, A5dH], 59, vAvh) 2 AR
F1RFTOE F 16F5°] SR UTH(Table 1). FHE sz
F AEFC] FAIE 343.87~4,580.10g wet wt. m 5 EG
o, O] YL oA AEFo] HAG o, oA

FIof| A |t It (Table 1).

dofiet FRof ol A= AE7E 67) A a2
o] urgrom, H-SH (E. kurome) et 1o HEHE 4
7 3ol A=A YERTH(Table 1). THAPH= 371 H3
oAl Edstl ot e ohE Ao Hlof Wk

L 2R (Sargassaceae) ol &oh= o2 = QlE/1X A}
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9t (Myagropsis myagroides) ¥t 1052] AR (Sargassum
spp.) 7t TEE oW, 47] Ao @ T2 At
oI 67l BH KTl 2@ T2 B ]FJ}H}(S
horneri) 2t S BN (S. macrocarpum) O 2 SHRIE| A Th
(Table 1). FFaHNA BHE HZE AEFo] A=
843.73~2,925.85 g wet wt. m 5 H G0, AAA] &2
oA AR FFA Aol A TS ‘:]'(Table ). Y=
S AR AASH vtk giARE Aoxo 71'EH(1-|4),
o (291), AsHH (391), 1L thAut(49]) o] =M= U
Bt om, mapkRol A= S AU AR (19]) 7 B0l
ZHE(291) 9] +=ME BT (Table 1).

Holl AR ol M= AEF 3% (AH], I <} thAlvl
o] Edstl o, FEi7t AR EE AlLIRE s/ A ollA,
= 370 AA, 281 thA|uk= 27l AHE A AETO]
=7 WePTH(Table 1). HARHO] £6l= FOo R o=
MR} 950 BAPER7E A A5kl 0 o, 471 A7 ol A

SR T2 BRIl AL Ao At} FFuf mxpk
o] s7i ‘g olA S5t (Table 1). AF-3H A A4
2T AAEFY] A= 343.87~4,580.10 g wet wt. m

£ Hlon, &9 gLk BEo] AagoH,

FA Zro|A 2 At (Table 1). FEFHS EOj2 g
Hithe 248 AxE2 4H (191), 54 (214) AL, Bt
He E—OﬂuHEZ]-H]-(IH)’ WAYo] mApat (29)) 1} At
399 &4E R TH(Table 1).

2, MAXIH YRS FLE AT B3R

27 AAR] B 95k, 2018~20191 HfieH vE
T A tid =2.2] QI o9 87 84 (55 67,
AE 271) 2] 101 (2008~20179) 2] SR 65 7S
=A% A0S A 25T (Table 2).

FH S dlolEloA] 28 B 22 Hell &
Hol AbH03914 6.39~8.19°C22 HAH AA 03
(10.51~12.61°C) T} 71402 (10.45~12.80°C) 2 A thZ .o
2 =7 YEePTh(Table 2). 'Fall AFollAE= 11802004
7.16~10.77°C}t 3180314 6.06~9.12°CZA] ‘Fafl T4
Sfjof| HlohA B2 g KAt o] A2 doll &
o] AFH03°114] 30.09 ~34.68 psu (Hat 33.00 psu) 2 7H
ko, daflozoll A 25.12~34.41 psu (B 33.19 psu)

Table 2. Environmental data of eight sites positioned at the eastern and western South Sea in Korea. The value in parentheses is the av-
erage of environmental data for ten years (from 2008 to 2017) obtained from Marine Environmental Information System (MEIS). T-yeong

represents Tongyeong
Site Temp.(°C) Salinity H cop? DIN® DIP®
(Feb.) (psu) P (mg L) (mg L) (mg L)
Eastern South Sea
Sacheon 03 6.39-8.19 30.09-34.68 7.18-8.48 0.20-3.17 0.000-0.214 0.000-0.060
(720) (33.00) (8.13) (1.07) (0.044) (0.011)
Geoje 03 10.51-12.61 29.82-35.02 751-8.42 0.05-2.12 0.002-0.248 0.000-0.076
(11.33) (33.62) (8.10) (0.84) (0.079) (0.013)
Geoje 02 10.45-12.80 29.88-34.84 777-8.34 0.18-3.19 0.002-0.247 0.000-0.033
(11.69) (33.58) (8.14) (0.99) (0.073) (0.011)
T-yeong 03 770-10.34 30.79-34.75 6.78-8.53 0.14-3.21 0.000-0.226 0.000-0.061
(9.37) (33.36) (8.13) (1.00) (0.049) (0.010)
T-yeong 05 9.59-11.88 30.75-34.76 753-8.34 0.07-3.29 0.001-0.263 0.000-0.064
(10.45) (33.52) (8.11) (0.84) (0.073) (0.013)
Namhae 03 8.28-11.76 25.12-34.41 7.76-8.62 0.04-3.31 0.001-0.257 0.000-0.028
(10.04) (33.19) (8.14) (0.86) (0.063) (0.009)
Western South Sea
Goheung 02 716-10.77 31.33-34.36 793-8.32 0.02-1.93 0.005-0.202 0.000-0.024
(8.56) (33.08) (8.15) (0.86) (0.068) (0.010)
Goheung 03 6.06-9.12 31.16-34.33 794-8.38 0.24-1.90 0.004-0.206 0.000-0.023
(716) (32.96) (8.15) (0.92) (0.060) (0.009)

“Chemical oxygen demand

®Dissolved inorganic nitrogen
°Dissolved inorganic phosphorus
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= o] wskEo] Ziok Holl A9 di-2 11802004
31.33~34.36 psu P 1L 11803011 4] 31.16~34.33 psu E31
=] 2ATH(Table 2).

E3 sfi-2] pHE Foll EFal o] AAo3olA 7.51~
8.42 (B 8.10)= 7P Wk, ol AFe] 15029 17
$03°014] 7.93~8.322} 7.94~8.38% AHH O 2 =2 Gt
= H3tH(Table 2). &oll &5 5149 1087+9] H+t COD
2 APd0391A 1.07mg L' 2.2 HAa #AA037 F
0514 0.84mg L' 2 H A4S B} Eal Aol
COD g2 11802004 B4t 0.86mg L™, Z12] 11 18039
A 0.92mg L& H.TH(Table 2).

ol B Aol A 7 10¥7He] B DIN 3H2 A
03914 0.044mg L' 2 A3, AA|03°14] 0.079mg L™
2 At goll AFollA Bat DIN -2 12802004
0.068 mg L', 11503°14] 0.060 mg L™ 2 1= )Tt &3]
SHA ol A Hat DIP g2 Folo3oll4] 0.009 mg L=
243 A 03} -5 F0solA 0.013mg L 02 F{TH O
o, o] AR AE 1802914 0.010mg L' 7} 11-503°]]
A1 0.009mg L& KT} (Table 2).

3, HAIRIZ R 2

AxFo] tiet HSI 4 Y& B
oA i o= &2 HSI gk Htt o]

Biomass and HSI of marine forest seaweeds

it
N
o
rok
offt

Al 0] 10~16°COI AR, AP, ¢, 115
7.16~9.90°C= tHE s Hof| Hlof tha U
24 20 ot JF o= THTH(Table
= BHAR QIsto] Eert =2 11503 2|95 A
Qg thi-E sfoll A AAA 2 A HSI gkl 0.7 o1

= YEATH(Table 3).

¢

R

N
18
1o
Ir o >
X

1

CTRAJAR= P Q129] APdo3 2|2 AlLlgh tiH=
sl Al 09] B Hl=d, ol=gt olf+= ALE 2
i} gego]] of_t gaFolet. thA] Wk, thAarE A% 7Hs
gh o] —1~8°ClH|, AP} 18-S AJeh 2]
5 22 8.56~12.30°CO| U1 I FoA = BHAF T2
2 QIS Ere 7} ZobA ko] Bet7] wiiZolth(Table 3).

|

AR (Sargassum spp.) 2] HSI 3= HH, BAHES 11
$02¢} 115039 25 ALl R sfHolA] o]
713 HSI 3= UL oW, APdo3 [ Holl A= 28 =2
o] thg 2] Hlaf tha WA UERHTh 12802, 03 2]
2 FHAPE ot Bt sobA] thE A 9ol Hlsf &1 9]
AA2 2 AR Z1 0= B GITh(Table 3). o] =ARE
O] HSI 32 S73At=E 7H 870 sl SollA 25 0.86 o1/
o= gRIx]o] Fofiet FH-el Aol HE A HofA] A4
o] 7P Aget Folglo, AR HSI 42 K
5 0.68 o]0 2 oot BE oA Aol Agdet A
© & SFIE] ITH(Table 3).

Table 3. HSI values for six marine forest-forming species at 12 study sites located at the eastern and western South Sea in Korea. The en-
vironmental data were obtained from eight stations of Marine Environmental Information System (MEIS). T-yeong represents Tongyeong

‘ . Data Ecklonia Ecknqn/'a chcha‘r/na Sargassum Sargassqm Sargassum
Region/Site collection cava stolonifera japonica fulvellum horneri macrocarpum
(3,5, 7m) (3m) (3,5m) (3,5, 7m) (3m) (3m)
Eastern South Sea
Anjangseom Sacheon 03 0.00 0.76 0.62 0.44 0.84 0.68
Yulpori Geoje 03 0.89 0.84 0.00 1.00 0.92 0.98
Naedo Geoje 02 0.92 0.78 0.00 1.00 0.95 0.99
Saido T-yeong 03 0.00 1.00 0.00 0.89 0.95 0.87
Udo T-yeong 05 0.75 0.96 0.00 1.00 0.95 0.93
Galdo Namhae 03 0.58 1.00 0.00 0.97 1.00 0.91
Western South Sea
Degudo Goheung 02 0.00 0.96 0.00 0.00 0.90 0.82
Hwangjedo Goheung 02 0.00 0.96 0.00 0.00 0.90 0.82
Sogemundo Goheung 03 0.00 0.00 0.00 0.00 0.86 0.68
Yeogmando Goheung 03 0.00 0.00 0.00 0.00 0.86 0.68
Dongdo Goheung 03 0.00 0.00 0.00 0.00 0.86 0.68
Daesambudo Goheung 03 0.00 0.00 0.00 0.00 0.86 0.68

http://www.koseb.org 5



| I
Korean J. Environ. Biol. 39(1) : 46-54 (2021)

2o

= oA Hitke 24 AMEHE si2Fe HEA
Q1 ZEN7F 56%, AR 319%, T 7%k H1] 6% .0
(Hwang et al. 2020), ] = AUt AFE-E] AT (Kim
et al. 2007). @A7IA] vtk 2442 FHAY4] 7S o
A SRRl A, o, S ef RARTO] fHl (juvenile)
7h 52 et Eejogd 2 (dn JI5E)E T
Hxo| o]Alsh= FHIZ o] Fo| Xt} (Hwang et al. 2009).
FToll= Btk 242 91 AEF g2 Sls thdA
¢l AU RARN} ST} &2 Asfictol A whE A
Hol= thdrgQl 2150l (S. thunbergii) 2] SHY4t 7]
o] thgt A77F 5= ATH(FIRA 2017b). 0]l &,
74 gk vtk AEAE TS flske, HEQ iR
ol WAE7] (Agarophyton vermiculophyllum)sq' L EIHAH
(Gelidium elegans) ©] 2 W&, 27] A4, A7 1< 7N
it A77F L Y= ATH(FIRA 2017b).

S doliohe Amg W ele] w27 S, = e
S &7 SN (TY~TAL A )T Fel AR
A (TG~ ot HAE) o2 72530 (FIRA
2017a). Foll A s A=5-2 77148 B 77148 B4
= A ot YA o= Qe s xF mAFo] 2P} KA
A2, 9] el T ARt 2O EHE gate) np
2 QI vijore} frufo] &ef npx|ato g R4 ke Q1
Shof ool Bast F BEo 7 Aol AsiH7] wie
of] TR} (Devinny and Volse 1978; Arakawa 2005). &4
= A 3714 FAEAR] oot tlEe] It EE ST
= QIR SB et 7] e sk HitkeS FAJohs A

rl

I} BRAER O] A AL AER ﬁﬁg-?]_D}(Serisawa et
al. 2003, 2004). A=5-20 2 Theol 9 sy AokS &
ot Aol S7HE A7e AR 5 A7 =

(]

Aol vicie 240 4% B
Het 7150] 02 |
ArRleE A7) 5)eF

5o} AR 9| BE0 2 elslolo} aik Tl
7o AEALE dlefsto] whE AT d5e Hole A
Bl (r-selection species) 7t TFFRE 22} THAMIES &gt
hAAY o] K-A B (K-selection species)©| <& HTH,
DT A 245 Ro] BEFL AT vk
Jo] FRIEojof & Ao}, whehA|, thekRt HEY dixF
(A7, SZ7HAE, 2ot F) et Hitks F+3E<]

S |B2 n)go] viohee A
£ (turf-forming) =7 (=7}
s
ES

Suges) (canopy forming) SxF (A

52 ©2021. Korean Society of Environmental Biology.

A (Aol LA 3} AR AR (2 At
5)0] FRAA 71 &7e] 439 welv £2) St
wojof & o]tk o] glel|iz, FRAso] H5t e F
o A Am|o], Thalet, ule Sz wiehé 2ol
e aeete] vk AEOR B TP
.
sioke] ok AR 127) shelel A virhé %
g EF ALT 4% (A, A5, B, SHAleh
DA REOR & 1650] ANk vtk 248

Mr gt

ot
g wet wt. m .0, ol AFolA 343.87~4,580.10 g
wet wt. m 5 BT AEFS AR AP vtk o
T Folioh TR AoA BE AnEL T (19])
o Fo (291) AL, EAFo A= oAb (19]) 2
B o) BA (29]) 02 e iR FO] e A
A7) gAo] gt At 2 A|gste] B 5 9ong M=
o) B2 Angy RANERE HittE g e R A%
St Zo] AT A o2 Atz et A3 AfollA, 2=t &
3 B sfictollA FulE A 2~10m2] ZstollA A4
S (Park et al. 1994; Hwang et al. 2009), =41 5m ©]5}2]
Asflo| A BETFo] A2 Ze thE AAPZ2] HA A
o] Avtatal 5F T (Kang et al. 2005). HH, 7= gH=}
UE2-2] 2|9 (endemic species) O™ §H=r2] AA|RPtF
9] g Wof 20| FjH o2 =11 gyt W2 Al
T S5 Lot ELoA 45l §lor (Kang et al. 1993,
2001; Park ef al. 2014; Choi et al. 2015), LE A= E49]
FGNA ] AZF aligtollA] MR Ao defA
SITH(Terawaki and Arai 2004).

2 AolA Btk 24 Sl F] e AAAA
A5 (HST) ghe & A7deh vtk 24 tid8-& vl st
W, AEF E7E 191901, HSI 2 a7 19124
=917F B SAek T3 7Y S-SRk Jpol= A FA
O A% ZAtol| A el Bt ABEFO] 507.49g wet wt. m™
£ Helou APH03e] SRS o8]t HSI a2 Y
Aol el Aol B7Hse Ao 2 YErgtt o2t
A ZALeL HST kol Al Zfo]H-2 G AQtoA] vtk
< Tohe e g1 5 SRR T o A |
Qlof Tet Ml AFATE Fh Aol AAlsh= Fofl 1
2 &-8ol= Aol AgelA] ¢S 4 vk FEH 5
2.2 St 4= QITH(Table 4). Suto (1992)= Y& O] vtk %
29] g 227 thAIup w| S, ZHe], BARER 5] o)
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Table 4. Habitat environmental factors and tolerance ranges of three kelp and three Sargassum species. The table was revised based on
the results of Suto (1992) and Seki et al. (1975)

F Ecklonia Ecklonia Saccharina Sargassum Sargassum Sargassum
actors . j X X
cava stolonifera japonica fulvellum horneri macrocarpum

Temp. (°C) February 10-16 6-13 -1-8 7-15 4-19 6-19
Salinity (psu) >30.9 - - - >26.6 >30.9
pH <89 <89 <89 <89 <89 <8.9
COD(mgL™ <13 - - - 2.2 14
DIN (umol L) 0.36-13.20 - 0.1-26.0 - 0.30-785 -
Irradiance (mol m™2 day ™) >14 >15 >25 >2.6 - -
-, no data
A 27O AT AL o] 5O M 23 F4, COD 2 35l FHollA] 843.73~2,925.85 g wet wt. m L HS]
o} mt119] A 5-& 7125}t (Table 4). =, Suto (1992) A HELAIA 343.87~4,580.10 g wet wt. m > ATE = A
o @Al e, e AEe % 29 52 WY A AEYIEOR B AnFAL ek Y

£ 10~16°C, G+ 30.9 psu ©|/d, pH= 8.9 ©|5}, COD+= sl the o2 Zuglon maptRoAs Zgujrat
1.3mg L™ ©]5}, DIN- 0.36~13.20 y.mol L7, A FFe dto] 1991 HAYo|matEto] 29)2 UElgth 44127
1.4 mol m > day ' o]0l Q45w PJo] A COD T= =171 87 FAolA 0.76~1.000]1.2H, 7= 474
&7} 22 mg Lol A AA_ITHAL SFSIT. SHH, Seki et al. A0 A 0.58~0.922] HYE Yo =24 Ful7} Zefof
(1975) pH7} 8.9 o1 wii= siEFo] A2]o] o]l H|ol et F o= Ueyth BARERO] A 2412492
1 751900} (Table 4). THEHA, i 245 AES glald 4 Aol mAto] 127) RE HHIA 0.84~1009] 7
HSI 3t AHE-oleH, =] sAQte]] A Aot AxF ) B2t g, 223 SEuiRAER] 0.68~0.99S Hth 2 A
NIRO FE AT A AR (R GR FF ) o At itk 240 AT ADET BANEL B2
of Tk W ISIet AR el A 0] ARl e AR, S AR H A0} O] Aol S BT, BB
et A7 aolof shul, A sjakae] e = Zpeist 2R, AIAAUASE B, B
Aol Z4o] Wasithe AL Ssjint dgdor,  mo} ﬂxﬂo&x}a}o] 714 Mghet Ao Uehiit), oe}
Anga wApibRel e vtk 1A% gt el W AL E ATE B kg 2L AT AFF] A
e Ao ke 249 sl BAAE B EG ﬁoHH~ AR R AN AR B 0
ZgHlOlA HSI 2 @7 AN ihg 8 Aed Atz SfoF & Z o g AtmEH, AAR] A4 ALt f1siA
B2ARE B Ho] £ A0 ArH Lg% o Be Ao 9ad A0 ekt

N 9 AP A

Foligte] vitkeg& Aok T2 gRlstal Hitks X o] =R Shr LA che] o] FEokr| 2 A (NRF-
Aol At T2 n+°**}71 2J5te] Falier 1270 AA oA 2019R1F1A1062459) 2] A|¥-& HrobA] 3= l51t,
AAHZ 471 4ol A 2018F ~2019 0 AAA SxF
o] MEHS X } tact sz Aeds o2 Axs

353 mAWIR 350 thald AN ARAGE Autste)  REFERENCES

B Hlaegle,. £ Aol sed TS 3 Akita S, HYamada, M Ito, M Kobayashi and D Fuijita. 2014. Ph
_ - - ita S, H Yamada, (o} obayashi an ujita. . Phe-

O ATLFE 4= Hl= =0 = Zo0] 1zl o]

N EZ} M 128202 1650] WEF nology of annual kelp Eckloniopsis (Phaeophyceae, Lami-

o AAEE sz B "H%Ek(lﬂﬂm A ibf:) nariales) forest on a Diadema barren in Uchiura Bay, Central

http://www.koseb.org 53



| I
Korean J. Environ. Biol. 39(1) : 46-54 (2021)

Pacific Coast of Honshu, Japan. J. Appl. Phycol. 26:1141-
1148.

Arakawa H. 2005. Lethal effects caused by suspended particles
and sediment load on zoospores and gametophytes of the
brown alga Eisenia bicyclis. Fish. Sci. 71:133-140.

Choi DM, YW Ko, RS Kang and JH Kim. 2015. Morphological and
genetic variability among Ecklonia cava (Laminariales, Phaeo-
phyceae) populations in Korea. Algae 30:89-101.

Choi HG, DV Jeon, SK Park and X Gao. 2019. Physiological dif-
ferences in the growth and maturation of Eisenia bicyclis
and Ecklonia cava gametophytes in Korea. J. Ocean. Limnol.
37:657-664.

Choi SK, YH Kang and SR Park. 2020. Growth responses of kelp
species Ecklonia cava to different temperatures and nitrogen
sources. Korean J. Environ. Biol. 38:404-415.

Devinny JS and LA Volse. 1978. Effects of sediments on the de-
velopment of Macrocystis pyrifera gametophytes. Mar. Biol.
48:343-348.

FIRA. 2015a. Survey of Barren Ground Areas using Hyper-Spect-
ral Image Method along the Coasts of Eastern South Sea.
Korea Fisheries Resources Agency. Busan, Korea. p. 264.

FIRA. 2015b. Survey of Barren Ground Areas using Hyper-Spect-
ral Image Method along the Coasts of South Sea. Korea
Fisheries Resources Agency. Busan, Korea. p. 169.

FIRA. 2017a. Cause and Solution of Barren Grounds. Current
State of Barren Grounds in Korean Coastal Area. Korea Fish-
eries Resources Agency. Busan, Korea. p. 67.

FIRA. 2017b. Development and Production of New Seaweed
Species for Marine Forest Construction. Korea Fisheries Res-
ources Agency. Busan, Korea. p. 166.

Gao X, HG Choi, SK Park, JH Kim, OH Yu and KW Nam. 2019.
Sporophytic photosynthesis and gametophytic growth of the
kelp Ecklonia stolonifera affected by ocean acidification and
warming. Aquac. Res. 50:856-861.

Hwang EK, JM Baek and CS Park. 2009. The mass cultivation of
Ecklonia stolonifera Okamura as a summer feed for the aba-
lone industry in Korea. J. Appl. Phycol. 21:585-590.

Hwang EK, HG Choi and JK Kim. 2020. Seaweed resources of
Korea. Bot. Mar. 63:395-405.

Kang RS, JG Je and CH Sohn. 1993. Summer algal communities
in the rocky shore of the South Sea of Korea. Il. Subtidal
communities. Bull. Korean Fish. Soc. 26:182-197

Kang RS, KS Won, KP Hong and JM Kim. 2001. Population studies
on the kelp Ecklonia cava and Eisenia bicyclis in Dokdo, Korea.
Algae 16:209-215.

Kang RS, HS Park, KS Won, JM Kim and C Levings. 2005. Com-
petition as a determinant of the upper limit of subtidal kelp

Ecklonia stolonifera Okamura in the southern coast of Korea.
J. Exp. Mar. Biol. Ecol. 314:41-52.

54 ©2021. Korean Society of Environmental Biology.

Kang SK. 2018. Economic value of marine forests in Korea. J.
Fish. Bus. Adm. 49:17-35.

Kwak CW, EY Chung, TY Kim, SH Son, KY Park, YS Kim and HG
Choi. 2014. Comparison of seaweed transplantation method
to reduce grazing pressure by sea urchin. Korean J. Nat.
Conserv. 8:32-38.

Kim YD, JP Hong, HI Song, CY Jeon, SK Kim, YS Son, HK Han,
DS Kim, JH Kim, MR Kim, YG Gong and DK Kim. 2007
Growth and maturation of Laminaria japonica transplanted
for seaforest construction on barren ground. J. Korean Fish.
Aqguat. Sci. 40:323-331.

KimYD, JM Shim, MS Park, JP Hong, HI Yoo, BH Min, HJ Jin, C
Yarish and JK Kim. 2013. Size determination of Ecklonia cava
for successful transplantation onto artificial seaweed reef.
Algae 28:365-369.

Lindstrom SC. 2009. The biogeography of seaweeds in south-
east Alaska. J. Giogeogr. 36:401-409.

Millar A. 2011. Macroalgae. New South Wales Department of Pri-
mary Industries. Sydney. http://mwww.dpi.nsw.gov.au/_data/
assets/pdf_file/0009/378774/Macroalgae - Primefact-947pdf.

OhTG, YC Kim, YSYang, CG Kim and MO Lee. 2010. A suitability
selection for marine afforestation using habitat evaluation
procedure. J. Korean Soc. Mar. Eng. 34:369-380.

Park SK, JR Lee, JS Heo, DS An, HP Lee and HG Choi. 2014.
Marine algal flora and ecological role of Eisenia bicyclis in
Dokdo, East Sea, Korea. Korean J. Environ. Ecol. 28:613-
626.

Seki S, | Zen, T Abe and T Hukuzawa. 1975. A experimental study
on seawater mixed by concrete ash. Rep. Harbor Tech. Res.
Inst. 14:113-132.

Serisawa Y, Y Yokohama, Y Aruga and J Tanaka. 2002. Growth of
Ecklonia cava (Laminariales, Phaeophyta) sporophytes trans-
planted to a locality with different temperature conditions.
Phycol. Res. 50:201-207.

SerisawaY, M Aoki, T Hirata, A Bellgrove, A Kurashima, Y Tsuchiya,
T Sato, H Ueda and Y Yokohama. 2003. Growth and survival
rates of large-type sporophytes of Ecklonia cava transplanted
to a growth environment with small-type sporophytes. J.
Appl. Phycol. 15:311-318.

Serisawa Y, Z Imoto, T Ishikawa and M Ohno. 2004. Decline of
the Ecklonia cava population associated with increased sea-
water temperatures in Tosa Bay, southern Japan. Fish. Sci.
70:189-191.

Suto S. 1992. A trial to relate marine benthic floras more precisely
to their environmental conditions. Jpn. J. Phycol. 40:289-
305.

Terawaki T and S Arai. 2004. Eisenia and Ecklonia. pp. 133-157.
In: Biology and Technology of Economic Seaweeds (Ohno M
ed.). Uchida Rokakuho Publishing Co. Ltd. Tokyo.



