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Manual of seaweed restoration in whitening coastal area

Hye Ok Kwon

Department of Envoronmental engineering, Graduate school,

Pukyoung National University

Abstract

Whitening event is a symptom that the useful algae disappears, crustose
coralline like cement covesr the rocks on the coast due to a certain cause and
finally, oceanic lives disappear. In this study, we tried making a manual to
formulate substantially the items and factors which are considered in case we
recover the wild-stock enhancement during whitening event occurred on the
coast. From the result of this research, in case of the occupying rate of useful
algae is lower than 3 and the occupying rate of crustose coralline is higher than
3, we suggest a recovery standard to recover the changed coast. Also, for the
recovery, we suggest a counter measure after classifying the control cause into
artificial cause and natural cause. When controling artificial cause, if we prevent
the cause, they are recovered by self design. When controling the natural cause,
we should select an affordable species for the environment and a proper
implanting method and then recover the species.

This manual will be contributed to plan and make seaweed restoration.
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Fig. 2.2 Whitening event.
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Table 2.1 Cause of whitening

T
o

o

%]

)

S

event(#&M,1998)

Artificial factors

Ecological Factors
1. Environmental change 1
1) Hydrographic Variation 7
(temperature, nutrient, wave action etc.)
: 3
2) Geophysical change
(tusnami, eruption, flood waters etc.)
4.
2. Biological effects
1) Grazing by herbivorous animals 5.
2) Inhibition of algal growth by 6
crustose Coralline red algae v

. Over harvest

. Low of transparency by

pollution

. Suspension of silt and drift

sand

Waste water from mine

factories

Oil pollution

. Synthetic detergent

Agricultural chemicals
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Decay kelp bed
Grazing pressure
change

Environment

Cyclic Succession

Decrease the herbivores

Diverse
seaweed

Fig. 2.3 Succession of seaweed bed.

Perennial algae

Low water
temperature

Kelp Bed
High nutrient
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Table 2.2 Cause of whitening event(Choi, 2007)

Cause of whitening event

Water temperature rise
Fresh water, Typhoon - Storm

. The habitat destruction which is caused by with
physical change.

industrialization
The floatage in compliance with a reclamation

and a harbor construction

Salinity change
chemical change. Influx of pollutant

Tribal actual condition of nutrition salt

Excess intake of seaweeds

. . The ecosystem participation which is artificial
biological change " % )
Competition of species

Resources overfishing

212 A=559 93
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Table 2.3 The status of whitening event

(ha)
Year
" 1998 1999 2000 2001 2004 | 2006
site
Goseong gun 20 20 48
Sokchosi 10 6 10 15
Yangyanggun 2 62 2 26
Gang :
, | Gangneungsi 15 15 15 118
won -
Donghae-si 206 206 206 182
Samcheok-si 155 523 523 523 540
Total 155 776 812 776 929
Pohangsi 83 1106 1106 1106 571
Kyoungjusi 260 13 260 73
Yeongdeokgun 20 95 99 95 225
Kyoung p*
) Uljingun | W 179 190 179 340
Ulleunggun 134 134 134 102
A 5. [ 1,770 542 4 1,774 [£1311
Kyoung Ulsansi
) 336 366 336 173
nam
Jeonna Yeosusi
) 70
m
Jaejusi 36 244
BukJaejugun 738 1750
Jaeju® Seogwiposi 598 740
NamJaejugun | 1559 1806
A 2931 1806
A 6,602 | 5436 | 5074 | 5436 [10,999 70
1) 2006, = &S S AL
2) 2006, = EHFFapelgl G
3) 2007, wHTHFY AT
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23 A5S ARF — FALLSTZ 7 (Crustose coralline algae)
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Table 2.4 The coralline reported from our country

Scientific name

Division Rhodophyta
Class Rhpdophyceae
Subclass Florideophycidae
Order Gelidiales
Family corallinanceae
Dermatolithon canescens(Fosile)Fosile
Fosilla Zostericola(Fosile) segawa

Heteroderma sargassi(Fosile) Fosila
H. sargass(Fosile)Fosile F. parvula masaki
Lithophytum okmurae Fosile f.

joponicum Fosile

L. shioense Fosile

L. yendoi(Fosile) Fosile
Lithothamnion aculeiferum mason
L. cystotocarpioideum Fosile

L. erubscens Fosile

L. simulans(Fosile) Fosile
Porolithon collriculosum Masaki
Tenarae dispar(Fosile)Adey

T. thumidulum(Fosile)Adey
Hydrolithon samoense
Lithohyllum yessoense
Lithothamnion muelleri
Phymatolit repamdum

Spongites fruticulo

237 7]
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(2006, 5+17}252)
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Marine Environment
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Fig. 2.4 Whitening event construction one model.
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Table 2.5 Examples of ecologica

ecosystems according to

(Goal)Z 3+t}(Mich, 1996,1998). ©|
e sio) s el o e e

WS 2 Table 2.5 9F £t} tpekst

& 7HA ol s 712E 3.

| engineering approachs for

types of application

Ecological Engineering approaches

Examples

. Ecosystems are used to solve a

pollution problem.

Phytoremediation,

Waste water wetland

. Ecosystems are imitated or copied to

reduce or resource problem.

Forest restoration

Replacement wetlands

. The covery of an ecosystem is

supported after disturbance.

Mine land restoration

Lake restoration

. Existing ecosystems are modified in

an ecologically sound way.

Selective timber harvest

Biomanipulation

. Ecosystems are used for benefit

without destroying ecological balance.

Multi species aquaculture
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5 [E ey e 2ot
He5 ~on
AR Ed T momase
M)
o2 e o il
M AR M ALA 21t ate
512 212 S
BN BN
=24 — = —
=5 HAE  M2es BRI AES
24 co9x o A
coelxl  Hy o
35 et

Fig. 2.6 Concept and goal of ecological engineering.

(& 5 ,2005).

_27_



th= A Fig. 2.7%

L
L

A =t

o
T

EREEEE
o Boly F vl w7

[e)
2
1t

9, 2007) 371 %

%

(Rt

H
Rue

2]

2ol 1
3

AN

2

o
-
o)
Mo

vl

il

ol
o

-

)

o}, A4 %]

=0
w7

22

Fig. 2.7 Type of ecological engineering.

(SF==2L7) 22l 2007)

32 549 duty X

% 3] (Society for ecological

= A ) 9

L
L

A o] A
restoration) ol Al A|A]sh= PREA QD Ml Hisl HE

E_X

4ol 92+ Yoy

C}(Fig. 2.8).

&

S} A}

_28_



].

il

XE

0
iz

™
)

,_lﬂ.ﬂ
Py

o

-

o
Nfo

LN

J.

Fed oF

AN

3 el A

S A
L

pA o) AT BAF, TR 2

o AAE B E B

oF

=

B4 o]t

L
L

5

& Zgshn w

7o)

49l 2

- A

i

3 At

°l

o

QAo

L

o

pIN

7} 2o,

o
1=

M

)

o

73

SEEFEE R

]

o

B

o

-

3
4) Reference A B A1 9]

T

To-

7 mUEY AY

_29_



wr
e

X

A8 YEAY F71H BnE L FALS 9

H
=

)

8

T
Fe 2gv)

=

A& Reference
m

Rl

24 e A <]

Riu
¥

2

¥

ot EYH

P
T

il

9
A

171 #
Al 7FA] AgFo] 3t} Reference Al &} &

v, A ZF 7HA = £4S Wl

B9 wUHY Aol AT 2

Al

i
| B
o

A

o
it
.foﬂ

"
BT
Bl

i

X

oH

o

o
o

Tr

Y
ﬂx_ﬂ
el

o

AR HA GA e 2Y

5t

©

3

A 3

)
]

Ho

7t

A

t

(s

=i

AN, YA ATEE S TA
chetof of

|20t Ofe

CH-aF R off et 1

il
— 30 —

A
D& R 0 oo

=

o

L5
=

2yHY
Fig. 2.8 process of the general restoration.

1A%,
23|, Feedback

el




102

o
1 L——

2

I

f et lke]l Ax} 1978\ FE 1991

[

1

-

2ol Abtithar B Elal ofe 7HA]

<]

.

| Abolof] ¢F 6000ha®]

(T N R S PR w oW T o M B W
o I R T = N o 8 < W gp M
= 5 O 2 8% o oy o S -
A I T R E B TR B]
H._ﬁ H._ﬁ ﬂ_._ —_ _& v —_ - ET ‘._m_v;u_ EO o]
STohgzEri TEaziize
0 = - oﬂ —_— o= (ul Loyl )
@ﬁﬂwz),no%ﬁ@o A RO~
T T 2 L TR s g w®
o ,m._l H._ﬁ m ,ﬂou_._ H_E O_E e oy Z,.w o ,A_| o)) N
ko= B T W RO o P a w2 W &
L.:l o ‘mwl _.|./ h ML Z..# ﬂ % Qﬁ o Mﬂ ,Iﬂ N _I_ m
X e I e i E D om Do
) N = o RV Ho% - X o F .~ B
E I Call SR~ g oo N o oo o L N
By T Bl o e Pl oo &E o
~ T g oy Ny = = iy T oW
= o = o n- o N T R xR Mo — Nk
—_F® Bl gy ® £ 5laP I 2T
ST T TN ed Tixae kX TLx o
S Ao 2 NN e o B TR
o . 8 e G = % B "o o
L =R - - - . SN I O S
[ — £ = Ot ,_IIH A
T K TS ML_ 3 m_m T ww M Lo N Mo ©
Z2ATa o d g RN TN
< B ow T ks T 2 S M o M
o R R O L . e o~ o w o N =
i S VI S N CRR N8

® o Mog T & 8 F RO oE S
x° T = 8 W BT o gy ow & o B 5 X A Jo oF

o N e o P H
M L = B R Hh T Y —

T oy ; — o
= o < o) 0 1o = ‘UI — 0 o B o) ~H
g om > o ok XX (I S R - o

g © - o J —~
B - N 9 I to - 9 W < B NI -
s N o 2 B LT N ook o G R

in 2 do S oF M T+ 8 T o ® K. 9

T T E ST S MBS of W T Mo B T =

12572 o

[

RN A |

P
T

_31_

A7} wol

il

9
A

g dze] 7120l o

9]

shof A

S

o]
o=



=
o

TREHIY V=

ob4 &

= ™

o
-+

_32_



A A B E-21 ¥ 3] (Society for ecological redtoration)oﬂ Al AAEkE AR Q]

AAE ZAEsto] BUA asor & 5 JAASS Bk AAHolaL

Aoz yetd miwvds 2Adstast shaid.
A HA A= A 2 FoAGgol A Bt

e,
o
i
)
)
M
o
lo
2
M
N
N

Atk o] AFES FactorZ st A 222 38 & 585 dojae o
A =, A9 Bo] g dAE ozl dder ol &

At el oS AAstazt ok vl A A, 54 - 5
AXe EAAY e HXE AAlstaa stk Egk A ATFEY] AHAS
S AT AP Eorste JIAES AL o] FES FHOE
EAAEES Fystazt stk oA A, B33 AX &, #e] B Feed
backS ARHH Q) BAHAte} Al ALt

_33_



"
N
ol TR
% AR
o) o
o
o)
W B
TN
G o
N 3
T X
< O
F T
® T
1210
._llyl
)
R

ﬁo
oo
™
el

—_—
o

[e)
= %

S|
A

3

Yo A

b A

S
U

® A=o @Rl o

g A

0

® =949e]

S AA]

L
R

&t

3l oF

OREEEEIE
e

2 ookl

o]

L
=

K

Hr

4], Feedback

_34_



V. 23 9 3%

1. XA}

H 9oA 7 SAHARe] ohjet FRAGAAE

Reference site=

3 AEAE

o A
T

sjof st 1 F

WA ZA

;A B Ad 2

HA
i

X

A8
N

=
o

AN

=
o

ol

SRR

KR
L

273, A 2

52

3}
7 A o (I il A HEE

KR
T

w

E/DHRTET-X > 7 7 -7, 2003).

E‘/ﬁ

3

5ol

2]

14 sl st FANE A Lol

9

Ely

P
T4, 89

RFAG e BAREE

L
L

rol Sjol A7), BA Axe BN D A7)

o

oj
Do

N

274 A A8 8 22 .

o
B

11 A}

§ stete] 7}

9]

29 By WE} b5

Fot. A e A

J]

AN
—_

Do

ok olf, AA Z2 HYsE

1 Z A9} Scubas o] AT

O
o

=+
=

AR

_35_



ol

M

)

o

Gl

248 B2} Aok ol

o o

PN
T4

14 BAA =

)

BN
—_

I3t o 71 o] &

9]

al

o

B

111 I EF 3

W

o
Bl
o)
ﬁo
fron!
™
pj

0
=3
o

3
oF
ojp

B
o)

e

N
ﬁo
B
)

e

7}. 22 (8, Tide)

Asolg WAy
2

oF ThxZ o]Fojx Yt

o)
=

E4& votE o]

W= dEo|tt o

2

=
o

12A17F 258 F7]12 dojutr go] Ao m|

Ao ok
i

z=

o0

—~
o

Zol A Huj7b @th(http://www.encyber.com/). - e}

2]

(http:/ /www.nori.go.kr) ol A

_36_



. Z5F(#, Tidal current)

BN
=il
rr
i)
il
S
i
il
fu
)
1
2
A
Ir
=
W
i
1o
[o
alf
[0}
fu
gt
o
w
=

SRS gl T e &s) Aol ohg Wela, QA F ARte]
U 2} 2el7h Bk (http:/ /wwweencybercom/). Z3i7F MR 8ol
AATDL =A9T sl o] A4ke o Aodo] Als AT S % #g
ge apan dRe] 580 YT gAY Sueld sz A% 44
RAAQ JPe mAEe A L AU @FEAI} A E oo} T}

o 933373 (PR, wave)

|

g uhgho] sjdolu e Eow A= FE(ER) I o= Y
oA LA FFo] uike] gle & dlG7tA st 7 st A Y
Zolth. F&o] At HIek FA 9l Ao vk o]5lQl ke FoF Q9H,

o] dFS ot gal-F7]- 9 Foll Mty dojubm o] Enp A
(B FEED) 7 B thhttp:/ / www.encyber.com/). ©] 23t 3}&e A A&
A Ao FFE F= AHF addojnt. 7o FFejA Als AEAE

Holg FFsFm Wi V1o & RAsA Rate ANYRAAE B3

_1

{

¢

7

_37_



]
o

FEOZ

il

9
A

Aol o

1

o

e

3

_‘i

=
R

smz of

S

i
N

b

S

Al
2

& A

L

112 Y52 L §3EF
7b g+

ol o

]

AN

3} Zt}(Table 3.1).

e}

E1

e sa gze o

S|

274t

(1) =2 (Temperature)

&71d ®Bystar, A4

!

i
)

ol
;_OO

TO

ol 2 ol b A -8 5ol

52

dHA Aok

o

(2) &+ (Salinity)
(3) ¥ X (Transparency)

il

0
il

=
o

o)

—_—

0
ﬁo
)

bl

BN
—_

AN

_38_



(4) a2 =(pH)

qr

o2 nigd Ao pHE s|lF2 Sla] A

ol

s A pH

<]

2]
oz =t}

& X}
1

=

olt}, 181} ¢

REs

4

Ay

b ke
Y olsh o] FEol

°

L

L

il &&5]

[¢
H§-& 2 (Total Suspend Solid)

22 I H

3t o
6) &

H

(

9 2]

A

AN

o

ol

W
i

1t

AN

Ho
)

R

oF

‘Z_O

A48

7% gt

To-

il #71=0l

A

_39_

A 2(TN)

()



(TP)

—_—

9) &<

A7 AR viekel ] QA2

I v}
F2< 240 A

AAfol Tt L=}

z‘d_

i
=

el

B

Cidey

Qo7 7|%

ﬁo
B

X = AREG 1 Y

leF, A2 COD7} 9l

xr
i
b

R

< 5

3} 5% (permeability), & =& (porosity), 1r7d(theology)® #

Ho

(= <], 199).

(550C)2.

Wy ol o},

ohu =

o}
=

(3) A& COD

F%9

AAY A AR o

s

&

712 Ao] 7lgbgrola A=A

o
T

_40_



A CODE A4 A=

A FEZ 2RO| =

z‘d_

8 THdE Frl=Fe e Y] 9

e
ai

1.1.3 3 LA

—_
o

AN

~
o

—_
o

B

0
puy

=
o

)

!

(Schiel and Foster, 1986). =7t

1] v (Bell, 1995)

3
pud

i Al

)

Mg EE 2 o

e
2 o2 34

L=
==

S

o ]3] =A@ rh(little and kitching, 1996). ©] 4 &

=
[}

a

St} (Table 3.1).

shofo] o] F-0] o}

&)

T

85, WA, BAZF

=

7h ZRATE -

o
ol
W
,_IIH

ER

of wel 1 9

o] v E

Nfo

——
1o

ﬁo
)

A=

3]

5

=
<)

3t

Ao A =4

P
T

BN
—_

=3
o

To-
B

o
-
i
o

-
il
gl
o)

A 7 3 = o

o

Ll

o

o]

4 o] s,

J

R

9]

_41_



];I-_
.Mz

M oo
oR va KR
~ W % ) M N o}
o T e e %o um R 1X_.]_| =
ﬂmE vy Ouﬁ ﬂ@" ,_I,_nﬂ ﬂmE ll \_HAM J.
®ox X o W E ® oy
0 —_ 23 ﬁ; s ﬂ ~o —_ Pl
T o T X o I ol
O_EMEMHJWMﬂEM oo W
___;om;;ﬁowqu .
RO N o Tl — NE
WW%M%M%MJM M%HMT 4
@ﬂ%ﬂ %z,@wo w%@ -
ﬂo _dﬂ 0 DT.C % @ 0f B LN : = m§ ‘MIUE
M%Mﬂﬂ%@@@% >yl %
—_ © il ; Y —~
ewmo%ﬂﬂmmﬂ%m\w.% o O B
X TR = | W
HM SRy ¥ wn m& ol A+ o gl mu -
lae) ~ — i ) —_—
= M © T = i y ATy &
1 ™ o =0 o] Tl = B oo o) =
N E X il L % Tk NH o o7
e K TN £ b0y N§ o = M .
o 2 o N MR TR i of 1 3 g
N L = oS I S
n| o %o ok Ho Nr g 1@ Fi = e A o
= B P 2 i w% B %o = MT s AN
1__/|.A RO Ho EW ,Mv_ﬂ EI ,_ﬂorﬂ = ‘:L Z..# o° ,A,.# q ﬂJI
CARCy = N gd oo
wom NI g T A T W o
T M iy _ N E e o ,._% 7 T T U 0
B2 B o N B oF _lln.ﬂ B = = <
<A o T w _1@ = o Mo — xr = ro o o0 KO < mi
ghiqaiwqwg = ngmm&
of ma (S MT B TR o 3 N T T M_m <~ 5
To - ) wr B = = e 4
-n —_ o jo =
X dﬂ o o JvL < ox o\ 3
& o oo X w_m G+ Z B P
3 i = = w MW ﬂ_.rm_m M
o M = 7
= DT.C

- 42 -



122 AN EA 8

ZAE Alele 3 Ao WA g T 2 G EEA g

FBL

SES TR
WE AFEATL B ool Aok @k,

BAs2 1 s A do] YFo] FFRAY g BHog o]go] 7|

N,

Al WiH HAY, Fdolu FEo 22 &R v F e BeE Je
B2 ols} 2 AHe| A ol eAHH AL el thek o}

i)

[¢]
<)
ko

st

_43_



Table 3.1 Investigation of present condition in study site

Present condition investigation item

Nature

environment

Tide

Physical .
) Tidal current
environment

Wave

Temperature

Salinity

Transparency

pH

Water Demand Oxygen(DO)

Water
Total Suspend Solid(TSS)

and

sediment Chemical Oxygen Demand(COD)

environment

Total Nitrogen(TN)

Total Phosphate(TP)

Partical size analysis

Sedi

Ignition loss
-ment

Sediment COD

Seaweed Appearance kind

Individual possibility

Bioenvironment
Benthos Organism quantity

Seaweed Area change of comunity

Society environment

Use present condition

Exploitation project

_44_



.mo

f—

0

mK

i

K-

T

A

8

Els

R

& = whitofol

271 A%

shep 5

I

A

)

aid

=]
R

4 A

[

ol o
H=

=

Al
A=go] drtt defo] HIS wWRE <19 Fo= )

ES S

[

2ER

Vel

B
o

o

vl

el

Bl
fike)

i ol A

3]

24 of

oj

aid

AN

2l 0)

2

=
ke)

FEARR(2002)9F ZTEFATH(H 5,

[e]

o FEE (@) FABEA

b3 Sich uheba

©

o

f

)

St AT,
— 45 —

©

LAk

©

s HyAT 8

S

i1 A)

, 2002)S AA]

[¢)

=
P

A
pul

P
T

Ok

=z ol AbetAl= &%

o

f

9]

[

(

At
WE
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9] Z71(3. Middle period)~27](4. Last period)@AZ Aty

Table 3.2 Classification of coralline algae cover percentage

Crustose coralline algae
Level Cover
cover percent(%)
1 : Undisturbed Seaweed
2 : Early period below of 30
3 : Middle period 31~80%
4 : Last period Over of 81%
(#, 2006)
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Table 3.4 Classification of whitening event for restoration

Cause of whitening event

Salinity
Turbity
The cause where
Wave
artificially the control is
) Pollution
possible .
Grazing
Over harvesting
Change of sea temperature
The cause where Salinity
artificially the control is
. ; Wave
impossible
Typhoon
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Aot AYATE Fall vt Aol HxFA F & A SATH(Table
3.5).
Table 3.5 Target species
site seaweeds
Limanaria spp.
East-mid. Undaria pinnatifida
Sargassum.pp
Sargassum spp.
East-south. Ecklonia cava
Undaria pinnatifida
Sargassum spp.
south sea Ecklonia cava
Ecklonia stolonifera
: Ecklonia cava
Je ju

Sarqassum spp.
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Table 3.6 Substrate of seaweeds

22 719k Seaweeds
Sand Zostera marina
Rock Eckolonia cava, Laminaria joponica
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Table 3.7 Depth of seaweed (intertidal

zone)

ESi]
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Table 3.8 Depth of seaweed (subtidal zone)
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Table 3.9 Target species (temp.)

Temperate zone kind

Wide area kind

February Below 10C 10~15C 5~20C
August Below 25T Below 27T Below 30T
L e A
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Table 3.10 Seaweed classifications size and lifecycle

Seaweed

Annual plant

Small

Monostroma nitidum Wittrock, Monostromataceae Kunieda, Ulva lactuca Linnaeus, Cladophora
pygmaea Reinke, Chaetomorpha brachygona Harvey, Bryopsis maxima Okamura, Papenfussiella
kuromo (Yendo) Inagaki, Scytosiphon lomentaria (Lyngbye) Link, Porphyra yamadae Yoshida,
Grateloupia livida Yamada, Grateloupia turuturu Yamada, Kallymeniaceae Taylor, Rhodymeniaceae
Harvey, Antithamnion nipponicum Yamada et Inagaki, Ceramium japonicum Okamura, Ceramium
kondoi Yendo, Griffithsia japonica Okamura, Heterosiphonia japonica Yendo, Heterosiphonia pulchra
(Okamura) Falkenberg, Acrosorium yendoi Yamada, Delesseria serrulata Harvey, Chondria
chejuensis Y. Lee in Lee Y. & Yoon S. Y. Laurencia nipponica Yamada, Laurencia pinnata
Yamada, Polysiphonia Greville, Symphyocladia latiuscula, Symphyocladia marchantioides (Harvey)
Falkenberg in Schmitz & Falkenberg

Big

Desmarestia viridis (Muller) Lamouroux, Laminaria japonica Areschoug, Costaria costata (C.

Agardh) Saunders, Sargassum horneri (Turner) C. Agardh

Perennial Plant

Small

Dilophus okamurae Dawson, Gelidium amansii (Lamouroux) Lamouroux, Gelidium vagum Okamura
in Inagaki, Pterocladiella capillacea (Gmelin) Santelices et Hommersand, Carpopeltis prolifera
(Hariot) Kawaguchi et Masuda, Grateloupia elliptica Holmes, Chondracanthus intermedia (Suringar)
Hommersand in Hommersand, Guiry, Fredericq & Leister, Chondrus cripus Stackhouse, Mazzaella
japonica (Mikami) Hommersand in Hommersand, Guiry, Frederidq & Leister, Lomentaria catenata

Harvey, Lomentaria hakodatensis Yendo, Acrosorium polyneurum Okmura

Big

Eisenia bicyclis (Kjellman) Setchell, Sargassum yezoense (Yamada) Yoshida et T. Konno, Sargassum

confusum C. Agardh, Enteromorpha prolifera (Muller) |. Agardh. Ecklonia stolonifera Okamura
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Table 3.11 The salinity for growth of the seaweeds

293 (3h) Salinity(3}gF)
(psu)
Zal = gy 8 25} (Uiva pertusa) 23.7
1:]— A U]—_Tq— ﬁ;}\i:]—%(éoa‘stri‘a cos‘tata)
(Laminaria joponica)
"] S (Undaria pinnatifida) 23.7
E]’/\] U]’% ﬁﬂ{ (Ecklonia cava) 30.9
b ASZEN(E. kurome) 31.8
—17:,"-‘7](15. stolonifera)
) 3 (Eisenia bicyclis) 30.0
ﬂ%—ﬂE]]"ﬂ'(Myagmpsis myagropsis) 30.0
5 (Hizikia fusiformis) 30.0
i3 O] E—Z]"\ﬂl'(Sagmssum confusum)
Q) T ZF ks, hemiphyllum) 30.0
) 2 o) RLAMHLE(S. horneri) 26.6
‘ELQUH EX]"?_]_'(S. macrocapuini) 30.9
BAPLE =P ko] 1 2} Hks, patens) 29.8
T-= 5 ARG, piluiferum) 29.8
T:_L%]_EX]’E'_]_'(S. ringgoldianum) 30.9
whul 7] 2 & s, siliquastrum) 304
R Z9]s. thunbergii) 28.5
off = A}k, yezoense)
om on VAV (Gelidium amansii) 285
4 E7HA 6. pacificum) 30.9
7]-/\]—?/]% 7]-/\]—?/];4— ;fjl' Tl] ( 7’] ‘:'1 E] ‘?:_!')(Zostem marina) 23.7
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A| A 3} 4 TH(Table 3.13).

Table 3.12 The nutrient for the growth of the seaweeds

(ppm)
| B NHs-N DIN PO4-P
o <
0.00~2.65 0.50~8.96 0.04~0.42
(Eisenia bicyclis)
ag
0.07~9.31 0.36~13.20 0.04~1.48
(Ecklonia cava)
=7k
ik 0.00~8.92 0.32~12.06 0.00~0.64
(E. kurome)
P Aol wA
0.17~4.57 0.30~7.85 0.02~0.92
(S. horneri)
Adko] 7 214k
el e 1.39 2.20 0.10
(S. patens)
EDET:
0.42 3.68 0.08

(S. ringgoldianum)
(VR & g DI~ = 2 T L)
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Table 3.13 The COD for the growth of the seaweeds

7 (31 7) CoD(He)
(mg/L)
2ol 2o} T8 23 (Ulva pertusa) 2.2
1:]— A U]—_Tq— ﬁ;}\i:]—%(éoa‘stri‘a cos‘tata)
(Laminaria joponica)
U] Qlﬂ (Undaria pinnatifida) 2.2
A= ZHel (Eckionia cava) 1.3
b ASZEN(E. kurome) 14
—17:,7‘-‘7] (E. stolonifera)
™ 8 (Eisenia bicyclis) 1.6
9’]‘1‘?57HE]]"§1'(Myagmpsis mMyagropsis) 1.7
5 (Hizikia fusiformis) 1.6
o] E'—X]"ﬂ'(Sagmssum confusum,)
Q] H ALK, hemiphyllum) 1.3
Y A o] L AWE(S. horneri) 2.2
DAk 2 Ak} Z G vl ZAKS. macrocapum) 14
21t o] B2} Hk(s, patens) 1.3
TS E ARG, piluiferum) 1.3
2 BB, ringgoldianim) 1.3
whul 7] AR, siliquastrum) 14
7(] %‘O] (S. thunbergii) 1.7
off & A}k, yezoense)
o oo VAV (Gelidium amansii) 1.7
T T & FEI7HA 6. pacificum,) 1.2
7]-/\]—?/]% 7]-/\]—?/];4— ;fﬂl'-‘ﬂ (7’] Eﬂ 1—"/] ‘?:_!')(Zostem maring) 22

u}, Z2(Tide)
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Table. 3.14 Reproductive organ of seaweeds

Seaweed Organs of generation
78l (Eckloni , Ol & (Eiseni
7-ell (Ecklonia cava), ™3} (Eisenia At
bicyclis), YA PH(Liminaria_joponica)
v| S (undaria pinnatifida) 29
R A9k} (sargassum) A2 71

Fig. 3.5 Spore bag method.

5.1.3 %13 % B ©] 24| (Cultivation)

of e ExoA AdeHer FEE AHstL, VI F¥TFE
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o
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rr

of Aldste= WHolt
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2 g2 - e} o N
== Table 315 A7) 71%F
- A2 7B w7 1% 4
A4
Table. 3.15 Growth Condition
Seaweed Temp. Light Month etc.
Ecklonia kurome S
- 15~20C 3,0001x 1~2 T 71l
(HF7H)
Ecklonia cava 5 2,000~
22~23C 2 -
(F ) 3,0001x
Liminaria joponica 1,000~
1P 6~187T 10~12 | A SHl <
(THA vh 2,0001x
Sagrassum horneri 1,000~
15~25C 5~7 A gl &
(B A o] B A}u) 4,0001x 15

(B A= 22  #E72 1E i 0 L2 AR 7- % > 7777 0= 7734, 2003)
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Table. 3.16 Monitoring

contents
Stability of terrain
growth .
- warwe and sediment
condition )
wave and light
Item Growth condition of target species

Competition species
, Grazing animal

Function of seaweeds

period Minimum 5~6year

Human The monitor ring which is periodical
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