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Construction of Fishery Management System
Using Habitat Suitability Index of Styela clava

in Jindong Bay.

Jung Hyun Park

Department of Spatial Information Engineering, The Graduate School,
Pukyoung National University

Abstract

The aquaculture of Styela clava is only conducted in Korea, especially
Jindong Bay. Styela clava was regarded as a troublesome competitor for
grown In aquaculture farm. Suspended culture of Styela clava was
initiated in 2001 and the annual production reached 15,084 M/T, but
declined to 1412 M/T in 2005. Annual production was increased slightly
to 2,484 M/T in 2012 but the production is lower than the beginning
vield.

Scope for Growth(SFG) can indicate interrelationships between



environment and organism growth index in aquaculture. GIS-based site
selection can be available by the concept of SFG, and fishery
management system can be constructed for the sustainable production.
As a result of the assessment of habitat suitability, Jindong Bay's SFG
value ranges 0.054~0.57 J/day and Styela clava farm's SFG value
ranges 0.054~0.57 J/day, either. The correlation between Styela clava
farm’s SFG and the actual production has a good result, as R = 0.786,
P < 0.05.

The construction of fishery management system using habitat suitability
index ensures the reasonable -siteselection and the sustainable
production in aquaculture farm. It introduces an- objective method for
the interrelationships between the environmental wvariation and the
organism growth. Consequently, it can promote. the decision making

practices for /the sustainable fishery management.
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Table 2.1 Annual yield and price of Styvela. Clava

Yield ) Licence area
vear (M/T) bHce (number) (ha)
2000 13,889 12,385,300,000
2001 15,084 14,677,089,000
2002 5,266 10,376,139,000
2003 2,047 1,946,514,000 556 8,034
2004 2,590 '7,352,031,000 165 649
2005 1,412 3,200,709,000 171 669
2006 1,519 2,908,851,000 161 623
2007 2,309 4,041,397,000 159 619
2008 2,620 4,818,276,000 154 608
2009 3,845 5,093,141,000 153 593
2010 2,920 3,393,607,000 149 578
2011 2,655 4,46'7,105,000
2012 2,484 4,203,504,000
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Table 2.2. The list of refereed journal that have published four or
more articles on GIS-Multicriteria Decision Analysis(GIS-MCDA) in
199072004 (from Malczewski, 2006)

# of
Rank Journal ) %
articles
1 International Journal of GIS 21 6.6
2 Landscape and Urban Planning 14 44
3 Environment and Planning A/B 12 3.8
4 Journal of (Geographic Information and 1 34
Decision Analysis '
576 Computers, Environment and Urban Systems 10 3.1
576 Journal of Environment Management 10 3.1
78 Environmental Modelling and Software 7 2.2
78 Environmental Management ol 2.2
9 Transportation Research Record 6 19
10716 Agricultural Systems 5 1.6
5 Annals | of @ the Association of American
10716 5 1.6
Geographers
10716  Ecological Modelling 5 1.6
10716 Forest Ecology and Management 5 1.6
10716 Journal of [Environmental |Engineering 5 1.6
~ Photogrammetric— Engineering _-and + Remote
10716 ] 5 1.6
Sensing
10716 Transportation Research: Part A/B/C/D 5 1.6
17720  Conservation Biology 4 1.3
17720  Decision Support Systems 4 1.3
17720  European Journal of Operational Research 4 1.3
17720  Transactions in GIS 4 1.3
Other 170  53.3
Total 319 100
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GIS 7I¥b F2 % F7HAA #s o & AvEd ~23E5WA=9 Camas
Bruaich Ruaidhe Bayell 3= o] 7bre]l 249 AAd4S 93 GIS
o] &-8(Ross et al., 1993), o}=2 7} S A9 ofF ALk A 4
A ML 93 GIS &8 (Aguilar-Manjarrez and Nath, 1998), 7}tte] o} A
L9 Tenerife A9 7Fral Ao AA Hd4ES 93 GIS(Perez et al,
2005), wWlvlF=Ag} Margarita 49 = 42 Hx HAAH(Buitrgo et dl.,
2005), T M= Plenty Bay ¢ &% ¢4 ## A4 (Longdill et al,
2008), wigzshe AA AR oA AR RS S% GIS 7
HS(Habitat Suitability)- 5 € (Vincenzi et al., 2006) 52 d71E5°] A on
2 P A2 AAHES 98 GIS 71¥Ee]  MCDA(Multi-Creteria

o

il
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Al 6% 7F Aol Aeet Ae® yEsth(Table 2.3)

Table 2.3 Processing sequence and scoring wywtem for layers in the
site selection GIS (Ross et al., 1993)

Source layer
and Process step Scoring criteria Scores
resultant layer
BATHY Select-depths Less than. 6m 0
BATHGRAD over 6 m 6m and above
Cross with X
WAVEDIST Wave height < 60cm 1
BATHGRAD )
SAFEWAVE Wave height > 60cm 2
and score
Waves < 60 cm
Cross with Currents < 50 cm s 1
CURRINT SAFEWAVE Currents > 50 cm s 2
BAWVCURR and Waves > 60 cm
score Currents < 50 em st 3
Currents > 50.cm s ! 4
Salinity variation
8 ppt 1
> 8ppt 0
SALINT Cross with DO < 6 mg I'! 0
BAWVCURR DO < 6 mg I'! 1
DO and Cross with
BAWVCCURR
TEMO and scroe 5 <T 0
5-10 1
10-15 2
> 15 1
FINAL

Cover SITE with FINAL to show end result
SUITABLE
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Vincenzi et al., (2006)= A w3l At Atz A= A oAk =
A S Qe GIS 71¥F HS =9 (Habitat Suitability Model)S AF&3}91 T}

gz Aol a3 2d5¢d 7terlstEdES S HSE AEsla

)

olol Fold MAA A== dF A5 AEL7HE F8 A A @

Yiehd poential (kg mg)

Flg. 2.2 The PSSF relationships between model variables and
suitability for clam rearing. (Vincenzi et al., 2006)
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Radiarta et al., (2008)= F7}o]% A1 9] Funka WHe] 7}e]n] kA 4e] A A

1038 km* % 36%9] a19e] A3t Aoz vebwkoh(Fig. 2.3)

TOP LEVEL INTERMEDIATE LEVEL BOTTOM LEVEL

_! B — Chicrophyll-a

Japanese scallop site r =
selection in Funka Bay pis ),

LT TSR |
;
g

Fig. 2.3 A hierarchical: modeling schme to-identify suitable site for
Japaneses scallopt aquaculture in Funka Bay, southwestern
Hokkaido. (Radiarta et af:; 2008)
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T3 e HT 1093 SR okl
t}.(Table 2.4) th7]|% oALAA7|HEo

ot =7} 93 EFL ZIHGIS ool A

-, =
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Table 2.4 Distribution of MCDA papers by methods and applications.(A, Waste management; B, Water quality/management; C,
Air Quality/emissions; D, Energy; E, Natural resources; F, Stakeholders; G, Strategy; H, Sustainable Manufacturing/engineering; I,

Remediation/restoration; J, Spatial/GIS; K, Environmental impact assessment (Huang et al., 2011)

AHP/ MAUT PROME

ELECTRE Topsis Multiple Review Other Total
ANP /MAVT THEE

A 15 5 4 0 0 1 1 4 30
Enviromental B 4 ! - = 0 4 0 3 21
C 0 1 6 0 0 1 1 1 10
problem D 14 3 4 3 1 2 2 4 33
E 7 1 0 0 0 1 3 2 14
F 16 5 1 2 0 3 6 0 33
_ G 2 12 6 3 2 3 5 3 56
Intervention type 0 18 5 0 1 5 5 ) 0 08
I 4 5 1 2 0 1 1 1 15
Complementary J 24 5) 0 0 0 0 1 0 30
tools K 26 5 2 1 0 2 3 3 42
Total 150 51 25 14 5 20 24 23 312

AHP : Analytic Hierarchy Process

ANP : Analytic Network Process

MAUT : Multi—Attribute Utility Theory

PROMETHEE : Preference Ranking Organization Method for Enrichment Evaluation
ELECTRE : ELimination and Choice Expressing Reality

TOPSIS : Technique for Order Preference by Similarity
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v ] g o] HSI(Habitat Suitability Index)

o

22 A& A4 (Habitat Suitability Index, ©]3t HSD+= 3k Zo] o]
The Rk A AR, APA 5SS rHsky] Sal, S daas
of &3 A& S " ofF F of¥EE ¥l (US. Fish and Wildlife
Service, 1980, 1981)el <Jall 7f&s o H Tt HSI= £ Aoy A= &
ol A AFeE 53t & Aot Ay AL 5ol agfE M4
Ao 5 ol &dto] Fo B FHRAS 53] A FF AHEHN
t}(Pereira and Itami, 1991; Kliskey et al., 1999; Store and Kangas, 2001;
Gibson et al., 2004). €9 dFold A& A HAA AFEE 553 3o
1.0 HA A, 002 FAFAE deEbth Fe At Aol HA A4

>
>,
oo
ol
ol
rlr
S
o,
ol
ko
ol
ol
N
=)
Mo
2,
D
—
w
fl
o,
o
o
iy
w
—
=2
o,
ot
A
N
2
o
N
)
rlo

et al., 2006).
a8y 2R Zzke] skl AH Temp, Chla, SS, hydro, Sal, D
= ‘score’ & W3alo] AEA A (growth) © A E(survival)ell A3k 37+S

F=el W= dddl ol AFEE o)A = 'score’= AEo] AAshs FA

o
(o)
o
ol

o
i
lo,
oX,
o
=)
o=
N
=2
r
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o,
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by g,

A
pul

3t SFG) =

WE) el Qe

o

s AE3

A A=}

21 A& 9
SFG(Scope for Growth, ©]

o,

]

<

=0

(o)

I

SFG

]

X

AT

o 4|, A HAFE &3 AR oY
S &3 SFGE 4tA gt (Kang et al.,

ool Y41, Al

2011).
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1. A3 Y

Rsube] oy A Ad LA Al 128°2622°E, 35°2'30"N
~128°36'3"E, 35°8'20"Nell 91x38H, & vt W3} tAE A Alolo] =}
g et h(Fig. 3.1). e AGHsATE 274710 17 vdy Aol
o] 29.6%¢<! 817, HWH YA G AL 19.0%9] 5271 & A 3har glar o9

olwelo] W ol gWMAL AR vey FNo) e 199 had 445

™
offt
r d
lo,
-l
(1)
%
:(,)‘:
0%
r U
o
J{m
oX,
ftlo
5=
1L
ol
ol
~N
=
ol
o,
S
DO
(@)
—_
—
(o
A
e
A
e
—
—
e

25 E(pH)eS. AZolA #8691, CTD(Sea bird 19 plus)E ©]-&3}9]
T2 8 FA SRS AS5s o, 4 AR f ST

_22_



N
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[ PERES

DI G = 2 4104 2}
[ Jumsgaole
[ dasauso

2 Kilometers

350N

3540

dsg HEE

St.9 (101) 4

Fig. 3.1

Jindong Bay.(St. number, Licence nubmer)
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ne g el Holdo] 2 A0 PFS F++ Chla valuegs AdH Hts)t 31
t}. H 3t Chla value <o IDW(Inverse Distance Weighted)®
o7 HIHE o™, Sl(suitability Index)E YENN~Z] 93] vector dataZ
Rasterize 3to] &%k sfel £33 At erkaf ol YEld raster 7
L 109419 57+ A (equal interval) .2 o] A& F(reclassify) st th. th
&2 7t of o) WAl ¥ X3l= chlawalues YERNZ] S8l 2 of F o]
featuredll SFG gt #x& e, of&d EX 5 SFGe s &
slo] HF2A el A A %] A8 (habitat suitability index)S A3 & 9o

ol 23t A= k2 Aol A1 A A (site selection)ol] &2 4 ¢lt}.(Fig. 3.2)

rir
2
of

d
ol
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Collection and preprocesssing data
Field data collection Establishment of
of each station evaluation indices
Extrfac:dj!lorl of the active Rasterization gpasal
INgredien of the vector interpolation of
da|ta environment data
! Processing of active ingredient and evaluation indices
B . <A
iRaster calculation ;
O 4
Validation of habitat suitability model.and mapping
Spatial Spatial Validation
distribution overlay of the Habitat
of habitat analysis model suitability
suitability mapping
i Determination of potential area !
ot

Assessment Site Selection

Fig. 3.2 Flow-chart of site selection.(from Chun Yan Lu(2012) modified)
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3. " 499 Scope for Growth 4F3

SFGE= A& 3¢ A4 dHE S4= Aol AAE oAyiA 7
Folw, Hdold A==FE TF WA SR E doi s dUAE
AR s = Aol ti(Widdow, 1978; widdows and Johnson, 1988).

Kang(2011)2 " Y SFG(Scope for Growth) 2F4 & 9] 35lo] & oA A
A =S AFstar, e d&3 Holdk =12 vt ¢=2
WAsto] W& AgolyAl-tial A S8t SFGE T3t

& odyA wEA [C=F+U+R+P C:AodldA, F: uwfjEFelA,
U s ydA, R &Y, P AZ (B iA] o278 A4E
AAtatz] el Adeledt dlsee @d, BstE, XA A yA] A
¢l 24.0, 175 % 395 J/mg(Gnaiger, 1983)¢] A= 27z} Fato] & oy A

e IR AN S, N aEe] 49 ghEyel Ak ghel oy AFwe)

13.98 J/mg(Gnaiger, 1983)2] A& #3tolA EEFS J& 4ksto] ALk
sttt Fig. 3.3 AldA &dste) & vy SFGe ¥stE vEhga

[e3]
2R
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200 | (a)
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100 | T

| (J a1y

50 |
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2f® .
20 @7
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20
15 H{(C
5 H(C)

Fd

U d)

400
(d) ® Assimilation O Oxygen consumption

300

200

100 |

A&R (Jd)

Month

Fig. 3.3 (a) ingestion (I),=(b) feces production (F), (c)
ammoniaexcretion—(U), and (d) assimilation (A) and oxygen
consumption (R). Vertical bars

represent 95% confidence interval. Shaded areas indicate negative (—)
and positive (+) scope for growth (SFG)(adapted Kang et al. 2011)

_27_



Vv 2% 9 u&
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Q L
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] - s © —O— Controls
§ ¢ ‘,C 2 40 @ 2T
z == e A 23T
@ 30 ——6C A - 26 C
—o0—8°C 20 49— 29T
—e—10 C(control)
0 s - 0 L L L L L L &
0 a 8 12 14 0 1 2 3 4 5 6 7
Days Days

Fig. 4.1 Change in survival rate by temperature. (left) low, (right) high
(by NFRDI)

n
o

I o A%, 7 20, 23, 26, 20Tl A 64 &t =& 29T A 64
A B HAFee] REEXAREES (6Y-LT5H0) 24.58C(19.48~35.48T) ot
(Fig. 4.2). M9 ] AFAaAH &S T8 2-6TCA 24~2.6 mg 02/g DW /h.

Row FL 8~12TlA 1.5~1.8 mg 02/g DW /h.08 w2 F2o A AFba
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o) 3 Oxygen ) > o == Oxygen
© 251% consumptloni g = 3 © 10} consumption | 25
sT mmmm Excretion & 3 co mmmm Excretion '
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B 20y £33 £z s}
£0 18 &% €0
22 15¢ Zx 32 6
c N S 9 c N
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o E > o E
S o5t 1NEE) 2=.2!
o Nl

0.0 — 0 0

2 4 6 8 12(controls) 12.5(controls) 20 23 26
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Fig. 4.2 Change in Oxygen consumption rate (left) low, (right) high (by NFRDI)

nE gl BX = &ML &S EAREEY] flsto] 8EAA TR 2,3
4,5 3 75 mg/LollA 11 &k =S ATIEA 23 23 =5 6dAHY
ST 40mg/Lojslel A HAFSY] Alzbetol lmE 1A AEE 20%
Ao, 2mg/LolA  R5F-dlARSFo] DREF A AFE =(LC50)= 3.88mg/L(3.29~
4.57mg/L) A tH(Fig. 4.3).
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% 60 - —O— Controls
hd —A— 2 mg/L
@ —— 3 mg/L

40+ —w— 4mg/L
5 —4— 5mg/L
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O L L L
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Days
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Fig. 4.3 Survival of Styela clava by decrease-of DO(by NFRDI)

12

1 s

0.8 |

06 |

04

0.2 |

Respiration rate(mg O2/ind./hr)

0.2

1 0.16

1 0.12

1 0.08

1 0.04

2

3

4

5

DO concentration (mg/L)

| —&— Respiration rate

—&—Excretionrate ‘
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Fig. 4.4 Survival of “Styela clava by decrease of DO consumption

and Excretion rate

= 0.2 mg 02/ind./hro.2 A

(Fig. 4.4).
ubeba, 2 e mY
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A2 Amg/L ool Al AEe] b Eke], Wl

3 mg/L WY A %)= HAL 7 2 e 7}
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AFnke] Azb ezt =45 E 200048 2010 744 9] g 273
O 2, &, Chla 183 AAFS Table 4.1 o e}
Wtk 9 AFF ghol FZ 1647 C, A% 1438C=E vey vgy e
e S tH(Fig. 45). mldge] #Holdd F22go] ghol
W2 MRS Hola gled 200049 F22E 9] ko] 1631 wg/L=
109 7F H ks VeSS | 2001 mlE 9 o] AARRF BEg 15084 M/To =
EfU9lom  (Fig. 46) ZF=2d3 makake] A7kA o]
R=0.803, P<0.01ZA frAle A3} 5 Fige 4.794 B Fa 9t
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lo,
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Fig. 45 Annual mean water temperature(C) in Jindong Bay.
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Fig. 4.6 Comparison of Chla with yearly yield(2000~2010)

16,000

14,000

12,000

10,000

8,000

6,000

Procduction {M/T)

4,000

2,000

0.00 2.00 4.00 6.00 .00 1000
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Fig. 4.7 Correlations between Chl.a values and Styela clave

vield.(R=0.802, P<0.01)
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Table 4.1 Annual mean water temperature, Chl.a and yield distribution

in Jindong Bay.

e temperature Chl.a yield
() (ug/L) (M/T)
2000 16.57 16.31

2001 16.54 7.54 15,084
2002 14.93 6.07 5,266
2003 17.09 93 2,047
2004 16.95 =t [, 2,990
2005 16.54 3.68 1,412
2006 17.66 9.29 1,519
2007 16.80 3.06 2,309
2008 16.51 4.53 2,620
2009 16.28 9.58 3,845
2010 15.30 5.15 2,920

average 16.47 '7.05 7.05
maximum 17.66 16.31 16.31

minimum 14.93 3.06 3.06
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3. AYBHEA LS o] &7 Iy HAAAA

e Rk 20119 7€, 109, 2012 1€, 4¥€9 2249 dolHE 107 =

2 Harslo] GIS A IDW(Inverse Distance Weighted) &2
H7bsto] g ntk af el e e (Fig. 4.8) Rsrhfe] A& & <o
1.14~1622 JENA 5% o] 0587~1.1.30F eI A% & o] 4

o~

T
0 05 1 2 Kilometers

g

'W_chl_ave
0.587 - 0.694
0.695 - 0.789
0.79 - 0.904
0.905 - 1.02
1.03-1.13
1.14 - 1.24
1.25-1.34
1.35-1.47
1.48-1.6

BT L]

Fig. 4.8 Annual mean chlorophyll a (ug/L) distribution in Jindong Bay.
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Y. AE5 e SFG value ¥

T 7S ol 5o Faztgel ofsi s Rt
SFGY EXE el 7] 98te] GIS 4ol A Raster Calculator toolS AF-&3}

SFG = FR * IDW_Chl.a_ave = R=F - U

o714 FR 2 A4 ol|WA, R 2 2F oAUAF = 2@ odA, U =

=(R) e 2l Y AFte Y = aDW® ¢ AA2o g Faigit 22
29 AP ALtEHAA Msrt ol Fx2H SFG 72 0.054 ~
057 = AL Heolxlom (Fig. 4.9) ol& T @l Fell ‘Reclassify’ tools At
43l] AEFE st el Aat= (Fig. 410) © e 3l

A7 183} 108 A9 A Ew 4B =L SFGY FEE e

ghom o= R EEAE 1§ FALS

Aig

e

EES Kol §)
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Fig. 49 SFG values scoring
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Fig. 4.10 Reclassify’ of SFG values scoring
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Fig. 4.11 Overlay of Styela clava farm in Jindong Bay.
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Fig. 412 Extracted SFG for Styela clave farms in Jindong Bay.
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2. SFG valued] @& AEq g gA g &X

ARt el SFG A= s el WA njea A W3 ns
S GIS Aol A 'Reclassify’ tool2 AFg&3te] I Aol count a2 ©]&3}9]
Equal Interval(SFG interval 0.5) 107§ ++ o2 F335te] Fig. 4.13, Fig.
4.14) e AT (cell size : default, 3.23677784338003E-04)

AErt el SFG A e ddsidge) ma Zxe noy gA7e] |

A EEE AW Ug Table 42 ¢ 2 A-&2-SFG 0.11~0.15 J/day
of ajate= 3ol 33.0%, SFG 0.16~0.2 J/dayel sl @sl &l o] 21.5%

2 A &)%) 54.5%0] @tz 354 kmoll siEst Atk =a WET Ul
ney A% SFG 016~0.2 J/dayol sl@stEs F27e] 31.8%= 714

B2 vgolAem, SEG 011~0.15 J/dayel st F2He v &0
184%E YEd ATt ot A2 gy FA WA disto] Ao
2 n83td S, vdy e AA WAL 649 kmPll slFEa SFG7F
=S 2o FfIHH L 29 kmPolH SFG7} v $AFe) WAL 13 km’E
thERL o) g o] A el X 7F 7k Skt
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Fig. 413 SFG count distributioni in Jindong Bay.
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Fig. 4.14 SFG distribution according to Styela clava farms.
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Table 4.2 Area distribution according to SFG values

Bay area Farm area

SFG
(m?) % (m?) %
0.054 - 0.1 3,576,250 5.5 276,961 139
0.11 - 0.15 21,435,657 33.0 365,284 184
0.16 - 0.2 13,951,329 215 633,767 31.8
0.21 - 0.25 8,279,050 12+ 75,829 3.8
026 - 0.3 5,111,604 79 272,316 13.7
0.31 - 0.35 3,628,261 5.6 48,159 24
036 - 04 2,109,551 B2 39,811 2.0
041 - 0.45 3,900,796 6.0 89,532 4.5
046 - 05 2,133,476 3.3 178,508 9.0
0.51 - 0.58 839,451 1.3 10,274 0.5
Total 64,965,425 100.0 1,990,440 100.0
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4. Score for Growth A=
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745 zonal

&5 Table 439 YEMJ AT SFG mean<]
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Table 4.3 Yield of S.clava (2011~2012)

St SFG mean  area (ha) 1box/1line/yr ~ kg/line/yr Ind. Total wt., g/ind Ind., ea/line/yr
Ak
_ St 0.498 45 40 1,600 14 114,981
1235
R
_ St.2 0.358 45 50 2,000 13 156,728
1135
Ak
_ St.3 0.178 3.0 30 1,200 ica 53,203
301%
2194
_ St.6 0.055 3.0 20 800 17 46,709
A 148%
el R
_ St.7 0.161 45 20 800 28 35,369
Al 0695
FA A E
A St.8 0.077 15 20 300 24 33,331
o
el R
_ St.9 0.240 45 20 800 9 92,511
101&
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Zy g elde SFG Hira(J/day)@ Az A #gdd AAEF
(kg/line/yr)< vl ulal] HW(Fig. 4.15), s ® 259 =& SFGatat A=
F5e] S SFGa Aatde] £2 dvds 2ol

off

_Zr
R=0.786, P<0.06% %53 A3} melF itk 7 thEeld SFG Btk
(J/day)®} A7+ 241 JRAS=(ind./line/yr)S 2 B Fig. 4169014 & &=
o] A¥Ado]l R=0.825 P<0.05= 353 AE Hol ugy Ao
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Fig. 415 Correlations between SFG mean value and Styela clava
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