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A study on indicators and reference

points for assessing the sustainability in

[IFRAME

Jung Hyun Lim

Department of Fisheries Physics, Graduate. School,

Pukyong- National University

Abstract

A new tool, Integrated Fisheries Risk Assessment Method for
Ecosystems (IFRAME), “wasdeveloped to.assess' fisheries resources for
three management objectives:—sustainability, biodiversity and habitat
quality. In the sustainability evaluation for the Tier 1 analysis of
IFRAME, 8 indicators were developed for assessing ecosystem status.
However, it was difficult to estimate both target and limit reference
points for each indicator since these indicators required high level of
quantitative data and information. Also, there is a duplication of data

among the indicators. In case of the reference points, it is required to



be more general. In this study, cost-effective indicators were explored
using size data, which are routinely collected. The mean trophic level in
catch was used to substitute the FIB (fishery is balanced) indicator in
order to avoid a duplication of data among the indicators. The rate of
mature fish was used to substitute the FRP (fish reproduction potential)
indicator in order to avoid a duplication of data among the indicators
and be easy and cost-effective data. The slope of size spectra was
developed as an indicator for explaining the. attribute of system
productivity in.order to be easy and cost-effective* data. Ratio of
(released stock abundanee)/(wild stock. abundance) in, catch was
developed as an indicator for explaining the attribute of genetic
structure in| order to be easy and cost-effective data.

Thus, multi-attributed indicators were replaced by single-attributed
indicators in order to avoid the overlapping nature of the indicators.

The target and limit feference points'—of each indicator for the
sustainability were developed to apply for jacopever rockfish (Sebastes
schlegelii), the main targets species in the Tongyeong marine ranching

area.
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H, HIode AHAE 7% AdBYL oz A4FE (paradigm
shiftyo] A=} 2= QUth

olgigt AR AE st ik dBY e Hxe SAEAS AdsHA
FAEHA FYA S A&Hog BE - o] &3 Aotk (Zhang, 2006).

A A 719F ALdF7HE 918 A EE FAO (2007), CSIRO (2005), ICES
(2005) SolA ThEFE BYARES et AAF v oy o]l5ES H
Vg NEHL AAEA Fa Aok A 71N ALFHILE A3 1EH
(Ex7154d 9 A 7]F3)S MSC (2006)2F Zhang. et al. (2009)014] 7H gt
atel AAIE v Sleh

TR AeA 7| &4 B 7k

=

g =

ry

o AFFFS B4,
A &Aoo B3t A2 Zhou and Griffiths (2008)] o]
4 H7bel Bek A7, FYutHEAEe AEA 22 A2 o,
FAERATEAN AHA TIRE AL AA|EE NE Azt 88 Ak A
ot 28y o] AFES ALdBE A A A3 7} E (frame)S A A3}
E 2559 dFolth. T Zhang et al-(2009)S AEjA 719 o]dH
e 1 A8 WS LS bk Slth

Zhang et al. (2009)¢] AEjA 7I8F ALdH7E WM = AEAY, BE
O, AaA e 37k BRE Ao, & dTolxs AEA 2HE

= Aol Qo) A4 Fad BEQ A%y WS 9 Ax) A2

flo
ks
i
-
T
+
rx
By
o,
1o,
o
R
X,

of sl ARt} Zhang et al. (2009)
719 AEAGS IRl o] AR FHEAS Fsta, fa HET £
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g, ARt 713 S0l ddHew HE Jhestes Ay
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A5 9 P

1. A 7|6 A& H7ME 9§ AR (indicator)9} 7|FF (reference
point)¥] AA 7|&E

o] A7l Zhang et al. (2009)] AEjA 7|¥+ ALAF7F BHS A
H7lol kA, AEA 71d B E Aolskd ‘AEAZE AV AHES
FASEA Ageta AHEHAl Ve ot ity 32T F EE R
el @Fs AustE, ASAEA A, A R I)eHISHE BF 1Y
sl sk ARl WHelg & 31tk (Zhang, 2006).

Zhang et al. (2009)% AE|A 7|8F ZAHBIE R = AEA, YET
G, MAA S 3712 B3 (objective)Zk SITE 2 Aol A= AEhA AdE
£ B7Hgel Qo] g Fest H3x9 ASA A3 A xel I o
3 A E It} (Table 4). A& H3ol= AEE AAsH7] < 871y &
’d (attribute)o] ATk~ A - (biomass)@} 1 o] €7 = (fishing intensity), ©]
A A7) (size at first capture) 5o Aol FHEH EAHET M4 H
75 (habitat size), T TFZF (community structure), AL FAH
(reproductive potential), A4FE  (system productivity), X% F=x
(genetic structure) 59 S7d°] Ut} (Table 2).

A A 71 AL 7= AR (indicator)d]l WE= 7]E 4 (reference
points)= HIR O E o]fojXth 7|FEHE H37|FH oWl (Better than

target), 37| A ZIEFH Akl (Between target and limit), §HA]7]



+H =3 (Beyond limit)=Z FE=™, ZH2t 0, 0~2, 29 H7IHSF (risk
score; RS)E F# ol HEFEA T (objectives risk index; ORI)E A4t
st=tl ARSETH H7EH ST 028 wWie ofe Y 4 (1)F 2ol AAEA

T} (Zhang et al., 2009).

wxo| e AEES) PSS Firstel PaE FRANFEAS (OR)

T 7 AR HMEF (RS$)SFTRE (W)E F3lA TF e 7 Ao
WY FREE O g bwel SHEHS 4 s el| Avsy

(Zhang et al.; 2009).

R === @)

o7]M, RS= A3k i9] H7HS, Wie A3 9] $2%0IH n2 AFE 0]
o NEAS 83t HrE o GrhESe AR Faxd g vk

s 3 "ok 7 ARE PS5 hes s AgEst WA e A
4 B A #Est & o]FARNSS onsth webA, B}

A
Az i E FHxAG NS B3t AFE *F=E F AUrh



o] AFolM AHEE AEs} TEHES AEHY HE e glojA
+ B il 3t a o AoF . auz A 7Rk &4 3
7He A% AZE Axs Ve e 22 Vsl o8 AgHUA.

AR, A& Hxe] 5S4 B3 8 ARTY FEA

(o)
o
=
rot
E
i
3
M

A A5 A oM BHu F8h7] fal HEE 24U AR

gtk 2 Sol YwHoR wepEAel g% A A3 A AR A
9 Amel wal #57] Ak oY A% AF ARE BER FAWL F
s 2Ee wios gadler Bk A, NEAS @6l oA ol

o APRT AWA NES ST SHF A9 W FIY /F

uetA, §e.37kA AR ZIEel ols| AEA 7t K54 kel A
& 71 MEe AAw, 2F, BAE BT st 474 ARE A

FH oz Hrshr] s s o] Aok Jhek



Table 1. Indicators and status of indicator relative to target and limit reference points for Tier 1 ecosystem-based

fisheries assessment approach (Zhang et al., 2009).

Indicator status

Indicator Weight
Better than target Between target and limit Beyond limit
Biomass (B) B4o%,<B B359,<B < Bag, B<B3se, 3
or CPUE CPUEasc<CPUE CPUEwsysCPUE <CPUEasc = CPUE<CPUEwsy 2
Fishing mortality (F) F<F40% F40%<F<Fmsy Fusy <F 2
or catch (C) C=ABC ABC<CsMSY MSY <C 2
Age at first capture (t) targerSt 0.9M1argetSt < tiarget t<0.9tiarget 1
Habitat size (H) 0.9H:arger<H 0.8Htarget<H < 0.9H¢arget H<0.8H:arget 1
FIB index FIBtarget<FIB FIBiimit<FIB<FIBiarget FIB<FIBiimit 1
FRP index FRPrger=FRP 0.9FRPrargsisF RP<FRParget FRP<0.9FRP1arget 1
Total production of ecosystem (P) Prarget<P 0.9Ptarget=P<Ptarget P<0.9Ptarget 1
No. of spawning populations SPtarget<SP 0.9SPtarget<SP<SPrarget SP<0.9SP1arget 1




2. AejA 718k &4 FrHE A3 AR (indicator)

A% (indicato)@ 7HWA QQE Aot AFEM AzE Fa 2l

59 epfolol ahr, 124 & 3o B Ane) Aee AT A
A A e Azd 4ste Yeholof @tk oleld AEEL 2

Fob A3 3He] wgF JES g (FAO, 1999).

21 A% T84

ol AFNAM= FFFE (community structure)E LT3} FIB
index (fishery in"balance)® X Z A3, 7taR = 12 F3UTh FIB
indexE F3A35}7] Yl Xl CPUE Ar&%k A& & (transfer efficiency,
TE) A5 7} AH&-€th. CPUES] A% AAZS HeEhll= ARolA A1H-&5 7]
HZol AFEZR FEAHAS HAA =, Eek &8 &2 A FASI
AEt= EA5] AUt

AL FANE  (reproductive potential) S 31#8l] FRP index (fish
reproduction potential)E. A3EE AR, VT = 12 FAHh FRP
indexs F743}7] ?1siA= CPUE AZE A3tk CPUE7F A Z&
Bt = AFollA AHEE 7] wjEe] P25 YEWE FIB index$} vzt
7Ht= #A ol A

AR AE7E] FHA

mlo

22 A|3to 8o]A
221 A% (length)

/A1 7] (size at first capture)E LElste] o EI/fAIAHE (age at



first capture, t) AXZ AASHI, 7tsA= 12 T I8 A5
AbEetE A A ARG 435k Aol oy, A oAM=
L7 (error)7} MAT # JoH, AHS & F e AFEE Ute &
AF el At

kA Awst AALE ZFAE (reproductive  potential)S 31#3F FRP
index (fish reproduction potential)e] 749 F43}7] fJs|A o8 A<
AdRES A BEsites 2AKE A

Y5k (system productivity)S 317
production of ecosystem, P)S A2 AAHSIAIL, 7leR= 12 FATL
AENA TANEFS AT SAASGTA BEHA FEEDQ] Ecopath =d

o Ashgrolz FRsA 1k BE BA ] ek

222 34 FZ (genetic structure)

v}

A2 FZ v (genetic structure)E LT3t AR&INAT F (no. of
spawning populations, SP)& A2 AAGSRI, /A= 12 FAC 2F
HRAT = B A A&t A AFolEnw withEgI 2

<= e Aol = A8t dE AR o



3. BejA 76t A&EA B7HE AE 7|FF (reference point)

Jennings and Dulvy (2005)° ¢]stH 7|5 AejA 71w 2ol
A REEA] dAEojof st FEow el o Bx7EHS AR
el 7Hd A ge deiek ddso] glon, dAVEH S 2Hed= &
H= AEA Aol tg ZIEde AAs ok

A & (biomass) S-S 1L AHLF (& CPUE) Aol &S =

AAY 25 o, Aol ASGE wAsd T2 e Jas YERd

o FAVIEALS AdF B)] A AUAAHL 30% g2 vvtew 2}

29S FAAZ u, CPUE®] 4 CPUEwy®RT S wj, 2pgdo] A&7t 2
L3 9g3sh Fejde JEHATH
o] g

7% (fishing intensity) §4= g oJIAMAlF (52 o9
) Afo] #ERZEHS o FAMGAIS (fishing mortality, F)©] 7%
40% = olstZ FAAZ Ty o F T (catch; Q)8 B¢ ABC Huh 27
U 2e o, Aol A S vehdth g
AZNNERLS AR AT (F)o 3% FusyEth 2 ®, o193 (O ¢

MSY®RTE & o, zpdo] #ert s AP JeldS YEldTh

Ipr
oX,
filo
do
N,
ofr
ol
N
2
aify
flo
oX,
fuj
2
¥o,
alfe

_10_



4 3

1. A4 71¥F A& HU7ME 93 N2 AFE (New indicator)} 7]
T3 (New reference point)9] A3

A 71 A& B7EE A% Axs e #F ATele A
Txo A 7Rk A3kl A% VIEHIH A #F A7 (Jennings and
Dulvy, 2005), o]d#z] S5 $8 A3x Ago]| &3 £ (framework) AT
(Rice and Rochet; 2005), o1 AefA ax=5 Hzislz] g A% 76
A3l &g AF (Shin et_al, 2005), AE A 719 o HHLE A AT
(Zhang et al., 2009) 5°] it}

AejAl A Zx715H R HAZIEHS A5 fs 28T &

rr

FgAQ AaE AEF] A2 AxS NFHOE Agstad

o
A

(Table 2 and 3):

2. BEjA 71 AEAH HE AT AER AR
Tk o) A Al AR AEA HFE A ARE NEst] A6l

CSIRO (2005), ICES (2005), FAO (2007), MSC (2009), Zhang et al. (2009)

ojf

o 71 A7 ARss Fast ASA BUHE AT A dHE =

o
]
+
9,
r
N
"
fu
>~
>
ofo
QE
38
o
-
Q
o
&
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Table 2. Old (Zhang et al., 2009) and new indicators for assessing the sustainability in [IFRAME

Attribute Old indicator New indicator Reason
, Biomass (B) Biomass (B)
Biomass General standard
or CPUE (U) or CPUE (U)
o _ Fishing mortality (F) Fishing mortality (F)
Fishing intensity General standard
or Catch (C) or-Catch (C)
Size at first capture Age at first capture (t) Age (or Length) at first ‘capture (t or L) easy and
P g P g g P cost-effective data
Habitat size Habitat size (H) Habitat size (H)
Community structure  FIB index Mean trophic level in catch (TL) duplicated data
easy and
Reproductive potential FRP index Rate of mature fish (MR) cost-effective data

System Productivity

Genetic structure

Total production of ecosystem (P) Slope of'length (or weight) spectra

) ) Ratio of (release stock abundance)
No. of spawning populations (SP) _ _
/(wild stock abundance) in catch (Riw)

/ duplicated data

easy and
cost-effective data

easy and
cost-effective data

_12_



Table 3. New reference points for the sustainability objectives used in the ecosystem-based fisheries assessment

approach
Indicator status
Indicator P —
Better than- target (0) Between target.and limit (0~2) Beyond limit (2)
Biomass (B) Busy<B 1/2(BMsy)SB <Busy B<1/2(B|v|sy)
or CPUE CPUEwsy=CPUE 1/2(CPUEMsy)SCPUE < CPUEnwsy CPUE<1/2(CPUEwmsy)
Fishing mortality (F) F<Fmsy Fusy<F<2Fmsy 2Fumsy <F
or catch (C) C=MSY MSY<C=2MSY 2MSY <C
Age (or length) at first (targetr<t) (0-Ottargetst < tiarget) (t<0.9ttarget)
Capture (t or L) or (LtargetSL) or (0.9LtargetSL<Ltarget) or (L<09Ltarget)
Habitat size (H) 0.9Harget<H 0.8Htarget<H < 0.9H arget H<0.8H:arget
Mean trophic level in catch TLmax<(TL) 0.95TLmax<(TL) < TLmax (TL)<0.95TLmax
(TL)
Rate of mature fish (MR) MR40%<MR MR40ss>MRZMR 209, MR<MR2g¢,
Slope of size spectra 0.10<P 0.01=P<0.10 P<0.01
Ratio of (released stock
abundance)/(wild stock Rw<0.5 0.5<R/w<1.0 1.0<Ryw

abundance) in catch (Ryw)

_13_



FHTEE Yehs AE9 4% 71F9 FIB indexE tAlstey g%

B P SFEA (mean trophic level in catch, TL)E A EZ A3

JFRAE FHH7) AN AN 2ANA, §AHEL 1018 7P,
aEAIFe A4 E) JYVAE hE GRS ol 12 Hatel F

A3ttt (Pauly et al, 1998a).

ojgl=o HaFYaAle WstE dotry] 9 4 A=wd FIGAE

1970~1975'39] oJg#F A5 (FAFAFATEZ=F T L3, 1972)5 Farste] 474
AT ERVEHozE AUAAAE S 7S 1970~1975d 2] TLZE =
Mg =ad sl 197299 3 3892 HAEAA, FAVIEHLRE &
F71EA] 38944 EFHAE W 3k 37002 AASIAT

AL FAEE YeEtle Ao B9 71E9] FRP indexs thAlsho]
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ol AAFo] AP Foig

5 5 b5 Ae UElE 4518 (rate
of mature fish, MR)S AEZ 4Rk 450 &e 4 @)t 2ol A

sttt

= — = y b I
A71A, N, = Noe M, W, = Woll—e [ ”)3, SN AR ot
e

N

MN

|
|EHo2E A=HlS (MR)S 40%%, 347

Aorlecl) B 53715 R’ AVIE S AU ddHE d=
o}

= o] 2

. S

=

1=

Hoze AL4nlE (MRS 20%=2 2 Asr
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Table 4. New indicators and reference points for the sustainability objectives substituted duplicated data between

indicators
Indicator Indicator status
Better than target (0) Between target and limit (0~2) Beyond limit (2)
Mean trophic level in catch (TL) TLmax<(TL) 0.95TLmax<(TL) < TLmax (TL)<0.95TLmax
Rate of mature fish (MR) MR40%<MR MR40%>MR=MR 249, MR<MR 20

_16_



22 A F%9 _Q.O]/H

221 AF

NANNAE (Fe AR) Axe] VI BuAEH L AN o
YANAE (e ARt ojE A ddol AW Axs} B Fa
%

t Aoz BARTY oAV, JAAAA

éll

AZE vFLZ F483% & ARESIARAR A AE (52 AR
t(L)opr= Beverton and [Holt B2 oJste] FAHE g /A A
(topt) (Z2 AGF Lop)S ZITSE SIATE HE7|TH 2 t(0r L)arger, SHAI7]
e tlor D '90% FEo2 AASIS L

A s el elR3e] A5 7€ YA S8 S st A
el gk AAe (F2>-FTEHE Y= A8 2 ER 9 7]E7] (slope

of size spectra)E AXEZ 3.

M

w

A =HEQ 7e7]d #d BR7|EH 2 AVIEHS 2A5H]
AsiA dA AeA e 71e7] A%t 7IEdRe 7le7] Bol tid TR
2% (Analysis of covariance, ANCOVA)S 53l fFo4F (S F
o 7IEdEs ool HA & AUALLHE detle AU LH
(virgin state)= A3t HRE7|FEHL 717 A¢ B7F rolshA &2

Aolg Uehle A9 FAFE P/F 008G 2 A9 AFsHarh A
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oF BZEe] Apol7h gl7] wiwel dA e AUAdZE e ZA Aolt

glol §A3x edrkn 2 4 ok FAVEHLE 7127 AS) B} o} F &

T84 FE2E Udell= Axe 45 7IE9] AT 5 dialske
g = AtAskole]l gk WRole] H] (ratio of released stock
abundance/wild stock -abundance in catch, R,) S A X2 A3t ot
2hA, vt e Ao A&kl g ARE HAHIA

.

A% W Aol H@ Rl el o] g BE/EHC2E o
%ol Al ool Bt BRI B g% Ryw) 05, FAVNEHOTE o8

Fo] ArAstojoll- g Wiele) H & Ryw)ES 1.0 FELF AT
webA, BioE A e H AN H8d £ A3 AEF Ve

Mol =t}

_18_



Table 5. New indicators and reference points for the sustainability objectives used easy and cost-effective data

Indicator Indicator status
Better than target (0) Between target and limit (0~2) Beyond limit (2)

Age (Or Iength) at fIrSt (ttargetst) (O.gttargetst < ttarget) (t<0.9ttarget)
capture (t or L) or (LiargetSL) or (0.9Ltarget<L < Ltarget) or (L<0.9Larget)
Rate of mature fish (MR) MR <MR MR40%>MR2MR209% MR<MR204%
Slope of size spectra 0.10<P 0.01=P<0.10 P<0.01
Ratio of (released stock R,w<0.5 0.5<Rw<1.0 1.0<Ruw
abundance)/(wild stock

abundance) in catch (Row)

_19_



3. BejA 716k A& FIHE A% N2 &

MSC (2006), MSC (2009), Zhang et al. (2009) 5& #i1ate] 7)uraloic).
MR A A% BEVEH 9@ WAVEES AR A8 B

8% 5 9

rr

HetAe Ans ARG AP PSS ANFASG
(Table 3). A2& 7FAL o|d ATHT & o LwspalA Ted 2ol
74 5 9k,

AAFS JEE A9F N A% BuEY 2 aAEHe 4
a7 Slal olelel A (5), () 2ol FAu Arye 2R

(MSC, 2009).

5317153, Bmsy=Baoy )
SHAIAEA; —2L Byvsy=B20% 6)

2715 BusvE TS S8 BaonE, FAI7IEH 1/2(Busv) S
FAsE7] 918 By ARESEAT. wEpA, ofF dgtelM AR TEA
Hop dnbzQl 7)ES AHSste] skt

AQge] ARE AET 5 9 A5 CPUE AEES AH3te] 40

filo
o,
N
N
ofr
o
rr
=
o

| A% Hx7123% dAVIEdS A9 A (6), 6)F &
o] UurZ el 7] (MSC, 2009)% FA3tA H&3FH

o2 FEE Uehle oHAAAS olFF AR e B/
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3 RAVIEHE 219 4 (5), () #o] dnkz

A1 7l (MSC, 2009)% &
QA HEHAT Funs BN (N Fol tiste] mBalA 002
) o Q) .

FaL, 4 (7)% o] ALt
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Table 6. New reference points for the sustainability objectives used more general standards

Indicator Indicator status
Better than target (0) Between target and limit (0~2) Beyond limit (2)
Biomass (B) Busvy<B 1/2(B|\/|sy)SB < Busy B<1/2(B|\/|sy)
or CPUE CPUEwmsy<sCPUE 1/2(CPUEMsy)SCPUE < CPUEnsy  CPUE<1/2(CPUEwsy)
Fishing mortality (F) F<Fusy Fusy<F<2Fwmsy 2Fmsy <F
or catch (C) C<MSY MSY<C=<2MSY 2MSY <C

_22_



4. N=2F AES 7€HY &

AR Al 719 A&4d BrEE fal AdE 2 AR VEHE 59
vtk s ge] = didEel 29 EE (jacopever rockfish)oll Z-&A1AH EH
ath (Fig. 1). SIS Jd75 19983~200730] ZA = 3o,
2 AFdAME old AFelA AL Aot 22 sl 20061 d x3] =2t

A5 E AFE3te] A3t (Table 7, 8 and Fig. 2).

41 A (biomass)

Z3 B9 20069 ALTFS Beverton and Holt (1957)2] 71 FAAH=F
(Y/R) o]&& AH&3te] 833mt (°], 2008)e.= FH Atk A" A
718k Zdsg kel (o M 2R ZIEHS AMSSt ERZIFEH Buse
527.6mto =, @HA7IFEH 1/2(Busy)S 263.8mto 2 FHH, | HiE7|FH

ol (0)= F7}= AT

42 o8 = (fishing-intensity)

o] (2008)°ll oja FAE Fy|Eere| &It AAITE 0130/l A
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4.6 AL ZAH (reproductive potential)
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gEgte] AL gL Hx7EH (0= H7HE A

4.7 A4+ (system productivity)
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48 374 FZ (genetic structure)

FHAH F2E 183 A2 AREE AFE Y Aditeid dig ¥R
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 EYdHY BOEE A

Fig. 1. A bird’s eye view of the Tongyeong marine
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Table 7. Risk score of OIld indicators for the ecosystem-based
sustainability assessment in the Tongyeong marine ranching

area (Zhang et al., 2009)

Jacopever rockfish

Attribute Indicator s%ic?ri; Weight
Biomass Biomass (B) 0 3
Fishing intensity Catch (C) 0 2
Size at first capture Size (Age) at first capture 2 1
Habitat size Habitat size (H) 0 1
Community ' structure FIB index 0 1
Reproductive: potential FRP index 0 1
Productivity Total production of ecosystem 0.53 1

(P)
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Table 8. Risk score of New indicators for the ecosystem-based

sustainability assessment in the Tongyeong marine ranching area

Jacopever rockfish

Attribute Indicator S'Eigr‘; Weight
Biomass Biomass (B) 0 3
Fishing intensity Fishing-mortality(F) 0 2
Size at first capture Size (Length) at first capture 0 1
Habitat size Habitat size (H) 0 1
Community ' structure Community trophic level(TLc) 0 1
Reproductive potential * Maturity rate (MR) 0 1
System productivity Slope-.of size spectra (S) 2 1
Genetic structure Ratio. of (released stock

abundance)/(wild stock O 1

abundance in catch) (Ryw)
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(@) old method

Fig. 2. Diagram showing risk score of Jacopever rockfish for the
Tongyeong marine ranching area using ecosystem-based fisheries
assessment in (a)old method (Zhang et al, 2009) and (b)new
method.
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Table 9. Old (Zhang et al., 2009) and new objective risk index (ORI) for
the Tongyeong marine ranch using the ecosystem-based Tier 1

fisheries assessment approach

ORI

Species Objective
Old New

Jacopever rockfish Sustainability 0.253 0.182
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