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A study on indicators and reference points for
the ecosystem-based resource assessment
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Ecosystem-based fisheries management requires a holistic assessment of the status of fisheries by integrating
fishery ecosystem indicators for management objectives. In this study four objectives were identified such as
the maintenance of the sustainability, biodiversity and habitat quality and socio-economic benefits. The
ecosystem-based fisheries assessment (EBFA) model to assess fisheries and their resources at the ecosystem
level developed for Korean fisheries (Zhang et al., 2009) has a number of indicators for three management
objectives. However, it was found that there were some overlapping components among indicators and that
there were difficulties in assessing some indicators in the EBFA model. This study identified problems of
the approach and suggested more pragmatic and simpler indicators. It also presented alternative reference
points to assess indicators and discussed issues associated with the application of the EBFA model to a
marine ranching ecosystem. In this study a total of 24 indicators were used for the assessment which
included 4 socio-economic indicators. New indicators and reference points were demonstrated by applying it
to the Uljin marine ranch.
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Fig. 1. Identification of objectives for the ecosystem-based
fisheries resource assessment.
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Table 1. Objectives and attributes for the ecosystem-
based fisheries resource assessment

Objectives Attributes

Biomas

Fishing intensity

Size at first capture
Habitat size
Community structure
Reproductive potential
System productivity
Genetic structure

Sustainability

Total bycatch

Total discards

System trophic level
Diversity

Integrity of functional group

Biodiversity

Habitat damage

Habitat Discarded wastes

Productivity
Income
Profitability
Market
Employment

Socio-economic benefit
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9l sl =¥ E A (attribute) & = 2071 == 4
Aotttk A& g FA2 AAF
(biomass) 5 o1&
= 7] (size at first capture) o] o HH A =
=3 A2 A = (habitat size), ++% -z (com-
munity structure), = A2+ 2k & (reproductive

71z (fishing intensity), o] &) 711

potential), #3212 (system productivity), -8-41 =
=z (genetic structure) 8 7} x] A E ek Al
(biodiversity) off tjj st E4 & &3 (bycatch)sd o
7] (discard), < <FwlA
= (diversity), 1.3 = (integrity of functional
group) 571, A4l 2] H.= o ]2l =] 3]< (habitat
damage) 1 o] <] ] 7] & (discard wastes) 2 7}#], v}
A ko = A3 73 A2 3= (socio-economic
benefit) -2 234143 (productivity), 2% (income), &=
o141 (profitability), ~]7 (market), 32-& (employ-
ment) 5 7}=] = A spsd o} (Table 1).
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Table 2. Old and new indicators for the ecosystem-based fisheries resource assessment

Objectives Attributes Old indicators New indicators
. Biomass (B) .
Ditt
Biomass or CPUE (U) itto
Fishing intensity Fishing mortality (F) Ditto

or Catch (C)
Size at first capture
Habitat size
Community structure
Reproductive potential
System Productivity

Sustainability Habitat size (H)
FIB index

FRP index

Genetic structure

Age at first capture (t)

Total production of ecosystem (P)

No. of spawning populations (SP)

Age (or Length) at first capture (t or L)
Ditto

Mean trophic level in catch (TL)

Rate of mature fish (MR)

slope of length (or weight) spectra
Ratio of (release stock abundance)
/(wild stock abundance) in catch (Rr/w)

Total bycatch Bycatch rate (BC/C) Ditto
Total discards Discards rate (D/C) Ditto
Lo . . Mean trophic level of the community
Biodiversity ~ System trophic level Mean trophic level (TL) (TLo)
Diversity Diversity index (DI) Ditto
Integrity of functional group Invasive/traditional species in catch Pelagic sp./ Benthic sp. (P/B) in catch
Critical habitat damage rate (DH/H) Ditto
Habitat d Pollution rate of spawning and nursery Di
Habitat abitat damage ground (PG/G) itto
Lost fishing gear Ditto
Discard wastes Discarded wastes (DW) Ditto
Productivity Maximum economic yield (MEY)
Socio- Income Income per person employed (IPPE)
economic Profitabili Ratio of porfit to sales (RPS)
benefit rofitability Ratio of cost to sales (RCS)
Market Ratio of landing to total supply (RLTS)
Employment Employment rate (ER)
CPUEE A m ddstor, dIFms 7 ou B dpode A 4t 4 IeAz +
Bale] o FALEAIS ol HFe A u= YA R ANS HASAT £H A Fxe
Ak AGNATAH (52 A E AGANA =L A S olde Aol AdF 2 RFe] v g
71E 2 HE A BE Ao M, A 2R = S ARE HASHAO ) B APl A o
F sl A arls ARE Ay, AR &S A2 4 gsgick(Table 2).
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2SI AT FAOE 7F SAM AE] A Buw 2L S804 = 4 () 2 AL g,

Q. A AL Had A A A AEF (MEY) S A

T = W ] ° ( ) Target; BMSY =B40% (2)
HE Agdon, 25 ve0aY £ )

(IPPE) & =] i Al on, -8 e g LImit; - Busy =Bao )
ol fu] o} ghoju] 44] 271 A8 A HZ A5 (SBIR):

o - =] e o Broo =Beurrent X oo o2 (4)

o, A kel oS4 Al el EwE e A 2 (SBIR)e,.om

FHEWAAF D F AT FH e . )

3 7] 5= % = = A3 3] 9 5

Gl M SO AFE, 7aS ma8s A e ﬁuﬂiﬁ msy B 43l 7] 2131 Baow &, &

] A sk ¢l o) (Table 2). Al 71E 3 5 Busy & 578 3171 9131 Baowe & ALE-

ShTh AU ARE Y F HL DS

HEHA 7| ARG TLE fI 2 7|1 EH (reference  cpUE w2 A gete] A9 e 9 o) ekt

point) 7H &t o] S B {r| &3 A= e Zhang et al.
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s+ A 7] 3=71) & MSC (2006), Zhang et al. (2009), o] F7} B LFERY = o] SAF A Sos) o] B gk

MSC (2009) 5 #wshel A wshadch vk ng

A A o) A BE W 7] 23 At

s BET 5 YT BT HA ARE WE T} ol o,

Ao 2 o] Fel gd AldAses d
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Table 3. Reference points for indicators of the sustainability objectives for the ecosystem-based fisheries resource
assessment

Indicator status

Indicators — —
Better than target Between target and limit Beyond limit
Biomass (B) Busy <B 1/2 (BMSV) <B <BMSV B <1/2 (BMsy)
or CPUE CPUEMS\( <CPUE 1/2(CPUEM3\() <CPUE <CPUEMSY CPUE <1/2 (CPUEMS\()
Flshlng mOrtaIity (F) F <Fusy Fuvsy 4 F <2Fpsy 2Fvsy <F
or Catch (C) C<MSY MSY < C <2MSY 2MSY ¢C
Age (Or length) (ttargel St) (O-Qtlarget St<tlarget) (t <0-9tlargel)
at first capture (t or L) Or (Ltarget <L) 0r (0.9 target <L <Ltarger) or (L < 0.9L arger)
Habitat size (H) 0-9Htarget§H 0-8Htarget <H <0-9H1arget H <0-8Htarget
Mean trophic level in catch (TL) 340 <L 3.30<TL<3.43 TL (<3.26
Rate of mature fish (MR) MRy <R MR200s <MR<MR 4006 MR < MRy
Slope of size spectra 0.10 <P 0.01 <P<0.10 P ¢0.01
Ratio of (released stock
abundance)/(wild stock abundance) Rew <0.5 0.5 (Rw <1.0 1.0 <R

in catch (Rr/w)
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Table 4. Reference points for indicators of the biodiversity objectives for the ecosystem-based fisheries resource

assessment

Indicator status

Indicators
Better than target

Between target and limit Beyond limit

Bycatch rate

(BC/C)target < (BC/C)

BC/C) <(BC/C)targe BC/C BC/C imi
(BCIC) (BC/C) =(BC/Crarget <(BC/Chim (BC/C) » (BC/C)iimit
Discards rate (D/C)target<(D/C)
D/IC D/C)tar D/C D/C) jimi
(DIC) (D/C) <(D/Ctarget <(DICim (DIC) » (DIC) jimit
Mean trophic level of TL;)>3.25 3.25 »(TLy) =2.75 (TL) <2.75
o) =>3. . >2. .
the community (TL) (TLo) At o) <
Diversity index (DI) (DI) ZDltarget Dltarget >(D|) ZDllimit (DI) { Dljimit
Pelagic sp./ 0.05(P/B)arge
g . P | (P/B) - (P/B)target | (P/B)ure < | (P/B) - (P/B)target |
Benthic sp. | (P/B) - (P/B)rarget |
S0.0S(P/B)targel > O.l(P/B)‘argel
(P/B) <0.1(P/B)arget
oz AT IAA/FH A58 B Dliimit : Dlfirstyear - 0.2 x (Dlmax (study period)
3 7] = %j o= z;)l s]_ gi q—, - Dlmin (study period)) (10)
A7E A el BW % AANEHLFAO e
S A d iod) = TFA L @ =] Frek
(2005) ] o]} 7} ol B oA 7% S e, e sy o) 3= 1 s
}\5‘ X]é',‘— o] ‘IL DImin (study period)"E /\] 2] E]_L:_-O/] %T;]—
= A4t A% @A TA L o g
o244 o] ok

Hggrer dAsdo B R 2H L A7)
T Auk o 2 dA4s Ak

) A RE Hrishisde A%
-gsl o] 4] (6)9l o

A g Al 3l -3l et )
oFelA & T3kl o, MSC (2009) €] wwi-g 7]
Fog FA/ZH 275 Eg/xde325=2
cEE ]

ZrtekAd 44 4 %= Shannon and Wiener

(1963) o] B THFE A4 F44 & B85he] *

DI= -X pilnp; (8)

714 N ol & % 7 A5 P
folth HUGE A el B
7 qrel AUz H A7
o] M4 #A7]

EEEEE
Eﬂ%ﬁ%%ﬂﬂ
Zefelo] 4 (9)s)

O
el A% 2 (10)3)

o om

ol 4 45 Al

Dltarget : leirst year ~ 0.1 x (Dlmax (study period)
- Dlmin (study period)) (9)

=
Q
£ ARG HA RS T 0 2

©
[y
)

ol el = Al ATk

MAX BRE

Al 2] ®Booe o) gt 7] %th] 2 Table 5} 7o)
VE AT A A A # g X + MSC (2009)
o 7NEe Ea DH/Htargetv“— 20%, DH/Hiimit =
40% = Atk A 4A e A ole
AFEH AR = o o] A4S wret e 7] F2H

r& r}

% A= e FHEA
= g8k xS AAgskit: WA
L =73

yol MAgsle] 9t

N
N
L
==
r
Lo
o,
=)
i=
M
i)
_i
o,
>,
i
2
—
==
o
)
0
=
(63
2



o
o
£
i)
ot
&
i
ok
i
i,
o
2
EE‘
b
M

#7242 HE B85 sk NEPERE T
of FH-A A Sz WA EA ) o] el A @ AFEIZ A S el v g 7] 35 & Table 657
A 4 o 79l g shepstol, FAO (2009) 7kl uhERH Sith FE X Fell thsjA = A
o AEE /7o 2 FrAGAT Ao Tl F A Oo® A BEH A STl MEY (M) 7
ANTHe FAO A AN sdet R ol ¢ 1] A4 ASDE pelo] NTE e B4deAT
ez d4sgon BwFde @A/Ede] WA @S DAl FFHFHMEY o] zo] vt A
Aank o dds itk O Al4bel %71 EH £ MEY o] +10%
Syl 712 A H S G E Al Al 9L elule] ME NlFdor AAsdon, @

= el g el G Bl golekgon), @A /&d &MEY o £20% v 912 4 A ek 9
NEde suvhel A s el ) el Fom ﬁ%—(mcomeu A% £3 oY T L =
2 Ede dANEEe A sroz 4 APduEas (UIPPE) 3 vl siste] @ 7leli
4 89 oh Rol luba o] B2 B 7] F 3 & EA7H7Y
2% (UIPPE) o 2 st glo.n), @A/ 24 & 3

Table 5. Reference points for indicators of the habitat objectives for the ecosystem-based fisheries resource assessment

Indicator status

Indicators

Better than target Between target and limit Beyond limit
Critical habitat damage rate (DH/H) < (DH/H)targer < (DH/H) (DH/H) >
(DH/H) (DH/H)target <(DH/H)jimit (DH/H)jimit
Pollution rate of spawning and (PG/G) < (PG/G)1arger<(PG/G) (PG/G) »
nursery ground (PG/G) (PG/G)target < (PG/G)jimit (PG/G)jimit
Lost fishing gear (frequency, FR) FR <FRtarget FRiarget < FR <FRiimit FR > FRiimit
Discard wastes DW < DWiarget DWharget < DW < DWiimit DW > DWiimit

Table 6. Reference points for indicators of the socio-economic benefit objectives for the ecosystem-based fisheries
resource assessment

Indicator status

Indicators — —
Better than target Between target and limit Beyond limit
Maximum Economic Yield |L-MEY| <0.1MEY 0.1MEY ¢ |L-MEY|< IL-MEY| »0.2MEY
(MEY) 0.2MEY
Income per Person Employed IPPE =UIPPE LIPPE < IPPE { UIPPE IPPE < LIPPE
(IPPE)
Ratio of Profit to Sales (RPS) RPS >URPS 0% <RPS (URPS RPS (0%
Ratio of Cost to Sales (RCS) RCS < URCS URCS ¢(RCS <1 RCS > 1
Ratio of Landing to Total Supply RLTS =URLTS 0.5URLTS <RLTS (URLTS RLTS < 0.5URLTS
(RLTS)
Employment Rate(ER) ER =UER 0.5UER <ER ¢ UER ER ¢ 0.5UER

* |PPE : Income per person employment
UIPPE : Monthly average income of urban working person, LIPPE : Monthly minimum cost of living
RPS : Ratio of profit to sales, URPS: Average % of total fisheries, RCS : Ratio of cost to sales
URCS : Average value of total fisheries, RLTS : Ratio of landing to total supply
URLTS : Average value of total seafood, ER : Employment rate, UER: average annual ER % of total industries
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Table 7. Risk scores based on old indicators for the ecosystem-based fisheries resource assessment in the Uljin marine

ranching area

Objectives Attributes Indicators Risk scores
Biomass Biomass (B) 0
CPUE
Fishing intensity Fishing mortality (F) 2
Catch (C)
R Size at first capture Size (Age) at first capture 2
Sustainability Habitat size Habitat size (H) 2
Community structure FIB index 1
Reproductive potential FRP index 1
Productivity Total production of ecosystem (P) 2
Genetic structure No. of spawning populations (SP) 2
Total bycatch Bycatch rate (BC/C) 11
Total discards Discards rate (D/C) 0
Biodiversity Trophic level Mean trophic level (TL) 0
Diversity Diversity index (DI) 1.6
Integrity of functional group Pelagic sp./ Bathic sp. (P/B) 2
Habitat damage Critical habitat damage rate (DH/H) 0
Pollution rate of spawning and nursery 2
ground (PG/G)
. Lost fishing gear 1
Habitat Discarded wastes Discarded wastes (DW) 2
Habitat protection Prohibited area from fishing (PA) 2
Habitat recovery No. of artificial reefs (N) 0
Area of artificial seaweed bed (A) 0
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Table 8. Risk scores based on new indicators for the ecosystem-based fisheries resource assessment in the Uljin marine

ranching area

Ae A sk N FG AT

Objectives Attributes Indicators Risk scores
Biomass Biomass (B) 0
CPUE
Fishing intensity Fishing mortality (F) 2
Catch (C)
Size at first capture Size (Length) at first capture 2
Sustainability Habitat size Habitat size (H) 0
Community structure Community trophic level(TLc) 0
Reproductive potential Maturity rate (MR) 2
System productivity Slope of size spectra (S) 0
Genetic structure Ratio of (released stock abundance)/ 2
(wild stock abundance in catch) (Row)
Total bycatch Bycatch rate (BC/C) 1.1
Total discards Discards rate (D/C) 0
Biodiversity Trophic level Mean trophic level (TL) 0
Diversity Diversity index (DI) 0
Integrity of functional group Pelagic sp./ Bathic sp. (P/B) 0
Habitat damage Critical habitat damage rate (DH/H) 0
Pollution rate of spawning and nursery 0
Habitat ground (PG/G)
Lost fishing gear 1
Discarded wastes Discarded wastes (DW) 2
Productivity Maximum economic yield (MEY) 2
. . Income Income per person employed (IPPE) 0
SOC'E'eenCeof?t"m'c Profitability Ratio of porfit to sales (RPS) 0
Market Ratio of landing to tatal supply (RLTS) 0
Employment Employment rate (ER) 2

Table 9. Objective risk index (ORI) and species risk index (SRI) for the Uljin marine ranch using the ecosystem-based

Tier 1 fisheries assessment approach

ORI SRI
Species Objective old New old New
method method method method
Sustainability 1.380 0909
Biodiversity 0.840 0.314
Starry flounder Habitat 0.625 0.600 0.924 0.623
Socio-Economic benefit 0.667
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(a) Old method

Sustain|

(b) New method

Fig. 2. Diagram showing objectives risk indices of Starry
flounder for the Uljin marine ranching area using
ecosystem-based fisheries assessment in (a) Old method
and (b) New method.

o of ell o] gk A3]7 A7 2
Stdeh ALElAAA = Eol o @ ol el
sayw o] Fouk A A o of el ol 3] of7]

g #71

(=]

pe

2
f
i

ﬁﬂﬂ%ﬁﬂ%

B bk g e A Al s

o 7t o & 3%&4 1 AR, F4AkA el of g A
A4 AL FAAAEI 1L AH] 9
o 3k AL A A4 F 92 o] Y2l H Fal o]
oAJHA AR Fo] HAdH 2l B Zo]BR A A
U gk A Rks Q] g AT 9lolA] A4
A A & & Qb= 23R ook B B ol Th

¥ ¢ el 44= Zhang et al. (2009) o] <1 7+ 2 4
SO 2 AR FEA, AvtF <l 7] &4 o
AR BARH A A S ] & ol Al 7HA A
Fo sl A Bef 7= S 4 - Btk shATh
A 22 F- 3o A FIBA] 2.9} FRP 4] = 4 3¢
FEAE F] s o dE W H G A
s Adoje] v &R JASHATE Ayt om 5t
FAbell o 3l xR A9 AR E ARALE
of vl 3] 38t7] H vk LHE R o] H§ A543
o] ol & rIRte 2 ol Frf Al A gy A g 2
Ede] 7] &7 T AHE LT AIEANT
oA gk B AR o] ol & el of
g & U oA AFAqtold] o g W Fol of B &
A sk e F e A T2 AN el T

APSZ A A B F el A= of /il =) of 1A AlA)
S e G&FE A=A 5L 2
o] sle] H of A A e A /QJ)\PEk(MEY), M &
5 = AF (Aol &4, deiul g0), Al el ¥
FHE AHAA FFHA NG SFEFHFH S, T &

E671 A4 A L& 7N TSk Th

Zhang et al. (2009) 2] <1 Frol| A= g e Al 7] =k
FAAFIE 4G FA A <] F1EA o] AlA
= Ho A Hrbobsd 7E g A4l
Al 71 &% A AEE7T = v E5F 3l o] shslth
LA SEAT BFE] 37FA] 71 ES BRI B T E

S ANAT =5 ARAE
71—94 ;q =3 A—] e]—x-] E=R=S _1:17]_
Al AlsEATE o 5 ol A2
SC (2009) =} A A

# = 57]

== L
= T

SRR

]S A
M
3

L



A ERA 7R AL 7S

#3975 20%, dA7 2 el A5 40%E 3

oyt A Bt £y H 2SSt
Az 71 2] Ldel slo] 474 71 &8 A
Al Ao 272 wrzoh MSC (2009), FAO
(2005, 2007, 2009) ICES (2005), MSC (2009) =
o]—Oq o u]-x] o] ; ]Zzl‘____; xﬂ

LA TR S YRS
o

MR Axmet /&2 S &4 vhopE e A
23 A AHNE H ofell A AFE ) whA H o)
YAtk 2 Y 1E A &4 ol 9l oAl Al A A
A71E oA 7t A 7l el HEekA L
Aol el dAZEH oz HAEde
o, A HE FH el A= B e WA S AFES)
of FANHEZ B A2 7] &5 o] W Fe A
o, FHF 32| o4 7 1ol A FIB index & =
LA ss Fal7] ol g A E 3 A st
FEH 02 AR AT A AAF 3 Tk A o]
g8 g ddaA(TL) = 88 #2717t d
Solsl iz N FEA R st 57154 oy
0) = 7= ok A AL A o o] 5 5 7hel]

A FRP index= A Al A1 55 1317 o] Hu =
oz Abgsleld A& (MR)2 w3 e

o
[ rlsro g WA 8 /\Lxﬂv(g]_ A5, A2 o] A
o

F ool HFN A= ARA ] FAMH &
Ecopath m dl& g3l =d, mdg E4%
Slofjal A E7F Weol 8 FHEE s e =
A=A e 28 A 2" Ede] 7
FASA 5 R E=HE oW (O)E B
ZEAA TR FuFAd e A5
ol Hrt el M= IFEH Sl dfEe v &

2 BAske] g A 71 3 () o= 3 4= A, A
A B el AT A A /“012“‘?4' A o1
H &g 24 Oﬂ we A 85E 8471 7t 8ol 8t
i A ey (0) = 33 7PEI A A A A=

L A& ot ‘3;10%’\1 ol A H 7t A7 #H

[eaxi}

O
N
£,

= =

],

ﬂ.O
S

=09 e

]___vj_/_er_oq Z/\‘] 0

HE A gt 71" A

(Qe.z H 75, M= 37t
=22 71Fe g B HR71EA ol (0=
H7H ok A AA AR F o] Z9 sl EH
A i @ rhe] BAR T A A o] %
71 W ol AbAlsl el A A AE 3§ b} o
oh S AR F g A AR A A
9 e m R Folste] B g A4 FhE s
2k
rhAE e = 2 A
AR A 71RE AR )
Aoﬂ%lﬁzi%ﬁ
o1, o] 9wl A S

i
-z
:lo
iy
i

o A HHAow
o] A o ALg- T
QA el Aol 2l ﬁ%
o #8 7Hs 3t Aol T

o ‘D‘ Fif

FargE o2 9 g
ML BF AR E2H L A A et Zhang

et al., (2009) o] W22 487 ¢l Wwioln} A
B Al 717k 2 shel] slol 5 & o 8k, 4
SLZFASE BAEE, dubd] el 7Y TS e
sle] A4 oz 48 7B 4ol a7
H AT wefA] 2 AT A= o] A A Tl A A
A E FAE - BHebslal o] B vl o R 4
et A RE A sk, 7F A Rl s gk 71 E
A& Ntk AuA /9 2AdE e 2%
= g = Zhang et al., (2009) 7} A AJ&F A €24 &
A, BTG FA A2 H BE] AFE] 7 A A
FES Frietok 58 (2= FE54HE8 =
SEaL oL kg 2 AHE AL SR A
AT MER 7EH1 S ol d AFHRT & o
dutg <l JEH R s Th AR
71Ee] WA A - Bed S 9t



rjlg

Hnes

CSIRO (Commonwealth Scientific and Industrial
Research Organization), 2005. Ecological Risk
Assessment for Effects of Fishing Case Study
Instructions. 8, pp. 95.

Dulvy, N.K., N.V.C. Polunin, A.C. Mill and N.A.J.
Graham, 2004. Size structural change in lightly
exploited coral reef fish communities: evidence for
weak indirect effects. Can. J. Fish. Aquat. Sci, 61,
466 - 475.

FAO (Food and Agriculture Organization), 1999.
Indicators for sustainable development of marine
capture fisheries. FAO Technical Guidelines for
Responsible Fisheries, 8, pp. 68.

FAO (Food and Agriculture Organization), 2005.
Discards in the world’s marine fisheries. FAO
Fisheries Technical Paper, 470, pp. 131.

FAO (Food and Agriculture Organization), 2007. Models
for an ecosystem approach to fisheries. FAO
Fisheries Technical Paper, 477, pp. 108.

FAO (Food and Agriculture Organization), 2009.
Abandoned, lost or otherwise discarded fishing gear.
FAO Fisheries Technical Paper, 523, pp. 115.

Gislason, H. and J. Rice, 1998. Modelling the response of
size and diversity spectra of fish assemblages to
changes in exploitation. ICES Journal of Marine
Science, 55, 362 - 370.

Gislason, H., M. Sinclair, K. Sainsbury and R. O’ Boyle,
2000. Symposium overview : incorporating
ecosystem objectives within fisheries management.
ICES Journal of Marine Science, 57, 468 - 475.

ICES, 2005. Quantitative ecosystem indicators for
fisheries management. ICES Marine Science
Symposia, 222, pp. 613.

Jennings, S., J.K. Pinnegar, N.V.C. Polunin and T.W.
Boon, 2001. Weak cross-species relationships
between body size and trophic level belie powerful
size-based trophic structuring in fish communities.
Journal of Animal Ecology. 70, 934 -944.

Jennings, S. and N.K. Dulvy, 2005. Reference points and
reference directions for size-based indicators of

.7‘:]

2
il

=
=

community structure. ICES Journal of Marine
Science, 62, 397 - 404.

Livingston, P.A., K. Aydin, J. Boldt, J. lanelli and J.
Jurado-Molina, 2005. A framework for ecosystem
impacts assessment using and indicator approach.
ICES Journal of Marine Science. 62, 592 - 597.

MSC (Marine Stewardship Council), 2006. KDSFF final
performance indicators and scoring guideposts.
http://www.msc.org/html/content_1248.htm

MSC (Marine Stewardship Council), 2009. TAB 15 -
Agenda item No. 11 - FAM v2 (including RBF), pp.
120.

Rice, J.C and M.J. Rochet, 2005. A framework for selecting
a suite of indicators for fisheries management. ICES J.
Mar. Sci. 62, 516 - 527.

Rice, J. and H. Gislason, 1996. Patterns of change in the
size spectra of numbers and diversity of the North
Sea fish assemblage, as reflected in surveys and
models. ICES Journal of Marine Science, 53,
1214 -1225.

Shannon, C.E., W. Wiener, 1963. The Mathematical
Theory of Communication. University of Illinois
Press, Urbana, pp. 125

Shin, Y.J. and P. Cury, 2004. Using an individual-based
model of fish assemblages to study the response of
size spectra to changes in fishing. Can. J. Fish.
Aquat. Sci., 61, 414 - 431.

Shin, Y.J., M-J. Rochet, S. Jennings, J.G. Field, and H.
Gislason, 2005. Using size-based indicators to
evaluate the ecosystem effects of fishing. ICES
Journal of Marine Science, 62, 384 - 396.

Sokal, R.R. and J.F. Rohlf, 1994. Biometry : The
principle and practices of statistics in biological
research. 3rd. ed., W.H. Freeman. pp. 880.

Thygesen, U.H., K.D. Farnsworth, K.H. Andersen and
J.E. Beyer, 2005. How optimal life history changes
with the community size-spectrum. Proceedings of
the royal society B, 272, 1323 - 1331.

Zhang, C.I. and S.K. Lee, 2004. Trophic Levels and
Fishing Intensities in Korean Marine Ecosystems. J.
Korean. Soc. Fish. Res., 6 (2) 140 - 152.

Zhang, C.1., S. Kim, D. Gunderson, R. Marasco, J.B. Lee,



AERA 719 AL 7TE A 9 A e} T Bl AT

H.W. Park and J.H. Lee, 2009. An ecosystem-based
fisheries assessment approach for Korean fisheries.
Fisheries Research, 100, 26 - 41.

Zhang, C.I. and B.A. Megrey, 2010. A simple biomass-
based length cohort analysis for estimating biomass
and fishing mortality. Trans. Amer. Fish. Soc., in
press.

Zhou, S. and S.P. Griffiths, 2008. Sustainability

Assessment for Fishing Effects (SAFE): A new
quantitative ecological risk assessment method and
its application to elasmobranch bycatch in an
Australian trawl fishery. Fisheries Research, 91,
56 - 68.

2010924 5¢ H4

2010124 19

=
9113 44
<]

201013 2 19¢] 2= g]



