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It is challenging to simultaneously estimate parameters in a stock-recruitment relationship, steepness, and natural
mortality rate with the other parameters within an age-structured assessment model even in a data-rich situation. Such
a problem leads to uncertainty in estimates of management references such as maximum sustainable yield (MSY),
which are affected by those components. The objective of this study was to evaluate the effects of those parameters
on MSY by analyzing the process of estimating the MSY. For illustration, we used two data sets: The chub mack-
erel Scomber japonicus in the Korean waters and the yellowtail flounder Limanda ferruginea in the Southern New
England-Mid Atlantic. As a result, the natural mortality rate influenced spawning stock biomass per recruit, yield per
recruit, and MSY, while steepness affected MSY. A sensitivity analysis enabled us to estimate the natural mortality
rate and steepness. The optimal set of steepness and natural mortality was 1.0 and 0.37 per year for the chub mackerel,
and 0.35, and 0.8 per year for the yellowtail flounder, respectively.
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AL AAYEo] LAl steepness7F THE: 74-9-, o ZAPGE u}
£ SSBPR, o]gAPd-Eol| w2 YPRE| 2to|7} $131AL, steep-
ness7} 2L AAAPGEO| ThE A -olli= 2to] 7} Wk of At
o] w2 o] g gFo] -2, AAA-Eo] LAl steepness”} oF
£ ], steepness”} S71&45 MSY+= 7451911, steepness
7F A AAAPYE o] U o, AR EC] 7S MSY
= 57FsF3Atk(Fig. 1). Steepness@t AHAAFEEf W2 MSY
o] =2 AhH K steepness7} 0.5, 0.6 TS A 2]a}ar 24
Aol 7ol T MSY-= Zhaselet S71ae Aol 9
@t} Steepness7 0.5 W= MSY 7} S7fslth hastict ok
A Z7V5F91 L, steepness7} 0.6 W= MSY 7} 24, 71 2
2, Z71e et AFAAFEE©] 0.05 per year ©]4), 0.3 per year
o|lof A<= steepness7t 5 7Feell whebA MSY+= #ash= 7
o] 9l al, AFHAAPEE©0] 0.35 per year ©|A}, 1.25 per year
o] 5ol A<= steepness”} 57 Hetoll whebA] MSY+= Zrasicth 5
7FslSth 18] Al AFAAFE-E©] 1.3 per year 04, 1.4 per year
o]3tof A<= steepness’t 5-7Fgtel Wk MSY&= S7}k3ith
(Fig. 2).

Southern New England-Mid AtlanticOl MAlst=
L2tme|7EXO|
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Fig. 1. Spawning stock biomass per recruit (SSBPR), yield per
recruit (YPR) and yield under different combinations of natural
mortality rate and steepness for chub mackerel Scomber japonicus
in Korean waters. Left panels (a, ¢, ) illustrate those with fixed
natural mortality rate and varying steepness wheareas right panels
(b, d, f) illustrate those with varying natural mortality rates and
fixed steepness.

A AAEO] 2L steepness7F THE: -2, o] S Apggo] u}
£ SSBPR, o]gAg-Eol| ©E YPRo] 2to|7h §I31AL, steep-
ness7} 231 AHAAEEO] ThE Z-olliz Aol7} vk, of2lA)
o] w2 o g5 -, AAAPYEC] AL steepness7} T}
£ wjo] steepness”} S7Fe<=5 MSY 7} 5716191 2.1, steep-
ness”} 231 AHAAPYE 0] thE -9l AHAANGE O] S
= MSY7} 785 eh(Fig. 3). Steepnesse} AFAAPT-E0 wh
2 MSY9| M58 A E 1 steepness”| 0.255-E 0.457HA] =
AFArFYE o] F7Htel et Al A 22 MSY = S71ek= 7
o] 2123, steepness”| 0.55E 1.07H4] = AFAAGEo] 5
7Fgtell whel MSY 7} 248t 57k ZdaFo] AASieh At
WE0] 0.05 per year ]/, 0.3 per year ©|5}o]| 4|<= steepness
7k Z7Fatol ket MSY-= 2k 2-3H ko] 919, AhelAb}
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Fig. 2. MSY for chub mackerel Scomber japonicus in Korean wa-
ters. MSY, Maximum sustainable yield.

tHE0] 0.55 per year ©]4}, 1.4 per year ©|}o]| A= steepness
7} Z71eko] wkehA MSYE S713ichFig. 4).
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t}. 53] forage fisho] 749~ 7F¢j o] 4ket
et sl LEu vo] FRE0} e o] o Be
oS Hh=rta 42 A Qlch(Essington et al., 2015; Szuwal-
ski and Hilborn, 2015; Lindegren et al., 2018). = steepness”}
lo]efar of A 4= Qlrt. o471 A forage fishtt &/ SF1=
& Blo]2 3l of 5 Ui ol ISkAl, sl Thsel 0L
A9] 4oF 22.0] Aol U2 R0 2 o 4
EjA oA F 23 T-E 3kar, A AA o] F 9] oF 20%E AR S
A A Ao R, AA|A 02 F a3t o]F50|tH(Essington
etal., 2015; Szuwalski et al., 2019). 12 7] wj&Zo]] 01%2] for-
age fishe] s o1 ol whebA] Aleh7he) A7t et 2 o)
o frojsto] AR E 7 o 2-8-5hofof gitt.
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Fig. 3. Spawning stock biomass per recruit (SSBPR), yield per
recruit (YPR) and yield under different combinations of natural
mortality rate and steepness for yellowtail flounder Limanda ferru-
ginea in Southern New England-Mid Atlnatic. Left panels (a, ¢, e)
illustrate those with fixed natural mortality rate and varying steep-
ness wheareas right panels (b, d, f) illustrate those with varying
natural mortality rates and fixed steepness.
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A R e ekl E3t S| AN AITS] = Hol= A
F2 AR Hol &= forage fish= HF5]A] =tH(Link et al.,
2002). wheba] 7EQlof] et s of H4 o] g3Fo] argoof Hsf
A A Zofetal ATk o3t ol ol Wi E 74
A3t T3 steepnessZt 0.350.2 3l 7fAIEe] 712 AFEAE

oy
ok
ofN
i
[o

o

Hof| ZA] FaFE Wh=rhaL 3f :

5ol WAt AdAE AHEW Kuriyama et al
(2023)0f| A= v]=+2] B35 eF At l = 115019] steep-
ness’} 0.75% 7}4sko] AFHH 7 43935} c}h Kim (2021)
ol A= g Adaoll Al4let= J—?OLJ AFAAPTES 0.11
per year®} 0.13 per year®. 2 A |11, 7S 7H7\ﬂ:rL— o
o7 UP Gim et al. (2020)°]|4+= AFAAFT-ES 0.38 per year

245190 = ool uige 24 A3le} Gim et al,
(2020) [e) 71—3 q_x_dﬂgrﬂl.o_ /\}‘9‘01'93\3 u]7l—5 =] /\4
WS ol g IAANBEL 2Aste] Aol 7S Shelg
= A2t} Southern New England-Mid Atlantic =3}722]7}
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Fig. 4. MSY for yellowtail flounder Limanda ferruginea in South-
ern New England-Mid Atlantic. MSY, Maximum sustainable yield.
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Fig. 5. Objective fiunction values for chub mackerel Scomber
Japonicus in Korean waters (panel a) and yellowtail flounder Li-
manda ferruginea in Souther New England-Mid Atlantic (panel b)
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Japonicus in Korean waters (panel a) and yellowtail flounder Li-
manda ferruginea in Souther New England-Mid Atlantic (panel b).
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Appendix Table 1. Input values for stock assessment of chub
mackerel Scomber japonicus in Korean waters

Input component Fixed value
CV of yield 0.1

CV of index 0.1

CV of recruitment 0.6
Sample size of age proportion for index -
Sample size of age proportion for catch 25
Weight of likelihood for yield 35
Weight of likelihood for index 2
Weight of likelihood for recruitment 0.6

CV, Coefficient of variation.

Appendix Table 2. Input values for stock assessment of yellow-
tail flounder Limanda ferruginea in Southern New England-Mid
Atlantic

Input component Fixed
value

CV of yield o

CV of recruitment 0.6

Sample size of age proportion for index NEFSC_spring 20
NEFSC_fall 20
NEFSC_winter 20

Weight of likelihood for yield 1

Weight of likelihood for index NEFSC_spring 1
NEFSC_fall 1
NEFSC_winter 1

Weight of likelihood for recruitment 0.3

CV, Coefficient of variation.

L=A, {-log(Ly)}+4,- {-log(L,)}+{- log(Ls)}
+7L {-log(L, )}+{ log(L, ) - (A.19)
A o13lael thak SE8HR0) 7K, 4, survey s sur-
vey indices Z-& CPUEC] tfat -8k 7154, A= 7He)
WAl tgt S-r=gha=o] ZhS Al ole). & Ato] HAle gt
3 AL H 7171 obd steepness@) AFAAG-Eof Hig MSY 2] W
52 HESH: Ao|BR 2 SEFeo] it ME A%, B A
71, 71 A& Y2 A5t Al (Appendix Table 1, Appendix
Table 2), = 212|7p4ku] o] 7} survey| W-&A<2t survey
of s A7l e dolee] Ag o= Agsist
(https://apps-nefsc.fisheries.noaa.gov/saw/sasi.php).



