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Sea surface temperature of Korea EEZ 
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Source: 해양조사연보 제66권, NIFS of Korea
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Temperature Size Rule (TSR)
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YPR: Yield per recruit

SPR: Spawning potential ratio



A length-based assessment

A stock 

assessment
YPR, SPR MSY, TAC

DATA

• Age composition

• Length composition   

• Yield

• Catch Per Unit Effort 

(CPUE) …

A length-based model

Image: NOAA

Chub mackerel

(Scomber japonicus)

Longevity: About 7 years

4Length (cm)

N
u
m

b
e
r 

o
f 
fi
s
h



A length-based assessment

Number

of fish
GrowthDeath
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age classes

Length
5



1 2 3 4 5 6+

2000

2001

2002

2003

2023

Age

Calculate length frequency

of population

: Death and growth

Calculate parameters,

Biomass,

YPR,

SPR

Imaginary age classes

• • •

• • •

• • •

• • •

• • •

• • •

• • •

Year

6

A length-based assessment



Maturation
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In TSR studies,

growth is often the only factor 

considered.

We considered both growth 

and maturation.

Temperature ⇓

Temperature ⇑

Water temperature ⇑
→ Larger juvenile size

→ Smaller size at maturity 



Data on reproductive maturation of the chub mackerel

• From 2005 – 2023

• Maturation information was reported as an ordinal scale

e.g., Immature

Developing

Mature

Fully Mature

Spawning

Post-Spawning

Recovering

Mature

Immature
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Maturation



Year T.L(cm) F.L(cm) B.W(g) Mat. G.W(g)

2005 35.4 32.5 567.2 Immature 8.75

2005 36.5 33.7 542.1 Immature 4.97

2005 31.2 28.8 295.5 Immature 2.38

2005 32.7 30.2 474.2 Immature 7.53

2005 41.6 38.3 908.3 Immature 20.14

2005 31.9 28.9 614.2 Immature 3.73

2005 37.3 35.3 428.0 Immature 4.41

2005 33.1 31.2 493.6 Immature 0.92

2005 34.5 32.3 489.4 Immature 6.07

2005 38.3 34.8 425.7 Immature 11.63

Part of the data example on maturation (n = 15,450)
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Maturation



Logistic
regression of 
maturation
against
fork length by 
year
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Maturation
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Management strategy evaluation

Climate change 

effect

Stock 
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Management Strategy Evaluation
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Focus on the present time

Scientific Practical
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Notation Description

𝑅0 Unexploited abundance of recruits 

𝑞
Catchability in the relationship between annual biomass 

and CPUE

𝐾 A von Bertalanffy parameter

𝑁𝑡,𝑎 Annual abundance at age a in year 2000 - 2023

Example: Key Model Values
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Management strategy evaluation

Generate data up to 2050
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Gear selectivity
Harvest

control

Management strategy evaluation



Scenario examples
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Value S1 S2

𝐿∞ Constant Decrease

Mean size at 

recruit
Constant Increase

Maturation rate at 

length
Constant

Mature at smaller 

length

Selectivity at 

length
Constant

Catch more at 

same length

TSR

Change

Natural

mortality

Growth

Spawning 

stock biomass

Fishing

mortality



Harvest control rule

Example: Harvest control rule (HCR)

𝑆𝑆𝐵

𝑆𝑆𝐵40%
> 1 𝐹𝐴𝐵𝐶 ≤ 𝐹40%

0.5 <
𝑆𝑆𝐵

𝑆𝑆𝐵40%
≤ 1 𝐹𝐴𝐵𝐶 ≤ 𝐹40% ×

𝑆𝑆𝐵

𝑆𝑆𝐵40%
− 0.05 /(1 − 0.05)

𝑆𝑆𝐵

𝑆𝑆𝐵40%
≤ 0.5 𝐹𝐴𝐵𝐶 = 0

𝑆𝑆𝐵: spawning stock biomass
𝑆𝑆𝐵40%: 𝑆𝑆𝐵 at 𝐹40% (𝑡𝑎𝑟𝑔𝑒𝑡)
𝐹40%: fishing mortality at 40% of SPR (SSB/SSB0) (SSB0: unexploited SSB)

16

Adjust the fishing intensity based on the level of SSB



1 2 3 4 5 6+

2023

2024

2025

2050

Age

Year

𝑁2024,1,𝑥 𝑁2024,2,𝑥 𝑁2024,3,𝑥 𝑁2024,4,𝑥 𝑁2024,5,𝑥 𝑁2024,6+,𝑥

𝑁2023,1,𝑥 𝑁2023,2,𝑥 𝑁2023,3,𝑥 𝑁2023,4,𝑥 𝑁2023,5,𝑥 𝑁2023,6+,𝑥

𝑁2024,1,𝑥 𝑁2024,2,𝑥 𝑁2024,3,𝑥 𝑁2024,4,𝑥 𝑁2024,5,𝑥 𝑁2024,6+,𝑥

𝑁2024,1,𝑥 𝑁2024,2,𝑥 𝑁2024,3,𝑥 𝑁2024,4,𝑥 𝑁2024,5,𝑥 𝑁2024,6+,𝑥

⋮ ⋮ ⋮ ⋮ ⋮ ⋮

Applying the HCR under the TSR effect scenarios using results 

from the 2000 - 2023 data
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Projection

Harvest control rule



Scenario example

18

𝐿
∞

𝜇
𝐿𝑟

M
a
tu

ra
ti
o

n
S

e
le

c
ti
v
it
y

20242050

20242050



Scenario example

Actual Generated Actual Generated
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Scenario example
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Scenario example

Year

Fishing Mortality

Year

SSB (x 108 MT)
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Scenario example
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Scenario example

Results of 300 simulations
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Scenario example

Results of 300 simulations
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Scenario example

Results of 300 simulations
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100% underfishing
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Summary

- It becomes essential to adapt fisheries management approaches to 

account for the impacts of climate change, ensuring sustainable

practices that are responsive to future environmental shifts

- This adaptation is crucial for maintaining the health of marine 

ecosystems and supporting long-term fisheries productivity

Climate 

change

SPR 

YPR

MSY

HCR
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