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1. BRIEF INTRODUCTION OF FISHERY POPULATION

ASSESSMENT AND MANAGEMENT



QUICK QUESTIONS

Actually, at the beginning of my lecture, I wanted to discuss with you about the 

following questions to increase your motivation of learning the topics this and 

next week: 

① Imagine that you are a fishery officer in charge of management of fishery for 

a species. What kind of information do you want to get from your scientists?

② Imagine that you are a fishery scientist in charge of management of fishery 

population. What kind of information do you need for your scientific works to 

provide management advices to your officer? 



OUTCOMES OF DISCUSSION (1)

Here are answers when I asked the same questions in a remote class for a Taiwanese university last 

month (not necessarily perfect and correct)

① Imagine that you are a fishery officer in charge of management of fishery for a species. What kind of 

information do you want to get from your scientists? 

 Abundance of fish (biomass, population size??)

 Population status is healthy or dangerous situation???? Endangered or not?? 

 Catch information by fisheries

 Length and weight of fish caught by fisheries 

 Environmental conditions (Sea surface temperature, Chl-A, salinity…..) 

 How to protect and manage the populations (management advice)

 How to estimate the necessary quantities?

 Extents of mortality (with respect to fishery, by-catch, natural mortality, predation by predators, …)

 Where is the habitat, and its condition

 Not so comprehensive, rather easy to understand the current situation?  ….



OUTCOMES OF DISCUSSION (2)

② Imagine that you are a fishery scientist in charge of management of fishery population. What kind of 

information do you need for your scientific works to provide management advices to your officer? 

 Density and abundance of fish in the fishing ground and spawning grounds (by sampling etc.)

 Birth and mortality rates  

 Habitat characteristics with respect environmental conditions or geography in the study area  

 Fishing gear and fisheries types (longline, trawl, purse seine, gillnet, handline, pole and line,… )

 Growth and age/size-composition

 Resource situation 

 Population spatial distribution 

 Marine protected area 

 Logbook information from fishery, including biological and operational information (size, gender, location, 

efforts, day,..)

 Is funding available to conduct the research and field surveys  

 ….



CHARACTERISTICS OF FISHERY POPULATION

 Compared to terrestrial species, fish species has a larger resilience (反発力)

 At the same time, fish species is not infinitely available 

 High demand of fish and fishery product now

 Without management, there is a higher chance to make it depleted or collapsed

 Such a depletion can be also occurred sequentially over several associated species 
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TRENDS OF COMMUNITY BIOMASSES
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HISTORICAL CATCH OF WHALES IN ANTARCTIC
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Hilborn et al. (2003) Annual Review of Environment and Resources 28:359-399.



Whole ecosystem dynamics
Population dynamics (mortality, growth, reproduction) 
Environmental factors 
Food web, genetic stock structure

FISHERY MANAGEMENT
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Mortality
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FISHERY MANAGEMENT



Stock A

Stock B
Different biological parameters
Different genetic composition

Fishery management



Prey-predation Prey-predation

Fishery management



Whole ecosystem dynamics
Population dynamics (mortality, growth, reproduction) 
Environmental factors 
Food web, genetic stock structure

Catch

Management Procedure

Fishery management

Monitoring system

Harvest Control 
Rule 

Stock assessment,
Model development
Parameter update

Data
Catch, Catch-at-
age, CPUE etc



2. OVERVIEW OF STOCK ASSESSMENT



B-ratio = B/Bmsy

B-ratio <1 
or 

B-ratio > 1 ? 

Ｆ-ratio = F/Fmsy

F-ratio <1 
or 

F-ratio > 1 ? 

Kobe plot

B-ratio = B/Bmsy
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m
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By looking at the following figure 

 What do you say about the population/fishery status? 

 What is your possible measure for this fishery?



WHAT IS THE OBJECTIVE OF STOCK ASSESSMENT?

To know current & absolute population size (or biomass)

To know current but relative population size to past 

(information on the trend)

To know whole (or even recent) time trajectory of the population size 

To know current population status relative to reference points

To simulate future population dynamics …

Biomass

Year



WHAT KIND METHODS SHOULD BE USED??? 

The answer depends on

Objectives (and what information your managers want to get from you!)

Biological and ecological natures of target species 
(e.g. life span and history, migration, mortality, …)

Types of fisheries

Data availability and quality
(but “Data” are not same as “knowledge”)

Spatial and temporal range of habitat and its use by fisheries

Capacity of analysts

Software availability …



• Direct survey for estimating the population size and biomass
- Quadrat method
- Line transect method (strip and point transect)

• Mark-recapture  
- Physical and genetic tagging

• CPUE series (fishery-dependent index)
- Trend in abundance
- Depletion method (De Lury method)

• Catch-at-age data
- Virtual population analyses 
- Statistical catch-at-age

and more…

Several data/methods to know the population status



CPUE 

CPUE = Catch per Unit Effort

Suppose the number of fishing vessels as a unit of effort

• Greater the efforts (the number of vessels), higher the catch 

• Greater the population size, higher the catch

 If we use a formula to express the above two issues, 

漁獲量 ∝努力量(e.g. 漁船隻数) × 資源量
Catch   ∝ Efforts × (Population size or biomass)

 Then 

CPUE = Catch/Efforts = 漁獲量/努力量 ∝ 資源量

So, CPUE is a kind of index of population size (or biomass) depending on the unit of catch



INFORMATION FROM TREND OF CPUE

CPUE is increasing over time

⇒ Population size is increasing

⇒ May we increase the catch level ?

or

Still on the way of recovery ?

CPUE

CPUE

CPUE is decreasing over time

⇒ Population size is decreasing

⇒ Do we need to reduce catch to conserve ?

or

Still OK to keep the current catch level ?

Answer depends on the population size itself and 

some reference points !

Year

Year



INFORMATION FROM TREND OF CPUE

Population size

年

Population size

年

CPUE is decreasing over time

⇒ Population size is decreasing

⇒ Do we need to reduce catch to conserve ?

or

Still OK to keep the current catch level ?Year

CPUE



WE NEED TO CONDUCT STOCK ASSESSMENT TO

DESCRIBE POPULATION DYNAMICS !



The concept of “surplus production”

The change in a population biomass
(Assume no immigration and emigration)

(Next year's biomass) 
= (current biomass) + (Recruitment) + (Growth) 

– (Natural mortality) – (Catch)
= (current biomass) + (Surplus) – (Catch)

tttt CBgBB −+=+ )(1

次年資源量 ＝ 現存資源量 ＋ 生産量 ー 漁獲量
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現存資源量
population size
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次年資源量 ＝ 現存資源量 ＋ 生産量 ー 漁獲量
Schaefer model (logistic model)

0 K

A SIMPLE RELATIONSHIP BETWEEN STOCK BIOMASS

tttt CBgBB −+=+ )(1

)( tt BgC = tt BB =+1

Population is sustainable 

if you catch as same as production !

K: Carrying capacity

r: Intrinsic rate of natural increase
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次年資源量 ＝ 現存資源量 ＋ 生産量 ー 漁獲量
Schaefer model (logistic model)



Other functions

From Prager (2002)
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REMEMBER CPUE

CPUE = Catch per Unit Effort

[漁獲量 Catch] ∝ [努力量 Effort] × [資源量 Abundance]

[漁獲量 Catch] = [比例定数 coefficient] × [努力量 Effort] × [資源量 Abundance]

(漁具能率)

漁獲強度(fishing intensity)
/ 4

/ 2

MSY rK

K

Fmsy Bmsy

=

= ×
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KOBE PLOT
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B-ratio = B/Bmsy

B-ratio <1 
or 

B-ratio > 1 ? 

Ｆ-ratio = F/Fmsy

F-ratio <1 
or 

F-ratio > 1 ? 

Kobe plot 1

B-ratio = B/Bmsy

F-
ra

tio
 =
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m
sy

By looking at the following figure 

 What do you say about the population/fishery status? 

 What is your possible measure for this fishery?
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How about this?

KOBE PLOT 2



7. PRESENTATION OF STOCK ASSESSMENT RESULTS

SC in 2018



BASICALLY “AGE-STRUCTURED” BUT REALITY IS… 

Age＼
Year

1 2 y y+1 Y
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A

Production model Delay-difference model

Age-structured

Age＼
Year

1 2 y y+1 Y

0
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a
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A

Stage-based

Sometimes, we may 

have a benefit of use of 

information of 

recruitment



Age＼Year 1 2 3 … Y-1 Y
0
1
2
3

A+

Age-structured 

pop dynamics

Recruitment

SSB

Typical 

data

CPUE Length composition

Some outputs

Spawner - RecSSB
KOBE plot

VERY QUICK OVERVIEW OF SS FRAMEWORK



 Flexibility in data

Basic data: Index, Size

Further data: conditional age-at-length, tagging, prior,…

 Flexibility in data

- Growth, S-R, M, selectivity, …

- by-fleet, by-gender, spatial, …

- time-varying, time-block, …

 Peer-reviewed

 Evaluation by intensive simulation

 Graphical outputs

 Consistency in evaluation of errors

 Reproducible 

REASONS WHY SS3 HAS BEEN GETTING A COMMON APPROACH



SOME DIFFICULTY

In assumption

 Steepness (h)

 Natural mortality (M) 

 Standard error of stochastic variation in recruitment (sigmaR)

 Variance of growth

 Effective sample size 

 Selectivity (time-varying?) 



BASIC POPULATION DYNAMICS (AGE-STRUCTURED)

 Gender[γ] (yes, no）

 Time unit [y] (year, quarterly …)

 Age [a=1,2,…,A]

 Fishery [f]  

M: natural mortality (several options)

S: selectivity by fishery and year (many options!)

F:   Fishing intensity



RECRUITMENT

 BH 

 Ricker

 Hockey-stick  

h (steepness) 



RECRUITMENT

 BH 



SELECTIVITY

 Several functional forms

 OK to be nonparameteric

 cubic spline

 time-varying 



SIZE-SELECTIVITY, GROWTH AND CATCH

 Mean Growth: VB関数 (OK: Richard）

 Growth variation



SIZE-SELECTIVITY, GROWTH AND CATCH





CONTROL FILE



DATA

 Yearly or quarterly data 

 Area definition

 Fishery

 Catch (by fishery, year, season)

 Abundance indices (ditto)

 Length composition

 Age composition

 Tag release/recovery data

 ．．．



DATA AND PROBABILITY DISTRIBUTION

Data ⇒ Prob distribution ⇒ Likelihood

 Catch

 CPUE

 Length composition

 Age-composition (or conditional age-at-length)

Likelihood for data Recruitment 

deviation

Prior

＋ Constraints ＋ prior

Time varying 

component



CATCH AND CPUE BY FISHERY



LENGTH DATA



DATA FILE



Age＼Year 1 2 3 … Y-1 Y
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3
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Age-structured 

pop dynamics

Recruitment

SSB

Typical 

data

CPUE Length composition

Some outputs

Spawner - RecSSB
KOBE plot

VERY QUICK OVERVIEW OF SS FRAMEWORK



TYPES OF METHODS FOR INFERRING POPULATION DYNAMICS

Production model Delay-difference model Stage-based model Age(size)-structured model

Age-structured?
Totally age-

aggregated
2-stages (Juvenile & mature)

Like glass, yellow and silver 

etc.
Yes

Data 

(catch series)
Just total catch 

• Catch for each stage or

• Total catch (but need 

information on 

composition in some 

samples)

• Catch for each stage or

• Total catch (but need 

information on 

composition in some 

samples)

• Catch for each age (or 

size) or
• Total catch (but need 

information on 

composition in some 

samples)

Data 

(abundance 

indices)

CPUE series by fishery
CPUE series by stage and by 

fishery

Hopefully CPUE series by 

stage and fishery

CPUE series in total by 

fishery

Data 

(composition)
Not necessary

Needed by stage if only total 

catch is available

Needed by stage if only total 

catch is available

Needed by age/size if only 

total catch is available

Key biological 

parameters

Not specifically but 

rough idea of 

reasonable range of 

“r”

Growth and maturity

(Recruitment structure is 

estimated internally)

Ditto Ditto

Feasibility for eels Not appropriate Might be possible Might be possible Maybe in the future



STOCK STATUS OF

INDIAN OCEAN TUNA

Stock WP 2015 2016 2017 2018 2019 2020
Albacore Temperate SA SA
Bigeye tuna SA SA
Skipjack tuna Tropical SA SA
Yellowfin tuna SA SA SA SA
Swordfish SA
Black marlin SA SA
Blue marlin Billfishs SA SA
Striped marlin SA SA
Indo-Pacific Sailfish SA SA
Bullet tuna
Frigate tuna
Kawakawa Neritics SA SA SA
Longtail tuna SA SA SA SA
Indo-Pacific king mackerel SA SA SA
Narrow-barred Spanish mackerel SA SA SA
Blue shark SA
Oceanic whitetip shark
Scalloped hammerhead shark
Shortfin mako Bycatch (shark) SA
Silky shark
Bigeye thresher shark
Pelagic threshere shark
Seabirds Bycatch
Marine mammals
Seaturtles



REPORT OF THE

22ND SESSION OF IOTC SCIENTIFIC COMMITTEE

KARACHI, PAKISTAN, 2-6 DECEMBER 2019

TOSHIHIDE KITAKADO

(TOKYO UNIV. MARINE SCIENCE TECHNOLOGY)

CHAIR OF THE SC

2020 IOTC COMMISSION MEETING, NOVEMBER 2-6, 2020 



ALBACORE

• Data preparation meeting in January 2019, in Kuala Lumpur, Malaysia
- Catch series, Joint CPUE, size data, biological parameters, specification 

• Stock assessment meeting in July 2019
in Shimizu, Japan 



ALBACORE

• Two types of assessment models were used 

• Bayesian state-space production models

• Stock Synthesis 3 (SS3, used for advice this time)



ALBACORE

Change from 2016 assessment to 2019 one
 The similar model was used, but catch and CPUE data 

were updated (CPUE were significantly different from 2016)

 CPUE in R1&R2, used in fitting, showed decreasing trends since 

1979

 Different growth function was used  

 Lower MSY and BMSY estimates were provided. 

=> These can attribute to changes in the stock status

2016                  2019



ALBACORE

K2SM with respect to the target reference points (SBMSY and FMSY)



ALBACORE

Stock status 

 A new stock assessment was carried out for albacore in 2019 using Stock Synthesis III (SS3)

 The current assessment has utilized joint CPUE series that are significantly different from the 

last assessment. Catches have also increased substantially since 2007 for some fleets

 Fishing mortality represented as F2017/FMSY is 1.346 (95%CI=0.588–2.171). Biomass is 

estimated to be above the SBMSY level as B2017/BMSY =1.281 (95%CI=0.574–2.071). The stock 

status in relation to the Commission’s BMSY and FMSY target reference points indicates that 

the stock is not overfished but is subject to overfishing

Outlook and Management Advice

 Maintaining or increasing effort in the core albacore fishing grounds is likely to result in further 

decline in the albacore tuna biomass, productivity and CPUE. Although considerable uncertainty 

remains in the assessment conducted in 2019, current catches (38,168 t in 2017) are exceeding 

the estimated MSY level (35,700 t) and therefore a precautionary approach should be applied

 The K2SM indicates that catch reductions are required in order to prevent the biomass from 

declining to below MSY levels in the short term



BIGEYE

Catch series

Abundance index: Joint Longline CPUE 

Size frequency data

Tagging data

Catch series

Standardized CPUE series 
[continued decline]



BIGEYE

Catch series

Abundance index: Joint Longline CPUE 

Size frequency data

Tagging data: release/recovery from Indian Ocean RTTP 

used with a tag-release mortality parameter 

that assumes a higher mortality (≠ 2016)

Two types of assessment models

• Bayesian state-space production models (JABBA)

• Stock Synthesis 3 (SS3, used for advice this time)

Structural uncertainty: SS3, grid of 18 model configurations that capture uncertainty on:

• Stock recruitment relationship (3 levels = 2016) 

• Influence of tagging information (tag weight in the likelihood, 3 levels ≈ 2016)

• Selectivity of longline fleets (2 levels ≠ 2016) 



BIGEYE

2018



BIGEYE

Main change from 2016 assessment to 2019 one
• Updated abundance index developed in 2019

• Recent increased fishing pressure on juvenile by PS

• Changes in model assumptions about LL selectivity

• Changes in tag release mortality

etc. 

2016                  2019



BIGEYE

Reference point and 

projection timeframe 

Alternative catch projections (relative to the catch level from 2018) and 

weighted probability (%) scenarios that violate reference point 

60% 

(48,848t) 

70% 

(56,990t) 

80% 

(65,130t) 

90% 

(73,272t) 

100% 

(81,413t) 

B2021 < BMSY 51.1 53.3 54.2 57.1 58.9 

F2021 > FMSY 7.3 17.8 32 47.9 62.8 
     

B2028 < BMSY 8 19.5 35.1 49.1 60.8 

F2028 > FMSY 1.1 6.9 19.8 37.7 55.6 

Reference point and 

projection timeframe 

Alternative catch projections (relative to the catch level from 2018) and 

probability (%) of violating MSY-based limit reference points 

(Blim = 0.5 BMSY; FLim = 1.3 FMSY) 

60% 

(48,848t) 

70% 

(56,990t) 

80% 

(65,130t) 

90% 

(73,272t) 

100% 

(81,413t) 

B2021 < BLIM 0 0 0 0 0 

F2021 > FLIM 6.0 11.0 17.0 28.0 39.0 

     

B2028 < BLIM 0.0 0.0 6.0 11.0 22.0 

F2028 > FLIM 0.0 6.0 17.0 22.0 39.0 



BIGEYE

Stock status 

• A new stock assessment was carried out for bigeye tuna in 2019 using Stock Synthesis III (SS3) 

with a grid of 18 model configurations designed to capture the model uncertainty

• The assessment outcome is qualitatively different to the stock assessment conducted in 2016. 

Fishing mortality represented as F2018/FMSY is 1.20 (0.70–2.05). Biomass is estimated to be 

above the SBMSY level (B2018/BMSY =1.22 (0.82–1.81)) from the SS3 model

• The average catches over 2014-2018 (≈89,717 t) just above the estimated median MSY (87,000 t)

• Thus, on the weight-of-evidence available in 2019, the bigeye tuna stock is determined to be 

not overfished but subject to overfishing

Outlook and Management Advice

• If catches remain at current levels, there is a risk of breaching MSY reference points with 58.9% 

and 60.8% probability in 2021 and 2028. Reduced catches of at least 10% from current levels will 

likely reduce the probabilities of breaching reference levels to 49.1% in 2028

• Continued monitoring and improvement in data collection, reporting and analyses is required



SUMMARY OF STOCK STATUS

Stock WP 2015 2016 2017 2018 2019 2020
Albacore Temperate SA SA
Bigeye tuna SA SA
Skipjack tuna Tropical SA SA
Yellowfin tuna SA SA SA SA
Swordfish SA
Black marlin SA SA
Blue marlin Billfishs SA SA
Striped marlin SA SA
Indo-Pacific Sailfish SA SA
Bullet tuna
Frigate tuna
Kawakawa Neritics SA SA SA
Longtail tuna SA SA SA SA
Indo-Pacific king mackerel SA SA SA
Narrow-barred Spanish mackerel SA SA SA
Blue shark SA
Oceanic whitetip shark
Scalloped hammerhead shark
Shortfin mako Bycatch (shark) SA
Silky shark
Bigeye thresher shark
Pelagic threshere shark
Seabirds Bycatch
Marine mammals
Seaturtles



NEXT WEEK

• Online teaching materials will be provided at noon on Jan 19, 2021

https://toshihidekitakado.github.io/Kitakado_TUMSAT_Classes/tmp.html


