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Chapter 1 
 

Introduction and overview 

Who are we? 

The Oceanic Fisheries Programme (OFP)  

 

The OFP mission: Provide scientific information and advice for managing 
fisheries exploiting the region's tuna resources. 

 

•  OFP, SC and WCPFC relationships 

•  The structure of the OFP is in four sections (40+ staff): 

•  Stock Assessment and Modelling 

•  Data Management 

•  Fisheries Monitoring 

•  Ecosystem Monitoring and Assessment 

The programme manager is Dr John Hampton 
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House keeping 

Amenities (see maps in your folders) 

Toilets 

Shops and Restaurants 

Services 

Internet access 

Postal 

 

Social events – 27th June 5pm  - BBQ! At the SPC bar/social area! 

 

Morning and afternoon tea and lunch provided 

Map of Anse Vata 
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Map of SPC 
TOILETS 

TOILETS 

ARCHIVES MEETING ROOM 

(UPSTAIRS ON LEVEL 3) 

Workshop Materials 

1.  Workshop Booklet containing: 
      a. Timetable/Agenda 

  b.  Copy of presentations (for all* days) 
  c. Survey and evaluation forms** 

 
2. You will be provided a notebook and additional reference 

materials during the workshop 
 
3. You will have wireless access to a common intranet 

storage site from which you can copy any files that we 
will be distributing throughout the workshop, or you 
can use to distribute files amongst yourselves when 
working in groups. You can also create your own 
storage folder on that site if you wish.  
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Background - Why are we here? 

 
•  The first question is really: 

•  What IS stock assessment?? 

A very simple definition is that stock assessment is the study of the 
status (health) of fish stocks, and of the implications for the stock 
and the fishery if the fishery were to be managed in the same or a 
different manner in the future (we will expand on this later). 

•  Why do you need to know about stock assessment , in other words…  

• …Why are you here?? 

Background - Why are we here? 
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•  Pacific Island Nations and other Pacific nations, are 
custodians of worlds largest tuna resource (over ½ 
the worlds tuna catch ~5 billion dollars) 

•  Many countries hold concerns over the sustainability 
of a resource (the only resource for many) that is 
critical to economic development 

 

Background - Why are we here? 

•  There are numerous legally binding agreements… 
 

1. UN Convention on the Law of the Sea (UNCLOS) 
2. UN Fish Stocks Agreement 
3. Western and Central Pacific Fisheries Convention (WCPFC) 

 
…and treaties (FSM Arrangement, Palau Arrangement, etc.) 

•  But often an absence of capacity to fulfill obligations within these agreements 
(lack of legal and scientific capacity) 

Background - Why are we here? 
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1. UN Convention for the Law of the Sea 
 
Article 61 (parts 2 and 3) – Conservation of living resources –  
 
“The coastal State, taking into account the best scientific evidence available 
to it, shall ensure through proper conservation and management measures 
that the maintenance of the living resources in the exclusive economic zone 
is not endangered by over-exploitation.……. 
 
Such measures shall also be designed to maintain or restore populations of 
harvested species at levels which can produce the maximum sustainable 
yield, as qualified by relevant environmental and economic factors, including 
the economic needs of coastal fishing communities and the special 
requirements of developing States.” 

Background - Why are we here? 

Background - Why are we here? 
2. UN Fish Stocks Agreement 
 
Article 2 - Objective 
“….. to ensure long-term conservation and sustainable use of straddling ….and 
highly migratory fish stocks through effective implementation of [UNCLOS]” 
 
Article 5 - General principles  
“So as to conserve and manage HMS stocks, any states fishing on high seas shall: 

  
 • Adopt measures for long-term sustainability, based on best available      

              scientific advice, applying the precautionary approach and assessing the    
              impacts of fishing, conserve ecosystems and associated impacted  
              species, minimize discards, waste, catch by abandoned gear, catch of  
              non-target species, protect biodiversity. 

  
 •Take measures to prevent/eliminate overfishing and excess fishing  

             capacity” 
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Background - Why are we here? 
3. Western and Central Pacific Fisheries Convention 
 
The WCPF Convention brings all these approaches (UNCLOS, UNFSA) to 
operate in the Pacific Islands region. 
 
Article 5 – Principles/measures for conservation and management 
 

 In order to conserve and manage highly migratory fish stocks  
            …..the members of the Commission shall, ….: 
 

(a)  adopt measures to ensure long-term sustainability of HMS … 

 (b) ensure …measures are based on the best scientific evidence 
 available and are designed to maintain or restore stocks at levels 
 capable of producing maximum sustainable yield, …….; 

 
 (c) apply the precautionary approach …..; 

 
 (d) assess the impacts of fishing….on target stocks, non-target spp.  

Therefore….. 
 
•  There is a clearly specified need for stock assessment upon which 

to base management decisions regarding stocks in the region……. 

•  However, decision makers often lack the background experience 
and knowledge to interpret results from stock assessments. 

•  If you are unable to interpret stock assessment results it is very 
difficult to use them in your domestic and regional decision making 
processes, as is required by the aforementioned agreements. 

•  This is a major problem that has been identified by many of your 
countries as needing to be addressed immediately to increase your 
countries and the regions capacity to utilise scientific information for 
the sustainable management of your tuna resources. 

Background - Why are we here? 
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Therefore these workshops have been developed as one 
method by which we might increase… 

 
…”National capacities to use and interpret regional stock 

assessments and fisheries data at regional and national 
levels, to participate in Commission scientific work, and 
to understand the implications of Commission stock 
assessments.” 

 
This is why you are here! 

Background - Why are we here? 

What are we hoping to achieve 
this week? 

(A discussion of workshop objectives) 
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What are we hoping to  
achieve this week? 

OFP-SPC has developed a program of stock assessment learning for 
fisheries officers from developing Pacific countries and territories 
which involves four components: 

1.  Annual stock assessment workshops 

2.  Online learning/revision exercises between workshops* 

3.  Opportunistic training during in-country visits 

4.  In-meeting support (e.g. scientific support at SC and other 
meetings) 

The ultimate long-term aim of this program is to allow participating 
officers to be able to pick up a full stock assessment paper, read it, 
understand it, criticize it if necessary, convey its meaning to their 
government, and incorporate that understanding into both their 
domestic and regional fisheries management decision making 
processes. 

What are we hoping to  
achieve this week? 

With that long-term goal in mind, the program has been structured around 
delivering understanding regarding 5 key questions: 

1.  What are stock assessment models and what are they used for? 
(PURPOSE) 

2.  How does a stock assessment model work? (MECHANICS) 

3.  How can we determine if it is a “good” model or assessment? 
(CRITICAL APPRAISAL) 

4.  What is the key information for fisheries management and how do I 
interpret it? (INTERPRETATION) 

5.  What are the potential implications of the assessment and associated 
management options analyses for the region and my country? 
(INTERPRETATION) 

In this workshop, we are going to mostly focus on questions 1,2 and 4. It is 
important to understand the purpose and mechanics of stock assessment 
prior to dealing with issues 3-5 in detail (next year). 
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End of week presentation 

At the end of this week, each of you will  be working in groups of four 
people to prepare and give a presentation which demonstrates your 
understanding of stock assessment concepts and principles and how 
assessment outputs are relevant to your country; or, 

 

These serve as a means for both you and the OFP-SPC to assess how you have 
progressed through the week, and offers you an opportunity to consolidate your 
understanding of the key principles prior to finishing the workshop. 

The presentations are scheduled to occur on Friday afternoon.  

You do not need to immediately nominate will assessment item you wish to do. 
We will discuss this with you at this afternoons tutor session.  

At the end of each day we will guide you to the relevant sections of the stock 
assessment papers that were covered by the days lectures and practical.  

What do we need to know first 
before learning about fish stock 

assessment? 
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We need to know about ….. 

1.  Our Fisheries! 

 - gears, species, countries, boundaries, climate 
and ocean influences  

2.  Fish! 

  - their biology and population dynamics 

 

What are the key features of the 
Western and Central Pacific 

Convention Area fishery that are 
relevant to stock assessment? 
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What are the features of the WCP-CA 
fishery relevant to stock assessment? 

Oceanic fisheries in the WCP-CA are complex  

Consider the following:  

1.  Political and Management Boundaries 

2.  Fisheries 

3.  Species and ecosystems 

4.  Oceanography and climate 

Understanding the complexities across these factors is 
critical to building  and undertaking a stock assessment. 
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WCPO (Tuna) Fisheries 
…are highly diverse. How do you define them? 

WCPO tuna fisheries can be considered “super fisheries” 
comprised of many smaller ‘sub-fisheries’. 

WCPO tuna fisheries are highly complex and pose challenges for 
stock assessments (e.g. data collection and interpretation). This 
complexity is one of the reasons for using spatially structured 
models. 

•  WCPO-wide ? 

•  Domestic v Regional v Charter v Bilateral  v Near Shore v 
Distant Water? 

•  Commercial v Recreational v Artisanal v Illegal?  

•  Longline v Purse-seine v Gillnet v Troll v Handline v Pole? 

•  Tropical v Temperate ? 

Total Catch 
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Purse Seine Fishery 

2013 (+)

Longline Fishery 
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Target Species 

Multiple target species and gears complicates fisheries 
management decision making. Management measures to deal 
with one species generally have implications for the fisheries for 
other target species also. 

Bycatch Species 
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• 
• 
• 
• 
• 
• 

Climate and Oceanography –  
Key Environmental Drivers  

Climate and Oceanography 

Global and Pacific climate varies both seasonally and interannually, the latter largely 
as a result of the El Nino Southern Oscillation phenomena, which see climate 
conditions shifting between El Nino, neutral and La Nina conditions. These climatic 
shifts accompany large scale oceanographic shifts, including the east-west 
movement of the Western and Central Pacific “warm pool” and the ecosystem 
associated with that.  

This climatic and oceanographic variability plays a major role in tuna movement and 
population dynamics, with flow on consequences for the fisheries that target them. 
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  KUR   
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convergence 

Surface Currents 
• Three major current features 
a r e t h e N o r t h Pa c i f i c 
Subtropical Gyre, the South 
Pacific Subtropical Gyre, and 
the equatorial currents 

• The strength and direction of 
t h e  e q u a t o r i a l  a n d 
subequatorial currents is 
dependent on the prevailing 
winds and climatic conditions 

• Major shifts occur in currents 
due to changes between 
South East Trade Wind and 
North West Monsoon seasons   

• The strength and direction of 
the wind driven equatorial 
and sub-equatorial currents 
play a major role in the 
location and size of another 
major oceanographic feature 
of the Pacific, the warm-pool/
cold tongue convergence 
zone. 

El Nino 

(Jan 98) 

La Nina 

(Jan 99) 

Sea Surface 
Temperature 

Sea Surface Temperature and Climate Variability 
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El Nino 

(Jan 98) 

La Nina 

(Jan 99) 

Chlorophyll a 

Primary productivity and climate 
variability 

Environmental Impacts on Fisheries 

Skipjack movement 
during El Nino and La 

Nina periods 
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2002 (-)

2000 (+)

Purse Seine Fishery, Climate  
and Oceanography 

Eastwards displacement 
d u r i n g E l N i n o a n d 
westwards contraction 
during La Nina

Blue – unassociated sets ;   Red – drifting FADs;   Yellow – logs;    Green – anchored FADs 

Summary 

Oceanic fisheries in the WCP-CA are very complex, due to:  

1.  Multiple Political and Management Boundaries 

2.  Numerous Fisheries (Gear, Area, Species, Flag 
combinations) 

3.  The large number of species (target and bycatch)  

4.  The complexity of the pelagic ecosystem 

5.  Oceanography and climate influences on both the 
fish (recruitment, movement etc.) and the fishery 

Understanding the complexities across these factors is 
critical to building and undertaking a stock assessment. 
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Chapter 2 
 

An introduction to 
fish population dynamics 

Overview 
(i) Fish populations generally 
 
•  What is a “population”? What is a “stock”? 

•  Life cycles and life history strategies 

•  Basic population dynamic processes 
 
•  Movement 
 
 
(ii) Fished populations in particular 

 
•  What is “fishing mortality”? 

•  Natural variability in populations versus fishing-based impacts  

•  Some characteristics of the behaviour of exploited populations 

•  What is “overfishing”? 
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Fish populations 

What is a “population”? Does it differ from a “stock”? 

The definition and use of the terms “population” and “stock” tends to be 
a bit rubbery. They are often taken to mean the same thing, but are not 
necessarily the same. 
 

A population is:  

“A group of individuals of the same species living in the same area at the 
same time and sharing a common gene pool, with little or no immigration 
or emigration.” 
 

A stock is:  

•  “The part of a fish population which is under consideration from the 
point of view of actual or potential utilization.” (Ricker 1975) 

•  “A group of fish of one species which shares common ecological and 
genetic features. The stocks defined for the purposes of stock 
assessment and management do not necessarily coincide with self-
contained population units.” (Restrepo 1999) 

Two important definitions 
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Figure 6. Bigeye tuna catch distribution (2003-2012) by 5 degree squares of latitude and 
longitude and fishing method: longline (blue), purse-seine (green), pole-and-line (red), 
and other (yellow). Overlayed are the regions for the assessment model. SC10-SA-WP-01  

Why do we need to understand 
how unexploited populations 

behave? 
 

 

 

Industrialised 
fishing 
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A generalised tuna life cycle 

Variations in fish life cycles 
Within this basic strategy there is some variation, even across large 

pelagic species taken by tuna fisheries. Two well known species 
groups with very contrasting life histories are the tunas and sharks. 

Big implications for population dynamics and for resilience to fishing. 

Sharks (generalised) 
Tuna (generalised) 
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Basic population dynamics 
What are the processes that drive unexploited population 
fluctuations? In a closed animal population, that is, one with 
no immigration or emigration: 

Nt+1= 

How do we explain what we will have next year? 

•  Number of animals in the next year (Nt+1) 

•  Number of animals in the current year (Nt) 

•  “Births” after one year (R) 

•  Natural deaths after one year (M)  

Nt + R - M 

Basic population dynamics 

Bt+1= Bt + R + G - M 

Bt+1 = Biomass of animals in the next year  

Bt = Biomass of animals in the current year 

R = Biomass of newborns after one year 

G = Growth (in mass) of age 2+ animals 

M = Natural deaths after one year 

A biomass version of the previous model: conceptual 
 Biomass: “The mass or weight of [a 
specified group of] living biological 
organisms in a given area or ecosystem 
at a given time.’” 
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If we think of the biomass model for a tuna population 
it can be represented like this: 

 Biomass added 
(Production) 

Bt+1= Bt + R + G - M 

Bt+1 = Biomass of fish in the next year  

Bt = Biomass of fish in the current year 

R = Biomass of new recruits (e.g. in one years time) 

G = Additional biomass due to growth of current fish 

M = Biomass of fish from current population that died. 

Biomass removed 
(Mortality) 

Basic population dynamics 

Basic population dynamics 

A biomass version of the previous model: mathematical 

Bt+1=Bt+R+G-M 

NB: each of the processes of recruitment, growth and mortality, are 
affected by numerous other factors, both endogenous (relating to the fish’s 
genetics, physiology and behaviour) and exogenous (determined by the 
fish’s environment and external influencing factors). 

Bt+1 = Biomass of fish in one year,  

Bt = Current biomass;  

R = Biomass of new recruits in one years time, 

G = Additional biomass due to growth of current fish  

M = Biomass of fish from current population that died. 
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Recruitment (R) 
What is recruitment?  

Recruitment is another rubbery concept. Recruitment simply refers to the 
appearance of new, young organisms in a population following a 
previous reproductive event. However, when fish are considered to be 
recruited is often defined to be when new individuals can be detected (i.e., 
counted or estimated). 
 

Four alternative recruitment definitions:  

1.  In demography, recruitment usually refers to the maturing of individuals 
into the adult age classes. 

2.  In fisheries science, recruitment is usually defined as the appearance of a 
new cohort in the catch due to it becoming big or old enough to be 
vulnerable to the fishery. 

3.  Particular fisheries definition 1: “The population still alive at any specified 
time after the egg stage.” (Haddon, 1997) 

4.  Particular fisheries definition 2: “The number of fish [of a cohort] alive in a 
population at any arbitrarily defined point in time after the subsidence of 
initial high mortality.” (Rothschild, 1987) 

Bt+1=Bt+R+G-M 

Recruitment (R) 
What are the processes that 

affect recruitment in the sea? 
 
Firstly, we need to remind ourselves 
of the life-history stages from when 
an adult population spawns to when 
ind iv idua ls produced by that 
spawning event enter (recruit to) the 
adult population.  
 
Having sorted that out, we may ask 
what factors influence the production 
of eggs and the probability a given 
egg and resultant larvae growing and 
surviving through each of the 
subsequent stages? 

Bt+1=Bt+R+G-M 

Adult production of gametes 

Spawning and fertilisation 

Larval development within eggs 

Hatching 

Larval stage 

Metamorphosis 

Juvenile stage 

Maturation 

Adult phase 
 
 

– 26 –



Recruitment (R) 
Some processes that may affect 
egg production, egg condition, 

and larval survival 
 
Fecundity (“quantity”) 
 
Adult condition (“quality”) 
 
Environment (“good fortune”) 

Adult production of gametes 

Spawning and fertilisation 

Larval development within eggs 

Hatching 

Larval stage 

Metamorphosis 

Juvenile stage 

Maturation 

Adult phase 

Bt+1=Bt+R+G-M 

Recruitment (R) 
Some processes that affect 
 larval and juvenile survival 

 
Biotic factors: 
 

 Starvation/Competition  
 Predation/Cannabalism 
 Disease 

 
Abiotic factors: 
 

 Temperature 
 Salinity 
 Oxygen 

 
Apparently small variations in relative 
or proportional survival at these 
stages can lead to big variations in 
subsequent recruitment 

Adult production of gametes 

Spawning and fertilisation 

Larval development within eggs 

Hatching 

Larval stage 

Metamorphosis 

Juvenile stage 

Maturation 

Adult phase 

Bt+1=Bt+R+G-M 
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Recruitment (R) 
In summary 
 
Many different factors can impact the survival of marine fish at any of the different 
stages in the recruitment process 
 
So, how do we measure recruitment? 
 
Three possible strategies include: 
 
a)  Sampling regimes targeted at juveniles 

b)  Size specific indices of abundance from catch-effort data 

c)  Assume a relationship with adult stock size  
 
Where information on (a) and (b) above are not available, scientists require a 
predictive relationship that is based on other available data. The most commonly 
used, and debated, of these in fisheries science is the stock-recruitment 
relationship (this is the relationship between the number of spawning 
adults and the number of offspring they produce). 

Bt+1=Bt+R+G-M 

Recruitment (R) 
The stock-recruitment relationship 
 
Two general theories: 
 
1.  Recruitment is density-dependant 

2.  Recruitment is density-independent 
 

Yellowfin tuna 

The latter theory was once very 
popular due to a lack of obvious 
correlations in many plotted spawner-
recruit datasets (i.e., recruitment 
plotted as a function of spawning 
biomass) 

Albacore tuna 

Bt+1=Bt+R+G-M 
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Recruitment (R) 
The stock-recruitment relationship 
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Bt+1=Bt+R+G-M 

Number of surviving offspring              Number of recruits per spawner  

Recruitment (R) 
The stock-recruitment relationship 

DD
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NB: density-dependent recruitment (“DD”) provides a mechanism for natural regulation of 
population numbers around a natural maximum population size. However, we now think that  
populations, especially populations in the sea, are not thought to be in a natural equilibrium. 
More on this later. 

Bt+1=Bt+R+G-M 

Number of surviving offspring              Number of recruits per spawner 
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Natural mortality (M) 
What is natural mortality?  
 
It is the process of mortality or death of fish in a population due to natural 
causes such as predation and disease. Think of it as the removal of fish from 
the population.  
 
Note that this typically refers to mortality post-recruitment  
Mortality during pre-recruitment life-history stages is usually dealt with when 
assessing recruitment. 
 

 
How do we express natural mortality? 
 
Natural mortality is usually expressed as an instantaneous rate. This is a 
relative change in the proportions of the size or age classes that suffer 
natural mortality during each time period. 
 
Natural mortality rates are critical in understanding of the relative impacts of 
fishing. In a stock assessment, we often compare natural and fishing 
mortality rates. Natural mortality provides clues to understanding the 
“resilience” of a stock to fishing. 

Bt+1=Bt+R+G-M 

YFT 

Natural mortality (M) 
BET 

SKJ 

Fluctuations in M with age 

M tends to decrease with age as fish 
“out-grow” predators, but it may 
increase again in older fish due to the 
stress associated with reproduction 

Bt+1=Bt+R+G-M 
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Natural mortality (M) 
Why does natural mortality fluctuate over a fish’s life? 
 
Some reasons include: 
 
•  Reduced vulnerability to predation with increased age or size 

 Fish may “out-grow” predators as they age and increase in size 
 
•  Senescence 

 Fish may “wear out” as they age and approach the end of their life cycle; their 
fitness may decline with age and accumulated reproductive and other stresses 

 
•  Movement 

 Fish may move away from areas of high mortality as they grow 
 
•  Behavioural changes  

 Formation of schools or other social structures 
 
•  Changes in ecosystem status 

 Changes in prey or habitat availability due to other factors may trigger a change in 
natural mortality 

•  Changes in population abundance 
 Density-dependant effects such as intra-specific competition or cannibalism  

Bt+1=Bt+R+G-M 

Growth (G) 
What is growth? 
 
All fish grow. Growth is usually considered to mean a change in fish size in 
length or weight with age. Growth is an important process to understand as 
it: 
 
•  Influences a range of population processes 

 E.g., natural mortality and maturity rates. 
 
•  Influences the rate at which a cohort gains biomass 

 Growth is the process by which a size or age group moving through the 
population (a cohort) increases in size and thus in weight and hence in 
biomass. 

 
•  Influences fish vulnerability to the fishing gear 

 The vulnerability of individual fish to fishing gear often changes as fish 
change in size. Note that we refer to the vulnerability to the fishing gear 
of fish of different size or age classes in the population as “selectivity”. 

Bt+1=Bt+R+G-M 

 
 

– 31 –



Growth (G) 
Describing growth 
 
Typically, fish grow asymptotically, where the rate at which fish size or weight 
increases with age slows down as the fish ages, approaching a species-specific 
maximum size or weight. Note that there is no guarantee that an individual fish from a 
particular species or stock will follow the average growth trend for that species or 
stock.  
 
There are three main factors to consider when thinking about growth: (i) the 
maximum average size or weight that a species can obtain; (ii) the average rate at 
which fish size or weight changes with age; and (iii) how big or heavy it is when it 
begins to grow. 
 
 

Bt+1=Bt+R+G-M 

Growth (G) 
Describing growth 
 
In the tropical tunas (albacore, bigeye, skipjack, and yellowfin) several 
distinct growth phases can often be recognised. This is often not the case 
with less mobile, demersal and benthic temperate water fishes. 
 
 

Bt+1=Bt+R+G-M 
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Other factors to consider in 
fish population dynamics 

Movement—why might we bother? 
 
As fish population dynamics requires us to know about changes in biomass 
in space and time, having a good understanding of fish movement is 
important.  
 
Movement in fish population dynamics usually involves simply estimating the 
balance between immigration and emigration between stock areas or sub-
areas in order to estimate biomass within a particular place. 
 
We often assume that their is no net movement into or out of our stocks. 
However, a population model developed for a particular stock assessment 
may need to consider movement within the stock area. It may be 
necessary to look at the population by subareas and considering fish 
movement may be important to understand exchange between those parts.  
 
In short, fish movement can affect the spatial distribution of fish 
biomass on a variety of spatial and temporal scales. 
 

Other factors to consider in 
fish population dynamics 

Why do fish move? 
 
Fish move for reasons that make sense to them! Their movements are 
usually determined by their physiology and their interactions with their 
environment. Some possible reasons include: 
 
1.  Biology 
 

 Maintain their preferred habitat, oxygen flow, to follow prey, to counter 
negative buoyancy, etc. 

 
2.  Ecology 

 Migrate to spawning areas (e.g. SBT), an ontogenetic change in 
preferred habitat (e.g. albacore), a response to seasonal (e.g. albacore) 
or long-term changes in prevailing environmental or oceanographic  
conditions (e.g. skipjack) , etc. 
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How is movement monitored? 

1. Size –frequency analyses 

2. CPUE analyses 

3. Tagging analyses  
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Basic population dynamics model 

 Biomass added 
(Production) 

Bt+1= Bt + R + G - M 

Bt+1 = Biomass of fish in the next year  

Bt = Biomass of fish in the current year 

R = Biomass of new recruits (e.g. in one years time) 

G = Additional biomass due to growth of current fish 

M = Biomass of fish from current population that died. 

Biomass removed 
(Mortality) 

Bt+1=Bt+R+G-M 

Biomass added 
(Production) 

Biomass removed 
(Mortality) 

-F 

Basic population dynamics model 
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Fishing and the  
“balance of nature” 

The balance of nature 
 
The idea that nature, that ecosystems and their living 
populations, are in balance, is a myth. 
 
 
Nature is stochastic 
 
Ecosystems and the interactions between their components are 
variable (“stochastic”), and the range of variability itself varies 
depending on the system and the component. 
 
The degree of population variability depends on the time scale 
we are considering. 

Fishing stochastic populations 
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Fishing stochastic populations 

Fishing impacts: nature vs humanity 

So, which is more important, natural factors or fishing? 
 
The relative impacts of natural factors versus fishing on fish 
stocks has been debated for many decades. However, there are 
four key points we would like you to consider. 
 
Four key points 
 
1.  Observed change may not be due to fishing 

 It is dangerous to automatically ascribe changes in the size of 
a fished stock to fishing itself. There are many factors that 
can influence either stock size, or the indicators used to track 
stock size, that are not directly related to fishing. 

Bt+1=Bt+R+G-M-F 
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2.  Observed change may not be due to natural causes 

 It is equally dangerous to assume that natural variability is 
causing the observed change. One might then miss an 
opportunity to implement changes to the fishery that might 
ensure sustainability of catch and stock recovery. 

 
3.  Observed change is more than likely to be due to 

some combination of natural and fishing effects 

 Changes in fished populations over time are likely to be 
influenced by both fishing and by environmental or other 
factors (e.g., eastern pacific sardine and anchovy) 

 

Bt+1=Bt+R+G-M-F 

Fishing impacts: nature vs humanity 

4.  However, fishing can affect natural dynamics 

 A population’s response to its environment may in fact be 
changed by the impacts of fishing so the two processes are 
interrelated (e.g., increased growth and reproduction from 
reduced competition for resources) 

 
  

It’s complicated! 
 
 

Fishing impacts: nature vs humanity 
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Population states 
Stability versus instability of fished populations 

 
 
 
 

Population states 
Resilience 
 

“Natural systems are not stable but do exhibit changes within 
certain bounds or regions of stability. A system with a large 
region of desirable behaviour is called resilient”  
(Hilborn and Walters 1992) 
 
If a population has shown a capacity to regularly recover from 
low population levels then it can be thought of as resilient.  
 
If a population naturally varies within a fairly narrow population 
range then reducing the population below its lower 
“boundary” (e.g. by introducing fishing) carries high risk of 
depleting that population. Introducing fishing may take the 
population into a state where we have no idea how it might react 
or whether it can recover.  
 
Resilience in a fishing context is thus the capacity of a 
population to sustain itself in the long-term despite the 
added impact of fishing at some given level. 
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Population states 
How can we work out how resilient a population is 
 

How do we know how stable or resilient a population might be 
without fishing it? Unfortunately, we don’t. 
 
We cannot determine where or if a boundary state exists until we 
have pushed past it. However, we can, if we’re clever, learn from 
history! 
 
We can also learn from our understanding of species biology…. 
 
….How do we do this?....  
 
Lets compare and contrast the tropical tunas and sharks as an 
example 

Stability and Resilience 
Examples:  
 

    Tropical Tunas   Sharks 
 
Reproductive mode  Broadcast spawning  Internal fertilisation 
 
Fecundity   Millions of eggs  2-40+ eggs or young 
 
Growth rate   Fast    Varies, typically slower 
 
Age to maturity  1-5 years (most spp)  6-7 years, up to 20 for 

       some species 
 
Life span   4-16 years   20-60 years 
 
 
What can we imply or predict from these parameters regarding the relative 
resilience of these species to fishing pressure? 
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1 years 3 years 4 years 5 years 2 years 

Fish A 

Fish B 

Resilience: the  
importance of biology 

        Fish A     Fish B 
Age to maturity:  1 years     1 years 
Fishing Mortality: 2 per year (quota) 
Natural Mortality: 0 
Recruitment:       3/6          1/6 
Growth: 0 

Variations among WCPO tuna 
 

    Yellowfin   Bigeye 
 
Spawning mode  Multiple (year round)  Multiple (year round) 

Fecundity   2 million+   2 million+    
Growth rate   45-50cm (1yr)   40cm (1yr), 80cm (2yr)   
Age to maturity  2-3yr (100-110cm)  3yr+ (100-130cm)   
Life span   7-8yr    12+    
Recruitment to fishery  0.5-1yr(PS), ~2+yr(LL)   0.5-1yr(PS), 2+yr(LL) 
 

    Albacore   Skipjack 
 
Reproductive mode  Multiple (but seasonal)  Multiple (year round) 

Fecundity   0.8-2.6 million   2 million+    
Growth rate   30cm (1yr)   44-48cm (1yr), 61-68 (2yr) 
Age to maturity  4-5yrs (80cm)   <1yr (44cm)   
Life span   ~15+yr   ~4yr 
Recruitment to fishery  ~2yr(troll), 5+(LL)  0.5-1yr(PS) 
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Overfishing 
OK, then, what is “sustainability”? 
 
A sustainable catch (c.f., WCPFC definition) is not overfishing the stock. 
A sustainable catch can exist at many different levels of stock size. If stock 
size declines, sustainable catch might still be achieved, but at a lower level 
than previously.  
For better or for worse, one of the most common objectives in fisheries 
management is to achieve Maximum Sustainable Yield (MSY). While 
there is a particular, technical definition of MSY, one possible working 
definition is: 
 

“The most fish you can take out of the water without impairing 
the ability of the fish left in the water to replace the fish you’ve 
taken out” 

 
Two criticisms of MSY-based management reference points are that (i) MSY 
and BMSY, the biomass level that supports the MSY catch, can be difficult to 
estimate precisely and (ii) as BMSY tends to be quite a low proportion of 
unfished stock size (typically, 30 to 40%) in practise there can be an 
unacceptably-high risk of “overshooting” BMSY and driving the stock down to 
a really low level (<< BMSY ). 

 
http://www.oceansatlas.com/ 

Overfishing 
(i) Recruitment overfishing 
 
A situation in which the rate of fishing 
is (or has been) high enough that 
annual recruitment to the exploitable 
stock has become significantly 
reduced.  
 
The situation is characterized by a 
greatly reduced spawning stock, a 
decreasing proportion of older fish in 
the catch, and generally very low 
recruitment year after year.  
 
If prolonged, recruitment overfishing 
can lead to stock collapse, particularly 
under unfavourable environmental 
conditions. (Restrepo 1999) 
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Overfishing 
(ii) Growth overfishing 
 
This occurs when too many small fish are caught, usually because of 
excessive effort and low gear selectivity (e.g. small mesh sizes) and the fish 
are not given the time to grow to the size at which the maximum yield-per-
recruit would be obtained from the stock. 
 
A reduction of fishing mortality on juveniles, or their outright protection, 
might lead to an increase in yield from the fishery. Growth overfishing, by 
itself, does not affect the ability of a fish population to replace itself. 
 
 
(iii) Ecosystem overfishing 
 
This occurs when the species composition and dominance in a marine 
ecosystem is significantly modified by fishing. E.g., reductions of large, long-
lived, demersal predators and increases of small, short-lived species at lower 
trophic levels follow heavy fishing pressure on the larger predator species.  
 
 

Key messages 

1.  Populations vary naturally. The scale of that variation often 
depends on the time scale considered.  

2.  The impact of fishing on a populations dynamics and size 
over time will depend in part on the biology of the population 
and its resilience. Eg. Does the species grow quickly or 
slowly, mature early or late, become vulnerable to the fishery 
when young or older, have a short or long lifespan etc. 

3.  A key task for stock assessment scientists is to be able to 
estimate the relative impact of fishing on the stock. Note 
whether declines are due to fishing or environment will effect 
the management decisions made. 

4.  Where catch levels lead to a drop in recruitment, catch is 
“unsustainable” and “overfishing” is occurring.** 

Bt+1=Bt+R+G-M-F 
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Chapter 3 
 

Key concepts of  
stock assessment modelling 

Overview of key concepts  
 

1.  Fish stocks: What are they? 

2.  What is stock assessment? 

3.  What is a stock assessment model? 

4.  How does a stock assessment model “work”? 

1. Mathematical component (and a note about 
equations) 

2. Statistical component (and an introduction to 
abundance indices and model fitting) 

5.  Types of model 

1. WCPO tuna models 

2. Other models 
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Concept 1: The fish stock 

Key Concept 1 
 
A stock assessment model is used to assess a fish population that 
has little or no mixing or interbreeding with other populations. 
 
Definition of a “stock” 
 
“A unit stock is an arbitrary collection [of a single species] of fish 
that is large enough to be essentially self reproducing 
(abundance changes are not dominated by immigration and 
emigration) with members of the collection showing similar 
patterns of growth, migration and dispersal.  
 
The unit should not be so large as to contain many genetically 
distinct races of subpopulations within it.”   
 

    Hilborn and Walters (1991) 
 

Why do we manage and assess fisheries at the level of a 
stock? 
 
1. Little or no external influences, self contained 
2. Scientifically meaningful 
3. Management convenience 

Concept 1: The fish stock 

 
 

– 45 –



How do we identify a fish 
stock? 
 
It’s a very difficult task ………often 
little clear information. We can 
use: 

  
 Genetics  
 Tagging 
 CPUE analyses 
 Morphometrics 
  

Often stock assessments are 
conducted on “stocks” where 
there is some uncertainty 
regarding the boundaries of the 
stock (e.g. WCPO v EPO bet/yft; 
SWPO v SPO v PO stm) 

Concept 1: The fish stock 

Tuna stocks in the WCPO 
 
 
Yellowfin tuna 
Limited mixing and genetic 
variation found 

 
 
Bigeye tuna 
Mixing less limited and no 
genetic variation found 

Schaefer, K.M. and D.W. Fuller (2009). Horizontal movements of 
bigeye tuna (Thunnus obesus) in the Eastern Pacific Ocean, as 
determined from conventional and archival tagging experiments 
initiated during 2000-2005. IATTC Bull. 24(2):191-249. 

Concept 1: The fish stock 
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Tuna stocks in the WCPO 
 
Albacore tuna 
•  Low catch and CPUE in 

equatorial waters 
suggests limited adult 
mixing 

•  No tag exchange between 
north and south PO 
tagged fish 

•  Discrete spawning areas 
(based on larval surveys) 
between North and south 
Pacific 

 

Concept 1: The fish stock 

Tuna stocks in the WCPO: Skipjack tuna 
 
There is uncertainty regarding skipjack stock structure in the Pacific, but 
given a lack of evidence for trans basin movements and generally 
localised tag returns in general, mixing is thought to be limited within 
generations (short lived species) and in the medium term, meaning the 
WCPO “stock” is assessed as such for management purposes. 

Concept 1: The fish stock 
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Striped marlin 
 
Equatorial CPUEs low, genetic 
variation between SWPO and 
NEPO, discrete spawning areas?, 
no transbasin tag returns, no 
transbasin movement indicated 
by 50 PSAT tags, all indicate 
limited mixing and a potential 
southwest Pacific stock (for 
management purposes) 

Courteousy Michael 
Domeier, Pfelger 

Institute, 2006 

Bromhead et al (2004) 

Bromhead et al (2004) 

Concept 1: The fish stock 

Concept 2:  
The stock assessment process 

Process Primary Responsibility
1. Determine the questions to be answered Managers & Policy makers
2. Choose an appropriate model Scientists
3. Design and implement an appropriate data collection system Scientists, managers, fishers
4. Collect the required data: Fishers, scientists, managers
5. Build the model Scientists
6. Run the assessment Scientists
7. Interpret the assessment Results Scientists, managers, policy makers
8. Scientific advice to decision makers Scientists
9. Decision makers make decisions Managers & Policy makers

Stock assessment is a multi-step process that starts with 
management questions, and includes processes involved in data 
collection, model selection, stock assessment modelling, and 
subsequent advice to decision makers. 
 
**Group discussion 

 
 

– 48 –



Concept 3:  
The stock assessment model 

A stock assessment model provides a mathematical simplification 
of a very complex system (fish and fishery), to help us estimate 

population changes over time in response to fishing 

Concept 3:  
The stock assessment model 

Overview: 
 
In explaining to you what a stock assessment model is, we are 
going to discuss the following: 
 
1.  What is an equation? (because stock assessment models 

comprise lots of them) 
2.  What is a [mathematical] model? 
3.  What is a stock assessment model? 
4.  How does a stock assessment model “work”? 

a.  Mathematical component 
b.  Statistical component (and an introduction to 

abundance indices and model fitting) 
5.   What are the different types of stock assessment model? 
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1.   Equations 

An equation can be thought of as simply being a sentence, but 
the words have been replaced by symbols….for example: 

Bt+1=Bt+R+G-M-F 

If we know what the symbols mean, we can read the sentence! 
 

“Population biomass next year is equal to the biomass this year, 
plus biomass of new recruits in one years time, plus biomass of 
additional growth of this years fish, minus the biomass of fish 
that died of natural causes, minus the biomass of fish killed by 
fishing”. 
 

Concept 3:  
The stock assessment model 

1.   Equations 
 

•  Large stock assessment models can involve complex equations 
expressing mathematical and statistical functions which attempt to 
describe the interacting fishery and fish population processes. 

•  Interpreting those interlinking equations requires training in 
maths, statistics and computer programming… 

•  However, we don’t need to have all that training to get a basic 
understanding of how stock assessment models work… 

 

Concept 3:  
The stock assessment model 
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1.   Equations 
 

We will focus on a very basic model of 
an exploited fish population during this 
workshop, which uses very simple 
equations to incorporate nearly all the 
major elements that typically comprise 
far more complex assessments, such as 
those conducted for tuna with 
MULTIFAN-CL in the Western and 
Central Pacific. 
 
If you can gain an understanding of how 
our workshop model works, you will be 
a long way towards understanding the 
key principles and mechanics that 
underpin the Western and Central Pacific 
tuna assessment models. 
 

Concept 3:  
The stock assessment model 

 
Nt+1,a+1 = Nt,ae

-(Ma + Ft,a) 

 

Ft,a = qtEtsa 
 

Ct,a = Nt,aFt,awa 
 

Rt = (ASt)/(b+St) 
 

Nt+1,1 = Rt 
 

Bt = ΣNt,awa 
 

St = ΣNt,awaoa 
 

VBt = ΣNt,awasa 
 

Concept 3:  
The stock assessment model 
2.   What is a [mathematical] model? 
 
A mathematical representation (or description) of a system or process that 
is used to help us understand the system and how the system works 
 
Lets look at a really simple example of a model, in this case a model comprising only 
one equation: 
 
 
 
 
 
 
 
 
 
This simple single equation model is a mathematical description of a biological process 
(growth!). It describes how quickly the animal gets bigger as it gets older. Easy!  
 
(NB: But a critical question we will address later is… how do we know if our model is 
“true” or realistic of the process it is trying to describe? ….we’ll come back to this) 
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3.   What is a stock assessment model? 
 
A stock assessment model provides a mathematical  
simplification of a very complex system (the fish population and 
fishery), to help us estimate population changes over time in 
response to fishing. 
 
They serve as a tool to assist the provision of scientific advice to 
fisheries managers and policy makers in relation to the impact of fishing 
upon the status (health) of the stock (past, current, future), at the same 
time taking into consideration other factors influencing stock abundance 
(environmental impacts on recruitment etc). 
 
Stock assessment models can be used to make predictions regarding the 
response of the stock to different management actions.  
 
There are many different types of assessment model. In this workshop, 
we will concentrate on age structured models. 

Concept 3:  
The stock assessment model 

A stock assessment model can be considered to comprise two 
key components, these being: 
 

a.   A mathematical model of population processes 
 
b.  A statistical model used to fit the mathematical model 

to data collected from the fishery 

Concept 4: How does a stock 
assessment model work? 
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1. Mathematical model of the exploited fish population dynamics: To 
estimate abundance (biomass) over time, the model must take into account (at 
the very least) four key processes: Recruitment, Growth, Natural Mortality 
and Fishing Mortality, conceptually expressed as: 

Concept 4a: Stock assessment 
mathematical model 

Biomass added       Biomass removed 

Biomass Model:Bt+1=Bt+R+G-M-F 

Nt+1,a+1 = Number of fish of age+1 at time
+1 

Ma = natural mortality rate at age a 
Fa = fishing mortality rate at age a 
q = catchability 
E = fishing effort (units) 
s = age specific vulnerability to the gear 

(selectivity of the gear) 
Ct,a = Catch at time t and age a  
wa = Mean weight at age a << (Growth) 

Rt = Recruitment at time t 
A = maximum recruitment 
b = Stock size when recruitment is half the 

maximum recruitment 
wa = weight at age a 
oa = proportion mature at age a 
Bt = population biomass at time t 
St = spawning stock biomass at time t 
VB = vulnerable biomass at time t 

 
Nt+1,a+1 = Nt,ae

-(Ma + Ft,a) 

 

Ft,a = qtEtsa 
 

Ct,a = Nt,aFt,awa 
 

Rt = (ASt)/(b+St) 
 

Nt+1,1 = Rt 
 

Bt = ΣNt,awa 
 

St = ΣNt,awaoa 
 

VBt = ΣNt,awasa 

Age Structured Model 

Concept 4a: Stock assessment 
mathematical model 
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Illustration of age-structure 

“Counting fish is just like counting trees…except we cant see 
them and they move!!” 
 The mathematical component of the 

model comprises equations describing 
each of these processes and how they 
interact with each other to determine 
the population biomass (and other 
parameters) over time. 
 
We build a model because we cant 
directly “count” the exact numbers of 
recruits and deaths nor measure the 
growth of each fish in the population … 
 
…instead of direct counts and measures, 
our model (via a series of equations) 
allows us to “estimate” these processes 
and the populations dynamics.  

Concept 4a: Stock assessment 
mathematical model 

 
Nt+1,a+1 = Nt,ae

-(Ma + Ft,a) 

 

Ft,a = qtEtsa 
 

Ct,a = Nt,aFt,awa 
 

Rt = (ASt)/(b+St) 
 

Nt+1,1 = Rt 
 

Bt = ΣNt,awa 
 

St = ΣNt,awaoa 
 

VBt = ΣNt,awasa 

Age Structured Model 
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These equations are of little use unless 
we have data or information which can 
accurately inform the model of the value 
of most of the key parameters: 
 
•    How much fishing effort? 
•    How much catch? 
•    Whats the average weight of fish in 
each age class? 
•    What proportion of the fish in each 
age class are mature? 
 
Etc, etc 
 
We have to collect the data required to 
inform the model regarding the value of 
of these parameters 
 

Concept 4a: Stock assessment 
mathematical model 

 
Nt+1,a+1 = Nt,ae

-(Ma + Ft,a) 

 

Ft,a = qtEtsa 
 

Ct,a = Nt,aFt,awa 
 

Rt = (ASt)/(b+St) 
 

Nt+1,1 = Rt 
 

Bt = ΣNt,awa 
 

St = ΣNt,awaoa 
 

VBt = ΣNt,awasa 

Age Structured Model 

However, the reality is that we have 
variable levels of information or data 
pertaining to the different parameters: 
 
Some parameters we have very 
good estimates for (e.g. maybe 
catch, average size at age) derived from 
biological research or fishery data 
collection 
 
Some parameters we have limited 
data for and some uncertainty 
 
Some parameters we have no data 
for and high uncertainty (unknown 
parameter values) 

Concept 4a: Stock assessment 
mathematical model 

 
Nt+1,a+1 = Nt,ae

-(Ma + Ft,a) 

 

Ft,a = qtEtsa 
 

Ct,a = Nt,aFt,awa 
 

Rt = (ASt)/(b+St) 
 

Nt+1,1 = Rt 
 

Bt = ΣNt,awa 
 

St = ΣNt,awaoa 
 

VBt = ΣNt,awasa 

Age Structured Model 
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Given that we have moderate or large 
uncertainty regarding the value of some 
parameters, how do we determine 
their value in an assessment 
model? 
 
How do we determine that the model 
overall can accurately predict the 
population dynamics and status of the 
fish population? (i.e. is an accurate 
model of “reality”) 
 
We do this by a process called “fitting” 
the model to fishery data using the 
second component of the model, 
the statistical component. 
 
How does this work? 
 

Concept 4a: Stock assessment 
mathematical model 

 
Nt+1,a+1 = Nt,ae

-(Ma + Ft,a) 

 

Ft,a = qtEtsa 
 

Ct,a = Nt,aFt,awa 
 

Rt = (ASt)/(b+St) 
 

Nt+1,1 = Rt 
 

Bt = ΣNt,awa 
 

St = ΣNt,awaoa 
 

VBt = ΣNt,awasa 

Age Structured Model 

How does model fitting work?  
 
1.  We need an index of abundance 
 
To make sure our model can accurately predict how the population size 
changes over time, we need to collect and provide the model with data 
from the fishery itself which acts as an indicator of those changes in 
population size: 
 
i.e; data which can act as an index of abundance (or an index of 
relative population size ) over time. 
 
Typically the index used is catch rate or catch per unit effort 
(CPUE) data, generally using data collected from fishers logsheets: 
 
CPUE = catch/effort    (e.g. 6 fish/1000 hooks; 2mt/set) 
 

Concept 4b: Stock assessment 
statistical model fitting 
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How does model fitting work?  
 
2. How is CPUE data an “index of abundance”? 
 
The use of CPUE relies on the assumption that the relationship between 
the index (CPUE) and abundance is linear (proportional),  so if CPUE 
goes up, the population has gotten bigger; if it goes down, it has gotten 
smaller. In this way CPUE is assumed to be an accurate index of 
population change over time.  
(**In fact, this is not always true, but we will discuss this further later) 
 

Abundance (Biomass) 

Ab
un

da
nc

e 
In

de
x 

Time 

Index 

Biomass 

Concept 4b: Stock assessment 
statistical model fitting 

How does model fitting work?  
 
2. How is CPUE data an “index of abundance”? 
         
pond with 12 fish                                pond with 24 fish 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mean CPUE ~ 1.2/set    Mean CPUE ~ 2.4/set 

Concept 4b: Stock assessment 
statistical model fitting 
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How does “model fitting” work? 
 
•  So we have our observed CPUE series 

•  Our model also has an equation to predict CPUE. 

•  We can now employ the statistical component of the model to 
search for and select the “best” combination of parameter 
values (for the “unknown” parameters) which maximises the 
models ability to accurately predict the observed CPUE data 
(i.e.; pick the values which maximise the fit of the model 
predictions to the observed data). 

•  Note that the tuna assessments also fit to other data types: 

•  Tagging data (to ensure realistic modelling of movement) 
•  Size data (to ensure realistic modelling of population 

structure) 

Concept 4b: Stock assessment 
statistical model fitting 

What are the different approaches to model fitting? 
 
There are (at least) three general approaches to how we might 
go about doing this that you should be aware of (or at least know 
exist!): 

•  Least-squares estimation 

•  Maximum likelihood estimation 

•  Bayesian estimation 

We use maximum-likelihood estimation (MLE) 
 In our tropical tuna assessments, method (ii) (MLE) is most 
commonly used to fit our assessment models to our data, with that 
data typically being the CPUE data (an index of population size), the 
size data (an index of population structure) and the tagging data 
(an index of population movement) 

Concept 4b: Stock assessment 
statistical model fitting 
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There are two methods we will discuss today by which stock 
assessment scientists fit models to observation data are: 
 
1.    Least squares (LS) approach 

Basically, this approach asks “What combination of values result in 
there being the smallest difference (degree of error) between the 
model estimated CPUE series and the real CPUE series?”  

2.    Maximum likelihood (ML) approach 
 
This approach asks “What combination of values for all of these 
parameters would most likely result in the observed CPUE values 
occuring?” 
 
LS and ML serve as criterion by which to judge the quality of the fit 

Concept 4b: Stock assessment 
statistical model fitting 

1. Minimisation of Sums of Squares of Errors 

•  This approach involves a search for the parameter values 
which minimize the sums of squared differences (i.e., 
produces the “least squares” value) between the observed 
data and the data as predicted by the model and parameters. 

•  It is almost impossible in any slightly complex system to 
create a model that exactly fits the real data….there is always 
some error. The objective of the LS approach is to find 
parameter values that minimise the total error.  

 
   

Model fitting: LS approach  
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Models used to deduce relationship and find best fit 

 

Observed values 

Difference between the observed and 
predicted value is the “residual 
error” 

SSE = Sum (Observed-Predicted)2 

Model fitting: LS approach  

2.  The Maximum Likelihood Method 
 
Parameters are selected which maximise the probability or likelihood 
that the observed values (the data) would have occurred given the 
particular model and the set of parameters selected (the hypothesis 
being tested). The set of parameter values which generate the largest 
likelihood are the maximum likelihood estimates: 
 
So.. 

 Likelihood = P{data|hypothesis} 
 
Which means  “the probability of the data (the observed values) given 
the hypothesis (the model plus the parameter values selected)”.  

E.g. Think of the flip of a coin. Whats the probability of getting 
heads? Of getting tails? Stock assessment models can use fairly 
complex statistics to determine the probability of, for example, the 
observed CPUE series occuring, given a particular model.  

Model fitting: ML approach  
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A note on parameter estimation 
 
2.  However, we don’t just allow the 

model to pick ANY value for the 
uncertain or unknown parameters 
however! Typically, we provide the 
model: 

 
a.  A start value (from which it begins 

its search) 

b.  Some boundary or limit values (to 
which it must constrain its search 
within) 

c.  A l i ke l ihood d is t r ibut ion 
(penalty) which specifies to the 
model which values within the 
range specified will be more likely. 

Start 
value 

Upper  
limit 

Lower  
limit 

Likelihood profile 
(penalty) 

Model fitting: ML approach  

 
1.  We use our knowledge of population processes to build a 

mathematical model of the population that has equations to 
describe all the processes, how they link together, and how they 
influence population size over time. 

2.  Each equation will be made up of different components (or 
parameters) 

3.  Some of the parameter values we will know already (e.g from 
biological research, from fisheries catch effort data collection, etc). 
Some of the parameters will have unknown values. 

4.  We use a statistical model (and computer) to go through all the 
different combinations of possible values for those unknown 
parameters, until it finds a combination that allows the model to 
accurately predict the observed CPUE. In other words, produce a 
CPUE time series that fits or matches (i.e. differs very little from..) 
the real CPUE time series,which we believe is an accurate index of 
changes in population size over time. 

** This description describes some of the core principles only 

Model fitting: Summary 
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Model fitting…. 
 

•  Here are the equations that described the 
population processes….we believe these 
are correct based on past research etc. 

 
•  And we have data collected from the 

fishery or science research for many of the 
parameters. 

 
•  But we don’t have any data for some 

parameters. 
  
•  Model fitting is the process by which our 

computer programme searches amongst all 
the possible “unknown” parameter values 
until it finds and selects the “best” 
combination of parameter values which 
maximise the fit of the model predictions to 
the observed data (e.g. CPUE). 

 
•  In other words it selects values for the 

unknown parameters which maximise the 
models ability to accurately predict the 
observed CPUE (in this example) data. 

 
Nt+1,a+1 = Nt,ae

-(Ma + Ft,a) 

 

Ft,a = qtEtsa 
 

Ct,a = Nt,aFt,awa 
 

Rt = (ASt)/(b+St) 
 

Nt+1,1 = Rt 
 

Bt = ΣNt,awa 
 

St = ΣNt,awaoa 
 

VBt = ΣNt,awasa 

Age Structured Model 

Model fitting: Summary 

Model types and selection 

What are the various types of stock assessment model? How do they differ? 

There are many different types of fish stock assessment model 
that can be used and selecting an appropriate model is 
dependant on the management question being asked and the 
data that is available. 

Biomass Dynamics 
Models 

Age structure 

Ecosystems and 
multispecies models 

Spatial models 

Fishermen dynamics 

Modified from Hillborn and Walters, 1992 

WE ARE GOING TO FOCUS ON AGE STRUCTURED MODELS IN THIS WORKSHOP 
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Key messages 

Additional useful information – 
To be covered in subsequent 

presentations 
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Remember this equation? 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hypothetically it might be used in an assessment model to describe how the fish grow 
in size as they get older. This is really all any of the equations in the model are doing, 
describing processes in the population…the population dynamics including its interation 
with the fishery 
 
(NB: But  again….a critical question we will address later is… how do we know if our model is 
“true” or realistic of the process it is trying to describe? ….we’ll come back to this) 

10 

20 

30 

40 

50 

60 

70 

0        1        2       3       4        5       6       7        8       9 

Calculating rates (of 
change) 

 
..we do it every day.. 
 
Car speed (km/hour) 
Interest rates  
Weight loss (kg/week) 
Typing (words/minute) 
 
What is a rate? 
 
It is the extent to which a 
change in one quantity 
affects a change in 
another related quantity. 
This is called a rate of 
change. 
 
 

D
is

ta
nc

e 
(k

m
) 

Time (hours) 
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Car A 

Car B 
D
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e 

(k
m

) 

Time (hours) 

Example 

Two cars, A and B 

Car A travels 80km after 4 
hours 

Car B travels 40km after 8 
hours 

How do we calculate 
the rate of travel? 

Rate = change in y      
change in x 

Car A: Rate = 80/4       
    = 20km/hour 

Car B: Rate = 40/8 
             = 5km/hour 

 

So…. 

Car A is travelling at a 
faster rate than Car B 

10 

20 

30 

40 

50 

60 

70 

0        1        2       3       4        5       6       7        8       9 

Relevance to stock 
assessment? 

e.g. fish growth rates 

Growth rate impacts 
population size 

1.  Natural mortality 

2.  Size at maturity 

3.  Biomass increase 
in existing pop 

Therefore estimating 
growth rates is 
important in 
predicting population 
change over time 

This is just one 
example of how rates 
may be used in stock 
assessment 

Species A 

Species B 

Le
ng

th
 (

cm
) 

Time (years) 

So…. 

Species A grows at a 
faster rate than 
species B 
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Species A 

Species B 
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) 

Time (years) 

Relevance to stock 
assessment? 

Often the rates are 
not constant as in this 
example 

e.g. fish growth rates 
(in length) rates slow 
as the fish get older  

e.g. fish survival rates 
may increase as fish 
get older and then 
decrease when very 
old. 
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0        1        2       3       4        5       6       7        8       9 

Difference Equations 
Predicting values at fixed points 
in time.  

Example: Two populations, A 
and B. Population A grows at 
20000 fish per year. Population 
B grows at 5000 fish per year. 

How do we calculate the 
population size 4 years into the 
future? 

Rate =  

change in y/change in x 

But we want to know y! 

Species A 
20000=y/4 
4*20000=y 
80000=y 

Species B 
5000=y/4 
4*5000=y 
20000=y  

Species A 

Species B 

Po
pu

la
tio

n 
si

ze
 (

x1
00

0)
 

Time (years) 

So…. 

Population A grows at 
a faster rate than 
Population B 
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Two of the key types of equation used in stock assessment 
models are: 

 
1.  Differential equations – measure rates of change 

2.  Difference equations – predict values at fixed point in 
time 

 
….the key point is that the estimation of each of the 4 key 

processes requires equations, and the full suite of equations 
together make up the assessment model… 

Equations which estimate a value at a fixed point (e.g. in time) are called 
difference equations 

We already know one very well! 
 

Bt+1=Bt+R+G-M-F 
 

 

Many stock assessments these days are based on difference equations….they are 
easier to understand and more intuitively logical 
 
However, each of the components of such an equation may require estimation by 
another equation, and often these equations can involve the calculation of rates 
(ie. Use of differential equations) 
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For example, a basic logistic growth model 
 
We can write it to calculate change in biomass over time: 
 

dB/dt = rB(1-Bt/k)-C 
 
Or we can write it to predict biomass at some time in the future 

Bt+1 = Bt + rB(1-Bt/k)-Ct 
 

 
 
 

An example using fish length and weight: y=mx 

 

Length (cm) 

Weight (g) 

0       1        2        3        4        5 

5 

4 

3 

2 

1 

y=1x 
y=2x 

y=0.5x 

Which is correct (or 
best reflects the actual 

relationship)??? 
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An example using fish length and weight: y=mx 

 

Observed values 

Length (cm) 

Weight (g) 

0       1        2        3        4        5 

5 

4 

3 

2 

1 

y=1x 
y=2x 

y=0.5x 

Models used to deduce relationship and find best fit 

 

Observed values 

Predicted values 

Difference between the observed and 
predicted value is the “residual 
error” 

SSE = Sum (Observed-Predicted)2 

y=0.5x 
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Maximum Likelihood: An example 
 
Lets look at our previous example used to describe SSE approach but this time apply a 
Maximum likelihood approach. 
 
1.  We have a model for the relationship between two parameters, y=mx+c 
2.  x and c are known, m is not 
3.  We can specify a starting mean value and probability distribution around the mean 

which provides the model an indication of the most likely value but some freedom 
to estimate alternate values if they provide a better fit. 

4.  The model searches through all possible values of m until it finds a value which 
maximises the likelihood of the observed data, given the model specified 
(including the specified probability distribution) 

 
 
 
 
 
 
 
 
 

    

y = 0.5 x x +c 
Poor fit 

Parameter X 

P
ar

am
et

er
 Y

 

y = 1 x x +c 
Good fit 

Observed values 

Model: y = m x x +c 
Where a is unknown Mean 
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y = 0.5 x x +c 
Poor fit 

Parameter X 

P
ar

am
et

er
 Y

 

y = 1 x x +c 
Good fit 
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These represent the 
models expected 
probability distribution.  
 
These are then compared 
to the actual distribution of 
the observations around 
the predicted relationship 
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Models expected 
probability 
distribution fits well 
with the actual 
distribution of the 
fishery data 

Models 
expected 
probability 
distribution 
DOES NOT 
fit well with 
the actual 
distribution of 
the fishery 
data 
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The likelihood of the observed 
data, given the red model (left), is 
much higher than the likelihood of 
the observed data occuring given 
the green model (right), and the 
red model is chosen as the model 
of best fit (or most likely model). 
 
 
In the stock assessments, there 
are many unknown parameters 
which the software will “search” 
through the possible values of until 
it finds a model with a combination 
of estimated values which 
maximizes the likelihood of the 
observed data occurring 
 
 
 

Note! 

•  Typically, to find the MLEs we actually search for parameter values 
that minimise the model’s negative log-likelihood function, logL,  

•  So, in an assessment using MLE, to determine the model with the 
best fit, find the model with the lowest negative log-likelihood score. 
A table is usually produced which provides the negative log-
likelihood estimates for each data set offered to the model (e.g., 
catch, size, tagging data) and the combined total for all of these. 

 
  Table 1. Details of objective function components for the base-case model and three of the sensitivity 

analyses. 

Objective function component 
base-case ID-low-catch ID-high-catch 

region3-
growth 

Total catch log-likelihood 598.80 595.90 600.18 638.50 
Length frequency log-likelihood -349,920.62 -349,876.45 -349,936.53 -350,030.85 
Weight frequency log-likelihood -760,710.15 -760,709.29 -760,713.94 -759,670.09 
Tag log-likelihood 2,618.91 2,606.04 2,632.90 3,118.94 
Penalties 7,152.87 7,148.73 7,157.87 7,331.48 
Total function value -1,100,260.19 -1,100,235.07 -1,100,259.52 -1,098,612.02 

 
 
 

– 74 –



Chapter 4 
 

Fisheries data collection for  
stock assessment 

Overview 

Five key bits to this session: 

1.  An overview of fisheries data collection generally 

2.  An overview of MULTIFAN-CL’s data requirements 

3.  Fisheries data collection programmes in the WCPO 

a. Fishery-dependant data collection programmes in the 
WCPO: (i) logbook data; (ii) regional at-sea observer 
programmes; and (iii) port or market sampling 
programmes 

b. Scientific data collection programmes in the WCPO: (i) 
mark-recapture data; (ii) age and growth research; (iii) 
reproductive, feeding, and other biological data; and (iv) 
environmental data 
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Bt+1=Bt+R+G-M-F 

Our conceptual model of a fish population 

Biomass added       Biomass removed 

Fisheries data collection 
Overview 
 
Stock assessment models need data! Specifically, data that describes or 
relates to the fish population, its size, key processes, size structure, 
movement and interaction with the fishery, and how all of these change over 
time.  
 
Without all of these data, we can not: 
a.  Determine if our model of the fish population is an realistic one (via the 

model fitting process described earlier). 
b.  Confidently use our model to make predictions about stock status and 

the future effectiveness of different management strategies. 
 
Fishery-dependant and fishery-independant data - Fisheries data are 
usually divided into two general types.  
 

  “Fishery-dependant” data are collected directly from the fishery 
 or about the fishing process.  

 
  “Fishery-independent” data are collected independently of the 

 fishing process.  
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Fisheries data collection 
Overview 
 
Some common types of fisheries data used in stock assessments are: 
 
•  Fishery catch 

 Fishery dependant by definition. 

•  Fishery-dependant relative biomass estimates (abundance 
indices) 
 E.g., standardised commercial catch-per-unit-effort series 

•  Fishery-dependant stock composition estimates 
 E.g., tuna length or weight data collected either by regional at-sea 
observer or port sampling programmes 

•  *Fishery-independent relative and absolute biomass estimates 
 Unfortunately, because of the spatial scale of our stocks, collecting 
traditional fishery-independent relative (e.g., trawl surveys) and absolute 
biomass (e.g., acoustic or egg-production surveys) estimates are 
impractical for the WCPO tropical tuna stocks. 

Fisheries data collection* 
Overview 
 
Some other aspects of fisheries data to be aware of at this point: 
 
•  The compromise between information content and expense 

 As the information content of different fisheries data sources grows (i.e., 
the ability of a given data source to tell you about true stock size) 
linearly, expense seems to grow multiplicatively! 

 
•  Many data types have multiple uses 

 Many different data types can be used for purposes other than the 
primary purpose for which they are collected. This can help to reduce the 
different marginal costs of the results produced (e.g. catch and effort 
data used in fisheries economic efficiency analyses etc). 
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Fisheries data collection 
Overview 
 
Two other important issues to consider when evaluating fisheries data: 
 
•  Every sampling project needs to have clearly-stated objectives 

 Every data collection programme should have a clearly stated set of 
objectives. What exactly is the sampling programme trying to achieve 
(“who, what, where, when, why, and how”)?  

 
  Do you know why you collect the data that you do collect? 

•  Data accuracy and precision can be difficult to achieve but 
should always be tested  
 We should also expect to see an appropriate consideration of the 
accuracy and precision of the sample data (NB: “sample 
representativeness”). 

 
  e.g. is the size data collected representative of the size composition 

 of the overall catch? 

MULTIFAN-CL 
What are MULTIFAN-CL’s data requirements? 
 
MULTIFAN-CL (MFCL) is often described as a “length-based, age-
structured, statistical population dynamics model” developed for 
assessment of the WCPO tropical tunas (ALB, BET, SKJ, and YFT). Particular 
data sets are collected throughout the WCPO to allow particular model 
process parameters to be estimated during each model run. 
 
  (i) Recruitment  
 Length-frequency data, environmental 
predictors where these exist 

 
 (ii) Growth 
 Otoliths, length- and weight-frequency 
data, mark-recapture (“tagging”) data 

 
 (iii) Fishing mortality 
 Logsheets and landings data  
standardised catch-per-unit-effort 
(CPUE) abundance indices 

 

 (iv) Natural mortality 
 Mark-recapture data 

 
 (v) Movement 
 Mark-recapture data 

 
 All these data are critical to 
successfully completing each 
assessment 
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WCPO assessment data flow* 

 
Annual 

Vessel Trip Log 
(Fishing company) 

Vessel trip Vessel trip 

Vessel Logsheet 
(Vessel captain / 
Fishing company) 

Port Sampling forms 
(Port Samplers - 

Fisheries Division) 

Individual 
unloaded catch 

Observer forms 
(Observers - 

Fisheries Division) 
 Packing (Export) List  

(Fishing Company / Agent) 

Reject (Local market) List  
(Fishing Company / Agent) 

Unloading Form  
(Fishing Company) 

Cannery List 
(Fishing Company / Agent) 

In port 
Vessel trip 

In port 

LICENSING 
Legally -

enforceable 
data collection 

provisions 

DATA 
COLLECTION 

DATABASE 
SYSTEM 

Data 
management 
Quality 
control 
Reports 

Other MCS 
data 

(e.g. VMS) 

SCIENTIFIC RESEARCH 
Sampling for size and age 

Mark-recapture studies or movements, habitat use 
Stomach contents analysis for trophic studies 

ST
O

C
K

 A
SS

ES
SM

EN
T 

Used to allow spatial and temporal 
stratification of data within model 
and for standardising catch rates 

Gear and method data are 
used to help standardise 
fishing effort within the 

stock assessment models 

Catch data to estimate 
fishing mortality and CPUE 

data for model fitting 

Catch-effort log data 
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Unloadings data are 
used to validate the 
logbook data used 
in the assessments 

Landings or unloadings data 

**Gear and method data are 
can be used to standardise 
fishing effort (or CPUE) to 
feed these data into the 
stock assessment models.  

Effort data are critical to the 
accurate estimation of the 
catch 

Observer data have not been 
used a lot for this purpose in 
the past but are likely to be 
in future, in particular for 
assessments of bycatch 
species like sharks 

Observer data: catch-effort data 
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Size and other catch- 
composition data are 
critical for estimating 
growth and mortality 
and for separating 
age classes within the 
catch, and population 
size structure, all of 
which are needed 
within an age-
structured stock 
assessment model 

Observer data: catch composition 

For collection of biological 
samples by observers, 

scientists provide separate 
sampling forms to fill in, but 

which are linked to the 
standard observer forms 

 

Often, scientific 
observers programmes 

are the only practical way 
to collect certain kinds of 

data from the catch 

Observer data: biological sampling 
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Port sampling data 

Overview 

1.  Port-sampling data: data collected by port sampling staff at 
points (ports) of unloading 

2.  Data collected: (i) cover a broad area of fishing; (ii) catch by 
species for the entire trip; and (iii) the composition of the 
target species catch (length-frequency and other data) 

3.  Requires liaison with locally-based fishing companies and 
agencies and government departments (e.g., Customs Dpts). 
Coverage of unloadings data by vessel is not complete—there 
are problems covering all ports. 

4.  DWFNs (Government Departments and companies) also 
compile their own data (mainly from unloadings) and provide 
annual catch estimates to the OFP. 

Port sampling data 

Overview 

5.  The data contain more than 16 million length measurements 
collected from a variety of sources since 1960s. 

6.   The data are used to (among other things): 

•  Validate logsheet data 
 (E.g., unloaded weights by species) 

•  Quantify or characterise fishery trends 
 (E.g., length frequency data) 

•  Stock assessment model inputs 
 (E.g., from which other different but related quantities such 
as the catch age composition may be estimated) 
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            Active during 2004 

 

            Past activity but not currently active 

**Ports in the WCPO where length measurement 
and species composition sampling are undertaken 

Port sampling data 

N =   1542
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N =   2549
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September

N =    703

N =    263

N =   1668

N =   1326
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April
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N =    510

N =    825

N =    560

February

March

N =    290

N =    253

N =    404

October

November

December

 20  40  60

January 1996

Port 
sampling 

data 
Bt+1=Bt+R+G-M-F 

Weight data for 
validating 

logbook catch 
estimates 
outside of 

assessment 
model 

Size data are critical 
to estimation of 

growth and mortality, 
and for separating 
age classes, in age 
structured models  
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Mark-recapture (Tagging*) data 

Overview 

1.  Mark-recapture or “tagging” experiments can potentially 
produce a variety of information for stock assessments: 

•  Movement 

•  Natural mortality 

•  Growth 

•  Exploitation rates  (total and fishing mortality) 

2.  Different kinds of tags have different uses: c.f., 
“conventional” tags and modern, electronic tags (e.g., PSAT, 
SPOT, acoustic). However, the latter are much more 
expensive. (Why is this a problem? What are the implications 
of this?) 

0
20

N
40

N

120E 140E 160E 180

20
S

40
S

80W160W 140W 120W 100W

Conventional tags 

Bt+1=Bt+R+G-M-F 
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Age and 
growth data 

In an age-structured model, the collection of age data is 
critical to estimation of all parameters. Fish age is 
estimated through analyses of seasonal growth rings 
(annuli) in hard body parts (e.g., otoliths or ear stones 
in tuna and fin spines in marlin), with these being 
collected by observers, port samplers or directly by 
scientists. (What structures might we use in sharks?)  

Reproductive data 

Schaefer et al. (2005) 
REPRODUCTIVE BIOLOGY OF BIGEYE TUNA (THUNNUS OBESUS) IN THE EASTERN AND CENTRAL PACIFIC 

OCEAN. INTER-AMERICAN TROPICAL TUNA COMMISSION BULLETIN VOL 23, No. 1. 
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Environmental data 
E.g., sea surface temperature (SST) fields 

Modern remote sensing (satellite) technology allows environmental data to be gathered on an 
ocean-basin or global scale in near to real time cost-effectively. However, such data are not 
(yet) used directly in the WCPO tuna assessments. 

1.  Many types of data are collected for use in WCPO tropical 
tuna stock assessments. Most data are produced by or are 
associated with the fishing process (“fishery-dependant”) 

2.  Data types collected include catch-effort and landings 
logsheets, fishing method data, fish size and other biological 
data, and environmental and oceanographic data. 

3.  The ongoing collection of such data is vital for future 
assessments of the tropical tuna stocks in the WCPO. Data 
series length and continuity is everything.  

4.  However, data quality is just as important as data quantity or 
coverage. There is a need to compromise between data 
information content and collection expense. 

 

Summary 
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5.  Every data collection programme should have clearly-stated 
objectives. Data accuracy and precision can be difficult to 
achieve but should always be tested. 

6.  The data collected in the WCPO permit WCPO tuna scientists 
to undertake comprehensive tuna stock assessments to 
provide information regarding the status of the target tuna 
stocks, information which is critical to the management of 
the tuna resources in the region 

 
7.  However, there is a particular need for more mark-recapture 

(“tagging”) data to assist with understanding stock structure, 
likely present and future fishing and natural mortality levels, 
fish movement and growth. Hence the ongoing tuna tagging 
programme being run by SPC. 

Summary 

 
a.  What is your role back home in fisheries 
b.  How is your job related to data collection (if at all) 
c.  What data are you responsible for either directly 

collecting or supervising/managing the collection and 
storage of? 

d.  Based on information presented in this session or your 
own knowledge, explain why that data is important to 
stock assessment (if at all). 

e.  Specifically, which parameters or key processes within an 
assessment model is the data you collect used for 
estimating? 

Discussion Exercise* 
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Chapter 5 
 

Fish growth 

Overview 

We will address five key questions during this session: 

1.  What is fish growth? 

2.  Why is proper consideration of fish growth important in age-
structured stock assessment models? 

3.  How do we measure and estimate growth outside a stock 
assessment model? 

4.  How do we use growth data within a stock assessment 
model (in particular, within MULTIFAN-CL)? 

5.  What particular problems are associated with using growth 
data in a stock assessment? 
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Bt+1=Bt+R+G-M-F 

Our conceptual model of a fish population 

Biomass added          Biomass removed 
 (Production)                                       (Mortality)  

What is fish growth? 

Growth in fisheries science is usually defined as a change in fish size (length 
or weight) with age. 
 
Growth is usually described in terms of average growth, as the growth of 
individuals can be highly variable. 
 
Growth is an important process to understand as it: 
 
•  Influences related population processes 

 e.g. natural mortality and maturity rates. 
 
•  Influences the rate at which a cohort gains biomass 

 Growth is the process by which a size or age group (cohort) moving 
through the population increases in size and hence in biomass. 

 
•  Influences fish vulnerability to the fishing gear 

 The vulnerability (selectivity) of individual fish to fishing gear often 
changes as fish change in size or age.  
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Describing Growth 
•  Typically, the average growth pattern for fish is asymptotic,  

•  Rate of growth slows down with age.  
•  Growth curve reaches a species-specific maximum size or weight (asymptote).  
•  Note that not all individuals will follow the average growth trend for 

the species or stock – variation in size-at-age. 

Gunn et al. (2008). Southern Bluefin tuna 

Growth rate slows 
at maturity 

average maximum size 

Variation in size-at-age 

Growth rate fastest 
when young 

Growth rate slow 
when old 

Asymptote 

Sun et al. (2003). Swordfish (Taiwan) 

Weight = a x lengthb 
 

Where: 
a = exp(intercept) from ln(W) ~ ln(L) 
b = allometric growth parameter 
 

Length-weight relationship 
Describes the rate at which a fish gains weight 
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 Length-at-age 

Rapid growth in length, not weight, of young fish 

Less asymptotic 
growth in weight 

Onset of maturity 

Gunn et al. (2008) SBT 

Growth in length vs. weight 

 Weight-at-age 

A s y m p t o t i c 
growth in length 

Essington et al. (2001) BFT 

Onset of maturity 

Species-specific growth 
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Different species grow at different rates, and to different sizes. 

Accurately estimating growth rates and maximum size is critical in 
stock assessment as it affects estimates of:  

•  biomass-at-age 
•  vulnerability-at-age,  
•  maturity, mortality etc.  

Growth is a crude indicator of stock 
productivity: 
Short-lived, fast growing = high productivity 
Long-lived, slow growing = low productivity  

 
 

– 91 –



Hampton (2000) 

1. Growth influences natural mortality and maturity 

Natural Mortality - Skipjack Maturity curve - Bigeye 

Understanding the maturity schedule of 
a stock is critical as it influences future 
recruitment 

Why is growth important in 
stock assessment models? 

Schaefer et al. (2005) 

Why is growth important in 
stock assessment models? 

Decline in numbers at age 
due to natural mortality 
(and fishing mortality) 

Addition of biomass due 
to growth greater in early 

years than loss of 
biomass due to M and F 

2. Increases cohort biomass 
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Decline in numbers at age 
due to natural mortality 
(and fishing mortality) 

Addition of biomass due to 
growth greater in early 

years than loss of biomass 
due to M and F 

Age structured models need information regarding the growth rate of fish in 
different age classes, so that the model can identify age classes (cohorts) from the 
size data provided to the model, track them through time, and apply appropriate 
age-specific natural and fishing mortality factors to each age class.  

Why is growth important in 
stock assessment models? 

3 monthly time bins 

New cohort 
sampled in 
August 

3. Influences cohort average vulnerability to the fishing gear (selectivity) 

YFT (SC-5 SA-WP-3) 
BET (SC-5 SA-WP-4) 

Why is growth important in 
stock assessment models? 
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3. Influences cohort average vulnerability to the fishing gear 

YFT - (SC-5 SA-WP-3) BET - (SC-5 SA-WP-4) 

Why is growth important in 
stock assessment models? 

Proportion at age Fishing Mortality Proportion at age Fishing Mortality 

How is fish growth estimated? 

Estimated by a model or measured  
 
Various data sources and methods can be used. WCPFC stock assessments 
typically incorporate a combination of sources : 
 
•  Mark-recapture (tagging) studies 

 Compare the relationship between size-at-release, size-at-recapture, 
and the time at liberty. (How much did the fish grow between release 
and recapture). 

•  Length frequency modal progression 
 Length frequency data collected from a fishery can be split into the 
individual length frequency modes that correspond to each age class. 
(NB: this is what is done inside MFCL.) 

•  Analysis of hard (calcified) body parts 
 Calcified body parts such as otoliths (ear bones), vertebrae, or scales 
often have visible (at least under a microscope) growth rings. Counting 
the number of growth rings provides an estimate of age for an individual 
fish. A growth model can then be fitted to the length and age data. 
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Tagging data can be very valuable for estimating growth, assuming that: 
1.  there are no tag effects on growth.  
2.  tagging is conducted in a manner that is representative of the fish population as a whole 

and over time.  
3.  Recapture information (length and date) are accurately reported. 
 

Mark-recapture studies are typically expensive, and need to be well 
planned to produce data that is representative of the stock.  

1. Mark-recapture data 

BET - (SC-6 SA-WP-4) 
Why do many fish appear to 
grow more slowly than the 
estimated growth curve? 

How is fish growth estimated? 

Age class 

•  Size frequency data can be used to 
identify and track fish cohorts (age 
classes) through time, providing an 
estimate of growth.  

•  Merging of length or size modes of 
fish in older age classes can make it 
more difficult to apply this method 
correctly (e.g. Albacore) 

2. Modal progression analysis 

How is fish growth estimated? 
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3. Analysis of hard body parts such as otoliths 

How is fish growth estimated? 

X 
? 

3. Analysis of hard body parts such as otoliths 

BET (SC-6 SA-WP-4) 

How is fish growth estimated? 

•  Counts of growth increments in otoliths 
provides a direct estimate of age 

•  We can plot size against age for a 
sample from the population to estimate 
average growth curve 

•  But why do otolith data indicate that fish 
grow faster (than the estimated growth 
curve from size-frequency and tagging 
data)? 

ALB (SC-6 BI-IP-1) 
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3. Analysis of hard body parts such as otoliths 

Growth estimates from hard parts 
can be extremely valuable, but... 

•  Hard body-part studies can be 
expensive, and data collected need to 
be representative of the stock.  

•  Otolith reader accuracy must be 
tested and monitored on an ongoing 
basis to prevent unconscious shifts in 
reader interpretation from occurring.  

•  The periodicity of growth increments 
must be val idated , e .g . v ia 
tetracycline marking. 

How is fish growth estimated? 

$
$ 

Fish growth models 

1.  A range of models (curves) have been developed to describe fish 
growth.  

2.  The choice of model to use depends on the question, i.e. 

•  To predict age from size data - Choose model that best fits the data 
(usually the approach taken for stock assessments) 

•  To understand the growth process – Choose model with (biologically) 
meaningful parameters 

3.  Growth models typically provide an estimate of mean growth rate 
and mean maximum size (in length or weight). 

ALB (SC-6 BI-IP-1) 
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Fish growth models 
The von Bertalanffy (VBGF) growth model 

For better or for worse, the von Bertalanffy growth function (VBGF) is 
the most commonly used to describe the length-age relationship in fish. 

   
 
Lt = fish length at time t 
 
L∞ = average maximum length for the population 
 
K = the rate at which a fish will approach L∞.  

K is not the growth rate. The units of K are in time-1 rather than 
change in size per unit of time. 

 
t0 = theoretical age at length 0 
 

K and t0 have little biological meaning 
 

t0 

L∞ 

Fish growth models 
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Fish growth models 

The von Bertalanffy growth model for weight at age 

Combining the VBGF with a length-weight relationship gives 
  

 
 
 
Wt = fish weight at time t 
 
W∞ = average maximum weight for the population 
 
e = the base of the natural logarithm 
 
K = the exponential rate of approach to the asymptotic size (W∞) 
 
b = the allometric growth parameter 
 
t0 = theoretical age at weight 0 

Exponent of L-W  
relationship 

Fish growth models 

Many, more complicated, arguably more flexible, mathematical 
growth models do exist (e.g., Schnute 1981)… 

t0 

W∞ 
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Fish growth models 

Typical effects of varying the VBGF parameters: 

1.  The parameters K and L∞ are very strongly negatively 
correlated. 

2.  K and L∞ values have a large effect on the resulting growth 
curve. 

3.  Changes in the estimates of VBGF parameters will, in-turn, 
alter the size-at-age relationship and ultimately estimates of 
biomass and other variables produced in the stock 
assessment (e.g. influence on the SRR and therefore 
recruitment strengths estimated in the stock assessment) 

4.  These feed into Biological Reference Point estimates (e.g. 
Bcurr / Bmsy) 

Understanding fish growth, is critical in an age-
structured stock assessment model! 

 

How are estimates of growth used 
within an age structured stock 

assessment model?  

(with MULTIFAN-CL as the example) 
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Length-weight 
 

Length 

Data 

Step 3: model inputs 
(to estimate biomass- 

at-age, recruitment strengths, etc.) 

Step 1: collect size-frequency data 
f r o m t h e f i s h e r y t h a t a r e 
representative of the stock 
 
Step 2: determine the stock length-
at-age and we ight-a t- length 
relationships. 
 
 

How are estimates of growth used 
within age structured models?  

+ 

Conversion factors: 

1.  Conversion factors (CFs) are used to covert lengths to 
weights (biomass) of from one length/weight measurement 
to another and so on. E.g., 

 Whole weight = processed weight x CF  

2.  Usually, lengths are measured in a similar way for each 
species, although some particular differences exist (e.g., the 
use of fork lengths, lower jaw to fork length, pectoral fin to 
fork length etc. depending on species anatomy) 

3.  Weight data may be collected from the fishery and supplied 
in a number of ways (e.g., whole weights, gilled and gutted, 
trunked etc), some more convenient than others. 

 Standardisation of fish size or weight data over the 
number and diversity of tuna fisheries in the WCPO is 
difficult but is absolutely necessary for use in MFCL! 

How are estimates of growth used 
within age structured models?  
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Inside MFCL: 

1.  The VBGF parameters determined from biological research are 
critical, and can be used in the model as starting values or define a 
plausible range for estimates produced during the model fit. 

2.  Weight-at-length and length-at-age relationships are used to convert 
lengths to ages and then to weights in order to generate the 
biomass of fish at each model time–step and total biomass.  

 
3.  MFCL uses these parameters to “grow” cohorts of fish through to 

the appropriate size class with each time step. Variations in the size-
at-age of individual fish are accommodated (by incorporating 
variation around the mean length-at-age relationship) 

 Age and growth data give the model the rules to define, the 
model ages and grows each age-class of fish during each 
model time step 

How are estimates of growth used 
within age structured models?  

Age cohorts within MFCL 
 
The key to an age-structured 
model like MFCL is to be able to 
identify and change (“progress”) 
age-groups or cohorts of fish. 
 
NB: “age cohort” = a group of 
fish generated during the same 
spawning season and born 
during the same time period. 
 
Cohorts can be identified from 
length- f requency data by 
looking for modes in the data 
(NB: length-frequency mode 
decomposition to estimate age) 

How are estimates of growth used 
within age structured models?  
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How are estimates of growth used 
within age structured models?  

Some actual MFCL results 
 
To the left are observed 
(grey) and model-predicted 
(estimated - red) length 
distributions for each fishery 
defined in the 2009 YFT 
assessment. 
 
A compar ison between 
observed and predicted 
values is always incorporated 
into each assessment. This 
can be a very important 
i n d i c a t o r  o f  m o d e l 
“goodness-of-fit”. 

How are estimates of growth used 
within age structured models?  

Some actual MFCL results 
 
Grey – predicted size 
Red – observed sizes 
 
“Residual” fits to the length 
data for YFT from the 2009 
assessment. (Residual = a way of 
measuring the distance between 
an observed and a fitted value). 
 
Residual plots are another 
impo r t an t g oodne s s - o f - f i t 
diagnostic that you will see if you 
read the MFCL assessment 
reports or attend the WCPFC-SC. 
 
Example: for PS JP1, we see that 
the model predicts too many 
“large” fish after 1990. 
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How are estimates of growth used 
within age structured models?  

YFT - (SC-5 SA-WP-3) 

What problems are associated 
with using “growth” data in 
stock assessment models?  
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Possible explanations include: 

1.  Variability in size-at-age 

2.  Lack of data for very small fish 

3.  Gear selectivity – catching the faster growing young fish 

4.  Rounding errors in weight data 

5.  Differences in processing methods among fleets and through 
time. The application of a single CF may not be appropriate 

6.  Others? 

Why the difference between observed 
and expected lengths and weights? 

 Potential to introduce biases into biomass estimates 

 May explain some differences between observed and expected size data 

Yellowfin
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Why the difference between observed 
and expected lengths and weights? 
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Why do we worry about fish growth? 

1.  Growth is a key factor in influencing the dynamics of fish 
populations (size, mortality rates, maturity, etc.) and a crude 
indicator of productivity. 

2.  Estimation of fish growth is essential to age-structured 
models.  

3.  Assists in identification of cohorts within populations and 
tracing these cohorts through the fishery. 

4.  Growth can be estimated from modal progressions, mark-
recapture, and otolith studies. 

5.  Growth rates are incorporated to allow the model to predict 
and incorporate changes in fish size with age and therefore 
improve estimates of biomass. 

Summary 

Why do we worry about fish growth? 

6.  Many growth models exist but the VBGF is the most-widely 
used. The key parameters to estimate are L∞ (mean 
maximum fish length), K (rate at which L∞ is approached) 
and t0 (theoretical length at age 0). 

7.  The relationship between length and weight is also vital in 
order to convert ages to lengths and lengths to weights, and 
thus in the generation of biomass estimates. 

8.  Catch-composition or size data can be obtained from at-sea 
observer and port sampling programmes. 

9.  Assessment models compare observed and expected size 
distributions as part of the model fitting process. 

Summary 
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Chapter 6 
 

Parameter estimation – 
Recruitment 

Session overview 
 

You were briefly introduced to the concept of recruitment 
yesterday. Today we are going to expand on that description 

1.  What is recruitment? 

2.  Why do we estimate recruitment in stock assessment models? 

3.  What are the key factors that influence the recruitment level? 

4.  How do we estimate recruitment 

a.  Stock recruitment hypothesis 

b.  Estimation of recruitment by MULTIFANCL for WCPO 
assessments 
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Bt+1=Bt+R+G-M-F 

Our conceptual model of a fish population 

Biomass added       Biomass removed 

What is recruitment? 

 
 

– 108 –



What is Recruitment? 
•  Annual recruitment is defined as the number of animals 

“added to the population” each year. 
•  However, recruitment is also defined by when recruitment 

occurs: 
–  at birth (mammals and birds); 
–  at age one (mammals and birds, some fish); 
–  at settlement (invertebrates / coral reef fishes); 
–  when it is first possible to detect animals using sampling 

gear; and 
–  when the animals enter the fishery. 

•  All of these definitions are “correct” but you need to be 
aware which one is being used. 

WCPO Skipjack, yellowfin and bigeye tunas all recruit to the 
purse seine fishery at around 0.5-1 years of age. Before that 
point it would appear that they are too small to be caught by 
any commercial gear. Albacore tuna recruit to the troll fishery 
at around 2 years of age. 

Bt+1=Bt+R+G-M-F 

What is recruitment? Bt+1=Bt+R+G-M-F 
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What are the factors that 
influence recruitment level? 

Bt+1=Bt+R+G-M-F 

Recruitment trends 

A shark species A tuna species 

Recruitment over time for…… 

How would you describe the trend in recruitment over time for the 
tuna species? For the shark? Stable? Highly variable? 

How can tuna recruits in one year be 2-3 times higher than the 
next? Why is there less variation for the shark? 

Bt+1=Bt+R+G-M-F 
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Key factors influencing recruitment Bt+1=Bt+R+G-M-F 

Fecundity: Processes that effect egg production 

Total stock egg production per time period (e.g. year) will be a 
product of: 

  Number of spawnings per year 

  Number of mature females 

  Age (e.g. older adults might produce more eggs) 

  Eggs per spawning  

Many of which might be also effected by 

 1. Adult condition: e.g. Nutritional condition and stress factors 

 2. Environment (e.g. water temperature) 

 3. Other 

Key factors influencing recruitment Bt+1=Bt+R+G-M-F 
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Survival: Processes that effect egg, larval and juvenile survival 

Biotic (e.g.) 

 Starvation  

 Predation 

 Disease 

Abiotic (e.g.) 

 Temperature 

 Salinity 

 Oxygen 

 

 

Small variations in survival = big variations in recruitment 
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Offspring survival (per female adult fish) 

Key factors influencing recruitment Bt+1=Bt+R+G-M-F 

– 

David Cushing: Proposed 
the “match – mismatch” 
hypothesis 
 
Successful year-classes 
are the result of spatio-
temporal “match” between 
first feeding larva and 
availability of suitable food 

Key factors influencing recruitment Bt+1=Bt+R+G-M-F 
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Evidence supporting match-mismatch hypothesis 

Key factors influencing recruitment Bt+1=Bt+R+G-M-F 

How do we estimate recruitment? 

Bt+1=Bt+R+G-M-F 
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How do we estimate recruitment? 

In summary… 

Many different factors can impact the survival of marine fish at any of the 
different stages in the recruitment process…. 

So…. 

How do we measure recruitment? 

1.  Sampling regimes targeted at juveniles. 

2.  Size specific indices of abundance from catch/effort data. 

3.  Where information pertaining to 1 and 2 above aren’t available (often 
the case), scientists are generally forced to make an assumption – that 
there is a relationship between recruitment and adult stock size (called 
“the stock-recruitment relationship” SRR) , and that that 
relationship can be used to predict recruitment. 

 

So what exactly is this SRR (Stock Recruitment Relationship) all about? 

Bt+1=Bt+R+G-M-F 

Estimating Recruitment 
The stock-recruitment hypothesis 

The simplest relationship assumes that the number of recruits per 
spawner does not change regardless of the adult population size (i.e. it 
is independant of the number of adults), hence total recruitment 
increases with increasing stock size. 
 
…….HOWEVER! This doesn’t take into account limited habitat/resources 
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i.e: if each adult 
produces 2 
recruits, regardless 
of population size, 
then 2 adults will 
produce 4 recruits, 
10 adults produce 
20 recruits, 1000 
adults produce 
2000 recruits total 
and so on. 
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Bt+1=Bt+R+G-M-F 
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A more commonly accepted model assumes that the number of recruits per spawner  
declines as the stock gets larger, hence total recruitment plateaus after an initial phase 
of increase. 
 
This model takes account of resource limitation (increasing competition = lower fecundity 
and lower survival, increased cannabalism by adults, disease transmission, predation 
etc). 
 
There are other variations on this relationship, but we will concentrate on the 
compensatory SRR, as it is what we use in tuna assessments in the WCP-CA 
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i.e: as stock gets 
larger, fewer larvae/
juveniles from each 
adult survive to 
recruitment age. 

Density Dependance - Compensation 
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Estimating Recruitment 
The stock-recruitment hypothesis 

Bt+1=Bt+R+G-M-F 

If recruitment was really tightly related to stock size as in the diagram here, then our 
stock assessment model could easily predict recruitment strength. 
 
However, as discussed before, we know that for many species, environmental variability 
also has a very large impact on recruitment, and that for any given stock size, 
recruitment could be very large or very small, due to environmental impacts on larval and 
juvenile survival. 

Compensation 
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Environmental 
impacts on 
recruitment can result 
in very high or low 
recruitments at the 
same stock size 

Red dots – recruitment 
determined predominantly by 
stock size (e.g. shark species) 

Blue dots – recruitment 
determined predominantly by 
environmental impacts on 
larval/juv survival (e.g. tuna 
species) 

Estimating Recruitment 
The stock-recruitment hypothesis 

Bt+1=Bt+R+G-M-F 
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General rules for stock-
recruitment relationships 

• 
• 
• 

• 

 

 

 

Bt+1=Bt+R+G-M-F 

 
 

Estimating Recruitment 

This looks as though there is no relationship to spawning 
biomass (adult population size)…..why do we know there MUST 
be a relationship? 

Highly differing 
recruitments at same 
stock size can be due to 
difference in environment 
and impacts of that on 
egg production by adults 
and/or survival of larvae 

Lets look at a real example: Estimated recruitment of bigeye 
tuna in the WCP-CA…. 

Bt+1=Bt+R+G-M-F 
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Recruitment trends 
Stock Recruitment data are always “noisy” 

Bt+1=Bt+R+G-M-F 

Why is the stock recruitment relationship 
(SRR) so critical to stock assessment? 

Remember our basic conceptual model: 

If the fish population we are exploiting is to remain stable (or increase in size), 
recruitment (number of fish added to the population) must be equal to or 
higher than fish removed by natural mortality and fishing.  

If the average number of recruits falls below the average number of deaths 
(natural or fishing based) over a significant period, then the mean size of the 
population will reduce, and the fishery will no longer be able to catch the MSY. 

The SRR is important because it defines the point at which recruitment will start 
to decline because there are not enough adults to produce enough recruits to 
replace the fish removed by natural mortality and fishing. 

When this occurs, the fishery is OVERFISHED (under the MSY based definition of 
overfishing used in the WCPO)! 

Bt+1=Bt+R+G-M-F 

Bt+1=Bt+R+G-M-F 
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When average recruitment starts to decline significantly (at biomass <30% for 
stock A, and <60% for stock B), the fishery is OVERFISHED. More specifically, 
this type of overfishing is called RECRUITMENT OVERFISHING – meaning 
there are no longer enough adults to produce sufficient recruits to replace the 
fish that die. 
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Example:  
 
For Stock A (black line), 
total average recruitment 
starts to fall when the adult 
stock has declined by 70% 
(to 30%) of its “virgin” 
stock size. 
 
For Stock B (red line) 
recruitment falls when the 
stock has declined by only 
40% 
 

Bt+1=Bt+R+G-M-F Why is the stock recruitment relationship 
(SRR) so critical to stock assessment? 

Critical factor in a stock recruitment relationship……steepness of the curve! This 
will be related to b, the stock size when recruitment is half the maximum 
recruitment.  
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b 

max 

Higher steepness = stock A can be depleted more before recruitment is
 effected, and the stock can recover more quickly from overfishing 
 after fishing is stopped/reduced  

Lower steepness = stock B can not be depleted significantly before 
 recruitment is effected, and the stock will recover more 
 slowly from overfishing after fishing is stopped/reduced  

The problem – “steepness” is often very uncertain in stock assessments, so the 
point at which recruitment is affected (and overfishing occurs) is also uncertain. 

Why is the stock recruitment relationship 
(SRR) so critical to stock assessment? 

Bt+1=Bt+R+G-M-F 
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Implications of the SRR in a real example: Estimated recruitment of 
bigeye tuna in the WCP-CA…. 

In the 50 years since industrial fishing 
commenced, the bigeye spawning 
biomass has been reduced by 85% 

1. Where is the point at which we predict 
recruitment will start to significantly 
decline (ie; the fishery become 
overfished)? 

 

2. How long do you think, if fishing isnt 
reduced, until we pass this point? 

 

3. What if we got the estimate of 
steepness wrong? 

Bt+1=Bt+R+G-M-F Why is the stock recruitment relationship 
(SRR) so critical to stock assessment? 

Bt+1=Bt+R+G-M-F Recruitment Models 
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- a is a productivity parameter, related to recruits-per-spawner at low 
stock size … optimum harvest rate depends on a 
- b is a capacity parameter that describes how recruits-per-spawner 
decreases with increasing stock size 

Beverton Holt models Ricker models 

We will use this one 
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Bt+1=Bt+R+G-M-F Recruitment Models 
Definition: steepness 

•  When spawners are at 20% of unfished levels (S0), 
steepness is the proportion of unfished recruitment (R0) 
that is produced 
–  If steepness is 70%, then reducing the spawners to 20% of 

unfished levels will reduce recruitment to 70% of unfished levels 
–  If steepness is 50%, then reducing the spawners to 20% of 

unfished levels will reduce recruitment to 50% of unfished levels 

 

 

 

h = steepness 

R0 = max. recruitment 

S0 = unfished spawning 
stock size 

Bt+1=Bt+R+G-M-F Recruitment Models 

Spawners 

Deer Creek, OR Needle Branch Creek, OR Hooknose Creek, B

              Beverton-Holt                       Ricker                   Hockey-stick 

Re
cr

ui
ts
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How does MULTIFAN-CL 

 estimate recruitment? 

Bt+1=Bt+R+G-M-F 

Estimation of Recruitment by 
MULTIFAN-CL 

MULTIFAN-CL estimates recruitment in a two 
part process: 

1. MULTIFAN-CL models the SRR typically 
using the compensatory Beverton and Holt 
curve, which sets the average stock-
recruitment relationship, and ensures that the 
model accounts for the point at which 
recruitment might start to decline  

Albacore 

Skipjack Bigeye 

Bt+1=Bt+R+G-M-F 
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Strong recruitment (if 
CPUE high) 

Weak recruitment 

2. Deviations from this relationship are then determined by the strength of 
the size modes and the CPUE associated with those size modes. 

Estimation of Recruitment by 
MULTIFAN-CL 

Bt+1=Bt+R+G-M-F 

      Stock-Recruitment Estimation in MULTIFAN_CL: Skipjack 2010 
 

* In light/moderate exploited fisheries, biomass and recruitment show similar trends 

Biomass     Recruitment 

Bt+1=Bt+R+G-M-F 
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Session overview 

1.  Recruitment is the number of fish alive at a specified stage after 
hatching – For the tuna assessments conducted in the WCP-CA, its 
the stage at which they are first detected in the fishery catch (e.g. 
for YFT, BET, SKJ at 0.6 months in the purse seine fishery). 

2.  In the WCP-CA recruits are identified through size sampling 
programmes (e.g. port sampling and observer programmes) 

3.  Its one of the four key processes we need to account for in a stock 
assessment model if we are to be able to determine the impacts of 
fishing on that population and determine if the population is 
increasing, decreasing etc over time. 

4.  Recruitment levels can be impacted at multiple points in the life 
cycle…..the level of egg production by the parents, and the survival 
of the larvae and juveniles, which is affected by both biotic factors 
(starvation, predation, disease impacts on larvae, juveniles etc) and 
abiotic factors (water temperature, convection, oxygen, salinity etc). 

Bt+1=Bt+R+G-M-F 

Session overview 

5.  For highly fecund marine species like tuna, typically only a tiny 
fraction of larvae survive to recruitment stage. Mortality is extremely 
high in the early days and weeks, due to factors like starvation and 
predation.  

6.  Despite this, its critical to note that only a very small change in larval 
survival rate (e.g. 1 in a million versus 2 in a million) can have a very 
large impact on subsequent recruitment. 

7.  One of the key considerations in any stock assessment is the stock 
recruitment relationship – how is the total recruitment level related to 
the size of the spawning component of the stock? 

8.  For species which produce few eggs and have young develop to 
juvenile stage in egg, or uterus (e.g. sharks), or which provide 
parental care to young, the relationship between adult stock size and 
recruits is typically more apparent because survival of those young is 
relatively high and they are less impacted by environmental factors 

Bt+1=Bt+R+G-M-F 
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Session overview 

9.  For species which produce many eggs (e.g. 10’s of thousands to 
millions) and whose young hatch as larvae, the relationship between 
adult stock size and recruits is typically less apparent because, over 
most of the range of adult stock size, it is environmental factors 
(food availability, predation, temperatures etc) which determine 
survival rates, and those environmental factors are highly variable 
over time, so larval survival and hence recruitment is also highly 
variable. 

10. However, even for these species, when the adult population drops 
too low, recruitment will be effected (zero adults = zero larvae). 

11. As such, the steepness of the stock recruitment relationship has a 
large impact on stock assessment outputs – it influences how hard a 
stock can be fished down, and how quickly it can recover from being 
overfished. 

12. Recruitment overfishing – describes the point at which there are no 
longer enough adults to produce the number of recruits required to 
replace fish lost from the population by natural and fishing mortality. 

Bt+1=Bt+R+G-M-F 
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Chapter 7 
 

Natural and  
Fishing Mortality 

Where are we going? 

Overview of this session: 

1.  What is mortality? 

2.  What is natural mortality? 
•  How and why does it vary with age and size? 
•  Why do we estimate it? 
•  How is it estimated outside a stock assessment? 
•  How is it estimated within a stock assessment (MFCL)? 

 
3.   What is fishing mortality? 

•  How and why does it vary with age and size? 
•  Why do we estimate it? 
•  How is it estimated outside a stock assessment? 
•  How is it estimated within a stock assessment (MFCL)? 

4.   Summary 
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Bt+1=Bt+R+G-M-F 

Our conceptual model of a fish population 

Biomass added       Biomass removed 
 (Production)                                                 (Mortality) 

= Z (Total Mortality) 

Age-structured models 
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What is mortality? 

1.  Simply, the process of mortality (i.e., the rate of death or 
loss) of fish from the population by all causes, usually 
expressed as: 

 Z = M + F 
2.  Natural and fishing mortality, M and F, are generally treated 

separately in stock assessment models, as the implications 
for management of high F or high M can be very different. 
(What might these be?) 

3.  Also, F can be managed (at least in theory), whereas M 
generally can’t be controlled 

4.  Expressing F as a proportion of Z is often referred to as the 
exploitation rate, or E, where E = F / Z. 

Bt+1=Bt+R+G -M 

How are mortality estimates 
incorporated into age-based 

models? 

Bt+1=Bt+R+G-M-F 

Ba+1,t+1 = Ba,t+Ra=1,t+Ga,t-Ma,t- Fa,t 

Bt = Σ Ba,t 

Age/size-specific growth 
Age/size-specific natural mortality Age/size-specific movement 

Age/size-specific habitat 

Age/size-specific maturity 

Age/size-specific fishing mortality Age/size-specific selectivity 
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Natural Mortality 

What is natural mortality (M)? 

Overview: 
 
1.  It is the process of mortality or death of fish in a population due to 

natural causes such as predation and disease.  

2.  By “natural mortality” we typically refer to mortality post-recruitment 
as mortality during pre-recruitment life-history stages is usually dealt 
with separately in the assessment model. 

3.  Unlike other parameters such as growth where methods to estimate it 
are uniform, many different approaches are taken to estimate M.  

 
4.  M is a difficult life history trait to measure in the laboratory or the field.  
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What is natural mortality (M)? 

 
How do we express natural mortality? 
 
1.  Natural mortality is usually expressed as an instantaneous rate. 

This is a relative change in the proportions of a size or age classes that 
suffer natural mortality during each time period. 

2.  Natural mortality rates are critical in understanding the impacts of 
fishing. In a stock assessment, we often compare natural and fishing 
mortality rates. Natural mortality also permits some understanding of the 
“resilience” of a stock to fishing. 

Fluctuations in M with age 

M tends to decrease with age as fish out-grow predators and condition 
improves, but it may increase again in older fish due to the stress associated 
with reproduction, and can increase as they near maximum age 

What is natural mortality (M)? 
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Why does natural mortality fluctuate over a fish’s life? 
 
Some reasons include: 
 
•  Reduced vulnerability to predation with increased age or size 

 Fish may out-grow predators as they age and increase in size. 
 
•  Senescence 

 Fish may “wear out” as they age and approach the end of their life cycle; their 
fitness may decline with age and accumulated reproductive and other stresses. 

 
•  Movement 

 Fish may move away from areas of high mortality as they grow. 
 
•  Behavioural changes  

 Formation of schools or other social structures. 
 
•  Changes in ecosystem status 

 Changes in prey or habitat availability due to other factors may trigger a change in 
natural mortality. 

•  Changes in population abundance 
 Density-dependent effects such as intra-specific competition or cannibalism. 

What is natural mortality (M)? 

What benefits does a good understanding of M offer within a 
stock assessment? 
 
1.  It gives us an understanding of the likely robustness of the 

stock. 

2.  It is a critical parameter within our understanding of fish 
population dynamics: 

   Bt+1 = Bt + R + G - M - F 
 
3.  It allows an understanding to be gained of the relative effect of 

fishing on the population (e.g., by comparing natural and fishing 
mortality rates; natural and fishing mortality are defined to sum 
together to produce total mortality): 
  
   Z = M + F; E = F / Z 

 
 

What is natural mortality (M)? 
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Direct and indirect effects: 
 
1.  Natural mortality has direct and indirect impacts on 

populations and fisheries which are important to be able to 
understand and account for within stock assessment models. 

What is natural mortality (M)? 

2.  Direct impact: 

•  The number of fish avail-
able to the fishery 

 The actual value of M directly 
affects the number of fish 
that survive to become 
available to the fishery. 

 
  NB: Nt+1 = Nte-(M+F)
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What is natural mortality (M)? 

3.  Indirect impacts: 

•  Reproductive biomass 
 

 There is a need to ensure 
that sufficient numbers of 
fish survive to reproductive 
a g e t o e n s u r e f u t u r e 
recruitment success. 
  

Direct and indirect effects: 
 

•  Possible need to restrict 
fishing mortality on specific 
life-history stages 

 
 Species with low M are typically 
longer lived and less productive 
(produce fewer young, grow 
more slowly, mature later). 
They typically have a stronger 
stock- recruitment relationship. 

 
 For species with low-M and a 
s t rong s tock rec ru i tmen t 
relationship, the impacts of 
fishing on recruitment will occur 
at much lower levels of F than 
for species with high-M  
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In general: 
 
1.  It is one of the more difficult population parameters to estimate 

as its effects are confounded with the effects of recruitment and 
fishing mortality. 

2.  Often, it involves measuring the disappearance of fish from the 
population that can not be attributed to other sources such as 
fishing mortality or movement. 

3.  Total mortality (Z) and fishing mortality (F) can be estimated 
first, and M calculated by subtraction (NB: it is more common to 
calculate F estimates in this manner): 

 Z = M + F 
 

 M = Z - F 
  

How is M estimated? 

In general: 
 
1.  Many methods have been developed to estimate M. These 

methods can be grouped into: 

1.  Life history methods - Life history-based methods for 
estimating natural mortality describe relationships between 
M and traits like age, growth rate, and weight.  

2.  Predation methods – using multispecies virtual population 
analyses to derive M. 

3.  Catch analyses methods – for example, catch curve 
analyses, tagging data based analyses (tag attrition models).  

  

How is M estimated? 
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Outside a model: 
 
1.  Maximum-age relationship (Hoenig 1983) 

 There is a relationship between the maximum age of a species 
and mortality: the higher the estimated maximum age, the lower 
the mortality rate must be. 

 ln(M)  = 1.44 - 0.984 lntmax 
 
 
2.  Maximum-length relationship (Beverton & Holt 1957) 

 Extends the relationship between growth rate (K) and size, 
incorporating the mean size and smallest size of captured fish. 

 Z  = K  × [(Linf- Lmean) / (Lmean - Lsmallest)] 
 
 
 
 

How is M estimated? 

Outside a model: 
 
3.  Application of the relationship between M and K 

•  The ratio between natural mortality and the von Bertalanffy 
growth rate parameter has been estimated to be between 1.5 
and 1.6 with a standard error of 0.58. 

•  This is thought to be a result of biological tradeoffs between 
growth and mortality and the influences of reproduction and 
survival. 

•  So, if you have an estimate of K (e.g., from fitting the VBGF), 
then you also have a starting point for M: e.g., K = 0.4, M ≈ 0.6  

•  Like all of these biological relationships, this is crude, but in the 
absence of any other information it can be useful. 

How is M estimated? 
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Outside a model: 
 
4.  Catch-curve analysis 

•  Requires adequate sampling of the stock to develop 
representative age-frequency distribution. Potentially expensive. 

•  The slope of the declining age-frequency curve after the 
assumed age-at-full recruitment provides an estimate of 
mortality. 

•  Note that in the absence of fishing or when the stock is lightly 
exploited, this can be assumed to be natural mortality, M. In 
the presence of fishing, this will be total mortality, Z. 

 M = -1 × slope or Z = -1 × slope  

How is M estimated? 

Outside a model: 
 
4.  Mark-recapture (tagging) studies 

•  We have a known number of returns of tagged fish from fishers. 

•  There is a reduction in the number of returns through time. 

•  We can fit a regression to the numbers of returns over time and 
the slope of the regression line is an estimate of mortality. This is 
Z  or total mortality if the stock is fished; M if the stock is un- or 
lightly-fished. 

How is M estimated? 

More tagged fish = higher number of 
returns = better estimates of mortality 
and all other parameters 
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Outside a model: 
 
4.  Mark-recapture (tagging) studies….continued 

•  E.g. Hampton (2000) 

•  The Tag-attrition model (Kleiber et al. 1987; Hampton 1997) is a 
size aggregated capture-recapture model. Hampton (2000) 
builds upon the Tag-attrition model to estimate mortality in 
tropical tunas.  

•  In Hampton’s model, the tagging data were classified based on 
the size-at-release. A VBGM was used to calculate growth while 
the tagged fish was at liberty. Then, using maximum likelihood, 
natural and fishing mortality are estimated.  

•  Hampton (2000) found that natural mortality increased at the 
latest age classes.  

How is M estimated? 

E.g. Hampton (2000) 

How is M estimated? 
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How is M estimated? 
Sometimes its just a guess - “derived” 

How is M incorporated into 
stock assessments? 

Within a model: 

1.  A constant M 

•  An estimate of M from another study is assumed and fixed in 
the model for all age-classes. 

•  At each time step, M-proportion of fish from each age-class 
are removed from each age class. 

•  This allows the model to incorporate mortality for each age-
class at each time-step, but the mortality rate does not vary 
by age-class. 

•  Typically, we test the sensitivity of the model outputs to the 
assumed value of M systematically varying the value of M and 
re-run the model (sensitivity analysis). 
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How is M incorporated into 
stock assessments? 

Within a model: 

2.  Fixed age or size-class specific M values 

•  Mortality estimates for some age or length classes may be 
available from other studies. 

•  These can also applied at each time step to the corresponding 
age-classes in the model partition to remove fish from the 
model. 

•  Everything else being equal, the use of age-specific M values 
provides a greater degree of realism—biomass estimates and 
other outputs will incorporate age-specific M. 

How is M incorporated into 
stock assessments? 

Within a model: 

3.  M can be estimated during the assessment model fit 

•  Starting value 
 However, this still requires a plausible starting value (prior) 
and range [usually from previous studies]. 

•  Sources 
 Starting values can be compiled from the published scientific 
literature or from the results of previous assessments 

 
•  MULTIFAN-CL 

 MULTIFAN-CL has considerable flexibility in how it handles M. 
M  can be treated either as a single, average value or as age-
specific values. 
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Fishing Mortality 

What is fishing mortality (F)? 
Definition: 

“The process of mortality of fish due to fishing. This 
includes the landed catch as well as any discarded catch.” 

Total removals =  
landings + discards + losses 
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What is fishing mortality (F)? 

Why do we give fishing mortality so much attention? 

1.  We wish to understand the past, present and future impacts 
of fishing upon the fish stocks that we are responsible for, so 
that we can meet our long-term goals for these resource(s).  

2.  With age structured models we can go one step further, and 
identify which components (age classes) within the stock are 
the most affected by fishing. 

3.  In situations where the resource is being overexploited, we 
can simulate different alternative management options by 
simulating different fishing mortality rates by different gears 
on different age classes within the stock. 

How and why does fishing mortality 
vary with age and size? 

1.  Fishing mortality often varies by size or age class for one main reason - fishing 
gears tend to be size selective, that is, more likely to catch fish of a certain size 
and less likely to catch fish of other sizes. 

2.  For example, small bigeye tuna tend to be caught by purse seine sets on floating 
objects, but larger (adult) bigeye tuna are much less frequently caught. In 
contrast, adult bigeye are caught by longlining, but very small juvenile bigeye are 
not often caught by the same gear. 
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How and why does fishing mortality 
vary with age and size? 

3.  Estimating age-specific fishing mortality also yields important information for 
fishery managers, e.g., which parts of the stock are being fished hardest and in 
the identification of growth and recruitment overfishing 

How is F estimated? 
Firstly, lets consider what are the main factors that will affect catch 

What happens to catch if we increase the number of hooks or effort (E)? 

What happens to catch if biomass (B) decreases? 

What happens to catch if the fish swim deeper?  
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What happens to catch if we increase the depth of our hooks to target the 
deep swimming fish? 

How is F estimated? 

How is F estimated? 

Age-specific fishing mortality: 

1.  Typically, we assume that catch, C, is proportional to biomass 
and to fishing effort: 

 C=qEB 
 
2.  We can rearrange this equation to show that CPUE is 

proportional to biomass (abundance): 
 

 C/E = qB 
 
3.  And catchability is the proportion of the stock caught by one 

unit of fishing effort (e.g., one set, 100 hooks, etc.) 
 

 q = C/EB 
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How is F estimated? 

4.  And fishing mortality rate is the proportion of the population 
removed by fishing over time, (e.g., one year, one quarter): 

 F = C/B 
 
5.  Then using the previous equations, fishing mortality rate will 

be the product of catchability and fishing effort 

 F = qE = C/B 
 
6.  Therefore, we can also state a relationship between catch 

and fishing mortality rate: 
 

 C = FB 
 
7.  In age-structured models we calculate F at age a, and this 

requires an additional parameter, selectivity:  

 Fa = qEasa 

Fishing mortality in 
MULTIFAN-CL 

How does MFCL turn fishing mortality into catch? 

“Catch by age, time period, and fishery is determined by 
fishing mortality at age, time period and fishery applied 
to estimated abundance by age and region.” 
 
(i.e., C = F x B for each age class, time period and fishery) 
 
1.  Fishing mortality in MULTIFAN-CL is a product of: 

•  Fishery and time-specific effort or Ef,t 

•  A fishery-specific catchability or qf,t that can vary with time 

•  A fishery and age-specific selectivity ogive or sa,f that does 
not vary with time. 
  
                         Fa,f,t = qf,t ×Ef,t × sa,f 
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Example: BET SC-10 2014 

Initial F is high for older age classes, due 
to the predominance of the longline 
fishery.  

However the purse seine fishery on 
floating objects, and particularly drifting 
FADs since 1995, has led to high F on 
juvenile age classes also. (NB: age 
classes are quarters) 

Impacts of  
fishing on  

total biomass 
by gear 

Example: BET SC-10 2014 
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Calculating unfished biomass: 

1.  MFCL models can be used to estimate biomass that would 
have occurred in the absence of fishing. This is achieved by 
“turning off” fishing mortality, i.e.,: 

 Z = M + F    = M + 0    = M 

2.  This allows the calculation of biomass trajectories in the 
absence of fishing, but utilising all other assumptions made 
in the model (e.g., year-class strength estimates, etc.). 

3.  This can be used to estimate the reduction in biomass as a 
result of fishing, given the assumptions made in the model. 

Fishing mortality in 
MULTIFAN-CL 

Black: Z =(F + M) 
Red: M only 

“The impact of fishing” 

Example: BET SC-6 2010 

 
 

– 144 –



Comparing (current) F to  
F required to achieve 
 maximum sustainable  

yield (MSY) 

Example: BET SC-10 2014 

Natural mortality (M): 

1.  It is a critical variable in describing population dynamics. 

2.  It is likely to vary with size or age of fish. 

3.  It can be estimated using a variety of techniques, but can be 
difficult to estimate, as its effects are confounded by the 
effects of F and R. Mark-recapture data are particularly 
useful. 

4.  A sound understanding of M is critical to produce “realistic” 
stock assessment models, although it can be difficult to 
select one particular value or set of values in preference to 
any others. 

 

Summary 
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Natural mortality (M): 

5.  As a result of this, the impacts of alternative assumed values 
of M on stock assessment model outputs are often examined 
in sensitivity analyses. 

6.  Age-structured stock assessment models like MULTIFAN-CL 
can deal with M in a variety of ways: e.g., (i) single fixed 
value of M; (ii) age-specific fixed values of M; and (iii) 
estimable values of M.  

7.  Changing the value of M potentially affects a very wide 
variety of model outputs including biological reference points 
such as BMSY, the relative impacts of fishing on different age 
classes, and so on. 

Summary 

Fishing mortality (F): 

1.  Can be estimated within stock assessment model fits and by 
other methods outside (e.g. mark-recapture analysis, effort 
series analyses etc) 

2.  In an age-structured stock assessment model fit, F is usually 
calculated for each time, age and fishery as a function of 
selectivity, catchability, and fishing effort. 

3.  Estimating F is critical in the calculation and interpretation of 
biological reference points, such as Fcurrent /FMSY. 

4.  Estimating F-at-age is also important in the identification of 
overfishing (e.g. growth or recruitment overfishing). 

5.  It can be “switched off” within a model to estimate the 
impacts of fishing. This is often done with MULTIFAN-CL. 

Summary 
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Bt+1=Bt+R+G-M-F 

Biomass added       Biomass removed 
 (Production)                                                 (Mortality) 

= Z (Total Mortality) 

 
 

– 147 –



Chapter 8 
 

Abundance indices - CPUE 

Overview 

1. What is abundance? 

2. Why do we need an index of abundance? 

3. Indices of abundance 

4. CPUE 

•  Catch per unit effort and biomass 

•  Why do we need to standardise CPUE? 

5. Catch rate standardisations 
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Overview: 
 
1.  Abundance is simply how many fish are in the stock at a given 

point in time. 

2.   It can be defined either in terms of numbers or weight 
(biomass). 

3.  In age-structured models, numbers and biomass are estimated 
for each age class for each point in time, and then summed 
together across age classes (for a given point in time) to 
produce the total biomass at that time. 

 
 

What is abundance? 

Ba+1,t+1 = Ba,t + Ra,t + Ga,t - Ma,t - Fa,t 

Bt = Σ Ba,t 

What is abundance? 
Why do we need to determine abundance? 
 
Primarily - To determine harvest rates (we need to know how 

many fish there are before knowing how many we can 
take, in order to achieve our management objective; e.g. 
MSY) 

 
Typically abundance is measured as absolute or relative 
abundance: 
 
1.  Absolute Abundance: An estimate of the total number of fish 

present (in the population) – difficult to determine in very large 
stocks like tunas. 

2.  Relative Abundance: A measure that provides an index of the 
number of individuals in the population over time, but not the 
actual numbers. Generally get abundance indices from: 

1.  Fisheries (fisheries-dependent data) 
2.  Surveys (fisheries-independent data) 
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Why do we need an index  
of abundance?  

Our model needs to be connected to reality 

1. Our model is a series of interconnecting equations which 
describe the fish population dynamics (recruitment, growth, 
natural mortality) and its interaction with the fishery (fishing 
mortality)…… 

2. ….but so far, the model has nothing to connect it to reality, to 
what is actually happening in the fish population. The model 
needs a guide to tell it if abundance (biomass) is increasing 
or decreasing or stable at any point in time. 

Why do we need an index of 
abundance?  

3. Because we can not: 

 a. Count the fish directly (we cant “see” the fish 
and they are constantly moving and mixing)  

 b. Get a direct absolute estimate of abundance – 
the tuna stocks and their distribution are too large 
to make this practical for tuna. 

......we need some kind of relative indicator of 
abundance.  

“Counting fish is just like counting trees except that they are 
invisible and they move” 
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Abundance Indices  

What makes a good abundance index? 

An abundance index needs to be based on data which 
we are confident will relate directly to the biomass 
or abundance of the population, and change 
proportionately with biomass over time.  

i.e.  We assume that our index is proportional to 
biomass (abundance) 

    Index α B 

Where B is the population biomass 

 

Abundance Indices  

Key assumptions: 

1.  Relationship between the index and abundance is 
linear (proportional). 

2.  The relationship doesn’t change over time or 
space.  

Abundance (Biomass)

Ab
un
da
nc
e 
In
de
x

Time

Index

Biomass
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What abundance index is used  
in the tuna assessments?  

CPUE – Catch per unit effort 

Catch and effort data are collected by all commercial 
fishers in the WCPFC Convention Area 

 Catch data examples: Numbers, Weights (kg, mt) 

 Effort data examples: Hooks – longline; Sets – 
purse seine; Days searching & fishing – pole and 
line 

 CPUE examples: 

  Number of fish per 100 hooks (longline) 
  Metric tonnes per day (pole and line) 

CPUE as an abundance index  

CPUE is used as an index of abundance and is based 
on the assumption that the amount of fish caught per 

unit fishing effort will be proportional to the 
abundance of the fish: 

    C/E = qB 

Catch/Effort = Catchability x Biomass 

Abundance (Biomass) 

CP
U

E 

Time 

CPUE 

Biomass 
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CPUE as an abundance index 

So, if the number of fish in the population is halved, then the catch rate 
should also be halved, assuming even distribution of fish and fishing effort 
and thus of catchability. (Which is unlikely.) 

CPUE as an abundance index  

However, the assumption that catchability (the 
proportion of the stock taken by one unit fishing 
effort) does not change is wrong! The relationship 
between abundance and CPUE is typically non-linear 

 

 

 

Biomass (Abundance) 
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Hyper-Stability 

Hyper-Depletion 

Linear relationship 

In other words, 
catchability is 
not constant at 
all stock sizes 
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Why does catchability vary? 
 
1.  Many factors can act and interact to affect catchability and thus 

the relationship between CPUE and abundance: 

•  Changes in fishing methods and techniques  
 LL: e.g., depth of setting, HBF, hook type, hook size, light-stick 
use, bait type, time of set, latitude, longitude, proximity of other 
vessels, proximity to features, etc.; PS: e.g., set type, time of 
set, latitude, longitude, proximity of other vessels, proximity to 
features, presence of other species, etc. 

 
•  Biological factors 

 E.g., size ,maturity, age, habitat preferences, etc. 
 
•  Environmental factors 

 E.g., habitat availability, oceanographic factors, prey abundance, 
etc. 

CPUE as an abundance index 

Changes in catchability 

q = C/EB 

q = 2/30x28 

=0.00238  
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q = C/EB 

q = 7/30x28 

=0.00833 

When the depth of the gear changes, the catch rate increases (due to 
increased catchability), but the biomass has not changed, hence raw 
CPUE is not an appropriate index of abundance 

Changes in catchability 

CPUE as an abundance index  

Biomass (Abundance) 

C
PU

E 
(In

de
x 

of
 A

bu
nd
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) 

Linear relationship – 
CPUE is proportional 
to abundance 

Hyper depletion - CPUE under-
estimates abundance (“things 
seem worse than they really 
are”) 

Hyper-stability - CPUE over-
estimates abundance 
(“things seem better than 
they really are”) 

Deviation of CPUE from abundance is clearly of concern 
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e.g. Spatial Processes and Hyperstability 

Spatial distribution of 
stock  when abundant 

Spatial distribution 
after stock depletion 
and contraction to 
core habitat areas 

A
bu

nd
an

ce
 

Preferred habitat 
(prime habitat) 

(McCall Basin Theory) 

Ref: http://www.fish.washington.edu/classes/fish210/ 

e.g. Spatial Processes and Hyper-depletion 
If we divide our stock region into 
subregions, which subregion 
would you go fishing in first if 
you were a fisherman 

A
bu

nd
an

ce
;C

PU
E 

Expect very high initial catch rates 
in northwest subregion. But as 
that depletes and fishers move to 
areas with less abundance, CPUE 
rapidly declines 
 
Initial CPUE over inflated (relative 
to stock abundance) – its not 
derived from a random sample.  
 
The decline in CPUE would be 
faster than the overall decline in 
stock biomass 
 
Need random sampling – unlikely 
with fisheries data 

Time  
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YES! 
 

However, we need to make sure that any changes in 
catchability are estimated and accounted for prior to 
or during the stock assessment modelling process. 

 

So, can we still use CPUE as 
an abundance index? 

CPUE standardisation: 
 
1.  Today, standardising catch rates is typically a 

statistical model-fitting exercise, where an attempt is 
made to identify and remove the effect of those 
factors that appear to shift the relationship between 
CPUE and abundance away from a simple linear one. 

2.  Types of statistical models commonly used include: 

•  Generalised linear models (GLMs) 

•  Generalised additive models (GAMs) 

•  Generalised linear mixed models (GLMMs) 

Catch rate standardisation 
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CPUE standardisation: 
 
3.  All models attempt to produce a function that 

accurately describes the actual relationship between 
catch and effort, in order to develop an index of 
abundance (i.e., a model of “best fit” to the data) 

4.  The process also assists in determining which factors 
will have the largest influence on the relationship 
between catch and effort, allowing us to understand 
how variables “work’”. 

Using CPUE 

CPUE standardisation: 
 
4.  Once a model is fitted, it is possible to develop a 

standardised CPUE series and extract a standardised 
effort series to use in a stock assessment model, 
reducing or excluding the effects of important factors 
influencing the relationship between CPUE and 
abundance. 

5.  In MULTIFAN-CL, CPUE models are also used to 
produce standardised effort series as model inputs. 

Using CPUE 
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CPUE data and MFCL 
Example: bigeye tuna 

CPUE data and MFCL – Bigeye 2014 
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CPUE data and MFCL 
Example: striped marlin 2006 

Abundance indices, CPUE, and CPUE standardisation: 

1.  A stock assessment model requires information which will 
guide its estimation of the actual level of biomass over time 
(and space) as they need something to connect the model to 
reality so the model needs an index of abundance derived 
from the fish population itself.  

2.  Catch per unit effort (CPUE) is probably the most commonly 
used (relative) index of abundance for fish stocks, as it is 
based on data easily collected from commercial and 
recreational fisheries.  

3.  The relationship between CPUE and biomass can be stated 
as: 

C/E = qB 

Catch/Effort = Catchability x Biomass 

Summary 
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Abundance indices, CPUE, and CPUE standardisation: 
 
4.  CPUE can be misleading due to catch rates being influenced 

by a range of factors other than changes in abundance (e.g., 
changes in fishing technology, spatial distribution of fish etc.) 

5.  The process of standardising catch rates attempts to remove 
variations in nominal catch rates that are due to factors other 
than varying abundance. 

6.  Most standardisation procedures are based on generalised 
linear models and are undertaken outside the model 
framework to produce a standardised CPUE or effort 
series as an input for stock assessment model fitting. 

Summary 

 
 

– 161 –



Chapter 9 
 

Parameter estimation –  
Catchability and Selectivity 

Introduction 

We have looked at the estimation of the key natural processes that influence 
population dynamics of fish populations. 

 

 

 

We have also talked about fishing mortality rates (catch removals) and 
CPUE. Here look more closely at two of the key parameters involved in the 
estimation of fishing mortality rates: 

 

     Catchability    

                                                                                         Selectivity 

   

 

 

 

Bt+1=Bt+R+G-M-F 

Bt+1=Bt+R+G-M-F 
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Overview 
1.  Catchability 

a.  Introduction to catchability 

b.  What is catchability? 

c.  What factors influence catchability? 

d.  Why do we need to consider (and estimate) catchability in 
stock assessment models? 

e.  How do we account for catchability effects in stock 
assessment models? 

2.  Size Selectivity 

a.  What is size selectivity? 

b.  What factors influence selectivity? 

c.  Why do we need to consider (and estimate) selectivity in 
age structured stock assessment models? 

d.  How do we account for catchability effects in stock 
assessment models? 

Introduction to Catchability 
Central to stock assessment principles are two assumptions: 

1.  Size of the population (biomass) is determined by balance between 
Growth, Recruitment, Natural mortality and Fishing mortality (and 
movement) 

 

2.   Population (biomass) will vary over time proportionately with the catch 
rates taken in the fishery, because as biomass increases or decreases 
the gear will catch proportionately more or less fish per unit effort. 
Therefore catch rates are effectively an index of abundance 
(biomass) and can be used to help the model realistically track biomass 
over time. 

 

Bt+1=Bt+R+G-M-F 

Biomass 

CP
U

E 

Time 

CPUE 

Biomass 
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To remind us of how this theory works, consider the following 
example:  

1.  A longliner sets 35 hooks in the water. 

2.  Fish population = 10 fish, each weighs 1 kg, evenly distributed (below 50 
meters) 

3.  Fish caught by gear = blue, fish not caught = pink 

Introduction to Catchability 

Noting that CPUE = Catch/Effort, and the fisher catches 2 fish (each 1kg) 
using 35 hooks, the catch rate is = 2 / 35 = 0.057 kg/hook or  

Assuming that the fish are evenly distributed (spatially), what will happen 
to the catch rate if we double the biomass (number of fish, each 1kg) to 
20 fish (20 kg)? 

Introduction to Catchability 
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Catch rates as an index of biomass 
Catch per unit effort also doubles (catch/effort = 4/35 = 0.114)  

If we were to double the biomass again, catch rates would double 
again, and so on… 

……This illustrates why catch rates are assumed to vary 
proportionately with population size (biomass) and is used as an 
index of biomass. 

 

Catch rates as an index of biomass 

This assumption, however, has often been shown to be 
WRONG!  

Biomass 

CP
U

E 

Time 

CPUE 

Biomass 

And to understand why, we need to understand the concept of 
CATCHABILITY! … 
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What is catchability? 

Catchability is defined as the average proportion of a stock that is 
taken by each unit of fishing effort. 

 

  q = C/EB 

 

Where  q = catchability, C = catch, E = effort, and B = biomass 

 

It will be a value between 0-1 (0 being no catch and 1 being the 
entire stock), and typically will be very small….e.g.; 0.000001 

So, in our first example, the catchability (proportion of stock caught PUE) was: 

q = C/EB = 2/(35*10) = 0.0057 = each hook caught 0.57% of the stock 

In our second example, biomass was doubled, and catchability was: 

q = C/EB = 4/(35*20) = 0.0057 = each hook caught 0.57% of the stock 

SO, biomass doubled, catch rates doubled, but catchability remained the 
same! 

 

What is catchability? 
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Where catchability remains the same over time, CPUE varies with 
biomass, and is a good index of abundance…however…. 

 
There is a Problem! 
 
Catchability can change (increase or decrease) over time, 
meaning that our key assumption in stock assessment, 
that catch per unit effort will vary proportionally with 
stock size, is no longer true. 
 
What can cause changes in catchability, ie. Changes in the mean 
proportion of the stock caught by one unit of effort? 

What is catchability? 

What factors influence catchability?  
Imagine if the fishermen in our previous example decided to sink his 
hooks deeper, so that more of the hooks were in the fishes habitat? 

 

What do you think would happen to “catchability”? Why? 
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Now the fisher is catching 9 fish per 35 hooks. The biomass hasn’t 
changed but his catch rate has increased, and catchability has 
increased: 

q= C/EB = 9/(35*20) = 0.0128 

Each hook is removing 1.28% of the stock 

 

What factors influence catchability?  

What if the fish migrated away from the fishing area, perhaps due to 
their biological urges to spawn in another area? 

What happens to catchability? Whats happened to biomass? Catch 
rates? And why? 

q=C/EB = 4/(35*20) = 0.005 

 

What factors influence catchability?  
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In both examples, biomass was constant, but catchability (and catch 
rates) changed: 
 
•  Once because the fisher changed their method (deeper hooks). 

•  Once because the fish moved away (they were no longer evenly 
distributed 

 
What else can effect catchability and catch rates? 

What factors influence catchability?  

Factors causing change in catchability………. 
 
1.  Changes in fishing methods 

e.g. Change in depth of setting by Japanese longliners in 
early 1970s 

 
2.  Changes in fishing technology 

 e.g. Improved fish finding technologies 
 
3.  Experience and skill increases over time. 
 

These are reasons why we collect information on methods and 
gears from fishermen, so we can account for changes in fishing 
over time that might impact catchability. 
 

(effort creep) 

What factors influence catchability?  
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4. Environmental factors 

e.g. Sea surface temperatures – fish aggregate to 
preferred temperatures (and habitats) 

 
5. Behaviour – movement of fish due to spawning, feeding, 
habitat requirements, some fish show vertical migration habits 
each day and night; e.g. Bigeye tuna migrate to surface at night 
and deep during the day 
 
 

What factors influence catchability?  

 
5. Contraction of species to prime habitats when biomass 

declines (e.g. due to fishing, especially in schooling fish). 
“McCall basin theory” 

 

Prime habitat 

What factors influence catchability?  
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This relationship is very important to assessment modelling for two 
main reasons: 

 

1.  It relates catch rates to the stock biomass, via: 

   C/E = qB 
 Stock assessment models rely on the assumption that catch per unit effort 
will vary over time proportionately with biomass, so CPUE acts as an index of 
abundance. Having such an index is critical to the estimation of biomass.  

 

 

 

  

 
Biomass 

CP
U

E 

e.g. 
Time 

CPUE 

Biomass 

Why do we need to account for or 
estimate catchability in stock 

assessment models?  

2.     It relates fishing mortality rates to fishing effort, via: 

   C/B = F = qE 
 We will see later that in models such as MULTIFAN_CL, we 
estimate catches from estimated fishing mortality and that is 
estimated in turn from effort data.  

 

 

Why do we need to account for or 
estimate catchability in stock 

assessment models?  
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Because q tracks deviations from the proportional relationship 
between CPUE and biomass it allows us to account for these 
deviations to ensure that estimates of biomass derived from 
CPUE are not biased. 
 
If we can estimate the value of q at each time step, we can still 
assume our catch rate data will provide an accurate index of 
biomass, despite the change in proportional relationship between 
CPUE and biomass! 
 
You will be undertaking a practical to demonstrate these effects a 
little later today. 
 
 

How do we account for or estimate catchability 
in stock assessment models?  

MULTIFAN-CL based estimation of q 
 
In using MULTIFAN-CL there are two separate mechanisms which 
allow for the consideration of variation in catchability over time: 
 

1.  Catch rate standardisation (outside the model) 

Catch rate standardisation is a modelling process that attempt to 
remove any variation in catch rates (due to changes in catchability) 
over time that is due to any factors other than the underlying 
abundance. 
 
We can then use the standardised catch rate series as our observed 
CPUE data and fit the model to this time series  
 

How do we account for or estimate catchability 
in stock assessment models?  
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MULTIFAN-CL based estimation of q 
 

 
2. Estimation of time series of catchability (within model) 

 
If there is little confidence in the standardisation, MULTIFAN-CL can 
estimate a time series of catchability.  

 
 
 
 
 
 
 
 

How do we account for or estimate catchability 
in stock assessment models?  

MULTIFAN-CL based estimation of q 
 

MULTIFAN-CL allows for the inclusion of temporal variability in catchability 
at an interannual scale and at intra-annual (seasonal) scale. Time series 
structure in catchability is allowed by: 

   qt+1,f = qt,fentf 

 
where entf  represents cumulative changes in catchability assumed to occur 
at regular intervals. 

  
Feeding into the above equation are equations that allow for within year 
(seasonal, or monthly) variation in catchability (e.g. due to seasonal 
movements of the fish, seasonal change in targeting practices etc.)  
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How do we account for or estimate catchability 
in stock assessment models?  
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MULTIFAN_CL based estimation of q 
 
Example: Striped marlin assessment in the Southwest Pacific Ocean (2006) 
 
 

1970 1975 1980 1985 1990 1995 2000 2005

0.
0

1.
0

2.
0

3.
0

Commercial q
Recreational q
Japan catch

0
40

00
80

00

Australia (south)

1970 1975 1980 1985 1990 1995 2000 2005

0.
0

1.
0

2.
0

3.
0

0
20

00
60

00
10

00
0New Zealand

R
el

at
iv

e 
ca

tc
ha

bi
lit

y

Ja
pa

n 
S

TM
 c

at
ch

 (
nu

m
be

r)

How do we account for or estimate catchability 
in stock assessment models?  

Note two features: 

1.  Fisheries whose CPUE has 
been standardised  and is 
been used as the index of 
abundance. q is assumed to 
be constant (in this case, 
Japanese longline fisheries in 
each region). 

2.  Fisheries where CPUE is not 
standardised and the model 
estimates a catchability time 
series as part of the model 
fitting process. 

Estimation of 
Catchability 
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Selectivity  

1.  What is selectivity? 

2.  Why are gears size selective? 

3.  Whats the relevance of selectivity to stock 
assessment? 

4.  How do we estimate selectivity 

5.  How is selectivity accounted for within 
MULTIFANCL 

6.  What is the impact of selectivity on biomass 
estimation? 

Selective fishing refers to a fishing method's ability to target and 
capture organisms by size and species during the fishing operation 
allowing non-targets to be avoided or released unharmed. 

 

Selectivity in a modelling context is used to model the 
vulnerability of fish to the gear as well as the availability of fish 
to the gear.  
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What is selectivity?  
In fish populations the probability of capture by a particular 
fishing gear will depend on individual traits of each fish. 

E.g. size of the fish…… A fishing net with a large mesh size 
will catch few  smaller fish and many larger fish. 
Conversely, larger fish might be able to swim faster than 
smaller fish and therefore be more likely to avoid a net. 
Clearly, fishing methods can be size selective.  

If we assumed that there was no size selectivity of the 
fishing gear, we would underestimate the total population 
biomass 

So in stock assessment models, we attempt to account for 
size (age) specific selectivity. 

What is selectivity?  
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Why are fishing gears size selective?  

1.  Physical characteristics of fish 

 e.g. Mouth size relative to hook size (LL) 

       Swim speed relative to setting speed (PS?) 

2.  Behavioral characteristics associated with size 

 e.g. Prey size preference (LL) 

        Position in water column relative to gear (PS)  

3.    Escapement capacity 

  e.g. body size relative to mesh size 

     …….And other size related effects 

 

Selectivity over time: If a particular fishery (e.g. longline) changes its 
fishing method over time then selectivity could also change, for 
example, if a fishery started using larger baits and hook sizes, 
smaller sized fish with smaller gapes might be caught less often. 

Why is selectivity important in stock 
assessments  

What is the relevance of selectivity to stock assessment? 

 

The key problem raised by size selectivity of fishing gears is 
that the size composition of the catch will not reflect the size 
composition of the population as a whole.  

 

For example, if the catch data only shows a small number of 
small fish in the catch, this is likely due only to the fact the 
gear is less able to catch the small fish, not because there 
are not many in the population. 

 

Including a parameter to describe gear selectivity helps us to 
account for this in our stock assessment models. 
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Why is selectivity important in stock 
assessments  

Selectivity is an important parameter required for the 
estimation of fishing mortality at age: 

Fa = qEsa 
 

Where: 

  Fa = Fishing mortality 

  q = catchability 

  E = fishing effort       

  sa = selectivity-at-age         

 

Bt+1=Bt+R+G-M-F 

How do we estimate selectivity?  

The size based selectivity of a fishing gear can be described 
by means of a selectivity curve, which gives for each size 
(age) class the proportion of the age/size class which is 
available to the gear…. 

 

Three examples of selectivity curves 

 

2 peaked 

 

Bell 

 

Sigmoidal (logistic) 
Knife edged 
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Selectivity – 
Bigeye 2010  

Where: 

PS = purse seine 

LL= Longline 

HL = Handline 

PHID = Philippines 
Indonesian gears 

 

….which gears and fisheries 
are selecting for small fish? 
Which are selecting for 
large fish? 

Selectivity – 
Yellowfin 2009  

Why does the selectivity 
curve of purse seine 
fisheries fishing on free 
schools (Unassociated = 
UNS) differ between bigeye 
and yellowfin tuna? 
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How is selectivity estimated?  

How is selectivity accounted for within MULTIFANCL? 

The estimation of catch within MULTIFAN-CL is reliant on 
estimation of fishing mortality which in turn relies on 

estimation of selectivity (among other things): 

It uses a variation of the base equation Fa = qEsa 

..as follows…. 

How is selectivity accounted for within MULTIFANCL? 

 There are several methods that can be used: 
 1. One parameter estimated per age class (this does not impose any 

           specified curve e.g. logistic, structure).  
           Easily the most flexible but it adds way more  
           parameters to the model. 
 

 2. Impose a specific functional form on the relationship between 
          selectivity and age class. In other words, force the model to fit a curve that 
          you believe will better represent the relationship between selectivity and age. 

0 

1 

0  1  2  3  4  5  6  7  
Age  
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it y  For example, for a longline fishery you 
might specify the logistic function, believing 
that once fish reach a certain size/age, they 
are completely susceptible to the gear.  

0  1  2  3  4  5  6  7  

 Or for a purse seine fishery you might 
specify the double normal (dome 
shaped) function, believing that 
selectivity increases to a certain age 
and then declines again. 0 

1 

Age  
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it y 
How is selectivity estimated?  
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How is selectivity accounted for within MULTIFAN-CL? 

 3. Use of a cubic spline – effectively a function that allows 
multiple turning points (arrows) in the selectivity curve. This allows 
estimation of more complex selectivity patterns.  

 

 

 

 

 

 

 

 

0 

1 

Age  

Se
le

ct
iiv

it
y 

This is currently the 
method used in the bigeye 
and yellowfin tuna 
assessments 

How is selectivity estimated?  

Summary of key points 

1.  Catchability – the mean proportion of the stock taken by one 
unit of fishing effort 

2.  This can change due to many factors (e.g. fishing efficiency 
increasing, environment changing, fish moving seasonally 
and/or daily, stock contraction with increasing fishing effort 
etc.) 

3.  A change in catchability over time will mean that CPUE may 
not be proportional to biomass over time (violating our key 
assumption) 

4.  We use a number of methods to adjust catch rates to ensure 
that we can relate CPUE to biomass despite any change in 
catchability 

5.  Selectivity – fishing gears are typically size selective and we 
need to specify how vulnerable fish are to capture by a 
particular gear at a particular age if we are to accurately 
estimate fishing mortality-at-age and overall biomass. 
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Chapter 10 
 

What is the key information  
for fisheries managers,  
how do we interpret it? 

Review of objectives for this week? 
The OFPs stock assessment workshop has been structured 
around delivering understanding regarding 5 key questions: 

 

1.  What are stock assessment models and what are they used for? 
(PURPOSE) 

2.  How does a stock assessment model work? (MECHANICS) 

3.  How can we determine if it is a “good” model or assessment? 
(CRITICAL APPRAISAL) 

4.  What is the key information for fisheries management and how 
do I interpret it? 

5.  What are the potential implications of the assessment for the 
region and my country? 

 

In this workshop, we have so far focused on questions 1 and 2.  
Question 3 is quite technical and will be a major component of 
next years workshop. Today, we are going to provide an 
introductory look at questions 4 and 5. 
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This sessions aims to assist you in learning how to 
identify, extract and interpret key information from 
stock assessment papers that will enable you to 
provide relevant and concise summaries and 
advice relating to: 

1.  Fishery impacts  

2.  Stock status (health); 

3.  Country level implications arising from stock 
assessment results and management options 
analyses.  

This session aims to provide you a “guide”. 

Todays objective 

Reference paper for theory 
sessions 

We will use output from several tuna, shark and billfish 
assessments presented at SC over the past few years 

These have all been reviewed 

Some of you have been exposed to some of these 
assessment before  

All WCPO countries catch some or all of these 
species 
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Key Management Outputs 

To pull out the key management outputs we need to firstly 
identify what the key management questions are 
(regarding resource status): 

1. How is the fishery impacting the stock? (CAUSE) 

2. What is the current condition of the stock? (STATUS) 

3. What needs to be done, in response, in order to meet 
MSY based management objectives? (MANAGEMENT 
OPTIONS) 

Key Management Outputs 

As the scientific advisors to your department, you need to 
understand the answers to these questions in some detail. 
However, in presenting the information to your superiors, 
you need to present that information in a manner easily 
understood.  

The level of technical detail provided to them will depend on 
your audience, but it is critical that in simplifying your 
advice (if required) that the accuracy of your statements to 
answer those three questions is not compromised! 
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Key Management Outputs 

Which key outputs from the assessments do we need to 
focus on? 

Firstly, make sure you have a good understanding or picture 
of the fishery.  

That can be quickly attained by pulling out 3 key pieces of 
information pertaining to: 

 1. Where are the fish? 

 2. Where is the catch taken and by what gears? 

 3. How many fisheries are there? 

Fishery Overview 

Where are the catches and by what gears? 

How many fisheries? 

= 23! (PS ASS, PS UNASS, LL, PL, GN, PH, ID, OTH etc) 

Blue – LL 

Green – PS 

Red – PL 

Yellow – OT  

2014 Skipjack 
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Fishery 
Overview  
Where are the fish 
(biomass by region)? 

2014 Yellowfin 

Fishery Overview 

Where is the 
catch taken 
and by which 
fisheries? 

2013 Swordfish 
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Key Management Outputs 

Now we can focus on our key management questions 

1. How is the fishery impacting the stock? (CAUSE) 

2. What is the current condition of the stock? 
(STATUS) 

3. What needs to be done, in response, in order to 
meet MSY based management objectives? 
(MANAGEMENT OPTIONS) 

 

1. How is the fishery impacting 
the stock?  

(Which plots best explain why the resource is in its 
current status?) 
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1. How is the fishery 
impacting the stock?  

This question can be subdivided: 

1. Where are the major impacts (which regions)? 

2. Which fisheries/gears are having the highest 
impacts in each region and overall? 

3. Which components (age classes) of the stock are 
being impacted upon the most? 

4. Has recruitment been impacted? 

Where are the major impacts occurring  
and which gears are responsible? 

Plot 1 – Catch by 
gear and region 
Most (~75%) in regions 
3 and 7 [tropical, 
subtropical WCPO] 

Different history in each 
region; e.g. late start to 
PS in 4 

Recent catches 
historically high;  

Strong among-year 
variability (why?) 

Much lower catch in 
other regions 

2014 Bigeye 
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Plot 2 – Impacts on 
spawning biomass by 
region and gear.  

•  Highest in regions 2,4,5 
• But low biomass in regions 
2,9 
• High impacts by some 
fisheries eg. PS – ASS in 
regions 5 and other fisheries 
in region 5. 
•   Impacts of some method 
fisheries are not restricted to 
the region in which they 
occur (Why fish move!) 

Where are the major impacts occurring  
and which gears are responsible? 

2014 Skipjack 

Plot 4 – Proportional 
R e d u c t i o n s  i n 
Spawning Biomass 
by region 

•   Different levels in 
different regions 

•   The least decline is 
apparent in regions 4 
and 7 

•   History different in 
each region 

•   e.g. Regions 3 has 
the largest decline 

Where are the major impacts 
occurring? 

2014 Yellowfin 
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Plot 3 – Movements of 
regional recruits to other 
regions 

This explains why catch by a 
fishery in one region can 
impact biomass in another 
region. Fisheries can catch 
fish that might otherwise 
have moved into an adjacent 
region. 

Tagging more f ish wi l l 
hopefully help improve these 
movement estimates. 

Where are the major impacts 
occurring? 

2014 Skipjack 

•  Another way to illustrate the impact on the stock is to show the 
biomass trajectory and compare it to what it would be in the absence 
of fishing.  
• Or how much of the stock has been removed as a result of fishing.  

Where are the major impacts 
occurring? 

Impact 

2014 Northern Albacore 
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Impacts on MSY by 
gear.  

MSY halved in about 
1970  

 (Why?) 

Where are the major impacts occurring  
and which gears are responsible? 

2014 Bigeye 

Plot 1 -  Size of fish caught by gear 

Biological factors: significant catch both pre- and post- 
maturity 

Which components (age classes) of 
the stock are most impacted? 

Length-at-50% maturity 

2014  Yellowfin 
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Plot 2  - Fishing mortality 
at age by decade 

How has fishing mortality at 
age changed over time? 
Why? 

Increasing F in older age 
classes 80s 

F in young age classes  
remains low f rom 70s 
onwards  

F highest in the last decade 

Note age truncation by 2010 

Which components (age classes) of 
the stock are most impacted? 

2012  Southern albacore 

Plot 3 – Adult and 
juvenile fishing 
mortality by year 

• What is 
happening to 
exploitation 
rates (overall)? 

• Why?  

Which components (age classes) of 
the stock are most impacted? 

2012 Striped Marlin 
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Has recruitment been impacted by 
fishing? 

2012 Striped Marlin Plot 2 – Stock recru i tment 
relationship and annual estimates 
of recruitment. 

High steepness (0.8) 

•   Recruitment in modern times 
estimated to be half or less of 
recruitment in the 1950s 

• But  recruitment also estimated 
to be relatively stable after 1970 

 

P lot 2 – Stock recru i tment 
relationship and annual estimates 
of recruitment. 

High steepness (0.8) 

•   High variability around mean 
(recruitment could be high or low 
for a given spawning biomass 
(SB)) Why? 

•  Recent SBs are relatively low as 
is the recent spawner biomass 

• Suggests reduced SB has 
impacted recruitment  

Has recruitment been impacted by 
fishing? 

2012 Striped Marlin 
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2. What is the current condition 
of the stock? (STATUS) 

 
(What plots would you choose?) 

2. What is the current 
condition of the stock? 

•  Overfishing IS occurring 

2013 Silky shark 2013 Swordfish 

•  Overfishing is NOT occurring 
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2. What is the current 
condition of the stock? 

Be aware of the uncertainties identified by sensitivity analyses 

2014 Yellowfin 

Be aware of the uncertainties 
identified by sensitivity analyses. 

2. What is the current condition of 
the stock? 

2014 Yellowfin Ref. model 

For YFT, these suggest 
that the adult stock could 
plausibly be overfished or 
will be in the near future. 

2014 Yellowfin uncertainty grid 
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3. Are measures required to 
ensure sustainability 
objectives are met? 

 
(What was the advice from the Scientific Committee to 

the Commission?) 

In reality there are 3 questions worth considering at this 
point: 
 
1.  What action, if any, is required to achieve sustainability 

objectives? 
2.  Has action already been taken? 
3.  Is that action likely to ensure the management 

objectives are met, or is further management action 
required? 

With respect to your fishery and country, what are the 
implications for your fishery if management action is 
not taken? If it has been taken but is not successful? If 
it has been taken and is successful? 

 

Are measures required to ensure 
sustainability objectives are met? 
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SC-6 Conclusions  
The WCPO yellowfin spawning biomass is above the 
biomass-based LRP WCPFC adopted, 0.2SBF=0, and 
overall fishing mortality appears to be below FMSY. It is 
highly likely that stock is not experiencing overfishing 
and is not in an overfished state. 
 
SC-6 recommendation: The SC recommend that the 
catch of WCPO yellowfin should not be increased from 
2012 levels which exceeded MSY and measures should 
be implemented to maintain current spawning biomass 
levels until the Commission can agree an appropriate 
TRP.  
 

Are measures required to ensure 
sustainability objectives are met? 
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•  The stock spawner biomass decline is not 
stabilising. 

•  Latest (2012) catch (612,797t of WCPO yellowfin 
tuna exceed the MSY (586,400t). 

•  Model uncertainty? 
•  The ability to control fishing mortality on a stock 

with multiple fisheries from many countries. 

Reasons to provide conservative  
advice 

This presentation has hopefully provided a useful guide for 
how you might go about summarising and extracting the key 
information of relevance to fisheries managers from the 
WCPFC tuna stock assessment papers. The key elements are 
plots relating to: 
 
1.  Fishery structure and catches 
2.  Fishing impacts (mortality and biomass impacts) 
3.  Stock status (and uncertainty around that) 

And then a summary of any management advice and 
recommendations from the Scientific Committee to the 
WCPFC. 
 
Discussion – If you were asked to give a 5 slide presentation 
on stock status, which plots would you choose? 
 

Summary 
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Chapter 11 
 

Biological reference points 

A biological reference point (BRP) is a metric or measure 
of stock status (health) from a biological perspective, that 
fisheries managers wish to either achieve or avoid.  
 
Biological reference points often reflect the combination 
of several components of stock dynamics (growth, 
recruitment and mortality, usually including fishing 
mortality) into a single index.  
 
The reference point is often expressed as an associated 
fishing mortality rate or a biomass level. 
 
e.g. Bcurrent/BMSY = 1 
 

    [Gabriel and Mace, 1999] 

What are biological reference points? 
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Biological reference points are used to provide fisheries 
managers information regarding: 

1.  The status (health) of a stock 

2.  The impacts of fishing on a stock 

….and in doing so, assist in the provision of advice to 
management from the outputs of stock assessments 

They can also be used to evaluate the performance of 
fishery managers, if those reference points are tied 
into the objectives which the managers are trying to 
achieve.  

What are biological reference points? 

What are biological reference points? 

In general, consideration of biological reference points 
requires consideration of both the reference point itself 
and its associated indicator.  

What do we mean? 

1. Reference Point – the pre-determined level of a 
given indicator that corresponds to a particular state of 
the stock that management either seeks to achieve or 
avoid. e.g. Bcurrent/BMSY = 1 

2. Indicator – is a quantity used to measure the status 
of a stock against a given Reference Point. 

e.g. Bcurrent/BMSY 
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Traditional Reference Points: MSY and BMSY 

The three main types of reference point are: 
 
· Target Reference Points (TRPs) - describe the intended outcome 
for the stock and are generally associated with management 
objectives. (e.g. currently Fc/Fmsy=1; Bc/Bmsy=1, in the WCPFC) 
 
· Limit Reference Points (LRPs) - describe an undesirable state of 
the indicator that should be avoided with high probability. These are 
intended to constrain harvesting within safe biological limits. Fishery 
management strategies should ensure that the risk of exceeding limit 
reference points is very low. 
 
· Trigger Reference Points (TrRPs) - identify a predefined 
management response. The set of trigger reference points may 
include the target and limit reference points, but could also be 
reference points between the two. 

What are the different types of 
reference points? 
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What are the different types of 
reference points? 

Target Reference Point (TRP) 

Limit Reference Point (TRP) B
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en

t/B
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 1
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For example: 

What are biological reference points? 

To get an understanding of how this all works in more 
detail, lets consider as examples the key biological 
reference points used by the WCPFC. 

 

These are known as MSY based reference points 
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The Commission uses a number of MSY based reference points to 
assist its decision making processes. To understand this lets get 
our definitions clear: 

1.  What is MSY? 

 The maximum sustainable yield  (MSY) is the maximum yield 
(catch) that can be taken on average from the fishery in the 
long term without impacting the reproductive potential of the 
stock. 

2.   What is BMSY? 

 The stock biomass level at which the fishery is able to 
achieve the maximum sustainable yield 

3.  What is FMSY? 

 The fishing mortality rate which provides the maximum 
sustainable yield. 

Which BRPs are used by the WCPFC? 

The key MSY based reference points used by the WCPFC are in fact 
ratios of quantities. For example: 

Fcurrent/FMSY = 1 

…is a key reference point used by the WCPFC.   

It is a specific value of the indicator Fcurrent/FMSY  which is the 
current (or recent average) fishing mortality rate divided by the 
fishing mortality rate which will provide the maximum 
sustainable yield. 

Values greater than 1 indicate that overfishing is occuring, and if 
effort level are not reduced, an overfished fishery will develop. 

Which BRPs are used by the WCPFC? 
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Another example: 

Bcurrent/BMSY = 1 

…is the other key reference point used by the WCPFC.   

It is a specific value of the indicator Bcurrent/BMSY which is the 
current (or recent average) biomass divided by the biomass 
which will provide the maximum sustainable yield. 

Values less than 1 indicate that the fishery is overfished, and very 
significant reductions in fishing effort are required for recovery 
to occur 

 

There are some significant risks associated with managing fisheries 
based on these reference points which will be discussed later. 

 

Which BRPs are used by the WCPFC? 

SPC also provides a number of other reference points in the 
assessment papers, in addition to the FMSY and BMSY reference 
points currently focused on. 

Which BRPs are used by the WCPFC? 
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The WCPFC convention makes reference to a number of 
reference points, most importantly: 

•  Maintain or restore stocks at  [biomass] levels capable of 
producing MSY [Article 5(b)]:  

 i.e. Maintain Bcurrent ≥ BMSY 

•  Eliminate overfishing and excess fishing capacity [Article 
5(g)]: 

  i.e. Maintain Fcurrent ≤ FMSY  

These references flow originally from the UN Fish Stocks 
Agreement. 

Why is the WCPFC using these  
MSY based reference points? 

Bigeye tuna 2013 - (overfishing, approaching overfished) 

What do BRPs indicate about  
status of stocks (in Convention Area) 
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Yellowfin tuna 2009 - (no overfishing, not overfishing) 

What do BRPs indicate about  
status of stocks (in Convention Area) 

Skipjack tuna 2013 (no overfishing, not overfished) 

 

 

 

 

 

What do BRPs indicate about  
status of stocks (in Convention Area) 
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Albacore tuna 2011 (no overfishing, not overfished) 

What do BRPs indicate about  
status of stocks (in Convention Area) 

Growth 

Natural  
mortality 

Fishing  
mortality 

SRR 

Maturity  
ogive 

Fmult 

MSY BMSY 
SBMSY 

Further analyses 
Impact,  
Historical 
Time-series 

How are reference points calculated? 
These calculations take into account age-
specific estimates of: Mortality (F and M), 
Growth, Maturity ogive, the SRR to estimate 
recruitment at the resulting levels of 
spawning biomass 

…and calculate equilibrium yields across 
many fishing effort levels. 

 

 

 

 

The model parameters are used to estimate 
the equilibrium yield that would be derived 
by the fishery at many different effort (or 
fishing mortality) levels, relative to the 
current effort level (=“1”). 
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The highest equilibrium yield level estimated is the maximum 
sustainable yield, with the fishing mortality rate that provides that yield 
equivalent to Fmsy. The graph below indicates whether that F level is 
greater than or less than the current F level (denoted by “1”)…..which tells 
us whether overfishing is occurring or not. 

“Dome-shaped”  
yield curve 

Bigeye tuna Yellowfin tuna 

How are reference points calculated? 

That same Fmult value can then be plotted to 
indicate the Bmsy and the SBmsy 

Albacore 2011 

1.0 ~4.0 
(MSY) 

How are reference points calculated? 
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A caution about MSY based  
reference points 

MSY based reference points are often used as target reference 
points (e.g. by the WCPFC). This is widely recognised as a high 
risk strategy in fisheries, because stock assessments can not 
predict with high certainty where MSY lies (it is difficult to 
determine where it is exactly without fishing the stock below 
BMSY).  

Thus aiming for MSY carries a high risk of fishing the stock down 
past Bmsy, effecting recruitment levels and lowering sustainable 
yield levels. 

Hence it is often recommended by scientists that, if you wish to 
reduce the risk of fishing past MSY, managers set a more 
precautionary reference point as the target and use MSY as the 
limit reference point (the reference point to be avoided).   

SENSITIVITY ANALYSES 
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Sensitivity analyses 
Background 

On Day 1 of the workshop we discussed how stock assessment 
models comprise numerous equations made up of parameters, and 
how the value of many of the parameters may be known (through 
data collection) but that the value of other parameters may be 
unknown.  

The model fitting process is typically used to estimate the value 
of the unknown parameters (usually with some upper/lower limits 
and starting values specified to ensure the estimated value is within 
a biologically realistic range). 

However, the fact remains that for those estimated values, until such 
time as data/evidence can be collected to verify them, some 
uncertainty remains.  

It is very important that scientists do not ignore the potential effect 
of highly uncertain parameters upon stock assessment model 
outputs, and identify, explore and communicate the potential 
implications of such uncertainty to fisheries managers. Why is this? 

Background 

Hypothetical: An assessment is run for species A, and steepness of 
the SRR is unknown. The models estimates this value to be 0.9 
during fitting. The model estimated that Fc/Fmsy = 0.9 and Bc/Bmsy 
= 1.2. The scientists told the managers that the stock was healthy 
and that current fishing effort levels were fine. 

Unbeknown to the scientists the true value of steepness was 0.6. 
Had they known this, the model might have indicated a far less 
productive stock upon which a significant level of overfishing was 
occurring. The scientists had not explored the potential effect of 
other possible values of steepness on the model outputs and had 
subsequently given the fishing managers misleading information. 
Inaction by managers could result in an overfished fishery, 
recruitment failure and economic hardship for the fishermen and 
fishing communities due to a lack of fish to catch. 

The scientists mistake was their failure to carry out a sensitivity 
analysis! 

Sensitivity analyses 
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What is a sensitivity analysis? 

In stock assessment modelling, if there is either: 

 a) some uncertainty pertaining to a particular parameter 
value which has been specified or estimated within the model, or 
pertaining to an assumption made in the model, or, 

 b) a structural change to the model (e.g. due to new fishery 
data becoming available, or fisheries being split, or new estimates of 
biological parameters or relationships etc).. 

…..then scientists will typically undertake what is called a “sensitivity 
analyses”.  

Sensitivity analyses 
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In case a) the sensitivity analyses might involve re-running the 
assessment with both a higher and lower values of the uncertain 
parameter, or re-running using a slightly different assumption. 

In case b) the sensitivity analyses might involve running the model both 
with and without the structural change. 

The scientists and managers can then look at the difference in the model fit 
(between the old and new model), and also the impact of the changes upon 
the biological reference points BRPs and scientific advice provided to the 
fisheries managers.  

Sensitivity analyses 

If there are not significant changes to model fit or BRPs, it might be deduced that 
the while there is uncertainty around a parameter value or assumption, these may 
not influence the end advice to fisheries managers.  

That is, the outputs and conclusions of the stock assessment are not greatly 
impacted by uncertainty in the level of this variable.  

However, in some instances the reference points and management advice are 
impacted by such changes. 

How would you interpret stock status from this plot? 

This is critical information for managers when considering how to use assessment 
outputs in their decision making. 

Sensitivity analyses 
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Scientists were uncertain 
about the true value a number 
of parameters, e.g.: 

•  SR steepness 

•  Weighting of size data 

•  A g e - s p e c i f i c n a t u r a l 
mortality 

•  Duration of tag mixing 
period  

So they tested across the 
range of plausible values to 
determine what effect these 
had upon reference points 
estimates (and subsequently 
advice regarding stock status) 

Sensitivity analyses 
BET 2014 

•  What do the results of all 
these sensitivity analyses 
tell us about the status of 
the stock?? 

•  How do we interpret plots 
like this? 

•  Which factor appears to 
have the greatest effect 
upon the estimates of stock 
status? 

BET 2014 

Sensitivity analyses 
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Summary 
•  BRPs are a way of summarising the outputs of a stock 

assessment  
•  They allow; 

•  the status of a stock to be assessed 
•  The impacts of fishing on a stock to be estimated 
•  The performance of the stock against management 

objectives to be assessed 
•  BRPs vary through time due to changes in fisheries, catches 

and the incorporation of new information  
•  MSY based reference points are currently used by the WCPFC. 
•  MSY based reference points carry significant risk, due to 

difficulties in estimating MSY. 
•  The impact of uncertainty in parameter values or estimates 

upon model outputs, in particular reference points, should be 
fully explored by scientists via the use of sensitivity analyses, 
and the results and implications of these communicated to 
fishery managers so that they too are aware of uncertainty in 
the assessment results. 

 
 

– 214 –



Chapter 12 
 

Assessing the assessment:  
Model fit 

 

So, how do you assess a 
stock assessment model? 

There are five key questions you should ask yourself: 

1.  Assumptions 
 What are the assumptions made by the assessment model? 

2.  Model structure 
 What structural changes have been made since the last stock 
assessment? 

3.  Sensitivity analysis 
 Has a sensitivity analysis been undertaken to test the importance 
and effect of each assumption or structural change? 

4.  Goodness of fit 
 How well does the model fit the data? 

5.  Uncertainty 
 How well has uncertainty been incorporated, represented or 
discussed within the stock assessment? 
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Review: How does a stock assessment model work? 
 
To gain an understanding of how model fitting works and its 
importance to understanding uncertainty in an assessment, it is 
worth refreshing our memory of what a stock assessment model 
is and its key components. 
 
A stock assessment model provides a mathematical  and 
statistical simplification of a very complex system (fish population 
and fishery), to help us estimate population changes over time in 
response to fishing. 
 
As such they can be considered to comprise two key 
components, these being: 
 

a.   A mathematical model of population processes 
 
b.  A statistical model used to fit the mathematical model 

to data collected from the fishery 

Model fitting 

Review: How does a stock assessment model work? 
 
The mathematical model of the exploited fish population dynamics: To 
estimate abundance (biomass) over time, the model must take into account (at 
the very least) four key processes: Recruitment, Growth, Natural Mortality 
and Fishing Mortality, conceptually expressed as: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Of course, this is just a conceptual model. A real model looks more like……… 

Biomass added       Biomass removed 

Bt+1=Bt+R+G-M-C 

Model fitting 
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Review: How does a stock assessment model work? 
 

Model fitting 

 
Nt+1,a+1 = Nt,ae

-(Ma + Ft,a) 

 

Ft,a = qtEtsa 
 

Ct,a = Nt,aFt,awa 
 

Rt = (ASt)/(b+St) 
 

Nt+1,1 = Rt 
 

Bt = ΣNt,awa 
 

St = ΣNt,awaoa 
 

VBt = ΣNt,awasa 

Age Structured Model Nt+1,a+1 = Number of fish of age+1 at time
+1 

Ma = natural mortality rate at age a 
Fa = fishing mortality rate at age a 
q = catchability 
E = fishing effort (units) 
s = age specific vulnerability to the gear 

(selectivity of the gear) 
Ct,a = Catch at time t and age a  
wa = Mean weight at age a << (Growth) 

Rt = Recruitment at time t 
A = maximum recruitment 
b = Stock size when recruitment is half the 

maximum recruitment 
wa = weight at age a 
oa = proportion mature at age a 
Bt = population biomass at time t 
St = spawning stock biomass at time t 
VB = vulnerable biomass at time t 

Review: How does a stock assessment model work? 

Model fitting 

“Counting fish is just like counting trees…except we cant see 
them and they move!!” 
 The mathematical component of the 

model comprises equations describing 
each of these processes and how they 
interact with each other to determine 
the population biomass (and other 
parameters) over time. 
 
We build a model because we cant 
directly “count” the exact numbers of 
recruits and deaths nor measure the 
growth of each fish in the population … 
 
…instead of direct counts and measures, 
our model (via a series of equations) 
allows us to “estimate” these processes 
and the populations dynamics.  

 
Nt+1,a+1 = Nt,ae

-(Ma + Ft,a) 

 

Ft,a = qtEtsa 
 

Ct,a = Nt,aFt,awa 
 

Rt = (ASt)/(b+St) 
 

Nt+1,1 = Rt 
 

Bt = ΣNt,awa 
 

St = ΣNt,awaoa 
 

VBt = ΣNt,awasa 

Age Structured Model 
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Review: How does a stock assessment model work? 

Model fitting 

These equations are of little use unless 
we have data or information which can 
accurately inform the model of the value 
of most of the key parameters: 
 
•    How much fishing effort? 
•    How much catch? 
•    What's the average weight of fish in 
each age class? 
•    What proportion of the fish in each 
age class are mature? 
 
Etc, etc 
 
We have to collect the data required to 
inform the model regarding the value of 
of these parameters 
 

 
Nt+1,a+1 = Nt,ae

-(Ma + Ft,a) 

 

Ft,a = qtEtsa 
 

Ct,a = Nt,aFt,awa 
 

Rt = (ASt)/(b+St) 
 

Nt+1,1 = Rt 
 

Bt = ΣNt,awa 
 

St = ΣNt,awaoa 
 

VBt = ΣNt,awasa 

Age Structured Model 

Review: How does a stock assessment model work? 
 

Model fitting 

However, the reality is that we have 
variable levels of information or data 
pertaining to the different parameters: 
 
Some parameters we have very good 
estimates for (e.g. maybe catch, 
average size at age) derived from 
biological research or fishery data 
collection 
 
Some parameters we have limited data 
for and some uncertainty 
 
Some parameters we have no data for 
and high uncerta inty (unknown 
parameter values) 

 
Nt+1,a+1 = Nt,ae

-(Ma + Ft,a) 

 

Ft,a = qtEtsa 
 

Ct,a = Nt,aFt,awa 
 

Rt = (ASt)/(b+St) 
 

Nt+1,1 = Rt 
 

Bt = ΣNt,awa 
 

St = ΣNt,awaoa 
 

VBt = ΣNt,awasa 

Age Structured Model 
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Review: How does a stock assessment model work? 

Given that we have moderate or large 
uncertainty regarding the value of some 
parameters, how do we determine 
their value in an assessment 
model? 
 
How do we determine that the model 
overall can accurately predict the 
population dynamics and status of the 
fish population? (i.e. is an accurate 
model of “reality”) 
 
We do this by a process called “fitting” 
the model to fishery data using the 
second component of the model, 
the statistical component. 
 
How does this work? 
 

Model fitting 

 
Nt+1,a+1 = Nt,ae

-(Ma + Ft,a) 

 

Ft,a = qtEtsa 
 

Ct,a = Nt,aFt,awa 
 

Rt = (ASt)/(b+St) 
 

Nt+1,1 = Rt 
 

Bt = ΣNt,awa 
 

St = ΣNt,awaoa 
 

VBt = ΣNt,awasa 

Age Structured Model 

How does model “fitting” work? 
 
Firstly, we need an index of abundance! 
 
To make sure our model can accurately predict how the population size 
changes over time, we need to collect and provide the model with data 
from the fishery itself which acts as an indicator of those changes in 
population size: 
 
i.e.; data which can act as an index of abundance (or an index of 
relative population size ) over time. 
 
Typically the index used is catch rate or catch per unit effort (CPUE) 
data, generally using data collected from fishers logsheets: 
 
CPUE = catch/effort    (e.g. 6 fish/100 hooks; 2mt/set) 
 

Model fitting 

 
 

– 219 –



How does model “fitting” work? 
 
The use of CPUE as an “index of abundance” relies on the assumption 
that the relationship between the index (CPUE) and abundance is linear 
(proportional),  so if CPUE goes up, the population has gotten bigger; if 
it goes down, it has gotten smaller. In this way CPUE is assumed to be 
an accurate index of population change over time.  
 
(**In fact, this is not always true, but we will discuss this further later) 
 

Abundance (Biomass) 

Ab
un

da
nc

e 
In

de
x 

Time 

Index 

Biomass 

Model fitting 

How does model “fitting” work? 
 
Consider the following example. To fish populations in equally sized 
habitats, with one population exactly twice the size as the other.   
 
        pond with 12 fish                                 pond with 24 fish 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mean CPUE ~ 1.2/set    Mean CPUE ~ 2.4/set 

Model fitting 
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How does “model fitting” work? 
 
•  So we have our observed CPUE series 

•  Our model also has an equation to predict CPUE. 

•  We can now employ the statistical component of the model to 
search for and select the “best” combination of parameter 
values (for the “unknown” parameters) which maximises the 
models ability to accurately predict the observed CPUE data 
(i.e.; pick the values which maximise the fit of the model 
predictions to the observed data). 

•  Note that the tuna assessments also fit to other data types: 

•  Tagging data (to ensure realistic modelling of movement) 
•  Size data (to ensure realistic modelling of population 

structure) 

Model fitting 

What are the different approaches to model fitting? 
 
There are (at least) three general approaches to how we might 
go about doing this that you should be aware of (or at least know 
exist!): 

•  Least-squares (LS) estimation 

•  Maximum likelihood (ML) estimation 

•  Bayesian estimation 

 
We use maximum-likelihood estimation (MLE) 

 In our tropical tuna assessments, method (ii) (MLE) is used to fit 
our assessment models to our data, with that data typically being 
the CPUE data (an index of population size), the size data (an index 
of population structure) and the tagging data (an index of 
population movement) 

Model fitting 

 
 

– 221 –



Brief summary of three main methods 
 
1.     Least Squares estimation (or Minimisation of Sum of 
Squared Errors (SSE)) 
Basically, this approach asks “What combination of values result in 
there being the smallest difference (degree of error) between the 
model estimated CPUE series and the real CPUE series?”  

2.    Maximum likelihood estimation 
This approach asks “What combination of values for all of these 
parameters would most likely result in the observed CPUE values 
occurring?” 
 
3. Bayes estimation 
An extension of ML estimation that incorporates prior knowledge 
and better quantifies uncertainty 
 
We will examine LS and ML in some detail, but note that bayeasian 
methods are increasingly utilized 

Model fitting 

Model fitting: LS approach  
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•  This approach involves a search for the parameter values 
which minimizes the sums of squared differences – i.e., the 
“least squares” solution - between the observed data and the 
data as predicted by the model and parameters. 

•  It is almost impossible in any even slightly complex system to 
create a model that exactly fits the real data….there is always 
some error. The objective of the LS approach is to find 
parameter values that minimize the total error.  

 
   

Model fitting: LS approach  

An example using fish length and weight  

 

y is fish weight 

x is fish length 

 

 

 

y=mx  This is our simple (linear) model  

m is a parameter linking the two, which is 
to be estimated 

Model fitting: LS approach  

These are data to which we 
will fit a model.  We want to 
determine how fish weight is 
related to fish length 
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An example using fish length and weight: y=mx 

 

Model fitting: LS approach  

Models used to deduce relationship and find best fit 

 

Model fitting: LS approach  

Error = Observed Value – Predicted Value = (O – E) 
Squared Error = (O – E)2 

Least Squares = Minimum of Sum of Squared Errors 
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Models fitting results 

 

Model fitting: LS approach  

Winner! 

•  Here are the equations that described the 
population processes….we believe these 
are correct based on past research etc. 

 
•  And we have data collected from the 

fishery or science research for many of the 
parameters. 

 
•  But we don’t have any data for some 

parameters. 
  
•  Model fitting is the process by which our 

computer programme searches amongst all 
the possible “unknown” parameter values 
until it finds and selects the “best” 
combination of parameter values which 
maximise the fit of the model predictions to 
the observed data (e.g. CPUE). 

 
•  In other words it selects values for the 

unknown parameters which maximise the 
models ability to accurately predict the 
observed CPUE (in this example) data. 

Model fitting: LS approach  

 
Nt+1,a+1 = Nt,ae

-(Ma + Ft,a) 

 

Ft,a = qtEtsa 
 

Ct,a = Nt,aFt,awa 
 

Rt = (ASt)/(b+St) 
 

Nt+1,1 = Rt 
 

Bt = ΣNt,awa 
 

St = ΣNt,awaoa 
 

VBt = ΣNt,awasa 

Age Structured Model 

 
 

– 225 –



Model fitting: Maximum 
Likelihood 

Maximum Likelihood Method 
 
For this approach, parameters are selected which maximise the probability or 

likelihood that the observed values (the data) would have occurred given 
the particular model and the set of parameters selected (the hypothesis 
being tested) 

The set of parameter values which generate the largest likelihood are the 
maximum likelihood estimates: 

 
So.. 
 
Likelihood = P{data|hypothesis} 
 
Which means  “the probability of the data (the observed values) given the 

hypothesis (the model plus the parameter values selected)”.  

E.g. Think of the flip of a coin 
 
What’s the probability of getting heads? Of getting tails?  
 
Stock assessment models can use fairly complex mathematics to determine the 

probability of, for example, the observed CPUE series occurring, given a 
particular model.   

Model fitting: ML approach  
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Maximum Likelihood Method 
 
ML estimation is far more elegant and general purpose than LS 

estimation 

-  Allows for many different distributions (note that LS and ML are 
equivalent in the case of normally distributed data) 

-  Finds best fit to the data for a given model (the ML estimate) 
and computes likelihood for all parameter values 

-  Allows for calculation of confidence bounds (with likelihood 
profile) on parameters 

-  Allows for comparison of alternative hypotheses (Likelihood 
ratio test or AIC) 

Model fitting: ML approach  

Maximum Likelihood: An example 
 
We are interested in modeling the catch of hammerhead sharks in purse seine sets in 
a given region.  The data we have are number of hammerheads caught in 50 different 
sets. 
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Shark bycatch
-  The data are “discrete” 
-  Cannot fit a Normal distribution 
-  We have a variety of distributions 

(models) to chose from 
-  Poisson 
-  Binomial 
-  Negative binomial 

-  We will fit a Negative binomial 
model to illustrate the ML fitting 
process 

-  Will compare to Poisson model 
fit at the end 

Model fitting: ML approach  
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• 

– 
– 

Model fitting: ML approach  
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– 

Model fitting: ML approach  
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• 

Model fitting: ML approach  
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• 

Model fitting: ML approach  
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Neg. Bi. ML fit (-LL=114.7)
Poisson ML fit (-LL=124.2)

Winner! 

 

Where k = no. parameters 
thus penalizing a model for 
more parameters.   
 
Lowest AIC is considered 
better model 
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• 

Model fitting: ML approach  

Evaluating goodness of fit: 

1.  So, how does one go about determining if a model has a 
reasonable fit to the observed fishery data offered to it? 
There are three basic parts of the assessment you should 
look at: 

•  The narrative 
 What does the modeller(s) say in the text about the fit? 

•  Graphical summaries   
 The plots showing: (i) residual plots; (ii) effort deviations; 
(iii) observed versus predicted sizes (lengths and weights); 
and (iv) observed versus predicted tag returns. 

•  Likelihood contributions 
 The table(s) of the model total and observation likelihoods 

Evaluating the model fit 
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Residuals of ln (total catch) 
for each fishery. The solid 
line represents a lowess fit 
to the residuals. 
 
If the model fits the data 
well, the residuals should be 
evenly distributed around 
zero, instances where the 
residuals are not evenly 
distributed may indicate 
poor fit. In those instances 
you might then ask the 
question “why”?  

Example:  
ln(total catch) 
SC-5 2009 YFT 

Evaluating the model fit 

Effort deviations by time 
period for each fishery. The 
solid line represents a Loess 
fit to the data. 
 
If the model is fitting the 
da t a we l l , t he e f fo r t 
deviations should be evenly 
distributed around zero, 
instances where the effort 
deviations are not evenly 
distributed over time may 
indicate poor fit and again 
you may choose to ask 
“why”?  

Example:  
Effort deviates 
SC-5 2009 YFT 

Evaluating the model fit 
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Example:  
LL CPUE 

SC-5 2009 YFT 
Adequate goodness of fit in the 
standardised CPUE indices is 
extremely important, given the 
role of these data within the 
assessment. 

Evaluating the model fit 

Example:  
LF data 

SC-5 2009 YFT 
Again, we are looking for 
good consistency between 
the observed and predicted 
values. The kinds of things 
we should look for are 
similar trends in the length-
range and structure (i.e., 
the number of modes, etc.) 
in the data and the model 
predicted results. It can also 
be useful to look directly at 
the residuals (i.e., plots of 
residuals versus expected 
values) themselves. Similar 
results are useful for the WF 
data. 

Evaluating the model fit 
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Example:  
LF data 

SC-5 2009 YFT 

Here is another way of looking at 
trends in the observed and predicted 
LF data over time. 

Evaluating the model fit 

Example:  
Tagging data 

SC-5 2009 YFT 

Figure 20.  Number of observed (points) and predicted (line) tag 
returns by periods at liberty (quarters). 

Two very common tagging data 
diagnostics are various plots of the 
observed and predicted numbers of tag 
returns over time and by other factors. 

Figure 21.  Number of observed (points) and predicted (line) tag returns by 
recapture period (quarter) for the various fisheries (or groups of fisheries) 
defined in the model. 

Evaluating the model fit 
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Example:  
Likelihood table 
SC-4 2009 YFT 

It can be useful to compare the relative fits of each run to each 
different set of observations to which the models were fitted. 

Assuming that each run was fitted to 
exactly the same observations, which run, 
given only the data provided in the table, 
has the best fit? 

Evaluating the model fit 

Maximum-likelihood estimation in brief 

Note! 

•  Typically, to find the MLEs we actually search for parameter values 
that minimise the model’s negative log-likelihood function, logL,  

•  So, in an assessment using MLE, to determine the model with the 
best fit, find the model with the lowest negative log-likelihood score. 
A table is usually produced which provides the negative log-
likelihood estimates for each data set offered to the model (e.g., 
catch, size, tagging data) and the combined total for all of these. 

 
  Table 1. Details of objective function components for the base-case model and three of the sensitivity 

analyses. 

Objective function component 
base-case ID-low-catch ID-high-catch 

region3-
growth 

Total catch log-likelihood 598.80 595.90 600.18 638.50 
Length frequency log-likelihood -349,920.62 -349,876.45 -349,936.53 -350,030.85 
Weight frequency log-likelihood -760,710.15 -760,709.29 -760,713.94 -759,670.09 
Tag log-likelihood 2,618.91 2,606.04 2,632.90 3,118.94 
Penalties 7,152.87 7,148.73 7,157.87 7,331.48 
Total function value -1,100,260.19 -1,100,235.07 -1,100,259.52 -1,098,612.02 

 

Older 
example 
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Chapter 13 
 

Use and Interpretation of  
MFCL Projections 

Overview 

•  What are projections? 

•  Types of projections 

•  Approaches to conducting projections 

•  Structured decision-making  

•  Current WCPFC examples 

•  Exercises (inc. TUMAS) 
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Stock assessment 

1.  Identify historical trends and current stock status 
(retrospective analysis) 

2.  Predict future trends and population reaction to 
proposed management (prospective analysis) 
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Recall fitting an assessment model to 
data..... 
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Retrospective assessment model 

•  Model that predicts what has happened from the past to 
the present using observed data 

•  Resulting population parameters are typically used as 
inputs into how the population will ‘operate’ into the 
future 

- e.g., purse seiners tend to catch smaller 
          fish than longliners (parameter s)  
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- e.g., how recruitment is determined by  
          the size of the adult population 
          (parameters A and b)  
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Prospective assessment model 

•  Model that forecasts or projects outcomes from the 
present to some future time using parameters from the 
retrospective model 

Uncertainty 
•  However, future conditions are highly uncertain due to 

several sources of error. 
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Prospective assessment model 

•  Model that forecasts from the present to some future 
time using a range of parameters from the retrospective 
model 

Projection – key assumptions 

•  Deterministic  - no uncertainty in key inputs (determined 
by one set of inputs) 

•  Stochastic – integrates uncertainty associated with the 
key inputs (more realistic variability) 
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1.  get retrospective (past) model outputs 
2.  decide on a base catch / effort level from which to start 

projection 
3.  decide how catch / effort should be scaled in the future 

(relative to that in #2) 
4.  decide on the length of the projection (how many years?) 
 

MFCL Projection - steps 

scaled value is called the multiplier 

An example 
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1.  Static 
–  Status quo  - what will happen in X years if we 

continue fishing at the base level (multiplier = 1) 

Projection - approach 

In
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1.  Static 
–  Alternative management scenarios - what will happen 

in X years if we fish at Y alternative catch/effort levels 

Projection - approach 
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Multiplier 
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Projection - approach 

2.  Dynamic 
-  Management does not set fishing levels for long 

periods 
-  Adjustment based on latest information 
-  More realistic: adapt management decisions based 

on regular stock assessment 

 
Example: 

Projection - approach 
2.  Dynamic 
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  Structured decision making 

•  Science-based approach to making management decisions 
•  Projections are an excellent tool to compare and contrast 

the consequences from alternative potential management 
actions  

Outcome meeting 
 management 
 objectives? Plan according to  

management 
 objectives 

Computer projections 

Plan according to  
management 
 objectives 

Outcome meeting 
 management 
 objectives? 
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SPC use of MULTIFAN-CL projections 

•  Evaluate potential future consequences of current 
management decisions 

•  Compare and contrast different potential management 
options 

•  Assist with harvest management decision-making 

Example 1 – CMM-2012-01 

•  9-year projection for 
WCPFC9 

•  Relative to 2009 
conditions 

Interpreting projections 

(WCPFC9-2012-IP15 (Rev 1)) 
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Example 2 – SP Albacore catch rate 

•  10-year projection for WCPFC9 
•  Relative to 2010 conditions 

Interpreting projections 

(WCPFC9-2012-IP11) 

•  Projections are a powerful tool for predicting future trends and 
population reaction to proposed management (i.e., prospective 
analyses)  

•  Open a pathway for the best available science to be incorporated into 
management decisions (e.g., structured decision-making) 

•  Some basic considerations when conducting projections: 
‒  type (deterministic or stochastic) 
‒  approach (static or dynamic)   
 

•  Fisheries science and management is fraught with uncertainty – 
advice stemming from scientific analyses that account for key sources 
of uncertainty will be more informative and robust on average 

 

Summary 

‒ time horizon 
‒ starting point 

‒  multiplier 
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Understanding projections - exercises 

•  How to conceptually set up a projection to answer 
specific questions. 

 

•  How to evaluate alternative management options using 
TUMAS. 

Supplementary material 
 

- Using TUMAS - 
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What is TUMAS? 

•  TUMAS is software that SPC has developed to support tuna 
fishery management through the WCPFC (and including SPC 
members). 

•  TUMAS enables its users to simulate what might happen to the 
size and health of the tuna stocks in the future, under different 
fishing conditions (e.g. different levels of increased or 
decreased fishing effort). 

•  As such, TUMAS is intended to assist the WCPFC, collectively, 
and its members, individually, to explore the possible benefits 
and costs of different potential management options 

How does TUMAS “work”? 

•  As you know, SPC scientists undertake stock assessments for the key 
tuna stocks in the WCPO using a modeling platform called MULTIFAN-
CL. The outputs from these assessments provide an indication of the 
impact of past and current fishing upon the status (health) of the 
stocks.  

•  TUMAS is able to use the outputs from these assessments (e.g. 
MULTIFANs estimates of population biology, structure, fishery 
catchability and selectivity etc) to “project” forward into the future and 
predict/estimate what would happen to the status of the stocks if 
fishing effort in some/all fisheries was increased, decreased or 
remained the same. 

•  TUMAS provides the results of these predictions in a user friendly 
graphical format, showing how key parameters such as catches, 
biomass, and stock status might change over time. 
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How does TUMAS “work”? 

•  TUMAS provides the results of these predictions in a user 
friendly graphical format, showing how key parameters such as 
catches, biomass, and stock status might change over time in 
response to different management actions. 

How will it help fisheries 
managers? 
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•  Until now, individual countries, sub-regional agencies (e.g. FFA, 
PNA) and the WCPFC itself have been dependant upon SPC 
scientists to run and present management options analyses at 
specific regional forums. 

 
•  Due to the highly varying nature of fisheries in different countries, 

such analyses may not always cover all the options that each 
country might wish to explore. 

•  Furthermore, understanding such analyses and why different 
options effect the stock and fishery in different ways is difficult for 
countries when they are quite removed from the analytical process 

•  This hinders the process of communication and negotiation between 
Commission members who ultimately must manage the tuna 
resources together and by consensus. 

How will it help fisheries managers? 

TUMAS represents a management tool which is: 
•  Accessible: You can run it on your computer 
•  User friendly: You don’t need to be a scientist to use it ( although 

you do need some knowledge of stock assessment) 
 
TUMAS should allow Commission members to: 
 
•  Explore and compare the results of different management options 

–  What if longline effort decreases by 10%?  
–  What if the region 3 FAD fishery closes for 3 months?* 
–  How could these options affect stock status, your nation’s 

interests, and other nations’ interests? 

•  Improve within government and inter-government understanding via 
more informed communication and subsequently  

•  Help fishery managers and advisers make decisions and negotiate 
with one another regarding how the fishery should be managed. 

How will it help fisheries managers? 

* once fully refined 
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Despite the accessible and user friendly nature of the TUMAS software, 
the subject matter that it deals with (fishing impacts upon tuna stocks) 
still requires that the user has a good understanding of the basic 
principles of stock assessment, particularly as relates to tuna stocks in 
the WCPO. 
 
A fishery manager or policy maker with little understanding of stock 
assessment and reference points will struggle to use the software and 
correctly interpret its outputs, without the advice of someone who does 
hold such knowledge. There is significant risk to the achievement of 
management objectives when such key issues are misunderstood. 
 
The purpose of this workshop is to help you to become your countries 
own “expert” in the use of TUMAS, so that, along with SPC scientists, 
you become an additional resource and technical advisor for your 
government when it wishes to explore and understand the potential 
risks and benefits of different management options that it or the 
Commission might consider imposing upon the fishery in future. 

How is it relevant to you 
specifically? 

Please refer to your TUMAS manual for a more detailed understanding of how to use 
TUMAS. This example shows you how to define a management option with TUMAS, use 
MULTIFAN-CL to project the population forward under this management option, and 
review the resulting output. 
 
1.  Open TUMAS, and wait until the 'Welcome to TUMAS' screen appears.  
2.  Select 'New' and then select ‘Projections with Multifan-CL’ and select ‘Next’. 

TUMAS in action: an example 
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3.  Select a species (Bigeye in this case) from the drop-down “Species” list and select the 
assessment model year to use. Leave all the Parameters settings at their default values. 

4.  Type in a new output name (file identifier) for your management option. This will be saved 
and the outputs associated with your option can be viewed at later dates. 

5.  Select 'Next' to move to the 'Projection Settings' screen. 

TUMAS in action: an example 

5.  The 'Projection Settings' screen lists the defined bigeye fisheries on the left 
and shows a map of the regions in the bigeye stock assessment on the 
right 

6.  Your task here is to define the management option by defining future effort 
and/or catch for each fishery.  

TUMAS in action: an example 

Note the scroll 
bar ..there are in 
fact 26 fisheries, 
with these being 
the same fisheries 
defined in the 
bigeye tuna stock 
assessment paper. 
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7.  In this example, you will reduce effort in all fisheries to 20% below the 
average level from 2006-2008. To do this, use your mouse to select one of 
the fisheries (any one will do).  

        The details of this fishery will be displayed in data settings fields at the         
        bottom of the page on the left. You can modify the entries in these fields. 

TUMAS in action: an example 

Here, fishery #1 
has been selected 

The options presented in the data entry 
fields are: 
 
Type:  this is the type of data which you 
wish to modify in the “future” fishery, with 
the options being catch or effort 
 
Start Yr: this is the start year of the period 
for which average fishery and population 
parameters (e.g. fishing mortality etc) will 
be derived for use in the model 
projections. **Note that this is NOT the 
start year of the projection itself 
 
N Years: this is the number of years (from 
the start year) over which average fishery 
and population parameters (e.g. fishing 
mortality etc) will be calculated for use in 
the model projections. 
 
Scalar: This is used to increase or 
decrease the projected fishing effort or 
catch by the amount you desire. So if you 
wish to decrease future fishing effort to 
80% of the mean level specified in the “N 
years” period, type in a scalar of 0.8.  If 
you wish to increase future fishing effort to 
150% of current levels, type in 1.5. 

TUMAS in action: an example 
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9.   In this example we change: 
a.  Type to “Effort” 
b.  Start Yr to 2006 
c.  N Years to 3 (representing 

2006-2008) 
d.  Scalar to 0.8 (representing a 

20% drop in fishing effort) 

If we wanted to only apply this 
change to the selected fishery, 
we’d then press “Set” 
 
But because we want to apply 
these changes to all the fisheries* 
(#1-25), we click on “Set all”. 
 
TUMAS also adds a comment to 
describe the options chosen 

TUMAS in action: an example 

Once changes are 
made in the data 
selection fields 
below for one 
fishery, they can 
be applied to all 
fisheries 
 
Note that not all 
fisheries are able 
to be modified at 
all, while some 
can only have a 
different scalar 
applied but not 
have differing 
base years 

10.  Now click on “Run” (bottom right corner) of the Projection Settings screen 
and please wait while TUMAS uses MULTIFAN-CL to run the projection of 
your management options. 

 
While TUMAS is calculating the projection, various MULTIFAN-CL numeric and 
text outputs will appear on screen. You can ignore these and wait until the 
graphical outputs screen appears. 

TUMAS in action: an example 
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This is the first graphical outputs screen to open. It shows total and adult 
biomass, both in the past, and as predicted to occur in future (grey shaded 
years on right hand of plot) in response to your specified management option 
(reduced fishing effort). However, other key outputs can be viewed by selecting 
them from the drop down menu at the top of screen. 

TUMAS in action: an example 

Here we have selected plots of the MSY based reference points used by the 
WCPFC, showing how these have changed in response to past fishing impacts 
and how they are predicted to change in future in response to your 
management option. 

TUMAS in action: an example 
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There are a number of other outputs which can be viewed from the drop down menu 
including: 
 
•  Exploitable biomass by fishery 
•  Equilibrium yield 
•  Recruitment (which is currently fixed at average levels defined in the base 

period)* 
•  Catch by fishery 
•  Fishing effort by fishery 

Other outputs may be added in future. 
 
You can create multiple different management options analyses simply by selecting 
“New” and typing in a new file name each time you want to run a different analysis. 
These analyses are automatically saved by TUMAS when you click on “Close” after 
you have finished (there is no “Save” button) 
When you want to view outputs from a past analysis, click on “Review” in the 
“Welcome to TUMAS” screen. If you want to modify a past analysis, click on “Open” 
in the “Welcome to TUMAS” screen. In both cases you are presented with a list of 
all past analyses from which you can select the one you wish to view or modify. 
 
 

TUMAS in action: an example 

Status and plans 

• 
• 

– 
– 
– 
– 

• 
– 
– 
– 
– 
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Seeking input to improve TUMAS 

• 
• 

– 
– 
– 

• 

How to get it 

• 
• 
• 
• 

– 

– 
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Chapter 14 
 

What are (some of) the implications 
of the assessment for your  

national fisheries? 

Introduction 

The WCPO region comprises many different countries and 
territories, all of whom have direct or indirect fisheries based 
economic interests in the regions tuna resources. 

The species of most economic or social importance varies 
between countries/territories. For any given species, some 
countries will have significant economic reliance upon the 
fishery catching that species, and others very little etc. Some 
have significant reliance on revenue  or food derived from 
fisheries targeting multiple species. 

Hence, the national level implications of any given 
assessment will differ depending on the species and between 
countries. 
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Introduction 

Determining the implications of a given assessment for a 
given country will depend initially on the following: 

A) The outcomes of the assessment (resource status and 
scientific advice in response to that) 

B) Your countries contribution to overall fishing impacts 

C) Your countries economic, social or food security 
dependence on the resource being assessed** 

D) The management options being considered in response to 
the assessment outcomes – which of these options might 
impact on the fishery operating in your EEZ (domestic, 
foreign) or your flagged vessels operating outside the EEZ? 
Will they impact on food security or employment? 

 

Introduction 

The role of science is to help you understand the impacts on 
catch, effort, catch rates, sizes of fish caught, now and in the 
long term......but the flow on social and economic impacts are 
best assessed by those with knowledge and expertise in 
those areas (often the fishers, managers, economists) in 
consultation with the stakeholders, and not by scientists.  

 

The following slides outline a series of steps which might help 
you to assess the implications of an assessment for your 
fisheries. 
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1.  Where is your fishery located? 
2.  How much catch is taken in that region 

Is it in a high or low catch 
region for the species 
under consideration? 

SC-6 Conclusions  
The base model indicates that overfishing is occurring 
for the WCPO bigeye tuna stock but the stock is not in 
an overfished state.  
 
SC-6 recommendation: A minimum 29% reduction in 
fishing mortality from average 2005-2008 levels is 
required to maintain the bigeye stock at levels capable of 
producing MSY. 
 
SC6 reiterated that the intended 30% reduction in fishing 
mortality intended under the current Conservation and 
Management Measure is extremely unlikely to be 
achieved by that measure. 

2. What is the status of the resource? 
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Country contributions to impacts 
Look at the region in which 

your country is situated, 
and consider the 
following: 

A. Is a large portion of the 
stock located there? 

B. Are there high impacts on 
the regional biomass? 

C. What proportion of your 
regions catch is taken by 
your fishery? 

D. What proportion of the 
WCPO catch is taken by 
your fishery 

Country contributions to impacts 

•  Which gears is your fishery based on and to which 
component (age classes) will your fishery contribute the 
highest impacts? 

 Age at start of maturity 
Females 50% mature at 102cm (2 
yrs) (Farley et al 2006) at ~ 3+ 
years of age 
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Country contributions to impacts 

•  Which gears is your 
fishery based on and to 
which component (age 
classes) will your fishery 
contribute the highest 
impacts? 

 

Resource Status 

So  do management recommendations 
relate directly to your region, your 
fishery, the gears operating within 
your fishery and the age classes 
being impacted most by your fishery? 

Is the sustainability of the resource 
being assessed of importance to your 
fishery/country ? 

If the species is not important to your 
f ishery or country, might the 
management actions effect your 
fishery anyway (as a byproduct) e.g 
BET and SKJ 
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Management options implications 

The key implications of an assessment become more 
apparent through consideration of the management 
options being considered in response to assessment 
outcomes: 

Is your countries food security dependant upon the 
sustainability of the stock? 

Is the fishery a major employer? 

Does the fishery generate significant national revenue (e.g. 
licence fees) 

Therefore long-term sustainability may mean longterm 
employment base, food security and national revenue....or 
it may not. 

Management options implications 

Are the management measures currently in place 
likely to achieve their objective? 

All of these questions are questions you might want 
to consider when reviewing the results of a 
regional tuna stock assessment paper and 
associated management options analyses. 
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Chapter 15 
 

Stock Assessment of Yellowfin 
Tuna in the Western and Central 

Pacific Ocean 

1 Oceanic Fisheries Programme, Secretariat of the Pacific Community 
2 Consultant, Secretariat of the Pacific Community 

• 
• 
• 

• 
– 

• 
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All, except CT-Offshore, CN, FSM, 
MH, PH, ID, and PW  

Eastern LL region 3: CT-Offshore, CN, 
FSM, MH, PH, PW, and ID  

Western LL region 7: CT-Offshore, 
CN, FSM, MH, PH, PW, VN, and ID  
All, except CT-Offshore, CN, FSM, 

MH, PH, ID, and PW 
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• 
• 
• 
• 
• 
• 
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Fit to tagging data 

Fit to tagging data 
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Fit to CPUE derived from by Region 

Fit to weight-frequency data 
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Fit to weight-frequency data 

Fit to length-frequency data 
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Fit to length-frequency data 

Assumed Natural Mortality 
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Estimated SRR 

Recruitment 
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Spawning potential 

Spawning potential by region 

 
 

– 276 –



Estimated Annual Fishing Mortality 

Depletion – proportion of spawning biomass (decrease) 
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Fishing impact on SSB – proportion attributable to fishery groups 

Stock status – temporal trends for SB/SBMSY and SB/SBF=0 

Spawning biomass                                          Spawning biomass 
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Last 3 Assessments 
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Mix_1 h_0.65 h_0.95 

CP_all SZ_dw M_est 
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• 
• 
• 
• 

• 

• 
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• 
• 

• 

• 

• 

• 
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• 

• 

• 
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Chapter 16 
 

Bio-economics 

• 
• 
• 

– 
• 
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Effort 

Revenue 

Fishing revenue 

EMSY / MSR 

EBreakeven 

EMEY 

Fishing costs Max profit 

Effort 

Revenue 

Fishing revenue 

EMSY / MSR 

EBreakeven 

EMEY 

Fishing costs Max profit 
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Max Economic Yield = 
10 million hooks/yr 

Break-even =  
20 million hooks/yr 
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Effort 

Revenue 

Fishing revenue 

EMSY,MSR 

Fishing costs 

EOA ERRmax 

Resource 
rent 

ENEBmax 

Social 
opportunity 
costs 

Net 
economic 
benefit 
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