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Fisheries Biology, Assessment & 
Management 

Lecture 2 (part 1)

How Many Fish in the Sea ?How Many Fish in the Sea ?
(The Science of Fish Stock (The Science of Fish Stock 

Assessment)Assessment)

Remembering ...
Processes Processes 
–– ““BirthBirth””, Growth, Maturation, Reproduction, , Growth, Maturation, Reproduction, 

Death (due to fishing and natural causes)Death (due to fishing and natural causes)
Stock abundanceStock abundance
–– as numbers, or as biomassas numbers, or as biomass
–– by age and by year (yearclasses/cohorts)by age and by year (yearclasses/cohorts)

Yield  : catches and death rate due to fishingYield  : catches and death rate due to fishing
–– the effect of fishing effort :   F = q Ethe effect of fishing effort :   F = q E

Recruitment : dependence on spawning stockRecruitment : dependence on spawning stock
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Questions asked by 
“managers”

The effects of current exploitation rates ?The effects of current exploitation rates ?
Potential for improvement ?Potential for improvement ?
–– Increased yields and/or biomassIncreased yields and/or biomass

now (shortnow (short--term) or future (longterm) or future (long--term)term)

Possibility of Possibility of ““OptimalOptimal”” Exploitation ?Exploitation ?
Sustainability ?Sustainability ?
Desirable Conservation Measures ?Desirable Conservation Measures ?
–– direct (controls on catch or effort)direct (controls on catch or effort)
–– ““technicaltechnical”” (mesh sizes, closed areas)(mesh sizes, closed areas)

What we would like to know

The present Level of ExploitationThe present Level of Exploitation
–– Fishing Mortality (depends on age/size)Fishing Mortality (depends on age/size)

The Size of  the Stock(s)The Size of  the Stock(s)
–– Biomass & Age/Size CompositionBiomass & Age/Size Composition
–– Trends with time ?Trends with time ?

The Risk of CollapseThe Risk of Collapse
–– Stock/Recruitment RelationshipsStock/Recruitment Relationships

Catch Forecast (for TACCatch Forecast (for TAC’’s)s)
–– Recent & Future Recruitment : FluctuationsRecent & Future Recruitment : Fluctuations
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Stock Assessment (1)
Analysis of biological samplesAnalysis of biological samples
–– length & age compositionslength & age compositions
–– catch curve analysiscatch curve analysis

Analysis of  fishing survey dataAnalysis of  fishing survey data
–– Abundance indices  & total mortality rates Abundance indices  & total mortality rates 

Use of total international catchUse of total international catch--atat--age dataage data
–– Virtual Population Analysis (VPA)Virtual Population Analysis (VPA)

Cohort Analysis (simplified technique)Cohort Analysis (simplified technique)

Stock Assessment (2)

““TuningTuning”” of VPA of VPA (using CPUE & Survey indices)(using CPUE & Survey indices)

–– Extended Survivors AnalysisExtended Survivors Analysis
YieldYield--perper--Recruit CalculationsRecruit Calculations
StockStock--Recruitment RelationshipsRecruitment Relationships
Catch Forecasts (for TACCatch Forecasts (for TAC’’s)s)
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Data we can use

Biological samplesBiological samples
–– length (and age ?) compositionslength (and age ?) compositions
–– mortality rates (approximate, average)mortality rates (approximate, average)

Catch & Effort dataCatch & Effort data
–– mortality rates (reasonable)mortality rates (reasonable)
–– stock sizes & trendsstock sizes & trends

Research SurveysResearch Surveys
–– acoustic, plankton & fishing surveysacoustic, plankton & fishing surveys
–– *** fishery independent ****** fishery independent ***

Biological Sampling

Length MeasurementsLength Measurements
Age determination (if possible)Age determination (if possible)
–– count growth rings (otoliths or scales)count growth rings (otoliths or scales)

Sample many landingsSample many landings
–– (areas, gears, seasons.....)(areas, gears, seasons.....)

Compare over several yearsCompare over several years
Fair indication of mortality ratesFair indication of mortality rates
–– ... over or under... over or under--exploited ??exploited ??
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Length compositions

29272851
44184648
56314745
65145242
58163939
29213936
43346333

1081812430
17638427

5622324
110221

02418
2153515

62418012
20109

SeptJulyFebmin (cm)
Numberslength group

Raja Clavata : Irish Sea 

Length compositions

Raja Clavata : Length Composition
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Plaice Otolith

Age compositions

North Sea cod : Age composition of Catch (numbers)
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“Catch Curve Analysis”
by log catch ratios

C(y,a) = F(y,a) PC(y,a) = F(y,a) Pbarbar(y,a)(y,a)
C(y+1,a+1) = F(y+1,a+1) PC(y+1,a+1) = F(y+1,a+1) Pbarbar(y+1,a+1)(y+1,a+1)
ifif F is constant (w.r.t. both time and age)F is constant (w.r.t. both time and age)
ln{ C(y,a) / C(y+1,a+1) }ln{ C(y,a) / C(y+1,a+1) }

= ln{ P= ln{ Pbarbar(y,a) / P(y,a) / Pbarbar(y+1,a+1) }(y+1,a+1) }
= Z(y,a)= Z(y,a)

Fit (straight) lines to data points (on log scale)Fit (straight) lines to data points (on log scale)
Or construct tables of log catch ratiosOr construct tables of log catch ratios

Catch-at age data :

28351343047910323046
80086215781057139324625

5296307832114995331943604
129322111811409869716840119943
6365425195555603221623571546922
164651617348142796713628118411

199519941993199219911990Age

Year
Catch 

Numbers

North Sea Cod : Catch-at-age data
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“Catch Curve” : for a single year

North Sea cod : "Catch Curve" for 1990
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Problem : variable recruitment

variable yearclass strengthvariable yearclass strength
–– causes causes ““wiggleswiggles”” in the catch curve in any in the catch curve in any 

single yearsingle year
–– looks like (i.e. confounded with) variation of looks like (i.e. confounded with) variation of 

mortality with agemortality with age
solution : use data for separate cohortssolution : use data for separate cohorts
–– (not separate years)(not separate years)

Calculate Calculate log catch ratioslog catch ratios
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1.111.120.901.070.875
1.351.321.151.141.144
1.381.311.001.221.283
0.670.971.041.001.182

not fully 
exploited-1.37-1.66-0.69-0.86-0.691

19941993199219911990Age (lower)

Year 
(lower)

Log Catch Ratios ( ~ 
Z )

28351343047910323046
80086215781057139324625

5296307832114995331943604
129322111811409869716840119943
6365425195555603221623571546922
164651617348142796713628118411

199519941993199219911990Age

YearCatch Numbers

North Sea Cod : Catch-at-age and log catch ratios
log catch ratio spreadsheet

“Catch Curve” : for a single cohort

North Sea Cod : Catch Curve : 1989 Cohort
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Problem : variable effort

If effort varies from year to year, so does If effort varies from year to year, so does 
Fishing mortalityFishing mortality
–– i.e. F(y,a)  is not constant, causing errorsi.e. F(y,a)  is not constant, causing errors

but CPUE = q Pbut CPUE = q Pbar   bar   [ not dependent on F ][ not dependent on F ]
Better to use log CPUE ratiosBetter to use log CPUE ratios
–– still requires q(y,a+1) = q(y,a)still requires q(y,a+1) = q(y,a)
–– i.e. catchability independent of age & timei.e. catchability independent of age & time

a weaker assumption, but still not guaranteeda weaker assumption, but still not guaranteed
needs catch & effort data (for individual fleets)needs catch & effort data (for individual fleets)

Catch & Effort Data
From logFrom log--books, landings declarationsbooks, landings declarations
CatchCatch--perper--unitunit--effort indices effort indices 
–– are a valid  indicator of stock size ...are a valid  indicator of stock size ...
–– ifif catchability is constant (w.r.t. age & time)catchability is constant (w.r.t. age & time)

Combine with age composition data (from Combine with age composition data (from 
biological samples) to get estimates of Z, and biological samples) to get estimates of Z, and 
therefore also of Ftherefore also of F
??? are the basic data reliable ?????? are the basic data reliable ???
??   is catchability constant    ????   is catchability constant    ??
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Problem : partial selection

younger (smaller) fish are not fully vulnerableyounger (smaller) fish are not fully vulnerable
so fishing mortality is not constantso fishing mortality is not constant
the the ““catch curve catch curve ““ is not a straight lineis not a straight line
catches are not proportional to population catches are not proportional to population 
size for these age groupssize for these age groups

Virtual Population Analysis
An alternative way (J. Gulland) to estimate :An alternative way (J. Gulland) to estimate :
–– population numbers  (by age & year)population numbers  (by age & year)
–– fishing mortaliy rates (by age & year)fishing mortaliy rates (by age & year)

Uses total international catch data (Uses total international catch data (notnot effort)effort)
–– ( N.B. : need other countries( N.B. : need other countries’’ data)data)

Requires catch numbersRequires catch numbers--atat--ageage
–– does does notnot assume F or q to be constantassume F or q to be constant

Based on the catch equationBased on the catch equation
Need several years data (about 5, or more)Need several years data (about 5, or more)
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Cohort Analysis

simplified approximate method (J. Pope)simplified approximate method (J. Pope)
work with data for each cohort separatelywork with data for each cohort separately
divide fish at beginning of year intodivide fish at beginning of year into
–– survivors (natural mortality only, full year)survivors (natural mortality only, full year)
–– victims    (assume all caught at midvictims    (assume all caught at mid--year)year)

i.e. subject to M for half the year onlyi.e. subject to M for half the year only

P(y,a) = exp(M) P(y+1,a+1)P(y,a) = exp(M) P(y+1,a+1) (survivors)    
+ exp(M/2) C(y,a)      (victims)+ exp(M/2) C(y,a)      (victims)

Cohort Analysis (cont’d)
P(y,a) = exp(M) P(y+1,a+1)      P(y,a) = exp(M) P(y+1,a+1)      

+ exp(M/2) C(y,a)+ exp(M/2) C(y,a)
apply sequentially, backwardsapply sequentially, backwards
–– i.e. start with the oldesti.e. start with the oldest
–– need a starting value for the survivorsneed a starting value for the survivors

e.g. assume (guess) equal to last catch numbere.g. assume (guess) equal to last catch number

also Z(y,a) = ln{ P(y,a) / P(y+1,a+1) }also Z(y,a) = ln{ P(y,a) / P(y+1,a+1) }
F(y,a) = Z(y,a) F(y,a) = Z(y,a) --MM

complete set of values for P(y,a) and F(y,a)complete set of values for P(y,a) and F(y,a)



1313

Cohort Analysis : single cohort

work backwards from oldest age

N.B. Start here
assumed = final catch number<<<<<<<<<<<<<<<<<<<2837

0.6440.8442836586

0.7810.98186217575

0.9761.176321156954

0.8681.0688697165673

0.8271.02723571462852

0.2080.40811841696191

FZCatchPopulationAge

1.105exp(M/2)=0.2M = 

North Sea Cod : Cohort Analysis : Single Cohort : 
1989 Yearclass

Cohort Analysis : single cohort
Population number at age

North Sea Cod : 1989 Cohort
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Cohort Analysis : single cohort
Fishing mortality at age

North Sea Cod : Fishing Mortality from Cohort Analysis : 1989 
Cohort

0
0.2
0.4
0.6
0.8

1
1.2

0 1 2 3 4 5 6 7

Age

Fi
sh

in
g 

M
or

ta
lit

y 
ra

te

Cohort Analysis : multiple cohorts

28351343047910323047

80065811941000111424017076
52961861175732022390290156545

1293212322567556959431658783614
636543008738389195401656730130213013
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Cohort Analysis : multiple cohorts

0.6440.6440.6440.6440.6440.6446
0.6440.7810.7870.6710.7570.6565
0.6440.9150.9760.8800.8140.8594
0.6440.9361.0360.8680.9620.9743
0.6440.5640.8370.9130.8270.9722
0.6440.0940.0650.2100.1880.2081

199519941993199219911990Age

YearFishing Mortality

Cohort Analysis : multiple cohorts
Population at age

North Sea Cod : Cohort Analysis : Population Number
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Cohort Analysis : multiple cohorts
Fishing Mortality at age

North Sea Cod : Cohort Analysis : Fishing Mortality
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VPA & Cohort Analysis

work with each cohort separatelywork with each cohort separately
hence the name of the methodhence the name of the method

examples of Sequential Population Analysisexamples of Sequential Population Analysis
need need total international total international catch datacatch data
need a sensible assumed value for the need a sensible assumed value for the 
survivors ...survivors ...
i.e. one has to i.e. one has to assumeassume what one would most what one would most 
like to determine !like to determine !
good for retrospective analysisgood for retrospective analysis

VPA & Cohort Analysis
the “tuning” problem

North Sea Cod : Cohort Analysis : 1989 Cohort : Varying 
Terminal F
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VPA & Cohort Analysis
the “tuning” problem

North Sea Cod : Cohort Analysis : 1989 Cohort : Varying 
Terminal F
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VPA & Cohort Analysis :       
the “tuning” problem

Need independent estimates of abundanceNeed independent estimates of abundance
–– but these can be relative,  e.g. but these can be relative,  e.g. 

CPUE from effort dataCPUE from effort data
ideally for ideally for severalseveral fleetsfleets

CPUE from fishing surveys CPUE from fishing surveys 
preferably by research vesselspreferably by research vessels

Need to Need to combine combine with VPAwith VPA
–– many and various methods, includingmany and various methods, including

ad hocad hoc, ADAPT, Extended Survivors Analysis, ADAPT, Extended Survivors Analysis

VPA & Cohort Analysis
using abundance indices to solve the “tuning” problem

North Sea Cod : the "Tuning" Problem
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Research  Survey Data

Fishing Surveys (demersal fish)Fishing Surveys (demersal fish)
–– data by species, size, age, maturity, etcdata by species, size, age, maturity, etc

Acoustic Surveys (pelagic fish)Acoustic Surveys (pelagic fish)
–– species ???, sizes ??, calibration ?species ???, sizes ??, calibration ?

Plankton Surveys (of eggs & larvae)Plankton Surveys (of eggs & larvae)
–– spawning stock biomass onlyspawning stock biomass only

Cost  (> Cost  (> ££500 000 per survey)500 000 per survey)

Overview
To assess the relative state of a stock (trends To assess the relative state of a stock (trends 
and fishing mortality) one needs :and fishing mortality) one needs :
–– catch & effort data for at least one fleet (or catch & effort data for at least one fleet (or 

research survey)research survey)
–– plus biological samples (length & age plus biological samples (length & age 

compositions)compositions)
To get absolute stock size one needsTo get absolute stock size one needs
–– total international catch (numberstotal international catch (numbers--atat--age)age)
–– more CPUE or survey data (for more CPUE or survey data (for ““tuningtuning””))


