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Executive summary 

Project objectives 
Today, fishing is the dominant source of mortality in most commercially exploited fish 
stocks. According to the United Nation’s Food and Agricultural Organization (FAO), world 
capture fisheries have reached a ceiling, with three stocks out of four being maximally ex-
ploited or overexploited. Since all fish species were genetically adapted to the environmental 
conditions experienced prior to intensive exploitation, the current, drastically altered, condi-
tions cannot possibly leave their life-history patterns unaffected. In other words, fishing not 
only decreases the abundance of fish, but also changes their genetic composition. 

The Specific Targeted Research Project on Fisheries-induced Evolution (FinE) inves-
tigates the prevalence of fisheries-induced evolutionary changes in life-history traits of ex-
ploited fish stocks in European and North American waters. Phenotypic case studies docu-
ment trends in life-history traits, including maturation, reproductive effort, and growth, rele-
vant for the demography and productivity of exploited fish populations. Genetic analyses elu-
cidate the genetic basis of fisheries-induced evolutionary changes suggested by phenotypic 
analysis. Eco-genetic models are designed for evaluating alternative hypotheses explaining 
the observed data; for assessing the ecological consequences of fisheries-induced evolution 
for the yield, stability, and recovery potential of exploited stocks; and for developing and 
comparing practical management options. 

The FinE Project (i) unravels the mechanisms of change underlying fisheries-induced 
evolution, (ii) evaluates their consequences on population and fisheries dynamics, and (iii) 
provides recommendations for evolutionarily sustainable management. These objectives ne-
cessitates the development and application of novel methodological tools for investigating 
field data both at phenotypic and genetic levels, together with the setup of relevant experi-
ments on model species and the careful construction of theoretical models suitable for com-
plementing field data analyses and for evaluating managerial options. Earlier investigations 
have focused on specific aspects such as the analysis of long-term trends in phenotypic data, 
the investigation of temporal changes in neutral genetic markers, artificial fishing experi-
ments, or the modelling of fisheries-induced evolutionary changes in life-history traits and 
their demographic consequences for exploited stocks. However, a comprehensive investiga-
tion of fisheries-induced evolution at the phenotypic and genetic level and of consequences on 
fish stocks dynamics are still largely missing, mostly because of the wide range of scientific 
expertises and approaches required for tackling these challenges. 

The FinE Project combines fields of expertise as diverse as population genetics and 
quantitative genetics, life-history theory, population dynamics, evolutionary theory, and fish-
eries science. The project ensures a close integration of both empirical and theoretical lines of 
development in our understanding of evolutionary processes in exploited populations. The 
FinE Project will thereby provide the scientific basis required for designing policies and im-
plementing management measures that can cope with fisheries-induced adaptive changes. 
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Section 1 

Project objectives and major achievements during the re-
porting period 

Overview of general project objectives 
The Specific Targeted Research Project on Fisheries-induced Evolution (FinE) contributes – 
in the context of the EU Programme on Integrating and Strengthening the European Research 
Area; Priority 8.1 on Policy-oriented Research; Activity I on Sustainable Management of 
Europe’s Natural Resources; and Topic 1.3 on Modernisation and Sustainability of Fisheries, 
including aquaculture-based production systems – to Task 2 on Fisheries-induced Changes in 
the Adaptive Genetic Potential of Exploited Fish Stocks. Phenotypic case studies document 
trends in life-history traits, including maturation, reproductive effort, and growth, relevant for 
the demography and productivity of exploited fish populations. Genetic analyses elucidate the 
genetic basis of fisheries-induced evolutionary changes suggested by phenotypic analysis. 
Eco-genetic models are designed for evaluating alternative hypotheses explaining the ob-
served data; for assessing the ecological consequences of fisheries-induced evolution for the 
yield, stability, and recovery potential of exploited stocks; and for developing and comparing 
practical management options. 

Today, fishing is the dominant source of mortality in most commercially exploited 
fish stocks. According to the United Nation’s Food and Agricultural Organization (FAO), 
world capture fisheries have reached a ceiling, with three stocks out of four being maximally 
exploited or overexploited. Since all fish species were genetically adapted to the environ-
mental conditions experienced prior to intensive exploitation, the current, drastically altered, 
conditions cannot possibly leave their life-history patterns unaffected. In other words, fishing 
not only decreases the abundance of fish, but also changes their genetic composition. 

The Fisheries-induced Evolution (FinE) Project is set up to investigate the prevalence 
of fisheries-induced evolutionary changes in life-history traits of exploited fish stocks in 
European and North American waters. The aims are to unravel the underlying mechanisms of 
change ranging from the phenotypic to the genetic level, to evaluate their consequences on 
population and fisheries dynamics, and to provide recommendations for evolutionarily 
enlightened management. This objective necessitates the development and application of 
novel methodological tools for investigating field data both at phenotypic and genetic levels, 
together with the setup of relevant experiments on model species and the careful construction 
of theoretical models suitable for complementing field data analyses and for evaluating mana-
gerial options. Earlier investigations have focused on specific aspects such as the analysis of 
long-term trends in phenotypic data, the investigation of temporal changes in neutral genetic 
markers, artificial fishing experiments, or the modelling of fisheries-induced evolutionary 
changes in life-history traits and their demographic consequences for exploited stocks. How-
ever, a comprehensive investigation of fisheries-induced evolution at the phenotypic and ge-
netic level and of consequences on fish stocks dynamics are still largely missing, mostly be-
cause of the wide range of scientific expertises and approaches required for tackling these 
challenges. 

The FinE Project combines fields of expertise as diverse as population genetics and 
quantitative genetics, life-history theory, population dynamics, evolutionary theory, and fish-
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eries science. The project ensures a close integration of both empirical and theoretical lines of 
development in our understanding of evolutionary processes in exploited populations. The 
FinE Project will thereby provide the scientific basis required for designing policies and im-
plementing management measures that can cope with fisheries-induced adaptive changes. 

Objectives for the reporting period 
As foreseen in the project plan, work performed during the first reporting period has unfolded 
in three dimensions. First, phenotypic case studies have been initiated to document trends in 
life-history traits relevant the demography and productivity of exploited fish populations. 
Second, genetic analyses have begun to elucidate the genetic basis of fisheries-induced evolu-
tion as revealed by some of the phenotypic case studies. Third, eco-genetic models have been 
devised for understanding past evolutionary changes observed in exploited stocks, and for 
predicting the expected impact of alternative management measures in the future dynamics of 
exploited stocks. The progress made in the various work packages is detailed in Sections 2 
and 3 below and has involved all contractors and subcontractors of the network as described 
in Section 3. 

Problems during the reporting period 
Work on the large majority of tasks of the FinE Project is unfolding exactly as initially 
planned. Exceptions are Tasks 1.1 and 1.2 (analyses complete, publication pending), Task 1.4 
(slightly postponed processing of otoliths), Task 1.6 (additional data requirements), and Task 
2.4 (recruitment delay). 
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Section 2 
Work package progress during the reporting period 

Work Package 1: Phenotypic Case Studies 
Start month 0 

Participant acronym IIASA IMR Ifremer FRS UT IMARES CSIC IPIMAR (UI) 

Person months per participant 4 23.4 22 14.5 18 9.8 10 4 1 

Participant acronym (SBF) (MI) (FGFRI) (DFO)      

Person months per participant 1 1 1 1      

Task 1.1 Fisheries-induced changes in Atlantic cod in the Barents Sea 
Lead responsibility: IMR 

Objectives of the task for the reporting period 
The aim of this task is to utilize individual life-history measurements collected since 1932 to 
(1) quantify the changes in age and size at maturation and (2) understand the likely nature of 
changes in these traits. 

Progress towards the objectives 
The data selection and statistical analyses have been completed, and the results have been pre-
sented at various meetings. 

Deviations from the project’s work program and corrective actions 
The deliverable is not yet available as a publication, since this publication is planned to bring 
together the empirical results obtained under this task with model-based results obtained un-
der Task 3.6. The publication will be submitted once the corresponding model-based analyses 
are completed. 

Deliverables 

D3. Task 1.1: Assessment of evolutionary changes in age and size at maturation in Atlan-
tic cod in the Barents Sea (month 6, IMR, O, PP). 

The results of statistical analyses suggest that changes in age and size at maturation in 
Atlantic cod in the Barents Sea cannot be explained only by demographic changes caused 
by increased total mortality and phenotypic responses caused by faster individual growth. 
Thus, the results lend support to the hypotheses that the observed changes in maturation 
involve an evolutionary component. Results of the statistical analyses are available upon 
request. They will be published in an article that is planned to bring them together with 
the model-based results obtained under Task 3.6, which will be submitted once the corre-
sponding model-based analyses are completed. 
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Milestones 

M1. Task 1.1: Data selection for the final analyses finished (month 2, IMR). 

Data selection for the final analyses has been finished. The biological data cover the pe-
riod 1932–2006 and include 92,693 individual observations. 

Task 1.2 Fisheries-induced changes in Atlantic cod in the Northwest At-
lantic 
Lead responsibility: IMR 

Objectives of the task for the reporting period 
The task here is threefold: (1) Utilizing indices of individual body condition, we want to un-
derstand the role body reserves (condition) play in the maturation of cod stocks off New-
foundland-Labrador, and whether considering changes in condition alters our conclusions 
about the likelihood of evolutionary changes; (2) Changes in reproductive effort in cod stocks 
off Newfoundland-Labrador are documented to test whether the theoretical prediction of in-
creased reproductive effort holds; (3) We will also analyze fisheries-induced changes in matu-
ration of Flemish Cap cod. 

Progress towards the objectives 
The main analyses have been completed, and the results are reported in papers that have been 
submitted or are due to be submitted within the next 1–2 months. 

Deviations from the project’s work program and corrective actions 
Publications corresponding to deliverables D4 and D8 are not yet finished, although the re-
sults are essentially ready and have been presented at meetings. The papers are under final 
polishing and will be completed and submitted within next 1–2 months. 

Deliverables 

D4. Task 1.2: Refined understanding of evolutionary changes in age and size at matura-
tion in Atlantic cod off Labrador-Newfoundland through analysis of effects of body con-
dition to maturation (month 6, IMR, O, PP). 

We have analyzed data from three stocks, covering the time period until year 2008. The 
main results are as follows. (1) The interpretation that maturation changes in the study 
populations have an evolutionary component is unaltered by the inclusion of body condi-
tion in the analysis. (2) The tentative signs of evolutionary recovery in the data covering 
the time period until the year 2002 are not supported by the data with extended temporal 
coverage. 

 

D8. Task 1.2: Assessment of evolutionary changes in reproductive effort in Atlantic cod 
off Labrador-Newfoundland (month 9, IMR, O, PP). 

We have analyzed data from three stocks, covering the time period 1978–2007. Results 
suggest significant positive trends in males (1–2% annual increase in relative gonad 
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weight), while trends in females are weaker (0–1%) and generally not significant. This 
difference might stem from greater changes in female gonad weight during the spawning 
season compared to males. In males, there are signs that the positive trends have tapered 
off after the fishing pressure was decreased in the early 1990s. 

 

D15. Task 1.2: Assessment of evolutionary changes in age and size at maturation in 
Flemish Cap Atlantic cod (month 15, CSIC, O, PP). 

The evolution of PMRNs throughout the cohorts from 1977 to 2005 shows an important 
decreasing trend in length and age at maturation throughout this period. Moreover, 
changes in the growth rates of Flemish Cap cod together with fishing-mortality shifts and 
alterations in ecosystem structure were observed. This permits us to advance the hy-
pothesis that genetic changes have occurred during the period of high fishing pressure at 
the end of the 1980s and beginning of the 1990s. This work was presented in the ‘Evolv-
ing Fish, Changing Fisheries symposium,’ of the 2008 American Fisheries Society (AFS) 
Congress, in Ottawa, Canada, August 17-21, 2008. 

 

D16. Task 1.2: Comparison of maturation reaction norm estimation methods with and 
without distinguishing recruit and repeat spawners utilizing histological data from Flem-
ish Cap Atlantic cod (month 15, CSIC, O, PP). 

The estimation of probabilistic maturation reaction norms (PMRNs) through the so-
called direct method is preferable, since calculations are based on observations of imma-
ture individuals and recruit spawners. In contrast, the so-called demographic method for 
PMRN estimation uses observations of recruit and repeat spawners lumped together, 
which requires making assumptions about equal growth and mortality rates for immature 
and mature individuals. Results obtained from the comparison of both methods show that 
both methods produce comparable results, with a correlation coefficient of 0.93. These 
results therefore support the idea that a potential violation of the assumptions made for 
applying the demographic method is not influential for the results. A manuscript on this 
work has been submitted to Evolutionary Applications. 

Milestones 

M8. Task 1.2: Revised database (1990-2005) on Flemish Cap Atlantic cod individual 
measurements (month 8, CSIC). 

The database was built and revised in accordance with this deliverable. In particular, data 
on maturity and recruit spawners were deeply revised. This involved also the revisiting of 
original histological slides. TheCSIC database was further revised and integrated with the 
corresponding DFO database. (For this purpose, DFO members visited Vigo in October 
2007.) 

Task 1.3 Fisheries-induced changes in North Sea gadoids 
Lead responsibility: Ifremer 
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Objectives of the task for the reporting period 
The objective for the reporting period was to develop models of growth trajectories and ma-
turity ogives for North Sea gadoids (cod, haddock, whiting, Norway pout, and saithe) using 
data provided by the International Bottom Trawl Surveys (IBTS), as a first step before assess-
ing evolutionary changes in age and size at maturation in these stocks using probabilistic 
maturation reaction norms (PMRNs) to disentangle phenotypic plasticity and genetically-
determined maturation tendency. 

Progress towards the objectives 
More progress than expected was made since the first estimates of time series of PMRNs are 
now available and being refined for cod and whiting, and the feasibility of the same analysis 
for haddock, Norway pout, and saithe is currently being assessed according to the quality of 
the available data. 

Deviations from the project’s work program and corrective actions 
Not applicable. 

Deliverables 

D17. Task 1.3: Assessment of evolutionary changes in reproductive effort in North Sea 
cod and haddock (month 18, Ifremer, O, PP). 

Reproductive investment in sub-stocks of North Sea cod and haddock were examined 
from data on maturity, fecundity, length, body, gonad weights, and liver weights for cod 
from 1967–1970, 1999, 2002, 2003 and 2008-9 and for haddock from 1977–1979, 1985, 
1994–1999, 2007–2008. PMRN analysis indicated a decline in maturation at size be-
tween the 1970s and 1990s in both species. Potential fecundity for a given size also dif-
fered between years, being generally highest in the 1990s. Condition indices explained 
some of the variation in maturity and fecundity in addition to size, but could not explain 
the temporal differences. A manuscript is currently in preparation for journal submission. 

Milestones 

M11. Task 1.3: Models for growth and maturity established for the key stocks (month 12, 
Ifremer). 

Models for the growth trajectories and the maturity ogives of the different cohorts of cod 
and whiting since the mid-1960s were established. Equivalent models for haddock, Nor-
way pout, and saithe were developed, and their quality is being assessed in order to de-
termine the feasibility of probabilistic maturation reaction norm (PMRN) estimation. 

Task 1.4 Fisheries-induced changes in flatfish 
Lead responsibility: IMARES 

Objectives of the task for the reporting period 
The objective for the reporting period was to extend the data set of back-calculated individual 
growth trajectories to analyse the evolutionary changes in age and size at maturation of sole. 
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Progress towards the objectives 
A sampling scheme of selected year classes of North Sea sole sampled at different age has 
been designed and otolith samples have been extracted. In total 61 samples (1774 fish) have 
been selected for DNA extraction at KUL. By December 2008, DNA has been extracted from 
all otoliths. 1300 otoltihs have been processed of which 520 have been back-calculated (with 
age of more than 6 years). 

Deviations from the project’s work program and corrective actions 
Because the DNA-extraction method negatively affected the otolith, hampering the subse-
quent back-calculation of individual growth histories, otolith back-calculation has been de-
layed. The remaining part (ca. 30%) is rescheduled to be finished by March 2009. 

Milestones 

M12. Task 1.4: Extended dataset of back-calculated individual growth trajectories estab-
lished (month 12, IMARES). 

The dataset of back-calculated individual growth curves is now available for 520 female 
North Sea sole representing different cohorts in the period from 1960 to the present. 

Task 1.5 Fisheries-induced changes in small pelagics 
Lead responsibility: IMR 

Objectives of the task for the reporting period 
The objective for the reporting period was to study whether relatively short-lived small pe-
lagic species show similar life-history changes as more long-lived and intensively studied 
demersal fish species. 

Progress towards the objectives 
We have collected background information and consolidated the data sources to be used in the 
analyses. 

Deviations from the project’s work program and corrective actions 
Not applicable. 

Task 1.6 Fisheries-induced changes in Atlantic salmon 
Lead responsibility: Ifremer 

Objectives of the task for the reporting period 
The objective for the reporting period was to use long-term angling datasets (since the mid-
1920s, with a monthly resolution from February to September) on the size of fished running 
salmons from several Irish rivers (Blackwater, Owenduff, and Newport) to (i) reconstruct the 
age of caught individuals based on the multi-modality of size distributions, (ii) devise a 
method for estimating probabilistic maturation (running) reaction norms (PMRNs) without 
information on the age and size distribution of immature individuals, and (iii) apply this 
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method to study the temporal trends in age and size at maturation in the salmon stocks of 
these three rivers. 

Progress towards the objectives 
The method for reconstructing the age of caught individuals from multi-modal size distribu-
tions was developed and applied to reconstruct the time series of the age and size distribution 
of running salmon, and the method for estimating the probabilistic maturation (running) reac-
tion norms (PMRNs) without information on the age and size distribution of immature indi-
viduals was established. 

Deviations from the project’s work program and corrective actions 
The statistical method for estimating the probabilistic maturation reaction norms (PMRNs) 
without information on immature individuals requires unexpected additional pieces of data to 
be used, namely annual survival probability, terminal fishery mortality probability, rod fishery 
mortality probability, and annual growth increments. Several sources for these data were iden-
tified and the data thus identified are currently being compiled in order to apply the method 
within one year. 

Deliverables 

D5. Task 1.6: Assessment of evolutionary changes in age and size at maturation of Atlan-
tic salmon in the Baltic Sea (month 6, Ifremer, O, PP). 

We have analyzed data from four Finnish populations of Atlantic salmon. The data are 
from salmon originally tagged and released in their home rivers as smolts (juvenile 
salmon migrating to the sea), then captured in commercial fisheries as adults returning to 
spawn or as juveniles in their feeding area. The results lend some support to the hypothe-
sis that populations that are entirely hatchery-based have changed less than populations 
that are partly naturally reproducing and potentially influenced by fisheries-induced evo-
lution; the quality of data did not permit straightforward conclusions. A manuscript re-
porting these results has been submitted for publication. 

 

D9. Task 1.6: Assessment of evolutionary changes in age and size at maturation of Atlan-
tic salmon in Ireland (month 12, Ifremer, O, PP). 

Because of the identification of missing pieces of information (see above), this deliver-
able is not yet available. Completion of the work is expected within one year. 

 

D18. Task 1.6: Assessment of evolutionary changes in age and size at maturation and run 
timing of Atlantic salmon in Scotland (month 18, FRS, O, PP). 

A major empirical analysis of the Scottish salmon data (from the River North Esk and 
from five other sites) has been completed and submitted. This work is providing crucial 
understanding of the dynamics and possible evolutionary changes underlying the Irish 
situation. Work to separate evolutionary and other causes is in progress. 
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Milestones 

M9. Task 1.6: Selection of stocks of salmon in Scotland for detailed analyses (month 9, 
FRS). 

A number of Scottish stocks have been selected. Detailed analyses will focus on stocks 
from the River North Esk, which has been the site of scientific investigations into popu-
lation structure, abundance, life-history characters, and exploitation rates since 1963. 
Secondary analyses will be performed using data from the River Dee. 

Task 1.7 Fisheries-induced changes in landlocked salmonids 
Lead responsibility: UT 

Objectives of the task for the reporting period 
The objective for the reporting period was to update and finalize life-history databases for 
Arctic charr and whitefish, and analyze Arctic charr data to assess evolutionary changes asso-
ciated with fishing mortality. 

Progress towards the objectives 
The life-history databases were updated, and Arctic charr data from lakes Takvatn and Fjell-
frosvatn were analyzed, providing evidence of life-history changes that are consistent with 
evolution being driven by fishing mortality. 

Deviations from the project’s work program and corrective actions 
Not applicable. 

Deliverables 

D19. Task 1.7: Assessment of evolutionary changes in age and size at maturation, growth 
and fecundity in Arctic charr in northern Norway (month 18, UT, O, PP). 

Evolutionary life-history changes have been assessed for Arctic charr populations from 
the experimental lakes Takvatn and Fjellfrosvatn. The assessment was based on probabil-
istic maturation reaction norm (PMRN) analyses indicating changes in maturation sched-
ules consistent with fishing-induced evolution. In lake Takvatn, the size at maturation 
declined during intensive fishing and showed some degree of recovery during the period 
of suspended harvest. The probabilistic maturation reaction norm of lake Takvatn was ro-
tated counter-clockwise relative to that of lake Fjellfrosvatn, indicating that the more in-
tensive fishing experienced in Takvatn caused substantial evolutionary changes in this 
latter lake. 
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Milestones 

M10. Task 1.7: Updated database on environmental variables and individual measure-
ments established (month 9, UT). 

The Arctic charr and whitefish life-history databases were updated to allow analyses of 
phenotypic changes. The standardized and updated databases contain information on in-
dividual fish including length, weight, age, sex, and spawning status, in addition to rele-
vant abiotic and biotic environmental data. 

Task 1.8 Comparative analysis and synthesis 
Lead responsibility: IMR 

Objectives of the task for the reporting period 
The objective for the reporting period was to utilize the growing body of empirical case stud-
ies to seek for common patterns in evolutionary responses in relation to the characteristics of 
fish stocks and fisheries, guided by theoretical understanding of fisheries-induced evolution 
and population ecology in general. 

Progress towards the objectives 
We have primarily worked with case studies that contribute to the dataset to be analyzed in 
this task. 

Deviations from the project’s work program and corrective actions 
Not applicable. 

Work Package 2: Genetic Analyses 
Start month 0 

Participant acronym IIASA IMR Ifremer DIFRES KUL UW IMARES BFAF 

Person months per participant 0.2 0.7 21 41.5 33.5 1 0.6 2.8 

Task 2.1 Biological samples collection 
Lead responsibility: DIFRES 

Objectives of the task for the reporting period 
The objective for the reporting period was to create a database of available historical tissue 
samples for wild cod populations from European fisheries institutions. 

Progress towards the objectives 
The data has been collected and the task has been completed. 

Deviations from the project’s work program and corrective actions 
Not applicable. 
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Deliverables 

D6. Task 2.1: Database of available historical tissue samples for cod wild populations 
from European fisheries institutions (month 6, DIFRES, O, RE). 

A database has been created at DTU Aqua (formerly DIFRES) providing an overview of 
collections of cod otoliths found in fisheries institutions and universities worldwide. 
Samples have been recorded from Denmark, Norway, Scotland, Faeroe Islands, Iceland 
Greenland, and Canada. At present, access has been granted to at least a subset of sam-
ples from most areas available, and these samples form the basis for our screening of ge-
netic changes over time. 

 

D7. Task 2.1: Database of available historical tissue samples for sole wild populations 
from European fisheries institutions (month 6, KUL, O, RE). 

Historical data collections for sole have been identified at CEFAS (UK), DTU Aqua 
(DK, formerly DIFRES) and IMARES (NL). To perform an integrated genetic-
phenotypic analysis, otoliths should not be read already (burned and cracked or imbed-
ded). Unfortunately, the Baltic Sea otoliths from DIFRES and the Irish Sea otoliths from 
CEFAS cannot be used for DNA extraction anymore, because they have already been 
processed before for age reading and are not suitable anymore for molecular work. The 
collection of North Sea sole otoliths from IMARES is still in a good state. Otoliths date 
back from the period 1957–2001 and are all kept in paper envelopes. In collaboration 
with IMARES (Prof. A. Rijnsdorp), we selected in total 3036 otoliths from a larger col-
lection from the North Sea (several locations), based on the available corresponding bio-
logical information and sampling coordinates available in a database. The samples from 
the different years consist of a mixture of cohorts. The table below shows an overview of 
the number of samples from each sampling year from the North Sea. Additionally, there 
are 1229 historical otoliths available from the Irish Sea for the more recent period 1984–
2000. These otoliths are still at IMARES and will be used as a control at a later stage 
only if needed. 
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Overview of the number of historical otoliths from the North Sea per sampling year. 

Year N samples
1957 88
1958 226
1959 100
1966 151
1967 100
1968 100
1971 149
1972 197
1973 50
1974 151
1977 50
1984 443
1985 56
1987 328
1988 150
1989 100
1995 349
1996 100
1997 140
1999 4
2001 4

TOTAL 3036  

Milestones 

M2. Task 2.1: Documentation of long-term phenotypic trends to collect historical tissue 
samples from relevant cod wild populations (month 3; DIFRES). 

Based on a literature search, we have documented long-term phenotypic changes in most 
(all) of the cod populations for which historical samples are available. For examples see 
Vainikka et al. (2009) and references therein. 

 

M3. Task 2.1: Documentation of long-term phenotypic trends to collect historical tissue 
samples from relevant sole wild populations (month 3; KUL). 

Substantial changes in growth, maturation and reproductive investment have been docu-
mented in sole in the North Sea and Eastern Channel during the 20th century. Sole be-
came heavily exploited since the 1960s. In common sole, changes have been related to 
density-dependent processes and to an increase in food availability. However, recent 
work shows that for sole there has been a downwards shift in probabilistic maturation re-
action norms (PMRNs) during the period 1963–1996, a finding that is in agreement with 
expectations of fisheries-induced evolution (Mollet et al. 2007). We specifically selected 
the North Sea population, because of the in-depth knowledge that is available about 
changes in its life-history traits, fishing pressure, and climate conditions. 
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Task 2.2 Baseline neutral genetic variation 
Lead responsibility: KUL 

Objectives of the task for the reporting period 
The objective for the reporting period was to optimize DNA extractions from the historical 
sole otoliths, to investigate temporal changes in neutral genetic variation, and to obtain a first 
estimate of the effective population size of sole. 

Progress towards the objectives 
Progress has been made according to plans and the objectives have been reached in time. 

Deviations from the project’s work program and corrective actions 
Not applicable. 

Deliverables 

D10. Task 2.2: Database of temporal neutral genetic variation in wild cod populations 
(month 12, DIFRES, O, CO). 

Temporal neutral genetic variation has been established in populations from the North 
Sea, Baltic Sea, Faeroe Islands (both Plateau and Bank populations), and Canada. These 
data are now available at DTU Aqua (formerly DIFRES). The already investigated popu-
lations form the core samples within our temporal investigation. The other samples from 
Norway (Northeast Arctic cod and Norwegian coastal cod) and Greenland will be inves-
tigated if time and resources are available. Here neutral and adaptive variation will be 
screened simultaneously. 

 

D11. Task 2.2: Database of temporal neutral genetic variation in sole wild populations 
(month 12, KUL, O, PP). 

The DNA extraction protocol has been optimized (Cuveliers et al., in press) and purifica-
tions have been carried out for 2700 otoliths from the North Sea. A total of 515 samples 
have already been genotyped with 15 microsatellite markers. The amplification success 
for the markers was 60-90%. After a first quality check, the nine best microsatellite loci 
were kept for first analyses. All loci were polymorphic. There was no clear decrease or 
increase in genetic diversity through time, although the samples from 1985 showed a 
lower diversity. However, the location of the samples appeared to be spread across the 
North Sea and therefore we plan, in the future, to select only temporal samples from the 
same location to exclude any spatial effects confounding the temporal patterns. We will 
continue the analysis of neutral genetic variation and aim at increasing the number of loci 
(to enable temporal QST estimates later on) and the number of genotyped samples (to 
enable various Ne estimations and to decrease sampling bias). 

 

D20. Task 2.2: Estimates of temporal changes in the effective population sizes and mi-
gration patterns in wild cod populations (month 18, DIFRES, O, PP). 

Estimates of effective population sizes have been established for the core temporal sam-
ples. All temporal comparisons unequivocally show temporal stability of the observed 
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genetic structure. Thus, there are no indications of changes in the migration pattern 
among populations, and effective population sizes appear to be very large. The most 
likely estimates derived from a number of different statistical methods of estimation sug-
gest that the effective population sizes range in the thousands. 

 

D21. Task 2.2: Estimates of temporal changes in the effective population sizes and mi-
gration patterns in sole wild populations (month 18, KUL, O, PP). 

We have used two approaches for calculating effective population size: the moment-
based temporal method (Waples 1989) and the maximum-likelihood method (Wang 
2001). We used five points in time (1957, 1966, 1972, 1985, and 2007) and eight years as 
generation time. Preliminary estimates of both methods were comparable and varied 
from Ne = 421 to Ne = 857. Since it is likely that generation time has evolved during the 
study period, we want to evaluate the estimate of generation time to improve our estimate 
of effective population size (the larger the sampling intervals, the better). We will com-
pare Ne estimates made using one cohort with Ne estimates made using mixed age co-
horts. Finally, we want to include any possible effects of migration by including histori-
cal samples from the Irish Sea and contemporary samples, by applying the method of 
Wang and Whitlock (2003). 

Milestones 

M13. Task 2.2: Provision of temporal neutral genetic variation in wild cod populations 
(month 12; DIFRES). 

The temporal development in neutral genetic variation has been established in a number 
of major wild cod populations throughout the species range. In general, the populations 
have shown a remarkable temporal stability with no indications of neutral genetic 
changes due to exploitation. 

 

M14. Task 2.2: Provision of temporal neutral genetic variation in wild sole populations 
(month 12; KUL). 

A database has been built to collect sampling locations and other important biological in-
formation, such as genetic information gathered for this project. Genotypes have been 
added to the database, which is available to the consortium. Initial data analyses have 
been carried out to evaluate neutral genetic variation. 

Task 2.3 Genetic variation in candidate genes 
Lead responsibility: DIFRES 

Objectives of the task for the reporting period 
The objective for the reporting period was to investigate temporal variation in candidate genes 
for growth and sexual maturation over time, to establish whether selection imposed by fishing 
have altered gene frequencies. 
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Progress towards the objectives 
Genetic variations in candidate genes have been identified for a number of genes, and the rou-
tine screening of the distribution of genetic variation in time and space has been initiated. 

Deviations from the project’s work program and corrective actions 
Not applicable. 

Task 2.4 Quantitative genetic variation 
Lead responsibility: Ifremer 

Objectives of the task for the reporting period 
The objectives for the reporting period were to develop (i) a method for estimating temporal 
quantitative genetic changes by combining data on temporal neutral genetic differentiation 
and data on temporal phenotypic changes, while accounting for environmental covariates that 
may be responsible for phenotypic changes at the same time, and (ii) a method for estimating 
within-population or within-generation quantitative genetic parameters (additive genetic vari-
ance, breeding values) for probabilistic maturation reaction norms (PMRNs), with these pa-
rameters being critically needed to calibrate operational eco-genetic models for predicting 
fisheries-induced evolution. 

Progress towards the objectives 
A quantitative genetics model for probabilistic maturation reaction norms (PMRNs) was built 
by combining models for infinite-dimensional traits and threshold traits, and a statistical 
method for estimating the corresponding parameters was developed based on generalized lin-
ear mixed models. 

Deviations from the project’s work program and corrective actions 
The method for estimating temporal quantitative genetic changes by combining data on tem-
poral neutral genetic differentiation and data on temporal phenotypic changes could not be 
developed because of the impossibility to find a postdoctoral fellow with the required exper-
tise on whom this part of the work was supposed to rely. Measures are being taken for seeking 
a candidate with expertise in theoretical genetics in order to develop this methodology in the 
second half of the project. 

Deliverables 

D12. Task 2.4: Statistical methods to estimate temporal quantitative genetic changes in 
wild populations from neutral molecular data and phenotypic data for both quantitative 
and probabilistic function-valued traits (month 12, Ifremer, O, PP). 

Because of the lack of postdoctoral fellow with the required competences (see above), 
this deliverable is not yet available and will be completed at the end of the second half of 
the project. 

 



19 

D13. Task 2.4: Statistical methods to estimate within-population or within-generation 
quantitative genetic parameters for probabilistic maturation reaction norms (month 12, 
Ifremer, O, PP). 

A quantitative genetic model for probabilistic maturation reaction norms (PMRNs) and 
the corresponding statistical method to estimate its parameters are available. An article 
reporting these results is currently being drafted and a condensed version of the results 
was included in a book chapter to be published soon (Heino et al., in press). 

Milestones 

M15. Task 2.4: Development of new statistical methods to estimate temporal quantitative 
genetic changes for both quantitative and probabilistic function-valued trait from neutral 
molecular data and phenotypic data in wild populations, as well as within-population 
quantitative genetic parameters for probabilistic maturation reaction norms (month 12; 
Ifremer). 

Because of the circumstances described above, the first part of the milestone could not 
yet be met. In contrast, the statistical method for estimating within-population quantita-
tive genetic parameters for probabilistic maturation reaction norms (PMRNs) is now 
available. 

Task 2.5 Comparative analysis of neutral and adaptive genetic variation 
Lead responsibility: Ifremer 

Objectives of the task for the reporting period 
No objective was specified for this task for the reporting period, as work on this task will be 
carried out only during the second half of the project. 

Progress towards the objectives 
Not applicable. 

Deviations from the project’s work program and corrective actions 
Not applicable. 

Task 2.6 Linking adaptive genetic variation and phenotypic variation 
Lead responsibility: DIFRES 
Objectives of the task for the reporting period 
The objective for the reporting period was to investigate molecular genetic variation at candi-
date gene loci in fish, for which maturation or growth phenotypes have already been estab-
lished under controlled environmental conditions. 
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Progress towards the objectives 
Screening of genetic variation at candidate gene loci in aquaculture cod from the Faeroe Is-
lands with known phenotypes has been initiated to establish potential links between genotype 
and phenotype. 

Deviations from the project’s work program and corrective actions 
Not applicable. 

Task 2.7 Causal analysis 
Lead responsibility: KUL 

Objectives of the task for the reporting period 
The objective for the reporting period was to unequivocally establish fishing as the main se-
lective agent responsible for the observed adaptive genetic changes in wild exploited popula-
tions, by assessing the agreement between the fisheries-induced selection gradient and the di-
rection of observed selective genetic changes through the link between genotype and pheno-
type. 

Progress towards the objectives 
The causal analysis was scheduled for the second half of this project, as this analysis will rely 
on input from neutral and adaptive variation at candidate genes. 

Deviations from the project’s work program and corrective actions 
Not applicable. 

Work Package 3: Eco-Genetic Models 
Start month 0 

Participant acronym IIASA IMR Ifremer DIFRES KUL FRS UT IMARES UO 

Person months per participant 76.5 5.4 20.7 0.5 0.5 9.5 12 0.2 16.5 

Task 3.1 Evolutionary determination of maturation reaction norms 
Lead responsibility: Ifremer 

Objectives of the task for the reporting period 
The objectives for the reporting period were to identify the ecological factors that are most 
likely to influence the evolution of maturation reaction norms and to start developing a model 
describing the evolutionary trajectories of maturation reaction norms under varying combina-
tions of these factors. 

Progress towards the objectives 
More progress than expected was made on this task, since the ecological factors most likely to 
influence the evolution of maturation reaction norms were identified as growth and mortality; 
in addition, a model for maturation reaction norm evolution under various combinations of 
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growth and mortality was developed, fully analyzed, and described in the draft of an article 
which is to be submitted very soon. 

Deviations from the project’s work program and corrective actions 
Not applicable. 

Milestones 

M16. Task 3.1: Decision on the environmental factors to be considered for studying the 
evolution of deterministic maturation reaction norms (month 12, Ifremer). 

A literature review allowed to identify growth rate and mortality rate as the two main 
ecological factors driving the evolution of maturation reaction norms: as the costs and 
benefits of maturing early or late and small or large are mainly linked to the survival 
probability until reproduction, to adult life span, and to the effect of body size on fecun-
dity and offspring survival, somatic growth and mortality rates are indeed expected to af-
fect strongly the evolution of age and size at maturation. 

Task 3.2 Fisheries-induced multi-trait evolution 
Lead responsibility: IIASA 

Objectives of the task for the reporting period 
The objective for the reporting period was to devise a conceptual and computational frame-
work for model-based studies of multiple life-history traits in response to fisheries-induced 
evolution. 

Progress towards the objectives 
A general eco-genetic model has been devised to integrate the following life-history traits: 
intercept of the probabilistic maturation reaction norm (PMRN), slope of the PMRN, width of 
the PMRN, growth capacity, and gonado-somatic index; an article describing these results 
will soon appear in the journal Ecological Applications. 

Deviations from the project’s work program and corrective actions 
Not applicable. 

Task 3.3 Evolutionary vulnerability of prototypical life histories 
Lead responsibility: IIASA 

Objectives of the task for the reporting period 
The objective for the reporting period was to establish methods for exploring and quantifying 
how vulnerable stocks are to fisheries-induced evolution, in dependence of their different life 
histories. 

Progress towards the objectives 
Results have been obtained in terms of a matrix, spanned by five prototypical life histories 
(representing fish like anchovy, cod, sharks, rays, and whales) and five life-history traits (as 
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described for Task 3.2), where each matrix element described the evolutionary response of the 
given life-history trait in the given life-history prototype to fishing and a subsequent fishing 
moratorium. 

Deviations from the project’s work program and corrective actions 
Not applicable. 

Milestones 

M17. Task 3.3: Establishment of life-history prototypes for assessing vulnerability to 
fisheries-induced evolution (month 12, IIASA). 

Based on an extensive literature survey, key parameters were established for quantifying 
the average life history of species within the five considered prototypical life-history 
groups. For each group, parameter estimates were based on multiple sources. 

Task 3.4 Sex-specific dimensions of fisheries-induced evolution 
Lead responsibility: IMR 

Objectives of the task for the reporting period 
The objective for the reporting period was to understand to which extent male and female life 
histories are expected to respond differently to fishing pressure, whether the fishing pressure 
directly differs between sexes or not. 

Progress towards the objectives 
We have consolidated our understanding of the origin of differences in male and female life 
histories in fish, usually seen as earlier maturation and lower asymptotic size in males com-
pared to females. 

Deviations from the project’s work program and corrective actions 
Not applicable. 

Task 3.5 Fisheries-induced evolution of neutral and selected genetic 
markers 
Lead responsibility: Ifremer 

Objectives of the task for the reporting period 
No objective was specified for this task for the reporting period, as work on this task will be 
carried out only during the second half of the project. 

Progress towards the objectives 
Not applicable. 

Deviations from the project’s work program and corrective actions 
Not applicable. 
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Task 3.6 Fisheries-induced evolution of specific stocks 
Lead responsibility: IIASA 

Objectives of the task for the reporting period 
The objectives for the reporting period were to secure the modelling frameworks and empiri-
cal estimates needed for devising stock-specific models of fisheries-induced evolution for the 
following four stocks: Northeast Arctic cod, sole in the English Channel, Arctic charr in Nor-
wegian lakes, and Atlantic salmon in Scotland. 

Progress towards the objectives 
With regard to each of the targeted four stocks, substantial progress has been made in terms of 
establishing a computational framework for modeling fisheries-induced evolution and in 
terms of deriving the empirical estimates needed for calibrating the four stock-specific mod-
els. 

Deviations from the project’s work program and corrective actions 
Not applicable. 

Task 3.7 Implications for stock stability and recovery potential 
Lead responsibility: IIASA 

Objectives of the task for the reporting period 
The objective for the reporting period was to explore, through model based analyses, the im-
pact of fisheries-induced evolution on the resilience of stocks. 

Progress towards the objectives 
An eco-genetic model has been devised and calibrated for Atlantic cod in the Northern part of 
its range, to quantify how environmental variability and fisheries-induced evolution interplay 
in the recovery of an exploited stock during a fishing moratorium; an article describing these 
results will soon appear in the journal Evolutionary Applications. 

Deviations from the project’s work program and corrective actions 
Not applicable. 

Milestones 

M18. Task 3.7: Conceptual summary of the potential implications of fisheries-induced 
evolution for stock stability and recovery potential (month 12, IIASA). 

Various forms of environmental variability (affecting growth, maturation, reproduction, 
and mortality) have been integrated in an eco-genetic model. Studying this model has al-
lowed us to reveal a systematic delay in the evolutionary recovery of life-history traits 
during a fishing moratorium in the wake of heavy exploitation. These evolutionary de-
lays preclude stock biomass from recovering to its original level during the first few dec-
ades of the fishing moratorium. 
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Task 3.8 Economic models of fisheries-induced evolution 
Lead responsibility: UO 

Objectives of the task for the reporting period 
The objective for the reporting period was to integrate eco-genetic models of fisheries-
induced evolution with economic models. 

Progress towards the objectives 
The model has been developed, and data has been collected for the economic estimations, 
which are nearly finished. 

Deviations from the project’s work program and corrective actions 
Not applicable. 

Milestones 

M19. Task 3.8: Plan for integrating eco-genetic models of fisheries-induced evolution 
with economic models (month 12, IIASA). 

This integration has been achieved by linking an eco-genetic model of fisheries-induced 
evolution in Northeast Arctic cod with the economic relationships describing the re-
sponse of prices and demand to varying annual catch levels. 

Task 3.9 Evolutionarily enlightened stock management 
Lead responsibility: IIASA 

Objectives of the task for the reporting period 
Since the objectives of this task are synthetic, they will mostly be achieved during the second 
reporting period. 

Progress towards the objectives 
Significant progress has already been made in elucidating (i) the differential evolutionary vul-
nerability of fish life histories, (ii) the impact of alternative fisheries regulations (regarding 
gear types, minimum-size limits, total allowable catches, and marine reserves), and (iii) the 
conditions under which evolutionary responses of fishing are particularly difficult to reverse. 

Deviations from the project’s work program and corrective actions 
Not applicable. 

Work Package 4: Oversight of Integrated Case Studies 
Start month 0 

Participant acronym IIASA IMR Ifremer DIFRES KUL FRS UT IMARES UO 

Person months per participant 76.5 5.4 20.7 0.5 0.5 9.5 12 0.2 16.5 
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Task 4.1 Coordination and synthesis of case study on cod 
Lead responsibility: IMR 

Objectives of the task for the reporting period 
The objective for the reporting period was to ensure the integration of the case studies by a 
timely combination of research and results from work packages 1 to 3. 

Progress towards the objectives 
We have primarily worked with case studies that contribute to the knowledge basis of this 
task. 

Deviations from the project’s work program and corrective actions 
Model-based analyses have progressed more slowly than planned. Work is ongoing and work-
ing sessions to address this task are scheduled for the near future. 

Milestones 

M4. Task 4.1: Completion of step 1 (month 3, IMR). 

Step 1 aims at documenting temporal trends in life-history traits and at removing plastic 
components from such trends. This work is being conducted under Task 1.1; please see 
that task for more information. Temporal trends in life-history traits have been docu-
mented and the main plastic components have been removed through statistical analyses. 

 

M21. Task 4.1: Completion of step 2 (month 18, IMR). 

Step 2 aims at estimating fisheries-induced selection gradients. This work is being con-
ducted under Tasks 1.1 and 3.6; please see those tasks for more information. Model de-
velopment and calibration is underway, but final results are not yet available. 

Task 4.2 Coordination and synthesis of case study on sole 
Lead responsibility: Ifremer 

Objectives of the task for the reporting period 
The objectives for the reporting period were (i) to document temporal trends in life-history 
traits in North Sea sole and remove their plastic (environmental) components and (ii) to esti-
mate fisheries-induced selective gradients for these life-history traits. 

Progress towards the objectives 
Temporal trends in probabilistic maturation reaction norms (PMRNs) in North Sea sole were 
assessed across 43 cohorts (1960 to 2002) together with trends in yearly growth increments; 
trends in energy-allocation parameters (including rates of energy acquisition, energy expendi-
ture on maintenance, and energy expenditure on reproduction) are currently being estimated. 
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Deviations from the project’s work program and corrective actions 
Fisheries-induced selection gradients on life-history traits could not be assessed because of 
the impossibility to find a postdoctoral fellow with the required expertise, on whom this part 
of the work was supposed to rely. Measures are being taken for seeking a candidate with ex-
pertise in theoretical evolutionary biology in order to develop this part of the work in the sec-
ond half of the project. 

Milestones 

M5. Task 4.2: Completion of step 1 (month 3, Ifremer). 

Step 1 aims at documenting temporal trends in probabilistic maturation reaction norms 
(PMRNs) and yearly growth increments in North Sea sole; this was completed and will 
be complemented by the estimation of temporal trends in energy-allocation parameters, 
which is in progress. 

 

M22. Task 4.2: Completion of step 2 (month 18, Ifremer). 

Because of the lack of a postdoctoral fellow with the required expertise (see above), this 
milestone could not yet be met. 
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Section 3 

Consortium management 

Work Package 5: Coordination, Integration, Dissemination 
Start month 0 

Participant acronym IIASA IMR Ifremer DIFRES KUL FRS UT IMARES UO 

Person months per participant 9.8 2 2 2 0.1 0.1 0.1 0.1 0.1 

Participant acronym CSIC IPIMAR BFAF UW (UI) (SBF) (MI) (FGFRI) (DFO) 

Person months per participant 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Research contributions, coordination contributions, and changes in responsibility 
IIASA: As coordinator of the FinE Project, the team has fulfilled a multitude of organisa-
tional tasks, bringing other teams together and initiating the research described in the work 
packages. In addition, the team has (i) participated in estimating fisheries-induced changes in 
the maturation of Northeast Arctic cod (Task 1.1), (ii) contributed to discussing analyses of 
fisheries-induced evolution in Atlantic salmon (Task 1.6) and in Norwegian salmonids (Task 
1.7), (iii) co-supervised research on how environmental conditions affect evolutionary out-
comes in the slopes of maturation reaction norms (Task 3.1), (iv) led research on extending 
eco-genetic models of fisheries-induced evolution to multiple life-history traits (Task 3.2), (v) 
led research on exploring the evolutionary vulnerability of prototypical life histories (Task 
3.3), (vi) contributed to research on the differential response of male and female life histories 
to fisheries-induced evolution (Task 3.4), (vii) co-supervised research on integrating neutral 
and selected genetic markers into eco-genetic models of fisheries-induced evolution (Task 
3.5), (viii) contributed to the development of stock-specific models of fisheries-induced evo-
lution in Northeast Arctic cod, North Sea sole, Norwegian Arctic charr, and Scottish Atlantic 
salmon (Task 3.6), (ix) systematically investigated the implications of fisheries-induced evo-
lution for stock recovery (Task 3.7), (x) co-supervised research on interfacing biological and 
socio-economic models of fisheries-induced evolution (Task 3.8), and (xi) contributed to 
various explorations of the impacts of alternative management measures on fisheries-induced 
evolution (Task 3.9). Furthermore, the team has (i) developed the public website of the FinE 
Project (Task 5.1), (ii) developed an online reprint exchanges service for the FinE Project 
(Task 5.1), (iii) designed a summary leaflet describing the FinE Project (Task 5.2), (iv) co-
organized the annual consortium meetings of the FinE Project (Task 5.3), and (v) coordinated 
the preparation of this report (Task 5.6). No changes in the responsibilities assumed by or 
within this team have occurred. 
IMR: The team has had lead role in statistical analyses of maturation trends in several cod 
populations, all strengthening the case for fisheries-induced evolutionary changes in these 
populations. The team has also actively been supporting many other empirical and modeling 
investigations. Regarding coordination and management, the team at IMR was responsible for 
organizing the first annual meeting (also the kick-off meeting) in Osterøy, Norway, in Sep-
tember 2007. The team was also an active participant in the second annual meeting in France, 
October 2008. 
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Ifremer: The team has (i) provided an assessment of evolutionary changes in maturation in 
North Sea cod and whiting based on data from the International Bottom Trawl Survey since 
the 1970s (Task 1.3); (ii) estimated the time series of age and size distribution of running 
salmon in three Irish rivers and developed a method to estimate probabilistic running reaction 
norms without information on immature individuals (Task 1.6); (iii) developed a quantitative 
genetics model for probabilistic maturation reaction norms together with the corresponding 
statistical method to estimates its parameters (Task 2.4); (iv) developed and analyzed a theo-
retical model to predict the evolutionary determination of maturation reaction norms under the 
influence of environmental covariation between growth and mortality rates (Task 3.1); (v) co-
ordinated the integrated case study on sole (Task 4.2); and (vi) organized the first annual con-
sortium meeting, which took place from October 13 to 15, 2008, in Saint Jean de Luz, France. 
DIFRES: During the reporting period, we have collected historical cod samples from across 
the species range and screened neutral genetic variation in the majority of these samples to 
investigate the temporal genetic stability. We have developed methods for screening variation 
in candidate genes for growth and maturation and commenced routine screening of these 
genes in cod populations covering the range of the species. We have been responsible for and 
have been engaged in coordinating the work among partners within work package 2 and have 
participated in the steering committee of the FinE Project together with the other work-
package leaders. 
KUL: Molecular work has been carried out by lab technician S. Geldof and PhD student E. 
Cuveliers. Preliminary analyses were done by E. Cuveliers and G. Maes and a first publica-
tion was written during the first year. Coordination of the work has been done by G. Maes and 
F. Volckaert. 
UW: The team has attended and contributed to the FinE annual consortium meetings, and dis-
cussed with the leader of work package 2 (E. E. Nielsen) about genetic aspects of fisheries-
induced evolution, especially with regard to Tasks 2.2, 2.3, and 2.5. All other work has been 
carried out by a PhD student, S. van Wijk, using guppies as a model system (the latter is not 
included in our resources and is funded independently). 
FRS: The team’s research contributions included hosting a FinE Salmon Workshop at the 
Freshwater Laboratory in March 2008. Interested participants from within the FinE consor-
tium identified traits of interest in relation to evolutionary pressures, and went on to outline a 
strategy to allow the analysis of these traits in the datasets available. Work has been progress-
ing on schedule in relation to PMRN analysis, fitting of the identified traits, and the building, 
testing, and running of an eco-genetic model. 
UT: New individual fish data were collected to extend the databases on Arctic charr and 
whitefish life histories from lakes Takvatn and Stuorajavri, and existing datasets were reor-
ganized and scrutinized, before being collated into standardized databases ready for analysis. 
The Arctic charr life-history data from lakes Takvatn and Fjellfrosvatn were analyzed to as-
sess whether changes indicative of fishing-induced evolution had occurred in these experi-
mental lakes. 
IMARES: The team has participated in the annual consortium meeting in Saint Jean de Luz, 
France, in November 2008. The team kept close contact with the team at KUL to discuss the 
delivery and processing of otolith samples. In collaboration with Ifremer, methods have been 
developed to estimate life-history parameters of individual fish from the individual growth 
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curves that will allow the analysis of fisheries-induced evolutionary changes to be linked to 
the results of the DNA analyses. 
UO: The bio-economic model has been under developments and has been calibrated for the 
Northeast Arctic cod stock fishery. The biological model has been completed, and the estima-
tions of the economic functions are near completion. We are employing an economist (A. 
Richter), already working on this project, to finalize the economic estimations while working 
at CEES for some months during the spring and summer of 2009. Finalized developments 
with regard to Task 3.8 are expected in summer 2009. 
CSIC: It was possible to compare demographic PMRNs with results based on recruit spawn-
ers identified by histological means, i.e., with a precise knowledge of their maturity status. To 
achieve this, it was necessary to coordinate with DFO members. J. Morgan from DFO visited 
CSIC in Vigo in autumn 2007, while A. Pérez from CSIC spent six months at the DFO labo-
ratory to analyze the joint database and to deal with Deliverables D15 and D16. 
IPIMAR: Historical data on sardine length, age, and maturity were compiled from annual 
acoustic surveys (autumn 1984–1987, 1992, 1997–2007; spring 1986, 1988, 1996–2008) and 
commercial catch samples (1986–2007) collected within the spawning season in Portuguese 
waters. These data were used to estimate the maturation probability of 0-group individuals 
from each year class and to describe temporal variation in Lp50, the midpoints of the prob-
abilistic maturation reaction norms (PMRNs) for this age group. For earlier years (early 1970s 
to mid-1980s), age data is still being compiled from commercial catch samples. Maturity and 
length data from this period were used to obtain maturity ogives and to estimate annual varia-
tion in L50, the length at 50% maturity. A small but significant linear decrease (of 0.06 cm 
per year) in Lp50 over time (p = 0.03) was observed since the mid-1980s, although a low pro-
portion of the data variance was explained by this trend ( 2r =0.26). The Lp50 for the 0-group 
and the L50 showed a strong positive correlation in corresponding years, since most individu-
als mature during their first year of life. If L50 is considered as a proxy for Lp50, the negative 
trend in maturation may have started in the late 1970s. Seasonal effects on maturation were 
explored, indicating that maturation probability at a given length is higher in the middle than 
in the beginning or end of the spawning season. There was also some indication that fish body 
condition and population abundance affected maturation probabilities. Further analyses will 
be carried out within the project to clarify the significance of these effectsBFAF: We concen-
trated on Task 2.3 and identified, cloned, and sequenced genes related to growth and matura-
tion in Atlantic cod. We targeted the growth hormone gene (GH) cDNA and the Ghrelin gene, 
designed primer pairs to amplify specific GH-gene regions from genomic DNA, and passed 
the sequence information to project partners. 
UI: The team has analyzed changes in maturation of the Icelandic stock of Atlantic cod. The 
results suggest that there is an evolutionary component in the documented changes. These re-
sults will be utilized in the synthesizing Tasks 1.8 and 4.1. 
SBF: The team has been working with the analysis of maturity changes in the Baltic stock of 
Atlantic cod, eventually contributing to the synthesizing Tasks 1.8 and 4.1. The team has also 
been involved in the analysis of maturation in Baltic salmon (Task 1.6). 
MI: The team has provided expertise and data to the ongoing analyses of life-history changes 
in Irish populations of Atlantic salmon (Task 1.6). The team has joined the FinE Salmon 
Workshop in Pitlochry in March 2008 and the annual consortium meetings to foster collabo-
ration on this task. 
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FGFRI: The team has analyzed data from four Finnish populations of Atlantic salmon (Task 
1.6), yielding some support to the hypothesis that populations that are entirely hatchery-based 
have changed less than populations that are partly naturally reproducing and potentially influ-
enced by fisheries-induced evolution; the quality of data did not permit straightforward con-
clusions. 
DFO: The team has contributed data and participated in the analyses of life-history changes 
in Atlantic cod in the northwest Atlantic. These analyses revolve around questions about the 
nature of trends in reproductive effort and maturity, and the role of body condition in these 
trends. 

Changes with regard to the project timetable and to contributions to deliverables or 
milestones 
IIASA: All milestones and deliverables for the first reporting period have been fulfilled as 
planned. The summary leaflet describing the FinE Project has just been completed. 
IMR: The statistical analyses on maturation trends in Northeast Arctic cod have been com-
pleted and will be reported in the peer-reviewed literature (Task 1.1). The statistical analyses 
on reproductive patters in cod stocks off Newfoundland-Labrador are slightly behind the 
timetable, but are now almost completed (Task 1.2). We expect that both of these deviations 
will be rectified within the next few months. 
Ifremer: Deliverables D9 and D12, part of milestone M15, and milestone 22 could not be 
completed and have been postponed to the second half of the project. 
DIFRES: Not applicable. 
KUL: Not applicable. 
UW: Not applicable. 
FRS: Early in 2008, we discovered a key extra Irish data set that will be particularly informa-
tive. Although these data were outside the original FinE agreement, we have now negotiated 
access to them. They will allow (i) a direct test for fisheries-induced selection using the 
breeder’s equation of quantitative genetics theory and (ii) improved fitting of probabilistic 
maturation reaction norms (PRMNs) by allowing more accurate estimates of ocean mortality. 
Negotiating access to these data, obtaining, and collating them have delayed progress, but this 
work is now well underway. 
UT: Not applicable. 
IMARES: The study of male probabilistic maturation reaction norms (PMRNs) has been 
taken up already for the spawning season of 2008. Results have been presented at the 7th In-
ternational Symposium on Flatfish Ecology, November 2008, Sesimbra, Portugal. 
UO: Not applicable. 
CSIC: Not applicable. 
BFAF: Not applicable. 
UI: Not applicable. 
SBF: Not applicable. 
MI: Not applicable. 
FGFRI: Not applicable. 
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DFO: Not applicable. 

Deliverables 

D1. Task 5.1: Project web site (month 3, IIASA, O, PP). 

The project website has been brought online right at the start of the FinE Project in June 
2007. 

 

D2. Task 5.2: Project leaflet (month 3, IIASA, O, PP). 

The project leaflet has been completed and is currently in print. 
 

D14. Task 5.6: Interim activity report (month 12, IIASA, O, PU). 

Not applicable. 
 

D22. Task 5.6: Mid-term activity report (month 18, IIASA, O, PU). 

The first periodic activity report has been completed. 

Milestones 

M6. Task 5.3: Kick-off meeting (month 3, IIASA). 

The kick-off meeting of the FinE Project was held in Osterøy, Norway, from September 
24 to 28, 2007. 

 

M7. Task 5.5: Contacts with salient related European initiatives (month 6, IIASA). 

Interfacing efforts have been extended to the Marie Curie Research Training Network 
FishACE (Fisheries-induced Adaptive Changes in Exploited Stocks), the Specific Tar-
geted Research Project UNCOVER (Understanding the Mechanisms of Stock Recovery), 
the Network of Excellence MARBEF (Marine Biodiversity and Ecosystem Functioning), 
and to the 7th Framework Project FishPopTrace (The Structure of Fish Populations and 
Traceability of Fish and Fish Products). 

 

M20. Task 5.3: Annual consortium meetings (months 15 and 27, IIASA). 

The second annual consortium meeting was held in Saint Jean de Luz, France, from Oc-
tober 13 to 16, 2008. The third annual consortium meeting is planned for October 5 to 9, 
2009, on Bornholm, Denmark. 
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