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Theme Session H 

Evolutionary effects of exploitation on living marine resources 

 
ICES CM 2006/H :01 
 
Evolutionary effects of exploitation on short-living 
marine resources: nektonic squid Illex argentinus and 
Loligo gahi in the Southwest Atlantic 
 
A. I. Arkhipkin  
 
The short-finned squid Illex argentinus and Patagonian 
squid Loligo gahi have been continuously exploited in 
the Southwest Atlantic since the 1980s. Illex is a temper-
ate species with high concentrations on the shelf and 
slope of South America between 38°S and 54°S. It is 
targeted by both jiggers and bottom trawlers and catches 
have ranged between 200,000 and 800,000 tonnes per 
annum. In contrast, Loligo gahi spends its entire life in 
cold subantarctic waters and its highest densities are 
found to the southeast of the Falkland Islands (51–52°S). 
This species is exploited exclusively by bottom trawlers, 
with total annual catches averaging ~50,000 tonnes. Both 
these species have a lifespan of about one year. A de-
tailed analysis of their biological data collected from 
1988 to 2006 has not revealed any consistent interannual 
trends in weekly length-frequency distributions, sex ra-
tios, maturities, or age compositions. This suggests that 
the heavy exploitation of these species has not been no-
ticeably affecting their main population parameters. It is 
known that short-living animals have evolved adapta-
tions to survive under drastic short-term fluctuations in 
abundance. They are therefore much less susceptible to 
prolonged periods of heavy exploitation, unlike the ma-
jority of long-living fish.  
 
Keywords: Illex argentinus, Loligo gahi, squid, exploita-
tion. 
 
Contact author –A. I. Arkhipkin: Fisheries Department, 
Falkland Islands Government, P.O. Box 598, Stanley, 
FIQQ 1ZZ, Falkland Islands [tel: +500 27260, fax: 
+500 27265, e-mail: aarkhipkin@fisheries.gov.fk]. 
 
ICES CM 2006/H:02 – Withdrawn 
 
ICES CM 2006/H:03 
 
Exploitation-induced changes in farmed stocks of 
Pacific oysters along the French Atlantic coast 
 
A. T. Laugen, P. Boudry, P. Geairon, O. Le Moine, J. 
Prou, P. Soletchnik, and B. Ernande 
 
In addition to demographic consequences for the target 
species, commercial exploitation of living resources may 
induce adaptive changes in life history traits because of 
selective harvesting. Such adaptive changes may be ex-
pressed as either immediate plastic responses to envi-
ronmental variation or as micro-evolution potentially 

occurring within decades. Using a suitable model system, 
the Pacific oyster (Crassostrea gigas), we aim to disen-
tangle plastic and evolutionary components of life-
history changes in this commercially important species. 
Following the extinction of the Portuguese oyster (C. 
angulata) 35 years ago, Pacific oysters originating from 
Japan were introduced to the French coastlines to sustain 
production. Since this introduction, there has been a 
gradual decrease in growth rates and delay in timing of 
spawning. 
 
Reduced growth rates lower economic potential of the 
species and although delayed spawning may ensure 
higher fecundity and better egg quality because of more 
time for energy acquisition, there is a risk that larvae 
miss the time window of optimal environmental condi-
tions for development. By using time-series of environ-
mental parameters (biotic and abiotic) to remove noise 
due to plastic responses in time-series of phenotypic 
traits, we may observe temporal trends in residuals and 
thereby separate the effects of plastic and evolutionary 
components of the observed changes in growth and re-
production. 
 
Whereas plastic responses can be reversed within a gen-
eration, backtracking undesirable evolutionary changes 
generally require several generations. 
 
Investigating the causes of life-history changes is there-
fore crucial for the selection of correct management 
strategies to obtain long-term sustainable yields of this 
species. 
 
Contact author – Ane T. Laugen: Laboratoire Res-
sources Halieutiques, Ifremer, Ave du Général de 
Gaulle, 14520 Port-en-Bessin, France [tel: +33 231 515 
608, e-mail: ane.laugen@ifremer.fr]. 
 
ICES CM 2006/H:04 
 
Management options for reversing depressed matura-
tion-size in Baltic Cod 
 
Ken H. Andersen, K. Farnsworth, U. H. Thygesen, and J. 
E. Beyer 
 
The Baltic cod has been heavily exploited for several 
decades. Therefore there is reason to suspect that fishing 
may select for a smaller maturation-size, leading to ear-
lier maturation. We develop a general model to deter-
mine the optimal maturation size and rate of evolution in 
fish stocks, based on size spectrum theory and quantita-
tive genetics. The model is simple and uses only few 
parameters, which are well known for many fish stocks, 
namely von Bertalanffy growth parameters, maturity 
ogives, and fishing mortality. Parameters are fitted to 
Baltic cod, and the effect of three different management 
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options are explored: 1) lowering the fishing mortality; 
2) fishing only on the mature individuals, and 3) reduc-
ing fishing on the large individuals only. For Baltic cod 
we find that the optimal maturation size is very much 
influenced by the fishing mortality. The only possibility 
for reversing this selective pressure seems to be a strong 
reduction of the fishing mortality. Reducing fishing on 
large individuals can in principle change the optimum, 
but incremental evolution will not be able to reach that 
optimum. 
 
Contact author – Ken H. Andersen: Danish Institute for 
Fisheries Research, Charlottenlund Castle, Charlot-
tenlund, DK-2920, Denmark [tel: +45 3396 3375,  
e-mail: kha@dfu.min.dk]. 
  
ICES CM 2006/H:05 
 
Late or partial fishing moratoria can lead to irre-
versible changes in age and size at maturation 
 
David S. Boukal, André M. de Roos, and Lennart Pers-
son 
 
Fish in exploited stocks mature earlier and usually at 
smaller sizes due to genetic and plastic responses. The 
latter occur e.g. when individual fish grow faster at lower 
population sizes due to reduced competition for food. 
Using a size-structured consumer-resource model based 
on a planktivorous fish life history, we show that exploi-
tation can easily induce irreversible evolutionary changes 
in individual life histories and stock properties. As a re-
sult of annual spawning, early maturation at small sizes 
and late maturation at large sizes can become alternative, 
evolutionary, and ecologically stable states in the same 
environment. Exploitation of late-maturing populations 
can induce evolution to smaller maturation sizes associ-
ated with stepwise decreases in age at first reproduction. 
We show that complete and early fishing moratoria 
slowly reverse this process, but belated or partial morato-
ria can accelerate or even instigate further evolution to 
smaller sizes at maturation. We suggest that abrupt de-
creases in maturation age can be used as early warnings 
of upcoming detrimental evolutionary changes, and 
should inspire timely restrictions of fisheries. 
 
Keywords: life-history evolution, ecological feedback, 
density-dependence, harvesting, trade-offs, reversibility, 
fishing moratoria, complex adaptive systems. 
 
Contact author – David S. Boukal: Institute of Marine 
Research, Box 1870 Nordnes, NO-5817 Bergen, Norway 
[e-mail: davidb@imr.no]. 
 

ICES CM 2006/H:06 
 
An overview of evolutionary effects of fishing on 
populations, and their implications for management 
 
Marie-Joëlle Rochet 
 
This proposed contribution is a review of the current 
knowledge about fishing-induced evolution in exploited 
populations. First, a summary of theoretical models pre-
dicting how fishing could cause evolution will be given, 
focusing on the three main categories of approaches to 
this problem, namely optimisation, adaptive dynamics, 
and quantitative genetics. Then, a summary of published 
evidence for fishing-induced evolutionary changes will 
be presented, including selective fishing experiments, the 
evidence of selection pressure due to fishing in exploited 
populations (mainly on growth), and evidence for evolu-
tionary changes in exploited fish populations (recent 
finding about fast evolution). 
 
Finally, the proposed implications of these effects for 
management advice will be examined. Current assess-
ments and diagnostics are flawed by not taking these 
effects into account, but the development of efficient 
models including these effects will be impaired by over-
parameterisation and limited knowledge. At least appro-
priate indicators could be useful to monitor these 
changes. The management objectives, tools, and strate-
gies proposed to address this problem will be reviewed. 
 
Keywords: evolution, population changes, fishing ef-
fects. 
 
Contact author – Marie-Joëlle Rochet: Département 
EMH, IFREMER, Rue de l'Ile d'Yeu, B.P. 21105, 44311 
Nantes Cedex 03, France [tel: +33 240 37 40 00, fax: 
+33 240 37 40 75, e-mail: mjrochet@ifremer.fr]. 
 
ICES CM 2006/H:07 
 
Morphological features of walleye pollock individuals 
from the different parts of a trawl 
 
Oleg M. Lapshin, B. N. Kotenev, Y. G. Izumov, and Y. 
V. Gerasimov 
 
Our previous investigations revealed morphological and 
behavioural heterogeneity in walleye pollock aggrega-
tions. For its further investigation, a trawl fishing survey 
was conducted in the northern part of Sea of Okhotsk, 
with sampling of fish from the different sections of the 
trawl. Sample A was taken from the terminal part of the 
codend (specimens caught first); sample B – from the 
nearer part of the codend (specimens caught last); sample 
C – from the catcher (along with specimens meshed in 
the belly part around the catcher). The number of verte-
brae in the abdominal section (Va), caudal section (Vc), 
and the total number of vertebrae (Vert) were counted in 
each sample. Sample C is characterized by higher Va and 
Vert values in comparison with samples A and B. Modal 
Va value in sample A is shifted from 18 to 19. The per-
centage of “long-tail” fish in sample B is greater than in 
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sample A. Sample C is notable for its maximum diversity 
and increased number of vertebrae in Va. Morphological 
features of fish in sample A are the most similar to the 
characteristics of the whole catch. Based on the results of 
trawl fishing, the following structure of walleye pollock 
aggregations is seen. Some fish in the aggregation will 
be inevitably caught in a trawl with no chance of escape 
(sample A). Another part of the aggregation consists of 
the individuals actively getting away from the approach-
ing trawl (sample B). The tactics of fish in group C is 
rather to get out of the trawl than to escape from the ap-
proaching gear. “Short-tail” fish are numerous in sample 
C, while the “long-tail” specimens are abundant in sam-
ple B. Fish of groups C and B having avoided capture 
maintains the intrapopulation variation of walleye pol-
lock. 
 
Keywords: walleye pollock, population structure, trawl, 
vertebral column. 
 
Contact author – Oleg M. Lapshin: Federal Research 
Institute of Fisheries and Oceanography (VNIRO), V. 
Krasnoselskaya str. 17, Moscow, 107140, Russia [tel: 
+7 095 264 9310, fax: +7 095 264 9187, e-mail: 
lapshin@vniro.ru]. 
 
ICES CM 2006/H:08 
 
Size-dependent mortality causes divergent evolution-
ary responses in maturation size  
 
Anna Gårdmark and Ulf Dieckmann 
 
The size of an individual, especially its size at matura-
tion, influences both individual and population level 
characteristics. Body size is an important determinant of 
resource use, fecundity, and mortality risk. Maturation 
size affects the spawning stock biomass. Evolution of 
maturation size in response to size-dependent selection is 
thus a fundamental part of life-history theory. It is also 
an essential process to consider when assessing the eco-
system effects of fishing in general, and when projecting 
stock development in particular. 
 
Increased mortality among small individuals has previ-
ously been predicted to cause larger maturation size, 
whereas increased mortality among large individuals is 
expected to have the opposite effect. We used a continu-
ously size-structured model to show that, contrary to 
these widespread expectations, increased mortality 
among small individuals can have three alternative ef-
fects: maturation size may increase, decrease, or become 
evolutionarily bistable (i.e., the response depends on pre-
exploitation maturation sizes in the population). We 
show that such complex responses in maturation must be 
reckoned with whenever mortality is size-dependent, 
growth is indeterminate, reproduction impairs growth, 
and fecundity increases with size, conditions that are 
particularly common in fish. Predicting adaptive re-
sponses to altered size-dependent mortality is urgently 
needed in fisheries. However, we demonstrate here that 
predicting the response to size-selective fishing is inher-
ently difficult, since such mortality can not only reverse 

the direction of adaptation, but also cause abrupt shifts in 
evolutionarily stable maturation sizes. 
 
Contact author – Anna Gårdmark: Institute of Coastal 
Research, Swedish Board of Fisheries, Box 109, SE-740 
71 Öregrund, Sweden [tel: +46-173 46 466, e-mail: 
anna.gardmark@fiskeriverket.se]. 
 
ICES CM 2006/H:09 
 
Fishing-induced early reproduction at the cost of 
growth in the Baltic cod Gadus morhua? 
 
Anssi Vainikka, A. Gårdmark, B. Bland, and J. Hjelm 
 
Increased adult mortality is predicted to decrease matura-
tion age and increase reproductive effort at the cost of 
somatic growth. Using Swedish survey data we assessed 
whether the Baltic cod (Gadus morhua) stocks (ICES 
Subdivisions 21 & 23, 24 and 25–30) have undergone 
evolutionary changes in maturation reaction norm by age 
and length during the years 1989–2003. Both male and 
female cod from Baltic Proper showed decreasing trends 
in length-at-age and condition in several ages, but such 
changes were not detected in Subdivisions 21 & 23 and 
24. Male cod from Baltic Proper showed a linear trend 
towards decreased length at 50% probability of maturing 
at age three, but there were no statistically significant 
trends in other ages, areas, or in females. Males had a 
reaction norm for earlier maturation than females and 
fish from the Southern Baltic tended to mature earlier 
and reach the equal maturation size faster than their 
specimens from the Baltic proper. Also good condition at 
small size and at young age contributed to high matura-
tion probability. Our results suggest that fishing might 
affect sexes differently. Faster growth in Southern areas 
of the Baltic Sea did not turn into different maturation 
reaction norm, but environmental factors contributed to 
the earlier maturation of Southern fish by their faster 
growth rate. We suggest that some fisheries-induced evo-
lution has occurred in the heavily exploited cod popula-
tion of the Baltic Proper, but further studies are needed 
about factors that led to the concurrent decrease in their 
condition.  
 
Keywords: evolution, human-induced, life history, reac-
tion norm, reproduction. 
 
Contact author – Anssi Vainikka: Institute of Coastal 
Research, Swedish Board of Fisheries, Box 109, SE-740 
71 Öregrund, Sweden [tel: +46 173 46 479, fax +46 173 
46 490, e-mail: anssi.vainikka@fiskeriverket.se]. 
 
ICES CM 2006/H:10 
 
The propensity for marine reserves to slow the evolu-
tionary effects of fishing 
 
Erin S. Dunlop, Marissa L. Baskett, Mikko Heino, and 
Ulf Dieckmann 
 
Several recent theoretical and empirical studies have 
provided evidence that fishing is capable of inducing 
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evolutionary changes in key life history traits. These evo-
lutionary changes can have unwanted consequences, 
such as reduced body sizes in the catch, which might 
lead to a deterioration of the quality of the fishery. 
Therefore, managers need viable options for slowing, 
stopping, or reversing the evolutionary consequences of 
fishing. In this study, we explore one potential manage-
ment strategy by developing and analyzing an eco-
genetic model aimed at studying the effects of marine 
reserves on fishing-induced evolution. Our model ad-
vances previous theoretical approaches by including fea-
tures such as phenotypic plasticity, density-dependent 
growth, and evolution of multiple life history traits. We 
parameterize our model for a population of cod that un-
dergoes an annual migration from feeding grounds to 
spawning grounds. Using our model, we explore the con-
sequences of marine reserve location (either in the feed-
ing grounds or in the spawning grounds) and proportion 
of area protected on the speed, direction, and magnitude 
of evolutionary responses. The results of our model un-
derscore the importance of having an evolutionary per-
spective when implementing management strategies 
aimed at protecting commercially important fish stocks. 
  
Keywords: fishing-induced adaptive change; evolution; 
marine reserves; life history theory; exploitation; den-
sity-dependent growth; phenotypic plasticity. 
 
Contact author – Erin Dunlop: Evolution and Ecology 
Program, International Institute for Applied Systems 
Analysis, Schlossplatz 1, AT-2361 Laxenburg, Austria  
[e-mail: dunlop@iiasa.ac.at]. 
 
ICES CM 2006/H:11 
  
Eco-genetic models: A new framework for under-
standing fisheries-induced evolution 
 
Ulf Dieckmann, Erin S. Dunlop, and Mikko Heino 
 
The majority of existing evolutionary models have not 
been designed to match the specific and rather complex 
needs of studies of fisheries-induced evolution. This is 
because such studies require accounting for (a) the 
physiological structure of fish populations in terms of 
age, size, and maturation status; (b) trade-offs between 
the fitness consequences of changes in salient life-history 
traits; (c) the considerable degree of phenotypic plasticity 
typically underlying the population dynamics of fish 
populations; (d) frequency-dependent selection pressures 
resulting, e.g., from density-dependent growth and re-
cruitment; and (e) the amount and distribution of additive 
genetic variance harbored by fish populations. Earlier 
modeling approaches based on life-history optimization 
methods or on quantitative genetics theory succeeded in 
reflecting (a) and (b), but have rarely incorporated (c), 
and typically fall short of reflecting (d) and/or (e). More 
recent models, based on adaptive dynamics theory, can 
take care of (a) to (d), but fail to do justice to (e). This 
situation sets the stage for the development of a new 
generation of models of fisheries-induced evolution ca-
pable of addressing (a) to (e) simultaneously. These new 
models are called 'eco-genetic,' to reflect that they are 

specifically geared to incorporate a sufficient amount of 
ecological detail, thus tackling features (a) to (d), in addi-
tion to a suitable rendering of genetic detail, thus tack-
ling feature (e). Eco-genetic models help (1) evaluate 
hypotheses advanced for explaining observed data; (2) 
understand and quantify fisheries-induced selection pres-
sures; (3) forecast the direction, speed, and outcome of 
evolutionary changes; and (4) investigate the conse-
quences of realistic management scenarios. 
 
Contact author – Ulf Dieckmann: Evolution and Ecology 
Program, International Institute for Applied Systems 
Analysis, Schlossplatz 1, AT-2361 Laxenburg, Austria 
[tel: +43 2236 807 386, fax: +43 2236 807 466, e-mail: 
dieckmann@iiasa.ac.at]. 
 
ICES CM 2006/H:12 
 
Effects of fisheries on energy- and sex-allocation in 
slow-growing hermaphrodites such as groupers 
 
Shahaama Abdul Sattar, Christian Jørgensen, and  
Øyvind Fiksen 
 
Fishing is identified as a potential cause for driving evo-
lution towards earlier maturation in many fish stocks and 
has been suggested to lead to earlier sex change in sex-
changing species such as groupers. Many studies have 
focused on the ecological effects of fisheries on sex-
changing fish, but little attention has been directed to-
wards understanding the evolutionary responses to high 
and size-dependent fishing mortality. We have developed 
an individual-based model of emergent size at maturity 
and energy allocation under varying levels of fishing 
mortality. In the model, individuals differ in their age at 
maturation and energy allocated to reproduction in male 
and female phase. Our results predict that these traits are 
quite sensitive to even low fishing mortalities. Age and 
length at both maturation and sex change decrease in the 
population with increasing fishing mortalities. The model 
predicts shifts (at the population level) between a her-
maphroditic and dioecious strategy with increasing fish-
ing mortalities, as well as decreasing population size and 
increasing female to male sex ratios with fishing effort. 
Yield peaks are at low to intermediate levels of fishing 
mortality (about 0.08 year-1). The simplest form of man-
agement of the fishery requires implementing a low fish-
ing mortality and choosing proper size limits for the fish-
ery.  
 
Keywords: fisheries-induced life history change, sex 
allocation, energy allocation, individual-based model, 
grouper. 
 
Contact author – Christian Jørgensen: University of Ber-
gen, Department of Biology, P.O. Box 7800, NO-5020 
Bergen, Norway [tel: +47 5558 4618, fax: +47 5558 
4450, e-mail: Christian.Jorgensen@bio.uib.no]. 
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ICES CM 2006/H:13 
 
Effects of different management regimes on harvest-
induced life history evolution in Northeast Arctic cod 
 
Christian Jørgensen, Øyvind Fiksen, and Bruno Ernande 
 
Field and lab experiments, analyses of fisheries data, 
theory, and models all corroborate that harvest may in-
duce rapid and substantial life history changes in many 
exploited fish stocks. Which life history trait will change 
and to what degree depends on the selectivity of the fish-
ery and the ecology and life history of the species in 
question, making it hard to reach general conclusions 
about potentially successful management options. Here, 
we ask to what degree different management regimes 
may decrease or reverse the negative effects of harvest-
induced life history evolution in the Northeast Arctic 
cod. We use a state-dependent energy-allocation life-
history model for cod. A set of life history strategies are 
optimized by varying the mortality, and we then use 
quantitative genetics to describe how these strategies 
change in frequency in a population due to harvest-
induced selection. We can thus quantify the evolutionary 
effect of fishing on life history change and assess evolu-
tionary rates. We present the effects of three different 
management regimes: marine protected area, maximum 
size-limit, and minimum size-limit. Marine protected 
areas and minimum size-limits result in reduced evolu-
tionary rates compared to current fishing regimes, while 
maximum size-limits result in little change. 
 
Contact author – Christian Jørgensen: Department of 
Biology, University of Bergen, P.O. Box 7800, NO-5020 
Bergen, Norway [tel: +47 5558 4618, fax: +47 5558 
4450, e-mail: christian.jorgensen@bio.uib.no]. 
 
ICES CM 2006/H:14 
 
Fisheries-induced evolutionary change at the onset of 
maturation in North Sea sole (Solea solea) 
 
Fabian M. Mollet, Sarah B. M. Kraak, and Adriaan D. 
Rijnsdorp 
 
Age and size at maturation has been observed to decrease 
in some commercially exploited fish stocks during the 
last decades. According to evolutionary theory of life 
history traits age and size at maturation play a crucial 
role in optimizing lifespan fitness and a change might be 
consistent with increased mortality, in this case fishing 
mortality. However, it is not unambiguous whether the 
observed changes are due to other factors than mortality 
and if they reflect evolving allelic frequencies or pheno-
typic plasticity. The plastic responses to compensatory 
density-dependent and environmental effects such as 
increased food availability might be much larger and 
therefore overshadow the direction of life history evolu-
tion. In order to disentangle phenotypic plasticity from 
evolutionary change, we employ the probabilistic reac-
tion-norm approach, which allows for estimates of prob-
abilities of maturing independently on growth and sur-
vival. The method, which is applied to 34 female cohorts 

(1963 to 1996) using market sampling data from the 
German Bight and Southern Bight separately, showed 
that the reaction norm for age and length at first matura-
tion has significantly shifted towards younger age and 
smaller length. Consequences of fishery-induced evolu-
tion for the sustainability of the fishery are discussed. 
 
Keywords: maturation, fisheries-induced change, pheno-
typic plasticity, evolution.  
 
Contact author – Fabian Mollet: Wageningen IMARES, 
P.O.Box 68, 1970 AB IJmuiden, The Netherlands [tel: 
+31 255 564 646, fax: +31 255 564 644, e-mail: 
fabian.mollet@wur.nl ]. 
 
ICES CM 2006/H:15  
 
The influence of reproductive behaviour on the direc-
tion and rate of fishery-induced evolution  
 
Sherrylynn Rowe and Jeffrey A. Hutchings  
 
Reproductive behaviour has the potential to influence the 
direction and rate of evolutionary change in exploited 
populations.  This may be particularly evident in species 
for which mate choice is an integral component of the 
mating system.  Mate preferences exerted by one sex that 
are non-random with respect to phenotype will generate 
selection pressures on heritable traits.  Genetic and be-
havioural data on Atlantic cod (Gadus morhua), for ex-
ample, are consistent with the hypothesis that both males 
and females prefer spawning with larger mates.  All else 
being equal, this has the potential to generate selection 
against early-, small-maturing genotypes.  Fisheries for 
cod, by contrast, have significant potential to select 
against late-, large-maturing genotypes.  Should such a 
selection dichotomy exist, it has the potential to influ-
ence the direction and, perhaps more interestingly, the 
rate of evolutionary change in life history traits.  Using 
data on temporal changes in Atlantic cod life history 
traits, we explore the potential consequences of interac-
tions among mate choice, fishery-induced selection, and 
rates of evolutionary change in commercially exploited 
marine fishes. 
 
Keywords: mating system, mate choice, exploitation, 
selection, evolution, life history.  
 
Contact author – Sherrylynn Rowe: Fisheries and 
Oceans Canada, Bedford Institute of Oceanography, 
P.O. Box 1006, Dartmouth, Nova Scotia B2Y 4A2, Can-
ada [tel: +1 902 426 8039, fax: +1 902 426 1862,  
e-mail: RoweS@mar.dfo-mpo.gc.ca]. 
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ICES CM 2006/H:16 
 
A bio-economic model on fisheries-induced evolution 
in Northeast Arctic cod 
 
Anne Maria Eikeset, Erin Dunlop, Eric Naevdal, Dag 
Hjermann, Nils Chr. Stenseth, and Ulf Dieckmann 
 
High fishing pressures may cause evolution towards 
maturation at earlier ages and smaller sizes, and therefore 
decrease the profit of the corresponding fishery. For ex-
ample, the world’s largest stock of Atlantic cod, the 
Northeast Arctic cod population of the Barents Sea, has 
experienced a considerable reduction in its mean age at 
maturation from 10 to around 6 to 7 years during the 
second half of the twentieth century. There is a price 
premium of about 70% on fish above 3 kg compared 
with fish below 1 kg, and this premium will in all likeli-
hood increase when the abundance of large fish in the 
stock is diminished.  
 
Considering that the total value of Norwegian cod fisher-
ies was 3 billion Norwegian Kroners (approximately 400 
M€) in 2005, it is clear that fisheries-induced evolution 
can lead to considerable economic losses. 
 
In this study, we aim to integrate and strengthen the in-
terface between ecological, evolutionary, and economic 
modeling, in order to contribute to an improved under-
standing of the long-term effects of fishing. We will ana-
lyze how the economic returns from fish stocks are af-
fected by this interplay and examine what harvest strate-
gies are optimal, both economically and ecologically. 
The biological component of this approach is based on 
an individual-based eco-genetic model for the Northeast 
Arctic cod. 
 
The primary management objective to be analyzed will 
be to maximize the long-term profitability of the fisher-
ies as measured by the present net value of the fisheries-
generated cash flow. Making the economic and ecologi-
cal costs of fisheries-induced evolution explicit in this 
way will serve as an important step forward in the devel-
opment and implementation of improved management 
practices. 
 
Keywords: fisheries-induced adaptive change, economy, 
life-history evolution, individual-based model, Gadus 
morhua. 
 
Contact author – Anne Maria Eikeset: Centre for Eco-
logical and Evolutionary Synthesis (CEES), Department 
of Biology, University of Oslo, P.O. Box 1050 Blindern, 
NO-0316 Oslo, Norway [tel: +47 2285 8375, fax: +47 
2285 4001, e-mail: a.m.eikeset@bio.uio.no]. 
 

ICES CM 2006/H:17 
 
Evolutionary consequences of harvesting in ecosys-
tems 
 
Åke Brännström, Nicolas Loueille, Michel Loreau, and 
Ulf Dieckmann 
Short-term population dynamical consequences from 
exploitation of commercial fish stocks have been studied 
for a long time, but it is only recently that the evolution-
ary dimension has started to receive attention.  
 
Most of the studies of fisheries-induced evolution up till 
now have focused on a single or a few species in isola-
tion, leaving important co-evolutionary interactions rela-
tively unexplored. In this study, I present a model for the 
origin and evolution of size-structured food webs which 
is based on the Lotka-Volterra equations, where size-
dependent interactions and small mutations in body size 
over time leads to food webs with three to four trophic 
levels. The resulting ecological communities are then 
subjected to various harvesting regimes, after which the 
consequences for population dynamics and evolutionary 
dynamics are analysed. 
 
Keywords: multi-species communities, harvesting, evo-
lution, food web. 
 
Contact author – Åke Brännström: Evolution and Ecol-
ogy Program, International Institute for Applied Systems 
Analysis, AT-2361 Laxenburg, Austria [tel: +43 2236 
807-242]. 
 
ICES CM 2006/H:18 
 
Ecological and evolutionary recovery of exploited fish 
stocks 
 
Katja Enberg, Erin S. Dunlop, and Ulf Dieckmann 
 
As a result of the current, declining trends in the abun-
dance of many exploited fish stocks, fisheries manage-
ment is compelled to deal also with stocks that have col-
lapsed and are in the phase of recovery. There is a grow-
ing concern of the possibility and potential for recovery 
of such stocks. Evolutionary changes caused by fisheries 
are known to affect the genetic and phenotypic structure 
of the exploited fish stocks. These changes have been 
most visible in the life history characteristics, influencing 
age and size at maturation. Important questions still re-
main unanswered: is the recovery potential of fished 
stocks also influenced by such changes? Moreover, are 
such adaptive changes in, for example, maturity sched-
ule, restorable? In our paper we study, by means of an 
eco-genetic model with multiple evolving traits, how 
fisheries-induces evolution affects and is affected by the 
collapse and recovery of fish stocks. We further present 
the outcome of introducing environmental uncertainties 
into the population dynamical component of this model, 
and investigate whether it is possible to facilitate the re-
covery process. Our results elucidate the different levels 
of stock recovery, including its ecological (population 



 169

size and biomass) and evolutionary (genetic composition 
and adaptability) components. 
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Body condition and evolution of maturation of Atlan-
tic cod in Newfoundland  
 
Loïc Baulier, Mikko Heino, George R. Lilly, and Ulf 
Dieckmann  
 
Atlantic cod (Gadus morhua, L.) stocks off Newfound-
land and Labrador underwent severe depletions that 
started in the late 1980s and led to moratoria in the early 
1990s. Fisheries closures are still applied in most of the 
areas where cod is found. A very low stock level, proba-
bly resulting from the combined effects of overfishing 
and bad environmental conditions, has been accompa-
nied by modifications of life history traits of the fish. 
Among the reproductive traits, a decrease in both age 
and size at first reproduction has been observed. A par-
tial genetical determinism of these shifts is supported by 
earlier analyses of probabilistic maturation reaction 
norms, revealing a consistent trend towards earlier matu-
ration but also strong short-term fluctuations. In this 
study, we elucidate the effect of changes in individual 
body condition on short- and long-term changes in matu-
ration of cod. The condition of individuals has already 
been shown to influence the number and quality of off-
spring in cod. Here we use maturation reaction norms 
with three explanatory dimensions (age, size, and condi-
tion) to set out to know if the changes in age and size at 
maturation are linked to changes in condition, measured 
by the hepato-somatic index. 
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Effects of a trawling ban on the life-history patterns 
of exploited fishes. The case of red mullet (Mullus 
barbatus, L. 1758) in the Gulf of Castellammare 
(north-western Sicily – Mediterranean) 
 
Fabio Fiorentino, F. Badalamenti, G. D’Anna, T. For-
tibuoni, G. Garofalo, M. Gristina, and C. Pipitone 
 
Red mullet (Mullus barbatus L., 1758) is one of the main 
target species in Mediterranean demersal fisheries. Re-
production is reported to occur from May to July, when 
the bulk of the spawning stock is 1 year old (mean total 
length (TL) range: 120–150 mm for females, 110–135 
for males), followed by a discrete recruitment in August–
October. The remarkable increase in red mullet biomass 
that occurred in the Gulf of Castellammare after a trawl-
ing ban prompted us to examine the size structure and 
sexual maturity of the population over time (i.e. within 
seasons and in the years before and after the ban) to bet-
ter understand this recovery success. 
 
Only one discrete period of recruitment in summer was 
observed in the years before the ban. Conversely, a dif-
fuse recruitment all year round was recorded after the 
ban, when the bulk of mature individuals (median TL 
range: 140–150 mm in females, 130–140 mm in males) 
was found in spring-summer, although large-size spawn-
ers (median TL range: 160–215 mm for females, 135–
160 mm for males) were also recorded in other seasons. 
Spawners were distributed over a wide bathymetric range 
and size was positively correlated with depth. Indeed, 
larger mature individuals were found deeper than 100 m 
(median TL range: 165–180 mm in females, 145–155 
mm in males).  
 
The observed differences—with respect to the known 
recruitment pattern—may be related to the major pres-
ence of larger and older specimens with potentially dif-
ferent reproductive strategy. Results are discussed on the 
basis of the reduction of fishing mortality in the area. 
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