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Information material 
 

Why is cod shrinking? 
 

A very topical instance of human-made evolution, caused by commercial fishery, is the 

shrinking body size in cod. During the 20th

As a consequence, the fishing of cod was stopped in several places, in order to support the 

fish stocks to recover. It was expected that with time the fish will grow as big as it was before 

the intense fishing started. However, this was not the case. The average body size of cod did 

not increase at all or, if it did, it increased only very slowly. 

 century, several fish stocks have been fished 

intensively over decades. Because of the mesh size of the nets, the larger specimens have been 

caught more frequently than the smaller ones. Over the years, not only the number of fishes 

decreased but also their average body size. The decrease in body size cannot be traced back to 

differences in age alone, because even older cod does not grow as big as it did before.  

Because of this, researchers intensely investigated the stocks of the Atlantic cod (Gadus 

morhua) along the coastline of America and Canada and analysed data from the fisheries of 

these countries. One of the findings of this research is that both body size and age of cod at 

maturation changed, as a consequence of the selection pressure caused by the fisheries. Fish 

reproduce younger and at smaller body sizes (Barot et al., 2002). The growing phase of an 

organism as well as its reproduction phase, are important stages in life. Early maturation 

causes serious changes in the energy balance, which in turn effects the growth of an organism. 

Changes in age and size at maturation can have a crucial influence on the fitness of an 

individual and on the dynamics of the population (Barot et al., 2004).  

Previous studies revealed that fishery exerts a strong and directed selection pressure by 

removing the oldest, largest and fastest growing individuals and thus putting individuals at an 

advantage that are among the smallest and youngest and that grow most.  

Trying to explain why the recovery times of many fish stocks are long and often unsuccessful,  

Walsh et al. (2006) hypothesized that selective pressure on body size as a trait, indirectly 

influences additional traits, like for example the onset of maturation, egg volume, fecundity, 

growth efficiency as well as larval viability. In order to test these hypotheses, Walsh et al. 

conducted a harvest-selection experiment with Atlantic silverside (Menidia menidia), as a 

model organism.  

The selective pressure of fishery was simulated by three harvesting strategies: in the first 

group, 90% of the largest individuals were caught (L; large-harvest population), in the second 
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group, 90% of the smallest individuals were caught (S; small-harvest population) and in the 

third group, 90% of the individuals were harvested randomly (R; random-harvest population). 

This was done by measuring the body size of all individuals 190 days after hatching and by 

sorting by size in each group. The remaining 10% were allowed to reproduce. Their eggs were 

collected and 190 days after hatching the new generation was measured and selected. This 

procedure was repeated over 5 generations. The experiment confirmed the hypothesis of 

Walsh et al. (2006) that size-selective harvesting does not only influence the body size of the 

fish, but also other traits. In particular, human-made selective pressure in this experiment also 

caused evolutionary change in morphological, ethological and life-history traits which affect 

an individual’s fitness and are closely associated with the individual’s body size (see info-

box). The most important findings of this study are described in detail in Walsh et al. (2006). 

Conover et al. (2009) continued these experiments by randomly harvesting all three groups of 

fish over another five generations.  

Fish in the L-group, which had previously been large-harvested and which had suffered a 

dramatic decrease in average body size and weight, showed a very slow but significant 

recovery in both traits. This shows that populations that have been submitted to size-selective 

harvesting obviously possess the genetic capacity to recover from the disadvantageous effects 

of fishery. However, extrapolations from the data of the experiment revealed that it might take 

several decades under standardised conditions for fish stocks to recover (Conover et al., 

2009).    

Although this experiment suggests that phenotypic change has a genetic basis and that 

organisms possess the capacity for reversal of evolutionary changes, it is unclear, if the 

findings from the experiment can be applied to populations that live in nature. In contrast to 

the standardised conditions in the experiment, populations in the wild, like the Atlantic cod, 

are always subject to changes in the environment that significantly affect their fitness. Such 

changes are, for example, shifts in the abundance of predators or competitors, as well as 

changes in climate. It is difficult to predict recovery times for any wild population, because of 

these factors (Conover et al., 2009). As a consequence, fishery has been described as a large-

scale uncontrolled experiment in evolution (Swain et al., 2007). It has large-scale 

consequences for ecosystems because the fishery changes population dynamics. And it has an 

impact on an important food resource for humans (Jørgensen et al., 2007).  
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Info-Box 
Variation of traits in a population 

 
Traits can either be distinct or continuously varying. 
Distinct traits (so-called qualitative traits) are dichotomous and mutually exclusive, like for 
example male and female gender or straight and curved wings.   
However, many traits vary continuously (so-called quantitative traits) and they are measurable or 
countable, like for example body size or weight. In most cases, the quantitative traits are not caused 
by a single gene but rather by a big number of genes, which contribute to the characterization of the 
trait.   
Quantitative traits are caused by the additive effects of several genes. This is called additive 
(poly)genetic variance.  
In a population each, of the genes involved in additive polygenetic variation can occur in a great 
number of different alleles which differ in their contribution to the trait. Thus, it is the alleles an 
individual possesses and – to same extent environmental factors – that determine the characteristics 
of quantitative traits. 

http://www.evolution-of-life.com/�
http://www.evolution-of-life.com/de/beobachten/video/fiche/the-case-of-the-shrinking-cod.html�
http://www.evolution-of-life.com/de/beobachten/video/fiche/the-case-of-the-shrinking-cod.html�
http://www.berlinonline.de/berliner-zeitung/archiv/.bin/dump.fcgi/2004/1022/wissenschaft/0136/index.html�
http://www.berlinonline.de/berliner-zeitung/archiv/.bin/dump.fcgi/2004/1022/wissenschaft/0136/index.html�
http://evolution.berkeley.edu/evolibrary/article/0_0_0/conover_01�

