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Teaching advice 
 

Why is cod shrinking? 
 
The simulation 
The simulation game illustrates causes and effect of the selection of quantitative traits on the 
genetic level. These materials make use of the well documented and authentic example of 
human-made evolution: the decreasing body size of cod (Gadus morhua) (e.g. Hutchings 
2005).  
 
Many different simulations on evolutionary phenomena are available, which differ 
significantly in the ways in which the effects of variation and selection on evolutionary 
change are simulated. The most common types of simulations consist of unspecific predator-
prey systems. Students have to pick up coloured objects from a multicoloured underground, 
resulting in the survival of better adapted organisms, which are able to reproduce in contrast 
to the less well adapted organisms which are selected and unable to reproduce (c.f. Stebbins & 
Allen 1975). This type of simulation demonstrates phenotypic changes within a population 
only and stays at the macroscopic level. However, causes and changes of selection on the 
genotypic level can not be demonstrated. 
Another type of simulations deals with the genetic base of variation and evolutionary change. 
The simulation of Allen & Wold (2009), for example, illustrates the decrease of body size in 
cod. Beans, pies and lentils symbolize the different body sizes of cod individuals while a sieve 
represents the fishing net that selects the biggest fish through the mesh size. Repeated acts of 
sieving are necessary to demonstrate that size-selective harvesting causes a decrease in the 
average body size of the surviving fish. This simulation is problematic because – as the 
authors describe – the beans, pies and lentils represent genes and organisms at the same time. 
Furthermore, the body size of cod is determined by additive polygenetic variance and not by a 
single gene.  
 
Body size, in fact, is influenced by numerous genes. In the simulation presented here, the 
body size of cod is determined by three genes for the sake of illustrating the phenomenon in 
the classroom, although, in reality, more genes are involved. For each gene locus, we 
hypothesized four alleles which differ in their contribution to body size. Also as a 
consequence of reducing the phenomenon to its essentials, the four alleles of the three 
different genes are represented by the same playing chips. An alternative would have been to 
differentiate between the alleles of the three genes, for example by using chips of different 
shapes. This would have been more impressive, but it would also have rendered preparing for 
and playing of the simulation more complicated. This aspect of didactical reduction should be 
discussed in the classroom.  
 
The gene loci are filled with alleles (chips) by chance

Afterwards the five biggest fishes are “caught” and their alleles are removed from the 
genepool of the population, while the remaining alleles are doubled through simulated sexual 
reproduction. Thus, the simulation demonstrates that allele frequencies will change over 
generations, if a population is affected by a directed selective pressure on body size. 

. Afterwards the body size of the 
individuals is calculated. When students draw the chips, one at a time, from the bag, it is 
important to point out that this must be done by chance! The chips have to be taken out of the 
bag and to be distributed on the playing board (6 chips per fish, fish by fish) without looking 
at the alleles or, even worse, by choosing alleles, and thereby creating especially big or small 
fish! 

http://www.evolution-of-life.com/�


2 
   

H u m a n - m a d e  e v o l u t i o n  –  W h y  i s  c o d  s h r i n k i n g ?  ( T e a c h i n g  a d v i c e )  

www.evolution-of-life.com 
Harald Kullmann (corresponding author) 

This simulation accounts for the phenomenon of additive polygenetic variance that is the basis 
for many quantitative traits like for example body size, body weight or the length of 
extremities.  
 
Using the simulation in the classroom 
The documentary film ‘The case of the shrinking cod’ (ca. 8min., www.evolution-of-life.com) 
can be used to introduce the topic.  
For the simulation, splitting up the class into small groups of up to 5 students is 
recommended. The presentation of the documentary film, the simulation, the presentation of 
the results and discussion will take about 90min. 
 
For each group, the following materials are required and available for downloading:  

• worksheets including the description of the phenomenon, a short manual, a table and a 
graph for the results  

• a playing board (consisting of two sheets of paper that have to be combined) 
 
For each group, the following materials have to be prepared separately: 

• a non-transparent bag, for example a linen bag 
• playing chips, diameter ca. 15mm (see picture as 

example): for each group you need 60 chips of four 
different colours (for example: 60 x red, 60 x yellow, 
60x black, 60 x blue). For four groups, 240 chips for 
each colour 

• as an alternative to playing chips, one might use 
coloured chocolate candies. 
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