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RULES 

DON’T use the same page to report answers to different questions; 

DON’T use additional sheets (they will be trashed): instead, use the back of provided sheets and 

clearly indicate where to read the sequel of your answer to the question; 

DON’T consult books, notes, or class mates. 

DON’T use a pencil, use a pen. 

WARNINGS: 
Clarity, precision and conciseness are positively evaluated.  

Unjustified answers are not considered. 

If you are not English-fluent, use Italian (or French or Spanish) 
 

Outcomes of the test will be published on the teacher’s website as 
soon as possible. Do not phone or e-mail  before grades are 
published. 

 
 



 

 

1. The platypus, Ornithorhynchus anatinus, one of only five extant 
species of egg-laying mammals, is found in eastern Australia. Two 
island populations of O. anatinus exist there: King Island in Bass Strait, 
and Kangaroo Island off the coast of South Australia. The population on 
King Island is naturally occurring, while that on Kangaroo Island was 
established in 1941 by introducing a few individuals from a large 
population of the Victoria region. Kangaroo population is small and has 
therefore been subjected to genetic deterioration. E. Furlan et al. (Ecology and Evolution, 2011) 
have studied the population: they have estimated that it consists of about 110 individuals and that its 
average heterozygosity in 2009 was 0.419. However, the effective population size is not known.  
Calculate the effective population size on the basis of the following information: (a) the 1941 
heterozygosity can be assumed to be equal to 0.597, which is the current heterozygosity of the 
Victorian population; (b) the platypus generation time can be assumed to be about 10 years. 

Solution: 

 



 

 

 
2. The Himalyan tahr, a large ungulate native to the Himalayas, was 
introduced into New Zealand in 1904. It then spread through the 
Southern New Zealand Alps. Parkes and Tustin (New Zealand Journal 
of Ecology, 1985) have estimated the areas occupied by tahr in 
subsequent years: 
 

Years Area (km2) 
1936 129 
1946 542 
1956 1237 
1966 3998 
1976 6138 
1984 4937 

Caughley (Ecology, 1970) provides the following information on tahr demography: 
• The average numbers of kids produced by one adult female per year is 0.9 
• Sex ratio at birth is 1:1 
• The fraction of kids surviving to adulthood is 0.6 
• The average lifetime of tahr is 8 years 

Assume that the areas occupied by the ungulate are approximately circular. Then calculate: 
(a) the average expansion speed of tahr in New Zealand; 
(b) its Malthusian instantaneous rate of demographic increase; 
(c) its diffusion coefficient D. 

 
Solution: 
 



 

 

3. The population of brown bear (Ursus arctos) in Trentino-Italy 
has been steadily increasing (Rapporto orso 2016). Here below 
you find the most recent statistics on the total number of bears 
 
 
Year Number 

2008 20 
2009 26 
2010 27 
2011 33 
2012 29 
2013 40 
2014 37 
2015 38 
2016 38 

 
Assume that environmental stochasticity only has been affecting the population in recent years. 
From the table estimate: (a) the instantaneous rate of demographic increase and the corresponding 
finite rate, (b) the variance σ2

ε of the logarithm of the multiplicative noise, (c) the probability that 
the population will fall below 50 individuals in 2026 (use the attached table of the normal 
distribution). 
 
From other data, the Rapporto orso 2016 estimates an average survival between subsequent years of 
88%. Also, it reports that back in 2002 there were 8 bears (sex ratio 1:1). Suppose that in 2002 you 
wanted to estimate the long-term chance of extinction of the bear population subject to 
demographic stochasticity only. Use the demographic rates from the Rapporto orso 2016 to 
estimate (d) the long-term probability of persistence of the brown bear in Trentino as resulting from 
the number of bears in 2002. 
 
Solution: 
 



 

 



 

 

4. Ecological corridors have been promoted as a means to reconnect fragmented landscapes, protect 
biodiversity, and maintain population integrity. However, a corridor’s connectivity may also aid the 
spread of unwanted guests, including disease, fire, predators, invasive species, domestic animals, 
and poachers.  
Include this trade-off in Levins’ metapopulation model by assuming that colonization success is an 
increasing function of connectivity, but extinction risk is also increasing with connectivity between 
habitat patches. Assume that connectivity z varies between 0 (no connection between patches) and 1 
(maximum connection) and that the colonization rate c (year-1) and the extinction rate e (year-1) are 
given by the formulas 
 c(z) = 1.2 z                                       e(z) = 0.25 + z2    . 
Find out the value of connectivity that maximizes patch occupancy. Then calculate the maximum 
rate m of environmental catastrophes that can be tolerated by a metapopulation in a landscape with 
optimal connectivity. 
 
Solution: 



 

 

 
5. Answer the following questions by appropriate ticking (right answer: 100% score, wrong answer: 
-20%) 
 
 

a) Tick the unique true statement among the following ones 
 

¨ Blah, blah 
¨ Blah, blah 
¨ Blah, blah 
¨ Blah, blah 
 
 

 
 

b) Tick the unique false statement among the following ones 
 

¨ Blah, blah 
¨ Blah, blah 
¨ Blah, blah 
¨ Blah, blah 
 
 

 



 

 

6. Answer the following questions inside the frame only (penalization -20%) 
 
 
Blah, blah 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Blah, blah  
 
 
 
 
 
 

 
 
 
 


