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Answers 
 
1.  Why is decomposition likely to be slower in a cold wet soil? 
 
Answer 
A cold soil will have a slow rate of decomposition and respiration simply due 
to the low temperatures - freezing can halt decomposition almost entirely; a 
waterlogged soil will be short of oxygen and this will also limit aerobic 
respiration (oxygen diffuses slowly into water) and the activity of aerobic 
decomposers.. 
 Many invertebrates, crucial to the fragmentation and inoculation of the 
organic matter will not be able to survive extended anoxic conditions. 
Anaerobic conditions will also tend to produce more acidic products that will 
further limit some invertebrates and many microbial decomposers. Fungi tend 
to dominate in such soils because they can tolerate these conditions. Without 
fragmentation, much of the detritus cannot be properly inoculated with or 
attached by microorganisms. Additionally, the acidic conditions can denature 
some of the protein components, and these become harder to breakdown. 
 These are the sort of conditions under which peat is formed. 
 
2. Why are ecotypes are less likely to form in a metapopulation inhabiting a 
landscape with high connectivity? 

 

Answer 

High connectivity implies the easy exchange of individuals between the local  
populations that make up a metapopulation. Individuals move readily to 
exploit different patches and to mate with others, and this leads to an 
exchange of genes between the populations, preventing genetic drift. 

 Where local conditions favour one genotype over another, the 
prevalence of that genotype in the population can be diluted by new arrivals 
from neighbouring populations, and by individuals dispersing to other 
populations. In short, a highly connected metapopulation exchanges 
individuals and genes freely between its sub-populations. 

 Where there is low connectivity, local conditions favouring a particular 
genotype can increase its frequency without dilution from surrounding 
populations.  The local genome can thus become distinct. This will be 
accentuated over generations if there is genetic drift.  Migrants arriving from 
elsewhere may be at a selective disadvantage and may not reproduce to 
introduce their genes into the local population. Thus speciation becomes more 
likely if the local conditions are highly demanding.  Nevertheless, we can 
observe the development of such ecotypes in even under benign conditions, 
in very isolated populations or highly immobile species – whilst they may 
successfully mate and produce offspring with their neighbours, these progeny 
are often not well-adapted to the local conditions. This situation has been 
described the Southern White Rhino and for local races of some deciduous 
trees (Chapter 2). 
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3. Why should being large confer a selective advantage on animals in colder 
climates? 

 
Answer 
 The surface area of a sphere relative to its volume decreases as the volume 
increases. Few animals approximate to a sphere, but as their body size 
increases (excluding their limbs or other extremities) their relative surface 
area decreases. Since the rate of heat loss is a function of the area over 
which it is radiated, that lost by a large animal is smaller per unit volume than 
that from a small animal. This has been offered as an explanation of the short, 
stocky build of Neanderthals, the sub-species of Homo sapiens that 
dominated Northern Europe and parts of Asia during the Pleistocene. 
 This build is of selective advantage when a large proportion of the heat 
of the animal is generated internally, as is the case with homiotherms. This is 
true of most birds and mammals, and why Bergmann’s rule work best for 
them. It is less true of most reptiles, amphibians, insects and other 
poikilotherms – they too generate much of their heat internally, but largely 
through the activity of their muscles. For the most part they rely on external 
sources such as incident radiation, so, for them, a large surface area relative 
to volume is an advantage when they use incident radiation to increase their 
body temperature. 
 

4. Create a table that associates each of the following soils with a biome from 
the list below: 

 
Soils 
Brown earth 
Chernozem 
Rendzina 
Podzol 
Latosol 
 
Biomes 
Tundra 
Savanna 
Temperate deciduous forest 
Dry temperate grassland 
Heathland 
 
Answer 
 
Brown earth - Temperate deciduous forest 
Chernozem - Dry temperate grassland 
Rendzina - Temperate deciduous forest 
Podzol - Heathland 
Latosol - Savanna 
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5. Suggest how mesocosm studies might measure the effect of scale on the 
transfer of a pollutant through watersheds in a landscape. 
 
Answer 
This study would treat the watershed as the unit of study, and look at the rates 
of input and loss across its boundaries, principally by measuring of pollutant 
flux through the stream. It could then look at different elements of the 
watershed (soil, herbaceous plants, small mammals etc etc) to measure 
transfer rates (process variables and parameters) between state variables 
within the system. By repeating this with a series of watersheds, the study 
would quantify the variation in all of the measured terms, and also the 
variation induced by changes in external variables. 
 Watersheds are especially amenable to measuring the effect of scale 
because they are fractal systems – that is, they can be divided into smaller 
systems which retain the geometry of the larger system. So, we can take one 
large watershed and divide it into perhaps four or five main tributaries. These 
may vary in size (either in terms of the catchment area or the length of the 
streams draining them) or the study could them subdivide each tributary again 
to get smaller units. One or two such divisions could help us decide whether 
the transfer of a pollutant by the ecosystems of different sizes was scale-
invariant – that is, it didn’t change with watershed size. 
 Then, of course, the ecologist has the problem of deciding the 
significance of her finding. 
 
6. The search for life on Mars is now concentrating on detecting signs of 
microbial activity below the surface of the sediments. As far as they might 
replicate ecosystems on Earth, what sort of life and what sort of metabolisms 
might we expect in these places? 
 
Answer 
It is worth noting that we have observed no evidence of life on the surface, 
though there is increasing evidence of substantial water close to the surface, 
especially in deep craters and in the polar regions. 
 With no surface manifestations of life, the prospects for significant 
photosynthesis fixing energy that could support sub-surface ecosystems are 
small (we should, perhaps, acknowledge that some stone plants growing in 
arid regions of the Earth would not be detected as life using the techniques for 
surface observations used on Mars….. but such forms are perhaps less likely 
to have evolved on Mars).  
The absence of significant photosynthesisers would point to ecosystems 
based primarily on chemoautotrophic bacteria – oxidising chemical 
compounds to fix energy - and only perhaps secondarily on 
photoheterotrophs. That would suggest food webs based on bacterial energy 
fixation, though in some deep oceanic trenches these support a large biomass 
of animals. These extreme environments on Earth – extreme temperatures, 
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pressures and chemical conditions - are populated by ancient bacterial 
groups, which evolved on Earth before photosynthesis arose. 


