
Ecology – Regulation, 
Fluctuations and Metapopulations 

The Influence of Density on Population 
Growth and Consideration of 

Geographic Structure in Populations    



Predictions of Logistic Growth 

•  The reality of nature dictates that 
organisms will not (and cannot) exhibit 
exponential for extended periods of time  

•  That is, dN/dt=0 at N=K (remember the 
environmental resistance to growth) 

•  This is Logistic Population Growth 



Graphically, this is logistic growth



Logistic Growth = Pop Regulation? 

•  Regulation of populations can be viewed 
from two very different perspectives; 
density-dependent and density-
independent 

•  What sorts of things are we talking about 
with the density-dependent regulation? 

•  What about density-independent?  



Density dependence 

•  Evaluating density-dependent population 
regulation, we are explicitly predicting that 
the greater the density, the greater the 
limiting influence that is exerted on the 
population growth rate 

•  What are density-dependent factors that 
limit the population size of a group of 
organisms? 



Factors 

•  Resource availability, the feature predicted 
by Malthus, lack of resources to support 
the growing population 

•  What else?  As density increases in a 
population, you are easier to find.  
Therefore predation pressure increases 

•  But also, disease and parasite effects 
•  And certainly waste accumulation (our 

fate?) 



Look at the potential reproductive 
output based on habitat suitability 



Another exhibition of density 
effects, this time in a modified state 



And we see it in plants too! 



Additional Effects of Density 

•  The density of individuals influences much more 
than the population growth patterns 

•  For example, as density increases, we see 
population specific breeding systems, social 
systems, etc. 

•  Density also influences movements of organisms 
and the distribution in space, for example, ideal 
free distributions (we will deal with this more 
later, but recall yesterday…) 



What about density independence? 

•  Density-independent factors is regulation 
the density of the population without 
regard to the density level 

•  Regulation of the size of the population is, 
for the most part, a random process 

•  That is,  just luck! 



What sorts of features could be 
considered density-independent? 

•  It must be the environment 
•  Random environmental events are the 

typical factors associated with this 
unpredictable influences 

•  Natural disasters, typhoons, hurricanes, 
fires, etc. could all be considered random 
events, and not density-dependent 



Reproductive Strategies 

•  Let us revisit 
the general 
types of 
reproductive 
strategies that 
we can identify 



Let us compare Types I and III with 
regard to several characteristics 

•  Life span 
•  Stability of environment 
•  Onset of reproduction 
•  Number of reproductive events/lifetime  
•  Generation time 
•  Number of offspring 
•  Parental investment per offspring 
•  Factors that regulate population size 
•  Dispersal/colonizing ability 



One more note on densities… 

•  Our model and qualitative treatment of this 
phenomenon may be an over-
simplification of most situations 

•  There is stochasticity in both 
environmental factors and in demographic 
characteristics that often cause population 
sizes to vary widely 



This is Density Vagueness 

•  Random effects of population 
characteristics are sometimes of greater 
significance than effects of the normal 
density-dependent variety 

•  This has resulted in the proposal by some 
that our models that point to self-regulation 
as the norm, may be the exception and not 
the rule 



Fluctuations in Natural Populations 
– However, we still see patterns… 

Charles Darwin from The Origin of Species 



Population Regulation 

•  Darwin’s proposal of the survival of organisms 
translates into the death of individuals not 
capable of surviving (talk about the negative 
view of things!) 

•  Those features that may come into play: 
–  Starvation (lack of food resources) 
–  Malnutrition (limited essential nutrients) 
–  Predation 
–  Parasites or Disease 
–  Environmental Stochasticity  

Density 
dependent 
factors 



This is the parent-to-
parent cycle.  At any 
point in this cycle, 
there is the potential 
for loss of life.  Many 
of these features are 
extrinsic, including 
the effects of 
environmental 
variation and 
fluctuations.  But 
there is also the 
potential for intrinsic 
regulation 



Predation as the determining factor? 



The Hare and the Lynx 

•  The explanation is obvious – predators 
over-consumed prey causing a crash in 
the prey with a subsequent crash in the 
predator populations, then cycling  

•  This was “proof” of something called the 
coupled oscillation hypotheses of the 
Lotka-Volterra predator-prey system – 
where each are interdependent upon the 
other with respect to population sizes…   



Observations of other systems 
•  However, evidence was accumulating 

suggesting that this was not a simple 
relationship 

•  Predators may indeed  be dependent on the 
prey population size (we know that from a 
food standpoint), but where predation 
pressures are low, prey still exhibit 
fluctuations - oops 

•  Something else is going on with the prey, 
either environmental or some other 
biological factor 



Generalizations and Life Histories 

•  Observation and measurements of 
natural populations suggest some 
generalizations of these cycles based 
upon life history patterns 

•  For example, short-lived, small forms 
that exhibit high turnover rates tend to 
fluctuate widely in nature  



Contribution of Growth Rate? 

•  Here we are specifically addressing the 
issue of the magnitude of r  

•  What did we note before regarding the 
magnitude of this variable? 

•  What growth patterns do we see in 
populations that exhibit a large r vs. 
populations that are characterized by a 
small r? 



r=1.5 compared to r=4.0 



This allows more rapid tracking 

•  When r is large, variation in the conditions 
that regulate the population size are more 
closely tracked by these populations than 
when r is small  

•  Additionally, the response tends to “over-
do” the response of the population, just as 
we observed in the models of logistic 
growth 



Oscillations may also be a by-
product of time delays in responses 
•  The birth and death rates do not, and 

realistically cannot respond 
instantaneously to changes in the 
environment 

•  Regardless of the nature of the changes, 
there is a delay in the response of the 
production of young, or death of 
individuals with limitations in resources 



So, what does it all mean? 

•  We have considered features such as: 
– Life span 
– Age structure 
– The magnitude of r 
– The time delay. 

•  Is that all? (I am not trying to be funny) 
•  Not in the least! 



Consider environmental changes 
•  Our consideration of the modeling is 

dependent upon some sort of predictability 
•  Observational data of some of the most 

spectacular cyclical species suggest  
predictable patterns of variation  



What is the importance of 
environmental stochasticity? 

•  Historical data regarding environmental 
variables suggest that predictability is not 
possible with any level of accuracy 

•  The evidence further suggests that these 
processes approach a random pattern 

•  So how do we model that in any 
predictable fashion?  Look at another 
graph  





And the answer is… 
•  The questions still exist 
•  The coupled oscillation hypotheses tend to be 

accurate with regard to one of the species (or 
the species of a particular trophic level) 

•  But it does not explain the coupled aspect 
•  Similarly, patchy distribution of habitats may help 

explain part of the observations 
•  The seemingly regular periodicity may be telling 

us something completely different and remains 
to be studied in terms of the biological rhythms 
that are being displayed by these creatures 



Break Time 



The Metapopulation Concept 

•  Metapopulations are collections of 
localized groups of individuals of the same 
species (a.k.a. localized populations) 

•  A more convenient way of thinking about 
these groups is a “population of 
populations” 

•  This is a growing movement in Ecology to 
look at a more inclusive view of a species 





The basic issues 

•  Many, if not most, resources are not equally or 
even randomly distributed in the environment,  

•  These patches are occupied by the individuals 
creating isolated local populations in space 

•  These are not necessarily completely isolated, 
but may communicate via gene flow with one 
another by migration among the subpopulations 



Foundations of Metapopulations 

•  The original proposal of work regarding 
subdivided populations looks very similar 
to other models – any ideas? 

•  The MacArthur and Wilson model of 
species on islands is nearly identical in the 
parameters that are important for this 
model 



Components of the Model 

•  This distribution pattern presents some 
biological realities 

•  Can you think of any? 
•  Can you think of any issues associated 

with small populations that are isolated 
from other such populations? 

•  What happens when there is open 
habitat? 



Extinctions and Colonization 

•  Particularly in small populations, these 
entities are subject to stochasticity of 
intrinsic and extrinsic factors that may 
ultimately lead to population extinction 

•  If migration is possible, there is also the 
potential for colonization of empty habitats, 
or simply gene flow among subpopulations 





The balance between extinctions 
and recolonization events 

•  Parameters: 
– p represents the number of patches occupied 

and 1 – p the number empty 
•  The rate of change in the number of 

occupied patches, p, will be: 



Predictions of the model 

•  The equilibrium condition is dp/dt = 0  
•  The equilibrium p will be given by 1 – e/m 
•  The assumption is that the colonization 

rate m will be greater than the extinction 
rate e (otherwise p will = 0) 



Patch size and density 

•  Average size in area of the patches should 
influence the number of patches occupied, 
and 

•  Density of patches should influence the 
number of patches that are occupied 

•  Why would we expect these two 
characteristics to contribute to occupation?  





Now, some real data 



Different types of models 

•  The Source-Sink Metapopulation model 
categorizes populations in terms of their 
growth characteristics: 
– Source populations grow at low densities 
– Sink populations decline w/o immigration  

•  The Mainland-Island Metapopulations 
model depicts a series of small patches 
located near a single large patch (similar 
to a model you have seen before) 



Let us return to the model 

•  Let us go back to our consideration of m 
•  Colonization rate will be a function of the 

distance between patches, that is intuitive  
•  Similarly, the extinction rate e will depend 

on the size of the habitat patches 
•  This is not necessarily intuitive, but logical 

– Why?  



The relationship between m and D 



The dynamic nature of occupancy 



The previous example is stable? 

•  The variability of the patches inhabited 
and the densities of the patches that are 
inhabited can change through time  



Variation can be extreme 

•  At least in part, stochasticity may impact a 
population, but there are internal factors 
influencing population survivorship 

•  Remember back to population 
fluctuations? 

•  What is at the heart of population 
fluctuations in real biological terms?   



Let us look at m more closely 

•  With our evaluation of m and distance is 
that the closer patches are to one another, 
the more likely they will be occupied 

•  There is more.  m can be thought of as not 
just a value of colonization or 
recolonization, but a value for migration 
between or among patches 



Where populations are 
completely isolated, 
particularly small 
populations, the fate will 
be extinction, and there is 
very little debate about 
that fact.  The other issue 
here is that  even with low 
rates of immigration, 
populations tend not to go 
extinct, a phenomenon 
called the rescue effect. 



There is still more going on here 

•  What is it about small populations that 
make them more susceptible to extinctions 
than large populations? 



There is still more going on here 

•  What is it about small populations that 
make them more susceptible to extinctions 
than large populations? 

•  Well, I can think of two: 
– One issue is potential density-independent 

events that takes members of the population  
– What is another? 



The bottom line is heterozygosity 

•  That is, variability 
•  This is not just some theory of survivorship 

pattern as predicted by models, this is a 
real phenomenon 

•  The considerations here are not just 
limited to the level of heterozygosity (but 
let us consider this aspect) 



Local extinctions 
are anticipated and 
the recolonization 
events yield a loss 
of genetic 
variability in the 
cycling of these 
metapopulations.  
What does this 
model predict with 
regard to the long-
term survival of a 
geographically 
subdivided 
species? 



Are subdivided populations always  
negative for the group as a whole? 

•  Most of our discussion has focused on the 
extinction and recolonization and the 
limitations and, and, and 

•  Beyond the simplistic consideration of the 
single species, look at the potential 
interspecific relationship and how that 
might influence the species under 
consideration 





In this case of predation, yes it is! 

•  Habitat patches and the coincident 
occurrence of edges allow greater access 
of the predators to the interior of patches 

•  With continuously distributed habitats, the 
edge effects are minimized and there is 
substantially higher survivorship among 
the juvenile forms in this situation 



What about competition? 

•  When we add the potential effects of 
competitors, we need to look at the coincident 
occurrence of the competitor, and the same 
sorts of distributional issues it is facing 

•  It is facing local extinctions and recolonizations 
•  This may facilitate the survival of inferior 

competitors in isolated patches that would 
otherwise be excluded by a superior competitor 



How do we evaluate features? 

•  How can we assess the degree of 
connectedness among populations? 

•  How can we assess the sizes of the 
localized populations? 

•  How can we evaluate boundaries or 
movement among local populations? 



Genetic Differentiation 

•  Isolation leads to differentiation in genetic 
characteristics and we can use molecular 
tools to evaluate the amount of 
differentiation among forms 

•  This can be used to evaluate levels of 
gene flow among these isolated 
populations and the predicted rate of 
movement among these entities 


