
Chap 4: Distributions of Species 

2- Fundamental question in biogeography: 
What actually limits the range of a species? 

1- How do we represent,  
methodologically, the distribution of 
species on the earth? 



Distribution of Individuals 

. 



Aerial Photograph of the Range of  
Juniperous osteosperma 



Abundance of a Palm Tree (Copernicia alba) Across its 
Range Limit in Argentina 



A depiction of range is scale-dependent. 

Fremont’s leather flower  
(Clematis fremontii) 



Abundance and distribution can 
vary over space and time.   

This variation can differ among 
populations. 



Mapping and measuring the range 







Contour Map – A depiction of 
varying density of a species.  
Uses interpolations between 
known data points    



Population Growth and Demography 

•  The size of range, location of its boundaries, and changing 
patterns of abundance reflect the influence of 
environmental conditions on survival, reproduction, and 
dispersal. 

•  Thomas Malthus (1798)  wrote Essay on the Principle of 
Population   
–  Given unlimited resources and favorable environmental 

conditions, a population will grow continuously at it 
maximum possible rate 



Population Growth 
The process by which populations 
change in size can be expressed 
relatively simply as: 

       r = b + i – d – e 
where r, the per capita rate of 
increase, is equal to the sum of the 
per capita birth rate (b) and the per 
capita immigration rate (i), minus 
the per capita mortality rate (d) and 
the per capita emigration rate (e). 
 

 

Thomas Malthus 

dN/dt = rN 



When populations are growing exponentially, the 
rate of growth increases with the population size. 

Exponential Growth 



Few organisms actually continue to grow at 
exponential rates.  Eventually, they reach a carrying 
capacity at which the environment is supporting the 
most individuals possible. 



Carrying Capacity and  
Logarithmic Growth 





Ecological niche  
 
•Describes the “ecological space” occupied by an organism  
    –Resource “space”  
    –Environmental tolerance  
    –Ecological role  
 
•Helps to understand:  
   1.main factors (environmental, competitive) which limit a  
      population’s growth  
   2.mechanisms/factors that influence species’ geographic 
      distribution  



 

Grinnellian Niche (1917) 
•“The particular area within a habitat occupied by an 
    organism.”  (Grinnell, 1917) 
 



Eltonian Niche(1927) 
• “The function or position of an organism or population 
     within an ecological community.” (Elton 1927) 
 



MacArthur’s study of wood warblers 



Specialized Feeding Niches in the 
Intertidal Zone 



N-dimensional Hutchinsonian niche  
 
•Multi-dimensional space of resources that a species needs 
   to survive and reproduce  
 



Fundamental vs. Realized Niche 





One of the earliest studies 
(1961) examining the 
ecological niche was done by 
Joe Connell working with 
barnacles on the Scottish 
coast. 

At Connell’s study site in Scotland, two species of 
barnacle (Chthalamus stellatus and Balanus 
balanoides) were commonly found.  

 Although both species settle randomly throughout the 
intertidal zone, adult Chthalamus are always found 
higher in the intertidal zone than are Balanus. 



Controls of the Range of the 
Barnacle (Chthamalus stellatus) 



Limitations of the multidimensional 
environmental niche concept 
 
Useful conceptual framework for understanding how 
environmental limiting factors influence both geographic 

ranges and local population densities of a species….  
 but...   

 
 
 
 
 
 
 
 
 

Three complications…… 



 
Source Habitats – Favorable conditions keep birth rates high 
and death rates low, creating areas that act as a source for 
the species 
 
Sink Habitats – Unfavorable conditions constantly drain 
individuals but immigration maintains the local population 

Sink – source population dynamics 





• Also, some favorable habitats may be  
   uninhabited just by chance (historical factors) 



• Additionally, temporal fluctuations in the 
environment can determine species presence/
absence… 



Relationship between  
                distribution and abundance 



…the real distribution pattern of most individuals 
tends to be heterogeneous, with some locations 
having high densities and others much lower. 

Such a distribution pattern is called clumped or 
aggregated. 



Common species are usually several orders of magnitude 
more common at some sites than at others.   

This can be examined by looking at results of 
standardized census routes of the North American 
Breeding Bird Survey. 



We may also see temporal variation in 
distribution and abundance.  This 
typically results from temporal variation 
in niche parameters. 

“Plagues”; African Red Locust                                               

 

 

  

Nomadacris septemfasciata 





Generalities in spatial patterns 



What limits a species’ geographic range? 

It appears that the 
boundary of a species’ 
range is probably set by 
multiple environmental 
factors, some biotic and 
some abiotic.  However, 
there have been few 
detailed studies. (but 
see Connell  1961) 



What limits a species’ geographic range?

Physical limiting factors  
Liebig’s law of the minimum 
 

• Originally developed for agriculture; 
yield is proportional to the amount of the 
most limiting nutrient 
 
• Population is limited by single most  
  limiting factor 
 
• Oversimplification 
 
• Interaction among multiple factors 



Shelford's law of tolerance 

40 

•  Range of resources and 
conditions  to which an 
organism is adapted 
determines success 

 



Taylor’s law of the minimum 

•  Factor or range of factors may not be continuously 
effective but are present only at some critical period 
during the organisms lifespan 



Range Boundaries 

Physical factors that play a 
role in limiting distributions 
include: 

1. Temperature regime. 

2. Water availability. 

3. Soil and water chemistry. 




