
Four major developments revolutionized 
biogeography in the latter part of the 
20th Century: 

1.  The acceptance/advancement of plate tectonics. 

2.  The development of new phylogenetic systematic techniques. 

3. A new focus on the role of ecological factors in influencing                        
the distributions of species and communities 

4. Advances in our abilities to compile, visualize, and analyze 
geographically explicit data 

 

We will talk in detail about each of these in later chapters. 



Alfred L. Wegner (1880-1930)  

German meteorologist who revitalized Antonio Snider-Pelligrini’s 1858 idea of 
continental drift.  Wegner’s observations where  based on the geological and 
biological evidence. 







G. E. Hutchinson (1903-1991) 

�Multidimensional niche concept 

�Mechanisms of species coexistence 



Perhaps the most significant event 
in ecological biogeography was the 
publication of a monograph on 
island biogeography by E.O. Wilson 
and Robert MacArthur.  In this 
seminal work, they proposed 
theories to explain the number of 
species found on islands. 





Why is biogeography growing fast? 
 
� Transformation of biogeography itself: from a descriptive    

 science into a science aimed at testing theories. 
 
�  Environmental concern and need to understand and  manage 
biological systems at broader scales. 
 
� Application of new technologies. 
 



�Increasing diversification in Biogeography –paleontology, geology, 
meteorology, botany, zoology, ecology 

Contemporary Biogeography 

�Technological advances allowed complex analyses 

--Personal computers 
--Multivariate statistical techniques 
--GIS methodology 
--Remote sensing 
--Satellite tracking   
 



. 



Evolution of ideas 
• Age of European Exploration (early 18th century) 
   – Catalogue/classify species 
   – Strongly influenced by religion 
   – Single origination of immutable species 
 
• Age of Enlightenment (late 18th century) 
   – Distribution & patterns of biodiversity 
   – Climate variability important 
   – Species compete 
 
• 19th century 
   – Earth is old 
   – Species are dynamic and respond (i.e. adapt) to biotic/abiotic factors 
   – Species evolve by natural selection, go extinct 
 
• Early 20th century 
   – Geographic distribution of species due to geological (e.g. continental drift) as well                   
biological factors 
   – Mechanisms of speciation & coexistence 
 
• Late 20th century 
   – Island biogeography: conceptual mechanism explaining species richness    



Physical Setting 

Chap. 3: The Geographic Template 



Living organisms are found in virtually every 
habitat on the planet. 



Peregrine Falcon (Falco pereginus) 
A “cosmopolitan” distribution 



The most significant 
factor controlling 
distribution is the physical 
environment. 

In terrestrial organisms, 
distributions may be 
affected by climate 
(primarily temperature & 
precipitation) and soil 
type. 

In aquatic organisms, 
temperature, salinity, 
light, and pressure are 
significant. 



It is well documented that environmental variables vary in a 
nonrandom manner.  It is also well established that more distant sites 
tend to be more different than closer sites. 

This relates to distributions in that, as the distance between locations 
grows, we might expect the environmental conditions to differ. 

 (= distance decay) 



A model for understanding the diversity of 
geographic patterns: the geographic template 



 Over the 3.5 billion year history of life on earth, climates 
have swung dramatically from glacial to interglacial 
episodes of the Pleistocene (last 2 my) and from much 
earlier periods of the so-called snowball earth (650 
mya??) to the global sauna of the Mid Eocene (~49 mya)
…. 
 
….  Just as fundamental, and sometimes driving these 
major climatic shifts, the earth’s crust itself is highly 
dynamic, emerging from the mantle below to drift, split, 
and collide in a jigsaw puzzle known as plate tectonics. 



Dynamics in space and time are driven by two great engines: 

Energy stored at the earth’s core…. 

Energy of the sun… 



According to the principles of 
thermodynamics, heat is transferred from 
objects of higher temperature, to objects 
of lower temperature by one of three 
mechanisms: 
 
1)  Conduction; a direct molecular transfer (esp. 

thru solid matter) 
2)  Convection; the mass movement of liquid or 

gaseous matter 
3)  Radiation; the passage of waves through 

space or matter 





Climate 
Solar radiation and latitude 

A key factor in 
determining climate 
zones and, therefore, 
the distribution of habitat 
types is the angle of 
incident radiation. 

This is a function of 
latitude. 
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Solar energy and temperature regimes 



The cooling effect of elevation 



Orographic Lifting  
(= adiabatic cooling) 





Winds and Rainfall 



Differential heating of the earth’s surface also causes the 
winds that circulate heat and moisture, As we have seen, the 
most intense heating is at the equator, especially during the 
equinoxes when the sun is directly overhead. As this tropical 
air warms, it expands, becoming less dense than the 
surrounding air so it rises….. 



Solar-driven,                                               
latitude and atmospheric circulation 



The unequal heating of the 
earth’s surface sets up a 
series of “cells” of rising 
and falling air as one moves 
from the equator to the 
poles. 





Ocean currents are driven by prevailing winds. 

Continents block the flow, and create a northern and southern gyre in the 
Atlantic and Pacific. 



The Humboldt Current 



Precipitation patterns 

By superimposing these patterns of temperature, winds, 
and ocean currents, we can begin to understand the 
global distribution of rainfall…. 





Precipitation patterns 
“rainy seasons” 





Precipitation patterns 
Deserts of the world 



Expanding gases undergo adiabatic cooling. 

So, rising airs cools.  As it does, the water vapor it contains 
condenses. 

Rain shadows may result when air moving over a mountain 
cools and loses its moisture.  The leeward side of the 
mountain then experiences dry winds. 





The cold Humboldt current, flowing 
north along the Pacific coast of 
South America, along with the rain 
shadow cast by the Andes 
Mountains, leads to a dramatic 
difference over a rather short 
distance. 

As much as 10 m of rain falls 
annually on the tropical rain 
forests  on the eastern slope of the 
Andes.   

The Atacama Desert to the west 
may go years without rain. 

 



Precipitation patterns 
Mediterranean climates…. 



The earth’s major climatic regions.  Note that these regions 
occur in distinct patterns with respect to latitude, and the 
positions of continents, oceans, and mountain ranges. 



Small-Scale Spatial and Temporal Variation 
Great variation can be created on a local scale. 

Mountains can have a particularly strong effect. 

Examine the 
effect of elevation 
on climate.  A 
high elevation 
site in Arizona is 
more similar to 
one 1500 km 
away in Oregon 
than a low 
elevation site 15 
miles away in 
Arizona. 



The spruce forests high on the 
slopes of the Great Smoky 
Mountains National Park are 
more similar to those of boreal 
forests of N Canada, than to 
the deciduous forests in the 
valleys below. 



Puerto Rico has a high, 
mountainous “backbone”.  
Lowlands on the northern 
and eastern sides of the 
island are lush and tropical. 

As the northeast trade winds 
move across high backbone 
of the island, they lose much 
of the moisture they contain. 

As a result, the southwestern 
corner of the island is 
extremely dry, with “thorn-
forest” flora similar to that of 
western Mexico. 


