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Ranges and 
Gradients
MODULE 15: RANGES AND GRADIENTS
UNIT 3: ECOLOGICAL BIOGEOGRAPHY

Objectives

 At the end of this series of lectures you should be able to: 
 Define terms. 

 Describe and discuss Bergmann’s, Allen’s, and Gloger’s Rules. 

 Discuss how litter or clutch size varies with latitude and possible 
explanations for these patterns. 

 Describe how geographical ranges differ in size, shape, and orientation 
and the causes and implications of these different patterns. 

 Discuss the expect patterns of overlap in species ranges, the associated 
ecological reasoning, and the observed patterns of overlap. 

 Describe the relationships between body size, range size, and 
abundance.  Explain the ecological reasoning for the described 
patterns. 
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Disciplinary Boundaries 

 Biogeography
 Areography

 Ecology
 Macroecology

 Biogeography
 Areography

 Macroecology
 Ecology

Size of Ranges

 Extent of occurrence
 Area of occupancy



20‐Mar‐17

3

Size of Ranges

 Most species have restricted ranges and only a few species have 
wide distributions
 Similar shapes to the distributions

 Range boundaries are set by similar environmental limiting factors

 Dynamics of colonization, speciation, and extinction processes have 
similar influences on the relative sizes of ranges in different taxa 
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Range Size Gradients

 Rapoport’s Rule
 Eduardo Rapoport

 George Stevens
 Originally suggested as an explanation of the latitudinal gradient in species 

richness. 

 Geographic range size increases with increasing latitude. 
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Range Size Gradients

 Rapoport’s Rule
 Little understanding of how it could actually impact species diversity 

gradient. 

 Empirical problems: Not a general pattern – many groups do not show 
the pattern. 

 Conceptual problems: Mid-domain hypothesis
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Distribution of Range Size by Body 
Size

 Not necessarily what we think of when we think of relationships – we 
typically think linear

 Triangular shape
 Decidedly non-random – Occupying a roughly triangular space.
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Distribution of Range Size by Body 
Size

 Triangular shape the result of 
 Continental area on the maximum size of the range. 

 Extinction acting on the minimum size of the range 

 Minimum body size (veil line?) physiological constraints? 
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Distribution of Range Size by Body 
Size

 Explanation of pattern
 Body size varies inversely with population density

 Extinction probability varies inversely to population size. 
 Large organisms tend to be extinction prone. 

 Only if large organisms have large ranges are they able to persist. 

Distribution of Average Abundance 
by Area of Range

 Not a typical distribution of points – again roughly triangular
 Few species with small range and high abundance

 Species with large ranges demonstrate wide variability in abundances

 Generalist species will have greater local abundance and larger 
distributions than specialist species. 



20‐Mar‐17

9

Orientation of Ranges

 Plotted maximum North-South distances as a function of maximum 
East-West
 Small ranges tend to be oriented north-south

 Large ranges tend to be oriented east-west

 Explanation
 East-west orientation- belts of climate and vegetation

 North-south orientation- influences of geographic features 
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Overlap of Ranges

 Do closely related species overlap more or less than expected by 
chance?
 They should overlap

 Similar dispersal abilities and similarity in environmental and resource 
requirements

 They should not overlap
 Vicariant structures may be preserved

 Competitive exclusion

Overlap of Ranges

 Observed patterns
 Algae, birds and plants – overlap is not greater or less than expected by 

chance 

 Seed eating rodents –overlap is less than expected by chance

 Explanation for different patterns
 Competition may be more frequent and intense for different groups

 Scale- may exclude one another at local scales but still overlap

 Enduring pattern of allopatric speciation
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Bergmann’s Rule

 Body size increase with increasing latitudes
 Warm blooded organisms

 Classical explanation 
 Small organisms have a higher surface to volume ratio 

 Small organisms require more energy on a per unit basis to maintain 
their body temperature
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Bergmann’s Rule

 McNab 
 Organisms do not live on a per unit basis 

 Organisms live on an absolute or total energy basis.

 Where temperatures and productivity are chronically low traits should 
favor minimizing energy requirements 
 Such as small body size

Bergmann’s Rule

 Other explanations
 Temperature at which active thermoregulation is necessary decreases 

with increased body mass.

 Energy and water stores increase with in crease body size

 Lethal ambient temperature decreases as body mass increases

 Environmentally influenced development –red-winged blackbirds

 Ecological release due to decreased species richness

 Extended growth with delayed maturation
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Bergmann’s Rule

 Many poikilothermic organisms also exhibit increased body size with 
increased latitude. 
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Allen’s Rule

 Organisms living in hotter environments tend to have longer 
appendages
 Classical explanation 

 Reduced surface area promotes heat conservation in cold environments

 Increased surface area facilitates heat dissipation at high temperatures

 Challenges
 Increased or decreased insulation

 Altering blood flow in appendages 



20‐Mar‐17

18

Gloger’s Rule

 Coloration is related to humidity: darker colors in more humid 
environments
 Classical explanation 

 Crypsis – Avoid visual detection by predators or by prey.  

 Humid climates have darker soils and denser vegetation (shadows)

 Arid environments have light colored soils with sparse vegetation 
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Jordan’s Rule

 The number of vertebrae in marine fishes increases with latitude. 
 Possibly related to Bergmann’s rule

 Facilitate rapid growth with limited growing season. 
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Thorson’s Rule

 Marine mollusks have two modes of development: 
 Direct development

 Planktonic with dispersal 

 Low latitudes are dominate by planktonic development and high 
latitudes are dominated by direct development. 
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Predation Escalation Hypothesis

 Anti-predator defenses are highest at low latitudes and decrease at 
higher latitudes. 
 Correlated with predator diversity – latitudinal gradient in species 

richness

Clutch and Litter Size

 Increased clutch or litter size with increased latitude
 Clutch size is influenced by

 Climate

 Food availability

 Interspecific interactions
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Clutch and Litter Size

 r and K-species explanation
 Seasonally variable mainland – r-selected –few large clutches

 Milder less variable island – k-selected –fewer smaller clutches

 Tropical mainland – stable, more competitors – more k-selected even 
fewer smaller clutches
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Terms and Scales

 Species diversity vs. Species richness vs. Species density
 Alpha (α) diversity -- Species richness at a particular site

 Beta (β) diversity

 Gamma (γ) diversity

 Local diversity

 Regional diversity 

Latitudinal Gradient in Species 
Richness 

 Many species in the tropics.
 A moderate number of species in the temperate regions. 
 Very few species in the Arctic and Antarctic regions 
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Latitudinal Gradient in Species 
Richness

 Holds true for most large groups of organisms 
 Exceptions

 Some groups do reach maximum diversity at different latitudes
 Penguins (Antarctic)

 Seals (Arctic and Antarctic)

 Ichneumonid wasps (Northern temperate)

 Pines (Northern temperate) 
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Amphibians
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Birds

Mammals
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Latitudinal Gradient in Species 
Richness

 Alpha diversity increases with decreasing latitude. 
 Trees

 A single hectare of forest:
 Canada 1-5 species of trees

 Eastern U.S. 10-30 species of trees
 Central America 40-100 species of trees

 Mammals
 Alaska 15-16 species of mammals
 Eastern U.S. 31-35 species mammals
 Panama 70 species of mammals

Latitudinal Gradient in Species 
Richness

 Freshwater fish 
 Until recently were not thought to show a latitudinal gradient in species 

richness.  

 South American rivers 30-60 species

 Temperate U.S. rivers 10-30 species

 Oceanic organisms
 Until recently were not thought to show a latitudinal gradient in species 

richness. 

 Recent research confirms a strong latitudinal gradient.
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Latitudinal gradient of 
species richness

 Proposed explanations
 More than 220 explanations have been proposed. 

 Explanations are not typically mutually exclusive.

 Explanations: Equilibrium vs. Non-equilibrium
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Latitudinal gradient of species 
richness

 Proposed explanations
 Historical perturbation

 Productivity

 Harshness

 Climatic stability

 Habitat heterogeneity

 Interspecific interactions

 Area

Other geographical patterns in 
species richness

 Peninsulas -- Species diversity tends to decrease with increasing 
distance from the continental attachment. 
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Other geographical patterns in 
species richness

 Bays -- Species richness declines as the distance from the open sea 
increases.  
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Other geographical patterns in 
species richness

 Elevation -- Species diversity peaks at intermediate elevations. 



20‐Mar‐17

33

Other geographical patterns in 
species richness

 Depth -- In aquatic systems, species diversity is highest at 
intermediate depths.  
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Other geographical patterns in 
species richness

 Aridity -- Species diversity decreases with increasing aridity.  
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Mammals

Body Size and Species Diversity

 Continental pattern
 Distribution with pronounced right skew

 Most organisms are small- to medium-sized

 A few species are large bodied
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Body Size and Species Diversity

 Biome pattern
 Low mode – less pronounced right skew

 Small- to medium-sized organisms still are the most abundant but less so. 

 More even distribution
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Body Size and Species Diversity

 Local community pattern
 No obvious mode – no skew – nearly flat distribution
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Body Size and Species Diversity

 Explanation
 Small- to medium-sized organisms have fast turnover – high beta 

diversity

 Large organisms have much less turnover

 Occur in a wider variety of habitats/communities 
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Lumpy/Gappy Distribution of 
Abundance by Body Size

 Species seem aggregated to certain size categories 
 These size categories are separated by categories that contain few 

if any species.
 Suggests a match between ecological characteristics of species. 

 Spatial or temporal characteristics of habitat favors certain species. 

 MacArthur/Hutchinson gaps – Competition
 The aggregated classes of body size contain species more different 

than expected by chance. 


