
 
 
 

Foundations – Species-Area Curves 

A species-area curve is the 
relationship between the area 
of a habitat and the number of 
species found within that area.  
 
 
 
 
 
 

The relative numbers follow 
systematic mathematical 
relationships (Preston 1962) 
 



 
 
 

Foundations – Species / Area Curves 

The equation of the 
least squares regression 
line is  y = mx + b  
 
or, using the formulation 
of the power model, 
log S = z log A + log c 
 

So:      z = 0.324 and log c = 0.493 or,  
 equivalently, c = 10 0.493 = 3.113. 
  
 Thus, the power model is:  S=cAz = 3.113A0.324 
  where A is measured in square miles. 
 

Slope = z 



 
 
 

Ecological Foundations - Biogeography 

 The species richness of a given area can be predicted in 
terms of the habitat area and the traits of the species. 

 
    Early empirical slopes (z) fell within a narrow range from     
    0.15 to 0.39 (Preston 1962, MacArthur and Wilson 1967) 
 

 Does Z depend on the ecology of the species? 
 
 Z varies across taxonomic groups and is inversely 

related to their dispersal capability, with flying and 
wind dispersed organisms, having the lowest values 
(Connor and McCoy 1979)  
 



 
 
 

Ecological Foundations - Biogeography 

 Does Z depend on the geography of the habitat? 
 
 The dispersal capacity of species on continents is 

much better than on islands, which is reflected in 
lower z values for continental flora and fauna 
(Connor and McCoy 1979) 
 
Z also varies with the location and shape of 
the area conserved, depending on the dispersal 
capability of the taxa (Ney-Nifle and Mangel 2000) 



 
 
 

Foundations – Island Biogeography 

NEAR 

FAR 

Conclusion 1:  Size of the 
area (island)  matters 
 
Why? 
 
- More colonizations 

 
- Less extinctions 
  

The publication of The Theory of Island Biogeography 
by Robert MacArthur and E.O. Wilson in 1967 showed that 
the species richness of an area can be predicted in terms 
of the balance between immigration and extinction rates. 



 
 
 

The publication of The Theory of Island Biogeography 
by Robert MacArthur and E.O. Wilson in 1967 showed that 
the species richness of an area can be predicted in terms 
of the balance between immigration and extinction rates. 

Conclusion 2:   
Distance from  
the source matters 

Foundations – Island Biogeography 

Why? 
 
- Less colonizations 

 
- More extinctions 



 
 
 

Foundations – Island Biogeography 



 
 
 

Foundations – Island Biogeography 



 
 
 

Foundations – Island Biogeography 



 
 
 

Foundations – Island Biogeography 

Testing Island Biogeography (Simberloff  1976) 
 
 
 
 
 

Study System: 
 
-   Insects  

 
- Mangrove islets 

 
- Florida everglades 

 
 
 
 



 
 
 

Foundations – Island Biogeography 

(Simberloff  1976) 
 
 
 
 
 

Experiment: 
 
- Census species 

 
- Decrease size 

 
-  Census species 

 
 
 
 



 
 
 

Foundations – Island Biogeography 

(Simberloff  1976) 
 
 
 
 
 

Results: 
 
- Species number  
    decreased, when  
    area diminished 
 
-  Decline happened  
    regardless of  
    habitat diversity 
 
 

 
 
 



 
 
 

Foundations – Island Biogeography 

Species Turnover Results (Simberloff  1976) 
 
 
 
 
 

 

The area effect and the underlying dynamic equilibrium 
are not due only to an increase in the transients and 
vagrants on larger islands. 
 
Yet, there are a number of species which are particularly 
prone to quick extinction and which contribute 
disproportionately to the observed high turn-over rates. 
 
However, the effects of decreased area on species 
composition are stochastic at best, not deterministic.  

 



 
 
 

Foundations – Island Biogeography 

Total  
Species 
On 
Island 

Time 

Ecological Time Frame Evolutionary  Time Frame 

Species Accumulation  
Dynamic Turnover 

Higher Efficiency (Narrow Niches) 
Species Adaptation (Speciation) 



 
 
 

Foundations – Island Biogeography 

What does this mean for the colonization of Hawai’i by life? 
 
- Size of the islands                

influences species richness  
 

- Connectivity to mainland 
influences species richness 

 
- Which species colonized  / 

Which ones did not  
 
- Diversity of habitats, as           

islands age and erode,          
changed… enhancing overall 
biological diversity   

Human Impacts Create Islands 
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A. 
Colonization rates decrease with increasing 
numbers of species on islands. 

B. 
Extinction rates increase with increasing 
numbers of species on islands. 

C. 
The number of species in an island 
increases with the size of that island. 

D. 
The number of species in an island always 
increases over time. 

E. 
All of the above are consistent with the 
theory of island biogeography. 

Checking your Understanding 
 
1) Which of the following is not consistent with the  
theory of island biogeography? 



 
 
 

Checking your Understanding 
 
2) Which configuration below would you expect to have  
approximately the same number of species for four islands? 

A. 
islands that decrease in size without 
changing distance 

B. 
islands that increase in size without 
changing distance 

C. 
islands that decrease in size with 
increasing distance 

D. 
islands that increase in size with 
increasing distance 

E.  I cannot tell 



 
 
 

http://www.pelagicos.net/classes_naturalhistory_sp2016.htm 

Island Biogeography In Practice 
 

The study and description of organisms in their environment, 
especially their origins, evolution and interrelationships. 

 



 
 
 

Island Biogeography 
 

Two perspectives  relating species richness to island size: 
 
 

Empirical 
Based on Observations     

Theoretical 
Based on a Principles 



 
 
 

Case Study –Krakatoa  

Volcanic island in the Sunda 
Strait between Java and  
Sumatra in Indonesia.  
 
Krakatoa volcano exploded            
in 1883, killing 36,417 people.  
 
 
 
Krakatoa volcano re-emerged    
from the ocean, and is the 
principal force in the ongoing 
formation of Anakrakatoa,  
“the Child of Krakatoa". 



 
 
 

Case Study –Krakatoa  
Vertebrate surveys (1908 - 1985) show continuing 
colonization by new species and species turnover.  
 
 
Number of nonmigrant  
nonmarine bird and  
reptile species  
approaching equilibrium  
 
Acquisition rates for  
these groups are lower  
than in the 40 years  
after 1883 eruption 



 
 
 

Case Study –Krakatoa  

Minimal annual extinction rates are an order of 
magnitude lower than calculated for equilibrium 
from formulas by MacArthur and Wilson (1967) 
 
 
Estimate based on  
size of the island 
and on distance to  
the closest mainland 
(source of species). 
 

Not all arriving 
species held on 



 
 
 

Island Biogeography 

Total  
Species 

On 
Island 

Time 

Ecological Time Frame Evolutionary  Time Frame 

Species Accumulation  
Dynamic Turnover 

Higher Efficiency (Narrow Niches) 
Species Adaptation (Speciation) 

1908-1985 



 
 
 

Case Study Revisited – Krakatoa  
• Habitat Heterogeneity and Succession Matter: 
 

Anak Krakatau emerged in 1930 and suffered an                     
eruption in 1952 that destroyed the vegetation.  
 

This island and a dynamic spit on Sertung Island                   
held at an early successional stage, provide: 
 
(i) ecological “refuge” for species  
whose optimal habitat on older islands  
is extirpated by vegetation change  

 
(ii) ecological "windows" through which  
these species may still establish from                                                           
the mainland, thus postponing their  
extinction on the entire archipelago 

(Thornton et al. 1988) 



 

 

  

 
 

 

Slight Detour - Reviewing Succession  

 

 

Motivation:  The great variety of species in local areas of tropical 
rain forests and coral reefs legendary. The usual explanation relies        
on assumption that the species composition of such assemblages is 
maintained near equilibrium.  
 
The question thus became:  
"how is high diversity maintained near equilibrium?"  (Connell 1978) 



 

 

  

 
 

 

Observations from Coral Reefs 

 

 

Evidence:   
 
Changes in coral species 
diversity result from 
the passing of time 
 
Yet, periodic 
disturbances also 
affect coral diversity 
 
Areas of high / low 
disturbances have 
different degrees                 
of coral cover and  
coral species diversity  
 
 
 (Connell 1978) 



 

 

  

 
 

 

Theoretical Framework 

 

 

Predictions: 
 
 
Different species  
occur along the 
disturbance regime 
 
There is predictable 
replacement of one 
species by another    
 
 

(Connell 1978) 



 
 
 

Total  
Species 
On 
Island 

Time 

Ecological Time Frame Evolutionary  Time Frame 

Long Time Lag for Physical 
Conditions to Favor Life 

Catastrophic Disturbances                    
(e.g., volcanism, sea-level change) 

Limitation of Island Biogeography 
 1. Model does not account for catastrophic events 

    (currently… or in the past) 

Volcano        Sea-level Rise People 



 
 
 

What should have happened to the number of species present when 
sea level increased and Maui Nui was split up by rising sea level? 
 
How long would if take for this species relaxation to occur?    

Limitations of Island Biogeography 
 



 
 
 

Limitations of Island Biogeography 
 

2.  Model does not account for history 
(ecological vs geological time)   

What should happen to             
the number of species  
when the size of a mangrove 
patch decreases by a factor 
of 10 (from 100% to 10%) ? 



 
 
 

Limitation of Island Biogeography 
 

3. Model does not account for habitat     
    heterogeneity (at any given time… or over time) 

Size does 
matter 

 
Why? 

How about 
habitat 
diversity ? 



 
 
 
Total  
Species 
On 
Island 

Time 

Ecological Time Frame Evolutionary  Time Frame 

Species Turnover 
Higher Efficiency 
 

Species Adaptation  
Narrow Niches 

Limitation of Island Biogeography 
 

4. Model does not account for different species 
traits (predicts equilibrium number… not identity) 



 
 
 

Limitation of Island Biogeography 
 

5. Model does not account for evolution 
(adaptation / speciation) 

(Losos and Rickles 2009) 



 
 
 

Limitation of Island Biogeography 
 Allopatric speciation: 

There is spatial 
separation 

Sympatric speciation: 
There is no spatial 

separation  
 

NOTE:   
Species isolation is 

dependent on ecology 
and behavior of the 

specific species 
 

(e.g., multiple paths               
to reach reproductive 
isolation – not be able 

to interbreed) 



 
 
 

Maui Nui Biogeography - Summary 
 

Define: Which islands? 
 
History: Peak size -    
when / how large?  
 
 
 
 

How did Maui Nui's history 
influence species / area 
relationship? – in theory. 
 
How did Maui Nui’s history 
influence species diversity 
(speciation) – in practice. 
 
 

Take Home: Because Hawaii is an isolated system where 
high diversity results from in-situ evolution, landscape 
history is important determinant of biogeography. 



 
 
 

Maui Nui Biogeography - Summary 
 

 

Maui Nui's history played an important role in speciation.  
 
- Larger islands have been shown to experience more 
speciation than small ones (they are more heterogeneous) 
 
- Maui Nui's area through evolutionary time is more 
relevant to the evolution of Hawaiian diversity than the 
current size of its constituent islands (historical legacy) 
 
- Furthermore, the process of islands splitting up causes 
allopatric speciation via creation of dispersal barriers  
 
 



 
 
 

Maui Nui Biogeography - Summary 
 

Expected biogeographic outcomes: 
 
- Because of facilitated dispersal (connectivity) and 
enhanced speciation, Maui Nui islands should contain            
more species than predicted by their age and area alone 
 
- Because Maui Nui islands are part single "evolutionary 
isolate," they should share many species that are endemic 
to Maui Nui as a whole, yet contain relatively few species 
that are endemic to only a single Maui Nui island 

 
- Finally, these patterns should be most pronounced in 
lowland and dry climates, because these have been spatially 
and temporally continuous over lifetime of Maui Nui 
 
 



 
 
 

Foundations – Island Biogeography 

What does this all mean for colonization of Hawai’i by life? 

 
- Size of the islands influences species richness  

 
- Connectivity to mainland influences species richness 
 
- Which species colonized  / Which ones did not ? 

 
 
- Diversity of habitats, as the islands age and erode, 

changed… affecting overall biological diversity   
 
 
 
 
 
 



 
 
 

Foundations – Island Biogeography 

Take Home: Because Hawaii is an isolated system where 
high diversity results from in-situ evolution, landscape 
history is important determinant of biogeography. 

Identify islands 
 
Sequence of island 
formation / erosion 
 
 
 

Understand the type 
of evidence used in 
biogeographic studies 
 



 
 
 

Foundations – Island Biogeography 
Approach: 
 
GIS mapping 
 
Modelling island 
area / distances 
 
Addressed 
island growth,  
weathering and 
subsidence 
 
But: did not 
address sea 
level change 
 



 
 
 

Foundations – Island Biogeography 

Approach: 
 
Age of most recent 
common ancestor 
(MRCA) for multi-
species lineages 

Result: 
 
12 of 15 lineages diverged since formation of Kauai 
 
3 diverged from outside relatives (colonized) since 5 Ma  
 
the rest (9), possibly arrived earlier and diversified               
from a single transfer event (jumping to younger island) 



 
 
 

Foundations – Island Biogeography 

Results: 
 
More peaks  
over time 
 
Peaks  distances 
vary over time 
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Class Project - Scope 
Natural history is a practice and  
a body of knowledge. It can be both a 
personal path and a professional 
undertaking. It has been given many 
definitions and can be claimed by no     
single discipline or knowledge holder.  
 

And yet, there are consistent elements in definitions collected from                   
a wide range of practitioners, from poets to ecologists, geologists                         
to expeditionary artists, resource managers to science teachers:  
 
1. Attention to and representation of nature 
 
2. A focus on patterns observed at the organismal to landscape level 
 
3. An emphasis on the value of accuracy 
 
   
                                                        (http://naturalhistoriesproject.org) 
 



 
 
 

Class Project – Scope  
Revised Definition: Natural history tells the story 
of the living earth. It comprises the systematic 
observation, classification, interpretation, and 
description of the biosphere and its inhabitants. 
 
Natural history is a primary component of culture. 
Every society develops some system for 
classifying and interpreting animals, plants, and 
other natural phenomena. These systems shape 
our understanding of the world and our place in it. 
 

Natural history is field-based. It begins with direct observation and 
study of organisms in the conditions under which they actually live. 
 

Natural history is interdisciplinary. While grounded in the natural 
sciences, it engages the humanities, social sciences and the arts.            
It informs many technical fields such as medicine, agriculture and 
environmental management.               
                                                                  (http://naturalhistorynetwork.org) 



 
 
 

Class Project – Goals 
  

 Field–based Observations 

 Interdisciplinary:  Biology, Ecology, Geology…     

(biological and physical environment) 
 

 Requisites: 

o  Accurate: Grounded in Observation 

o  Quantification: Descriptive Statistics 

o  Patterns:  Sampling matches scales 



 
 
 

Class Project - Goals  

 Credit:  25% (Write-ups) & 15% (Presentation) 

o  2 – 3 students (form groups by week 4) 

o  topic selected by you and approved by me    
 

 Four write-ups: 

o  Proposal (5%) 

o  Outline (5%)  

o   Pilot Data Report (5%) 

o  Extended Abstract (10%)  

 



 
 
 

Class Project – Examples 
  

 How many organisms / species are there?  

 Which species occur where? 

 How do species partition resources / habitats? 

 How does diversity vary in time / space? 

 Are species associations tight / loose?  

 Do organisms have daily rhythms? 

 How do people interact with other organisms?    



 
 
 

Class Project – Suggestions 

Invasive species 

Sessile Organisms  
Easy to Identify Taxa 

Human – Wildlife Interactions 



 
 
 

Class Project – Resources 

 

  Create account; Post observations 

  Join “Hawai’i Biodiversity” Project 

 (www.inaturalist.org/) 
 
- Phone app 
- Web link 
 

http://www.inaturalist.org/


 
 
 

Class Project – Next Steps 
  

  By end of Wednesday – Feb 17th, email me  

                  (khyrenba@gmail.com) 

•  If you have a group (2 to 3 people): 

 Membership and two project ideas 

 (one sentence: what / where / how) 

 

•  If you are not in a group: 

 Individual top three taxa / ideas 

 (Ranked: 1 most favorite) 

mailto:khyrenba@gmail.com

