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The Science of Biogeography 

Biogeography is the science studying the distribution of species and ecosystems 
in geographic space and through time. It is usually considered a subset of physical 
geography because it often is related to the study of the physical environment, and 
how it affects species and shapes their distribution across space. It is concerned not 
only with habitation patterns, but also with the factors responsible for variations in 
distribution. It aims to analyze where species live, and in what abundance. 
Biogeography has strong ties to biology, ecology, evolution, climatology and soil 
science. 

Overview of the chapter 

This chapter provides the basic notations and ideas that form the foundation of 
biogeography-based optimization (BBO). This chapter first gives an introduction to 
natural biogeography in section 1.1, and then focuses on island biogeography in 
section 1.2. Some interesting factors that influence biogeography and that inspire 
BBO algorithmic features are described in section 1.3. 

1.1. Introduction 

The science of biogeography can be traced to the work of 19th Century 
naturalists, most notably Alfred Wallace [WAL 06] and Charles Darwin [KEY 01] 
(see Figure 1.1). Wallace is usually considered the father of biogeography, although 
Darwin is much better known because of his preeminence in publishing the theory 
of evolution. Science views the distribution of species in the world as a result of 
continuous evolution. Some species evolve locally. 
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Figure 1.1. Photographs of Charles  
Darwin (left) and Alfred Wallace (right) 

The science of biogeography answers many varied questions. As writer David 
Quammen put it [QUA 96], “...biogeography does more than ask Which species? and 
Where. It also asks Why? and, sometimes more crucially, Why not?” Biogeography 
developed in an attempt to answer some of these questions, such as why there are so 
many kinds of animals and plants in the world. It seeks to explain why some of these 
animals and plants are rare while others are common. It seeks to explain why some 
animals and plants are widely dispersed while others are confined to a limited area. It 
seeks to explain why some parts of this world are richer in species than others. The 
study of biogeography helps us to answer these types of questions. 

Modern biogeography is the study of the geographical distribution of animals 
and plants while taking into account species counts, present and past, the habitats in 
which they are found, and ecological relationships. By observing the geographic 
distribution of species, we can see that the following factors are associated with 
biogeography: air pressure, physiography, ocean currents, latitude, temperature, 
amount of sun light, precipitation and wind. Biogeography combines information 
and ideas from many fields, ranging from the physiological and ecological 
constraints on species dispersal, to geological and climatological phenomena that 
operate at global spatial scales and evolutionary time frames. The short-term 
interactions within a habitat and between species comprise the ecological application 
of biogeography. Historical biogeography deals with the long-term, evolutionary 
periods of time, and broader classifications of species. 

There are two important theories in biogeography that have been developed to 
address the distribution of biological species in the world: the distance-decay theory 
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Biogeography is most keenly focused on islands. Islands are often manageable 
areas of study because they are more condensed than larger ecosystems on the 
mainland. Islands are also attractive locations for study because they allow scientists 
to look at habitats that new invasive species have only recently colonized, and to 
observe how they disperse throughout the island and change it. Scientists can then 
apply their understanding to similar but more complex mainland habitats. Islands are 
very diverse in their biomes, ranging from tropical to arctic climates. This diversity 
allows for a wide range of species studies in different parts of the world. 

Mathematical models of island biogeography describe speciation (the evolution of 
new species), the migration of species between islands, and the extinction of species. 
The term island here is descriptive rather than literal. An island is considered any 
habitat that is geographically isolated from other habitats. In the classic sense of the 
term, an island is isolated from other habitats by water. But islands can also be habitats 
that are isolated by stretches of desert, rivers, mountain ranges, predators, man-made 
artifacts or other obstacles. For example, an island could consist of a riverbank that 
supports herbs, or a pond that supports insects [HAN 97]. 

Geographical areas that are friendly to life are said to have a high habitat 
suitability index (HSI) [WES 87]. Features that correlate with HSI include factors 
such as rainfall, vegetative diversity, topographic diversity, land area and air 
temperature. These features that characterize habitability are called suitability index 
variables (SIVs). In terms of habitability, SIVs are the independent variables of the 
habitat, and HSI is the dependent variable. 

Islands with a high HSI tend to support many species, and islands with a low HSI 
can support only a few species. Islands with a high HSI have many species that 
emigrate to nearby habitats, simply by virtue of the large number of species that they 
host. Emigration from an island with a high HSI does not occur because species want 
to leave their home; after all, the home island is an attractive place to live. The reason 
that emigration occurs from these islands is due to the accumulation of random effects 
on a large number of species with large populations. Emigration occurs as animals ride 
flotsam, swim, fly or ride the wind to neighboring islands. When a species emigrates 
from an island, the species does not completely disappear from the island; only a few 
representatives emigrate, so an emigrating species remains present on its home island 
while at the same time migrating to a neighboring island. 

Islands with a high HSI not only have a high emigration rate, but they have a low 
immigration rate because they already support many species. The species that arrive 
at such islands will tend not to survive, even though the HSI is high, because there is 
too much competition for resources. 

Islands with a low HSI have a high immigration rate because of their low 
populations. Again, this is not because species want to immigrate to such islands; 
after all, these islands are undesirable places to live. The reason that immigration 
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occurs on these islands is because there is a lot of geographical room for additional 
species. Whether or not the immigrating species can survive in its new home, and 
for how long, is another question. However, species diversity is correlated with HSI, 
so more species arriving at a low HSI island will result in a greater chance that the 
island’s HSI will increase [WES 87]. 

Figure 1.3 depicts species migration between islands, and Figure 1.4 illustrates a 
model of species abundance on a single island [MAC 67]. The immigration and 
emigration rates are functions of the number of species on the island. We have 
depicted the migration curves as straight lines, but in general they might be more 
complicated curves, as we will discuss later. 

 

Figure 1.3. Species migrate between islands via flotsam, wind, flying,  
swimming and other methods. For a color version of this figure, see  

www.iste.co.uk/ma-simon/evolutionary.zip 

μ

λ

 

Figure 1.4. Species migration model of an island, based  
on [MAC 67], where S0 is the equilibrium species count 
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Consider the immigration curve. The immigration rate λ decreases 
monotonically as the number of species on the island increases, since as S increases, 
there is less room on the island for new species. The maximum possible immigration 
rate to the habitat is I, which occurs when there are zero species on the island. As the 
number of species increases, the island becomes more crowded, fewer species are 
able to survive immigration, and the immigration rate decreases. The largest 
possible number of species that the habitat can support is Smax, at which point the 
immigration rate is zero. 

Now consider the emigration curve. The emigration rate μ should be, from 
reasoning parallel to that above, a monotonically increasing function of S. If area is 
proportional to population sizes, and emigrations are the chance result of 
demographic stochasticity, then as the number of species increases, the number of 
species that are subject to chance emigrations increases in proportion, and the 
relationship is linear. If there are no species on the island, then the emigration rate is 
zero. As the number of species on the island increases, it becomes more crowded, 
more species leave the island, and the emigration rate increases. The maximum 
emigration rate is E, which occurs when the island contains the largest number of 
species that it can support. 

Finally, consider the equilibrium species count. The migration model predicts 
that there is a value S0 at which the immigration rate and the emigration rate balance; 
there is a dynamic equilibrium. At that point, species on the island immigrate at a 
rate equal to disappearances due to emigration. This is a stable equilibrium since, if 
the number of species on the island is perturbed, the imbalance between the 
immigration and emigration rates at the new S would tend to return island diversity 
toward its equilibrium value. Below S0, additional species accumulate and the 
immigration rate is larger than the emigration rate. Above S0, the reverse is true, 
emigrations exceed immigrations, and the number of species declines to S0. 

1.3. Influence factors for biogeography 

We have discussed the basic theory of island biogeography, which is the study of 
the geographical distribution of biological species on islands. There are many 
interesting influence factors closely associated with biogeography, including the 
following. 

Nonlinear migration: Classic island biogeography theory assumes that the 
immigration and emigration rates are linear with respect to the number of species, as 
shown in Figure 1.4. However, there is no reason to suppose that the migration 
curves are linear. Empirical data suggest that biological migration rates are probably 
nonlinear functions of the number of species [MAC 67]. Pioneer species are likely to 
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rapidly colonize an island that has a higher immigration rate, and later less robust 
species follow. They will not only immigrate later, but the rate at which they 
immigrate will be lower because they have less intrinsic ability for colonization. The 
rate at which species accumulate on islands is therefore initially rapid and then 
slower. Also, among poor species, the successful immigration of any one species has 
less effect on the immigration rates of other species than does the earlier 
immigration of pioneer species. Therefore, this part of the immigration curve should 
be flatter; that is, the rate of immigration should be less affected by the arrival of 
poor species. The result is an immigration rate curve which is nonlinear. For the 
purpose of simplicity in evaluating the basic implications of the migration model, 
the emigration curve can be viewed as a mirror image of the immigration curve, and 
it would also be nonlinear in this case. 

Habitat similarity: In island biogeography, immigration rate is correlated with 
island isolation [ADL 94]. Islands that are isolated are relatively well buffered from 
immigration. This intuitive idea is called the distance effect [WU 95]. It also stands 
to reason that emigration rates are correlated with island isolation. The 
environmental uniqueness of an island is related to island isolation because 
environmental conditions vary predictably with geographical distance [LOM 00a]. 
Similar islands could be viewed as clustered together, and belong to the same 
archipelago. However, dissimilar islands are not part of an archipelago. This tends to 
increase the immigration and emigration rates between similar islands, and decrease 
those rates between dissimilar islands. On the other hand, islands in different 
archipelagos can interact with each other, just as species can migrate across 
archipelagos. However, migration across archipelagos is less likely than migration 
within archipelagos. A quantitative way to determine the effect of island isolation on 
migration rates is given in Hanski [HAN 99]. Figure 1.5 shows two well-known 
archipelagos: the Fernando de Noronha archipelago in Brazil and the Ksamil 
archipelago in Albania. 

Initial immigration: Classic island biogeography theory indicates that the 
immigration rate decreases as the number of species increase, as shown in  
Figure 1.4, which corresponds to a monotonic decrease in immigration rate with the 
number of species. However, recent advances in biogeography indicate that a 
monotonic immigration rate curve may be overly simplistic. For some pioneer 
species, an initial increase in species count results in an initial increase in the 
immigration rate [WU 95]. This is because these early immigrants modify the island 
to make it more hospitable to other species. That is, the positive effect of increased 
diversity due to initial immigration overcomes the negative effect of increased 
population size, which corresponds to an initial increase in immigration rate as 
species count increases. This phenomenon can be viewed as a temporary positive 
feedback mechanism in biogeography. That is, an island with a low HSI accepts 
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species from other islands, increasing its HSI, which subsequently increases its 
likelihood of accepting even more species from other islands. 

     

Figure 1.5. The Fernando de Noronha archipelago  
in Brazil (left) and the Ksamil archipelago in Albania (right) 

Species mobility: Classic island biogeography theory assumes that all species are 
equal in their migratory ability. In reality, some species are more mobile than others, 
and some species are better dispersers than others. For example, insect and bird 
species are generally more mobile than mammals and therefore are more likely to 
migrate. Figure 1.6 shows that bird species have fast migratory ability and elephant 
species have slow migratory ability. Efforts have been made in biogeography to 
incorporate species-specific characteristics into island biogeography theory [LOM 
00b]. The species migration model in Figure 1.4 assumes that all species are equally 
mobile. But the species migration model would be more accurate if species mobility 
were considered. That is, each individual species would have its own migration 
curves for each individual island. 

Population size: In island biogeography, an island not only has a certain number 
of species, but each species also has a population size. Those species that are well 
adapted to their environment tend to increase in population, while those that are not 
well adapted have a lower equilibrium population. That is, the correlation between a 
particular species and an island’s HSI could be used to determine the equilibrium 
population of each species. Species with a high HSI contribution would have high 
equilibrium populations, and those with a low HSI contribution would have  
low equilibrium populations. We could assume that each species approaches its 
equilibrium population exponentially [CAS 89]. This approach would result in more 
flexibility for the species migration model. In addition, those species with a large 
population would have a greater likelihood of immigrating to neighboring islands. 
This discussion of population size is similar to species mobility as discussed above. 
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Figure 1.6. Bird species with fast migratory ability (left)  
and elephant species with slow migratory ability (right) 

Species age: In biology, species age influences extinction rate and mobility 
[GRO 05]. Just as individual mortality is high at a young age, low at middle age and 
high again at old age, species mortality follows the same pattern. Young species 
tend to be unstable and susceptible to extinction. Middle-aged species are well 
established but still mobile. Old species are stagnant and less likely to adapt. That is, 
species of different ages have different emigration and immigration rates. Species 
that have been recently introduced to an island have a higher extinction rate and a 
lower emigration rate, middle-aged species have a lower extinction rate and a higher 
emigration rate, and older species revert to the pattern of high extinction rate and 
low emigration rate. 

Predator/prey relationships: In biology, certain species have adversarial 
relationships. These relationships do not necessarily harm the prey species. For 
instance, prey may respond to predators by reducing the exploitation of their 
resources, thus benefiting themselves in the long term [HAN 97]. However, the 
more common scenario is one in which predators reduce prey to such an extent that 
one or both populations face extinction. Predator/prey relationships can be inferred 
from a population by examining islands and noting which pairs of species have a 
low probability of coexisting. Those species can then be modeled as a predator/prey 
pair. Combining this information with the HSI contribution of each species would 
result in defining the predator species as the adversary that is positively correlated 
with island HSI, and the prey species as the adversary that is negatively correlated 
with island HSI. The predator/prey relationship might lead to a non-zero equilibrium 
population, or it might lead to the extinction of one or both populations [GOT 08, 
HAN 97]. Most predator/prey models in biology are for two-species systems, but a 
more complete description would be obtained if existing predator/prey models could 
be extended to multi-species systems. 
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Resource competition: In contrast to the predator/prey relationship described 
above, we note that similar species compete for similar resources. Therefore, it is 
unlikely that many similar species occupy the same island, especially if they have 
large populations [TIL 94]. This fact means that it is unlikely that species immigrate 
to islands that already have large populations that are similar to them. Alternatively, 
it could mean that emigration rate is not affected, but survival likelihood is lower 
following emigration. Resource competition also means that if two species have an 
equal probability of extinction, then the species that is the most similar to other 
species is more likely to become extinct. This is a different type of interaction than 
the predator/prey relationship described above. However, both models are plausible, 
and competition is generally viewed in biology as a more significant driver of 
community composition than predator/prey interactions. 

Time correlation: In island biogeography, if a species migrates to an island in a 
given geographical direction, it is likely to continue moving in the same direction to 
the next island. This feature is due to the fact that migration is influenced by 
prevailing winds and currents, and those winds and currents have a positive time 
correlation. This is described by biodiffusion theory, the telegraph equation and the 
equation of diffusion [OKU 01]. If a species migrates from island A to island B, it is 
likely to continue in the same direction to the next island in the chain at the next 
time step. This means that if a species migrates from one island to the next, it is 
likely to continue migrating in that direction. 

Other factors: The influence factors described above are not an exhaustive list of 
all of the aspects of biogeography; they comprise only a subset which may affect the 
development of BBO in the next chapter. Other aspects of biogeography could 
inspire other variations of BBO. The biogeography literature is so rich that there are 
many possibilities in this direction. 


