
Overview

• How many species are there?
• Major patterns of diversity
• Causes of these patterns
• Conserving biodiversity



Biodiversity

• “The variability among living organisms 
from all sources, including, inter alia, 
terrestrial, marine, and other aquatic 
ecosystems, and the ecological complexes 
of which they are part: this includes 
diversity within species, between species 
and of ecosystems”
– The UN Convention on Biodiversity 



How many species are 
there?

• ~800,000 named insects
• ~9,000 named birds 
• ~5,500 named mammals
• ~288,000 named plants
• ~60,000 named fungi

• ~1,500,000 named species total
• How many unnamed?
• “An inordinate fondness for beetles” - Haldane
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Estimating unnamed 
diversity

• Estimate based on well studied groups –
extrapolate
– Large animals
– Butterflies, birds, true bugs



How many species are 
there?

S = a*L
x

x describes the 
slope of this line



How many species are 
there?

Undescribed species

Estimate:
10-50 million species



Many scales
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What determines diversity at intermediate scales?



Many scales
The scales are linked

Global diversity

Local diversity

But different factors (e.g. productivity) can 
have different effects at different scales



Major patterns in 
diversity

• Latitude
• Elevation
• Area



Latitudinal gradient of 
diversity

• Helmut Hillebrand (2004) analyzed nearly 600 studies that 
examined the LGD

• Most found diversity decreasing with latitude
• ~4.5% found the opposite

New world birds (Gaston 2000)



Elevational gradient in 
diversity

Himalayan plants
Carpenter 2005

Himalayan plants
Grytnes and Vetaas 2002

Local diversity Band diversity



Species-area 
relationships

• Larger areas have more species!

Earthworms (Gaston 2000)



Mechanisms for the 
pattern

• An early list of possible explanations 
(Pianka 1966)
– Time
– Climatic stability
– Spatial heterogeneity
– Competition
– Predation
– Productivity



Time

• Non-equilibrium hypothesis
• Primarly evolutionary, not ecological

1. Communities
diversify through 
time

2. Tropical communities
have existed longer
than temperate

Assumptions Conclusion

Lat. grad. in age

Lat. grad. in div.



Evolutionary Time – modern 
view

• Longer evolutionary time
– Faster generation times
– Higher mutation rates
– More intense selective pressure?
– Smaller populations (more drift)

• Wright et al. (2006) found molecular 
evolution rates twice as high in tropical vs. 
temperate plants



Time

1. Communities
diversify through 
time

2. Tropical communities
have existed longer
than temperate

Assumptions Assessment

1. Over long time 
scales speciation 
probably not limiting

2. Temperate 
conditions may be 
quite old



Climatic stability

1. Tropical climate is 
more stable 
(through the year) 
than temperate

2. Stable climate leads 
to more specialized 
species

Assumptions Conclusion

Increased 
specialization leads to 
higher diversity in the 
tropics

• Equilibrium, ecological hypothesis
• Many variations in recent years



Niche Breadth

Resource Resource

Broad niches
Low diversity

Narrow niches
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Are mountain passes higher 
in 

the tropics?An attempt to link niche breadth and evolution



Climatic stability

1. Tropical climate is 
more stable 
(through the year) 
than temperate

2. Stable climate leads 
to more specialized 
species

Assumptions Assessment

1. Tropics generally more 
stable (some 
exceptions)

2. Smaller niches could 
increase diversity via 
species packing and 
increased speciation



Spatial heterogeneity

1. Tropical areas have 
higher fine-scale 
heterogeneity

2. Tropical areas have 
higher large-scale 
heterogeneity

Assumptions Conclusion

Both types of 
heterogeneity 
contribute to the 
diversity of the tropics

• Equilibrium, niche-based hypothesis



Fine-scale spatial 
heterogeneity

Bird diversity increases with increasing 
foliar height diversity in Australia and 
North America (Recher 1969)



Spatial heterogeneity

1. Tropical areas have 
higher fine-scale 
heterogeneity

2. Tropical areas have 
higher large-scale 
heterogeneity

Assumptions Assessment
1. Can probably 

explain some 
diversity (birds, not 
trees)

2. Habitat diversity 
does lead to 
species diversity, 
but doesn’t explain 
tropical/temperate 
difference



Competition

1. Competitive 
interactions drive 
evolution in tropical 
areas

2. Environmental 
factors drive 
evolution in 
temperate areas

Assumptions Conclusion

Strong competition 
leads to smaller 
niches, therefore 
more diversity

• Equilibrium, niche-based hypothesis



Competition increases 
diversity?
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Tropical Temperate

Stressful environment lowers populations,
Reduces competition

Over evolutionary time, “keen” competition leads to very specialized species, and 
allows more diversity (a la Climatic Stability hypothesis 



Competition

1. Competitive 
interactions drive 
evolution in tropical 
areas

2. Environmental 
factors drive 
evolution in 
temperate areas

Assumptions Assessment

It might work in 
theory, but not 
much evidence for it



Predation

1. Predation and 
herbivory are more 
common in the 
tropics

2. More intense 
predation leads to 
suppressed 
competition

Assumptions Conclusion

1. Suppressed 
competition leads to 
more coexistence

• Equilibrium, ecological hypothesis



Predation

• Rate of herbivory on trees is somewhat higher in 
the tropics (Colley and Barone 1996)
– Temperate 7.1%/year 
– Tropical 11.1%/year

• How general is this explanation? Does it apply to 
understory plants?  Birds?

• A big question remains – why the gradient in 
herbivory?



Predation

Assumptions Assessment

A plausible mechanism, 
but why are there more 
specialist predators in 
the tropic?

1. Predation and 
herbivory are more 
common in the 
tropics



Productivity

1. Higher productivity 
produces larger 
niche space 
(MacArthur)

2. Higher productivity 
leads to larger 
populations, 
therefore more 
species (Connell 
and Orias)

Assumptions Conclusion

Tropical areas are 
more productive 
than temperate



More niches in the 
tropics?

• Problem – hard (impossible?) to define niches a priori
• What about the Amazon basin (without any species) would 

suggest how many niches are there?
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Productivity Paradox

• It seems that productivity increases large-scale 
diversity

• However, fertilizing plant plots tends to decrease 
diversity – what’s up with that?

Park grass experiment – since 1856!
Crawley et al. 2005



Productivity

Productivity does seem 
to strongly control 
regional diversity

But the link might not 
be straightforward

Assumptions Assessment

Tropical areas are 
more productive 
than temperate



Summary
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Paradox of Productivity?



One more hypothesis

• The mid-domain effect
– Species richness is highest in the middle of 

things
• Based on randomly placing ranges within 

bounded domains



Can MDE explain the LGD?

Bats – Real and MDE modeled
(Colwell and Lees 2000)

Maybe . . .



What happens at the 
edge?

?

Reject

Reshape

Truncate



What land should we 
conserve?

• Easiest answer: most species



What land should we 
conserve?

• Easiest answer: most species
• Slightly less easy answer: most endemic 

species Group Species Endemic 
Species

% 
Endemism

Plants 13,000 11,600 89.2
Mammals 155 144 92.9
Birds 310 181 58.4
Reptiles 384 367 95.6
Amphibian 230 229 99.6
Fishes 164 97 59.1

Madagascar



Slightly more depth . . .

• Phylogenetic diversity
• Node depth



The next step

• Rather than simply conserving species, we 
should conserve the evolutionary process

• What does that mean?
– Maintain within-species variety
– Conserve areas with high potential to generate 

new species
– Minimize human-caused breakdown of 

dispersal barriers (invasions etc.)
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