Biodiversity
The heart and soul of conservation ecology

What's biodiversity in the first place?
Biological diversity
The diversity of life in all its forms, and at all levels of organization.
The variety and relative abundance of species.
The genetic, taxonomic, and ecosystem variety in living organisms of a given
area, environment, ecosystem, or the whole planet.
The structural and functional variety of life forms at genetic, population, species,
community, and ecosystem levels.

What about just protecting species?
How do you define a species?
Isn’t this obvious?
Has large implications for who the ESA and other laws protect
Public can easily identify with the concept

What's a species?
Several different concepts
Typological
The ideal, unchanging form
Historical
Problems?

What's a species?
Morphological
Different looking forms
Frequently used
Problems?

What's a species?
Biological
Reproductive isolation
Mayr (1969)
(Most?) frequently used
Problems?



What's a species?
Genetic
Different genes
DNA bar coding
Problems?

What's a species?
Evolutionary
Different lineages
Problems?

What's a species?
Cladistic
Shared derived characters (synapomorphies)
Ex.: hair for mammals
Problems?

Species definitions
What's a conservation ecologist to do?

Special kinds of species
Keystone
Indicator
Umbrella
Flagship
Vulnerable
Economic

Special kinds of species
Indicator

Special kinds of species
Umbrella

Special kinds of species
Flagship



Special kinds of species
Vulnerable

Special kinds of species
Economic

Regardless of the name, how many?

And, how confident are we?

Describing biodiversity
Alpha
Beta
Gamma

Alpha diversity (a)
Number of species in one standardized area/habitat/community
AKA species richness

Beta diversity (b)
Change in species across sites—species turnover
Whittaker’'s Measure
Sla-1
Where S = all species across sites; = average # of species per site
Example—all sites with same # of species =0

Gamma diversity (g)
Considered the number of species across large landscape gradients
Product of a and b diversity

a, b, and gdiversity visualized



a and b Diversity example

Diversity indices
Combination of richness and evenness
Shannon index
Simpson index

Rarity
Diversity indices describe an overall community, not individual species
A problem with rare species: “Rarity precedes extinction” (Darwin 1859)
7 forms of rarity (Rabinowitz et al. 1986) based on 3 dimensions
Population size
Range
Habitat specificity

Some explanations of biodiversity
Niches and competition
Species area curve
Intermediate disturbance hypothesis
Productivity

Niches and competition
Gause’s law of competitive exclusion
Resource partitioning leads to narrower niches and more species

Species-area relationship
Herp richness in the Caribbean
Mechanism?

Species-area formula
S =CcA*
Where S = # of species; ¢ and z are constants, and A = area
Implications for conservation?

Species-area implications
Extinction and climate change paper
Thomas et al. (2004)



Other explanations (1)
Intermediate disturbance hypothesis

Other explanations (2)
Productivity

Hotspots of diversity
Are some places more important to protect?

Biodiversity hotspots
25 hotspots; 1.4% of land cover of Earth
Contains 44% vascular plants; 35% of 4 vertebrate groups

Humans and hotspots
In 1995, 20% of humans (1.1 billion) live in the hotspots; growth rates there (1.8% per yr)
are higher than world-wide average (1.3% per yr)

War(?) and hotspots
80% of major armed conflicts between 1950 and 2000 took place in biodiversity hotspots

Impact of hotspots concept

Hotspots vs. NGO offices

Biodiversity coldspots?
Kareiva & Marvier (2003, Amer. Sci.)
If hotspots are so important, what about the rest—coldspots?
Any problems with hotspots?
Primarily focuses on species richness,
Not function: salt marshes have important functions, but not many
species
Not higher-level evolutionary diversity
Primarily based on plant richness, and many studies show that one group’s
richness does not necessarily equate with others
Ignores needs of large carnivores, which are often in areas of low species
richness



Agreement with hotspots?
Using threatened mammal and bird genera instead of plant species reveals a somewhat
different view of hotspots

Now what should we do?
Would conserving 1.4% of the Earth’s land be enough if the rest becomes degraded?
Perhaps we should try to protect as much as possible everywhere, and not be too
blinded by the hotspots
Still, it's a focused plan that has considerable merit
One final point: “Although this [$500 million/yr] is 12.5 times the annual average of the
$400 million spent on hotspots over the past decade, it is still only twice the cost of a
single Pathfinder mission to Mars, which has been justified largely on biodiversity
grounds (the search for extraterrestrial life).” Myers et al. (2000)

Regardless of the name, how many?
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And, how confident are we?

(B) Accuracy

Viruses } B Very poor

Bacteria
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species

Poor [ Described
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| Very poor

Nematodes

Crustaceans Moderate

Protozoans Very poor

Algae Very poor

Vertebrates Good

Mollusks Moderate
Fungi Moderate ,
Arachnids Moderate
Plants Good
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Millions
5 — 10 million total?



a, b, and gdiversity visualized
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Other explanations (1)
e Intermediate disturbance hypothesis
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Fig. 1. The ‘‘inter-
mediate - disturbance’’
hypothesis.
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