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BIODIVERSITY

Origins, Patterns, and Processes

Pleasing Fungus Beetle

Plate Tectonics & 
Continent Formation

Wegner (1912) recognizes 
continents as a puzzle

Proposes movement of 
continental plates

Additional Evidence ???

Plate Tectonics & 
Continent Formation

Wegner (1912) recognizes 
continents as a puzzle

Proposes movement of 
continental plates

Additional Evidence:
• flora & fauna similarities

• flora & fauna differences
(e.g., Wallace’s Line)

• geological similarities

• magnetic patterns in sediment

Gondwana
Break-Up

300 mya: Pangaea
160 mya: Gondwana
130-60 mya: Africa and

South America 

“Sorry South America, Africa’s 
just not that into you”

Plate Tectonics & Continent Formation

Earth’s Layers:
lithosphere: “crust”, a solid shell

aesthenosphere: “filling”, plastic

Plate Tectonics Video
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Continental
Plates &

Boundaries

Divergent Boundary        Subduction Zone        Transform Fault

Uplift of Andes

Volcanic Activity

Cotopaxi 2015

Central American Land Bridge

Islands permit some 
migrants:  ca. 80 mya

Terrestrial connection 
closes:  ca. 2.8 mya

Andes already lifted/ing: 
ca. 14 and 5 mya

Great American Biotic 
Interchange

corridor vs. filter
sweepstakes

dispersal

disjunct pops.:  vicariance vs. dispersal

Central American isthmus GABI: Mammals

from NORTH to SOUTH

Still in N+S: rabbits, mice, 
foxes, bears, raccoons, cats, 
peccaries (javelina), deer, 

Still in S: primates, tapirs, 
camelids (llama, vicuña), 
capybara, agouti, paca,

Extinct in N+S: mastodon, 
horses (re-intro from Old World)

> 50% of South American 
species have N. Am. origin
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GABI: Mammals

from SOUTH to NORTH

Still in N+S: opossums, 
porcupines, armadillos, anteaters

Extinct in N+S: glyptodonts, 
ground sloths

~10% of North Am. mammals 
have South American origin

GABI – Birds, Reptiles, Amphibians

Reptiles & Amphibians

Colonization predominantly 
South to North

Higher diversity in South

*Salamanders:  greatest 
diversity in North

Birds

S. America now hyper diverse

Highly endemic (22 families)

Genetics suggest primarily S. 
Am. origin & ... 

... Species Radiation

FLORA Origins of South American Flora - LOWLANDS

Gondwanan Origins

Virtually all lowland taxa 
(Amazon) from Gondwana

High rates of speciation, due 
to lengthy isolation

70-90% of Amazon trees 
animal-pollinated and 
dispersed

Laurasian (temperate) Origins

Tree families (+ herbs) primarily 
invaded Andes

Shrubs = Amazon origins

Virtually no Laurasian spp. in 
lowlands (but widespread)

Little speciation - recent arrival

50% of trees wind-pollinated

Origins of South American Flora - HIGHLANDS North Temperate Origins

Oaks
Fagacaea

Walnuts
Juglandaceae

Elms
Ulmaceae

Pines
Pinacaea
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South American Flora - Summary

Amazon:
Gondwanan

flora + allopatric 
speciation

Andes:
Laurasian trees 

& Amazon 
shrubs + little 

speciation

Dry Forest:
Amazon trees + 
unique taxa & 

high endemism

Biodiversity Statistics
• biodiversity:  ~ 1.8 million spp. described

• total estimated diversity:  8.7m +/- 1.3m

(other methods range from 3 - 100m)

• birds:  9,990  (Ecuador = 1600, USA = 800)

• plants:  ~268,000 (2/3 in tropics!)

• arthropods:  1,065,000 (90% in tropics)

• beetles:  25% of all described spp!

Sources of Biodiversity

• Flycatchers  (1/5 of all tropical birds)

• Bats (~50% of rainforest mammals)

• Arboreal rodents (1/3 of all rodents)

Patterns of Diversity - Ecological

Tropical Rainforest = most diverse biome
• 7% of earth’s land surface, >50% of all species
• 2/3 of all plant species (170,000 out of 250,000)

examples:
• 43 spp. of ants in 23 genera from 1 tree in Peru
• >540 spp. of birds at Tiputini; USA = 800 spp.
• 1600 spp. trees / ha in Tiputini; 100 spp. in all WI 

Patterns of Biodiversity - Latitude

Bivalve diversity, Atlantic Ocean

Bird & mammal diversity, N. America

Patterns of Biodiversity - Latitude
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Biodiversity - Altitude

Land bird diversity, Costa Rica

Dipterocarp diversity, Brunei

Patterns of Biodiversity - Energy

ENERGY

Solar energy, nutrients
Precipitation

More energy --> more individuals
▼extinction rates
▲ speciation (?)

BUT ...

some high-nutrient systems have 
low diversity (seagrass beds)

some low-nutrient systems have 
high diversity (coral reefs)

“Paradox of Enrichment”
Rosenzweig

Patterns of Biodiversity - Disturbance Frequency

DISTURBANCE:
forest fire, flood, hurricane, 

pest outbreak, landslide, treefall

HIGH frequency

disturbance returns quickly, pioneers & 
early successional spp. thrive

LOW frequency

long stable period, late successional spp. 
crowd out pioneers

INTERMEDIATE frequency

early and late successional spp. coexist 
(patchwork) = maximum diversity

river channel diversity

boreal forest diversity

Patterns of Plant Diversity - Precipitation

South American plant species

Biodiversity - Area

Island species diversity, Caribbean

Plant species diversity, world rainforests

Galápagos, near Isla Fernandina

Patterns of Biodiversity - Distance from Mainland

Weevil diversity, South Pacific
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Island Biogeography Theory (MacArthur & Wilson 1967)

How Do We Measure Biodiversity?

Methods
and

Metrics

Species Accumulation Curves (or “species-area”)

Species add up w/ “effort”

Effort:
area sampled
sampling time
number of traps
hours birdwatching

Extrapolate to asymptote

Asymptote = Alpha Diversity

α

Alpha (α), Beta (β) and Gamma (γ) Diversity

alpha = diversity in single site (local scale)

gamma = total diversity in all sites (regional scale)

beta = rate of change between sites (= gamma / average alpha)

α = 12

avg. α = (12+21+24)/3 = 19

12 spp.

7 15

13

5 6

γ = 7+5+15+6+13 = 46

β = 46/19 = 2.42

Alpha (α), Beta (β) and Gamma (γ) Diversity Species Richness vs. Evenness

▲ Richness, ▲ Evenness ▲ Richness, ▼ Evenness ▼ Richness

The Lucky Charms Biodiversity Universe
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Diversity Indices:  Richness and Evenness

Shannon-Wiener (H’) :

A: H’ = 0.589

B: H’ = 1.388

Diversity Indices:  Richness and Evenness

Shannon-Wiener (H’) :

Effective # Species (D) = exp (H’) A: exp(0.589) = 1.8

B: exp(1.388) = 4.0

A: H’ = 0.589

B: H’ = 1.388

Theories for High Tropical Diversity

1. Stability / Time / Area Hypotheses

2. Energy / Productivity / Resources Hypothesis

3. Evolutionary Speed & Metabolic Rate Hypotheses

4. Interspecific Competition Hypothesis

5. Predation (& Parasitism) Hypotheses

6. Pleistocene Refugia Hypothesis

*read in Kricher (New = Ch 9, Old = Ch 4); 
and Hill & Hill 2001 (in your email); plus more research online

Speciation ?

Extinction ?

or both ?

Homework:  Choose ONE hypothesis, work with a group

(1) Summarize how it explains tropical diversity

(2) Clearly indicate the mechanism (▲sp, ▼ex, both)

(3) Identify conflicts with other hypotheses, and with existing data

(4) Present your findings (as a group) in class tomorrow


