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This lecture will help you understand: 
•  The scope of Earth’s 

biodiversity 
•  Levels and patterns of 

biodiversity 
•  Mass extinction vs 

background extinction 
•  Attributes of the current 

extinction 



During the time of this class… 
•  3-5 species will go extinct 

•  25.5 km2 (~ 5 football fields) of the tropical 
rainforests will be cut 

•  16,500 people will be added to the world 
population 



Leaving the “Safe Operating Space” 



Levels of biological diversity (biodiversity) 
•  Biodiversity = the variety of life across all 

levels of biological organization 
•  Includes 3 levels: 

-  Ecosystem diversity – different 
communities and their association with 
chemical and physical environment 

-  Species diversity – all the species on 
Earth 

-  Genetic diversity – genetic variation 
within species 



Ecosystem diversity 
•  Ecosystem diversity = the number and variety of 

ecosystems 
-  Including different communities and habitats in an area 

•  An area with a variety of vegetation holds more 
biodiversity than the same size area with one plant type 



Genetic diversity: Where is it coming from? 
  •  From mutations or genes recombination during sexual reproduction 

       Why is it important? 
•  Serve as a raw material for adaptation to local conditions 

-  Populations with higher genetic diversity can survive 
-  They can cope with environmental change 

-  Populations with low genetic diversity are  
   vulnerable to environmental change or disease 

•  Inbreeding depression = genetically similar parents  
     mate and produce inferior offspring 

-  Accumulation of lethal or deteriorating mutations  



•  What do we know about diversity of living 
organisms and what we don’t know?  

•  Where is the World’s highest Biodiversity found 
and why? 

Assessing Biodiversity  
Patterns of Biodiversity 



Measuring biodiversity is not easy 
•  Out of the estimated 3–100 million species on Earth, 1.9 million 

species have been identified and described 
•  Most widely accepted estimate of the number of species  

-  14 million 
•  It is very difficult to know how many species exist 

-  Small organisms are easily overlooked 
-  Many species look identical until thoroughly examined 
-  Many remote spots on Earth remain unexplored 

•  Entomologist Terry Erwin found 163 beetle species living on one 
tree species 



Some groups have more species than others 
• Species are not evenly distributed among taxonomic groups 

- Insects predominate over all other life-forms 
- 40% of insects are beetles 

•  Groups accumulate species 
by: 
-  Adapting to local 

conditions 
-  Speciation 
-  Low rates of extinction 



How much do we know 

9 million 



New spp are being discovered every day 

•  20,000 new spp described in a year 
-  11 new spp of primates in Brazil 

in the past 15 years 
-  Insects, spiders, nematodes, mites, 

and fungi – 1-2% increase each 
year 

Worldwide number of taxonomists = 5,000 
Number of undescribed spp = 18,000,000 
3,600 spp per taxonomist  



Even new communities are being 
discovered 

•  Tropical forest canopy 
•  Geothermal vents in deep sea 
•  Fungi living inside the leaves 



Biodiversity is unevenly distributed 
•  Living things are not distributed 

evenly on Earth 
•  Latitudinal gradient = species 

richness increases toward the 
equator 

Canada has 30–100 species of 
breeding birds, while Costa Rica has 
more than 600 species 

• 10 ha of forest in Amazon >300 tree 
species  
• in Europe or US  < 30 tree spp 



Most species-rich and complex ecosystems 
•  1. tropical forests 
•  2. large tropical lakes 
•  3. coral reefs 
•  4. deep sea  



•  Ecosystems and communities can be degraded, 
reduced, and damaged but as long as all the 
original species survive, communities retain its 
potential to recover 

•  The most serious aspect of environmental damage 
is the extinction of species 

     E.O.Wilson 

Extinction 



Extinction 

•  Extinction = the disappearance of a species 
from Earth 
-  Species last 1-10 million years 
-  This loss of species is irreversible 

•  Extirpation (local extinction) = the 
disappearance of a population from a given 
area, but not the entire species globally 
-  Can lead to extinction 

Global number of species = speciation – extinction 



The fossil record 
•  Fossil: an imprint in stone of a dead organism 

•  Fossil record: the cumulative body of fossils 
worldwide 

•  The fossil record shows: 
-  Life has existed on Earth for at least 3.5 billion 

years 
-  Earlier types of organisms evolved into later ones 
-  The number of species has increased over time 



Mass extinctions 
•  Big Five =  5 mass extinctions in the past 440 mln years: 

-  global in extent 
-  involve a broad range of organisms 
-  >60% of species 

1.  Ordovician 
2.  Devonian 
3.  Permian (90% spp. extinct!) 
4.  Triassic  
5.  Cretaceous-Tertiary (K-T 

event) 
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Biodiversity loss and species extinction 
•  Extinction is a natural process 

-  99% of all species that ever lived are now extinct 
•  Background rate of extinction 

-  0.1 extinction per million species-years (E/MSY) (Pimm et al., 2014) 
-  (revised from 1E/MSY, Pimm et al., 1995) 

-   each year 1 species out of every 10 million goes extinct  
-  1 bird species extinction per 1,000 years 



Extinction is a natural process, but … 

•  Humans profoundly affect rates of extinction 
•  Biological diversity is now being lost at an astounding rate – 

100-1,000 times higher then background extinction rate 
•  Biodiversity loss affects people directly 



Consequences of biodiversity loss 



Extinctions followed human arrival on islands and continents 

Humans are causing this mass extinction 



•  Highest extinction rates during historic times 
have occurred on islands.  
-  90% of bird extinction 
-  Madagascar: 40% of  large mammals 
-  Hawaii: 70-90 bird spp extinct 
-  - 57 spp. = 42% of birds in New Zealand 

went extinct, including 11 spp. of moas 
-  Pasific Islands: ~1,000 bird spp = 1 

extinction every few years = 100 E/MSY 

Extinction on Islands 



•  Highest extinction rates during historic 
times have occurred on islands. Why? 
-  Small land area 
-  Small populations 
-  Small number of populations 
-  Many endemic spp.  
-  Limited (if any) natural predators à 

Extinction on Islands 

nobody evolved defenses 



•  Highest extinction rates during historic 
times have occurred on islands. 

Extinction on Islands 

Currently it has shifted to rapid increase in extinction on continents 

Can we simply solve the 
problem by protecting all 
islands? 
                   NO! 



Some species are more vulnerable to extinction 
•  Extinction occurs when the environment changes rapidly 

•  Natural selection can not keep up 
•  What makes some species much more vulnerable than others? 

RARITY 



Some species are more vulnerable to extinction 
•  Extinction occurs when the environment changes rapidly 

•  Natural selection can not keep up 
•  What makes some species much more vulnerable than others? 

RARITY 
 Thylacine  – largest carnivorous 

marsupial 
In 1928, the Tasmanian Advisory 

Committee had recommended a reserve to 
protect Thylacines à not protected until 10 

July 1936 
Last wild animal shot in 1930  

Last captive died on Sep 7, 1936  



Some species are more vulnerable to extinction 
•  Endemic species = a species that only exists in one area in the 

World 
-  These species usually have small populations and small geographical 

ranges 



Some species are more vulnerable to extinction 

•  Range size and local abundance: 
-  Small range size and low abundance 
-  Large range size and low abundance  

-  Large carnivores 



Passenger Pigeon 
§  Passenger pigeon – used to be the 

most abundant bird in NA, now 
extinct 

§  One flock in 1866 in S Ontario: 1 mi 
wide, 300 mi long, taking 14 h to pass,   
~ 3.5 billion birds  

§  Last bird died in Cincinnati Zoo in 
1914 



Current rate of extinction 
•  IUCN had assessed 71,576 mostly terrestrial and freshwater 

species: 
•  860 were extinct or extinct in the wild;  
•  21,286 were threatened, 
•  4,286 deemed critically endangered   

•  The percentages of threatened terrestrial species ran from 13% 
(birds) to 41% (amphibians and gymnosperms)  

•  For freshwater taxa, threat levels span 23% (mammals 
and fishes) to 39% (reptiles). 



North American birds that have become extinct 
since being painted by John James Audubon 



Current rate of extinction 
•  Present extinction rate ~100 E/MSY 

•  X1,000> than background rate of 0.1 E/MSY 

•  Local rates from regions can be much higher:  
•  132 E/MSY for all birds after 1900 
•  305 E/MSY for fish in NA rivers and lakes 
•  954 E/MSY for the NA  freshwater 
gastropods  
•  likely >1,000 E/MSY for cichlid fishes in 

Africa’s Lake Victoria 
  



Where are spp becoming extinct? 
•  Myers’ Hotspots = 25 areas with 1,000 endemic plants (many spp 

with small ranges) and <30% of remaining natural vegetation 

Myers et al., 2000 

Hotspots have higher 
human population 
density and population 
growth rate (Cincotta et 
al., 2000) 
 
Similarly, large fraction 
of marine spp have small 
ranges (except corals) 
and they collide with 
high human impact 



Causes of extinction 

•  Rarity — either through small range size or local scarcity 
— does not itself cause extinction. 

•  Extinctions will concentrate where human actions impact 
concentrations of small ranged species 
-  Tropical areas have high human impact, many 

endemics, and many spp at risk 



Major Causes of Biodiversity Loss 
1.  Habitat Alteration  

•  Habitat Loss  

•  Degradation  

•  Fragmentation 

2.  Pollution 

3.  Overharvesting (=overexploitation)  

4.  Invasive Species 

5.  Climate Change 



Major Causes of Biodiversity Loss 
1.  Habitat Alteration  

•  Habitat Loss  

•  Degradation  

•  Fragmentation 

2.  Pollution 

3.  Overharvesting 

4.  Invasive Species 

5.  Climate Change 

•  ¾ of bird spp-- 1,250 spp--  in 
hotspots will go extinct this century 
(Pimm & Raven, 2000) 

•  At current rates of deforestation, 
most of the Amazon will be gone 
by mid-century (Laurance et al., 
2001) 



Major Causes of Biodiversity Loss 
1.  Habitat Alteration  

•  Habitat Loss  

•  Degradation  

•  Fragmentation 

2.  Pollution 

3.  Overharvesting 

4.  Invasive Species 

5.  Climate Change 

Overall expectations of species moving 
poleward, to higher elevations, or to deeper 
depths to remain in their climate 
envelopes. 
•  Thomas et al., 2004 estimate 15-37% 

of spp are threatened by climate change 
within the next 50 years for a mid-
range warming scenario 

•  7-24% of plant spp will become extinct 
•  Lower rates in the ocean because of the 

greater freedom of movement 



Summary 
•  There is a high degree of uncertainty in estimating the number of species on 

the planet and majority of groups are understudied.  
•  The highest concentration of biodiversity is in the tropics, both terrestrial and 

marine. 
•  We discover and describe new species everyday but we also loose unknown 

species everyday to extinction. 
•  Extinctions are irreversible, unlike many other environmental threats that we 

can reverse.  
•   Current and future rates of extinction are x100 - x1000 faster than the 

background rate.  



Summary 
•   Species most likely to face extinction are rare; either because they have very 

small geographic ranges or have a low population density with a larger range.  
•  Small-ranged terrestrial vertebrate species tend to be concentrated in a few 

areas that often do not hold the greatest number of species. Similar patterns 
      apply to plants and many marine groups.  
•   Extinctions occur most often when human impacts collide with the places 

having many rare species.  
•   While habitat loss is the leading cause of extinctions, global warming is 

expected to cause extinctions that are additive to those caused by habitat loss. 


