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BIOGEOGRAPHY
GEO 4938/6938  (Sect. 3304/DEPT); 6 January 2009

The Science and History of Biogeography

Lecture 2 and 3 ς8 January 2009

Last Time

ÅIntroduction ςBiogeography?
ïThe Science of Biogeography
ÅMajor questions

ÅMethods

ïWhy Geography instead of Biology?

ÅThis Class ςthe Semester
ïObjectives

ï Logistics

ïEvaluation

ïSchedule

ÅReading: Chapter 1 & 2 in Lomolinoet al.

Who are you?

ÅName

ÅUndergrad/Grad

ÅWhat are you studying?

ÅBackground in biology

ÅBackground in geography

ÅWhat do you want to do when you graduate?

This Time ςTwo Hours

ÅTopics and Subdisciplinesof Biogeography

ÅHistory of Biogeography

ÅOrganization of Life

ÅSystematicsand Biological Nomenclature

ÅThe Environmental Setting

Topics and Subdisciplinesof 
Biogeography

Å Natural History Zoogeography
Å Vegetation geography
Å Floristic phytogeography
ÅMacroevolution paleontology
Å Panbiogeography
Å Cladistic/vicariance

biogeography
Å Systematist/phylogenetic

biogeography
Å Island biogeography
Å Biodiversity
ÅMetapopulationistbiology

Å Spatial modelers
Å Spatial ecology
Å Animal dispersal
Å Speciation
Å Population genetics/evolution
Å Landscape ecology
ÅWildlands/conservation
Å Climatology
Å Paleoecology
Å Ethnobiology

Breaking News

ÅRecent Ecological Society of America meeting 
ƘŀŘ ŀ ǎŜǎǎƛƻƴ ƻƴ ά¢ƘŜƻǊȅ ƛƴ 9ŎƻƭƻƎȅΦέ

ÅThe Bulletin of the Ecological Society of 
America published yesterday (7 Jan 2009) had 
a summary of the meeting:

Åhttp://www.esajournals.org/doi/full/10.1890/
0012-9623-90.1.109

http://www.esajournals.org/doi/full/10.1890/0012-9623-90.1.109
http://www.esajournals.org/doi/full/10.1890/0012-9623-90.1.109
http://www.esajournals.org/doi/full/10.1890/0012-9623-90.1.109
http://www.esajournals.org/doi/full/10.1890/0012-9623-90.1.109
http://www.esajournals.org/doi/full/10.1890/0012-9623-90.1.109
http://www.esajournals.org/doi/full/10.1890/0012-9623-90.1.109
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Breaking News ςTheory of Ecology

ÅOne view: In ecology, the scientific domain is spatial and 
temporal patterns of distribution and abundance. Eight 
fundamental principles attend this domain: 

1. organisms are distributed heterogeneously in space and time
2. all organisms interact with their biotic and abioticenvironments
3. the distribution of organisms and their interactions are susceptible 

to contingency
4. environmental conditions are heterogeneous in space and time
5. resources are finite and heterogeneous in space and time
6. birth and death rates result from interactions with abiotic, biotic 

environments
7. ecological properties of populations are the consequence of 

evolution
8. individual variation predominates

History of Biogeography

Time

Å Pre-13th Century

Å The Age of Exploration

Å Biogeography of the 19th 
Century

ï Four British Scientists

ïOther Contributions of the 19th 
Century

Å The First Half of the 20th 
Century

Å Biogeography since the 1950s

Overview

ÅAccumulation of Species 
Distribution Information

ÅTheory of Evolution

ÅPlate Tectonics

ÅTheoretic al, Empirical, and 
Technological Advances
ï Island Biogeography

ïCladistics/Vicariance

ïBiodiversity interest

ïRise of Conservation

ïRemote Sensing/GIS

Early

ÅPre-15th Century

ïGreek

ÅAristotle (384-322 BCE), Theoprastus(c. 370-287 BCE), 
Virgil (70-19 BCE - Aeneid)

ïRoman

ÅRoman Empire ςadministration, agriculture, written 
records

http:// www.alexandria.ucsb.edu
/

The Age of Exploration, Age of 
Discovery

ÅEuropean: Written accounts of travels to 
Asia
ïGiovanni daPiandel Carpine(c. 1180 ς1252) 

journeyed to Mongolia and back from 1241ς
1247.

ïMarco Polo (1254-1324/1325) journeyed 
throughout Asia from 1271 to 1295, in the 
court of Kublai Khan of Cathay.

ï¢ǊŀŘŜ ǿƛǘƘ ǘƘŜ ά9ŀǎǘέ ƭŜŘ ǘƻ ŜȄǇƭƻǊŀǘƛƻƴ ōȅ 
both land and sea ςreports of fantastic beasts 
and strange environments

Travels of Marco Polo 1600 - 1850"Age of Reason" Linnaeus, Buffon, 
Lamarck, Lyell

Å Linnaeus(1707-1778): 
Noachan deluge Plants and 
Animals spread from Mount 
Ararat (Turkey)

Å ElevationalZonesof Ararat 
are origins of "biomes"

Å Georges-Louis Leclerc, Comte de Buffon(1707-
1788): spread from the Arctic 

Å Buffon's Law: distant regions with similar 
climate (& similar-appearing vegetation) 
have different animal species
ï Mediterranean climate - biome
ï Monsoonal climate - biome
ï Climate and Species are changeable

http://www.ucmp.berkeley.edu/history/linnaeus.html
http://www.ucmp.berkeley.edu/history/buffon2.html
http://www.ucmp.berkeley.edu/history/lamarck.html
http://emuseum.mnsu.edu/information/biography/klmno/lyell_charles.html
http://www.ucmp.berkeley.edu/history/linnaeus.html
http://www.ucmp.berkeley.edu/history/buffon2.html
http://www.ucmp.berkeley.edu/history/buffon2.html
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1600 - 1850"Age of Reason" Linnaeus, Buffon, 
Lamarck, Lyell

Å Sir Charles Lyell(1797 - 1875): author of The Geological 
Evidence of the Antiquity of Manin 1863 and Principles 
of Geology(12 editions). 

Å Presently observable geological processes were 
adequate to explain geological history. 
Uniformitarianism, not book of Genesis!

Å Vast time scale for Earth's history.

Å Major influence on Charles Darwin

Å Jean-BaptisteLamarck(1744-1829)

Å Changes in the organic, as well as in the 
inorganic world, being the result of law, and 
not of miraculous interposition.

Å Forerunner of evolution.

Å Also author of discredited theory of evolution 
by inheritance of acquired characteristics.

The Age of Exploration

ÅJohann Reinhold Forster(1729 - 1798)
Cook's 2nd Expedition 1778

ÅGlobal biotic regions (plants)
ÅHigher species diversity in tropics
ÅSpecies diversity correlated with island size

ÅAlexander von Humboldt(1769-
1859): Plant Vegetation types strongly 
correlated with local climate

ÅElevationalVegetation Zones(Andes)
ÅLatitudinal Belts of Vegetation

1850 - 1900Evolution by Natural 
Selection, but pre-Continental Drift

ÅCharles Darwin (1809-1882) 
Evolution through Natural 
Selection: The Origin of 
Species.

ÅTheoretical Framework for 
Biotic Patterns in Space and 
Time

ÅFundamental to all Biology

ÅAlso a barnacle expert.

1850 - 1900Evolution by Natural 
Selection, but pre-Continental Drift

ÅAlfred RusselWallace
(1823-1913)

ïBiotic Regions similar to 
Schlater's

ïOriginator of 
Zoogeography 
ÅDistance not equal 

taxonomic similarity

ÅIntegrated geological, 
fossil, evolutionary 
information

ÅConsidered paleoclimate
influences distributions 

BiogeographicPrinciples Advocated by 
Alfred RusselWallace

ÅSee page 27, Box 2.1

Hooker and Sclater
Å Joseph Dalton Hooker (1817 ς1911)

ï Asst. Surgeon and Botanist on Ross Expedition to 
southern hemisphere (1839 ς1843)

ï CƛǊǎǘ ǇǊƻǇƻǎŜŘ άōǊŜŀƪƛƴƎ ǳǇ ƻŦ ŀ Ŏƻƴǘƛƴǳƻǳǎ ǘǊŀŎǘ 
ƻŦ ƭŀƴŘέ

ï Director of Kew Botanical Gardens

ï Drew analogy between montane and island floras

Å Phillip LutleySclater(1829-1913)Five Terrestrial 
biotic regions (for birds)
ï Palearctic
ï Aeteopica
ï Indica
ï Neotropica
ï Nearctica
ï Australiana

Å Six Marine regions (marine mammals)

http://www.ucmp.berkeley.edu/history/linnaeus.html
http://www.ucmp.berkeley.edu/history/buffon2.html
http://www.ucmp.berkeley.edu/history/lamarck.html
http://emuseum.mnsu.edu/information/biography/klmno/lyell_charles.html
http://emuseum.mnsu.edu/information/biography/klmno/lyell_charles.html
http://www.ucmp.berkeley.edu/history/lamarck.html
http://www.ucmp.berkeley.edu/history/lamarck.html
http://www.ucmp.berkeley.edu/history/lamarck.html
http://www.ucmp.berkeley.edu/history/lamarck.html
http://www.ucmp.berkeley.edu/history/lamarck.html
http://www.hmc.ox.ac.uk/about_the_college/history/alums_3.html
http://www.hmc.ox.ac.uk/about_the_college/history/alums_3.html
http://www.hmc.ox.ac.uk/about_the_college/history/alums_3.html
http://www.hmc.ox.ac.uk/about_the_college/history/alums_3.html
http://www.hmc.ox.ac.uk/about_the_college/history/alums_3.html
http://www.hmc.ox.ac.uk/about_the_college/history/alums_3.html
http://www.hmc.ox.ac.uk/about_the_college/history/alums_3.html
http://explorers.manos.itgo.com/von.htm
http://explorers.manos.itgo.com/von.htm
http://explorers.manos.itgo.com/von.htm
http://explorers.manos.itgo.com/von.htm
http://explorers.manos.itgo.com/von.htm
http://explorers.manos.itgo.com/von.htm
http://www.blupete.com/Literature/Biographies/Science/Darwin.htm
http://www.blupete.com/Literature/Biographies/Science/Darwin.htm
http://www.strangescience.net/wallace.htm
http://www.strangescience.net/wallace.htm
http://www.strangescience.net/wallace.htm
http://www.strangescience.net/wallace.htm
http://rmc.library.cornell.edu/ornithology/guide/hillguide18.htm
http://rmc.library.cornell.edu/ornithology/guide/hillguide18.htm
http://rmc.library.cornell.edu/ornithology/guide/hillguide18.htm
http://rmc.library.cornell.edu/ornithology/guide/hillguide18.htm
http://rmc.library.cornell.edu/ornithology/guide/hillguide18.htm
http://rmc.library.cornell.edu/ornithology/guide/hillguide18.htm
http://rmc.library.cornell.edu/ornithology/guide/hillguide18.htm
http://rmc.library.cornell.edu/ornithology/guide/hillguide18.htm
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Nineteenth Century "NAME" Rules 
(Laws)

ÅC.W.L. Golger(1833) within a species, individuals in 
moist climates are darker
ÅC. Bergmann(1847) for warm blooded animals, those 

in colder climates are larger 
ÅJ.A. Allen ( 1878) for warm blooded animals, those in 

colder climates have shorter limbs and appendages
ÅE.D. Cope(1887)(orthogenesis vs. G.G. Simpson) 

groups tend in one direction, e.g., larger body size with 
time
ÅGuthrie-Geist(20th Century '85 '87) for larger 

mammals, more food yields larger animals (island 
dwarfing)

Late Nineteenth Century

ÅC. Hart Merriam (1884) 

ïLife Zones

ïElevation and Latitudinal (cf. Alexander von 
Humboldt)

ïArizona, S. Idaho

ÅAsaGray(botanist) 

ïdisjunctions: taxonomically similar groups 
distantly separated 

Merriam's Life Zones

See also Fig. 2.7 in 
Lomolinoet al.

Biogeography after 19th Century
ÅThe big question was: How did the world get 

this way?

The First Half of the 20th Century
ÅC. Raunkiaer(1934) - Ecological classification (vs. taxonomic) 
ïTherophytes

ïGeophytes

ïEpiphytes

ÅContinental Drift 
ïA. L. Wegener(1910) 

ïDrummond Matthews and Fred Vine(1963) 

ÅErnst Mayr (1904-2004) - genetics
ïBiological species concept 

(potentially interbreeding to produce fertile offspring)

ïAllopatricspeciation 
(arising through geographic isolation)

ÅCenters of Origin - current patterns 
ïGeorge Gaylord Simpson(1902-1984) Paleontologist 

ïPhilip J. Darlington(1904-1983) Zoologist

Biogeography since the 1950s
(technological revolution, ecology, paleontology) 

ÅPlate Tectonics 
ïmagnetometers 
ïsonar, submarines 

ÅL. Croizat(1958) vicariancebiogeography: 
disjunction of multiple species due to the growth 
of barriers
ÅR. H. MacArthur and E. O. Wilson (1963) Island 

Biogeography
ÅTechnological Advances 
ïradiometric dating 
ïGIS and Remote Sensing ςThe entire Earth can be 

imaged synoptically

http://www-das.uwyo.edu/~geerts/cwx/notes/chap03/bergmann.html
http://www.mun.ca/biology/scarr/Lepus_variation.htm
http://www.mun.ca/biology/scarr/Cope%27s_Rule_in_Equidae.htm
http://www.evowiki.org/index.php/Orthogenesis
http://www.blackwellpublishing.com/ridley/a-z/Copes_rule.asp
http://www.nature.com/cgi-taf/DynaPage.taf?file=/nature/journal/v429/n6993/full/nature02612_r.html&filetype=&dynoptions=
http://www.nature.com/cgi-taf/DynaPage.taf?file=/nature/journal/v429/n6993/full/nature02612_r.html&filetype=&dynoptions=
http://www.nature.com/cgi-taf/DynaPage.taf?file=/nature/journal/v429/n6993/full/nature02612_r.html&filetype=&dynoptions=
file:\\CLASCLUSTER_WEB_SERVER\WEB\USERS\MBINFORD\GEOXXXX_Biogeography\Antevs_arizona_lect02.html
http://www.worc.ac.uk/departs/envman/courses/bio/L1/bio101/raunkiaer.html
http://www.worc.ac.uk/departs/envman/courses/bio/L1/bio101/raunkiaer.html
http://www.worc.ac.uk/departs/envman/courses/bio/L1/bio101/raunkiaer.html
http://www.ucmp.berkeley.edu/history/wegener.html
http://www.ucmp.berkeley.edu/history/wegener.html
http://www.hartrao.ac.za/geodesy/tectonics.html
http://emuseum.mnsu.edu/information/biography/klmno/mayr_ernst.html
http://emuseum.mnsu.edu/information/biography/klmno/mayr_ernst.html
http://www.biomedcentral.com/news/20050204/01/
http://www.cartage.org.lb/en/themes/Biographies/MainBiographies/S/SimpsonGG/1.html
http://www.cartage.org.lb/en/themes/Biographies/MainBiographies/S/SimpsonGG/1.html
http://www.ulib.org/webRoot/Books/National_Academy_Press_Books/biographical_memoirs/bio038.htm
http://www.ulib.org/webRoot/Books/National_Academy_Press_Books/biographical_memoirs/bio038.htm
http://www.geo.arizona.edu/Antevs/ecol438/lect12.html
http://www.geo.arizona.edu/Antevs/ecol438/lect12.html
http://www.geo.arizona.edu/Antevs/ecol438/lect12.html
http://www.geo.arizona.edu/Antevs/ecol438/lect13.html
http://www.geo.arizona.edu/Antevs/ecol438/lect13.html
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Organization of Life

ÅLevels of Functional Organization

ÅBiological Systematicsand Taxonomic Levels

Hierarchical Levels of Functional 
Organization

ÅSubatomic Particles

ÅAtoms

ÅMolecules

ÅCell organelles

ÅCells

ÅTissues

ÅOrgans

ÅOrganism

ÅPopulation

ÅCommunity

ÅEcosystem

ÅLandscape

ÅBiosphere

ÅEarth

trc.ucdavis.edu/biosci10v/bis10v/media/ch01/organization.html

Taxonomic Levels of Biological 
Organization - Linnaean

ÅDomains*
ÅKingdom
ÅPhylum (Division for 

plants and Fungi)
ÅClass
ÅOrder
ÅFamily
ÅGenus (plural Genera)
ÅSpecies (singular AND 

plural)

CarolusLinnaeus (1707 τ1778)
SystemaNaturae published 1758
*Not Linnaean

Binomial 
Nomenclature

Pinuselliottii

Homo sapiens

Pan troglodytes

Genus name and 
specific epithet 
= Species name

TAXON (plural TAXA)

Domain and Kingdom

Three Domains: Archaea, Bacteria (Eubacteria), and Eukaryota(all 
eukaryotic groups: Protista, Plantae, Fungi, and Animalia) 

Purveset al., Life: The Science of Biology, 4th Edition. SinauerAssociates

Taxonomy of Humans
Å Domain:Eukarya(organisms which have cells with a nucleus)

Å Kingdom:Animalia(with eukaryotic cells having cell membrane but lacking cell wall, 
multicellular, heterotrophic)

Å Phylum:Chordata(animals with a notochord, dorsal nerve cord, and pharyngeal gill 
slits, which may be vestigial or embryonic)

Å Subphylum:Vertebrata(possessing a backbone, which may be cartilaginous, to 
protect the dorsal nerve cord)

Å Class:Mammalia(endothermicvertebrates with hair and mammary glands which, in 
females, secrete milk to nourish young)

Å Cohort:Placentalia(giving birth to live young after a full internal gestation period)

Å Order:Primates(collar bone, eyes face forward, grasping hands with fingers)

Å Suborder:Anthropoidea(monkeys, including apes, including humans; as opposed to 
the lemurs, lorises, and tarsiers)

Å Infraorder:Catarrhini(Old World anthropoids)

Å Superfamily: Hominoidae(apes, including humans)

Å Family:Hominidae(great apes, including humans)

Å Species:Homo sapiens(high forehead, well-developed chin, gracilebone structure)

Why Scientific Names?

ÅAmiacalvaL.

ÅBowfin in most of U.S.

Åbeaverfish, blackfish, cottonfish, cypress trout, 
freshwater dogfish, grindle, grinnel, John A. Grindle, 
lawyer, marshfish, scaled ling, speckled cat, and 
western mudfish. Choupiqueis a common name 
used in Louisiana that was derived from the Choctaw 
name for bowfin.

Kingdom: Animalia
Phylum: Chordata
Subphylum: Vertebrata
Class: Actinopterygii
Order: Amiiformes
Family: Amiidae
Genus: Amia
Species: AmiacalvaL.

http://www.flmnh.ufl.edu/fish/Gallery/
Descript/Bowfin/Bowfin.html

trc.ucdavis.edu\biosci10v\bis10v\media\ch01\organization.html
trc.ucdavis.edu\biosci10v\bis10v\media\ch01\organization.html
trc.ucdavis.edu\biosci10v\bis10v\media\ch01\organization.html
http://en.wikipedia.org/wiki/Eukaryote
http://en.wikipedia.org/wiki/Animal
http://en.wikipedia.org/wiki/Multicellular
http://en.wikipedia.org/wiki/Heterotrophic
http://en.wikipedia.org/wiki/Chordate
http://en.wikipedia.org/wiki/Notochord
http://en.wikipedia.org/wiki/Pharyngeal_gill_slits
http://en.wikipedia.org/wiki/Pharyngeal_gill_slits
http://en.wikipedia.org/wiki/Vertebrate
http://en.wikipedia.org/wiki/Mammal
http://en.wikipedia.org/wiki/Warm-blooded
http://en.wikipedia.org/wiki/Milk
http://en.wikipedia.org/wiki/Placental
http://en.wikipedia.org/wiki/Primates
http://en.wikipedia.org/wiki/Anthropoidea
http://en.wikipedia.org/wiki/Catarrhini
http://en.wikipedia.org/wiki/Hominoidae
http://en.wikipedia.org/wiki/Hominidae
http://en.wikipedia.org/wiki/Sapiens
http://animaldiversity.ummz.umich.edu/site/accounts/information/Animalia.html
http://animaldiversity.ummz.umich.edu/site/accounts/information/Chordata.html
http://animaldiversity.ummz.umich.edu/site/accounts/information/Vertebrata.html
http://animaldiversity.ummz.umich.edu/site/accounts/information/Actinopterygii.html
http://animaldiversity.ummz.umich.edu/site/accounts/information/Amiiformes.html
http://animaldiversity.ummz.umich.edu/site/accounts/information/Amiidae.html
http://animaldiversity.ummz.umich.edu/site/accounts/information/Amia.html
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What is a Species?
ÅSpecies are the fundamental taxonomic units of 

biological classification. Environmental laws are framed 
in terms of species. Even our conception of human 
nature is affected by our understanding of species. 
ÅErnst Mayr: all the individual organisms of a natural 

population that generally interbreed at maturity in the 
wild and whose interbreeding produces fertile 
offspring.
ÅBut there are problems with this definition.
ÅAfter thousands of years of use, the concept remains 

central to biology and a host of related fields, and yet 
also remains at times ill-defined.
Å"Right now we can only guess that the correct answer 

for the total number of species worldwide lies between 
2 and 100 million," Michael Rosenzweig.

What is a Species?

Systematicsand Biological 
Nomenclature

ÅRules set by International Commissions

ÅInternational Commission on Zoological 
Nomenclature (ICZN)

ïhttp://www.iczn.org/

ÅInternational Code of Botanical Nomenclature

ïhttp://www.bgbm.org/iapt/nomenclature/code/Sai
ntLouis/0001ICSLContents.htm

Some general rules for nomenclature

1. All taxa must belong to a higher taxonomic 
group.

2. The first name to be validly and effectively 
published has priority. 

3. All taxa must have an author. When you see a 
scientific name such as Homo sapiensL, the L 
stands for Linneus, who first described and 
named that organism. Most scientists must 
have their names spelled out, for example 
LibopollisjarzeniiFarabeeet al.

Next Time

ÅEnvironmental Setting:
ïEnergy

ïAtmospheric Circulation Patterns

ïClimatic Regions of the World

ïSoils
ÅParent Materials

ÅSoil Formation

ïAquatic Environments

ïMicroenvironments


