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The Science and History of Biogeography
Lecture 2 and & 8 January 2009

Who are you?

AName

A Undergrad/Grad

A What are you studying?

A Background in biology

A Background in geography

AWhat do you want to do when you graduate?

Topics andubdisciplinesf
Biogeography

A Natural History Zoogeography A Spatial modelers

A Vegetation geography A Spatial ecology

A Floristicphytogeography A Animal dispersal

A Macroevolution paleontology A Speciation

A Panbiogeography A Populationgenetics/evolution

A Cladisti¢vicariance A Landscapecology
biogeography A wildlandgconservation

A Systematistphylogenetic A Climatology

A F;&gnZ%?gZZoéraphy A Paleoecology

A Biodiversity A Ethnobiology

A Metapopulationistbiology
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Last Time

A Introduction ¢ Biogeography?
i The Science of Biogeography
AMajor questions
AMethods

i Why Geography instead of Biology?
A This Class the Semester

i Objectives
i Logistics
i Evaluation
i Schedule

A ReadingChapter 1 & 2 ih.omolinoet al.

This Time; Two Hours

A Topics andsubdisciplinesf Biogeography
A History of Biogeography

A Organization of Life

A Systematicsind Biological Nomenclature
A The Environmental Setting

Breaking News

A Recent Ecological Society of America meeting
KFrR  aSaairzy 2y Ge¢K¢

A The Bulletin of the Ecological Society of
America published yesterday (7 Jan 2009) hac
a summary of the meeting:

A http://www.esajournals.org/doi/full/10.1890/
0012962390.1.109



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

Breaking News Theory of Ecology

A One view: In ecology, the scientific domain is spatial and
temporal patterns of distribution and abundance. Eight
fundamental principles attend this domain:
organisms are distributed heterogeneously in space and time
all organisms interact with their biotic arabioticenvironments

the distribution of organisms and their interactions are susceptible
to contingency

environmental conditions are heterogeneous in space and time
resources are finite and heterogeneous in space and time

birth and death rates result from interactions wigthiotic, biotic
environments

ecological properties of populations are the consequence of
evolution

8. individual variation predominates
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History of Biogeography

Overview Time
A Accumulatiorof Species A Pre13" Century
Distributioninformation A TheAge of Exploration
A Theoryof Evolution A Biogeography of the 19th

A Plate Tectonics Century
N . \ i Four British Scientists
A Theoretic é_1|, Empirical, ank{ i Other Contributions of the 19th
Technological Advances \ Century
T Island Biogeography \\A The First Half of the 20th

i CladisticsVicariance \  Century
Biodiversity interest

i Rise of Conservation

I Remote Sensing/GIS

A Biogeography since the 1950s

The Age oExploration, Age of
Discovery

A European: Written accounts of travels to
Asia
i GiovanndaPiandel Carping(c. 1180¢ 1252
journeyed to Mongolia and back from 124
1247.
Marco Polq12541324/1325) journeyed
throughout Asia from 1271 t6295, in the
court of Kublai Khan of Cathay.
¢NI RS 6AGK GKS a9l
both land and seg reports of fantastic beasts
and strange environments

pul

1600- 1850"Age of ReasonlinnaeusBuffon,
LamarckLyell

A Linnaeug17071778):
Noachan deluge Plants and
Animals spread from Mount
Ararat (Turkey)
ElevationaZonesf Ararat
are origins of "biomes"

A Georges.ouis LeclergComtede Buffon(1707
1788): spread from the Arctic

A Buffon'sLaw distant regions with similar
climate (& similarappearing vegetation)
have different animal species
i Mediterranean climate biome
T Monsoonal climate biome
i 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

1600- 1850"Age of ReasonLinnaeusBuffon,
LamarckLyell

A Sir Charles Lye1 797- 1875):author of The Geologicé
Evidence of the Antiquity of Mam 1863 andPrinciples
of Geology(12 editions).

A Presentlyobservable geological processes were
adequate to explain geological history
Uniformitarianism, not book of Genesis!

A Vasttime scale for Earth's history.

A Major influence on Charles Darwin

JeanBaptisteLamarck(1744-1829

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

Forerunner of evolution.

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

1850- 1900Evolution by Natural
Selection, but preContinentalDrift

e ‘

A ' A CharlesDarwin (18091882)

’ Evolutionthrough Natural
SelectionThe Origin of
Species

A Theoretical Framework for
Biotic Patterns in Space and
Time

A Fundamental to all Biology

A Also a barnacle expert.

Biogeographi®rinciples Advocated by
AlfredRusselWallace

A See page 27, Box 2.1

A Johann ReinholBorster(1729- 1798)
Cook'2" Expeditionl778

A Global biotic regions (plants)
A Higher species diversity in tropics
A Species diversity correlated with islaside

1/8/2009

The Age of Exploration

A Alexandewon Humboldt(1769
1859} Plant Vegetation types strongly
correlated with local climate

A ElevationaVegetation ZonegAndes)
A Latitudinal Belts o¥/egetation

1850- 1900Evolution by Natural
Selection, but preContinentalDrift

Hooker and Sclater

A Joseph Dalton Hooker (18%71911)

i Asst. Surgeon and Botanist on Ross Expedition to
southern hemisphere (18391843)

CANRG LINBLRASR GoNBI1AYy3

2F f yRE

Director of Kew Botanical Gardens
Drew analogy between montane and island floras

[T

A Alfred RusseWallace
(18231913
i Biotic Regions similar to
Schlater's
i Originator of
Zoogeography
A Distance not equal
taxonomic similarity
A Integrated geological,

fossil, evolutionary
information

A Considerecpaleoclimate
influences distributions

3

A PhillipLutleySclater(18291913)Five Terrestrial
biotic regions (for birds)

i Palearctic

Aeteopica

Indica

Neotropica

Nearctica

Australiana

A Six Marine regions (marine mammals)
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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
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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
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Nineteenth Century "NAME" Rules
(Laws)

A CW.LGolger(1833) within a species, individuals in
moist climates are darker

A C.Bergmann(1847) for warm blooded animals, those
in colder climates are larger

A J.A Allen ( 1878) for warm blooded animals, those in
colder climates have shorter limbs and appendages

A E.DCope(1887)prthogenesis vs. G.G. Simpjon
groups tend in one direction, e.g., larger body size with
time

A Guthrie-Geist(20" Century '85 '87) for larger
mammals, more food yields larger animals (island
dwarfing)

Merriam's Life Zones

3 Hudsarian
B Canadian

. Transition

M Uppsr Soneran
Lower Sonaran
Tropical

Altitude, km

See also Fig. 2.7 in
Lomolinoet al.

The First Half of the 20tGentury

A C Raunkiaer(1934)- Ecological classification (vs. taxonomic)
i Therophytes
i Geophytes
i Epiphytes
A Continental Drift
i A LWegener(1910)
i Drummond Matthews and Fred Vii{&963)
A ErnstMayr (19042004 - genetics
i Biological species concept
(potentially interbreeding to produce fertile offspring)
i Allopatricspeciation
(arising through geographic isolation)
A Centers of Origincurrent patterns
i George Gaylor&impson(19021984) Paleontologist
1 Philip JDarlington(19041983) Zoologist
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Late Nineteenth Century

A C HartMerriam (1884)
I Life Zones

i Elevation and Latitudinal (cf. Alexander von
Humboldt)

T Arizona, S. Idaho
A AsaGray(botanist)

1 disjunctions taxonomically similar groups
distantly separated

Biogeography after I9Century

A The big question was: How did the world get

this way?

Biogeography since thiE950s
(technological revolution, ecology, paleontology)

A PlateTectonics
i magnetometers
i sonar, submarines

A L.Croizat(1958)vicariancebiogeography
disjunction of multiple species due to the growth
of barriers

A R. HMacArthurand E. OWilson (1963)Island
Biogeography

A Technological Advances
i radiometric dating

T GIS and Remote Sensin@he 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

A Levels of Functional Organization
A BiologicalSystematicsind Taxonomic Levels

Taxonomic Levels of Biological
Organization Linnaean

Binomial
Nomenclature

QYITIE D% £TALLA 90

Domains* o
Kingdom SYSTEMA
Phylum (Division for NATVR,AE

plants and Fungi)
Class
Order

Pinuselliottii
Homo sapiens
Pan troglodytes
Genus name ani

specific epithet
= Species name

Species (singular ANL
plural) {

olud.innaeus (1707 1778)
temaNaturae published 1758
t Linnaean

Taxonomy of Humans

Domain:Eukarya(organisms which have cells with a nucleus)
Kingdom:Animalia(with eukaryotic cells having cell membrane but lacking cell wall,
multicellular heterotrophic)

Phylum:Chordata(animals with arotochord dorsal nerve cord, angharyngeal gill
slits, which may be vestigial or embryonic)

Subphylum¥ertebrata(possessing a backbone, which may be cartilaginous, to
protect the dorsal nerve cord)

ClassMammalia(endothermicvertebrates with hair and mammary glands which, in
females, secretenilk to nourish young)

Cohort:Placentaliggiving birth to live young after a full internal gestation period)
Order:Primates(collar bone, eyes face forward, grasping hands with fingers)
Suborder:Anthropoidea(monkeys, including apes, including humans; as opposed to
the lemurslorises and tarsiers)

Infraorder: Catarrhini(Old World anthropoids)

Superfamily Hominoidae(apes, including humans)

Family:Hominidae(great apes, including humans)

Speciestomosapienghigh forehead, weltleveloped chingracilebone structure)
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Hierarchical Levels of Functional

Organization
A Subatomic Particles A Population
A Atoms A Community
A Molecules A Ecosystem
A Cellorganelles A Landscape
A Cells A Biosphere
A Tissues A Earth
A Organs
A Organism

trc.ucdavis.edu/bioscilOv/bis10v/media/ch@tfanization html

Domain and Kingdom

ANIMALIA

PLANTAE \ (uiticellul Etio)
(Multicellular, (exka'c,;ozsr (Multicellular,
eukaryotic) eukaryotic)

PROTISTA
(Eukaryotic, unicellular
multicellular)

ARCHAEBACTERIA
[/AUnicellular, prokaryotic),

EUBACTERIA
{(Unicellular,
prokaryotic)

Three DomainsArchaea Bacteria Eubacteriy, andEukaryota(all
eukaryotic groupsProtista Plantae Fungi, andnimalig
Purveset al.,Life: The Science of Biologgh Edition SinauerAssociates

Kingdom:Animalia

Why Scientific Names?munchosan

Subphylumyertebrata
ClassActinopterygii

A AmiaCa|Va|__ Orde_r:Ami?formes

Family:Amiidae

A Bowfin in most of U.S. GenusAmia

SpeciesAmiacalval.

A beaverfish blackfishcottonfish, cypress trout,
freshwater dogfishgrindle grinnel John AGrindle
lawyer,marshfish scaled ling, speckled cat, and
western mudfishChoupiqués a common name
used in Louisiana that was derlved from the Choctaw
name for bowfin

htp:/fwwwfimnh.ufl.edu/fish/Gallery/
Descript/Bowfin/Bowfin.htm!



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?

A Species are the fundamental taxonomic units of
biological classification. Environmental laws are framec
in terms of species. Even our conception of human
nature is affected by our understanding of species.

A ErnstMayr. all the individual organisms of a natural
population that generally interbreed at maturity in the
wild and whose interbreeding produces fertile
offspring.

A But there are problems with this definition.

A After thousands of years of use, the concept remains
central to biology and a host of related fields, and yet
also remains at times-tlefined.

A "Right now we can only guess that the correct answer
for the total number of species worldwide lies between
2 and 100 million," MichadRosenzweig

Systematiceind Biological Some general rules for nomenclature
Nomenclature 1. All taxa must belong to a higher taxonomic
ARules set by International Commissions group.
A International Commission on Zoological 2. The first name to be validly and effectively
Nomenclature (ICZN) published has priority.
i http://www.iczn.org/ 3. All taxa must have an author. When you see
A International Code of Botanical Nomenclature scientific name such d$omo sapiens, the L
i http://www.bgbm.org/iapt/nomenclature/code/Sai stands forLinneus who first described and
ntLouis/0001ICSL Contents.htm named that organism. Most scientists must

have their names spelled out, for example
LibopolligarzeniiFarabeeet al.

Next Time

A Environmental Setting:
1 Energy
i AtmosphericCirculation Patterns
i ClimaticRegions of the World
T Soils
AParent Materials
ASoil Formation
i Aquatic Environments

1 Microenvironments



