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Biogeography--Why things are where they are.—
The field that attempts to document and understand the spatial pattemns of orgamizms m the past
and preszent and develop process explanations for vanation in distnbution.

I. Ecological Biogeography
A_ Typically deals with relatively recent patterns and mteractions with an ecological and
phonological emphasis.

1. From this view questions addrezsed might be like “What allows a species to occur m

one area and prevents it from expanding into other areas?”
B. Community bazsed.
C. Can involve paleontolopical data, so 13 not resinicted to currently extant populations.
D. Studies often mvolve the mpact of human activities; succeszion theory; the dynamics of
communifies and populations; fire ecolegy; restoration EﬂDlDE_T mvazlve species; species pulses or
waves; 1sland biogecgraphy.

e.g. Elas 5. A Bemman D. Alfimov, A. 2000. Late Pleistocene Beetle Faunasz of Beningia: Where East
meets West. Journal of Biogeography. 27:1349-1-63.

I1. Phylogeography
A_The attempt to take into account the geographic dismbution of species’populations m
establizhimg their phvlogeny/divergence, and to understand the gecgraphic patterns that may result
from divergence, uliimately leading to speciation.
1. Focus on species boundaries.
2. Often locks at pene trees or genealopies.
3. Shares methodology with phylogenetics.

e.g., Gody. LA, Negro, J.J. Hiralodo, F., Donazar, J A. 2004. Phylogeography, genetic structure and
diversity in the -E:Iuiangeredheardad vulture (Gypaetus barbaius, L) as revealed by mifochondnal DNA
Molecular Ecology. 13:2 p. 371.

I. Historical Biogeography
A_Usually mvolves older patterns mferred by locking at clades (often as species and higher taxa)
B. Focus un‘u.:]:m lineages arerepreseu’tﬁdmcﬂtamareas and not others and why 1z a pattern of
distributions frequently repeated in different lineages.
C. Typically area relationships and general patterns of drversity are emphazized over single taxon
dizmbutions.

e.g., Marshall C. I, Liebherr. JK. 2000. Cladistic biogeography of the Mexican transition zone. Journal of
Biogeography. 27( 1 ):203-216.

IV. Bnief Historical overview of “periods™ and discovenes

A_ At the ime of a limited view of dynamics and diversity
1. Creation myths, disperzal from Noah's ark, ete.
2. Little understanding beyond local flora/fauna

B. Ape of exploration
1. 17th century led to dizscovery of too many species for the Atk
2. Realization that em.ru-nmentalh similar but distantly izolated regions have distinet
aszemblages of crganizms I:Euffnns Law)
3. Izslands have lower diversity
4. Simlar flenishic zonation (Humbolt)

C. 1%th century, advances m geology and evelutionary theory
1. Ly eIJ_ Darwin, Wallace, Sclater, Hooker, etc.
2. Abandonment (by most) of the 1dea of stahic distnibution and mmutality of species.



3. Landbndges megacontinents (e g. Hooker, Wallace) vs. dispersal (e g Darain)

D. 20™ century
1. Continental drift (Wegener 1912)- but not really accepted until 1960s- (Dietz & Holder
1966) Persistent disperzalists like Mayr and Darlington maintained that even of
confinents moved dispersal was shll more important.
2. -Panbiogecgraphy of Croizat, phylogenetics of Hennig and mplementation Brundm
(1966) for a trans-Gondwanan group of fhes
3. Vicanance biogeography fully developed by Platmck & Nelson (1978)

V. Generally uzed current methods of Historical (Vicanance) Biogeography

==

-Similar systems like parasites and their hosts can use the same or similar methods.
Host -- Associate

organizm -- paralogous gene

host organism -parasite organizm

geographic area - organism

==
A_Histoncal explanation for disjunct pattems can be erther dispersal or fragmentation of a
contimuous range (vicariant).
B. Vicanance biogeography usually considers dizperzal to be an ad hoc explanation that could be
used to account for any pattern
C. Implied process assumptions in pattern metheds, which are more exphicit n event-based
methods
1. allopatric speciation 15 relative more common
2. dizperzal 15 relatively less commeoen than stasis
3. current distmbutions generally reflect ancient events
D. The basics
1. You need monophyletic groups that occur m three or more areas
a. Requres that you assume the phylogeny 1z correct
2. Replace the OTU names with area names to make taxon-area cladograms
a Requires yvou assume the known ranges are adequate
3. Summarnze the zet of taxon-area cladograms to make a general area cladogram that
shows the congruent vicanant pattern
a Assumption of simplicity or at least that the majorty of taxa respond the same
mozt of the time
4 "Mizzing”, widespread taxa and redundant areas are problems.
a Areaz may be absent in proups because
1. no member ever occur in the area
1. sampling error
111. extinction
b. Taxa may occur in more than cne area because
1. non-rezponse fo a vicanant event
1L sympatnic speciation
1. dizpersal (zecondary sympairy)
3. Pedundant distnbutions m two taxa
1. disperzal in one or both taxa
VL A4 priori methods- Denive general biogecgraphic patterns from shared cladistic pattems and
distnbutional data. No zecondary or “total evidence” analysis.
A_ Component Analyzis. TAC, FAC, RAC, GAC: Use taxon area cladograms (TAC) to derive
reduced area cladograms (sometimes called fundamental area cladograms (FAC)) from
phylogenetic hypotheses and disinbutional data under Assumptions 0, 1, 2 (Plaimick & Nelson
1978). General Area cladograms (GAC) are the intersection of reduced area cladograms (RAC)
from two or more sets of frees.



Assumption 0: azsumes that widespread taxa are the result of non-response to only the most recent
vicariant event (can we know 1f this was not a dispersal event?), so that areas that are occupied by
widespread taxa are mterpreted 2z bemng most clozely related. Clearly, the existence of more than cme
widespread taxon, each eccupving overlapping but not identical sets of areas are conflicting evidence for
area relahonships. The conflict 1= resolved for these redundant areas for the most apical cladistic position.
Assumption 1: azssumes that widespread taxa are the result of non-response to the most recent OF. earlier
vicanant event (dizpersal event?). Redundant area representations are all conzidered vahd. The assumption
will often produce more trees (the convex set) than the more restnictive assumphion 0, but will always
mclide Assumphon 0 trees as a subset

Assumption 1: allows for the possibility that dispersal, as well as non-response to a vicanant event, may be
the explanation for widespread taxa. (fix one move the other fo all pozsible positions).

B. Reconciled Trees (Page 1990, 1994): Mapping one tree onto another by the inclusion of
unobserved events.
1. User free (host or area relaionships) mapped to observed or asscciate free (taxa or
parasites)
2. Items of Error (I0E): Maz-fit of the trees. Number of nodes in reconciled tree — mumber
of nodes in associate free (m Componant 2.0 "leaves added” = 2 I0OE)
3. Vanous area cladograms are reconciled to find an optimal fit.
4. Heunstic searches may focus on trees that minimizes leaves added, however this may
overestimate the number of events.
C. We have been using “areas™ but what are Areas of Endemizm?
1. “if they are not exactly congruent, but are largely congruent, then they may be
considered equivalent for purposes of biogeographical analyzis.™ (Wiley 1981 )
2. What the terminalz are in a biogeographic study 13 fundamental to doing the analyziz in
the first place. However, there has been much less attention grven fo area
defimtion’discovery than to tree conversion'combination m to a general area cladogram
An Area of Endermizm 15 an area of nonrandom distnbutional congruence. (Mormrone
1".}9-1}

3. Most frequently AofE are determuned inturfively through mspection of distributional
mfu:nrmalmn and often endemic areas are equivalent to species distributions. However,
vanous gnd methods have been used (Morrone 1994; Limder 2001 ; Szumik et al. "'EIEII_
all m 5ys. Bio).

4. Linder (2001) publizshed theze criteria:

1. The ranges of the species endemic to the area of endemizm should be
maximally congruent. Ideally all taxa would be evenly distributed in the area
[genera]h not the case ]
1. The areas of endermizm should be narrower than the whole study area, so that
several areas are located
ni Areas of endemizm must be mutually exclusive, and gnid squares (or amy
other units) cannot belong to two areas of endemizm
. If areas of endemizm are to be determined before cladistic bicgecpraphical
analy=iz, then that definition should not be open to retrospective modification,
which thiz would weaken the power of incongruent dizinbutions in falzsifiing
any patterns.
3. A simple example using PAE (parsimony analyziz of endermsity, Rosen 1988;
Morrone 1994)

1. Draw quadrats (grid) on a map, consider quadratz onlv where at least one locality record exists

for a study taxon

1. Construct a data matnx where columns are species and rows are quadrants. Use (-1 = zbzence -

prezence coding.

11 Add an all zero quadrant (the empty or what we nught call the Stanford quadrat) as a

hypothetical reot (where nothing exists).

. Analyze for the parsmony solution.

v. Delimit groups of quadrats with at least two species

V1. Supenmpose the delmited groups on the map to delineate the AofE boumdnes.



