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Why'Is A Species \Where
it IS

And Why Is It Not Where It Is Not?
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Niche Concepts

« Vany definitions exist for ‘niche’ ...

« | avold those that are process-oriented (e.g., “the
iele off species X In its community™)

« FOcUS on a more workable definition: “the set of
envirenmental conditions within which a species
can maintain populations without immigrational

subsidy” (J. Grinnell)
« Grinnellian concept has the advantage of a
single focus (environmental conditions)

« [nteractive (Eltonian) processes probably act
chiefly on finer spatial scales and are not
commonly discernable on coarse scales



Species Interactions Important

Abiotic niche

Accessibility Biotic interactions



Species Interactions Unimportant

Abiotic niche

Biotic interactions

Accessibility



Grinnell vs Elton




Niche Modeling

« Physiological constraints = Ecological
processes - Geographic phenomenon

« As such, geographic phenomena of
distributions should be reconstructed in
ecological spaces

* Linked spaces, in which there Is a one-to-
one mapping between elements in G and
elements in E

* Modeling best carried out in E



Geographical space Environmental space

<+ Observed species occurrence record

Actual distribution (left |:|an|EI]u"r Occupied niche (right panel)

O Potential distribution (left panel)/Fundamental niche (right panel)
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Proximate

Easy-to-measure variables
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THE PAST...HOUSING DATA
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THE PAST...CENTRALIZED DATA
BASES
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Museums working together:
the atlas of the birds of Mexico

varro S., A. Tocvnsend Peterson
andro Gordillo-Martinez

ATLAS OF THE BIRDS MEXICO
453,540 POINT DATA
80+ DATA SOURCES
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DISTRIBUTED DATABASES

ORNIS is one of many local and global initiatives to improve
access to biodiversity data that are housed in museum
collections
(3 billion specimens, 2-30 million species)



http://olla.berkeley.edu/ornisnet/
http://amphibiaweb.org/about/index.html
http://www.rc.unesp.br/ib/herbario/images/specieslink.gif
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Brazil in ORNIS

& Ornithology Information System (ORNIS) - Results - Windows Internet Explorer

6@; - |§, htkp:ff128,32, 146, 144)pras/PresentationServiet Fackion=quaty

File Edt \iew Favorites Tools Help
Coogle [Clvspeciesiink viGos @& ™ QB+ 99 sookmarkse Bhi7sblocked | %37 Check = 9 Autolink - | [ sendtow 4 (D) settings~

‘_I ﬁ - B Qéa - lﬁpage - ,Q} Toals = >
University of Washington Burlee Museum - Bird Specimens 0

Museum of Vertebrate Zoology (MVZ) - Terresirial vertebrate specimens 10

Louisiana State University Museum of Natural Science (LSUMYZ) - Bird specimens 10

Los Angeles County Museum of Natural History (LACM) - Vertebrate specimens 10

Cornell University Museum of Vertebrates (CUMYV) - Bird Collection 10

Borror Laboratory of Bioacoustics (BLB) - Borror Laboratory of Bioacoustics 10

Delaware Museum of Natural History - Delaware Museum of Natural History Bird Collection 10

Canadian Museum of Nature - Canadian Museum of Nature Bird Collection 0

Yale University Peabody Museum - Ornithology DiGIR. provider Service 10 5396
University of Kansas Biodiversity Research Center - Bird Collection 10 1060
Michigan State University Museum (MSUM) - Vertebrate specimens 10 29
California Academy of Sciences (CAS) - CAS Bird Collection Catalog 10 91
Academy of Natural Sciences - ORN 10 2864
Roval Ontario Museum - Bird specimens 10 606
Western Foundation of Vertebrate Zoology (WEVZ) - Avian specimens 10 124
University of Michigan Museum of Zoology (UMMY) - Bird specimens 10 1408
MCZ-Harvard University Provider - MCZ Ornithology Collection 10 10946
National Museum of Natural History, Smithsonian Institution - NMINH Vertebrate Zoology Birds Collections 10 9640
Field Museum - Birds specimens 16134
Totals 63088
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ENM Potential

Characterize ecological needs of species

Interpolate between sampling poeints te predict full
distrbution

Predict inte broadly unsampled areas to anticipate
distribution

Predict invasive potential in other regions and on other
continents

Predict likely distributional change with changing land
use

Predict likely distributional change with changing
climates

Build scenarios for unknown disease behavior



ENM Publications
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Applications I: Chagas Disease
\/ector Distributions in Guatemala



Mal de Chagas en Guatemalas:
Triatema dimidiata

En colaboracion con Celia Cordon Rosales (MERTU/Universidad del Valle, Guatemala)
Janine Ramsey (Instituto Nacional de Salud Publica, Mexico)


http://images.google.com.mx/imgres?imgurl=www.mondialhosting.com/axxon/mus/museoimg/m-020501TriatomaInfestans.jpg&imgrefurl=http://www.mondialhosting.com/axxon/mus/museoimg/m-020501-00.htm&h=625&w=567&prev=/images%3Fq%3D%2522triatoma%2Bdimidiata%2522%26svnum%3D10%26hl%3Des%26lr%3D%26ie%3DUTF-8%26oe%3DUTF-8%26sa%3DG

Acercamiento del area
muestreada




Area Buffer muestreada en
circulos de 25 km




Datos ambientales usados —
AVIHRR NDVI Data LLayer

The Normalized
Difference Vegetation
Index (NDVI), which is
related to the
proportion of
photosynthetically
absorbed radiation, is
calculated from
atmospherically
corrected reflectances
from the visible and
near infrared AVHRR

Advanced Very High Resolution Radiometer


http://daac.gsfc.nasa.gov/CAMPAIGN_DOCS/LAND_BIO/vis.html

Datos ambientales usados—

Vertiente




currencias conocidas —
Tratoma dimidriata




Puntos delinatoma dividides en
cuadrantes (On and Off Diagonal)




hiatema Puntes - On-diagonal”




Prediccion desarrollada de los
puUNRtes “on” de Tratema




Sebreposicion de datos Independientes de
|0S| puntes Ofif-diagenal de Triatoma




iatema Ofif-diagenal




Prediccion desarrollada de los
pUNtes Off-diagenal de Tratema




Sehreposicion de datos independientes de
|0S| puntes On-diagenal de Triatoma
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Desarrollo del modelo

[




Proyeccion del Modelo




Baja Verapaz “Closeup”




SERrepesIcion de detecciones
e latoma







Applications Il Invasive Mosquito
Distributions Globally
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Abiotic niche

Area
presenting
appropriate
combinations
of abiotic and
biotic
conditions (=
potential
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Actual geogiaphic distribution
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Aedes albopictus

Aedes albopictus
Knewn as the “Asian
Tiger Mosquito™

Invader; fastest
spreading mosquito in
the world

Aggressive daytime
biter and pest

Known to transmit
Dengue, La Crosse, St.
Louis, Eastern Equine,
Ross River, Rift Valley,
and West Nile Viruses



Aedes albepictus

Present predicted distribution, native range in Asia



Aedes albepictus:
USA Invasion

Projected Asian niche into USA present to create
Invasion risk-map. How well did GARP perform...



Aedes albepictus:
USA Invasion
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APPLICATIONS IlI: DENGUE
DYNAMICS IN MEXICO



Satellite lmagery.

« Advanced Very High Resolution Radiometer
(AVHRR) passes over all poeints on Earth’s
surface each day

« Raw data include reflectance in different parts of
the electromagnetic spectrum

* Nermalized Difference Vegetation Index (NDVI)
IS a composite of two bands ofi raw data that
summarizes ‘greenness’, and (more precisely)
volume of photosynthetic vegetation

« AVHRR NDVI data are available as biweekly or
monthly composites



Poetential ier ENM and Dengue

« ENM Is presently developed based on static
environmental data that are not temporally precise

« Using occurrence information and ecological data
that are precise both in time and space, ENM can
e made time-specific

« \Would provide detailed predictivity on a weekly or
monthly basis for vector distributions and disease
transmission

« Potentially applicable to any ephemeral species of
epidemiological interest



Distributional Data for Aedes
aegyptl, 1995, in Mexico




ime-ignorant Prediction




Closer View
Note bread areas predicted




lime-specific Occurrence Data




August 1995




(S August 1995

IC

August 1995 Pred

(easy)




Can We Predict August from
Previous Months?

Example: June 1995 predicts August 1995



empesite: Prediction fier August 1995:
wo Previeus Months Averaged




hime-speciiic Model Compared
With Tiime-ignerant model




Closer View




Summary. of Prototype Tests

Percent correctly predicted

Month [\ Any >50% >80%
June 22
July 28
August 40
September 25
October 19
November 25

December 22




EFFECTS ON HUMAN
HEALTH: MALARIA IN AFRICA



Anopheles gamblae

Expansion — 96,366,690 people




NEXt Steps

« Develop conceptual framework
(biogeography and macroeecology)

« Develop analytical approaches
=« Data resources

s Mode
s Mode
= Mode

development
validation
Interpretation

« Software development and testing



Example: Get Viore from RS Data




NEXt Steps

« Develop conceptual framework
(biogeography and macroeecology)

« Develop analytical approaches
=« Data resources

s Mode
s Mode
= Mode

development
validation
Interpretation

« Software development and testing



Thanks very much
town@Kku.edu

Wish BUSH a
GOODBYE

Think good thoughts
about Obama
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