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Why Is A Species Where Why Is A Species Where 
It IsIt Is

And Why Is It Not Where It Is Not?And Why Is It Not Where It Is Not?
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The BAM DiagramThe BAM Diagram





Niche ConceptsNiche Concepts
Many definitions exist for Many definitions exist for ‘‘nicheniche’’ ……

I avoid those that are processI avoid those that are process--oriented (e.g., oriented (e.g., ““the the 
role of species X in its communityrole of species X in its community””))
Focus on a more workable definition: Focus on a more workable definition: ““the set of the set of 
environmental conditions within which a species environmental conditions within which a species 
can maintain populations without immigrational can maintain populations without immigrational 
subsidysubsidy”” (J. Grinnell)(J. Grinnell)

Grinnellian concept has the advantage of a Grinnellian concept has the advantage of a 
single focus (environmental conditions)single focus (environmental conditions)
Interactive (Eltonian) processes probably act Interactive (Eltonian) processes probably act 
chiefly on finer spatial scales and are not chiefly on finer spatial scales and are not 
commonly discernable on coarse scalescommonly discernable on coarse scales



Abiotic niche

Biotic interactionsAccessibility

Species Interactions Important



Abiotic niche

Biotic interactions

Accessibility

Species Interactions Unimportant



Grinnell vs EltonGrinnell vs Elton



Niche ModelingNiche Modeling

Physiological constraints Physiological constraints Ecological Ecological 
processes processes Geographic phenomenonGeographic phenomenon
As such, geographic phenomena of As such, geographic phenomena of 
distributions should be reconstructed in distributions should be reconstructed in 
ecological spacesecological spaces
Linked spaces, in which there is a oneLinked spaces, in which there is a one--toto-- 
one mapping between elements in G and one mapping between elements in G and 
elements in Eelements in E
Modeling best carried out in EModeling best carried out in E
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Absence DataAbsence Data
Abiotic niche

Biotic interactionsAccessibility



THE PASTTHE PAST……HOUSING DATAHOUSING DATA



THE PAST THE PAST ……RETREIVING DATARETREIVING DATA



THE PASTTHE PAST……CENTRALIZED DATA CENTRALIZED DATA 
BASESBASES



ATLAS OF THE BIRDS MEXICO
453,540 POINT DATA
80+ DATA SOURCES
(FUNDINGBY: CONABIO; CONACyT; SEMARNAT; National 
Science Foundation, CCA, British Council, PAPIIT-UNAM)





DISTRIBUTED DATABASESDISTRIBUTED 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) 
and other data sources

REMIB

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 ORNISBrazil in ORNIS
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ENM PotentialENM Potential
Characterize ecological needs of speciesCharacterize ecological needs of species
Interpolate between sampling points to predict full Interpolate between sampling points to predict full 
distributiondistribution
Predict into broadly Predict into broadly unsampledunsampled areas to anticipate areas to anticipate 
distributiondistribution
Predict invasive potential in other regions and on other Predict invasive potential in other regions and on other 
continentscontinents
Predict likely distributional change with changing land Predict likely distributional change with changing land 
useuse
Predict likely distributional change with changing Predict likely distributional change with changing 
climatesclimates
Build scenarios for unknown disease behaviorBuild scenarios for unknown disease behavior



ENM PublicationsENM Publications
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Applications I: Applications I: ChagasChagas Disease Disease 
Vector Distributions in GuatemalaVector Distributions in Guatemala



Mal de Mal de ChagasChagas en Guatemala: en Guatemala: 
TriatomaTriatoma dimidiatadimidiata

En colaboración 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


AcercamientoAcercamiento del del áárearea 
muestreadamuestreada



ÁÁrearea Buffer Buffer muestreadamuestreada en en 
ccíírculosrculos de 25 kmde 25 km



DatosDatos ambientalesambientales usadosusados –– 
AVHRR NDVI Data LayerAVHRR NDVI Data Layer

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


DatosDatos ambientalesambientales usadosusados–– 
VertienteVertiente



OcurrenciasOcurrencias conocidasconocidas –– 
TriatomaTriatoma dimidiatadimidiata



PuntosPuntos deTriatomadeTriatoma divididosdivididos en en 
cuadrantescuadrantes (On and Off Diagonal)(On and Off Diagonal)



TriatomaTriatoma PuntosPuntos ““OnOn--diagonaldiagonal””



PredicciPrediccióónn desarrolladadesarrollada de los de los 
puntospuntos ““onon”” de de TriatomaTriatoma



SobreposiciSobreposicióónn de de datosdatos independientesindependientes de de 
los los puntospuntos OffOff--diagonal de diagonal de TriatomaTriatoma



TriatomaTriatoma OffOff--diagonaldiagonal



PredicciPrediccióónn desarrolladadesarrollada de los de los 
puntospuntos OffOff--diagonal de diagonal de TriatomaTriatoma



SobreposiciSobreposicióónn de de datosdatos independientesindependientes de de 
los los puntospuntos OnOn--diagonal de diagonal de TriatomaTriatoma



TriatomaTriatoma –– ProyecciProyeccióónn a a otraotra 
RegiRegióónn



TriatomaTriatoma –– ProyecciProyeccióónn a a otraotra 
RegiRegióónn



DesarrolloDesarrollo del del modelomodelo



ProyecciProyeccióónn del del ModeloModelo



Baja Baja VerapazVerapaz ““CloseupCloseup””



SobreposiciSobreposicióónn de de deteccionesdetecciones 
de de TriatomaTriatoma





Applications II: Applications II: Invasive Mosquito Invasive Mosquito 
Distributions GloballyDistributions Globally
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AedesAedes albopictusalbopictus

AedesAedes albopictusalbopictus 
Known as the Known as the ““Asian Asian 
Tiger MosquitoTiger Mosquito””
Invader; fastest Invader; fastest 
spreading mosquito in spreading mosquito in 
the world the world 
Aggressive daytime Aggressive daytime 
biter and pestbiter and pest
Known to transmit Known to transmit 
Dengue, La Crosse, St. Dengue, La Crosse, St. 
Louis, Eastern Equine, Louis, Eastern Equine, 
Ross River, Rift Valley, Ross River, Rift Valley, 
and West Nile Virusesand West Nile Viruses



AedesAedes albopictusalbopictus

Present predicted distribution, native range in Asia



AedesAedes albopictusalbopictus:: 
USA invasionUSA invasion

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



AedesAedes albopictusalbopictus: : 
USA invasionUSA invasion



AedesAedes albopictusalbopictus: : 
world riskworld risk--mapmap



APPLICATIONS III: DENGUE APPLICATIONS III: DENGUE 
DYNAMICS IN MEXICODYNAMICS IN MEXICO



Satellite ImagerySatellite Imagery

Advanced Very High Resolution Radiometer Advanced Very High Resolution Radiometer 
(AVHRR) passes over all points on Earth(AVHRR) passes over all points on Earth’’s s 
surface each daysurface each day
Raw data include reflectance in different parts of Raw data include reflectance in different parts of 
the electromagnetic spectrumthe electromagnetic spectrum
Normalized Difference Vegetation Index (NDVI) Normalized Difference Vegetation Index (NDVI) 
is a composite of two bands of raw data that is a composite of two bands of raw data that 
summarizes summarizes ‘‘greennessgreenness’’, and (more precisely) , and (more precisely) 
volume of photosynthetic vegetationvolume of photosynthetic vegetation
AVHRR NDVI data are available as biweekly or AVHRR NDVI data are available as biweekly or 
monthly compositesmonthly composites



Potential for ENM and DenguePotential for ENM and Dengue

ENM is presently developed based on static ENM is presently developed based on static 
environmental data that are not temporally preciseenvironmental data that are not temporally precise
Using occurrence information and ecological data Using occurrence information and ecological data 
that are precise both in time and space, ENM can that are precise both in time and space, ENM can 
be made timebe made time--specificspecific
Would provide detailed Would provide detailed predictivitypredictivity on a weekly or on a weekly or 
monthly basis for vector distributions and disease monthly basis for vector distributions and disease 
transmissiontransmission
Potentially applicable to any ephemeral species of Potentially applicable to any ephemeral species of 
epidemiological interestepidemiological interest



Distributional Data for Distributional Data for AedesAedes 
aegyptiaegypti, 1995, in Mexico, 1995, in Mexico



TimeTime--ignorant Predictionignorant Prediction



Closer ViewCloser View 
Note broad areas predictedNote broad areas predicted



TimeTime--specific Occurrence Dataspecific Occurrence Data



August 1995August 1995



August 1995 Predicts August 1995 August 1995 Predicts August 1995 
(easy)(easy)



Can We Predict August from Can We Predict August from 
Previous Months?Previous Months?

Example: June 1995 predicts August 1995



Composite Prediction for August 1995: Composite Prediction for August 1995: 
Two Previous Months AveragedTwo Previous Months Averaged



TimeTime--specific Model Compared specific Model Compared 
with Timewith Time--ignorant modelignorant model



Closer ViewCloser View



Summary of Prototype TestsSummary of Prototype Tests
Percent correctly predicted

Month N Any >50% >80%
June 22 100 72.7 54.5

July 28 100 82.1 67.9

August 40 100 75 35

September 25 100 80 16

October 19 94.7 78.9 21.1

November 25 100 76 52

December 22 100 95.5 81.8



EFFECTS ON HUMAN 
HEALTH: MALARIA IN AFRICA

Mosquito survey data



Anopheles gambiae

Retraction –
 

151,818,722 people

Expansion –
 

96,366,690 people



Next StepsNext Steps

Develop conceptual framework Develop conceptual framework 
(biogeography and (biogeography and macroecologymacroecology))
Develop analytical approachesDevelop analytical approaches

Data resourcesData resources
Model developmentModel development
Model validationModel validation
Model interpretationModel interpretation

Software development and testingSoftware development and testing



Example: Get More from RS DataExample: Get More from RS Data



Next StepsNext Steps

Develop conceptual framework Develop conceptual framework 
(biogeography and (biogeography and macroecologymacroecology))
Develop analytical approachesDevelop analytical approaches

Data resourcesData resources
Model developmentModel development
Model validationModel validation
Model interpretationModel interpretation

Software development and testingSoftware development and testing



Thanks very much
town@ku.edu

Wish BUSH a 
GOODBYE

Think good thoughts 
about Obama
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