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Building Biological and Threats Landscapes from  
ecological first principles, a step-by-step approach 
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íáçå= ÉÑÑçêíë= çå= ~ÅíáîáíáÉë= íÜ~í= ïáää= Ü~îÉ= íÜÉ= ãçëí=
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íáîáíáÉë=íÜ~í=áãéáåÖÉ=çå=íÜÉãK=
=
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Ñçê= éä~ååáåÖ= ~åÇ= áãéäÉãÉåíáåÖ= ÅçåëÉêî~íáçå= ~ÅJ
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Figure 1. The original conceptual overlay of the 
biological and human landscapes. 
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Part I.  Overview 
What are Biological Landscapes? 

 

_áçäçÖáÅ~ä=i~åÇëÅ~éÉë=~êÉ=ã~éë=çÑ=íÜÉ=ÇáëíêáÄìíáçå=
çÑ=i~åÇëÅ~éÉë=péÉÅáÉë=EÅçåëÉêî~íáçå=í~êÖÉíëFK==qÜÉó=
~êÉ=íóéáÅ~ääó=ã~éë=çÑ=“Ü~Äáí~í=èì~äáíóÒN=I=áåÇáÅ~íáåÖ=
íÜÉ=Å~é~Åáíó=çÑ=~êÉ~ë=íç=ëìééçêí=~=ëéÉÅáÉë=íÜêçìÖÜJ
çìí=áíë=äáÑÉ=ÅóÅäÉK=

qÜÉëÉ=ã~éë=çÑ= Ü~Äáí~í= èì~äáíó= ~êÉ= áåíÉåÇÉÇ= íç= êÉJ
ÑäÉÅí= ~åáã~ä= ~ÄìåÇ~åÅÉë= çå= íÜÉ= ÖêçìåÇÔ~êÉ~ë=
ïáíÜ= ÜáÖÜ= Ü~Äáí~í= èì~äáíó= ïáää= Ü~îÉ= ÜáÖÜ= ~ÄìåJ
Ç~åÅÉëI= ~åÇ= ~êÉ~ë=ïáíÜ= äçï=èì~äáíó=ïáää= Ü~îÉ= äçï=
~ÄìåÇ~åÅÉëK==eçïÉîÉêI=âÉÉé=áå=ãáåÇ=íÜ~í=ÉîÉå=~å=
~ÅÅìê~íÉ=ã~é=çÑ=“Ü~Äáí~í=èì~äáíóÒ=ã~ó=åçí=êÉÑäÉÅí=
~Åíì~ä=~åáã~ä=~ÄìåÇ~åÅÉë=çå=íÜÉ=ÖêçìåÇK==cçê=ÉñJ
~ãéäÉI= ÜáÖÜ= èì~äáíó= Ü~Äáí~í= íÜ~í= íÜÉçêÉíáÅ~ääó= Å~å=
ëìééçêí= äçíë= çÑ= ~åáã~äë= ã~ó= áå= êÉ~äáíó= Ü~îÉ= îÉêó=
ÑÉï=~åáã~äëK= =qïç=îÉêó= Åçããçå= êÉ~ëçåë= Ñçê= íÜáë=
~êÉ= “ëçìêÅÉJëáåâ= Çóå~ãáÅëÒ= ~åÇ= “íáãÉ= ä~ÖëÒ= EëÉÉ=
iÉëëçåë=iÉ~êåÉÇ=NFK===
=
^äíÜçìÖÜ= íÜÉ= íóéáÅ~ä= îÉêëáçå= çÑ= íÜÉ= _áçäçÖáÅ~ä=
i~åÇëÅ~éÉë= áë= ~= ã~é= çÑ= íÜÉ= “éçíÉåíá~äÒ= ÇáëíêáÄìJ
íáçå=çÑ=íÜÉ=ëéÉÅáÉë=áå=íÜÉ=~ÄëÉåÅÉ=çÑ=Üìã~åJÅ~ìëÉÇ=
íÜêÉ~íë=EëÉÉ=cáÖìêÉ=OFI=ã~åó=ëáíÉë=Ü~îÉ=ÑçìåÇ=áí=ìëÉJ
Ñìä= íç= ã~âÉ= ëÉîÉê~ä= îÉêëáçåë= çÑ= íÜÉëÉ= ÇáëíêáÄìíáçå=
ã~éëI= áåÅäìÇáåÖ= “ÅìêêÉåíÒ= ~åÇ= “ÑìíìêÉÒ= ëéÉÅáÉë=
ÇáëíêáÄìíáçå=EëÉÉ=iÉëëçåë=iÉ~êåÉÇ=PFK=

What are Threat Landscapes ? 

 

qÜêÉ~í=i~åÇëÅ~éÉë= ~êÉ=ã~éë= çÑ= íÜÉ= ÇáëíêáÄìíáçå= çÑ=
Üìã~å= ~ÅíáîáíáÉë= íÜ~í= ~ÑÑÉÅí= i~åÇëÅ~éÉ= péÉÅáÉëK==
qóéáÅ~ääóI=ïÉ=Ñáêëí=ã~âÉ=ã~éë=çÑ=íÜêÉ~íë= áåÇÉéÉåÇJ
Éåíäó= çÑ= Üçï= íÜÉó= áãé~Åí= ~åó= é~êíáÅìä~ê= ëéÉÅáÉëÔ
êÉéêÉëÉåíáåÖ= íÜÉ= êÉä~íáîÉ= “ëÉîÉêáíóÒ= çÑ= íÜÉ= íÜêÉ~í=
Ñêçã=éä~ÅÉ=íç=éä~ÅÉK= =i~íÉêI=ïÉ=íê~åëä~íÉ=íÜÉëÉ=ÖÉåJ
Éê~ä= “ëÉîÉêáíóÒ=ã~éë= áåíç=ã~éë= Ñçê= é~êíáÅìä~ê= ëéÉJ
ÅáÉëI=ã~âáåÖ=ã~éë=çÑ=êÉä~íáîÉ=“áãé~ÅíÒ=EÉKÖKI=éç~ÅÜJ
áåÖ=Ü~ë=~=ÄáÖ=áãé~Åí=çå=ÉäÉéÜ~åíëI=Äìí=åçí=çå=ëçåÖJ
ÄáêÇëFK= = få= ãçëí= Å~ëÉëI= íÜÉ= ëé~íá~ä= é~ííÉêå= çÑ= ~=
íÜêÉ~íëÛ=áãé~Åí=áë=éêÉííó=ãìÅÜ=íÜÉ=ë~ãÉ=Ñçê=~ää=ëéÉJ
ÅáÉë=EÉKÖKI=íÜÉ=“Ä~ÇÒ=~åÇ=“ÖççÇÒ=~êÉ~ë=~êÉ=íÜÉ=ë~ãÉ=
Ñçê= ~ää= ëéÉÅáÉëFK= = cçê= ëçãÉ= íÜêÉ~íëI= ÜçïÉîÉêI= áí= áë=
åÉÅÉëë~êó= íç=ã~âÉ= ~= ÅçãéäÉíÉäó= ÇáÑÑÉêÉåí=ã~éë= Ñçê=
É~ÅÜ= ëéÉÅáÉë= EÉKÖKI= Ñçê= ÉäÉéÜ~åíëI= ÜìåíáåÖ= éêÉëëìêÉ=
ã~ó=ÄÉ=Ä~Ç=áå=çåÉ=éä~ÅÉI=ïÜáäÉ=Ñçê=~ää=çíÜÉê=ëéÉÅáÉëI=
áíÛë=Ä~Ç=ëçãÉïÜÉêÉ=ÉäëÉFK=

^ë=_áçäçÖáÅ~ä=i~åÇëÅ~éÉë=êÉÑäÉÅí=é~ííÉêåë= áå=~åáã~ä=
~ÄìåÇ~åÅÉI= qÜêÉ~í= i~åÇëÅ~éÉë= ÜçéÉÑìääó= êÉÑäÉÅí=
é~ííÉêåë= áå=Üçï=íÜêÉ~íë=êÉÇìÅÉ=~åáã~ä=~ÄìåÇ~åÅÉëK==
få=çíÜÉê=ïçêÇëI=~êÉ~ë=ïáíÜ=ÜáÖÜ=íÜêÉ~í=Ü~îÉ=Ü~Ç=çê=
ïáää= Ü~îÉ= êÉä~íáîÉäó= ä~êÖÉ= ÇÉÅêÉ~ëÉë= áå= ~ÄìåÇ~åÅÉI=
~åÇ= ~êÉ~ë= ïáíÜ= äçï= íÜêÉ~í= Ü~îÉ= Ü~Ç= çê= ïáää= Ü~îÉ=
ëã~ää= ÇÉÅêÉ~ëÉëK= = eçïÉîÉêI= ~Ö~áå= êÉãÉãÄÉê= íÜ~í=
íÜêÉ~í= ëÉîÉêáíó= çå= íÜÉ= ã~é= ã~ó= åçí= êÉÑäÉÅí= ~Åíì~ä=
ÇÉÅêÉ~ëÉë=áå=~ÄìåÇ~åÅÉë=çå=íÜÉ=ÖêçìåÇK==cçê=Éñ~ãJ
éäÉI= éä~ÅÉë= íÜ~í= Ü~îÉ= äçï= íÜêÉ~í=ã~ó= ëÉÉ= ä~êÖÉ= ÇÉJ
ÅêÉ~ëÉë= áå=~ÄìåÇ~åÅÉ=ÄÉÅ~ìëÉ=çÑ=~= íÜêÉ~í=çÅÅìêêáåÖ=
áå=~åçíÜÉê=éä~ÅÉK=qÜÉ=ë~ãÉ=éêçÄäÉãë=ïáíÜ=“ëçìêÅÉJ
ëáåâ=Çóå~ãáÅëÒ=~åÇ=“íáãÉ=ä~ÖëÒ=çÅÅìê=ïÜÉå=ÄìáäÇJ
áåÖ= qÜêÉ~í= i~åÇëÅ~éÉë= EëÉÉ= iÉëëçåë= iÉ~êåÉÇ= NFK==
pçãÉ=ëáíÉë=Ü~îÉ=ÇáëíáåÖìáëÜÉÇ==“m~ëíÒ=~åÇ=“cìíìêÉÒ=
Ñçêãë=çÑ=íÜêÉ~íë=EëÉÉ=iÉëëçåë=iÉ~êåÉÇ=PFK=

N=kçíÉI=ëçãÉ=éÉçéäÉ=éêÉÑÉê=çíÜÉê=ëáãáä~ê=íÉêãë=~åÇ=ÅçåÅÉéíëI=
áåÅäìÇáåÖ=“Ü~Äáí~í=ÉÑÑÉÅíáîÉåÉëëÒI=“Ü~Äáí~í=ëìáí~ÄáäáíóÒI=
“Ü~Äáí~í=Å~é~ÅáíóÒI=ÉíÅK==tÉ=êÉÅçããÉåÇ=åçí=ÖÉííáåÖ=íç=ÜìåÖ=ìé=
çå=íÉêãáåçäçÖóK=

Figure 3. A classic Threat Landscape,  
showing poaching patterns in the  

Rungwa-Ruaha Landscape, Tanzania. 

Figure 2.  A classic Biological Landscape,  
showing potential habitat quality for jaguars in the 

Madidi Landscape, Bolivia.   
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What are Conservation Landscapes? 

 

^äíÜçìÖÜ=ïÉ=ïçåÛí= ÇáëÅìëë= áå= ÇÉí~áä= Üçï= íç=ã~âÉ=
`çåëÉêî~íáçå=i~åÇëÅ~éÉëI=áíÛë=~=ÖççÇ=áÇÉ~=íç=âåçï=
ïÜ~í= íÜÉó=ãáÖÜí= äççâ= äáâÉ=~åÇ=Üçï=_áçäçÖáÅ~ä=~åÇ=
qÜêÉ~í=i~åÇëÅ~éÉë=ïáää= éä~ó= ~= êçäÉ= áå= ÅçåëíêìÅíáåÖ=
íÜÉãK= =`çåëÉêî~íáçå=i~åÇëÅ~éÉë=~êÉI= íç=éìí= áí=ëáãJ
éäóI= ~ååçí~íÉÇ= ã~éë= çÑ= ÅçåëÉêî~íáçå= éêáçêáíáÉëK==
qÜÉó=ëÜçï=íÜçëÉ=éä~ÅÉë=íÜ~í=~êÉ=~=ÜáÖÜ=éêáçêáíó=Ñçê=
óçì= íç= áåîÉëí= íáãÉ=~åÇ=ãçåÉóI=éä~ÅÉë= íÜ~í= ~êÉ= äçï=
éêáçêáíóI= éä~ÅÉë= íÜ~í= ~êÉ= “~äêÉ~Çó= ÅçåëÉêîÉÇÒI= ~åÇ=
“çìí= çÑ= íÜÉ= èìÉëíáçåÒ= éä~ÅÉë= EäáâÉ= ÅáíáÉëF= íÜ~í= Ü~îÉ=
äáííäÉ= ÅçåëÉêî~íáçå= î~äìÉ= EëÉÉ= cáÖìêÉ= QFK= = qÜÉó= Å~å=
~äëç= ÄÉ= ~ååçí~íÉÇ= íç= ÅÜ~ê~ÅíÉêáòÉ= íÜÉ= ÅçåëÉêî~íáçå=
~ÅíáçåëI=áÑ=~åóI=óçìÛää=í~âÉ=áå=é~êíáÅìä~ê=éä~ÅÉëK===

_áçäçÖáÅ~ä= ~åÇ=qÜêÉ~í= ä~åÇëÅ~éÉë= Å~å=ÄÉ= ÅçãÄáåÉÇ=
íç= íÉää= ìë= ïÜÉêÉ= çìê= ~Åíáçåë=ã~ó= Ü~îÉ= íÜÉ= ÄáÖÖÉëí=
áãé~ÅíK= = cçê= Éñ~ãéäÉI= éä~ÅÉë= íÜ~í= Ü~îÉ= ~= ÜáÖÜ=
“mçíÉåíá~ä=e~Äáí~í=nì~äáíóÒ=~åÇ=ÜáÖÜ=“qÜêÉ~íëÒ=~êÉ=
éä~ÅÉë=ïÜÉêÉ=ïÉ=ÅçìäÇ=éçíÉåíá~ääó=ÅçåëÉêîÉ=~=äçí=çÑ=
~åáã~äëI=Äó= áåÅêÉ~ëáåÖ= íÜÉáê=éçéìä~íáçåë=çê=Äó=éêÉJ
îÉåíáåÖ=ÑìíìêÉ=äçëëÉëK===
=
lÑ=ÅçìêëÉI=éä~ÅÉë=ïÜÉêÉ=óçì=ÅçìäÇ=Ü~îÉ=ÄáÖ=áãé~Åíë=
~êÉåÛí=åÉÅÉëë~êáäó=íÜÉ=éä~ÅÉë=óçìÛÇ=ï~åí=íç=ÅçåëÉêîÉK==
tÜ~í= áÑ= íÜÉ= íÜêÉ~í= çÅÅìêêáåÖ= áå= ~= éä~ÅÉ=ï~ë= êÉ~ääó=
Ü~êÇ= íç= Éäáãáå~íÉ= çê= êÉîÉêëÉ= EÉKÖKI= ÅçåîÉêëáçå= çÑ=
ä~åÇë= íç= ~ÖêáÅìäíìêÉFI= ÉîÉå= íÜçìÖÜ= áí= ï~ë= Å~ìëáåÖ=
ÜìÖÉ= êÉÇìÅíáçåë= áå= ~åáã~ä= éçéìä~íáçåë\= = tÜ~í= áÑ=
äçÅ~ä=éÉçéäÉ=ïÉêÉ= ~Ç~ã~åíäó=çééçëÉÇ= íç= ÅçåëÉêî~J
íáçå\= =tÜÉå=ã~âáåÖ= ÇÉÅáëáçåë= ~Äçìí= ÅçåëÉêî~íáçå=
éêáçêáíáÉëI= íÜÉ=éçíÉåíá~ä=Åçëí=çÑ=~Åíáçå=áë= àìëí=~ë= áãJ
éçêí~åí=~ë=áíë=éçíÉåíá~ä=áãé~ÅíK===
=
iççâ= çìí= Ñçê= íÜÉ= qÉÅÜåáÅ~ä= j~åì~ä= çå= ÄìáäÇáåÖ=
`çåëÉêî~íáçå= i~åÇëÅ~éÉëI= Ñçê= ~=ãçêÉ= ÇÉí~áäÉÇ= ÇáëJ
Åìëëáçå=çÑ=Üçï=óçì=Å~å=ìëÉ=_áçäçÖáÅ~ä=~åÇ=qÜêÉ~íë=
i~åÇëÅ~éÉëI= íçÖÉíÜÉê= ïáíÜ= çíÜÉê= êÉäÉî~åí= áåÑçêã~J
íáçåI=íç=ÜÉäé=ÇÉÅáÇÉ=ïÜÉêÉ=óçì=ï~åí=íç=ïçêâK=

Part II. Some context on models 

_áçäçÖáÅ~ä=~åÇ=qÜêÉ~í=i~åÇëÅ~éÉë=~êÉ= ëé~íá~ä=ãçÇJ
ÉäëÔãçÇÉäë= êÉéêÉëÉåíáåÖ= íÜÉ= ëé~íá~ä= ÇáëíêáÄìíáçå=
EäçÅ~íáçå=~åÇ=~ãçìåíF=çÑ=ëçãÉíÜáåÖ=K= =qÜáë=ã~åì~ä=
áë= ÇÉëáÖåÉÇ= éêáã~êáäó= Ñçê= ëçãÉçåÉ= ïÜç= áë= åÉï= íç=
ëé~íá~ä=ãçÇÉäáåÖI=~åÇ=íêáÉë=íç=ÖìáÇÉ=óçì=íÜêçìÖÜ=íÜÉ=
éêçÅÉëë= çÑ= ÄìáäÇáåÖ= i~åÇëÅ~éÉë= áå= ~= äçÖáÅ~ä= ï~óK==
tÜáäÉ= ïÉÛää= íêó= íç= ã~âÉ= íÜÉ= éêçÅÉëë= ~ë= äçÖáÅ~ä= ~ë=
éçëëáÄäÉI=óçì=ëÜçìäÇ=åçí=ÉñéÉÅí=áí=íç=ÄÉ=É~ëóI=èìáÅâI=
çê= ÉîÉê= êÉ~ääó= ÑáåáëÜÉÇK= = qêó= íç= îáÉï= íÜÉ=ãçÇÉäáåÖ=
éêçÅÉëë= ~ë= Éèìáî~äÉåí= íç= ~å= ~Ç~éíáîÉ= ã~å~ÖÉãÉåí=
Ñê~ãÉïçêâI= ïÜÉêÉ= ãçÇÉäë= êÉéêÉëÉåí= óçìê= ÅìêêÉåí=
ìåÇÉêëí~åÇáåÖ= E~= ÜóéçíÜÉëáëFI= íÜ~í= áë= Åçåíáåìçìëäó=
íÉëíÉÇ= ~åÇ= ìéÇ~íÉÇ= ïáíÜ= åÉï= áåÑçêã~íáçåK= = ^äJ
íÜçìÖÜ=ãçÇÉäë= ~êÉ= ~äï~óë= ëáãéäáÑáÅ~íáçåë= = ~åÇ= ~äJ
ï~óë= áãéÉêÑÉÅíI=
íÜÉó= ~êÉ= ìëÉÑìä=
åçåÉíÜÉäÉëë= ÄÉJ
Å~ìëÉ= íÜÉó= Å~å=
ÜÉäé= ÖìáÇÉ= ÅçåJ
ëÉêî~íáçå= ~Åíáçå=
Ä~ëÉÇ= çå= íÜÉ=
ÄÉëí J~î~á ä~ÄäÉ I=
~äÄÉáí=áåÅçãéäÉíÉI=
âåçïäÉÇÖÉK=
=
cçê=çìê=éìêéçëÉëI=íÜÉêÉ=~êÉ=íïç=Ä~ëáÅ=âáåÇë=çÑ=ëé~J
íá~ä=ãçÇÉäëK=bãéáêáÅ~ääóJÄ~ëÉÇ=ãçÇÉäë= E~äëç=âåçïå=
~ë= ëí~íáëíáÅ~ä= ãçÇÉäëF= ~êÉ= ÅêÉ~íÉÇ= ìëáåÖ= ÑáÉäÇJÄ~ëÉÇ=
çÄëÉêî~íáçåëI= éêÉÑÉê~Ääó= ÅçääÉÅíÉÇ= áå= ~= ëí~íáëíáÅ~ääó=
êáÖçêçìë= Ñ~ëÜáçåK= = qÜÉëÉ= Ç~í~= ã~ó= ÅçãÉ= Ñêçã= ENF=
ëìêîÉóë= Ñçê= Éëíáã~íáåÖ= ~Åíì~ä= ~ÄìåÇ~åÅÉ= EÅçìåíáåÖ=
~åáã~äëI= ÅçìåíáåÖ= ÑáëÜÉêëF= çê= áåÇáÅÉë= çÑ= ~ÄìåÇ~åÅÉ=
EÉKÖKI= ÇìåÖ= ÅçìåíëI= çéáåáçå= ëìêîÉóëFI= = EOF= ëíìÇáÉë=
íê~ÅâáåÖ= áåÇáîáÇì~ä= ~åáã~äë= EÉKÖKI= íÉäÉãÉíêóFI= çê= EPF=
ÇÉãçÖê~éÜáÅ= çê= ÄÉÜ~îáçê~ä= ëíìÇáÉëI= ÉíÅK= =qÜÉ= ~ëëçJ
Åá~íáçå= ÄÉíïÉÉå= íÜÉëÉ= Ç~í~= ~åÇ= Éñéä~å~íçêó= î~êáJ
~ÄäÉë= EÉKÖKI= îÉÖÉí~íáçå= íóéÉI= ê~áåÑ~ääF= ~êÉ= Éñ~ãáåÉÇI=
íóéáÅ~ääó=ìëáåÖ=~=ëí~íáëíáÅ~ä=íÉÅÜåáèìÉ=ëìÅÜ=~ë=äáåÉ~ê=
êÉÖêÉëëáçåI= íç= éêçÇìÅÉ= ~= ãçÇÉä= Ñçê= éêÉÇáÅíáåÖ= íÜÉ=
ëé~íá~ä=ÇáëíêáÄìíáçå=çÑ=íÜÉ=ÑÉ~íìêÉ=çÑ=áåíÉêÉëíK====
=
jçÇÉäë=Ä~ëÉÇ=çå=ÑáêëíJéêáåÅáéäÉë=E~äëç=âåçïå=~ë=ÉñJ
éÉêí= çéáåáçå=ãçÇÉäëF= ~êÉ= åçí= ÅêÉ~íÉÇ=ÇáêÉÅíäó= Ñêçã=
ëí~íáëíáÅ~ääó= ë~ãéäÉÇ= çÄëÉêî~íáçåëI= Äìí= Ñêçã= ãçêÉ=
ÖÉåÉê~ä=áåÑçêã~íáçå=ëìÅÜ=~ëW=ENF=äáíÉê~íìêÉ=êÉëçìêÅÉë=
EçÑíÉå= äáíÉê~íìêÉ=~Äçìí=çíÜÉê=éä~ÅÉëFX= EOF=èì~äáí~íáîÉ=
ÇÉëÅêáéíáçåë=çÑ=Ü~Äáí~í=ìëÉ=çê=ëÉîÉêáíó=çÑ=íÜêÉ~íëX=EPF=
íÜÉ= ÖÉåÉê~ä= ÉñéÉêáÉåÅÉ= ~åÇ= çéáåáçå= çÑ= êÉëÉ~êÅÜÉêë=
çêI= áå= íÜÉáê= ëáãéäÉëí= ÑçêãX= ~åÇ= EQF= Ñêçã= äçåÖJ
ëí~åÇáåÖ= ÉÅçäçÖáÅ~ä=éêáåÅáéäÉë= ~åÇ=âåçïäÉÇÖÉ= EÉKÖKI=
ä~êÖÉê= ÄçÇó= ëáòÉë= ~êÉ= ~ëëçÅá~íÉÇ= ïáíÜ= ä~êÖÉê= ÜçãÉ=
ê~åÖÉëFK= =tÉ= íóéáÅ~ääó= ÄìáäÇ= íÜÉëÉ= íóéÉë= çÑ=ãçÇÉäë=
ïÜÉå=ïÉ=ÇçåÛí=Ü~îÉ=ÖççÇI=ÇáêÉÅí=çÄëÉêî~íáçå~ä=Ç~í~=
Ñçê= ~ééäáÅ~íáçå=ïáíÜ= êáÖçêçìë= ëí~íáëíáÅ~ä= íççäëI= ~ë= áë=

Figure 5. Modeling in the adaptive 
management framework. 
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Figure 4. Hypothetical example of a Conservation 
Landscape for the Adirondacks (not the actual map). 
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çÑíÉå=íÜÉ=Å~ëÉ=Ñçê=ïáäÇäáÑÉ=~åÇ=íÜÉáê= íÜêÉ~íëK= =qÜÉëÉ=
ãçÇÉäë= ~êÉ= ÄÉëí= ëÉÉå= ~ë= ÜóéçíÜÉëÉëI= íÜ~í= óçì= ïáää=
íÉëí= áå= íÜÉ= ÑìíìêÉ=ïáíÜ=ãçêÉ= ÑáÉäÇ=Ç~í~= ~åÇ= ÉñéÉêáJ
ÉåÅÉK=
=
fíÛë=ïçêíÜ= åçíáåÖ= íÜ~í= íÜÉ= ÇáëíáåÅíáçå= ÄÉíïÉÉå= ÉãJ
éáêáÅ~ä=~åÇ=ÑáêëíJéêáåÅáéäÉ=ãçÇÉäë=áë=ëçãÉïÜ~í=~êíáÑáJ
Åá~äK= =jçëí=ãçÇÉäë=ãáñ= ÉñéÉêíJÉñéÉêáÉåÅÉ= EÉKÖKI= ëÉJ
äÉÅíáåÖ=éêçÄ~ÄäÉ=éêÉÇáÅíçê=î~êá~ÄäÉëF=~åÇ=ÑáÉäÇ=Ç~í~K==
fíÛë=äáâÉäó=íÜ~í=óçì=ïáää=ÅçãÄáåÉ=íÜÉ=~ééêç~ÅÜÉëK=
=

tÜÉå= Åçãé~êáåÖ= íÜÉëÉ= íïç= âáåÇë= çÑ=ãçÇÉäëI= íÜÉ=
äáíÉê~íìêÉ= ëìÖÖÉëíë= íÜ~í= ÉãéáêáÅ~ä=ãçÇÉäë= ~êÉ= ìëìJ
~ääó=ãçêÉ= ~ÅÅìê~íÉ= Ñçê= ëé~íá~ä= éêÉÇáÅíáçåë= EmÉ~êÅÉ=
Éí= ~äK= OMMNFK= fÑ= óçì= Ü~îÉ= ~= ä~êÖÉ= ÉåçìÖÜ= ë~ãéäÉ=
~åÇ= ~ééêçéêá~íÉ= Éñéä~å~íçêó= î~êá~ÄäÉëI= óçì= Å~å=
ÖÉåÉê~ääó=Çç=~=ÖççÇ=àçÄ=éêÉÇáÅíáåÖ=Üçï=ã~åó=~åáJ
ã~äë= ïáää= ÄÉ= áå= ~= é~êíáÅìä~ê= äçÅ~íáçåK= = eçïÉîÉêI=
íÜÉêÉ=~êÉ=íïç=ÄáÖ=Çê~ïÄ~Åâë=íç=ÄìáäÇáåÖ=ÉãéáêáÅ~ä=
ãçÇÉäëK= = cáêëíI= óçì= åÉÉÇ= äçíë= çÑ= Ç~í~I= éêÉÑÉê~Ääó=
ÅçääÉÅíÉÇ= áå= ~= ëí~íáëíáÅ~ääó= êáÖçêçìë= ~åÇ= ìåÄá~ëÉÇ=
Ñ~ëÜáçåI=ïáíÜ=ÉåçìÖÜ=Ç~í~=íç=ÄçíÜ=ÄìáäÇ=íÜÉ=ãçÇÉä=
~åÇ= íÉëí= áíK= = pìÅÜ= Ç~í~= êÉèìáêÉ= ëìÄëí~åíá~ä= áåîÉëíJ
ãÉåíë=çÑ=ãçåÉó=~åÇ=íáãÉI=íÜáåÖë=ïÉÛêÉ=çÑíÉå=ä~ÅâJ
áåÖK==
==
iÉëë=çÄîáçìëäóI=Äìí=éçíÉåíá~ääó=ãçêÉ=áãéçêí~åíI=áë==
íÜ~í= ïÜÉå= ïçêâáåÖ= ïáíÜ= ÇáêÉÅí= çÄëÉêî~íáçåë= çÑ=
~åáã~äëI=áí=áë=ÇáÑÑáÅìäí=çê=áãéçëëáÄäÉ=íç=ëÉé~ê~íÉ=çìí=
íÜÉ= ÉÑÑÉÅíë= çÑ= å~íìê~ä= î~êá~ÄäÉë= EÉKÖKI= íçéçÖê~éÜóI=
ê~áåÑ~ääF= Ñêçã= Üìã~åJÅ~ìëÉÇ= î~êá~ÄäÉëK= cçê= áåJ
ëí~åÅÉI=áÑ=íÜÉêÉ=~êÉ=åç=Öçêáää~ë=áå=~=é~êíáÅìä~ê=éä~ÅÉI=
áë=áí=ÄÉÅ~ìëÉ=Üìã~åë=Ü~îÉ=âáääÉÇ=íÜÉã=~ääI=ÄÉÅ~ìëÉ=
íÜÉ=Ü~Äáí~í=áë=Ä~ÇI=çê=ëçãÉ=ãáñíìêÉ=çÑ=ÄçíÜ\==`çåJ
íêçääÉÇ= ÉñéÉêáãÉåíë= ~êÉ= çÑíÉå= åÉÅÉëë~êó= íç= ÅäÉ~êäó=
ëÉé~ê~íÉ= íÜÉ= ÉÑÑÉÅíë= çÑ= å~íìê~ä= Ñêçã= Üìã~å= î~êáJ
~ÄäÉëK= =råÑçêíìå~íÉäóI=ïáíÜ= ä~êÖÉ= ä~åÇëÅ~éÉëI= ê~êÉ=
~åáã~äëI=~åÇ=ëÜçêí=íáãÉ=ëÅ~äÉë=çÑ=ÅçåëÉêî~íáçå=~ÅJ
íáçåI= ÅçåíêçääÉÇ= ÉñéÉêáãÉåíë= ~êÉ= ê~êÉäó= éçëëáÄäÉ=
EcÉêê~êç=~åÇ=m~íí~å~ó~â=OMMSFK=
=
aÉÅáëáçåë=~Äçìí=ïÜÉíÜÉê=íç=áåîÉëí=íÜÉ=êÉëçìêÅÉë=íç=
ÄìáäÇ=~å=ÉãéáêáÅ~ä=ãçÇÉä= Å~å=ÄÉ=ÅÜ~ääÉåÖáåÖI=~åÇ=
ëÜçìäÇ=ÄÉ=Ä~ëÉÇ=çå=óçìê=Öç~äëI=Ç~í~=èì~äáíó= EÉKÖKI=
ë~ãéäÉ=ëáòÉI=Äá~ëI=~ééêçéêá~íÉ=ëÅ~äÉFI=~åÇ=íáãÉ=~åÇ=
ãçåÉó= Åçåëíê~áåíëK= = få= ã~åó= áÑ= åçí= ãçëí= Å~ëÉëI=
ÑáÉäÇ=Ç~í~=ïáää=ÄÉ=íçç=ëÅ~êÅÉI=~åÇ=~=ãçÇÉä=Ä~ëÉÇ=çå=
Ñáêëí= éêáåÅáéäÉë= ïáää= ÜÉäé= óçì= ÄÉííÉê= ëÉé~ê~íÉ= íÜÉ=
áåÑäìÉåÅÉ=çÑ=íÜÉ=Üìã~å=Ñêçã=íÜÉ=å~íìê~äK==hÉÉé=áå=
ãáåÇ=íÜ~í=Ñçê=ÅçåëÉêî~íáçå=íç=ãçîÉ=Ñçêï~êÇI=ÇÉÅáJ
ëáçåë=åÉÉÇ= íç=ÄÉ=ã~ÇÉK= = cÉÉä= ÑêÉÉ= íç= Åçåí~Åí=iim=
Ñçê=~ÇîáÅÉ=EëÉÉ=íÜÉ=Åçåí~Åí= áåÑçêã~íáçå=~í=íÜÉ=ÉåÇ=
çÑ= íÜáë= ã~åì~äFK= = fÑ= óçì= íÜáåâ= óçì= Ü~îÉ= ÉåçìÖÜ=
Ç~í~= íç=ÄìáäÇ=~å=ÉãéáêáÅ~ä=ãçÇÉäI=ïÉ=êÉÅçããÉåÇ=
êÉîáÉïáåÖ= j~åäó= Éí= ~äK= EOMMOF= ~åÇ= pÅçíí= Éí= ~äK=
EOMMOFK= =táíÜ= íÜ~í= ë~áÇI= íÜáë= íÉÅÜåáÅ~ä= ã~åì~ä= áë=
éêáã~êáäó=~Äçìí=ÄìáäÇáåÖ=ãçÇÉäë=Ñêçã=Ñáêëí=éêáåÅáJ
éäÉëK==bîÉå=áÑ=óçì=ÅÜççëÉ=åçí=íç=ÄìáäÇ=~å=ÉãéáêáÅ~ä=
ãçÇÉäI=ÇçåÛí=íÜêçï=çìí=óçìê=ÑáÉäÇ=çÄëÉêî~íáçåë=çÑ=
~åáã~äë=çê=Üìã~å=~ÅíáîáíáÉë>==tÜÉå=ÄìáäÇáåÖ=ãçÇJ
Éäë= Ä~ëÉÇ= çå= Ñáêëí= éêáåÅáéäÉëI= ÑáÉäÇ= Ç~í~= Å~å= ÜÉäé=
éêçîáÇÉ=ÅäìÉë=íç=ïÜ~í=Ü~Äáí~í=áë=áãéçêí~åíI=ÜÉäé=ìë=
éçåÇÉê= Üçï= ~åáã~äë= ~êÉ= ã~âáåÖ= ÅÜçáÅÉëI= = ~åÇ=
Åä~êáÑó= Üçï= Üìã~åë= ~êÉ= ~ÑÑÉÅíáåÖ= ~åáã~äëK= =jçëí=
áãéçêí~åíäóI= ÑáÉäÇ= çÄëÉêî~íáçå= Å~å= ÜÉäé= î~äáÇ~íÉ=
çìê=ãçÇÉäëI=áÑ=åçí=ëí~íáëíáÅ~ääóI=~í=äÉ~ëí=áåÑçêã~ääóK=

Lessons Learned 1 
Why you wish you studied bacteria and plants 
 
Years of studying different critters has taught ecologists 
that it’s much harder to understand and predict the 
population dynamics of big, long-lived species, such as 
elephants and bears, than short-lived creatures like bac-
teria.  Long-lives and big bodies translate into “time-
lags”, when causes and their effects are out of sync.  
For example, for many big creatures, like elephants, 
periods of low food production don’t translate into high 
mortality rates, but reduced reproduction and delayed 
sexual maturation.  Impacts of reduced habitat quality 
on abundances may not be detectable for decades, un-
til lots of old elephants start to die, and there aren’t 
enough young ones to replace them.  The global popula-
tion of humans is experiencing this exact effect now - 
our birth rates are falling, but our total population is still 
growing! 
 
Another problem with big critters, as opposed to plants, 
is that they move, and consequently cause and effect 
can happen in different places.  This results in annoying 
complexities  (for the spatial modeler at least) such as 
source-sink dynamics.  Consider the case of bears in the 
Lake Tahoe region of Nevada and Utah, USA (Beckmann 
and Berger 2003).   People leaving their trashcans open 
in town cause bears from the wild forest to leave their 
top-notch habitat (the source) and head for a night out 
in the big city (the sink), where they get themselves shot 
or hit by cars.   
 
Now these situations— when the threat occurs in one 
place or time, but the impact on populations occur in 
another— are enough to give spatial modelers the 
frights.  We’re just learning to incorporate such com-
plexities, but we’ve got a long way to go.  For the mo-
ment, we recommend that you keep it simple — assume 
that habitat quality (and human-caused changes to it) 
will be closely correlated with animal numbers (and 
changes to them)  on your maps.  Recognize, however, 
that habitat quality and abundance (and threats and 
population changes) are not always well correlated, at 
least in the immediate time and place.  Also keep in 
mind that if you focus on improving habitat quality or 
preventing its further decline, animal population will 
follow eventually! 
 
For more , see Van Horne (1983) and Pulliam (1988). 
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Part III:  Important questions to 
consider before you begin making 
your models 

_ÉÑçêÉ=óçì=çéÉå=óçìê=dfp=ëçÑíï~êÉI=áíÛë=~=ÖççÇ=áÇÉ~=
íç= ~åëïÉê= ëçãÉ= Ä~ëáÅ= ~åÇ= éê~ÅíáÅ~ä= èìÉëíáçåëI= íÜÉ=
~åëïÉêë= íç=ïÜáÅÜ=ïáää=Ü~îÉ= áãéçêí~åí= áãéäáÅ~íáçåë=
ïÜÉå=óçì=~Åíì~ääó=ÄÉÖáå=ã~âáåÖ=ãçÇÉäëK= =pí~êí=íÜÉ=
ãçÇÉäáåÖ= éêçÅÉëë= Äó= ~åëïÉêáåÖ= íÜÉ= ÑçääçïáåÖ= ëáñ=
èìÉëíáçåëW=
===
nìÉëíáçå=NW==tÜ~í=áë=íÜÉ=ÑçÅ~ä=~êÉ~=çîÉê=ïÜáÅÜ=ïÉ=

ïáää=ÄìáäÇ=_áçäçÖáÅ~ä=~åÇ=qÜêÉ~í=i~åÇëÅ~éÉë\===
=

få=íÜÉ=äáåÖç=çÑ=ä~åÇëÅ~éÉ=ÉÅçäçÖáëíëI=óçìê=ÑçÅ~ä=~êÉ~=
áë=Å~ääÉÇ=óçìê=ëé~íá~ä=ÉñíÉåíI=çê=íÜÉ=~êÉ~=çîÉê=ïÜáÅÜ=
óçì=ïáää=éêçÇìÅÉ=óçìê=ãçÇÉäëK=tÉ=êÉÅçããÉåÇ=íÜ~í=
ÄÉÑçêÉ=ÄÉÖáååáåÖI=óçì=ÅäÉ~êäó=ëí~íÉ=ïÜ~í=óçìê=áåáíá~ä=
ÑçÅ~ä= ~êÉ~= ïáää= ÄÉK= fíÛë= äáâÉäó= íÜ~í= ~ÑíÉê= ÖçáåÖ=
íÜêçìÖÜ=íÜÉ=éêçÅÉëë=çÑ=ÄìáäÇáåÖ=ä~åÇëÅ~éÉëI=óçì=ïáää=

ÇÉÅáÇÉ=íÜ~í=óçìê=áåáíá~ä=ÑçÅ~ä=~êÉ~=ï~ë=íçç=ëã~ää=çê=
íçç=ÄáÖI=~åÇ=íÜ~í=óçì=ïáää=åÉÉÇ=íç=ÅÜ~åÖÉ=áíK=_ìí=~í=
äÉ~ëí= Ñçê= ~= Ñáêëí= êìåJíÜêçìÖÜI= ÄÉ= îÉêó= ÅäÉ~ê= ~Äçìí=
óçìê=ÑçÅ~ä=~êÉ~I=~åÇ=ëíáÅâ=íç=áíK=
=
tÜÉå= ÅÜççëáåÖ= óçìê= ÑçÅ~ä= ~êÉ~= ÅçåëáÇÉê= íÜÉëÉ=
éçáåíëW==
=
• e~ë= óçìê= ïçêâ= ÜáëíçêáÅ~ääó= ÑçÅìëÉÇ= ïáíÜáå= ~=

é~êâ=çê= ~= ÇáëíáåÅí= éçäáíáÅ~ä= ìåáí\=aç=óçì=åÉÉÇ=
íç=ïçêâ= ÄÉóçåÇ= íÜáë= ÄçìåÇ~êó= íç= ëìÅÅÉëëÑìääó=
ÅçåëÉêîÉ=óçìê=i~åÇëÅ~éÉ=péÉÅáÉë\==fÑ=óçì=Ü~îÉ=
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Lessons Learned 2 
Choosing your focal area  
 
In the Nouabalé-Ndoki Landscape in the northeastern portion of the Republic of Congo, conservation activities have 
historically focused on the national park and adjacent forestry concessions (left map).  When planning biological and 
human landscapes, we decided to include an area beyond these boundaries because we thought this habitat might be 
important for animal populations within the national park.  We located the boundary of our focal area for the models 
based on where we thought elephants (the widest ranging species) within the park within the park might travel 
(including habitat in 2 other countries).  We then collected GIS data for this region.  In retrospect, we made two small 
mistakes.  First, the influence of human populations beyond the boundary of the focal area is important.  Hunters from 
a large village to the south of the focal area travel a long distance to hunt animals within the focal area.  Unfortunately, 

we didn’t collect GIS data 
outside of the focal area, 
and therefore our Threats 
Landscapes don’t reflect 
this influence (right map).  
A second mistake we 
made was that our focal 
area may have been too 
small, as elephants in the 
national park may require 
an even larger area than 
we originally thought.     

Nouabale-Ndoki Landscape
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Lessons Learned 3 
Separating the impacts of current and future threats 
 
In the Adirondacks (below) and the Maya Biosphere 
Reserve, we decided to separate current and future 
threats.  The spatial distribution of some threats  
were clearly different in the future as compared to 
the past (e.g., development in the Adirondacks).  
Contrary to our initial belief, separating past from 
future threats required very little additional work.  
By separating threats, we were able overlay our 
Potential Biological Landscape with the Past Threat 
Landscape to make a Current Biological Landscape, 
estimate the current abundance, and compare our 
modeled estimates of the distribution and abun-
dance with field data.  In some cases, it was clear 
that conservation actions aimed at recovering popu-
lations of landscape species would occur in very 
different locations than actions aimed at preventing 
future reductions. 
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é~ííÉêå= çÑ= ~= íÜêÉ~í= ìé= ìåíáä= íÜÉ= ÅìêêÉåí= ãçãÉåí= áå=
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ïÜáäÉ=íÜÉ=cìíìêÉ=qÜêÉ~í=i~åÇëÅ~éÉ=ëÜçìäÇ=~ííÉãéí=íç=
êÉéêÉëÉåí=ÅÜ~åÖÉë= íÜ~í=ïáää=çÅÅìê=ëççå=çê=ã~ó=çÅÅìê=
áå=íÜÉ=ÑìíìêÉK===
=
vçì=ã~ó=ÑáåÇ=íÜ~í=óçì=Çç=åçí=åÉÉÇ=íç=ÇáëíáåÖìáëÜ=ÄÉJ
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ïçêâ=íç=~ëëáëí=çê=ëéÉÉÇ=êÉÅçîÉêóK==cçê=íÜêÉ~íë=äáâÉ=äçÖJ
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íÜçëÉ=óçì=åÉÉÇ=íç=Çç=íç=éêÉîÉåí=íÜÉ=íÜêÉ~í=Ñêçã=çÅÅìêJ
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=
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ëÅ~éÉë=EáKÉKI=Üçï=íÜÉ=íÜêÉ~íë=Ü~îÉ=êÉÇìÅÉÇ=éçéìä~J
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êÉåí=çê=äáâÉäó=ÑìíìêÉ=é~ííÉêå\=

PK= ^êÉ=íÜÉ=~Åíáçåë=ïÉÛÇ=í~âÉ=íç=êÉÅçîÉê=Ñêçã=é~ëí=áãJ
é~Åíë=çÑ=íÜÉ=íÜêÉ~í=îÉêó=ÇáÑÑÉêÉåí=íÜ~å=~Åíáçåë=ïÉÛÇ=
í~âÉ=íç=éêÉîÉåí=ÑìêíÜÉê=áãé~Åíë=áå=íÜÉ=ÑìíìêÉ\==

tÜ~íÉîÉê= óçì= ÇÉÅáÇÉI= ïÉ= êÉÅçããÉåÇ= íÜ~í= óçì= ÄÉ=
ÅäÉ~ê=~Äçìí=ïÜ~í=óçìê=qÜêÉ~íë=i~åÇëÅ~éÉë= êÉéêÉëÉåíK==

^êÉ= íÜÉó= ~= êÉéêÉëÉåí~íáçå= çÑ= íÜÉ= é~ëíI= ÑìíìêÉI= çê=
ÅìêêÉåí=ÇáëíêáÄìíáçå=çÑ= íÜÉ= íÜêÉ~í=çê= ëçãÉ=ÅçãÄáJ
å~íáçå=íÜÉêÉçÑ\=
=
nìÉëíáçå=QW=tÜ~í=dfp=Ç~í~I=~í=ãáåáãìãI=Çç=ïÉ=

åÉÉÇ=íç=ÄÉÖáå=ãçÇÉäáåÖ\=
=

^ë= óçì= ÖÉí= áåíç= ãçÇÉäáåÖI= óçì= ïáää= ÑáåÇ= óçì= ~äJ
ï~óë=åÉÉÇ=ãçêÉ=dfp=Ç~í~K==eçïÉîÉêI=ïÉ=Å~å=Öì~êJ
~åíÉÉ= íÜ~í=óçì=ïáää=åÉÉÇ= ëçãÉ=Ä~ëáÅ=Ç~í~= íç= ëí~êí=
~åÇ= êÉÅçããÉåÇ= óçì= ÅçãéáäÉ= áí= ÄÉÑçêÉ= óçì= ëí~êí=
ãçÇÉäáåÖI= áåÅäìÇáåÖ= ~= Ü~Äáí~í= ã~é= çÑ= ëçãÉ= ëçêí=
Eä~åÇJìëÉLä~åÇJÅçîÉêI= îÉÖÉí~íáçåI= êÉÉÑ= ëíêìÅíìêÉI=
Ä~íÜóãÉíêóI=ÉíÅKFI=àìêáëÇáÅíáçå~ä=ÄçìåÇ~êáÉëI=êç~ÇëI=
~åÇ=ï~íÉê=êÉëçìêÅÉëK==hÉÉé=áå=ãáåÇ=íÜ~í=ëçãÉ=áãJ
éçêí~åí=Ü~Äáí~í=ÑÉ~íìêÉë=ã~ó=ÄÉ=íçç=ëã~ää=íç=ÇÉíÉÅí=
ïáíÜáå=óçìê=Ä~ëÉ=Ü~Äáí~í=ã~é=EÉKÖKI=ë~äí=äáÅâëI=ã~ää=
ëíêÉ~ãëI= çê= îÉêå~ä= éççäë=ã~ó= ÄÉ= íçç= ëã~ää= íç= ÄÉ=
ÇÉíÉÅíÉÇ=Äó=ë~íÉääáíÉ=áã~ÖÉêóFK==pçãÉ=Ç~í~=ã~ó=ÄÉ=
áãéçêí~åí= çå= ~= ëéÉÅáÉëJÄóJëéÉÅáÉë= Ä~ëáëK= =tÉ= êÉÅJ
çããÉåÇ=íÜ~í=óçì=ã~âÉ=~= äáëí=çÑ= íÜÉ=Ä~ëÉäáåÉ=dfp=
Ç~í~=ëÉíë=íÜ~í=óçì=Ü~îÉI=íÜçëÉ=óçì=åÉÉÇ=Äìí=ïÜáÅÜ=
ÇçåÛí= ÉñáëíI= ~åÇ= Üçï= íÜÉ= Ç~í~ëÉíë= óçì= Çç= Ü~îÉ=
ëÜçìäÇ= ÄÉ= áãéêçîÉÇK= =pÉÉ= iÉëëçåë= iÉ~êåÉÇ= Q= Ñçê=
ëçìêÅÉë= çÑ= ëçãÉ=Ä~ëáÅ=dfp=Ç~í~= ä~óÉêëK= = iim= ~äëç=

Lessons Learned 4 
Free Basic GIS layers and sources 
 
If detailed data sets are not locally available, these global data are available for free.  These data are often not detailed 
enough or are inaccurate at local scales, but are a good starting point.  (LLP staff also have compiled a much larger data-
base of global GIS data sets and sources of Remote Sensing data.  Feel free to ask LLP staff or staff in the regional hubs if 
you’d like the database). 

Layer Data Name Provider Source 

General Administrative and 
Infrastructure(e.g., political 
boundaries, rivers, roads, 
etc.) 

VMAP 
 
 
ESRI World Basemap Data 

NIMA 
 
 
ESRI 

http://www.mapability.com/ 
 
http://www.esri.com/data/
download/index.html 

Human Population Gridded Population of the 
World (GPW) v. 2 
 
LandScan 

CIESIN 
 
 
Oak Ridge National Lab 

http://
sedac.ciesin.columbia.edu/
gpw/ 
 
h t tp ://www.orn l .gov/sc i/
landscan/ 

Land Cover Global Land Cover Charac-
teristics (GLC) 

USGS, Univ. of Nebraska, 
European Commission Joint 
Research Centre 

http://edcdaac.usgs.gov/glcc/
glcc.asp 

Protected Areas World Database on Pro-
tected Areas (WDPA) 

UNEP-WCMC, IUCN WCPA, 
International NGOs 

http://geodata.grid.unep.ch/ 

Topography & Elevation Shuttle Radar Topography 
Mission (SRTM) 

NAAS, USGS http://glcf.umiacs.umd.edu/
data/srtm/  

Ocean Bathymetry ETOPO5 National Geophysical Data 
Center (NGDC)/NOAA 

http://www.ngdc.noaa.gov/
mgg/global/global.html  
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Ü~ë= ~= ÅçãéêÉÜÉåëáîÉ= Ç~í~Ä~ëÉ= çÑ= ÖäçÄ~ä= Ç~í~= êÉJ
ëçìêÅÉë= Eíç= çÄí~áåI= ëÉÉ= íÜÉ= Åçåí~Åí= áåÑçêã~íáçå= ~í=
íÜÉ=ÉåÇ=çÑ=íÜáë=ÄìääÉíáåFK=
=

efkqW=vçì=ã~ó=åÉÉÇ=dfp=Ç~í~=ÄÉóçåÇ=íÜÉ=~êÉ~=óçì=
ÅÜççëÉ=íç=ãçÇÉä=ÄÉÅ~ìëÉ=Ü~Äáí~í=èì~äáíó=~åÇ=ëÉîÉêJ
áíó=çÑ= íÜêÉ~íë=ã~ó=ÄÉ=~ÑÑÉÅíÉÇ=Äó=Ñ~Åíçêë=çìíëáÇÉ=çÑ=
óçìê=ÑçÅ~ä=~êÉ~=EëÉÉ=iÉëëçåë=iÉ~êåÉÇ=OFK= =`çåëáÇÉê=
íÜÉ= ÖÉçÖê~éÜáÅ= ëçìêÅÉ= çÑ= íÜêÉ~íë= EÉKÖKI= ïÜÉêÉ= Çç=
ÜìåíÉêë= ÅçãÉ= Ñêçã\= ïÜÉêÉ= ÇçÉë= éçääìíáçå= ÅçãÉ=
Ñêçã\F=~åÇ=ïÜÉíÜÉê=íÜáë=áåÑçêã~íáçå=áë=åÉÉÇÉÇK==
=
nìÉëíáçå=RW=pÜçìäÇ=ïÉ=ãçÇÉä=áå=~=ê~ëíÉê=EÖêáÇëF=çê=

îÉÅíçê=EéçäóÖçåëI=äáåÉëI=éçáåíëF=ÉåîáêçåãÉåí\=
=

vçì=åÉÉÇ=íç=Ü~îÉ=^êÅfåÑç=çê=íÜÉ=ëé~íá~ä=~å~äóëí=ÉñJ
íÉåëáçå=EÑçê=^êÅsáÉï=çê=^êÅdfpF=íç=ãçÇÉä=áå=ê~ëíÉêI=
~åÇ=ÖÉåÉê~ääó=ëçãÉ=ëéÉÅá~äáòÉÇ=dfp=íê~áåáåÖK==o~ëíÉê=
ãçÇÉäáåÖ= áå=ÖÉåÉê~ä=ïáää=ÄÉ=ãçêÉ=ÅçåîÉåáÉåíI=ãçêÉ=
éçïÉêÑìäI= Ñ~ëíÉê= Ñçê= íÜÉ= ÅçãéìíÉêI= ~åÇ= êÉèìáêÉ= äÉëë=
ÑáäÉ=ëé~ÅÉ=íÜ~å=íêóáåÖ=íç=ÄìáäÇ=_áçäçÖáÅ~ä=~åÇ=qÜêÉ~í=
i~åÇëÅ~éÉë= ïáíÜ= îÉÅíçê= ä~óÉêëK= = eçïÉîÉêI= áÑ= óçì=
ÇçåÛí= Ü~îÉ= íÜÉ= ëçÑíï~êÉ= E^êÅfåÑç= çê= pé~íá~ä= ^å~J
äóëíFI= çê= ÑÉÉä= íÜ~í= óçì= åÉÉÇ= íç=ãçÇÉä= ìëáåÖ= ~= Ä~ëÉ=
éçäóÖçå= ä~óÉê= EÉKÖKI= îÉÖÉí~íáçå= ÅçããìåáíáÉë= çê=
é~íÅÜÉëI= àìêáëÇáÅíáçåëFI= îÉÅíçê=ãçÇÉäáåÖ= áë= éçëëáÄäÉK==
jçëí=äáâÉäóI=óçìê=Ç~í~=ïáää=ÅçãÉ=áå=ÄçíÜ=ê~ëíÉê=~åÇ=
îÉÅíçê= Ñçêã~íëI= Äìí= ïÜÉåÉîÉê= éçëëáÄäÉ= óçì= ëÜçìäÇ=
ÅçåîÉêí= óçìê= îÉÅíçê= Ç~í~= ëÉíë= áåíç= ê~ëíÉêë= ïÜÉå=
ãçÇÉäáåÖ=EÉKÖKI=Çáëí~åÅÉ=íç=ëÜçêÉëI=ÇÉåëáíó=çÑ=êç~ÇëFK===
=
nìÉëíáçå=SW=tÜ~í=ëé~íá~ä=êÉëçäìíáçå=ëÜçìäÇ=ïÉ=ìëÉ\=
=

pé~íá~ä=êÉëçäìíáçå=çê=Öê~áå=ëáòÉ=áë=íÜÉ=ãáåáãìã=~êÉ~=
Ñçê=ïÜáÅÜ=óçì=ïçìäÇ=äáâÉ=Ü~Äáí~í=èì~äáíó=çê=íÜêÉ~íë=
î~äìÉë=íç=ÄÉ=Çáëéä~óÉÇK==få=ãçëí=Å~ëÉëI=íÜáë=ïáää=ÄÉ=~=
ÖêáÇ=çê=éáñÉä=ëáòÉ=EÉKÖKI=NMã=çê=Nâã=çå=~=ëáÇÉFI=Äìí=áÑ=
óçì=ÅÜççëÉ=íç=ãçÇÉä=ìëáåÖ=éçäóÖçåëI=áíë=äáâÉäó=íç=ÄÉ=
Ä~ëÉÇ= çå= àìêáëÇáÅíáçåë= EÉKÖKI= é~êâëI= íçïå= ÄçìåÇ~J
êáÉëFI= ÉÅçëóëíÉã= ÄçìåÇ~êáÉëI= îÉÖÉí~íáçå= íóéÉëI= çê= ~=
ÅçãÄáå~íáçå= çÑ= íÜÉëÉK= fÑ= óçì= ÅÜççëÉ= éçäóÖçåëI= ïÉ=
êÉÅçããÉåÇ=ÅêÉ~íáåÖ=~=Ä~ëÉ=éçäóÖçå=ÑáäÉ=íÜ~í=ëÜçïë=
~= ìåáèìÉ= éçäóÖçå= Ñçê= É~ÅÜ= ~êÉ~=ïáíÜáå=ïÜáÅÜ= óçì=
ïçìäÇ=äáâÉ=íç=Å~äÅìä~íÉ=ìåáèìÉ=Ü~Äáí~í=çê=íÜêÉ~í=î~äJ
ìÉëK= få= íÜÉ=Å~ëÉ=çÑ=éçäóÖçåë=çê=ÖêáÇëI=ÅçåëáÇÉê= íÜ~í=
íÜÉ=êÉëçäìíáçå=çÑ=ÉñáëíáåÖ=Ç~í~=EÉKÖKI=ë~íÉääáíÉJÇÉêáîÉÇ=
ä~åÇJÅçîÉêF=ïáää= äáãáí= íÜÉ=Öê~áå= ëáòÉ= Eìëì~ääó= íç=PMJ
NMMãFK= cçê= É~ëÉ= çÑ= Å~äÅìä~íáçåI= áíÛë= çÑíÉå= ÄÉëí= íç=
ÅÜççëÉ=~=ãìäíáéäÉ=çÑ=NM= ENMMãI=N=âãFK= få=ÖÉåÉê~äI=
íÜÉ= Öê~áå= ëáòÉ= Ñçê= ãçÇÉä= ÄìáäÇáåÖ= ëÜçìäÇ= åçí= ÄÉ=
Åç~êëÉê= íÜ~å= íÜÉ= ëé~íá~ä= ëÅ~äÉ= ~í= ïÜáÅÜ= óçì= ïáää=
äáâÉäó= áãéäÉãÉåí= áåíÉêîÉåíáçåë= ~åÇ= ã~å~ÖÉãÉåíK=
qÜçìÖÜ=îÉêó=ÜáÖÜ= êÉëçäìíáçå= EáKÉKI= ëã~ää= Öê~áå= ëáòÉF=
éêçîáÇÉë= Éåçêãçìë=ÇÉí~áä= áí= Å~å=ã~âÉ= ÑáäÉë= íçç=ÄáÖ=
íç=éêçÅÉëë=É~ëáäóK=lå=íÜÉ=çíÜÉê=Ü~åÇI=Äó=ÅÜççëáåÖ=íç=
ìëÉ= äçï= êÉëçäìíáçå= EáKÉKI= ä~êÖÉ= Öê~áå= ëáòÉF= áåÑçêã~J
íáçåI= óçì= êáëâ= ã~ëâáåÖ= íÜÉ= î~êá~Äáäáíó= áå= Ü~Äáí~íë=

íÜ~í=áë=áãéçêí~åí=Ñçê=ïáäÇäáÑÉ=ëéÉÅáÉëK=cçê=ãçëí=éìêJ
éçëÉëI= ~åÇ= ÖáîÉå= íÜÉ= êÉëçäìíáçå= çÑ= êÉ~Çáäó= ~î~áä~ÄäÉ=
Ä~ëÉ=Ç~í~=ä~óÉêëI=~=Öê~áå=ëáòÉ=çÑ=NMMã=íç=Nâã=çå=~=
ëáÇÉ=ïáää=ÄÉ=~ééêçéêá~íÉ=Ñçê=íÜÉ=î~ëí=ã~àçêáíó=çÑ=ëáíÉë=
~åÇ=ëéÉÅáÉëK=
=

Part IV.  Building Landscapes step 
by step 

få= íÜáë= ëÉÅíáçå=ïÉ=éêçîáÇÉ= ëíÉéJÄóJëíÉé= ÖìáÇ~åÅÉ= íç=
ÜÉäé= áåÉñéÉêáÉåÅÉÇ=ãçÇÉäÉêë=ÄìáäÇ=_áçäçÖáÅ~ä=i~åÇJ
ëÅ~éÉë= ~åÇ= qÜêÉ~í= i~åÇëÅ~éÉëK= ^äíÜçìÖÜ= íÜÉ= éêçÅJ
ÉëëÉë=~êÉ=ëáãáä~ê=Ñçê=ÄìáäÇáåÖ=_áçäçÖáÅ~ä=~åÇ=qÜêÉ~íë=
i~åÇëÅ~éÉëI= Ñçê= Åä~êáíó= ïÉ= éêçîáÇÉ= ëÉé~ê~íÉ= ÖìáÇÉJ
äáåÉëK=
=
Potential Biological Landscapes: habitat 
quality in the absence of threats 

 

píÉé=NW==båíÉê=íÜÉ=ãçÇÉäáåÖ=ãáåÇëÉíK==eÉêÉ=~êÉ=ëçãÉ=
Üáåíë=~Äçìí=íÜÉ=éÜáäçëçéÜó=çÑ=Ü~Äáí~í=ãçÇÉäáåÖW=
=
• aç=åçí= ëí~êí=ïáíÜ= íÜÉ=Ç~í~I= ëí~êí=ïáíÜ= íÜÉ=ÄáçäJ

çÖóK=j~åó= íáãÉë= éÉçéäÉ= íÜáåâ= äáâÉ= íÜáë= “tÉääI=
ïÉ= Ü~îÉ= ~= ä~åÇJÅçîÉê= ã~éI= êáîÉêë= Ç~í~I= êç~Çë=
Ç~í~I=~åÇ=ÉäÉî~íáçå=Ç~í~K=eçï=Çç=ïÉ=éìí=íÜÉëÉ=Q=
íÜáåÖë=íçÖÉíÜÉê=íç=ã~âÉ=~=ãçÇÉä=çÑ=à~Öì~ê=Ü~ÄáJ
í~í= èì~äáíó\ÒK= tÉ= êÉÅçããÉåÇI= ÜçïÉîÉêI= íÜ~í=
óçì= íêó= íç= íÜáåâ= Ñáêëí= çÑ= íÜÉ= î~êá~ÄäÉë= íÜ~í= ~êÉ=
íêìäó=áãéçêí~åí=Ñçê=óçìê=ëéÉÅáÉëI=íÜÉå=ÑáÖìêÉ=çìí=
Üçï= óçìê= Ç~í~= Å~å= ÜÉäé= óçì= ã~é= íÜçëÉ= î~êáJ
~ÄäÉëÔÒg~Öì~êë= åÉÉÇ= ~= éêÉó= Ä~ëÉI= åÉÉÇ= ï~íÉêI=
åÉÉÇ= íç=ÄÉ=~ÄäÉ= íç=ãçîÉI= ~åÇ= ÑÉÉä= ë~ÑÉëí= áå= ÑçêJ
ÉëíëK=kçïI=Üçï=Å~å=ïÉ=ìëÉ=íÜÉ=dfp=Ç~í~=íç=êÉéJ
êÉëÉåí= íÜÉëÉ=î~êá~ÄäÉë\Ò= EëÉÉ= iÉëëçåë=iÉ~êåÉÇ= R=
~åÇ=TFK=

=
• qÜáåâ=“äçåÖJíÉêãÒ= ~åÇ=“ÄáÖJëÅ~äÉÒK=qêó= åçí= íç=

ÖÉí=ïê~ééÉÇ=ìé=íçç=ãìÅÜ=áå=Üçï=~åáã~äë=ëÉäÉÅí=
Ü~Äáí~í=ïáíÜáå=~=é~êíáÅìä~ê=ëÉ~ëçåI=çê=Üçï=áåÇáJ
îáÇì~äë=ã~âÉ=ëã~ääJëÅ~äÉ=ÅÜçáÅÉë=ÄÉíïÉÉå=“é~íÅÜ=
^Ò=îëK=“é~íÅÜ=_ÒK=qêó=íç=íÜáåâ=äáâÉ=íÜáëW=“lKhKI=
fÛã= ~å= ÉäÉéÜ~åí= ãçîáåÖ= áåíç= íÜáë= ä~åÇëÅ~éÉK==
tÜÉêÉ=áë=íÜÉ=ÄÉëí=éä~ÅÉ=Ñçê=ãÉ=íç=éìí=Ççïå=ãó=
éÉêã~åÉåí=ÜçãÉ\=tÜÉêÉ=Å~å=f=ãÉÉí=~ää=ãó=äáÑÉJ
íáãÉ=åÉÉÇëI=äáâÉ=Ü~îáåÖ=ï~íÉê=~åÇ=ÑççÇ=íÜêçìÖÜJ
çìí= íÜÉ= óÉ~êI= Ü~îáåÖ= ~= éä~ÅÉ= íç= êÉéêçÇìÅÉ= ~åÇ=
ê~áëÉ=ãó=âáÇëI=Ü~îáåÖ=~=ëÉÅìêÉ=éä~ÅÉ=~ï~ó=Ñêçã=
éêÉÇ~íçêëÁÒ===

=
• qÜáåâ=~ÄìåÇ~åÅÉI=åçí=éêÉëÉåÅÉL~ÄëÉåÅÉK===tÜÉå=

ÄìáäÇáåÖ=ä~åÇëÅ~éÉëI=ëíêáîÉ=íç=Öç=ÄÉóçåÇ=ã~éë=çÑ=
ïÜÉêÉ=óçì=íÜáåâ=íÜÉ=ëéÉÅáÉë=ãáÖÜí=ÄÉ=éêÉëÉåí=çê=
~ÄëÉåíI=íç=ã~éë=çÑ=ïÜÉêÉ=óçì=íÜáåâ=íÜÉêÉ=ÅçìäÇ=
ÄÉ=ãçêÉ=çê=äÉëë=~åáã~äëK===

=
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• ^ééêç~ÅÜ= óçìê= ä~åÇëÅ~éÉë= ~ë= “ÜóéçíÜÉëÉëKÒ==
açåÛí= ÖÉí= ÄçÖÖÉÇ= Ççïå= Äó= íÜÉ= Ñ~Åí= íÜ~í= óçì=
ã~ó=åçí=Ü~îÉ=~=äçí=çÑ=ÑáÉäÇ=Ç~í~=íç=ëìééçêí=óçìê=
ãçÇÉä=~ëëìãéíáçåëK==i~åÇëÅ~éÉë=ëÜçìäÇ=ÄÉ=óçìê=
ÄÉëí= ÖìÉëëÉëI= Ä~ëÉÇ= çå= íÜÉ= ~î~áä~ÄäÉ= áåÑçêã~J
íáçåI= ~Äçìí= Üçï=óçìê= ëéÉÅáÉë= ~åÇ= íÜÉáê= Ü~Äáí~í=
ã~ó=ÄÉ=ÇáëíêáÄìíÉÇ=~Åêçëë=íÜÉ=ÑçÅ~ä=~êÉ~K==m~êí=çÑ=
óçìê=êÉëÉ~êÅÜ=~åÇ=ãçåáíçêáåÖ=çÄàÉÅíáîÉë=ïáää=ÄÉ=
íç= Ö~íÜÉê= ~ÇÇáíáçå~ä= áåÑçêã~íáçåI= íç= íÉëí= íÜÉëÉ=
ÜóéçíÜÉëÉëI=~åÇ=êÉÑáåÉ=óçìê=i~åÇëÅ~éÉëK=

=
• fã~ÖáåÉ=íÜÉ=ëéÉÅáÉë=êÉ~ÅÜáåÖ=“ÉèìáäáÄêáìãÒ=ïáíÜ=

áíë= ÉåîáêçåãÉåíK= = tÉ= ÉñéÉÅí= íÜ~í= çìê= i~åÇJ
ëÅ~éÉë=ïáää=í~âÉ=çå=~=Äáí=çÑ=~=ÜóéçíÜÉíáÅ~ä=èì~äJ
áíóI= áå= íÜ~í= íÜÉó= êÉéêÉëÉåí= ïÜ~í= éçéìä~íáçåë=
ïçìäÇ=ÄÉ=áÑ=íÜÉó=êÉ~ÅÜÉÇ=“ÉèìáäáÄêáìãÒ=ïáíÜ=íÜÉ=
ÉåîáêçåãÉåí=EáKÉKI=Å~êêóáåÖ=Å~é~ÅáíóFK==^äíÜçìÖÜI=
~ë=ÄáçäçÖáëíëI=ïÉ=~ää= êÉÅçÖåáòÉ= íÜ~í=“ÉèìáäáÄêá~Ò=
~êÉ=îÉêó=ê~êÉ=áå=êÉ~ä=ÉÅçäçÖáÅ~ä=ëóëíÉãëI=íÜÉ=ÅçåJ
ÅÉéí= ÇçÉë= ~ääçï= ìë= íç= ÄìáäÇ= ãçÇÉäë= ìëÉÑìä= Ñçê=
ÇáëÅìëëáåÖ=ÅçåëÉêî~íáçå=éêáçêáíáÉëK=

=
• `~äÅìä~íÉ= Ü~Äáí~í= èì~äáíó= Ñçê= çåÉ= ÖêáÇ= ÅÉää= ~í= ~=

íáãÉI=Äìí=ÇçåÛí=ÑçêÖÉí=~Äçìí=íÜÉ=ëé~íá~ä=ÅçåíÉñíK==
^äíÜçìÖÜ= íÜÉ= êÉëçäìíáçå= EÖê~áå= ëáòÉF= çÑ= óçìê=
ãçÇÉäë=ã~ó=ÄÉ=~=ÖêáÇ=ÅÉääI=ãçëí=çÑ= íÜÉ=~åáã~äë=
ÇçåÛí=äáãáí=íÜÉáê=~ëëÉëëãÉåí=çÑ=Ü~Äáí~í=èì~äáíó=íç=
~= ÖêáÇ= ÅÉää= E“fë= íÜáë= PM=ã= ÅÉää= ÖççÇ= Ü~Äáí~í\ÒFK==
qÜÉó= ~ëëÉëë= Ü~Äáí~í= èì~äáíó= áå= íÜÉ= ÅçåíÉñí= çÑ=
íÜÉáê= ~Äáäáíó= íç= ãçîÉ= ïáíÜáå= ~å= ~êÉ~= íóéáÅ~ääó=
ãìÅÜ= ä~êÖÉê= íÜ~å=~=ÖêáÇ=ÅÉää= EíÜÉáê=ÜçãÉ=ê~åÖÉI=
Ñçê= áåëí~åÅÉFK= = qÜÉêÉÑçêÉI= ïÜáäÉ= Ü~Äáí~í= èì~äáíó=
Ñçê= ~= é~êíáÅìä~ê= ÖêáÇ= ÅÉää= ã~ó= ÄÉ= é~êíäó= áåÑäìJ
ÉåÅÉÇ=Äó=ïÜ~í=áë=~Åíì~ääó=Ü~ééÉåáåÖ=áå=íÜ~í=ÅÉää=
EÉKÖKI=~ÖêáÅìäíìêÉFI=áíÛë=éêçÄ~Ääó=ãçêÉ=ÇÉéÉåÇÉåí=
çå=ïÜ~íÛë=~êçìåÇ=íÜ~í=ÅÉää= EÑçêÉëí= áë=~ää=~êçìåÇ=
~åÇ=~=ëíêÉ~ã=áë=NMM=ã=~ï~óFK==^êÅsáÉï=Ü~ë=ëÉîJ
Éê~ä=ï~óë= íç=ÜÉäé= óçì= Éî~äì~íÉ= ëé~íá~ä= ÅçåíÉñíI=
áåÅäìÇáåÖ=Çáëí~åÅÉ=ÑìåÅíáçåë=~åÇ=ÑçÅ~ä=ïáåÇçïë=
EëÉÉ=cáÖìêÉ=SFK==

=

píÉé=OW=d~íÜÉê=êÉäÉî~åí=áåÑçêã~íáçå=çå=íÜÉ=ÄáçäçÖó=
çÑ= É~ÅÜ= ëéÉÅáÉë= ~åÇ= ëçäáÅáí= íÜÉ= ÜÉäé= çÑ= ëéÉÅáÉë= ÉñJ
éÉêíëK==tÉ=ëìÖÖÉëí=ëìêîÉóáåÖ=íÜÉ=ëÅáÉåíáÑáÅ=äáíÉê~íìêÉ=
~î~áä~ÄäÉ=Ñçê=É~ÅÜ=çÑ=óçìê=i~åÇëÅ~éÉ=péÉÅáÉëK==q~âÉ=
åçíÉ=çÑ==î~êá~ÄäÉë=íÜ~í=~êÉ=éçíÉåíá~ääó=áãéçêí~åí=Ñçê=
ëéÉÅáÉëJÜ~Äáí~í= êÉä~íáçåëÜáéë= EÜ~Äáí~í= èì~äáíóFI= êÉäÉJ
î~åí=ÜçãÉ=ê~åÖÉ=ëáòÉëI=~åÇ=é~ó=é~êíáÅìä~ê=~ííÉåíáçå=
íç=ÇáÑÑÉêÉåí=ëé~íáçJíÉãéçê~ä=ëÅ~äÉë=íÜ~í=~êÉ=êÉéçêíÉÇ=
EÉKÖKI=~ååì~ä=ÜçãÉ=ê~åÖÉ=ëáòÉI=ëÉ~ëçå~ä=ê~åÖÉ=ëáòÉëI=
ÉíÅKFK==^äëçI=ÅçääÉÅí=~ää=êÉäÉî~åí=ÑáÉäÇ=çÄëÉêî~íáçåë=EçÑ=
íÜÉ= ëéÉÅáÉëI= çÑ= íÜêÉ~íëF= = íÜ~í= óçì= Å~åI= ÉëéÉÅá~ääó= áÑ=
íÜÉó= Å~å= É~ëáäó= ÄÉ= áåÅçêéçê~íÉÇ= áåíç= óçìê= dfpI= ~ë=
íÜÉëÉ=Ç~í~=~êÉ=~äï~óë=ÜÉäéÑìä=Ñçê=ÇáêÉÅíáåÖ=íÜÉ=ãçÇJ
ÉäáåÖ= éêçÅÉëë= ~åÇ= éêçîáÇáåÖ= áåÑçêã~ä= î~äáÇ~íáçå= çÑ=
íÜÉ= ãçÇÉäëK= = fÑ= óçì= Ü~îÉ= ÅçãéäÉíÉÇ= ~= i~åÇëÅ~éÉ=
péÉÅáÉë= pÉäÉÅíáçå= éêçÅÉëë= ìëáåÖ= íÜÉ= iim= ëçÑíï~êÉI=
ãìÅÜ= çÑ= íÜáë= áåÑçêã~íáçå= ïáää= Ü~îÉ= ~äêÉ~Çó= ÄÉÉå=
ÅçãéáäÉÇK==
=
tÉ=~äëç= êÉÅçããÉåÇ= íÜ~í=óçì=ëçäáÅáí= íÜÉ=ÜÉäé=çÑ=~í=
äÉ~ëí=çåÉ=~ÅâåçïäÉÇÖÉÇ=ÉñéÉêí=Ñçê=É~ÅÜ=ëéÉÅáÉëK=qÜÉ=
ÄÉëí=éçëëáÄäÉ=ëáíì~íáçå=áë=Ñçê=íÜÉ=éÉêëçå=ÄìáäÇáåÖ=íÜÉ=
ÄáçäçÖáÅ~ä=ãçÇÉäë= íç=ÄÉ= Ñ~ãáäá~ê=ïáíÜ= íÜÉ= äáíÉê~íìêÉ=
~åÇ= Ñçê= íÜÉ= ëéÉÅáÉë=ÉñéÉêí= íç=ÄÉ=éêÉëÉåí=ÇìêáåÖ= íÜÉ=
ÅçåëíêìÅíáçå=çÑ= íÜÉ=ãçÇÉäK= =^ë= íÜÉ=ÄÉëí=ãçÇÉäë=ÇÉJ
îÉäçé= çîÉê= ~= ëÉêáÉë= çÑ= áíÉê~íáçåëI= Ü~îáåÖ= ~= ëéÉÅáÉë=
ÉñéÉêí= ÅçããÉåí=çå=éêçÖêÉëëáîÉ= Çê~Ñíë= áë= ÅêáíáÅ~ä= íç=
ÄìáäÇáåÖ=ìëÉÑìä=ãçÇÉäëK==
=
píÉé=PW=lìíäáåÉ=íÜÉ=ãçÇÉä=ëíêìÅíìêÉK==^äíÜçìÖÜ=óçìê=
Ñáêëí=áåëíáåÅí=ã~ó=ÄÉ=íç=çéÉå=^êÅsáÉï=~åÇ=ëí~êí=ã~J
åáéìä~íáåÖ=íÜÉ=Ç~í~I=íÜÉ=ãçÇÉäáåÖ=éêçÅÉëë=áë=ìëì~ääó=
ãçêÉ= ÉÑÑáÅáÉåíI= ÅäÉ~êI= ~åÇI= ~ÅÅìê~íÉ= áÑ= óçì= ëéÉåÇ= ~=
äáííäÉ=íáãÉ=çìíäáåáåÖ=Üçï=É~ÅÜ=_áçäçÖáÅ~ä=i~åÇëÅ~éÉ=
ïáää=ÄÉ=ÅçåëíêìÅíÉÇK==tÉ=ëìÖÖÉëí=íÜ~í=óçì=Ñáêëí=ïêáíÉ=
çìí=Ü~Äáí~í= êÉä~íáçåëÜáéë= áå=ëÉåíÉåÅÉëI= íÜÉå=ÅçåîÉêí=
ëÉåíÉåÅÉë=áåíç=Öê~éÜëK==fíÛë=~ã~òáåÖ=Üçï=ÅäÉ~ê=ãçÇJ
ÉäáåÖ= ÄÉÅçãÉë= ïÜÉå= óçì= Ü~îÉ= íç= ïêáíÉ= óçìê= äçÖáÅ=
çìí=áå=ïçêÇë>==^å=çìíäáåÉ=ïáää=åçí=çåäó=ÄÉ=î~äì~ÄäÉ=
Ñçê=çêÖ~åáòáåÖ= óçìê= áÇÉ~ëI= Äìí=ïáää= ÄÉ= áåî~äì~ÄäÉ= ~=
ÑÉï= ãçåíÜë= ä~íÉê= ïÜÉå= óçì= ï~åí= íç= êÉîáëÉ= íÜÉ=
ãçÇÉäI=Äìí=Å~åÛí=êÉãÉãÄÉê=Éñ~Åíäó=ïÜ~í=óçì=ÇáÇK==fí=
Å~å=~äëç=ëÉêîÉ=~ë=~=î~äì~ÄäÉ=éä~ÅÉ=íç=ëíçêÉ=ÑáäÉ=å~ãÉë=
~åÇ=ÇÉëÅêáéíáçåëK==péÉåÇ=íÜÉ=ãáåìíÉë=åçï=íç=ã~âÉ=~=
éêçÅÉëë=çìíäáåÉ=~åÇ=âÉÉé= áí=ìé= íç=Ç~íÉK= fí=ïáää= ë~îÉ=
óçì=Üçìêë=ä~íÉê>=EpÉÉ=iÉëëçåë=iÉ~êåÉÇ=R=çå=íÜÉ=åÉñí=
é~ÖÉ=Ñçê=ëçãÉ=ÖìáÇÉäáåÉë=~åÇ=Éñ~ãéäÉë=Ñçê=çìíäáåáåÖ=
óçìê=ÄáçäçÖáÅ~ä=ãçÇÉäKF=
=
píÉé=QW=léÉå=^êÅsáÉï=~åÇ=ã~âÉ=óçìê=ãçÇÉä>==kçï=
íÜ~í=óçìÛîÉ=éä~ååÉÇ=óçìê=ãçÇÉäI=ã~âáåÖ= áí= áë= êÉä~J
íáîÉäó=É~ëóK= =eÉêÉ=~êÉ=ëçãÉ=ëáãéäÉ=Üáåíë= íç=âÉÉé= áå=
ãáåÇ=~ë=óçì=Öç=~äçåÖK==^äëç=ëÉÉ=iÉëëçåë=iÉ~êåÉÇ=T=
Ñçê= ëçãÉ=Ü~åÇó=ï~óë= íç=ã~âÉ=Å~äÅìä~íáçåë= áå=^êÅJ
sáÉïK=
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• fÑ= áå=ÇçìÄíI=ë~îÉ=~åó=áåíÉêãÉÇá~íÉ=ÖêáÇë=~åÇ=ëÜ~éÉÑáäÉë=
E“`çåîÉêí= íç=dêáÇÒ= çê= “`çåîÉêí= íç= pÜ~éÉÑáäÉÒF= ~äçåÖ=
íÜÉ=ï~ó=ê~íÜÉê=íÜ~å=ÇÉäÉíáåÖ=íÜÉãK==vçì=ïáää=êÉíìêå=íç=
ã~åó=~åÇ=ìëÉ=íÜÉã=Ñçê=ÇáÑÑÉêÉåí=ëéÉÅáÉëK==tÜÉå=óçìÛîÉ=
ÑáåáëÜÉÇ=íÜÉ=ãçÇÉäëI=ëéÉåÇ=ëçãÉ=íáãÉ=ÅäÉ~åáåÖ=ìé=áåíÉêJ
ãÉÇá~íÉ=ëíÉéë=íÜ~í=óçì=ÇçåÛí=åÉÉÇK=

=
• hÉÉé=~=êìååáåÖ=êÉÅçêÇ=áå=kçíÉé~Ç=çê=tçêÇ=çÑ=~ää=ëíÉéë=

EïÜÉíÜÉê=óçì=ë~îÉ=íÜÉ=êÉëìäíë=çê=åçíF=~åÇ=Üçï=É~ÅÜ=ï~ë=
ÅêÉ~íÉÇ= EíÜÉ= áåéìíëI= íÜÉ= çìíéìíëI= íÜÉ= Å~äÅìä~íáçå=
ãÉíÜçÇI= ÉíÅKF= = fí= áë= ÖÉåÉê~ääó= É~ëó= íç= Åçéó= Ñçêãìä~ë=
Ñêçã=^êÅsáÉïÛë=“j~é=`~äÅìä~íçêÒ=áåíç=kçíÉé~ÇK=

=
• mìí=~ää=ëíÉéëI=î~êá~ÄäÉëI=~åÇ=êÉëìäíë=çå=~=ëÅ~äÉ=çÑ=MJNMMI=

åçí=MJNI=MJNMI=çê=ëçãÉ=çíÜÉê=ëÅ~äÉK==qÜáë=ïáää==ÜÉäé=óçì=
ã~âÉ= É~ëó= “Ä~Åâ= çÑ= íÜÉ= ÉåîÉäçéÉÒ= Å~äÅìä~íáçåëI= âÉÉé=
ëìÑÑáÅáÉåí=éêÉÅáëáçå=~äçåÖ=íÜÉ=ï~óI=~åÇ=~îçáÇ=êçìåÇáåÖ=
ÉêêçêëK==tÉ=êÉÅçããÉåÇ=íÜ~í=óçìê=Ñáå~ä=ÄáçäçÖáÅ~ä=ä~óÉê=
êÉéêÉëÉåí=“éçíÉåíá~ä=êÉä~íáîÉ=Ü~Äáí~í=èì~äáíóÒI=çå=~=ëÅ~äÉ=
çÑ=MJNMMI=ïÜÉêÉ= íÜÉ=ÄÉëí=éä~ÅÉ=çå=íÜÉ= ä~åÇëÅ~éÉ=Ü~ë=~=
î~äìÉ=çÑ=NMMI=~åÇ=~=î~äìÉ=çÑ=M=ãÉ~åë=íÜ~í=íÜÉ=ëéÉÅáÉë=áë=
ÅçãéäÉíÉäó=~ÄëÉåíK=pÉÉ=iÉëëçåë=iÉ~êåÉÇ=RK=

=
• tÜÉåÉîÉê=~=ÇÉÅáã~ä=éä~ÅÉ=~ééÉ~êë=áå=~=ÖêáÇI=êÉãçîÉ=áí=

Äó= ÅçåîÉêíáåÖ= íÜÉ= ÖêáÇ= Ñêçã= “Ñäç~íáåÖ= éçáåíÒ= íç= ~å=
“áåíÉÖÉê= ÖêáÇÒK= = cçê= êÉ~ëçåë= ëéÉÅáÑáÅ= íç= Üçï=^êÅsáÉï=
ë~îÉë= ÖêáÇëI= ÖêáÇë= íÜ~í= Ü~îÉ= ~= ÇÉÅáã~ä= éçáåí= EÑäç~íáåÖ=
éçáåíF=çÑíÉå=í~âÉ=ìé=~=äçí=çÑ=ëé~ÅÉ=çå=óçìê=Ü~êÇ=ÇêáîÉ=
~åÇ= í~âÉ=ãìÅÜ=ãçêÉ= íáãÉ= íç= éêçÅÉëë= áå= ä~íÉê= Å~äÅìä~J
íáçåëK= =“fåíÉÖÉê=ÖêáÇëÒ=~êÉ=ãìÅÜ=ãçêÉ=ÉÑÑáÅáÉåí= EíÜáë= áë=
é~êí=çÑ=íÜÉ=êÉ~ëçå=ïÉ=ëìÖÖÉëí=óçì=ëí~ó=~ï~ó=Ñêçã=ìëáåÖ=
~=MJN=ëÅ~äÉFK=

Threat Landscapes: Impact of 
threats on potential habitat 
quality 
=

píÉé=NW=båíÉê=íÜÉ=ãçÇÉäáåÖ=ãáåÇëÉí=
=

• qÜáåâ= äáâÉ= ~å= ~åáã~ä= ~åÇ= ~= Üìã~åK==
qÜêÉ~í=i~åÇëÅ~éÉë=êÉèìáêÉ=óçì=íç=íÜáåâI=
çå= ~= ÅÉääJÄóJÅÉää= Ä~ëáëI= ~Äçìí= Üçï= ÜìJ
ã~åë= ÇáëíêáÄìíÉ= íÜÉãëÉäîÉë= ~Åêçëë= íÜÉ=
ä~åÇëÅ~éÉ=~åÇ=Üçï=íÜÉó=~ÑÑÉÅí=óçìê=ëéÉJ
ÅáÉëK= = qÜáåâ= ~Äçìí= Üçï= ã~åó= Üìã~åë=
ã~ó=ìëÉ=~=é~êíáÅìä~ê=ÖêáÇ=ÅÉää=~åÇ=ïÜ~í=
âáåÇ=çÑ=áãé~Åí=íÜÉó=ïáää=Ü~îÉ=çå=Ü~Äáí~í=
èì~äáíóK= = ^ë= ïáíÜ= íÜÉ= _áçäçÖáÅ~ä= i~åÇJ
ëÅ~éÉëI=Ü~Äáí~í=èì~äáíó=ã~ó=ÄÉ=áãé~ÅíÉÇ=
Äó=ïÜ~íÛë=çÅÅìêêáåÖ=çå=~=é~êíáÅìä~ê=ÖêáÇ=
ÅÉää=çÑ=áåíÉêÉëíI=Äìí=ã~ó=~äëç=ÇÉéÉåÇ=çå=
íÜÉ=ÅçåíÉñí=~êçìåÇ=íÜ~í=ÅÉää=EëÉÉ=cáÖìêÉ=
SFK=

===
• oç~Çë=~êÉ=íÜÉ=ÖêÉ~í=“Ñ~Åáäáí~íçêKÒ=j~åó=

ëáíÉë= ~êÉ= íÉãéíÉÇ= íç= ãçÇÉä= êç~Çë= ~ë= ~=
ÇáêÉÅí=íÜêÉ~íI=~åÇ=íÜÉêÉÑçêÉ=~ë=~=ëÉé~ê~íÉ=
íÜêÉ~í= áå=íÜÉ=ãçÇÉäK= =eçïÉîÉêI=íÜÉ=ã~J
àçê= áãé~Åí= çÑ= êç~Çë= E~åÇ= êáîÉêëI= ~åÇ=
íê~áäëI= ÉíÅKF= áë= íóéáÅ~ääó= íç= áåÅêÉ~ëÉ= íÜÉ=
áãé~Åí=çÑ=çíÜÉê=íÜêÉ~íë=J=~ääçïáåÖ=~ÅÅÉëë=
íç= ÜìåíÉêëI= Ñ~Åáäáí~íáåÖ= ÑçêÉëí= ÅäÉ~ê~åÅÉI=
ÉíÅK= = fÑ= óçì= ÄìáäÇ= ~å= áåÇáîáÇì~ä= ãçÇÉä=
Ñçê=“íÜêÉ~íë=Ñêçã=êç~ÇëÒI=áí=ïáää=ÄÉ=ÇáÑÑáJ
Åìäí=íç=êÉãçîÉ=íÜÉ=áãé~Åí=çÑ=êç~Çë=Ñêçã=
çíÜÉê=íÜêÉ~í=ãçÇÉäëK= =`çåëáÇÉê=ÄìáäÇáåÖ=
~= Ä~ëÉ= “ÅçëíJ~ÅÅÉëëÒ= ãçÇÉä= ~ë= ~= Ä~ëáë=
Ñçê= ëÉîÉê~ä= íÜêÉ~íëI= ïÜáÅÜ= áåÅçêéçê~íÉë=
êç~ÇëI= ëçìêÅÉë= çÑ= Üìã~å= éçéìä~íáçåI=
~åÇ=íê~îÉä=Åçëíë=EëÉÉ=iÉëëçåë=iÉ~êåÉÇ=VFK==
jçêÉ= ÇáêÉÅí= áãé~Åíë= çÑ= êç~Çë= ã~ó= ÄÉ=
ãçÇÉäÉÇ= ~ë= ÇáëíáåÅíäó= áåÇÉéÉåÇÉåí=
íÜêÉ~íëK= =aáêÉÅí= áãé~Åíë=çÑ= êç~ÇëI=ïÜáäÉ=
ìëì~ääó= äÉëë= ëÉîÉêÉI= áåÅäìÇÉ= íÜáåÖë= äáâÉ=
íÜÉ=êÉãçî~ä=çÑ=ÑçêÉëí=íç=ÄìáäÇ=íÜÉ=êç~ÇI=
ÇáëíìêÄ~åÅÉ= ~ëëçÅá~íÉÇ=ïáíÜ= íê~ÑÑáÅI= ~åÇ=
Ä~êêáÉêë=íç=ãçîÉãÉåíLÇáëéÉêë~äK=

=

B
Grid cell of interest

C

A
Figure 6. Modeling using the spatial context. 

A) Proximity to permanent 
water (Euclidean dis-
tance function) 

B) Disturbance by towns 
(Euclidean distance func-
tion) 

C) Density of denning sites 
(focal window) 

Note:  Grid colors in A and B show the Euclidean distance from the 
closest feature of interest (streams in A, towns in B).  Lighter colors are 
shorter distances. 
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Lessons Learned 5 
Outlining your model for the Potential Biological Landscape 
 
We recommend sketching out your model in sentence form before you proceed.  Writing the model in sentence form 
will help you clarify the analysis and clearly separate explanatory variables. Try the following: 
 
a List the variables that impact the distribution of the species in your landscape.  Include both the biological vari-

ables and those human activities that you’ve decided are part of the Potential Biological Landscape.  For now, don’t 
worry too much about whether you actually have the GIS data necessary to model these variables.  Think about 
variables that determine the boundaries of the species local range (presence/absence within the landscape) and 
those that have an important impact the number of animals within the local range.  

 
b Indicate whether each variable limits the presence of the species in parts of the landscape, affects the abun-

dance of animals but does not limit presence, or variables that do both: 
 

• Variables that limit presence, and affect abundance.  Many variables can limit whether a species is present in 
particular parts of the landscape—they are either absolutely required or will absolutely exclude the species.  For 
example, a salt lick within 10 km is required for elephants to be present in a part of the landscape.  Usually, 
these variables also have an impact on how many animals live in an area, and so modify habitat quality.  For 
example, the number of salt licks impacts how many elephants occupy a particular part of the landscape.  
These types of variables typically include water, food, or nutrient sources (e.g. permanent water, a particular 
plant or prey species, salt), nesting, spawning, or denning sites, certain types of thermal or security cover, the 
presence of certain competitors, environmental variables (e.g., temperature, salinity) and minimum patch size.   

  
• Variables that affect abundance, but do not limit presence.  Some variables can affect how many animals are 

in a particular location, but may not necessarily cause the species to be completely absent.  These include 
things like food abundance or quality characteristics (e.g., plant productivity, forest age, prey/predator type or 
density), depth, slope, precipitation, current speed and direction, etc.  

 
• Variables that only limit presence.  In some rare cases, a variable may limit whether a species is present in 

particular parts of the landscape, but not have any quantifiable impact on abundance.  Often this is because our  
understanding of the relationship between the variable and the species’ abundance isn’t very good, and we can 
only state the relationship in black-and-white terms (e.g., we know that elephants need salt licks, but have no 
idea how the number of salt licks is related to elephant abundance). 

 
c Identify a GIS layer or layers that you need for relating each variable to habitat quality or presence/absence.  If 

you don’t have an existing layer for a variable, think about proxies or “approximate” substitutes (e.g., I don’t have a 
map of prey abundance, but instead a map of sea surface temperature that is a good proxy for prey abundance).   

  
d Make each variable explicit in terms of what you are measuring and its biologically meaningful spatial-

temporal scales.  Make explicit what you will measure about each variable, both in terms of units and scale.  Are 
you measuring density, simple presence/absence, taking a mean, etc.?  Also, it will be necessary to assess many 
variables at spatial scales larger than the individual grid cell (your grain size).  This is primarily because your spe-
cies can move to meet their needs (e.g., to get water, to find food), and the resources in any one location are com-
plemented by neighboring areas (within the movement limitations of your species).  Answer the question “At what 
spatial scale will I assess this variable?”  We suggest a default scale of the annual home range, but for some spe-
cies and variables, other scales may be more relevant (seasonal home range, life-time home range, daily home 
range).   
 

e Using sentences, make explicit the relationship between each variable and habitat quality or presence/
absence.  Consider the effect of each variable independently of other variables—assuming that the habitat is oth-
erwise perfect for the species (e.g., “Assuming that everything else is perfect, what is the relationship between the 
density of nesting sites and habitat quality?”). 

   
f Convert your sentences to graphs or tables relating each variable to potential habitat quality and presence/

absence. 
 
g Make a flow-chart which specifies the steps in your model - including the GIS layers involved, the GIS techniques 

you will use to manipulate the layers, and equations you will use for calculating potential habitat quality.  Spend 
some time thinking hard about how you will combine different layers in your model (e.g., should I add them, multiply 
them, take an average, normalize them?).  We suggest that you score all model variables on a scale of 0-100.  See 
Lessons Learned 6 and 7 for some additional help.  
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    Examples:   

• Density of nesting beaches within the annual home range 
impacts habitat quality but does not limit presence. 

• Distance to permanent water impacts habitat quality and 
limits presence. 

• Land-cover types within the annual home range affect 
habitat quality and can limit presence. 

Land Cover Class Potential Habitat quality  
(% of highest habitat quality) 

Evergreen Forest 20 

Deciduous Forest 100 

Mixed Forest  60 

Open Wetland 0 

Forested Wetland 80 

Urban 5 

Natural Grassland 20 

Agriculture 5 

• nesting beaches 
• permanent water/ coastline 
• Elevation/depth 
• disturbance from towns 
• patch size 
• competition from species X 
• land-cover type 

• permanent water is required for presence and 
affects abundance 

• land-cover affects abundance and determines 
presence/absence 

• Area covered in coral affects habitat quality and 
limits presence/absence 

• Disturbance from towns impacts habitat quality 
but does not limit presence 

• Availability of nesting beaches impact abundance 
but do not limit presence 

• depth only limits presence/absence 
• Patch size only limits presence/absence 
• competition for species X excludes the species 

• See Lessons Learned 7 

• density of nesting beaches within the home-range  
• presence of permanent water within the dry sea-

son home range 
• the mean land-cover quality within the annual 

home range  
• density of nesting trees affects within the annual 

home-range 
• Area covered in coral within the spawning range 

• If the density of nesting beaches is >5/km2, and 
all other variables are perfect, then habitat quality 
is 100 (100%).  If density of nesting beaches is 
<1/ km2, and all other variables are perfect, then 
habitat quality is 60. 

• See Lessons Learned 6 & 7 
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Lessons Learned 6 
Combining model variables 
 
There are many ways to combine different variables in 
models.  It’s important to be aware of how different 
mathematical combinations (e.g., adding, multiplying, 
averaging) can affect the importance of each variable in 
the final score.   
 
Typically, if you have constructed the main variables in 
your model to be truly independent (e.g., they independ-
ently limit habitat quality and do not compensate for 
other variables), then they can be multiplied together to 
calculate habitat quality.  However, earlier steps may 
involve other calculations. 
 
Use the following guidelines, but also test the model as 
you go along to make sure results make intuitive sense: 
 
Multiplicative relationships:  Use when each variable in 
the relationship independently “limits” the result, for in-
stance, when each variable potentially limits habitat 
quality. In such a relationship, every variable in the equa-
tion has the capacity to “zero” the total.  Taking the 
“minimum” of several variables is similar, but in this 
case, the result will be dependent on only 1 variable, 
rather than a combination of all. 
 
Additive relationships and (arithmetic) means:  Use when 
one variable can “compensate” for the lack of another.  
For example, the “availability of prey” may be the sum or 
average of the density of 2 different prey species.  
 
Normalizing and standardizing:  Normalizing values by 
constants (e.g., dividing by the highest number to put all 
values on a 0-1 scale) or standardizing variables (when 
they are on different scales) during different steps of the 
model can have unexpected impacts on the final results.  
Be careful and think about what it means.   
 
Again, we suggest that you generally think on a scale of 
0-100, where 0 means “as bad as it can be” (for additive 
relationships) or “no animals will be here” (for multiplica-
tive relationships), and 100 means “as good as it gets” 
or “highest habitat quality.” 

=Lessons Learned 7 
Making the calculations within ArcView 
 
Once you’ve outlined your plan for making a Biological or 
Threat Landscape, its time to use ArcView (or whatever GIS 
package you use) to make calculations for you.  To the right is 
an example of the steps involved in making the Biological 
Landscape for jaguars in the Maya Landscape, Guatemala.    
 
Below are some hints on how to use ArcView to make some 
useful calculations.  The spatial analyst extension is needed 
for any calculations using grids. 
 
Focal Windows for Grids (spatial averages, sums, etc.): 
Under the Analysis menu, choose “Neighborhood Statistics” 
 
Applying equations to Grids:  Under the Analysis menu, 
choose map calculator. 
 
Converting between Integer Grids and Decimal Point (Floating 
Point) Grids:  Under the Analysis menu, choose map calcula-
tor.  Select the grid you want to change, change the pull down 
menu from “Logarithms” to “Arithmetic”, then click the 
“Float” button (to change to decimal points) or the “Int” but-
ton (to change to integer values).  
 
Finding the Minimum or Maximum Values of a list of grids:  
Under the analysis window, select map calculator.  Then enter 
the following, filling in the red parts with your input grids or 
commands: 
 
InGridA.LocalStats(#GRID_STATYPE_MIN, {InGridA, InGridB, 
InGridC, …}) 
 
InGridA.LocalStats(#GRID_STATYPE_MAX, {InGridA, InGridB, 
InGridC, …}) 
 
Applying a conditional statement to a grid:  Statements like “If 
the value is X, then do this, otherwise do that” can be han-
dled by ArcView.  Under the analysis window, select map cal-
culator.  Then enter the following, filling in the red parts with 
your information: 
 
(InGrid Condition).con((Then, Else) 
 
Example:  (InGrid <3000).con((Ingrid*30.AsGrid + 100.AsGrid, 
100.AsGrid) 
 
Recalculating Areas and Perimeters of Polygons:  the X-tools 
extension has a nifty option for recalculating these attributes 
after you’ve changed (clipped, unioned, etc.) a shapefile. 
 
Reducing the resolution of a grid by aggregating cells:  If you 
want to reduce the resolution of a grid, and you want the re-
sulting grid to be some function of the original cells (like a 
mean or a sum) get the Grid Analyst extension, which has an 
“Aggregate function”.   
=
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• aç=f=åÉÉÇ=ëÉé~ê~íÉ= íÜêÉ~íë=ãçÇÉä= Ñçê=É~ÅÜ=i~åÇJ
ëÅ~éÉ=péÉÅáÉë\= =vçì=ïáää=éêçÄ~Ääó=Ü~îÉ=~êçìåÇ=R=
ÇáÑÑÉêÉåí= íÜêÉ~íë= ~åÇ= R= i~åÇëÅ~éÉ= péÉÅáÉëK= = aç=
óçì=åÉÉÇ=OR=ëÉé~ê~íÉ=íÜêÉ~íë=ãçÇÉäë=EçåÉ=Ñçê=É~ÅÜ=
íÜêÉ~íJëéÉÅáÉë= ÅçãÄáå~íáçåF= çê= ~êÉ= R= “ÖÉåÉê~äÒ=
íÜêÉ~íë=ãçÇÉäë= ëìÑÑáÅáÉåí\=açÉë= íÜÉ= ëé~íá~ä= ÇáëíêáJ
Äìíáçå= çÑ= ~= íÜêÉ~í= ÇáÑÑÉê= ëìÄëí~åíá~ääó= Ñçê= ~åó= çÑ=
óçìê=ëéÉÅáÉëI=~åÇ=íÜÉêÉÑçêÉ=êÉèìáêÉ=~=ëÉé~ê~íÉ=ëéÉJ
ÅáÉëJëéÉÅáÑáÅ=ãçÇÉä\==cçê=áåëí~åÅÉI=íÜÉ=êÉä~íáîÉ=ëé~J
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ã~åó=ëéÉÅáÉëÔ=íÜÉ=êáëâ=çÑ=ÄÉáåÖ=ÜìåíÉÇ=áë=~äï~óë=
ÜáÖÜÉëí= áå= ~= é~êíáÅìä~ê= éä~ÅÉI= áåÇÉéÉåÇÉåí= çÑ=
ïÜÉíÜÉê= íÜÉ= ÜìåíáåÖ= áë= ÇáêÉÅíÉÇ= ~í= ÉäÉéÜ~åíë= çê=
ÄçåÖçK==få=íÜÉëÉ=Å~ëÉëI=áí=áë=ëìÑÑáÅáÉåí=íç=ÄìáäÇ=çåÉ=
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ÇáÑÑÉêÉåíäó= EÉKÖKI= ÑáëÜáåÖ= îëK= ÜìåíáåÖX= ëìÄëáëíÉåÅÉ=
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ÑáÉäÇ=Ç~í~=áåíç=óçìê=ÄáçäçÖáÅ~ä=ãçÇÉäëW==ìëÉ=áí=íç=ÖìáÇÉ=
~åÇ=î~äáÇ~íÉ=óçìê=ãçÇÉä=ÄìáäÇáåÖI=Äìí=ÇçåÛí=êÉäó=çå=áí=
ÅçãéäÉíÉäóK= tÜÉå= áåíÉêéêÉíáåÖ= áåÑçêã~íáçå= Ñêçã=
qÜêÉ~íë=^ëëÉëëãÉåíëI=âÉÉé=~=ÑÉï=íÜáåÖë=áå=ãáåÇK===
=
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Å~ääó=éêçÇìÅÉ=Ñáå~ä=ä~åÇëÅ~éÉë=Ñçê=ÇáêÉÅí=íÜêÉ~íë=EíÜçëÉ=
íÜ~í=Ü~îÉ=ÇáêÉÅí=áãé~Åí=çå=~åáã~äë=~åÇ=íÜÉáê=éçéìä~J
íáçåëF= ê~íÜÉê= íÜ~å= áåÇáêÉÅí= íÜêÉ~íë= EíÜçëÉ= î~êá~ÄäÉëI=
ëìÅÜ= ~ë= ~ÅÅÉëë= çê= ä~Åâ= çÑ= ã~å~ÖÉãÉåíF= íÜ~í= ãçÇáÑó=
íÜÉ= ëÉîÉêáíó= çê= ëé~íá~ä= ÇáëíêáÄìíáçå= çÑ= ÇáêÉÅí= íÜêÉ~íëK===
eçïÉîÉêI=ïÉ=ÅÉêí~áåäó=ìëÉ=áåÇáêÉÅí=íÜêÉ~íë=íç=ÜÉäé=ìë=
ãçÇÉä=íÜÉ=ëé~íá~ä=ÇáëíêáÄìíáçå=çÑ=ÇáêÉÅí=íÜêÉ~íëK===
=
pÉÅçåÇI=ïÜáäÉ=ãçëí=çÑ= íÜêÉ~íë= íÜ~í=~êÉ= áãéçêí~åí= Ñçê=
íÜÉ=ÉåíáêÉ=ä~åÇëÅ~éÉ=ïáää=Ü~îÉ=ÄÉÉå=äáëíÉÇ=áå=íÜÉ=ïçêâJ
ëÜçéI= ëçãÉ= íÜêÉ~íë= íÜ~í= ~êÉ= áãéçêí~åí= Ñçê= é~êíáÅìä~ê=
ëéÉÅáÉë= ã~ó= Ü~îÉ= ÄÉÉå= ãáëëÉÇK= = vçì= ëÜçìäÇ= íÜáåâ=
~Äçìí= ïÜ~í= ~ÅíáîáíáÉë= ~êÉ= áãéçêí~åí= Ñçê= É~ÅÜ= i~åÇJ
ëÅ~éÉ= péÉÅáÉëI= ~åÇ= ~ÇÇ= íÜÉëÉ= íç= íÜÉ= íÜêÉ~íë= íÜ~í= áãJ
é~Åí=íÜÉ=ÉåíáêÉ=ä~åÇëÅ~éÉK=
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Example: the Threat from Subsistence Hunting   

• Human population 
• Distance to a market (for chicken and beef) 
• Travel cost though habitat types 

• Human population — census blocks 
• Distance to village — villages 
• Travel cost though habitat types—land-use/

land-cover, roads, rivers 

• Human population within 10 km — number 
of people (simple example) 

OR 
• Cost-distance (travel time from villages 

weighted by village population—see Lessons 
Learned 9) 

• See Lessons Learned 7 & 9 

• See simple examples below 
OR 
• Use relationships defined by cost-access 

modeling ArcInfo (see Lessons Learned 9) 

Lessons Learned 8 
Outlining your threat models 
 
As with the Biological Landscape, we recommend explain-
ing your model in sentence form before proceeding.  It’s 
best to do this for each threat individually first, then to 
relate threat severity to reductions in habitat quality for 
each species (See Step 5 in the text for building Threats 
Landscapes).    
  
a List the important variables that impact the distri-

bution of each threat in your landscape.  
 
b For each variable, identify a GIS layer that you need 

for relating that variable to the severity of the 
threat.  

  
c Make each variable explicit in terms of what you 

are measuring and biologically meaningful spatial 
scales. As with the Biological Landscapes, make ex-
plicit what you will measure about each variable.  Are 
you measuring density, simple presence/absence, 
taking a mean, etc?  Also, if necessary, make each 
variable explicit in terms of a biologically meaningful 
spatial scale.   Again, whether or not a threat is occur-
ring on a particular grid cell may not be the only thing 
to consider.  The movements of your species at a 
broader spatial scale that bring it into contact with the 
threat may be important (e.g., annual or seasonal 
home range).  
 

d Using sentences, explain the relationship between 
each variable and threat severity.  

 = 
e Convert your sentences to graphs or tables that 

relate each variable to threat severity.   
 
f Make a flow-chart which specifies the steps in your 

model - including the GIS layers involved, the GIS 
techniques you will use to manipulate the layers, and 
equations you will use for calculating threat severity. 
 

g Repeat for each threat. 

• Threat severity increases as human population within 
10 km increases. 

• Threat Severity is highest (100) from 0-1 km, de-
creases linearly to 70 between 1 and 5 km, and then 
decreases to 0 by 10 km. 
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Conclusions 
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Figure 7. Relating threat severity to reduction in habitat 
quality for individual Landscape Species. Converting 

general Threat Landscapes to species-specific Landscapes can 
be as easy as multiplying the general Landscape (showing 

threat on a relative scale of 0-100) by a constant. For instance, 
at its most severe place on the landscape, subsistence hunting 

reduces habitat quality for Bongo by 50%.   
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Lessons Learned 9 
Using Cost-Distance and Path-Distance analyses to calculate human access 
 
Many threats are based on how accessible locations on the landscape are to human beings.  For instance, the risk of be-
ing killed by a hunter or poacher usually depends in part on how difficult it is to travel from human settlements to places 
on the landscape.  Others threats include risk of land conversion, fire risk, and even disease.  One simple way to calculate 
the “access cost” for a destination is to calculate the Euclidian (straight-line) distance between that destination and the 
source (e.g., a city), such that places further away from the destination have a higher travel cost (i.e., resulting in lower 
hunting pressure).  A more realistic calculation of travel cost might also include the relative ease with which people can 
travel through certain types of land-cover.  So, for instance, destinations within swamps are more difficult to access than 
destinations on roads.  This type of analysis can be done in ArcView using the “Cost Distance” extension (available free 
from ESRI).  Even more realistic models of access cost can be created using ArcInfo Grid (pathdistance command), which 
incorporates more factors that affect travel cost such as topography and flow direction (stream flow, wind, etc.).  Below is 
an example of using a cost-distance model to represent the threat from hunting. 

(Red shows where 
hunting is most 
intense.) 

*lighter colors = lower cost-distance 

* 
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Living Landscapes Program Manuals 
 
WCS’s Global Conservation Programs work to save wildlife 
and wildlands by understanding and resolving critical 
problems that threaten key species and large, wild 
ecosystems around the world. Simply put, our field staff 
make decisions about what causes the needs of wildlife 
and of people to clash and take action with their partners 
to avoid or mitigate these conflicts that threaten wildlife 
and their habitat. Helping our field staff to make the best 
decisions is a core objective of the Living Landscapes 
Program. 

We believe that if conservation projects are to be truly 
effective, we must: (1) be explicit about what we want to 
conserve, (2) identify the most important threats and 
where they occur within the landscape, (3) strategically 
plan our interventions such that we are confident that they 
will help abate the most critical threats, and (4) put in 
place a process for measuring the effectiveness of our 
conservation actions, and using this information to guide 
our decisions. The Living Landscapes Program is 
developing and testing, with our field programs, a set of 
decision support tools, designed to help field staff select 
targets, map key threats, prepare a conservation strategy, 
and develop a monitoring framework. 
 
The application of these tools is described in a series of 
technical manuals which are available by email from 
conservationsupport@wcs.org. These how-to guides are 
designed to provide clear and practical instructions. If after 
using the manual to run a strategic planning exercise you 
have any suggestions as to how we might improve the 
instructions please let us know. 
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Contact 
 

Dr. Karl Didier 
Living Landscapes Program/Conservation Support 

Wildlife Conservation Society 
2300 Southern Blvd. 
Bronx, NY 10460 USA 

Email:  conservationsupport@wcs.org 
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