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Highlights:

ͻ �s gloďal changes incluĚing cliŵate change continue͕ 
ǁe ǁill haǀe to increasingly ǁorŬ across ďorĚers to 
achieǀe ďioĚiǀersity conserǀation goals anĚ to Ěo 
ďeƩer science͘

ͻ �onserǀation ďiogeography ŵethoĚs͕ especially species 
Ěistriďution ŵoĚels ;S�DsͿ͕ holĚ great proŵise to 
inforŵ transďounĚary conserǀation unĚer cliŵate 
change͘

ͻ te outline the Ŭey S�D pitfalls that are ŵost releǀant 
to applications of cliŵate change anĚ steps to aǀoiĚ 
theŵ͕ such as iŵproǀing practitionerͲŵoĚeler 
capacity to folloǁ S�D ďest practices͘

ͻ te argue that͕ especial ly in transďounĚary 
conserǀation conteǆts͕ S�Ds shoulĚ ďe collaďoratiǀely 
ĚeǀelopeĚ froŵ the outset ǁith all of the staŬeholĚers 
for ǁhoŵ the ŵoĚel ǁill ďe releǀant͘

ͻ BorĚers often eǆeŵplify coŵpleǆ sociopolitical 
conteǆts anĚ histories ďetǁeen countries͖ thus͕ 
conserǀation scientists͕ practitioners͕ anĚ ŵanagers͕ 
incluĚing conserǀation ďiogeographers͕ haǀe an 
oďligation to unĚerstanĚ those conteǆts anĚ Ŭnoǁ 
hoǁ they relate to our ǁorŬ anĚ the goals of 
conserǀation͘

Abstract

Spatially eǆplicit ďiogeographic ŵoĚels are aŵong the 
ŵost useĚ ŵethoĚs in conserǀation ďiogeography͕  ǁith 
correlatiǀe species Ěistriďution ŵoĚels ;S�DsͿ ďeing the 
ŵost popular aŵong theŵ͘ S�Ds can iĚentify the potential 
for species͛ anĚ coŵŵunity range shiŌs unĚer cliŵate 
change͕ anĚ thus can inspire͕ inforŵ͕ anĚ guiĚe coŵpleǆ anĚ 
aĚaptiǀe conserǀation ŵanageŵent planning eīorts such 
as collaďoratiǀe transďounĚary conserǀation fraŵeǁorŬs͘ 
,oǁeǀer͕  S�Ds are rarely ĚeǀelopeĚ collaďoratiǀely͕ 
ǁhich ǁoulĚ ďe iĚeal for conserǀation applications of such 
ŵoĚels͘ &urther͕  S�Ds that are applieĚ to conserǀation 
oŌen Ěo not folloǁ ďest practices of the fielĚ͕ ǁhich are 
particularly iŵportant for applications in cliŵate change 
conteǆts for ǁhich ŵoĚel eǆtrapolation into potentially 
noǀel cliŵates is necessary͘ dhus͕ ǁhile there is suďstantial 
proŵise͕ particularly aŵong ŵachineͲlearning ďaseĚ S�D 
approaches͕ there are also ŵany piƞalls to consiĚer ǁhen 
applying S�Ds to conserǀation͕ anĚ especially in the conteǆt 
of transďounĚary ŵanageŵent unĚer cliŵate change͘ ,ere͕ 
ǁe suŵŵariǌe these piƞalls anĚ the Ŭey steps to ŵitigate 
theŵ anĚ ŵaǆiŵiǌe the proŵise of applying S�Ds to 
facilitate transďounĚary conserǀation planning unĚer cliŵate 
change͘ te argue that conserǀation ŵoĚeling capacity ŵust 
ďe eleǀateĚ aŵong practitioners such that they can easily 
iŵpleŵent ďest practices ǁhen using S�Ds͕ especially 
regarĚing͗ ϭͿ aǀoiĚing ŵoĚel oǀercoŵpleǆity͕  ϮͿ aĚĚressing 
input Ěata ďias͕ anĚ ϯͿ accounting for uncertainty in ŵoĚel 
eǆtrapolations anĚ projections͘ thile our Ěiscussion centers 
ŵainly on the piƞalls anĚ opportunities of applying the ŵost 
popular correlatiǀe S�D algorithŵ͕ Daǆent͕ our suggestions 
can also ďe generaliǌeĚ to a range of other S�D tools͘ 
Kǀerall͕ iŵproǀeĚ training in͕ tools for͕  anĚ iŵpleŵentation 
of ďest practices in ďiogeographic ŵoĚels such as S�Ds 
holĚ great proŵise to facilitate anĚ help guiĚe coŵpleǆ͕ 
transďounĚary collaďorations for longͲterŵ planning of 
conserǀation unĚer cliŵate change͘
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Introduction
�onserǀation ďiogeography aiŵs to apply 

ďiogeographic theories͕ principles͕ anĚ analyses to 
ŵanageŵent practices that sustain ďioĚiǀersity ;>aĚle 
anĚ thiƩaŬer ϮϬϭϭ͕ &ranŬlin ϮϬϭϯͿ͘ � Ŭey focus of 
the fielĚ is the inǀestigation of gloďal enǀironŵental 
change anĚ its oďserǀeĚ anĚ preĚicteĚ eīects on 
ďioĚiǀersity ;&ranŬlin ϮϬϭϯͿ͘ &or eǆaŵple͕ Ěue to 
cliŵate change͕ species͛ suitaďle areas are eǆpecteĚ 
to shiŌ ǁith soŵe areas ďecoŵing less suitaďle for 
species͛ surǀiǀal͕ anĚ others ďecoŵing ŵore so͘ 
dhe resulting shiŌs in species͛ Ěistriďutions͕ species͛ 
interactions͕ anĚ ďiological coŵŵunity asseŵďly anĚ 
structure͕ increase the liŬelihooĚ of local anĚ gloďal 
eǆtinctions ;Zaǆǁorthy et al͘ ϮϬϬϴ͕ Wecl et al͘ ϮϬϭϳ͕ 
Braŵďilla et al͘ ϮϬϮϬͿ͘ do Ěate͕ seǀeral stuĚies haǀe 
ĚocuŵenteĚ oďserǀeĚ iŵpacts of cliŵate change on 
species͛ Ěistriďutions͕ aďunĚance͕ phenology͕ anĚ 
ďoĚy siǌe ;e͘g͕͘ Zosenǌǁeig et al͘ ϮϬϬϴ͕ <oleēeŬ et al͘ 
ϮϬϮϬͿ or preĚicteĚ future iŵpacts of cliŵate change on 
species͕ such as eǆtinction risŬ ;e͘g͕͘ dhoŵas et al͘ ϮϬϬϰ͕ 
>i et al͘ ϮϬϭϯͿ͘ dhe fielĚ of conserǀation ďiogeography 
has presenteĚ practical ŵethoĚs for incorporating 
cliŵate change ǁithin conserǀation planning anĚ 
assessŵents to inforŵ forǁarĚͲthinŬing conserǀation 
ŵanageŵent ;�arǀalho et al͘ ϮϬϭϭ͕ Blair et al͘ ϮϬϭϮ͕ 
�rossŵan et al͘ ϮϬϭϮͿ͘

Spatially eǆplicit ďiogeographic ŵoĚels are aŵong 
the ŵost coŵŵonly useĚ ŵethoĚs in conserǀation 
ďiogeography͕ ǁith correlatiǀe species Ěistriďution 
ŵoĚels ;S�Ds͕ incluĚing ecological niche ŵoĚels 
or nicheͲďaseĚ Ěistriďution ŵoĚelsͿ the ŵost 
popular aŵong theŵ ;&ranŬlin ϮϬϬϵ͕ &ranŬlin ϮϬϭϯ͕ 
Weterson et al͘ ϮϬϭϭͿ͘ dhese S�Ds ŵost typically 
estiŵate enǀironŵental suitaďility for a species in 
geographic space using associations ďetǁeen species͛ 
occurrence recorĚs anĚ enǀironŵental ǀariaďles 
;Weterson et al͘ ϮϬϭϭͿ͘ ,oǁeǀer͕  ŵoĚeling eīorts 
intenĚeĚ for conserǀation planning haǀe ďeen sloǁ 
in applying ďest practice stanĚarĚs for correlatiǀe 
S�Ds͕ in part ďecause ŵoĚeling goals ŵay Ěiīer 
ďetǁeen acaĚeŵic anĚ conserǀation applications 
of ŵoĚels ;�raƷjo et al͘ ϮϬϭϵ͕ Sofaer et al͘ ϮϬϭϵ͕ 
hrďinaͲ�arĚona et al͘ ϮϬϭϵͿ͘ Eonetheless͕ ďecause 
S�Ds can iĚentify the potential for species range anĚ 
coŵŵunity shiŌs unĚer cliŵate change͕ they haǀe 
the aďility to inspire͕ inforŵ͕ anĚ guiĚe coŵpleǆ anĚ 
aĚaptiǀe conserǀation ŵanageŵent planning eīorts 
such as collaďoratiǀe crossͲďorĚer conserǀation 
fraŵeǁorŬs ;e͘g͕͘ Blair et al͘ ϮϬϭϮ͕ DiĚĚleton et al͘ 
ϮϬϮϬ͕ ditley et al͘ ϮϬϮϭͿ͘

Dore than half of all terrestrial ďirĚs͕ ŵaŵŵals͕ 
anĚ aŵphiďians haǀe Ěistriďutions that cross national 
ďorĚers ;hereaŌer terŵeĚ ͚transďounĚary͖͛ >iu et al͘ 
ϮϬϮϬ͕ Dason et al͘ ϮϬϮϬͿ͘ In aĚĚition to ǁiĚespreaĚ 
Ěirect threats such as Ěeforestation anĚ hunting͕ these 
species ŵay ďe Ěirectly threateneĚ ďy the construction 
of ďorĚer infrastructure͕ as ǁell as inĚirectly ďy lacŬ 
of coorĚination of conserǀation actiǀities on either 
siĚe of the ďorĚer ;e͘g͕͘ Ěiīerences in lanĚ use anĚ 
policy anĚ other sociopolitical conteǆts anĚ histories͖ 
>innell et al͘ ϮϬϭϲ͕ >iu et al͘ ϮϬϮϬ͕ Dason et al͘ 

ϮϬϮϬ͕ ditley et al͘ ϮϬϮϭͿ͘ Such threats are liŬely to 
ďe eǆacerďateĚ ďy cliŵate change͘ &or eǆaŵple͕ one 
stuĚy preĚicts that ŵost areas cliŵatically suitaďle 
to ďe haďitat for aďout oneͲthirĚ of ŵaŵŵal anĚ 
ďirĚ species ǁill haǀe shiŌeĚ to a Ěiīerent country 
ďy the ϮϬϳϬs ;ditley et al͘ ϮϬϮϭͿ͘ dhis highlights the 
neeĚ for strategic͕ coorĚinateĚ approaches toǁarĚs 
ŵanaging transďounĚary species anĚ lanĚscapes to 
preǀent eǆtinctions or further Ěeclines ;>iu et al͘ ϮϬϮϬ͕ 
Dason et al͘ ϮϬϮϬ͕ ditley et al͘ ϮϬϮϭͿ͘

Transboundary conservation
dransďounĚary collaďoration for conserǀation 

ŵanageŵent ǁill ďecoŵe eǀen ŵore iŵportant unĚer 
cliŵate change͕ as ĚeŵonstrateĚ ďy seǀeral other 
papers in this special issue ;e͘g͕͘ Blair et al͘ ϮϬϮϮa͕ 
Ego et al͘ ϮϬϮϮ͕ dan et al͘ ϮϬϮϮͿ anĚ as ĚescriďeĚ 
further here͘ thile in soŵe areas͕ agreeŵents 
for transďounĚary cooperation in ďioĚiǀersity 
ŵanageŵent ŵay alreaĚy ďe in place͕ in ŵany cases 
coorĚination is sloǁ ďecause of liŵiteĚ capacity 
or other geopolitical anĚ goǀernance factors͘ �lso͕ 
for ŵost species anĚ areas of interest͕ there is only 
liŵiteĚ inforŵation to Ěocuŵent current or siŵulate 
potential future cliŵateͲĚriǀen haďitat changes 
to assess their ǀulneraďility anĚ iĚentify potential 
actions͘ then agreeŵents are not yet in place or 
ǁhen progress is stalleĚ͕ generating inforŵation on 
current anĚ potential future haďitat for highͲinterest 
species ;or Ěeǀeloping capacity to Ěo soͿ coulĚ help 
to estaďlish the founĚation for anĚ ďoost progress on 
Ěeǀeloping such agreeŵents anĚ collaďorations anĚ 
iŵproǀe the inforŵation generateĚ at the saŵe tiŵe 
;'uisan et al͘ ϮϬϭϯͿ͘ &or eǆaŵple͕ in a case stuĚy of 
collaďoratiǀe ŵonitoring of �ŵur leoparĚs ďetǁeen 
Zussia anĚ �hina͕ countryͲspecific results ǁere less 
accurate͕ ǁith uncertainty tǁice as high͕ coŵpareĚ 
to integrateĚ estiŵates ;sitŬaloǀa et al͘ ϮϬϭϴͿ͘

thile such processes taŬe ŵore tiŵe to Ěeǀelop͕ 
successful transďounĚary conserǀation is necessarily 
collaďoratiǀe͘ � roďust collaďoratiǀe process 
shoulĚ inforŵ conserǀation planning in coŵpleǆ 
transďounĚary conteǆts ǁhere synergies anĚ traĚeͲ
offs aŵong Ěiǀerse staŬeholĚer neeĚs ŵust ďe 
ďalanceĚ͘ &or eǆaŵple͕ policies aĚĚressing the neeĚs of 
ŵarginaliǌeĚ ďorĚer coŵŵunities ŵust ďe coorĚinateĚ 
ǁith those aĚĚressing the anticipateĚ effects of 
cliŵate change anĚ shiŌs in ďioĚiǀersity ;tilĚer et al͘ 
ϮϬϭϯͿ͘ �ooperatiǀe agreeŵents are ŵore liŬely to 
aīect successful policies anĚ actions that account for 
coŵpleǆ sociopolitical conteǆts ;,oĚgeƩs et al͘ ϮϬϭϴ͕ 
sitŬaloǀa et al͘ ϮϬϭϴͿ͘

draining in anĚ iŵpleŵentation of ďest practices in 
ďiogeographic ŵoĚels such as S�Ds holĚ great proŵise 
to facilitate anĚ help guiĚe coŵpleǆ͕ transďounĚary 
collaďorations for longͲterŵ planning of conserǀation 
unĚer cliŵate change͘ S�Ds can ďe particularly helpful 
in illuŵinating the iŵportance of transďounĚary 
conserǀation ;e͘g͕͘ tang et al͘ ϮϬϮϭͿ͘ In particular͕  
S�Ds can proǀiĚe inputs for ŵitigation anĚ aĚaptation 
strategies͕ such as ͚cliŵateͲconnecting͛ corriĚors for 
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coorĚinateĚ conserǀation of potential ŵoǀeŵent 
;Senior et al͘ ϮϬϭϵͿ͘

,oǁeǀer͕  S�Ds are often not collaďoratiǀely 
ĚeǀelopeĚ͕ ǁhich ǁoulĚ ďe iĚeal for conserǀation 
applications of such ŵoĚels͘ &urther͕  S�Ds that are 
applieĚ to conserǀation oŌen Ěo not folloǁ ďest 
practices of the fielĚ ;e͘g͕͘ accounting for saŵpling ďias 
in input Ěatasets or taŬing steps to aǀoiĚ oǀerly coŵpleǆ 
anĚ oǀerfit ŵoĚelsͿ͕ ǁhich is particularly iŵportant 
in applications of cliŵate change for ǁhich ŵoĚel 
eǆtrapolation into future noǀel cliŵates is necessary 
;�raƷjo et al͘ ϮϬϭϵ͕ Sofaer et al͘ ϮϬϭϵͿ͘

dhus͕ ǁhile there lies suďstantial proŵise in 
applying S�Ds to conserǀation͕ there are also ŵany 
pitfalls to consiĚer͕  especially in the conteǆt of 
transďounĚary ŵanageŵent unĚer cliŵate change͘ 
,oǁeǀer͕  collaďoration aŵong researchers anĚ 
practitioners Ěuring the Ěeǀelopŵent of ŵoĚels 
anĚ iŵpleŵentation of policies can help to ďriĚge 
the gap ďetǁeen research anĚ application ;e͘g͕͘ 
hrďinaͲ�arĚona et al͘ ϮϬϭϵͿ͕ anĚ thus proŵote ŵore 
sustainaďle anĚ ďroaĚer use of S�Ds as ǁell as their 
ďest practices͘

,ere͕ ǁe suŵŵariǌe Ŭey steps to ŵitigate the 
piƞalls anĚ ŵaǆiŵiǌe the ďenefits of applying S�Ds to 
facilitate transďounĚary conserǀation planning unĚer 
cliŵate change͘ Kur Ěiscussion centers ŵainly on the 
piƞalls anĚ opportunities of applying the ŵost popular 
correlatiǀe S�D algorithŵ͕ the ŵachineͲlearning 
ďaseĚ Daǆent ;Whillips et al͘ ϮϬϭϳͿ͕ to transďounĚary 
conserǀation unĚer cliŵate change͘ ,oǁeǀer͕  our 
suggestions can also ďe generaliǌeĚ to a range of other 
S�D tools anĚ applications͕ as ǁe Ěiscuss͘

The promise of machine-learning based 
SDMs for transboundary conservation 
under climate change

dhe aďility to preĚict species͛ Ěistriďutions anĚ 
relationships ǁith their enǀironŵent can ďe greatly 
enhanceĚ ďy the application of ŵachine learning to 
S�Ds ;�lith et al͘ ϮϬϭϭͿ͘ DachineͲlearning ďaseĚ 
S�D algorithŵs noǁ Ěoŵinate the fielĚ ;hrďinaͲ
�arĚona et al͘ ϮϬϭϵͿ anĚ incluĚe ŵethoĚs ranging 
froŵ ranĚoŵ forests anĚ artificial neural netǁorŬs 
;�eneu et al͘ ϮϬϮϭͿ to support ǀector ŵachines 
;�raŬe et al͘ ϮϬϬϲ͕ &errell et al͘ ϮϬϭϵͿ anĚ ďoosteĚ 
regression trees ;�lith et al͘ ϮϬϬϲͿ͘ ,oǁeǀer͕  aŵong 
the ŵachineͲlearning ďaseĚ S�D approaches that can 
ďe applieĚ to presenceͲonly Ěatasets͕ the ŵaǆiŵuŵ 
entropy approach iŵpleŵenteĚ in Daǆent soŌǁare 
has perforŵeĚ ďeƩer than ŵany others unĚer a range 
of circuŵstances͕ especially if appropriate corrections 
for ďias anĚ oǀercoŵpleǆity are taŬen ;�lith et al͘ 
ϮϬϬϲ͕ ϮϬϭϭ͕ ZaĚosaǀljeǀic anĚ �nĚerson ϮϬϭϰͿ͘ �s 
such͕ Daǆent is noǁ the ŵost ǁiĚely useĚ algorithŵ 
for correlatiǀe S�Ds ;hrďinaͲ�arĚona et al͘ ϮϬϭϵͿ͘ 
Daǆent ǁas ďorn out of a puďlicͲpriǀate partnership 
ďetǁeen ŵachine learning eǆperts froŵ �dΘd laďs anĚ 
scientists at the �ŵerican Duseuŵ of Eatural ,istory 
;Blair anĚ �nĚerson ϮϬϭϳͿ͘ dhe paper first Ěocuŵenting 
the iŵpleŵentation of Daǆent to ŵoĚeling species 

Ěistriďutions has ďeen citeĚ ŵore than ϭϰ͕ϬϬϬ tiŵes 
;Whillips et al͘ ϮϬϬϲͿ͘

DachineͲlearning ďaseĚ S�Ds are useĚ for a ǁiĚe 
ǀariety of applications releǀant to transďounĚary 
conserǀation eīorts͕ incluĚing guiĚing fielĚ surǀeys 
to accelerate Ěiscoǀery of unŬnoǁn range areas anĚ 
species ;e͘g͕͘ Zaǆǁorthy et al͘ ϮϬϬϯͿ͕ preĚicting inǀasiǀe 
species risŬ ;e͘g͕͘ Weterson et al͘ ϮϬϬϴͿ or supporting 
conserǀation area priorityͲseƫng anĚ reserǀe selection 
anĚ relateĚ corriĚor netǁorŬs ;e͘g͕͘ Senior et al͘ ϮϬϭϵͿ͕ 
anĚ ŵore ;as reǀieǁeĚ in hrďinaͲ�arĚona et al͘ ϮϬϭϵͿ͘ 
Iŵportantly in the conteǆt of this special issue͕ S�Ds 
can iĚentify the parts of a species͛ geographic range 
that are eǆpecteĚ to ďe ŵore susceptiďle to cliŵate 
change ;e͘g͕͘ Blair et al͘ ϮϬϮϮa͕ Eguyen͕ d͘ �͘ et al͘ 
ϮϬϮϮ͕ drinhͲ�inh et al͘ ϮϬϮϮ͕ this issueͿ͘

Siŵilarly releǀant for transďounĚary conserǀation 
is that S�Ds can upĚate anĚ inforŵ range estiŵates 
useĚ in forŵaliǌeĚ reĚͲlisting anĚ threat assessŵent 
processes ;<ass et al͘ ϮϬϮϭa͕ Deroǁ et al͘ ϮϬϮϮͿ͕ ǁhich 
are crucial for cross ďorĚer species as asyŵŵetric 
listing across ďorĚers can haŵper conserǀation eīorts͘ 
�syŵŵetrical conserǀation statuses coulĚ pose a 
challenge for eīectiǀe ŵanageŵent for transďounĚary 
connectiǀity anĚ cliŵate change resilience in the face 
of species range shiŌs ;dhornton anĚ Branch ϮϬϭϵͿ͘ 
&or eǆaŵple͕ ŵore than a Ƌuarter of ŵaŵŵals in the 
�ŵericas haǀe asyŵŵetric listings across ďorĚers 
anĚ ŵany haǀe ŵisŵatches ďetǁeen local͕ national͕ 
anĚ gloďal listings ;dhornton anĚ Branch ϮϬϭϵͿ͘ 
�syŵŵetries in listing coulĚ inĚicate that species 
truly are unĚer less threat in one region coŵpareĚ 
to another͕  or coulĚ reŇect Ěiīerent leǀels of concern 
ďetǁeen the tǁo regions although population status 
is siŵilar͘

S�Ds haǀe great potential to facilitate coorĚinating 
anĚ iŵproǀing range inforŵation for listing purposes 
ďoth to correct asyŵŵetries anĚ to incorporate 
cliŵate change concerns͘ In particular͕  presenceͲ
only approaches are ǀery aƩractiǀe ďecause they 
can leǀerage neǁ online Ěataďases anĚ upĚate 
estiŵates eǀen for rare species ǁith ǀery feǁ 
aǀailaďle occurrence recorĚs ;e͘g͕͘ Wearson et al͘ 
ϮϬϬϳ͕ <ass et al͘ ϮϬϮϭaͿ͘ �lso͕ ŵachineͲlearning 
ďaseĚ S�Ds ŵay siĚestep concerns aďout the use 
of correlateĚ input ǀariaďles͘ &or eǆaŵple͕ Daǆent 
perforŵs iteratiǀe internal preĚictions that learn froŵ 
noǀel inforŵation in correlateĚ ǀariaďles͕ leaǀing out 
repeateĚ inforŵation ;�lith et al͘ ϮϬϭϭͿ͘ �lso͕ Daǆent 
can account for coŵpleǆ ǀariaďle interactions͕ anĚ 
has an eǆtrapolation approach to project ŵoĚels 
to enǀironŵental spaces that are outsiĚe of the 
range of ŵoĚel training Ěata͕ for eǆaŵple unĚer 
future cliŵate anĚ lanĚ use change scenarios 
;Whillips et al͘ ϮϬϬϲ͕ ϮϬϭϳͿ͘ thile correlatiǀe S�Ds 
oŌen Ěo not account for other factors that inŇuence 
Ěistriďutions incluĚing Ěispersal͕ Ěeŵography͕ anĚ 
ďiotic interactions͕ it is possiďle to couple S�Ds 
ǁith spatially eǆplicit stochastic population ŵoĚels 
to eǆplore the interactions of ŵechanisŵs causing 
population Ěecline ;e͘g͘ Stanton et al͘ ϮϬϭϱͿ͘
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Pitfalls and challenges
thile S�Ds haǀe ďeen ǁiĚely applieĚ to ŵany 

fielĚs͕ ŵajor challenges anĚ piƞalls haǀe presenteĚ 
theŵselǀes in the last ĚecaĚe͕ especially to the 
ŵachineͲlearning ďaseĚ correlatiǀe approaches liŬe 
Daǆent͘ Zesearchers are ďeginning to estaďlish ďest 
practice stanĚarĚs ;e͘g͘ �raƷjo et al͘ ϮϬϭϵ͕ Sofaer et al͘ 
ϮϬϭϵͿ͕ hoǁeǀer͕  aŵong the largest concerns are 
issues ǁith͗

ϭͿ ŵoĚel coŵpleǆity͕
ϮͿ input Ěata ďias,
ϯͿ ŵoĚel eǆtrapolation, and
ϰͿ ŵoĚeling capacity aŵong practitioners͘

�oŵŵon across these concerns is the aďility for 
Daǆent anĚ other ŵachineͲlearning ďaseĚ approaches 
to oǀerfit to the training Ěata͘ �s an eǆaŵple͕ oǀerly 
coŵpleǆ ŵoĚels are ǀery easy to ďuilĚ using Daǆent͘ 
Kǀerly coŵpleǆ ŵoĚels are those that incluĚe large 
nuŵďers of features that can enĚ up oǀerͲfiƫng to 
ranĚoŵ eīects in a training Ěataset͕ ǁith liŵiteĚ 
aďility to generaliǌe ǁell to neǁ Ěata͘ In fact͕ ŵoĚels 
run ǁith Ěefault seƫngs tenĚ to ďe oǀerfit ďecause 
of the sophisticateĚ ǁay that Daǆent alloǁs for 
ǀariaďle interactions anĚ ŵultiple feature classes 
;ZaĚosaǀljeǀic anĚ �nĚerson ϮϬϭϰͿ͘ Daǆent alloǁs 
ŵultiple feature classes in the saŵe ŵoĚel͕ ŵeaning 
that a single ǀariaďle can ďe incluĚeĚ in a ŵoĚel in 
ŵultiple ǁays ;e͘g͘ the saŵe ǀariaďle can ďe incluĚeĚ 
in the ŵoĚel in ŵultiple ǁays͕ as a linear͕  ƋuaĚratic͕ 
anĚ a hinge featureͿ͘ dhus͕ Daǆent ǁill potentially 
preĚict ǀery tightly to training Ěata͘ dhis can leaĚ to 
a poor preĚictiǀe aďility as ǁithhelĚ or neǁ Ěata or 
unĚetecteĚ occurrences ŵay not ďe preĚicteĚ͘

&urther͕  if our Ěata are ďiaseĚ to ďegin ǁith ʹ 
then ǁhat are ǁe eǀen preĚicting͍ Kccurrence Ěata 
oŌen suīer froŵ ďiaseĚ saŵpling across geography 
anĚ especially across geopolitical anĚ aĚŵinistratiǀe 
ďounĚaries ;Deyer et al͘ ϮϬϭϲͿ͕ leaĚing to ďiases in 
the representatiǀeness of enǀironŵents ;ZaĚosaǀljeǀic 
anĚ �nĚerson ϮϬϭϰͿ͘ dhis is especially iŵportant ǁhen 
projecting the ŵoĚel to Ěiīerent regions or tiŵe perioĚs͘ 
In stuĚies of potential cliŵate change eīects͕ these 
ďiases ǁill ďe eǆtrapolateĚ anĚ leaĚ to great oǀerͲ or 
unĚerestiŵations of suitaďle haďitat anĚ Ěoǁnstreaŵ 
ďioĚiǀersity change analyses͕ ǁith the potential of 
ŵisĚirecting conserǀation eīorts ;Sofaer et al͘ ϮϬϭϴͿ͘

Siŵilarly͕ the eǆtrapolation feature of Daǆent 
;͚claŵping͛Ϳ as ĚescriďeĚ aďoǀe can present a 
challenge͕ ĚepenĚing on the situation͘ �ue to the 
liŬelihooĚ of nonͲanalog conĚitions in the future͕ 
choices aďout eǆtrapolation are particularly iŵportant 
ǁhen thinŬing aďout these projections͕ especially giǀen 
the eǆpecteĚ role in ǁhich cliŵate change ǁill play 
in altering species͛ Ěistriďutions͘ &ortunately͕  Daǆent 
incluĚes ŵoĚel eǆploration tools anĚ features to help 
unĚerstanĚ the eīects of eǆtrapolation ;such as the 
ŵultiǀariate enǀironŵental suitaďility surface ;D�SSͿ 
tool͕ ĚescriďeĚ further ďeloǁ anĚ see �lith et al͘ ϮϬϭϬͿ͘ 

,oǁeǀer͕  these tools are oŌen oǀerlooŬeĚ or resources 
arounĚ proper paraŵeteriǌation are inaccessiďle͘

Navigating the pitfalls and a path towards 
wider implementation of best practices

>ucŬily͕ as ŵentioneĚ aďoǀe͕ ŵany ŵachineͲ
learning ďaseĚ S�D algorithŵs͕ incluĚing Daǆent͕ 
incluĚe tools anĚ guiĚance to help naǀigate potential 
piƞalls͕ anĚ eǆtensiǀe aĚǀice on ďest practices in 
applying S�D eǆists ;for further reaĚing anĚ elaďorateĚ 
Ěetails on ďest practices͕ please see �raƷjo et al͘ 
ϮϬϭϵͿ͘ �pplying ďest practice stanĚarĚs to naǀigating 
S�D piƞalls is especially iŵportant for stuĚies of 
cliŵate change anĚ in conserǀation applications of 
S�Ds ;Sofaer et al͘ ϮϬϭϴͿ͘ dhis is especially true in 
transďounĚary conserǀation conteǆts unĚer cliŵate 
change͕ ǁhere there ŵay ďe inherent ďiases in training 
Ěatasets such that oǀerly coŵpleǆ͕ oǀerfit ŵoĚels 
ǁoulĚ ďe unaďle to eǆtrapolate to areas ďeyonĚ 
that of ŵoĚel training͕ ǁhich is an inherent goal of 
projecting S�Ds unĚer future cliŵate change͘ ,ere͕ 
ǁe suŵŵariǌe Ŭey steps to naǀigate S�D piƞalls͕ 
incluĚing a reǀieǁ of selecteĚ ďest practices for ŵoĚel 
training anĚ application to transďounĚary conserǀation 
ŵanageŵent unĚer cliŵate change anĚ ǁays to 
loǁer entry ďarriers to using these ďest practices for 
practitioners͗

1. Avoid model overcomplexity
� ǁiĚely accepteĚ S�D ďest practice to aǀoiĚ 

oǀerly coŵpleǆ ŵoĚels is to test ŵultiple ŵoĚels 
ǁith a range of paraŵeter seƫngs ;e͘g͕͘ in Daǆent͕ 
regulariǌation ŵultiplier anĚ feature classesͿ anĚ 
choose the seƫng ǁith optiŵal ŵoĚel coŵpleǆity 
ďaseĚ on a coŵďineĚ set of eǀaluation ŵetrics that 
proǀiĚe slightly Ěiīerent types of inforŵation aďout 
preĚictiǀe perforŵance anĚ ŵoĚel coŵpleǆity ;e͘g͕͘ 
oŵission error͕  �h�͕ �I�͖ please see tarren anĚ Seifert 
ϮϬϭϭ͕ ZaĚosaǀljeǀic anĚ �nĚerson ϮϬϭϰͿ͘ �ǀoiĚing 
oǀerly coŵpleǆ ŵoĚels is of particular iŵportance 
for rare species of conserǀation concern that ŵay 
haǀe ǀery sŵall input saŵple siǌes for occurrence 
Ěata ;ZaĚosaǀljeǀic anĚ �nĚerson ϮϬϭϰͿ͘ In Daǆent͕ 
trying a range of Ěiīerent regulariǌation ŵultiplier 
ǀalues is particularly iŵportant͘ dhe regulariǌation 
ŵultiplier liŵits the coŵpleǆity of the ŵoĚel to 
generate a less localiǌeĚ preĚiction ;Whillips anĚ �uĚşŬ 
ϮϬϬϴͿ͗ the Ěefault ǀalue of ϭ tenĚs to alloǁ for ŵore 
coŵpleǆity anĚ tenĚs to leaĚ to oǀerfit ŵoĚels͘ ,igher 
regulariǌation ǀalues penaliǌe coŵpleǆity͕  so the ďest 
practice is to try a range of regulariǌation ǀalues anĚ 
then choose an optiŵal ŵoĚel for the species ďaseĚ 
on a set of eǀaluation ŵetrics ;e͘g͕͘ see <ass et al͘ 
ϮϬϮϭďͿ͘ Siŵilarly͕  Daǆent s͛ Ěefault seƫngs alloǁ for 
ŵultiple feature classes in saŵe ŵoĚel͕ ďaseĚ on the 
nuŵďer of occurrence recorĚs͕ ǁhich can also leaĚ to 
ŵoĚel oǀerfiƫng anĚ oǀercoŵpleǆity ĚepenĚing on 
the particular ďiological systeŵ͘ �lternatiǀely͕  aǀoiĚing 
oǀerly siŵple ŵoĚels is eƋually iŵportant͕ ďut the 
preǀiously ŵentioneĚ eǀaluation ŵetrics are usually 
suĸcient to reŵoǀe these ŵoĚels͘
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2. Address input data bias
ZeĚucing ďias in the input Ěata is another ďest 

practice to aǀoiĚ oǀerfiƫng S�Ds͘ If the occurrence 
recorĚs useĚ to ďuilĚ a correlatiǀe species͛ Ěistriďution 
ŵoĚel Ěo not proǀiĚe unďiaseĚ inforŵation regarĚing 
the enǀironŵental reƋuireŵents of the species͕ then 
the ŵoĚel cannot accurately estiŵate the species͛ 
enǀironŵental tolerances or͕  conǀersely͕ a giǀen 
location s͛ suitaďility as haďitat for the species͘

Kne strategy to aĚĚress this issue is to iŵproǀe the 
Ƌuality of species͛ occurrence Ěatasets͘ � 'BI& tasŬ 
group on �ata &itness for hse in �istriďution DoĚeling 
outlineĚ a nuŵďer of ǁays to enaďle this͕ ǁhich haǀe 
anĚ ǁill greatly iŵproǀe the Ƌuality of gloďally aǀailaďle 
input Ěata ;�nĚerson et al͘ ϮϬϮϬͿ͘ � recoŵŵenĚation 
froŵ this tasŬ group incluĚeĚ that 'BI& shoulĚ serǀe 
inĚicators of precision͕ Ƌuality͕ anĚ uncertainty of 
Ěata͕ ǁhich has alreaĚy ďeen iŵpleŵenteĚ͘ �nother 
recoŵŵenĚation is to Ěeǀelop functionalities to 
enaďle users to annotate anĚ coŵŵunicate errors 
to Ěata proǀiĚers͘ �n eǆcellent eǆaŵple of a national 
ďioĚiǀersity occurrence Ěataset that is collaďoratiǀely 
ǀeƩeĚ anĚ curateĚ ďy ďoth taǆonoŵic eǆperts anĚ 
ŵoĚelers is that of BioModelos in �oloŵďia ;selĄsƋueǌͲ
diďatĄ et al͘ ϮϬϭϵͿ͘ InĚeeĚ͕ eǀen ďefore starting to 
folloǁ ďest practices to aĚĚress reŵaining ďiases ;as 
ĚescriďeĚ ďeloǁͿ͕ ŵoĚelers shoulĚ Ěo as ŵuch as 
possiďle to asseŵďle a set of occurrence recorĚs that 
is as coŵprehensiǀe as possiďle͘

there an unďiaseĚ anĚ coŵprehensiǀe coǀerage of 
occurrence recorĚs cannot ďe assureĚ͕ ďest practices 
that aǀoiĚ ŵoĚels ďeing oǀerfit ďecause of ďiaseĚ 
Ěata incluĚe reĚucing ďias itself ďy thinning points to 
reŵoǀe spatial clustering to reĚuce saŵpling ďias anĚ 
therefore spatial autocorrelation͘ Kne can also ŵitigate 
the eīects of saŵpling ďias through approaches that 
Ƌuantify saŵpling eīort ďy incluĚing a ďias layer in 
ŵoĚel training ;Whillips et al͘ ϮϬϬϵͿ͘

�nother ďest practice is selecting the proper 
ďacŬgrounĚ area useĚ to train ŵoĚels͕ ǁhich can 
help account for ďoth ďiaseĚ Ěata anĚ Ěiīerences in 
Ěispersal capacities͘ dhe ŵoĚel assuŵes͕ folloǁing 
niche theory͕ that areas ǁhere the species is not 
present are Ěue to unsuitaďle haďitat͕ rather than 
just an artefact of saŵpling ďias or a Ěispersal ďarrier 
;Soďerſn ϮϬϬϳͿ͘ dhus͕ it is recoŵŵenĚeĚ to constrain 
the ďacŬgrounĚ training area to only incluĚe those 
areas to ǁhich the species ŵight possiďly Ěisperse 
;�nĚerson anĚ Zaǌa ϮϬϭϬͿ͘

�ata ďiases can also coŵe froŵ enǀironŵental input 
ǀariaďles anĚ hoǁ they are incluĚeĚ in the ŵoĚel͘ 
Kne shoulĚ carefully stuĚy all of the ǀariaďle response 
curǀes for the coŵpleteness of preĚictor ǀariaďle 
saŵpling ;i͘e͕͘ that the entire range of the species͛ 
suitaďility for the ǀariaďle ǁas saŵpleĚ in ŵoĚel 
trainingͿ͘ &urther͕  ŵoĚels are coŵŵonly iŵproǀeĚ 
ďy incluĚing other aďiotic factors ďeyonĚ cliŵate in 
ŵoĚel training͘ segetation coǀer͕  ŵicrocliŵate͕ ǁater 
surface coǀerage͕ anĚ geology ;e͘g͘ Blair et al͘ ϮϬϮϮď͕ 
Ego et al͘ ϮϬϮϮ͕ dan et al͘ ϮϬϮϮ͕ this issueͿ can all 
iŵproǀe a ŵoĚel s͛ preĚictiǀe aďility so long as they 
are releǀant to the species͛ ďiology͘ dhese types of 

ǀariaďles ŵay present challenges to cliŵate change 
projections ďecause of Ěata liŵitations͕ restrictions͕ 
or lacŬ of interoperaďility in soŵe areas͘ &or eǆaŵple͕ 
ŵicrocliŵate Ěata ŵay ďe Ƌuite iŵportant for ŵany 
species ďut releǀant Ěatasets ŵay ďe challenging 
to oďtain ĚepenĚing on the eǆtent anĚ resolution 
reƋuireĚ͘ ,oǁeǀer͕  a stuĚy in this issue shoǁs that 
ǀariaďles that approǆiŵate ŵicrocliŵate reflect 
essential characteristics that result in preĚictions that 
are liŬely as inforŵatiǀe as using ŵicrocliŵate itself for 
ŵoĚel training ;Blair et al͘ ϮϬϮϮď this issueͿ͘ �nother 
stuĚy in this issue pointeĚ out the neeĚ for ŵore 
longͲterŵ ecological research to ďeƩer unĚerstanĚ 
ŵicrocliŵate anĚ fineͲscale haďitat preferences anĚ 
iŵproǀe ŵoĚel projections for the purpose of aĚaptiǀe 
conserǀation ŵanageŵent plans ;Blair et al͘ ϮϬϮϮa this 
issueͿ͘ It is noteĚ hoǁeǀer that ǁhile incluĚing nonͲ
cliŵate ǀariaďles͕ such as topographic ǀariaďles͕ ŵay 
iŵproǀe ŵoĚel fiƫng͕ Ěoing so ŵay also coŵproŵise 
ŵoĚel preĚictaďility unĚer future cliŵate change 
ďecause of high correlations ďetǁeen topography anĚ 
cliŵate͕ such as teŵperature anĚ eleǀation͕ ĚepenĚing 
on the ŵoĚeling algorithŵ applieĚ͘

3. Account for uncertainty in model extrapolations 
and projections in conservation recommendations

�ǀen ǁith suitaďle ǀaliĚation Ěata ;e͘g͕͘ grounĚͲ
truthing a ŵoĚelͿ͕ S�D projections unĚer cliŵate 
change can haǀe poor perforŵance ;Sofaer et al͘ 
ϮϬϭϴͿ͘ Kne coŵŵon reason for this poor perforŵance 
is uncertainty in future cliŵate projections͕ the 
eīects of ǁhich can ďe eǆacerďateĚ in areas ǁith a 
loǁ Ěensity of species͛ occurrence recorĚs or those 
that are topographically coŵpleǆ͕ ǁhich oŌen eǆhiďit 
rapiĚ anĚ systeŵatic changes in teŵperature anĚ 
precipitation oǀer fine spatial scales ;<ueppers et al͘ 
ϮϬϬϱͿ͘ hnfortunately͕ these are oŌen eǆactly the 
areas of highest interest for ďioĚiǀersity conserǀation 
;ďioĚiǀersity hotspots͕ topographically Ěiǀerse areas͕ 
particularly in the tropicsͿ͘ dherefore͕ for conserǀation 
eīorts͕ especially in coŵpleǆ transďounĚary conteǆts͕ 
accounting for uncertainty in ŵoĚel eǆtrapolation anĚ 
projection is Ŭey͘

� large aŵount of ǀariation in ŵoĚel projections 
is Ěriǀen ďy '�D uncertainty anĚ ǀariation͕ especially 
for future projections unĚer cliŵate change ;Blair et al͘ 
ϮϬϭϮͿ͘ � typical strategy to aĚĚress ŵoĚel uncertainty 
is to apply an enseŵďle approach ;�raƷjo anĚ Eeǁ 
ϮϬϬϳ͕ Beauŵont et al͘ ϮϬϭϵ͕ tooĚŵan et al͘ ϮϬϭϵͿ͘ 
It is ǀery iŵportant to not just choose one '�D 
or only one eŵissions scenario for future cliŵate 
change projections͕ it is ďest to choose a range anĚ 
then coŵpare oǀerall trenĚs ďy suŵŵariǌing across 
theŵ to get a sense of trenĚs across ŵoĚels anĚ the 
eǆtent of ǀariation aŵong theŵ ;�raƷjo anĚ Eeǁ 
ϮϬϬϳ͕ tooĚŵan et al͘ ϮϬϭϵ͕ Blair et al͘ ϮϬϮϮaͿ͘ Basing 
ŵanageŵent Ěecisions on agreeŵents across a range 
of scenarios is a reasonaďle͕ conserǀatiǀe approach to 
guiĚe conserǀation ;Beauŵont et al͘ ϮϬϭϵͿ͘ �nseŵďling 
can also ďe useĚ for current ŵoĚels of species to 
eǆaŵine the potential eīects of intuitiǀe eǆtrapolation͕ 
in aĚĚition to the other tools anĚ strategies͘ &or 
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eǆaŵple͕ as ŵentioneĚ aďoǀe͕ ŵany ŵoĚelers choose 
the Ěefault seƫng in Daǆent for intuitiǀe eǆtrapolation 
;claŵpingͿ͘ dhe ŵultiǀariate enǀironŵental suitaďility 
surface ;D�SSͿ tool incluĚeĚ ǁith Daǆent can help 
to ĚeciĚe ǁhether one ǁants to turn claŵping on or 
oī͕ change the training area giǀen the purpose of the 
ŵoĚel͕ or reŵoǀe nonͲanalog eǆtrapolation areas froŵ 
the final projection ;�lith et al͘ ϮϬϭϬͿ͘

4. Build modeling capacity among practitioners
Kne reason that ŵany S�D stuĚies͕ especially for 

conserǀation͕ Ěo not eŵploy ďest practices to aĚĚress 
the piƞalls ĚiscusseĚ aďoǀe is the ͞ ďlacŬ ďoǆ͟ nature of 
soŵe ŵachineͲlearning ďaseĚ tools͕ especially Daǆent 
in its past ǀersions͘ It is not easy to open the ďoǆ anĚ 
looŬ at ǁhat is insiĚe anĚ eǆaŵine it to aĚjust the 
ŵoĚel to ďest fit the Ěata for a specific purpose͘ dhus͕ 
it has ďeen teŵpting for people to just use the Ěefault 
paraŵeters ;Blair anĚ �nĚerson ϮϬϭϳ͕ Whillips et al͘ 
ϮϬϭϳͿ͘ dhe neǁ openͲsource ǀersion release of Daǆent 
;Whillips et al͘ ϮϬϭϳͿ͕ as ǁell as other openͲsource 
tools that facilitate ďest practices in ŵoĚel tuning 
anĚ paraŵeteriǌation liŬe Wallace ;<ass et al͘ ϮϬϭϴͿ͕ 
are changing this lanĚscape to loǁer entry ďarriers 
into roďust application of S�D for conserǀation͘ &or 
eǆaŵple͕ Wallace iŵpleŵents tǁo stateͲofͲthe art 
Z pacŬages spdhin ;�ielloͲ>aŵŵens et al͘ ϮϬϭϱͿ anĚ 
�ED�ǀal ;<ass et al͘ ϮϬϮϭďͿ that facilitate soŵe of 
the ďest practices outlineĚ aďoǀe to aǀoiĚ piƞalls͕ 
anĚ in a userͲfrienĚly graphical user interface ;'hIͿ 
enǀironŵent͘ dhe application guiĚes ŵoĚelers through 
a coŵplete analysis͕ froŵ the acƋuisition of Ěata to 
choosing anĚ eǀaluating optiŵal ŵoĚels͕ to ǀisualiǌing 
ŵoĚel preĚictions on an interactiǀe ŵap͕ thus 
ďunĚling coŵpleǆ ǁorŬŇoǁs into a single͕ streaŵlineĚ 
interface͘ IncreaseĚ openness͕ reproĚuciďility͕ anĚ 
transparency of ŵoĚeling approaches is not only an 
ethical iŵperatiǀe ďut also necessary to ďuilĚ capacity 
for higherͲƋuality S�Ds͕ anĚ thereďy facilitate ŵore 
roďust͕ collaďoratiǀe S�D research on gloďal change 
in transďounĚary conteǆts͘

Conclusion

SDMs as essential tools for improved capacity for 
transboundary conservation under climate change

then useĚ in coŵďination ǁith other inforŵation͕ 
accounting for ďias anĚ uncertainty͕ anĚ traineĚ 
ǁell͕ S�Ds haǀe great proŵise to help conserǀation 
ŵanagers ďe forǁarĚͲthinŬing aďout the possiďility 
of enĚangereĚ species ŵoǀing out of their current 
Ěistriďutions anĚ to prepare for coorĚinateĚ 
transďounĚary ŵanageŵent͕ aŵong other strategies͘ 
&or eǆaŵple͕ in this issue seǀeral stuĚies iĚentify 
potential areas suitaďle for population reͲestaďlishŵent 
anĚ coŵŵunity ŵonitoring ;Blair et al͘ ϮϬϮϮa͕ drinhͲ
�inh et al͘ ϮϬϮϮ͕ this issueͿ͕ anĚ for refugia for 
species ;Eguyen͕ d͘ �͘ et al͘ ϮϬϮϮ͕ this issueͿ͘ Dore 
inĚirectly͕  S�D approaches can inforŵ ŵonitoring 
anĚ ŵanageŵent for species highly threateneĚ ďy 
international ǁilĚlife traĚe͕ a particularly challenging 

transďounĚary conserǀation issue ;Eguyen͕ d͘d͘  ϮϬϮϮͿ͘ 
te haǀe ĚiscusseĚ ǁhy increaseĚ capacity to ďuilĚ 
roďust S�Ds anĚ ŵore collaďorations across ďorĚers 
ǁill ďe increasingly iŵportant for forǁarĚͲthinŬing 
conserǀation ŵanageŵent unĚer cliŵate change͘ te 
also shoǁ hoǁ͕ conǀersely͕  ǁhen S�Ds are poorly Ěone 
or ǁhen partnerships are not strong or coŵŵunication 
is not happening͕ it can negatiǀely aīect iŵportant 
Ěecisions͘

Wartnerships are a strong founĚation for 
strengthening transďounĚary ǁorŬ anĚ coŵŵunication͕ 
incluĚing the Ěeǀelopŵent of S�Ds for conserǀation 
across ďorĚers͘ �ollaďoratiǀe eīorts proǀiĚe a ďeƩer 
unĚerstanĚing of range Ěynaŵics͕ ďuilĚ trust͕ anĚ 
can leaĚ to cooperatiǀe agreeŵents to coorĚinate 
conserǀation policies for enĚangereĚ species 
conserǀation across ďorĚers ;sitŬaloǀa et al͘ ϮϬϭϴͿ͘ 
dhus here͕ the guiĚing principles of staŬeholĚer 
engageŵent anĚ science Ěiploŵacy͕  ǁhich can facilitate 
transďounĚary coŵŵunication anĚ consultation͕ 
are especially crucial to use͘ dhe neeĚ for strong 
partnerships anĚ coŵŵunication to assure eǀiĚenceĚͲ
ďaseĚ conclusions anĚ Ěecisions is at the founĚation of 
the concept of science ĚiploŵacyͶthe use of scientific 
collaďorations aŵong nations to aĚĚress coŵŵon 
proďleŵs anĚ to ďuilĚ constructiǀe international 
partnerships ;�'SWS� ϮϬϭϭͿ͘ StaŬeholĚer engageŵent 
processes͕ in turn͕ are critical for successful ďioĚiǀersity 
conserǀation outcoŵes͕ especially to grounĚ project 
goals anĚ actiǀities in particular socialͲculturalͲpolitical 
conteǆts ;Sterling et al͘ ϮϬϭϳͿ͘ �ngageŵent of ǀarieĚ 
staŬeholĚers ŵay ďe especially iŵportant unĚer 
transďounĚary conteǆts ďecause ďorĚers͕ ǁhether 
real or iŵagineĚ͕ signal the ǀery geographies ǁhere 
alreaĚy ŵarginaliǌeĚ coŵŵunities͕ incluĚing ďoth 
people anĚ ǁilĚlife͕ are the ŵost ǀulneraďle to ďeing 
further pusheĚ toǁarĚs the eĚge ;,oĚgeƩs et al͘ ϮϬϭϴͿ͘

�ollaďoratiǀe partnerships also iŵproǀe the Ƌuality 
of S�Ds ;hrďinaͲ�arĚona et al͘ ϮϬϭϵ͕ selĄsƋueǌͲ
diďatĄ et al͘ ϮϬϭϵ͕ SŬroďlin et al͘ ϮϬϮϭͿ͘ StaŬeholĚer 
engageŵent anĚ partnerships can generate ŵore 
accurate anĚ less ďiaseĚ S�D inputs anĚ outputs for 
eǆaŵple ďy incluĚing taǆonoŵic eǆpert opinion as a 
part of the S�D Ěeǀelopŵent process ;selĄsƋueǌͲ
diďatĄ et al͘ ϮϬϭϵ͕ Deroǁ et al͘ ϮϬϮϮͿ͕ anĚ haǀe ŵore 
potential to ďest fit the goals anĚ preferreĚ outcoŵes 
of Ěiǀerse staŬeholĚer coŵŵunities in coŵpleǆ ďorĚer 
conteǆts ;sillero et al͘ ϮϬϭϲ͕ Sterling et al͘ ϮϬϭϳͿ͘ 
�ollaďoration anĚ engageŵent of input froŵ a ǀariety 
of staŬeholĚers in the S�D Ěeǀelopŵent process ǁill 
also iŵproǀe results ďy ďeƩer facilitating inclusion of 
huŵan responses to cliŵate change in assessŵents͕ 
ǁhich are oŌen oǀerlooŬeĚ ;Segan et al͘ ϮϬϭϱͿ͘

&urther͕ ǁe argue that transďounĚary ǁorŬ 
shoulĚ ďe transďounĚary in authorship anĚ a 
collaďoratiǀe process froŵ the ďeginning of the 
ǁorŬ͘ te note that in aĚĚition to analyses aďout 
hoǁ iŵportant transďounĚary conserǀation anĚ 
collaďoratiǀe ŵanageŵent across ďounĚaries is 
anĚ ǁill continue to ďe͕ it is perhaps eǀen ŵore 
iŵportant to engage in collaďoratiǀe processes froŵ 
the outset of research actiǀities theŵselǀes͕ as in 
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the case of our authorship group on this paper anĚ 
in ŵany of the papers in this special issue͘

�ollaďoratiǀe fraŵeǁorŬs that incluĚe ŵultiscale 
anĚ ŵultisector partnerships are eǀen stronger͕  
incluĚing coorĚination for science policy anĚ 
ŵanageŵent across ďorĚers͘ Such fraŵeǁorŬs are 
ǀitally iŵportant for ŵore coŵpleǆ situations such 
as ŵanageŵent of ŵigratory species across Ěiīerent 
jurisĚictions ;e͘g͘ ungulate ŵigrations in 'reater 
zelloǁstone �cosysteŵ͖ DiĚĚleton et al͘ ϮϬϮϬͿ͘ 
dransďounĚary science͕ policy͕ anĚ ŵanageŵent 
fraŵeǁorŬs ŵay consist of ǁiĚespreaĚ ŵapping anĚ 
assessŵent of Ěistriďutions anĚ ŵigrations͕ iŵproǀeĚ 
coorĚination of policy anĚ ŵanageŵent across 
jurisĚictional lines͕ increaseĚ inǀestŵents͕ anĚ strong 
engageŵent of local staŬeholĚers͘

BorĚers often inĚicate coŵpleǆ sociopolitical 
conteǆts anĚ histories ďetǁeen countries͘ te argue 
that conserǀation scientists͕ practitioners͕ anĚ 
ŵanagers͕ incluĚing S�D ŵoĚelers͕ haǀe an oďligation 
to unĚerstanĚ those conteǆts anĚ Ŭnoǁ hoǁ they 
relate to our ǁorŬ anĚ the goals of conserǀation 
;,oĚgeƩs et al͘ ϮϬϭϴ͕ Durphy ϮϬϮϭͿ͘ BioĚiǀersity 
anĚ lanĚscapes Ěo not folloǁ sociopolitical ďorĚers͖ 
thus͕ especially as gloďal changes incluĚing cliŵate 
change continue͕ ǁe ǁill haǀe to increasingly ǁorŬ 
across ďorĚers to achieǀe ďioĚiǀersity conserǀation 
goals͘ &ortunately͕  conserǀation anĚ science can ďuilĚ 
ďriĚges ďetǁeen societies ǁhere oĸcial relationships 
ŵay ďe Ěiĸcult͕ anĚ through approaches liŬe those 
ĚetaileĚ here anĚ others in this special issue͕ ǁe 
hope to ŵoĚel ǁays to strengthen interactions anĚ 
partnerships ďetǁeen ďoth scientific anĚ Ěiploŵatic 
coŵŵunities͘
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