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Highlights:

 s glo al changes inclu ing cli ate change continue  
e ill ha e to increasingly or  across or ers to 

achie e io i ersity conser ation goals an  to o 
e er science

 onser ation iogeography etho s  especially species 
istri ution o els S s  hol  great pro ise to 

infor  trans oun ary conser ation un er cli ate 
change

 e outline the ey S  pitfalls that are ost rele ant 
to applications of cli ate change an  steps to a oi  
the  such as i pro ing practitioner o eler 
capacity to follo  S  est practices

 e argue that  especial ly in trans oun ary 
conser ation conte ts  S s shoul  e colla orati ely 

e elope  fro  the outset ith all of the sta ehol ers 
for ho  the o el ill e rele ant

 Bor ers often e e plify co ple  sociopolitical 
conte ts an  histories et een countries  thus  
conser ation scientists  practitioners  an  anagers  
inclu ing conser ation iogeographers  ha e an 
o ligation to un erstan  those conte ts an  no  
ho  they relate to our or  an  the goals of 
conser ation

Abstract

Spatially e plicit iogeographic o els are a ong the 
ost use  etho s in conser ation iogeography  ith 

correlati e species istri ution o els S s  eing the 
ost popular a ong the  S s can i entify the potential 

for species  an  co unity range shi s un er cli ate 
change  an  thus can inspire  infor  an  gui e co ple  an  
a apti e conser ation anage ent planning e orts such 
as colla orati e trans oun ary conser ation fra e or s  

o e er  S s are rarely e elope  colla orati ely  
hich oul  e i eal for conser ation applications of such 
o els  urther  S s that are applie  to conser ation 

o en o not follo  est practices of the fiel  hich are 
particularly i portant for applications in cli ate change 
conte ts for hich o el e trapolation into potentially 
no el cli ates is necessary  hus  hile there is su stantial 
pro ise  particularly a ong achine learning ase  S  
approaches  there are also any pi alls to consi er hen 
applying S s to conser ation  an  especially in the conte t 
of trans oun ary anage ent un er cli ate change  ere  

e su ari e these pi alls an  the ey steps to itigate 
the  an  a i i e the pro ise of applying S s to 
facilitate trans oun ary conser ation planning un er cli ate 
change  e argue that conser ation o eling capacity ust 

e ele ate  a ong practitioners such that they can easily 
i ple ent est practices hen using S s  especially 
regar ing   a oi ing o el o erco ple ity   a ressing 
input ata ias  an   accounting for uncertainty in o el 
e trapolations an  projections  hile our iscussion centers 

ainly on the pi alls an  opportunities of applying the ost 
popular correlati e S  algorith  a ent  our suggestions 
can also e generali e  to a range of other S  tools  

erall  i pro e  training in  tools for  an  i ple entation 
of est practices in iogeographic o els such as S s 
hol  great pro ise to facilitate an  help gui e co ple  
trans oun ary colla orations for long ter  planning of 
conser ation un er cli ate change
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Introduction
onser ation iogeography ai s to apply 

iogeographic theories  principles  an  analyses to 
anage ent practices that sustain io i ersity a le 

an  hi a er  ran lin   ey focus of 
the fiel  is the in estigation of glo al en iron ental 
change an  its o ser e  an  pre icte  e ects on 

io i ersity ran lin  or e a ple  ue to 
cli ate change  species  suita le areas are e pecte  
to shi  ith so e areas eco ing less suita le for 
species  sur i al  an  others eco ing ore so  

he resulting shi s in species  istri utions  species  
interactions  an  iological co unity asse ly an  
structure  increase the li elihoo  of local an  glo al 
e tinctions a orthy et al   ecl et al   
Bra illa et al   o ate  se eral stu ies ha e 

ocu ente  o ser e  i pacts of cli ate change on 
species  istri utions  a un ance  phenology  an  

o y si e e g  osen eig et al   ole e  et al  
 or pre icte  future i pacts of cli ate change on 

species  such as e tinction ris  e g  ho as et al   
i et al   he fiel  of conser ation iogeography 

has presente  practical etho s for incorporating 
cli ate change ithin conser ation planning an  
assess ents to infor  for ar thin ing conser ation 

anage ent ar alho et al   Blair et al   
ross an et al  

Spatially e plicit iogeographic o els are a ong 
the ost co only use  etho s in conser ation 

iogeography  ith correlati e species istri ution 
o els S s  inclu ing ecological niche o els 

or niche ase  istri ution o els  the ost 
popular a ong the  ran lin  ran lin  

eterson et al   hese S s ost typically 
esti ate en iron ental suita ility for a species in 
geographic space using associations et een species  
occurrence recor s an  en iron ental aria les 

eterson et al   o e er  o eling e orts 
inten e  for conser ation planning ha e een slo  
in applying est practice stan ar s for correlati e 
S s  in part ecause o eling goals ay i er 

et een aca e ic an  conser ation applications 
of o els ra jo et al   Sofaer et al   

r ina ar ona et al   onetheless  ecause 
S s can i entify the potential for species range an  
co unity shi s un er cli ate change  they ha e 
the a ility to inspire  infor  an  gui e co ple  an  
a apti e conser ation anage ent planning e orts 
such as colla orati e cross or er conser ation 
fra e or s e g  Blair et al   i leton et al  

 itley et al  
ore than half of all terrestrial ir s  a als  

an  a phi ians ha e istri utions that cross national 
or ers herea er ter e  trans oun ary  iu et al  

 ason et al   In a ition to i esprea  
irect threats such as eforestation an  hunting  these 

species ay e irectly threatene  y the construction 
of or er infrastructure  as ell as in irectly y lac  
of coor ination of conser ation acti ities on either 
si e of the or er e g  i erences in lan  use an  
policy an  other sociopolitical conte ts an  histories  
innell et al   iu et al   ason et al  

 itley et al   Such threats are li ely to 
e e acer ate  y cli ate change  or e a ple  one 

stu y pre icts that ost areas cli atically suita le 
to e ha itat for a out one thir  of a al an  

ir  species ill ha e shi e  to a i erent country 
y the s itley et al   his highlights the 

nee  for strategic  coor inate  approaches to ar s 
anaging trans oun ary species an  lan scapes to 

pre ent e tinctions or further eclines iu et al   
ason et al   itley et al  

Transboundary conservation
rans oun ary colla oration for conser ation 

anage ent ill eco e e en ore i portant un er 
cli ate change  as e onstrate  y se eral other 
papers in this special issue e g  Blair et al  a  

go et al   an et al   an  as escri e  
further here  hile in so e areas  agree ents 
for trans oun ary cooperation in io i ersity 

anage ent ay alrea y e in place  in any cases 
coor ination is slo  ecause of li ite  capacity 
or other geopolitical an  go ernance factors  lso  
for ost species an  areas of interest  there is only 
li ite  infor ation to ocu ent current or si ulate 
potential future cli ate ri en ha itat changes 
to assess their ulnera ility an  i entify potential 
actions  hen agree ents are not yet in place or 

hen progress is stalle  generating infor ation on 
current an  potential future ha itat for high interest 
species or e eloping capacity to o so  coul  help 
to esta lish the foun ation for an  oost progress on 

e eloping such agree ents an  colla orations an  
i pro e the infor ation generate  at the sa e ti e 

uisan et al   or e a ple  in a case stu y of 
colla orati e onitoring of ur leopar s et een 

ussia an  hina  country specific results ere less 
accurate  ith uncertainty t ice as high  co pare  
to integrate  esti ates it alo a et al  

hile such processes ta e ore ti e to e elop  
successful trans oun ary conser ation is necessarily 
colla orati e   ro ust colla orati e process 
shoul  infor  conser ation planning in co ple  
trans oun ary conte ts here synergies an  tra e
offs a ong i erse sta ehol er nee s ust e 

alance  or e a ple  policies a ressing the nee s of 
arginali e  or er co unities ust e coor inate  
ith those a ressing the anticipate  effects of 

cli ate change an  shi s in io i ersity il er et al  
 ooperati e agree ents are ore li ely to 

a ect successful policies an  actions that account for 
co ple  sociopolitical conte ts o ge s et al   

it alo a et al  
raining in an  i ple entation of est practices in 

iogeographic o els such as S s hol  great pro ise 
to facilitate an  help gui e co ple  trans oun ary 
colla orations for long ter  planning of conser ation 
un er cli ate change  S s can e particularly helpful 
in illu inating the i portance of trans oun ary 
conser ation e g  ang et al   In particular  
S s can pro i e inputs for itigation an  a aptation 
strategies  such as cli ate connecting  corri ors for 
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coor inate  conser ation of potential o e ent 
Senior et al  

o e er  S s are often not colla orati ely 
e elope  hich oul  e i eal for conser ation 

applications of such o els  urther  S s that are 
applie  to conser ation o en o not follo  est 
practices of the fiel  e g  accounting for sa pling ias 
in input atasets or ta ing steps to a oi  o erly co ple  
an  o erfit o els  hich is particularly i portant 
in applications of cli ate change for hich o el 
e trapolation into future no el cli ates is necessary 

ra jo et al   Sofaer et al  
hus  hile there lies su stantial pro ise in 

applying S s to conser ation  there are also any 
pitfalls to consi er  especially in the conte t of 
trans oun ary anage ent un er cli ate change  

o e er  colla oration a ong researchers an  
practitioners uring the e elop ent of o els 
an  i ple entation of policies can help to ri ge 
the gap et een research an  application e g  

r ina ar ona et al   an  thus pro ote ore 
sustaina le an  roa er use of S s as ell as their 

est practices
ere  e su ari e ey steps to itigate the 

pi alls an  a i i e the enefits of applying S s to 
facilitate trans oun ary conser ation planning un er 
cli ate change  ur iscussion centers ainly on the 
pi alls an  opportunities of applying the ost popular 
correlati e S  algorith  the achine learning 

ase  a ent hillips et al   to trans oun ary 
conser ation un er cli ate change  o e er  our 
suggestions can also e generali e  to a range of other 
S  tools an  applications  as e iscuss

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

he a ility to pre ict species  istri utions an  
relationships ith their en iron ent can e greatly 
enhance  y the application of achine learning to 
S s lith et al   achine learning ase  
S  algorith s no  o inate the fiel  r ina

ar ona et al   an  inclu e etho s ranging 
fro  ran o  forests an  artificial neural net or s 

eneu et al   to support ector achines 
ra e et al   errell et al   an  ooste  

regression trees lith et al   o e er  a ong 
the achine learning ase  S  approaches that can 

e applie  to presence only atasets  the a i u  
entropy approach i ple ente  in a ent so are 
has perfor e  e er than any others un er a range 
of circu stances  especially if appropriate corrections 
for ias an  o erco ple ity are ta en lith et al  

  a osa lje ic an  n erson  s 
such  a ent is no  the ost i ely use  algorith  
for correlati e S s r ina ar ona et al   

a ent as orn out of a pu lic pri ate partnership 
et een achine learning e perts fro   la s an  

scientists at the erican useu  of atural istory 
Blair an  n erson  he paper first ocu enting 

the i ple entation of a ent to o eling species 

istri utions has een cite  ore than  ti es 
hillips et al  

achine learning ase  S s are use  for a i e 
ariety of applications rele ant to trans oun ary 

conser ation e orts  inclu ing gui ing fiel  sur eys 
to accelerate isco ery of un no n range areas an  
species e g  a orthy et al   pre icting in asi e 
species ris  e g  eterson et al   or supporting 
conser ation area priority se ng an  reser e selection 
an  relate  corri or net or s e g  Senior et al   
an  ore as re ie e  in r ina ar ona et al   
I portantly in the conte t of this special issue  S s 
can i entify the parts of a species  geographic range 
that are e pecte  to e ore suscepti le to cli ate 
change e g  Blair et al  a  guyen   et al  

 rinh inh et al   this issue
Si ilarly rele ant for trans oun ary conser ation 

is that S s can up ate an  infor  range esti ates 
use  in for ali e  re listing an  threat assess ent 
processes ass et al  a  ero  et al   hich 
are crucial for cross or er species as asy etric 
listing across or ers can ha per conser ation e orts  

sy etrical conser ation statuses coul  pose a 
challenge for e ecti e anage ent for trans oun ary 
connecti ity an  cli ate change resilience in the face 
of species range shi s hornton an  Branch  
or e a ple  ore than a uarter of a als in the 

ericas ha e asy etric listings across or ers 
an  any ha e is atches et een local  national  
an  glo al listings hornton an  Branch  

sy etries in listing coul  in icate that species 
truly are un er less threat in one region co pare  
to another  or coul  re ect i erent le els of concern 

et een the t o regions although population status 
is si ilar

S s ha e great potential to facilitate coor inating 
an  i pro ing range infor ation for listing purposes 

oth to correct asy etries an  to incorporate 
cli ate change concerns  In particular  presence
only approaches are ery a racti e ecause they 
can le erage ne  online ata ases an  up ate 
esti ates e en for rare species ith ery fe  
a aila le occurrence recor s e g  earson et al  

 ass et al  a  lso  achine learning 
ase  S s ay si estep concerns a out the use 

of correlate  input aria les  or e a ple  a ent 
perfor s iterati e internal pre ictions that learn fro  
no el infor ation in correlate  aria les  lea ing out 
repeate  infor ation lith et al   lso  a ent 
can account for co ple  aria le interactions  an  
has an e trapolation approach to project o els 
to en iron ental spaces that are outsi e of the 
range of o el training ata  for e a ple un er 
future cli ate an  lan  use change scenarios 

hillips et al    hile correlati e S s 
o en o not account for other factors that in uence 

istri utions inclu ing ispersal  e ography  an  
iotic interactions  it is possi le to couple S s 
ith spatially e plicit stochastic population o els 

to e plore the interactions of echanis s causing 
population ecline e g  Stanton et al  
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Pitfalls and challenges
hile S s ha e een i ely applie  to any 

fiel s  ajor challenges an  pi alls ha e presente  
the sel es in the last eca e  especially to the 

achine learning ase  correlati e approaches li e 
a ent  esearchers are eginning to esta lish est 

practice stan ar s e g  ra jo et al   Sofaer et al  
 ho e er  a ong the largest concerns are 

issues ith

 o el co ple ity
 input ata ias,
 o el e trapolation, and
 o eling capacity a ong practitioners

o on across these concerns is the a ility for 
a ent an  other achine learning ase  approaches 

to o erfit to the training ata  s an e a ple  o erly 
co ple  o els are ery easy to uil  using a ent  

erly co ple  o els are those that inclu e large 
nu ers of features that can en  up o er fi ng to 
ran o  e ects in a training ataset  ith li ite  
a ility to generali e ell to ne  ata  In fact  o els 
run ith efault se ngs ten  to e o erfit ecause 
of the sophisticate  ay that a ent allo s for 
aria le interactions an  ultiple feature classes 
a osa lje ic an  n erson  a ent allo s 
ultiple feature classes in the sa e o el  eaning 

that a single aria le can e inclu e  in a o el in 
ultiple ays e g  the sa e aria le can e inclu e  

in the o el in ultiple ays  as a linear  ua ratic  
an  a hinge feature  hus  a ent ill potentially 
pre ict ery tightly to training ata  his can lea  to 
a poor pre icti e a ility as ithhel  or ne  ata or 
un etecte  occurrences ay not e pre icte

urther  if our ata are iase  to egin ith  
then hat are e e en pre icting  ccurrence ata 
o en su er fro  iase  sa pling across geography 
an  especially across geopolitical an  a inistrati e 

oun aries eyer et al   lea ing to iases in 
the representati eness of en iron ents a osa lje ic 
an  n erson  his is especially i portant hen 
projecting the o el to i erent regions or ti e perio s  
In stu ies of potential cli ate change e ects  these 

iases ill e e trapolate  an  lea  to great o er  or 
un eresti ations of suita le ha itat an  o nstrea  

io i ersity change analyses  ith the potential of 
is irecting conser ation e orts Sofaer et al  

Si ilarly  the e trapolation feature of a ent 
cla ping  as escri e  a o e can present a 

challenge  epen ing on the situation  ue to the 
li elihoo  of non analog con itions in the future  
choices a out e trapolation are particularly i portant 

hen thin ing a out these projections  especially gi en 
the e pecte  role in hich cli ate change ill play 
in altering species  istri utions  ortunately  a ent 
inclu es o el e ploration tools an  features to help 
un erstan  the e ects of e trapolation such as the 

ulti ariate en iron ental suita ility surface SS  
tool  escri e  further elo  an  see lith et al   

o e er  these tools are o en o erloo e  or resources 
aroun  proper para eteri ation are inaccessi le

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

uc ily  as entione  a o e  any achine
learning ase  S  algorith s  inclu ing a ent  
inclu e tools an  gui ance to help na igate potential 
pi alls  an  e tensi e a ice on est practices in 
applying S  e ists for further rea ing an  ela orate  

etails on est practices  please see ra jo et al  
 pplying est practice stan ar s to na igating 

S  pi alls is especially i portant for stu ies of 
cli ate change an  in conser ation applications of 
S s Sofaer et al   his is especially true in 
trans oun ary conser ation conte ts un er cli ate 
change  here there ay e inherent iases in training 

atasets such that o erly co ple  o erfit o els 
oul  e una le to e trapolate to areas eyon  

that of o el training  hich is an inherent goal of 
projecting S s un er future cli ate change  ere  

e su ari e ey steps to na igate S  pi alls  
inclu ing a re ie  of selecte  est practices for o el 
training an  application to trans oun ary conser ation 

anage ent un er cli ate change an  ays to 
lo er entry arriers to using these est practices for 
practitioners

1. Avoid model overcomplexity
 i ely accepte  S  est practice to a oi  

o erly co ple  o els is to test ultiple o els 
ith a range of para eter se ngs e g  in a ent  

regulari ation ultiplier an  feature classes  an  
choose the se ng ith opti al o el co ple ity 

ase  on a co ine  set of e aluation etrics that 
pro i e slightly i erent types of infor ation a out 
pre icti e perfor ance an  o el co ple ity e g  
o ission error   I  please see arren an  Seifert 

 a osa lje ic an  n erson  oi ing 
o erly co ple  o els is of particular i portance 
for rare species of conser ation concern that ay 
ha e ery s all input sa ple si es for occurrence 

ata a osa lje ic an  n erson  In a ent  
trying a range of i erent regulari ation ultiplier 
alues is particularly i portant  he regulari ation 
ultiplier li its the co ple ity of the o el to 

generate a less locali e  pre iction hillips an  u  
 the efault alue of  ten s to allo  for ore 

co ple ity an  ten s to lea  to o erfit o els  igher 
regulari ation alues penali e co ple ity  so the est 
practice is to try a range of regulari ation alues an  
then choose an opti al o el for the species ase  
on a set of e aluation etrics e g  see ass et al  

 Si ilarly  a ent s efault se ngs allo  for 
ultiple feature classes in sa e o el  ase  on the 

nu er of occurrence recor s  hich can also lea  to 
o el o erfi ng an  o erco ple ity epen ing on 

the particular iological syste  lternati ely  a oi ing 
o erly si ple o els is e ually i portant  ut the 
pre iously entione  e aluation etrics are usually 
su cient to re o e these o els
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2. Address input data bias
e ucing ias in the input ata is another est 

practice to a oi  o erfi ng S s  If the occurrence 
recor s use  to uil  a correlati e species  istri ution 

o el o not pro i e un iase  infor ation regar ing 
the en iron ental re uire ents of the species  then 
the o el cannot accurately esti ate the species  
en iron ental tolerances or  con ersely  a gi en 
location s suita ility as ha itat for the species

ne strategy to a ress this issue is to i pro e the 
uality of species  occurrence atasets   BI  tas  

group on ata itness for se in istri ution o eling 
outline  a nu er of ays to ena le this  hich ha e 
an  ill greatly i pro e the uality of glo ally a aila le 
input ata n erson et al    reco en ation 
fro  this tas  group inclu e  that BI  shoul  ser e 
in icators of precision  uality  an  uncertainty of 

ata  hich has alrea y een i ple ente  nother 
reco en ation is to e elop functionalities to 
ena le users to annotate an  co unicate errors 
to ata pro i ers  n e cellent e a ple of a national 

io i ersity occurrence ataset that is colla orati ely 
e e  an  curate  y oth ta ono ic e perts an  
o elers is that of BioModelos in olo ia el s ue

i at  et al   In ee  e en efore starting to 
follo  est practices to a ress re aining iases as 

escri e  elo  o elers shoul  o as uch as 
possi le to asse le a set of occurrence recor s that 
is as co prehensi e as possi le

here an un iase  an  co prehensi e co erage of 
occurrence recor s cannot e assure  est practices 
that a oi  o els eing o erfit ecause of iase  

ata inclu e re ucing ias itself y thinning points to 
re o e spatial clustering to re uce sa pling ias an  
therefore spatial autocorrelation  ne can also itigate 
the e ects of sa pling ias through approaches that 

uantify sa pling e ort y inclu ing a ias layer in 
o el training hillips et al  

nother est practice is selecting the proper 
ac groun  area use  to train o els  hich can 

help account for oth iase  ata an  i erences in 
ispersal capacities  he o el assu es  follo ing 

niche theory  that areas here the species is not 
present are ue to unsuita le ha itat  rather than 
just an artefact of sa pling ias or a ispersal arrier 
So er n  hus  it is reco en e  to constrain 

the ac groun  training area to only inclu e those 
areas to hich the species ight possi ly isperse 

n erson an  a a 
ata iases can also co e fro  en iron ental input 

aria les an  ho  they are inclu e  in the o el  
ne shoul  carefully stu y all of the aria le response 

cur es for the co pleteness of pre ictor aria le 
sa pling i e  that the entire range of the species  
suita ility for the aria le as sa ple  in o el 
training  urther  o els are co only i pro e  

y inclu ing other a iotic factors eyon  cli ate in 
o el training  egetation co er  icrocli ate  ater 

surface co erage  an  geology e g  Blair et al   
go et al   an et al   this issue  can all 

i pro e a o el s pre icti e a ility so long as they 
are rele ant to the species  iology  hese types of 

aria les ay present challenges to cli ate change 
projections ecause of ata li itations  restrictions  
or lac  of interopera ility in so e areas  or e a ple  

icrocli ate ata ay e uite i portant for any 
species ut rele ant atasets ay e challenging 
to o tain epen ing on the e tent an  resolution 
re uire  o e er  a stu y in this issue sho s that 

aria les that appro i ate icrocli ate reflect 
essential characteristics that result in pre ictions that 
are li ely as infor ati e as using icrocli ate itself for 

o el training Blair et al   this issue  nother 
stu y in this issue pointe  out the nee  for ore 
long ter  ecological research to e er un erstan  

icrocli ate an  fine scale ha itat preferences an  
i pro e o el projections for the purpose of a apti e 
conser ation anage ent plans Blair et al  a this 
issue  It is note  ho e er that hile inclu ing non
cli ate aria les  such as topographic aria les  ay 
i pro e o el fi ng  oing so ay also co pro ise 

o el pre icta ility un er future cli ate change 
ecause of high correlations et een topography an  

cli ate  such as te perature an  ele ation  epen ing 
on the o eling algorith  applie

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

en ith suita le ali ation ata e g  groun
truthing a o el  S  projections un er cli ate 
change can ha e poor perfor ance Sofaer et al  

 ne co on reason for this poor perfor ance 
is uncertainty in future cli ate projections  the 
e ects of hich can e e acer ate  in areas ith a 
lo  ensity of species  occurrence recor s or those 
that are topographically co ple  hich o en e hi it 
rapi  an  syste atic changes in te perature an  
precipitation o er fine spatial scales ueppers et al  

 nfortunately  these are o en e actly the 
areas of highest interest for io i ersity conser ation 

io i ersity hotspots  topographically i erse areas  
particularly in the tropics  herefore  for conser ation 
e orts  especially in co ple  trans oun ary conte ts  
accounting for uncertainty in o el e trapolation an  
projection is ey

 large a ount of ariation in o el projections 
is ri en y  uncertainty an  ariation  especially 
for future projections un er cli ate change Blair et al  

  typical strategy to a ress o el uncertainty 
is to apply an ense le approach ra jo an  e  

 Beau ont et al   oo an et al   
It is ery i portant to not just choose one  
or only one e issions scenario for future cli ate 
change projections  it is est to choose a range an  
then co pare o erall tren s y su ari ing across 
the  to get a sense of tren s across o els an  the 
e tent of ariation a ong the  ra jo an  e  

 oo an et al   Blair et al  a  Basing 
anage ent ecisions on agree ents across a range 

of scenarios is a reasona le  conser ati e approach to 
gui e conser ation Beau ont et al   nse ling 
can also e use  for current o els of species to 
e a ine the potential e ects of intuiti e e trapolation  
in a ition to the other tools an  strategies  or 
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e a ple  as entione  a o e  any o elers choose 
the efault se ng in a ent for intuiti e e trapolation 
cla ping  he ulti ariate en iron ental suita ility 

surface SS  tool inclu e  ith a ent can help 
to eci e hether one ants to turn cla ping on or 
o  change the training area gi en the purpose of the 

o el  or re o e non analog e trapolation areas fro  
the final projection lith et al  

4. Build modeling capacity among practitioners
ne reason that any S  stu ies  especially for 

conser ation  o not e ploy est practices to a ress 
the pi alls iscusse  a o e is the lac  o  nature of 
so e achine learning ase  tools  especially a ent 
in its past ersions  It is not easy to open the o  an  
loo  at hat is insi e an  e a ine it to a just the 

o el to est fit the ata for a specific purpose  hus  
it has een te pting for people to just use the efault 
para eters Blair an  n erson  hillips et al  

 he ne  open source ersion release of a ent 
hillips et al   as ell as other open source 

tools that facilitate est practices in o el tuning 
an  para eteri ation li e Wallace ass et al   
are changing this lan scape to lo er entry arriers 
into ro ust application of S  for conser ation  or 
e a ple  Wallace i ple ents t o state of the art 

 pac ages sp hin iello a ens et al   an  
al ass et al   that facilitate so e of 

the est practices outline  a o e to a oi  pi alls  
an  in a user frien ly graphical user interface I  
en iron ent  he application gui es o elers through 
a co plete analysis  fro  the ac uisition of ata to 
choosing an  e aluating opti al o els  to isuali ing 

o el pre ictions on an interacti e ap  thus 
un ling co ple  or o s into a single  strea line  

interface  Increase  openness  repro uci ility  an  
transparency of o eling approaches is not only an 
ethical i perati e ut also necessary to uil  capacity 
for higher uality S s  an  there y facilitate ore 
ro ust  colla orati e S  research on glo al change 
in trans oun ary conte ts

Conclusion

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

hen use  in co ination ith other infor ation  
accounting for ias an  uncertainty  an  traine  

ell  S s ha e great pro ise to help conser ation 
anagers e for ar thin ing a out the possi ility 

of en angere  species o ing out of their current 
istri utions an  to prepare for coor inate  

trans oun ary anage ent  a ong other strategies  
or e a ple  in this issue se eral stu ies i entify 

potential areas suita le for population re esta lish ent 
an  co unity onitoring Blair et al  a  rinh

inh et al   this issue  an  for refugia for 
species guyen   et al   this issue  ore 
in irectly  S  approaches can infor  onitoring 
an  anage ent for species highly threatene  y 
international il life tra e  a particularly challenging 

trans oun ary conser ation issue guyen    
e ha e iscusse  hy increase  capacity to uil  

ro ust S s an  ore colla orations across or ers 
ill e increasingly i portant for for ar thin ing 

conser ation anage ent un er cli ate change  e 
also sho  ho  con ersely  hen S s are poorly one 
or hen partnerships are not strong or co unication 
is not happening  it can negati ely a ect i portant 

ecisions
artnerships are a strong foun ation for 

strengthening trans oun ary or  an  co unication  
inclu ing the e elop ent of S s for conser ation 
across or ers  olla orati e e orts pro i e a e er 
un erstan ing of range yna ics  uil  trust  an  
can lea  to cooperati e agree ents to coor inate 
conser ation policies for en angere  species 
conser ation across or ers it alo a et al   

hus here  the gui ing principles of sta ehol er 
engage ent an  science iplo acy  hich can facilitate 
trans oun ary co unication an  consultation  
are especially crucial to use  he nee  for strong 
partnerships an  co unication to assure e i ence

ase  conclusions an  ecisions is at the foun ation of 
the concept of science iplo acy the use of scientific 
colla orations a ong nations to a ress co on 
pro le s an  to uil  constructi e international 
partnerships S S   Sta ehol er engage ent 
processes  in turn  are critical for successful io i ersity 
conser ation outco es  especially to groun  project 
goals an  acti ities in particular social cultural political 
conte ts Sterling et al   ngage ent of arie  
sta ehol ers ay e especially i portant un er 
trans oun ary conte ts ecause or ers  hether 
real or i agine  signal the ery geographies here 
alrea y arginali e  co unities  inclu ing oth 
people an  il life  are the ost ulnera le to eing 
further pushe  to ar s the e ge o ge s et al  

olla orati e partnerships also i pro e the uality 
of S s r ina ar ona et al   el s ue

i at  et al   S ro lin et al   Sta ehol er 
engage ent an  partnerships can generate ore 
accurate an  less iase  S  inputs an  outputs for 
e a ple y inclu ing ta ono ic e pert opinion as a 
part of the S  e elop ent process el s ue

i at  et al   ero  et al   an  ha e ore 
potential to est fit the goals an  preferre  outco es 
of i erse sta ehol er co unities in co ple  or er 
conte ts illero et al   Sterling et al   

olla oration an  engage ent of input fro  a ariety 
of sta ehol ers in the S  e elop ent process ill 
also i pro e results y e er facilitating inclusion of 
hu an responses to cli ate change in assess ents  

hich are o en o erloo e  Segan et al  
urther  e argue that trans oun ary or  

shoul  e trans oun ary in authorship an  a 
colla orati e process fro  the eginning of the 

or  e note that in a ition to analyses a out 
ho  i portant trans oun ary conser ation an  
colla orati e anage ent across oun aries is 
an  ill continue to e  it is perhaps e en ore 
i portant to engage in colla orati e processes fro  
the outset of research acti ities the sel es  as in 
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the case of our authorship group on this paper an  
in any of the papers in this special issue

olla orati e fra e or s that inclu e ultiscale 
an  ultisector partnerships are e en stronger  
inclu ing coor ination for science policy an  

anage ent across or ers  Such fra e or s are 
itally i portant for ore co ple  situations such 

as anage ent of igratory species across i erent 
juris ictions e g  ungulate igrations in reater 
ello stone cosyste  i leton et al   
rans oun ary science  policy  an  anage ent 

fra e or s ay consist of i esprea  apping an  
assess ent of istri utions an  igrations  i pro e  
coor ination of policy an  anage ent across 
juris ictional lines  increase  in est ents  an  strong 
engage ent of local sta ehol ers

Bor ers often in icate co ple  sociopolitical 
conte ts an  histories et een countries  e argue 
that conser ation scientists  practitioners  an  

anagers  inclu ing S  o elers  ha e an o ligation 
to un erstan  those conte ts an  no  ho  they 
relate to our or  an  the goals of conser ation 

o ge s et al   urphy  Bio i ersity 
an  lan scapes o not follo  sociopolitical or ers  
thus  especially as glo al changes inclu ing cli ate 
change continue  e ill ha e to increasingly or  
across or ers to achie e io i ersity conser ation 
goals  ortunately  conser ation an  science can uil  

ri ges et een societies here o cial relationships 
ay e i cult  an  through approaches li e those 

etaile  here an  others in this special issue  e 
hope to o el ays to strengthen interactions an  
partnerships et een oth scientific an  iplo atic 
co unities
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