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Highlights

ͻ hnĚerstanĚing ďroaĚͲscale ďiological paƩerns anĚ 
processes is crucial for eīectiǀe conserǀation actions 
anĚ ŵanageŵent unĚer ongoing gloďal change͘

ͻ thile Dacroecology anĚ �onserǀation science haǀe 
Ěiīerent scopes͕ they haǀe inŇuenceĚ Ͳ anĚ ďenefiƩeĚ 
froŵ Ͳ each other oǀer tiŵe͘

ͻ Dacroecology has contriďuteĚ to conserǀation ďy 
developing ecological theory and methodological 
approaches͕ ŵaŬing Ěata ŵore accessiďle͕ anĚ 
aĚĚressing ŬnoǁleĚge gaps͘

ͻ Dacroecology has capitaliǌeĚ on ĚataͲgathering 
that ǁas originally intenĚeĚ to support conserǀation 
initiatiǀes͕ anĚ gaineĚ an iŵproǀeĚ unĚerstanĚing of 
hoǁ natural paƩerns haǀe ďeen altereĚ ďy recent 
huŵan iŵpact͘

ͻ hntappeĚ opportunities reŵain that coulĚ foster 
additional interconnections and aid further 
Ěeǀelopŵent of ďoth Ěisciplines͘ te present possiďle 
solutions to iŵproǀe connections anĚ neǁ aǀenues 
for ŵacroecological research that can ďenefit 
conserǀation science͘

Abstract
,uŵan actiǀities are altering the structure of ecosysteŵs͕ 
coŵproŵising the ďenefits they proǀiĚe to nature anĚ 
people͘ �īectiǀe conserǀation actions anĚ ŵanageŵent 
unĚer ongoing gloďal change rely on a ďeƩer unĚerstanĚing 
of socioͲecological paƩerns anĚ processes across ďroaĚ 
spatioteŵporal scales͘ Both ŵacroecology anĚ conserǀation 
science contriďute to this iŵproǀeĚ unĚerstanĚing anĚ͕ 
ǁhile they haǀe Ěiīerent scopes͕ these Ěisciplines haǀe 
ďecoŵe increasingly interconnecteĚ oǀer tiŵe͘ ,ere ǁe 
Ěescriďe eǆaŵples of hoǁ ŵacroecology has contriďuteĚ 
to conserǀation science͕ anĚ hoǁ conserǀation science 
can motivate further macroecological developments 
anĚ applications͘ te iĚentify challenges anĚ untappeĚ 
potential to further strengthen the linŬs ďetǁeen these tǁo 
Ěisciplines͘ Dajor ŵacroecological contriďutions incluĚe 
developing ecological theory, providing methodologies 
useful for ďioĚiǀersity assessŵents anĚ projections͕ 
ŵaŬing Ěata ŵore accessiďle anĚ aĚĚressing ŬnoǁleĚge 
gaps͘ dhese contriďutions haǀe playeĚ a ŵajor role in 
the development of conservation science, and have 
supporteĚ outreach to policy ŵaŬers͕ ŵeĚia͕ anĚ the puďlic͘ 
Nonetheless, a pure macroecological lens is limited to 
inforŵ conserǀation Ěecisions͕ particularly in local conteǆts͕ 
which frequently leads to the misuse of macroecological 
analyses for conserǀation applications͕ ŵisunĚerstanĚings 
of research outputs͕ anĚ sŬepticisŵ aŵong conserǀation 
practitioners anĚ scientists͘ te propose possiďle solutions 
to oǀercoŵe these challenges anĚ strengthen linŬs ďetǁeen 
ŵacroecology anĚ conserǀation science͕ incluĚing a stronger 
focus on ecological ŵechanisŵs anĚ preĚictiǀe approaches͕ 
anĚ the creation of hyďriĚ journals anĚ ŵeetings͘ &inally͕  
we suggest new avenues for macroecological research that 
ǁoulĚ further ďenefit conserǀation science͘

Keywords: ďioĚiǀersity assessŵents͕ ďioĚiǀersity Ěataďase͕ ďroaĚͲscale ďioĚiǀersity ŵoĚels͕ conserǀation practice͕ 
ŵacroecological theory͕  ŵeĚia aƩention͕ puďlic interest
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Macroecology and Conservation Science: 
diverging but complementary scopes
Dacroecology anĚ conserǀation science are ďoth 

relatively young scientific disciplines arising from 
traĚitional ecology ;,intǌen et al͘ ϮϬϭϵ͕ Dc'ill ϮϬϭϵͿ͘ 
�lthough there can ďe oǀerlap in acaĚeŵic research 
ďetǁeen theŵ͕ the tǁo Ěisciplines oŌen Ěiīer in their 
aiŵs͘ Dacroecology is the ďranch of ecology focuseĚ 
on ďroaĚͲscale paƩerns͕ processes͕ anĚ eŵergent 
properties of coŵpleǆ systeŵs ;Broǁn anĚ Daurer 
ϭϵϴϵ͕ >aǁton ϭϵϵϵ͕ Sŵith et al͘ ϮϬϬϴͿ͕ ǁhere scale 
can ďe ĚefineĚ along three ŵain aǆes͗ tiŵe͕ space͕ 
anĚ taǆonoŵy ;Broǁn ϭϵϵϵ͕ Dc'ill ϮϬϭϵ͖ &ig͘ 1Ϳ͘ thile 
typically characteriǌeĚ ďy a focus on ďroaĚer scales anĚ 
a topͲĚoǁn approach͕ the search for general principles 

unĚerlying the structure anĚ functioning of life on earth 
that escape the specifics of inĚiǀiĚual systeŵs can 
further Ěistinguish ŵacroecology froŵ other Ěisciplines͕ 
such as ďiogeography͕  ŵetaͲcoŵŵunity or lanĚscape 
ecology ;>aǁton ϭϵϵϵ͕ BlacŬďurn anĚ 'aston ϮϬϬϮ͕ 
DarƋuet ϮϬϬϮ͕ Sŵith et al͘ ϮϬϬϴͿ͘ �onserǀation science͕ 
conǀersely͕  is a ŵissionͲorienteĚ Ěiscipline aiŵeĚ at 
ďioĚiǀersity conserǀation ;SoulĠ ϭϵϴϱ͖ &ig͘ 1Ϳ͘ then 
first ĚefineĚ as a Ěiscipline it ǁas consiĚereĚ a ďranch 
of ecology ;i͘e͘ conserǀation ďiologyͿ ďut has ďecoŵe 
increasingly ŵultiĚisciplinary oǀer tiŵe͕ ďroaĚening 
into ǁhat is noǁ collectiǀely ĚefineĚ as conserǀation 
science ;Boǆ ϭͿ͕ ǁhich eǆplicitly recogniǌes the role 
of huŵans in the conserǀation agenĚa ďy integrating 
Ěisciplines such as econoŵics͕ political science͕ anĚ 
social sciences ;<areiǀa anĚ Darǀier ϮϬϭϮ͖ ǁe ďroaĚly 

Box 1 - GLOSSARY
Macroecology с �iscipline aiŵeĚ at Ěelineating general principles aďle to eǆplain paƩerns͕ processes anĚ 
eŵergent properties of coŵpleǆ ecological systeŵs at ďroaĚ scales͕ ǁhere scale can ďe ĚefineĚ along 
three ŵain aǆes͗ tiŵe͕ space anĚ taǆonoŵy͘
Conservation science с �iscipline concerneĚ ǁith all aspects of conserǀation͕ incluĚing e͘g͘ ďiology͕  
econoŵics͕ policy͕  psychology͕  sociology͕  sustainaďle Ěeǀelopŵent͕ anthropology anĚ ethics.
Conservation biology с Branch of conserǀation science Ěealing specifically ǁith ďiological aspects͕ 
incluĚing e͘g͘ genetics͕ population ďiology͕  ecosysteŵs͕ anĚ ďioĚiǀersity͘
Conservation biogeography с SuďfielĚ of conserǀation ďiology applying ďiogeographical principles͕ 
theories anĚ analyses to aĚĚress ďioĚiǀersity conserǀation͘
Conservation research с Zesearch aiŵeĚ at iŵproǀing the theory unĚerlying conserǀation science anĚ 
eǆploring neǁ approaches anĚ ŵethoĚs for conserǀation practice͘
Conservation planning с Yuantitatiǀe approaches for the iĚentification of conserǀation actions neeĚeĚ in 
orĚer to ŵeet a conserǀation goal͘
Conservation practice с Iŵpleŵentation of conserǀation actions on the grounĚ͕ ǁhich ŵay incluĚe actual 
interǀentions on populationsͬhaďitats͕ interaction ǁith policy ŵaŬers anĚ staŬeholĚers͕ funĚraising͕ 
eĚucation anĚ coŵŵunication ǁith the puďlic͘
Land manager = Person in charge of managing and supervising the development lands, including areas 
ĚeĚicateĚ to ďioĚiǀersity conserǀation͘

Figure. 1. Scale in ŵacroecology anĚ conserǀation science͕ aĚapteĚ froŵ Dc'ill ;ϮϬϭϵͿ͘ dhe grey Ěots along the aǆes 
inĚicate the approǆiŵate ǀalues ďeyonĚ ǁhich ŵacroecology typically operates͘
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refer to conserǀation science throughout the paper͕  
only referring to Ěifferent conserǀation suďfielĚs 
ǁhere releǀantͿ͘ �s a ŵissionͲĚriǀen Ěiscipline͕ 
conserǀation science has ďeen suďjecteĚ to ŵany 
teŵporary anĚ contrasting schools of thought ;Dace 
ϮϬϭϰ͕ ,intǌen et al͘ ϮϬϭϵ͕ SanĚďrooŬ et al͘ ϮϬϭϵͿ͘ 
�n iŵportant Ěifference that characteriǌes the 
Ěeǀelopŵent of conserǀation science ǁhen coŵpareĚ 
to other ecological Ěisciplines is that conserǀation 
scientists anĚ practitioners are eǆpecteĚ to proǀiĚe 
recoŵŵenĚations anĚ ŵaŬe Ěecisions eǀen ǁhen a 
soliĚ theoretical or eŵpirical unĚerpinning is ŵissing 
;SoulĠ ϭϵϴϱͿ͘ dherefore͕ conserǀation science reƋuires 
pragmatism and higher tolerance to uncertainty 
coŵpareĚ to other Ěisciplines͘ ,ere ǁe haǀe aĚopteĚ 
inclusiǀe͕ operational Ěefinitions for conserǀation anĚ 
ŵacroecology ;see 'lossary ʹ Boǆ ϭͿ͕ ďut Ěiscipline 
ďounĚaries are not strict͕ anĚ ǁe acŬnoǁleĚge that the 
research ;anĚ researchersͿ ǁe Ěiscuss can potentially 
oǀerlap other Ěisciplines ;e͘g͘ ŵetaͲcoŵŵunity ecology͕  
ďiogeography͕  lanĚscape ecologyͿ͘ �s it coŵŵonly 
happens in science͕ Ěiīerent interpretations coeǆist͕ 
anĚ achieǀing consensus in Ěefinitions goes ďeyonĚ 
the scope of this ǁorŬ anĚ is͕ arguaďly͕  not neeĚeĚ for 
the oǀerall arguŵent that further linŬing of topͲĚoǁn͕ 
ďroaĚͲscale ecology ǁith conserǀation can ďe useful͘

,istorically͕ ŵuch of conserǀation science has 
focuseĚ on specific populations or haďitats͘ ,oǁeǀer͕  
giǀen the gloďal nature anĚ the synergistic eīects of 
the ŵultiple Ěriǀers of gloďal change that characteriǌe 
the �nthropocene͕ such as lanĚͲuse͕ oǀereǆploitation 
anĚ cliŵate change ;BarnosŬy et al͘ ϮϬϭϮ͕ ,alpern et al͘ 
ϮϬϭϵ͕ IWB�S ϮϬϭϵ͕ Boǁler et al͘ ϮϬϮϬͿ͕ conserǀation 

science has graĚually aĚopteĚ a ďroaĚͲscale topͲ
Ěoǁn perspectiǀe ;&ig͘ 2Ϳ͘ doĚay͕  conserǀation is an 
eǆtreŵely ĚiǀersifieĚ Ěiscipline that incluĚes ďoth 
researchers anĚ practitioners ǁorŬing at scales that 
span froŵ single populations anĚ local haďitats͕ up 
to gloďal conserǀation eīorts͕ such as those ĚefineĚ 
unĚer the hE �onǀention on Biological �iǀersity͘ 
͚�onserǀation ďiogeography͛ has eŵergeĚ as a hyďriĚ 
fielĚ aĚĚressing conserǀation Ƌuestions ďaseĚ on 
ďiogeographical principles ;thiƩaŬer et al͘ ϮϬϬϱͿ͘ 
BroaĚͲscale conserǀation analyseĚ can ďe seen ďy soŵe 
practitioners as purely acaĚeŵic eǆercises ǁith liƩle 
releǀance for   realͲǁorlĚ applications ;WrenĚergast et 
al͘ ϭϵϵϵͿ͘ ,oǁeǀer aĚeƋuate conserǀation planning 
in response to gloďalͲscale threats reƋuires an 
unĚerstanĚing of the regionalͲscale conteǆt in ǁhich 
species are eŵďeĚĚeĚ ;<night et al͘ ϮϬϬϲ͕ Wressey et 
al͘ ϮϬϭϯͿ͘ InĚeeĚ͕ lanĚ ŵanagers anĚ policy ŵaŬers 
are alreaĚy ŵaŬing conserǀation Ěecisions ǁithin 
regional͕ national anĚ international fraŵeǁorŬs ;e͘g͘ 
ZeǁilĚing �urope anĚ Eatura ϮϬϬϬ in �urope͕ �ǀans 
ϮϬϭϮ͕ �eauƕu et al͘ ϮϬϭϱͿ ǁhich largely eǆceeĚ the 
aǀerage scale of traĚitional ecological stuĚies ;�stes 
et al͘ ϮϬϭϴ͕ Dc'ill ϮϬϭϵͿ͘

In ϭϵϴϵ :aŵes ,͘ Broǁn argueĚ that ŵacroecology 
haĚ ŵuch to oīer to ďioĚiǀersity conserǀation ;Broǁn 
ϭϵϴϵͿ͕ froŵ preĚictions of eǆtinctions Ěue to haďitat 
loss͕ to the iĚentification of correlates of species 
eǆtinction risŬ anĚ Ěriǀers of species aďunĚance anĚ 
Ěistriďution͘ Dore than thirty years later͕  ǁe argue 
that ŵacroecology has inĚeeĚ ŵaĚe suďstantial 
contriďutions anĚ noǁaĚays plays an iŵportant role 
in inforŵing conserǀation science anĚ͕ ŵore inĚirectly͕  

Figure. 2. >inŬs ďetǁeen traĚitional ecology͕  ŵacroecology͕  conserǀation research anĚ practice͕ policyͲŵaŬers anĚ the 
puďlic͘ te represent here the linŬs ĚiscusseĚ in the teǆt͕ ďut acŬnoǁleĚge that ŵany other linŬs eǆist ;e͘g͘ ďetǁeen 
ecology anĚ conserǀationͿ or are possiďle͘ te further note that this figure is an oǀersiŵplifieĚ representation of reality͗ 
Ěisciplines are presenteĚ as Ěistinct ďoǆes͕ although ǁe acŬnoǁleĚge that in reality science is ŇuiĚ anĚ ďounĚaries ďetǁeen 
Ěisciplines are oŌen fuǌǌy͕  ĚepenĚing on the Ěefinitions useĚ͘ te also acŬnoǁelĚge that ŵany researchers toĚay conĚuct 
research that crosses Ěiīerent Ěisciplines͛ ďounĚaries͘
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conserǀation practice ;&ig͘ 2Ϳ͕ ďut that there reŵains 
untappeĚ potential for further contriďutions͘ ,ere͕ 
ǁe highlight soŵe of the eǆisting ŵacroecological 
theoretical anĚ ŵethoĚological contriďutions to 
conserǀation science anĚ proǀiĚe insights into hoǁ 
linŬs ďetǁeen the tǁo Ěisciplines can ďe further 
iŵproǀeĚ͘ te also shoǁ that conserǀation science has 
in turn contriďuteĚ to conteǆtualising the ďroaĚͲscale 
paƩerns inǀestigateĚ ďy ŵacroecology͘ Kn the other 
hanĚ͕ the tǁo Ěisciplines are ďroaĚ anĚ ĚiǀersifieĚ͕ anĚ 
coŵŵunication aŵong respectiǀe researchers is oŌen 
liŵiteĚ͘ dhis perspectiǀe article has three ŵain goals͗ 
ϭͿ to proǀiĚe a ďroaĚ oǀerǀieǁ of the interconnections 
ďetǁeen ŵacroecology anĚ conserǀation science͕ 
coǀering eǆaŵples of hoǁ these Ěisciplines contriďuteĚ 
to their mutual development in terms of theory, 
Ěata͕ ŵethoĚs͕ anĚ outreach potential͖ ϮͿ to Ěiscuss 
liŵitations in terŵs of scale͕ coŵŵunications anĚ 
ŵutual unĚerstanĚing͖ anĚ ϯͿ to outline opportunities 
for further interlinŬages anĚ synergies ďetǁeen the 
tǁo Ěisciplines͘ dhis perspectiǀe ŵay help to foster 
further collaďorations ďetǁeen ŵacroecology anĚ 
conserǀation͕ anĚ hope to reach ŵacroecology anĚ 
conserǀation reaching researchers ǁho coulĚ͕ ďut Ěo 
not yet, conduct research at the interface of these two 
Ěisciplines͘ thile here ǁe refer to groups of scientists 
ďelonging to Ěistinct Ěisciplines͕ ǁe recogniǌe that 
science today is highly interconnected, and many 
researchers Ěo not eǆclusiǀely fit in any of these 
Ěistinct categories͕ anĚ oŌen conĚuct research across 
Ěisciplines͘

Macroecology contributions to 
conservation science research

Developing theory

>ocal stuĚies proǀiĚe insights into ecological 
ŵechanisŵs͕ ďut these are rarely generaliǌaďle across 
taǆa anĚͬor haďitats͕ liŵiting preĚictiǀe capacity ;�urrie 
ϮϬϭϵͿ͘ Dacroecology s͛ search for eŵergent paƩerns 
has contriďuteĚ to our unĚerstanĚing of generaliǌaďle 
ecological ŵechanisŵs ;Dc'ill anĚ EeŬola ϮϬϭϬ͕ 
DarƋuet et al͘ ϮϬϭϰͿ leaĚing to iŵproǀeĚ preĚictiǀe 
capacity ;�urrie ϮϬϭϵͿ͘ &or eǆaŵple͕ the Detaďolic 
dheory of �cology͕  ǁhich eǆplains hoǁ ďoĚy siǌe anĚ 
teŵperature interact to Ěeterŵine ŵetaďolic rates 
;'illooly et al͘ ϮϬϬϭ͕ Broǁn et al͘ ϮϬϬϰͿ͕ proŵpteĚ ŵuch 
ŵacroecological research releǀant for conserǀation 
issues͘ Detaďolic theory unĚerlies the alloŵetry of 
space use͕ ǁhich relates species population Ěensity 
ǁith ďoĚy ŵass anĚ trophic leǀels ;Broǁn anĚ Daurer 
ϭϵϴϵ͕ :etǌ et al͘ ϮϬϬϰͿ͘ Such relationships͕ in turn͕ 
Ěeterŵine the ŵiniŵuŵ area reƋuireĚ to eīectiǀely 
conserǀe populations ;Boyer anĚ :etǌ ϮϬϭϮͿ͕ as ǁell 
as the ŵiniŵuŵ geographic range area for the longͲ
terŵ persistence of species ;Broǁn anĚ Daurer ϭϵϴϳ͕ 
DarƋuet anĚ daper ϭϵϵϴ͕ �iniǌͲ&ilho et al͘ ϮϬϬϱ͕ 
�arǀajalͲYuintero et al͘ ϮϬϭϳͿ͘ Detaďolic theory can 
also predict life history traits across trophic levels 
anĚ ďoĚy ŵass͕ ǁhich has ďeen applieĚ to inforŵ 
the ŵanageŵent of eǆploiteĚ populations͕ such as 
fisheries ;:ennings anĚ BlancharĚ ϮϬϬϰ͕ �nĚersen et al͘ 

ϮϬϬϵ͕ ϮϬϭϱ͕ 'islason et al͘ ϮϬϭϬͿ͘ Species aďunĚance͕ 
geographic Ěistriďution anĚ reproĚuctiǀe traits are Ŭey 
paraŵeters that Ěeterŵine species eǆtinction risŬ͘ 
Scaling relationships haǀe ďeen useĚ to clarify hoǁ 
the intrinsic ǀulneraďility of species to eǆtinction ǀaries 
ǁith their siǌe anĚ other ďiological traits ;Wurǀis et al͘ 
ϮϬϬϬ͕ �arĚillo et al͘ ϮϬϬϱa͕ Wearson et al͘ ϮϬϭϰ͕ 
BƂhŵ et al͘ ϮϬϭϲͿ͘ &inally͕  the scaling of ŵetaďolic rate 
ǁith ďoĚy ŵass anĚ its ĚepenĚency on enǀironŵental 
teŵperature ;'illooly et al͘ ϮϬϬϭͿ unĚerlies species 
tolerance anĚ ǀulneraďility to enǀironŵental change 
;�illon et al͘ ϮϬϭϬ͕ �raƷjo et al͘ ϮϬϭϯͿ͘ Kďǀiously͕  such 
relationships cannot ďe consiĚereĚ uniǀersally accurate 
as they Ěescriďe ďroaĚ ďioĚiǀersity paƩerns͕ anĚ 
iŵproǀeĚ estiŵates for conserǀation ŵust ďe oďtaineĚ 
for inĚiǀiĚual populations͘ &or eǆaŵple͕ criticisŵs on 
the application of the ŵetaďolic theory to fisheries 
has eǆposeĚ siŵplifications that ŵay leaĚ to ŇaǁeĚ 
estiŵates ;salĚerraŵa anĚ &ielĚs ϮϬϭϳͿ͘ ,oǁeǀer͕  
such ŵacroecological relationships alloǁ to set prior 
eǆpectations in the aďsence of ŵore targeteĚ stuĚies͘

dhe hnifieĚ Eeutral dheory ;,uďďell ϮϬϬϭͿ͕ 
ǁhich eŵphasiǌes the iŵportance of ecological ĚriŌ 
anĚ Ěispersal liŵitation to eǆplain natural paƩerns͕ 
has also ďeen ǁiĚely useĚ to Ěeriǀe preĚictions in 
conserǀation͕ for eǆaŵple regarĚing the nuŵďer of 
species eǆpecteĚ to go eǆtinct ;e͘g͘ ,uďďell et al͘ 
ϮϬϬϴͿ͘ Seǀeral stuĚies haǀe shoǁn that Eeutral theory 
is capaďle of accurately preĚicting soŵe inforŵatiǀe 
paraŵeters for conserǀation ;e͘g͘ eǆtinction rates͕ 
inǀasion successͿ͕ ďut not others͕ highlighting the role 
of neutral ŵechanisŵs in structuring coŵŵunities͕ 
ǁhile also eǆposing the oǀerͲsiŵplification of soŵe 
assuŵptions ;e͘g͘ 'ilďert et al͘ ϮϬϬϲ͕ �aleo et al͘ ϮϬϬϵͿ͘

Dacroecologists haǀe long stuĚieĚ the relationship 
ďetǁeen the 'rinnellian niche anĚ species Ěistriďution 
;Daguire ϭϵϳϯ͕ �olǁell anĚ Zangel ϮϬϬϵ͕ Soďerſn 
anĚ EaŬaŵura ϮϬϬϵͿ͕ leaĚing to the Ěeǀelopŵent 
of ŵethoĚs for preĚicting species Ěistriďutions that 
are noǁ ǁiĚely applieĚ in conserǀation planning 
;e͘g͘ �raƷjo et al͘ ϮϬϬϰͿ͕ iĚentifying unĚiscoǀereĚ 
populations of rare species ;e͘g͘ tilliaŵs et al͘ ϮϬϬϵͿ͕ 
anĚ potential reintroĚuction areas ;e͘g͘ DarơneǌͲ
Deyer et al͘ ϮϬϬϲͿ͘ Such inǀestigation also unĚerlies 
ŵany stuĚies on the eīects of gloďal change on species 
Ěistriďution͕ proǀiĚing essential risŬ assessŵents anĚ 
scenario projections ;'uisan anĚ dhuiller ϮϬϬϱ͕ 'uisan 
et al͘ ϮϬϭϯ͖ although their uncritical application has 
ďeen criticiǌeĚ͕ e͘g͘ &ourcaĚe et al͘ ϮϬϭϴ͕ tarren et 
al͘ ϮϬϮϬ͕ Santini et al͘ ϮϬϮϭͿ͘ &or eǆaŵple͕ stuĚies of 
geographic range contractions haǀe shoǁn that these 
rarely occur from margins to the centre, as originally 
hypothesized, with many highly threatened species 
now occupying a marginal area of their historical 
Ěistriďutions ;�hannel anĚ >oŵolino ϮϬϬϬͿ͘ Dore 
recent research further unǀeileĚ the interplay ďetǁeen 
climate change, anthropogenic threats and species 
traits in range contraction Ěynaŵics ;Wacifici et al͘ 
ϮϬϮϬͿ͘

Dacroecological research has also focuseĚ on 
coŵŵunity asseŵďly rules ;DƺnŬeŵƺller et al͘ ϮϬϮϬͿ 
anĚ functional ďiogeography ;siolle et al͘ ϮϬϭϰͿ͕ anĚ 
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these concepts haǀe graĚually starteĚ to ďe useĚ for 
projections of ďioĚiǀersity responses to enǀironŵental 
change͕ e͘g͘ in terŵs of coŵŵunity filtering eīects anĚ 
changes in functional trait paƩerns ;e͘g͘ �uďuis et al͘ 
ϮϬϭϯ͕ BlonĚer et al͘ ϮϬϭϱ͕ DaĚani et al͘ ϮϬϭϴͿ͘

Dacroecological principles are at the ďase of the 
IslanĚ Biogeography dheory ;Dac�rthur anĚ tilson 
ϭϵϲϳͿ͕ ǁhich unĚerlies the concept of ͞ rescue eīect͟ 
;Broǁn anĚ <oĚricͲBroǁn ϭϵϳϳͿ anĚ has ďeen piǀotal 
for the development of conservation planning, 
specifically underlying the general principles of 
reserǀe Ěesign in terŵs of area͕ shape anĚ isolation 
;�iaŵonĚ et al͘ ϭϵϳϲͿ͘ SuďseƋuently͕  the S>KSS ;Single 
>arge or Seǀeral SŵallͿ Ěeďate has set the ďasis for 
lanĚscape anĚ conserǀation planning theory͕  eǆposing 
the traĚeͲoīs ďetǁeen population persistence͕ species 
richness anĚ risŬ spreaĚ͕ as ǁell as ďetǁeen singleͲ anĚ 
ŵultiͲspecies conserǀation plans ;KǀasŬainen ϮϬϬϮ͕ 
thiƩaŬer anĚ &ernĄnĚeǌͲWalacios ϮϬϬϳ͕ >e Zouǆ et al͘ 
ϮϬϭϱͿ͘ thilst conceptually useful͕ the IslanĚ 
Biogeography dheory is not Ěirectly applicaďle to real 
case stuĚies giǀen the conteǆtͲĚepenĚent nature of 
conserǀation proďleŵs͕ ǁhich norŵally reƋuire a 
ŵore inͲĚepth consiĚeration of seǀeral factors ;e͘g͘ 
costs͕ risŬ of lanĚ to ďe conǀerteĚ͕ etc͖͘ Dargules anĚ 
Wressey ϮϬϬϬͿ͘

&urther funĚaŵental contriďutions steŵ froŵ 
eŵergent ŵacroecological patterns liŬe Species 
�ďunĚance �istriďutions ;S��sͿ anĚ Species �rea 
Zelationships ;S�ZsͿ ;Zosenǌǁeig ϭϵϵϱͿ͘ Both S��s 
anĚ S�Zs haǀe ďeen useĚ to estiŵate longͲterŵ eīects 
of haďitat loss anĚ fragŵentation on species richness 
anĚ aďunĚance ;Storch et al͘ ϮϬϭϮ͕ DaƩheǁs anĚ 
thiƩaŬer ϮϬϭϱ͕ �hisholŵ et al͘ ϮϬϭϴͿ͘ &or instance͕ 
S��s can inforŵ conserǀation ŵanageŵent anĚ 
ŵonitoring aďout the relatiǀe rarity of species in a 
coŵŵunity ;Dc'ill et al͘ ϮϬϬϳ͕ �nƋuist et al͘ ϮϬϭϵͿ͕ 
ǁith changes in S��s acting as earlyͲǁarning signals 
of Ěisturďance processes such as ďiological inǀasions 
;DaƩheǁs anĚ thiƩaŬer ϮϬϭϱͿ͘ Both S�Zs anĚ S��s 
haǀe ďeen shoǁn to ďe accurately preĚicteĚ ďy the 
Daǆiŵuŵ �ntropy theory of ecology ;,arte ϮϬϭϭͿ͕ 
ǁhich relies on inforŵation on species richness͕ total 
aďunĚance͕ anĚ total ŵetaďolic rate of a coŵŵunity 
to preĚict seǀeral eŵergent paƩerns in ŵacroecology͘  
&urther͕  the concept of ͞ eǆtinction Ěeďt͟ results froŵ 
a ĚelayeĚ eīect of haďitat loss on species richness 
anĚ aďunĚance͕ ĚeriǀeĚ as a Ěirect conseƋuence of 
haďitat loss anĚ fragŵentation acting on ďroaĚ spatioͲ
teŵporal scales on entire ďiological coŵŵunities͘ 
�lthough this concept ǁas originally forŵulateĚ 
as a speciesͲleǀel ŵechanisŵ ;�iaŵonĚ ϭϵϳϮ͕ 
dilŵan et al͘ ϭϵϵϰͿ͕ it has increasingly ďeen treateĚ as a 
ĚiseƋuiliďriuŵ of coŵŵunity leǀel eŵergent properties 
folloǁing changes in the aǀailaďle area accorĚing to 
S�Zs ;,alley et al͘ ϮϬϭϰͿ͘ S�Z haǀe͕ hoǁeǀer͕  ďeen 
shoǁn to oǀerestiŵate eǆtinction Ěeďts͕ anĚ further 
Ěeǀelopŵent of this theory leĚ to the conceptualiǌation 
of the �nĚeŵic �rea Zelationships ;��ZͿ as a ŵore 
roďust approach to estiŵate the nuŵďer of eǆtinctions 
eǆpecteĚ at the eƋuiliďriuŵ ;<inǌig anĚ ,arte ϮϬϬϬͿ͘

dhe stuĚy of haďitat fragŵentation also ďenefit 
froŵ a topͲĚoǁn approach͕ as conclusions Ěraǁn 
from individual patches do not scale up to landscape 
leǀels ;&ahrig ϮϬϭϵͿ͘ �fter ĚecaĚes of literature 
supporting the negatiǀe iŵpacts of fragŵentation on 
ďioĚiǀersity͕  ŵacroecological approaches haǀe alloǁeĚ 
Ěisentangling the inĚiǀiĚual eīects of haďitat loss anĚ 
fragŵentation͕ suggesting that fragŵentation per se 
ŵay not yielĚ negatiǀe eīects on ďioĚiǀersity͕  anĚ 
only the aŵount of surrounĚing haďitat ŵaƩers Ͳ the 
,aďitat �ŵount ,ypothesis ;&ahrig ϮϬϭϯͿ͘ Zesults 
regarĚing this hypothesis are͕ hoǁeǀer͕  ŵiǆeĚ͕ anĚ its 
iŵplications are still currently ĚeďateĚ ;Saura ϮϬϮϬͿ͘

Dacroecology has also ĚeǀelopeĚ fraŵeǁorŬs to 
test hypotheses on ďiological inǀasions͕ Ěelineating 
ďoth generaliǌeĚ paƩerns of inǀasions ;BlacŬďurn 
anĚ �uncan ϮϬϬϭa͕ď͕ Saǆ et al͘ ϮϬϬϮ͕ Saǆ anĚ 'aines 
ϮϬϬϴ͕ BlacŬďurn et al͘ ϮϬϭϳͿ͕ as ǁell as the profile of 
successful inǀasiǀe species ;e͘g͘ san <leunen et al͘ 
ϮϬϭϬ͕ �apellini et al͘ ϮϬϭϱ͕ 'onǌĄleǌͲSuĄreǌ et al͘ 
ϮϬϭϱ͕ �llen et al͘ ϮϬϭϳďͿ͘ Species Ěistriďution ŵoĚels 
haǀe ďeen useĚ to estiŵate Ěriǀers of inǀasion anĚ 
the potential spreaĚ of inǀasiǀe species ;BellarĚ et al͘ 
ϮϬϭϲͿ͘ &inally͕ ďroaĚͲscale ŵetaͲanalyses haǀe 
allowed escaping from idiosyncrasies of single studies 
to synthesiǌe the generaliǌeĚ seconĚary eīects of 
Ěefaunation on ďiological coŵŵunities ;e͘g͘ Bauŵ 
anĚ torŵ ϮϬϬϵ͕ 'arĚner et al͘ ϮϬϭϵͿ͕ ǁith ďroaĚͲ
scale siŵulations ďaseĚ on traitͲďaseĚ approaches 
further uncoǀering seconĚary eīects of huŵan iŵpacts 
;�onoso et al͘ ϮϬϮϬ͕ �nƋuist et al͘ ϮϬϮϬͿ͘

Improving data accessibility and filling knowledge 
gaps

�ǀiĚenceͲďaseĚ conserǀat ion ĚepenĚs 
on systeŵatically asseŵďleĚ ecological Ěata͘ 
Dacroecologists ;anĚ other ecologists ǁorŬing 
at ďroaĚ scalesͿ haǀe inǀesteĚ heaǀily in collating 
such Ěata anĚ͕ ďy Ěoing so͕ haǀe recently createĚ 
a nuŵďer of Ŭey puďlicly accessiďle Ěataďases of 
species occurrence ;e͘g͘ KBISͲS��D�W͕  ,alpin et al͘ 
ϮϬϬϲ͕ BI�E͕ Daitner et al͘ ϮϬϭϴͿ͕ aďunĚance 
;e͘g͘ WZ��I�dS͕ ,uĚson et al͘ ϮϬϭϰ͕ BiodID�͕ 
�ornelas et al͘ ϮϬϭϴ͕ detra��ESIdz͕  Santini et al͘ ϮϬϭϴ͕ 
Ziǀ&ishdID�͕ �oŵte et al͘ ϮϬϮϬͿ͕ traits ;e͘g͘ Wand,�ZI�͕ 
:ones et al͘ ϮϬϬϵ͕ dZz͕  <aƩge et al͘ ϮϬϭϭ͕ �ltondZ�IdS͕ 
tilŵan et al͘ ϮϬϭϰ͕ �ŵphiBIK͕ Kliǀeira et al͘ ϮϬϭϳͿ͕ 
anĚ population Ěeŵographics ;e͘g͘ �KDW��Z�͕ 
SalgueroͲ'oŵeǌ et al͘ ϮϬϭϱ͕ �KD��Z�͕ SalgueroͲ
'ſŵeǌ et al͘ ϮϬϭϲͿ͘ Kne of the Ŭey features is that these 
are stanĚarĚiseĚ Ěataďases͕ alloǁing easier access to 
priŵary Ěata otherǁise harĚ to oďtain anĚ synthesise͕ 
anĚ therefore oīering the possiďility to easily Ƌuery 
spatioͲteŵporal inforŵation on species occurrence͕ 
aďunĚance anĚͬor traits͕ ǁhich can reaĚily inforŵ 
ďioĚiǀersity assessŵents anĚ conserǀation plans ;e͘g͘ 
�Ěgar et al͘ ϮϬϭϲ͕ Bloǁes et al͘ ϮϬϭϵ͕ �nƋuist et al͘ 
ϮϬϭϵ͕ tilliaŵs et al͘ ϮϬϭϵ͕ �ntĆo et al͘ ϮϬϮϬͿ͘

�rucially͕  such Ěata coŵpilation eīorts haǀe eǆposeĚ 
spatial͕ teŵporal͕ anĚ taǆonoŵic ďiases anĚ uncertainties 
in ďioĚiǀersity ŬnoǁleĚge ;'onǌĄleǌͲSuĄreǌ et al͘ ϮϬϭϮ͕ 
�Ěgar et al͘ ϮϬϭϲ͕ Deyer et al͘ ϮϬϭϲ͕ �onĚe et al͘ ϮϬϭϵ͕ 
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�ornelas et al͘ ϮϬϭϵͿ Ͳ the perǀasiǀe �ltonian͕ >innean 
anĚ tallacean shorƞalls͘ thile these shorƞalls reŵain 
an issue across ecology anĚ conserǀation ;thiƩaŬer et al͘ 
ϮϬϬϱ͕ ,ortal et al͘ ϮϬϭϱͿ͕ ŵacroecological eīorts haǀe 
proŵpteĚ research into statistical ŵethoĚs to aĚĚress 
Ěata gaps ;BlacŬďurn anĚ 'aston ϭϵϵϴ͕ Wenone et al͘ 
ϮϬϭϰ͕ :ohnson et al͘ ϮϬϮϬͿ͕ eǆtract ǀaluaďle inforŵation 
froŵ opportunistically collecteĚ Ěata ;Isaac et al͘ ϮϬϭϰͿ͕ 
anĚ Ěeǀise topͲĚoǁn approaches to guiĚe future Ěata 
collection ;Zocchini et al͘ ϮϬϭϭ͕ Stropp et al͘ ϮϬϭϲ͕ 
�ornelas et al͘ ϮϬϭϵͿ͘

&urtherŵore͕ ŵacroecology has unǀeileĚ statistical 
relationships that are oŌen useĚ in conserǀation to 
ŵaŬe inferences on poorly Ŭnoǁn areas or species͘ 
&or instance͕ there are fairly coŵprehensiǀe Ěatasets 
for soŵe traits ;tilŵan et al͘ ϮϬϭϰͿ͕ ǁhile Ěata for 
other traits ;e͘g͘ hoŵe range area͕ Ěispersal Ěistance͕ 
reproĚuctiǀe traitsͿ are only aǀailaďle for a relatiǀely 
sŵall nuŵďer of species͘ Spatial anĚ reproĚuctiǀe 
traits͕ hoǁeǀer͕  proǀiĚe Ŭey inforŵation for ďioĚiǀersity 
conserǀation͕ incluĚing species ŵiniŵuŵ reƋuireĚ 
area͕ colonisation potential anĚ population resilience͘ 
>arger ŵaŵŵals͕ for eǆaŵple͕ liǀe at loǁer population 
Ěensities ;Silǀa anĚ �oǁning ϭϵϵϱͿ͕ Ěisperse longer 
Ěistances ;thitŵee anĚ Krŵe ϮϬϭϮͿ͕ tenĚ to haǀe 
sloǁer reproĚuctiǀe rates anĚ sŵaller reproĚuctiǀe 
outputs ;Bielďy et al͘ ϮϬϬϳͿ͕ anĚ reƋuire sŵaller 
populations for persistence ;,ilďers et al͘ ϮϬϭϳͿ͘ 
�onserǀation research has relieĚ on such statistical 
relationships to estiŵate ŵissing inforŵation releǀant 
to conserǀation assessŵents or planning ;Wacifici et al͘ 
ϮϬϭϯ͕ sisconti et al͘ ϮϬϭϲ͕ Santini et al͘ ϮϬϭϵ͕ BirĚ et al͘ 
ϮϬϮϬͿ͘ Because trait ǀalues span seǀeral orĚers of 
ŵagnituĚe across taǆa͕ inferreĚ estiŵates facilitate the 
reĚuction of uncertainty for ďioĚiǀersity conserǀation 
assessŵents͕ planning anĚ projections͕ ǁhich ǁoulĚ 
otherǁise ignore Ŭey Ěiīerences ďetǁeen species 
anĚ ǁoulĚ thus ďe eǀen ŵore taǆonoŵically anĚ 
geographically ďiaseĚ͘

Providing tools for biodiversity assessments

dhe Ƌuantification of ďioĚiǀersity paƩerns anĚ hoǁ 
they change in space anĚ tiŵe are ďoth a Ŭey goal of 
ŵacroecology ;Dc'ill et al͘ ϮϬϭϱͿ anĚ funĚaŵental 
for conserǀation actions across scales͘ In an eīort 
to standardize, quantify and monitor changes in 
ďioĚiǀersity͕  ŵacroecologists haǀe starteĚ to propose 
the systeŵatic use of ďioĚiǀersity inĚicators ;e͘g͘ Wauly 
anĚ tatson ϮϬϬϱ͕ hƩps͗ͬͬǁǁǁ͘ďipinĚicators͘net͕ͬ 
�ollen et al͘ ϮϬϬϵͿ͕ anĚ ŵore recently of seǀeral �ssential 
BioĚiǀersity sariaďles that span froŵ genetic Ěiǀersity 
to ecosysteŵ structure anĚ function ;Wereira et al͘ 
ϮϬϭϯ͕ <issling et al͘ ϮϬϭϴ͕ :etǌ et al͘ ϮϬϭϵ͕ �Bss͕ hƩps͗ͬͬ
geoďon͘orgͬeďǀsͬǁhatͲareͲeďǀsͬͿ͘ Such ŵetrics can ďe 
useĚ as inĚicators in ďioĚiǀersity ŵonitoring prograŵs 
anĚ ultiŵately inforŵ policyͲreleǀant scenarios͘

�onserǀation science is increasingly integrating 
ŵacroecological ŬnoǁleĚge into gloďal ďioĚiǀersity 
assessŵents anĚ projection of species eǆtinction 
risŬs ;sisconti et al͘ ϮϬϭϲ͕ �arǀajalͲYuintero et al͘ 
ϮϬϭϳ͕ �eďallos et al͕͘ ϮϬϭϳ͕ Santini et al͕͘ ϮϬϭϵ͕ 
Barďarossa et al͘ ϮϬϮϬͿ͘ 'loďal conserǀation 

assessments and macroecological research are 
progressiǀely consiĚering Ěifferent ďioĚiǀersity 
Ěiŵensions͕ e͘g͘ taǆonoŵic͕ functional anĚ 
phylogenetic Ěiǀersity͕  anĚ hoǁ these change spatially 
anĚ teŵporally ;i͘e͘ ďetaͲĚiǀersityͿ ;dhuiller et al͘ ϮϬϭϱ͕ 
Socolar et al͘ ϮϬϭϲ͕ Bruŵ et al͘ ϮϬϭϳ͕ WollocŬ et al͘ 
ϮϬϭϳ͕ Bloǁes et al͘ ϮϬϭϵ͕ Zapacciuolo et al͘ ϮϬϭϵͿ͘ 
�ĚĚitionally͕  ŵacroecological traitͲďaseĚ approaches 
anĚ phylogenetic coŵparatiǀe ŵethoĚs haǀe ďeen 
adopted to predict which species are intrinsically more 
ǀulneraďle to eǆtinction ;Wurǀis et al͘ ϮϬϬϬ͕ &isher 
anĚ Kǁens ϮϬϬϰ͕ �arĚillo et al͘ ϮϬϬϱaͿ anĚ ŵay first 
go eǆtinct in the future ;�ooŬe et al͘ ϮϬϭϵďͿ͕ as ǁell 
as to preĚict the liŬely conserǀation status of poorly 
Ŭnoǁn species ;BlanĚ et al͘ ϮϬϭϱaͿ͕ anĚ eǀen to Ěesign 
protecteĚ areas ;DiaƩa et al͘ ϮϬϮϭͿ͘

Dacroecologists haǀe suďstantially contriďuteĚ to 
Ěeǀelop species Ěistriďution ŵoĚelling approaches 
;S�D͖ 'uisan anĚ dhuiller ϮϬϬϱͿ͕ ǁhich haǀe ďecoŵe 
a Ŭey tool for species conserǀation assessŵents 
;'uisan et al͘ ϮϬϭϯͿ͘ S�Ds haǀe ďeen useĚ to Ƌuantify 
protecteĚ area coǀerage ;�raƷjo et al͘ ϮϬϬϰͿ͕ project 
species ranges shifts͕ contraction or eǆpansion 
unĚer alternatiǀe enǀironŵental anĚ socioeconoŵic 
scenarios ;Wearson anĚ �aǁson ϮϬϬϯ͕ dhoŵas et al͘ 
ϮϬϬϰͿ͕ anĚ for inforŵing conserǀation planning anĚ 
prioritiǌation ;<reŵen et al͘ ϮϬϬϴͿ͘ dhe Ěeǀelopŵent of 
userͲfrienĚly tools for preĚicting species Ěistriďutions 
;e͘g͘ ͞Daǆent͕͟  Whillips et al͘ ϮϬϬϰ͕ ͞BIKDK�Ϯ͕͟  
dhuiller et al͘ ϮϬϬϵ͕ ͞sĚŵ͕͟  Eaiŵi Θ �raƷjo ϮϬϭϲ͕ 
͞ǁallace͕͟  <ass et al͘ ϮϬϭϴͿ has proŵpteĚ ŵuch 
theoretical and applied research in conservation 
at Ěiīerent spatial scales͘ &urther ŵethoĚological 
aĚǀances haǀe enaďleĚ accounting for species coͲ
occurrence ;potentially species interactionsͿ on 
species͛ Ěistriďutions ;:S�Ds͕ WollocŬ et al͘ ϮϬϭϰͿ anĚ 
their responses to enǀironŵental change ;�larŬ et al͘ 
ϮϬϭϰͿ͘ Dore recently͕  joint Ěynaŵic S�Ds ;:�S�Ds͕ 
dhorson et al͘ ϮϬϭϲͿ anĚ hierarchical ŵoĚelling of 
species coŵŵunities ;KǀasŬainen et al͘ ϮϬϭϳͿ haǀe 
enaďleĚ integrating species Ěistriďution anĚͬor 
aďunĚance Ěata͕ traits͕ phylogenetic relationships anĚ 
enǀironŵental preĚictors to estiŵate coŵŵunityͲǁiĚe 
change ǀia ďoth ďiotic anĚ aďiotic ŵechanisŵs͘ 
dhese ŵethoĚs haǀe yet to ďe ďroaĚly applieĚ to 
conserǀation͕ ďut haǀe great potential for ŵaŬing 
ŵore realistic preĚictions of coŵŵunity responses 
to gloďal change ;Zapacciuolo anĚ Blois ϮϬϭϵͿ͕ e͘g͘ 
applying conteǆtͲĚepenĚent :S�D ;diŬhonoǀ et al͘ 
ϮϬϭϳͿ along graĚients of huŵan Ěisturďance͘

S�Zs are coŵŵonly eŵployeĚ to assess the 
iŵpact of lanĚͲuse change anĚ haďitat loss gloďally 
;e͘g͘ �hauĚhary et al͘ ϮϬϭϱͿ͕ anĚ ŵore recently haǀe 
ďeen coŵďineĚ ǁith S�D ŵoĚelling anĚ conserǀation 
planning to assess the eǆtent to ǁhich ŵeeting gloďal 
ďioĚiǀersity targets ǁoulĚ result in a reĚuction of 
species eǆtinction risŬ gloďally ;,annah et al͘ ϮϬϮϬ͕ 
:ung et al͘ ϮϬϮϭͿ͘ Siŵilarly͕  S��s haǀe ďeen recently 
useĚ to iĚentify gloďal hotspots of rarity for plant 
species͕ anĚ preĚict an increaseĚ risŬ of eǆtinction 
in these regions due to high human pressures and 
eǆpecteĚ cliŵate change ;�nƋuist et al͘ ϮϬϭϵͿ͘
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Zecently͕  BI>BI ;the Biogeographic Infrastructure 
for >argeͲscaleĚ BioĚiǀersity InĚicatorsͿ has integrateĚ 
aĚǀances in ŵacroecological ŵoĚelling͕ ďioĚiǀersity 
inforŵatics͕ reŵote sensing anĚ highͲperforŵance 
coŵputing to assess spatioͲteŵporal changes in 
ďioĚiǀersity at ΕϭŬŵ griĚ resolution across the 
terrestrial surface of the planet while reducing 
taǆonoŵic ďiases ;,osŬins et al͘ ϮϬϮϬͿ͘ dhese 
approaches haǀe alreaĚy ďeen useĚ for protecteĚ 
area assessŵents ;&errier et al͘ ϮϬϬϰͿ͕ to Ƌuantify the 
contriďution of ǁilĚerness areas to gloďal ďioĚiǀersity 
conserǀation ;�i Darco et al͘ ϮϬϭϵaͿ͕ anĚ to forecast 
the risŬ of eǆtinction of ǀascular plant ďioĚiǀersity 
unĚer cliŵate anĚ lanĚͲuse change ;�i Darco et al͘ 
ϮϬϭϵďͿ͘

Species Ěistriďution ŵoĚels anĚ threat ŵapping 
products are widely used to delineate regional to 
gloďal conserǀation plans͘ dhese ďroaĚͲscale planning 
eǆercises can guiĚe actions to ŵeet gloďal conserǀation 
targets ;Wouǌols et al͘ ϮϬϭϰ͕ e͘g͘ senter et al͘ ϮϬϭϰͿ 
anĚ proǀiĚe an holistic ǀieǁ on hoǁ to account for 
nuŵerous conserǀation priorities siŵultaneously͘ 
&or eǆaŵple͕ K͛�onnor et al͘ ;ϮϬϮϭͿ reǀealeĚ that 
large gains in ďioĚiǀersity protection can ďe achieǀeĚ 
ǁith liƩle aĚĚitional conserǀation eīort in �urope͘ 
By projecting species Ěistriďution in the future͕ 
ditley et al͘ ;ϮϬϮϭͿ iĚentifieĚ gloďally iŵportant 
transďounĚary areas ǁhere international cooperation 
ǁill funĚaŵental to ŵitigate the eīects of cliŵate 
change on ďioĚiǀersity͕  anĚ ǁhere physical ďarriers 
ŵay ďe ŵost Ěetriŵental to conserǀation͘ thile the 
Ěirect iŵpleŵentation of such plans in the real ǁorlĚ 
are still liŵiteĚ͕ soŵe haǀe successfully ďeen applieĚ͕ 
ďy aĚjusting regional plans to local conteǆts in close 
collaďoration ǁith local staŬeholĚers ;e͘g͘ the �ape 
region in South �frica anĚ the 'reat Barrier Zeef in 
�ustralia͖ &ernanĚes et al͘ ϮϬϬϱ͕ <night et al͘ ϮϬϬϲ͕ 
Wressey et al͘ ϮϬϭϯͿ͘

Improving outreach actions

BroaĚͲscale ŵacroecological ďioĚiǀersity 
assessments regularly inform technical reports on 
the status anĚ trenĚs of ďioĚiǀersity ;&ig͘ 2͖ IWB�S͕ 
'�KBKE͕ >iǀing Wlanet Zeport͕ State of Eature reports͕ 
,of et al͘ ϮϬϭϱͿ͕ ǁhich are then useĚ for seƫng 
national anĚ international targets for ďioĚiǀersity 
conserǀation ;e͘g͘ �I�,I targets͕ dittensor et al͘ 
ϮϬϭϰͿ͘ dhis͕ in turn͕ inŇuences supranational ;e͘g͘ 
>I&� projects in �uropeͿ anĚ national allocation of 
funĚing for conserǀation actions in orĚer to ŵeet 
the agreeĚ targets͘ &or eǆaŵple͕ Eatura ϮϬϬϬ͕ the 
largest netǁorŬ of protecteĚ areas in the ǁorlĚ͕ is a 
�uropean strategy for ďioĚiǀersity conserǀation that 
ǁas estaďlisheĚ using a ďiogeographical approach 
;�ǀans ϮϬϭϮͿ͘ Eatura ϮϬϬϬ inǀolǀes local conserǀation 
actions͕ lanĚ ŵanagers͕ conserǀation practitioners 
anĚ researchers ǁho are asŬeĚ to perioĚically 
reassess species checŬlists͕ anĚ liŵit or ŵitigate the 
environmental impacts of planned infrastructures 
;�ǀans ϮϬϭϮͿ͘

'loďal anĚ regional ŵacroecological analyses 
can ďe ǀery poǁerful in raising puďlic aǁareness 

on ďioĚiǀersity trenĚs anĚ conserǀation ;&ig͘ 2͖ e͘g͘ 
�arĚinale et al͘ ϮϬϭϮ͕ �eďallos et al͘ ϮϬϭϱ͕ hrďan ϮϬϭϱ͕ 
Soroye et al͘ ϮϬϮϬͿ͕ ǁhich is Ŭey to ensure ďioĚiǀersity 
research anĚ conserǀation are not relegateĚ to a 
marginal role under economic uncertainty and priority 
Ňuctuations ǁithin liŵiteĚ ďuĚgets ;BaŬŬer et al͘ 
ϮϬϭϬ͕ Sayer et al͘ ϮϬϭϮͿ͘ BroaĚͲscale conserǀation 
assessŵents are freƋuently in the top ϭϬϬ of the 
most mentioned articles online according to the 
�ltŵetric score͕ an inĚeǆ ĚesigneĚ to Ƌuantify ŵeĚia 
aƩention ;e͘g͘ hƩps͗ͬͬǁǁǁ͘altŵetric͘coŵͬtopϭϬϬͿ͘ 
dhis is funĚaŵental ďecause ŵeĚia aƩention can 
Ěirectly aīect puďlic interest͕ ǁhich ŵay haǀe strong 
inŇuence on policy ŵaŬers anĚ the Ěecisions they 
ŵaŬe͘ DeĚia ŵay ďe ŵore liŬely to report on scientific 
research ǁith ďroaĚ iŵplications across large areas 
or taǆonoŵic groups than for single species ;unless 
highly charisŵaticͿ or sites͘ �ĚĚitionally͕  approaches 
focused on natural capital or ecosystem services 
that are inherently ŵacroecological ;across taǆa anĚ 
teŵporal anĚ spatial scalesͿ haǀe inĚeeĚ focuseĚ 
on Ƌuantifying tangiďle ďenefits of nature to people 
;'uerry et al͘ ϮϬϭϱͿ͕ anĚ serǀe the ǀery practical 
purpose of raising awareness of the value of nature 
that goes ďeyonĚ aesthetic͕ cultural or intrinsic ǀalues͘ 
dhe pressing neeĚ for eĸcient ďioĚiǀersity assessŵent 
anĚ conserǀation planning͕ anĚ the iŵportance of 
puďlic aǁareness is highlighteĚ ďy the fact that none 
of the set �ichi BioĚiǀersity dargets for ϮϬϮϬ haǀe 
ďeen ŵet for the seconĚ consecutiǀe ĚecaĚe ;'loďal 
BioĚiǀersity KutlooŬ ϮϬϮϬͿ͘

Conservation contributions to Macroecology

<noǁleĚge transfer ďetǁeen the tǁo Ěisciplines has 
not ďeen uniĚirectional ;'aston Θ BlacŬďurn ϮϬϬϯͿ͘ 
&irst͕ puďlic engageŵent anĚ conserǀation ŵonitoring 
actiǀities haǀe contriďuteĚ to the Ěeǀelopŵent of 
ŵacroecology ;&ig͘ 2Ϳ͘ �arly ďroaĚͲscale eǆplorations 
of ŵacroecological paƩerns ǁere possiďle thanŬs to 
initiatiǀes liŬe the �uĚuďon �hristŵas BirĚ �ounts 
;e͘g͘ Wreston ϭϵϴϬ͕ BocŬ anĚ ZicŬlefs ϭϵϴϯͿ͘ Seǀeral 
citiǌen science initiatiǀes such as iEaturalist ;hƩps͗ͬͬ
ǁǁǁ͘inaturalist͘org͖ͬ feeĚing Ěirectly into 'BI&Ϳ͕ eBirĚ 
;eďirĚ͘orgͿ or the h< anĚ Eorth �ŵerican BreeĚing 
Bird Surveys currently provide large amounts of data 
for ŵacroecological analyses ;Broǁn anĚ tilliaŵs 
ϮϬϭϵͿ͕ as Ěo ŵore recent ŵarine initiatiǀes͕ such as 
the Zeef >ife Surǀey ;�Ěgar Θ StuartͲSŵith ϮϬϭϰͿ͘ 
WroǀiĚeĚ saŵpling ďiases are properly accounteĚ 
for ;Isaac et al͘ ϮϬϭϰͿ͕ these eǆtensiǀe Ěatasets 
can proǀiĚe crucial ďioĚiǀersity inforŵation across 
spatial͕ teŵporal anĚ taǆonoŵic scales larger than 
ŵost typical ďioĚiǀersity Ěata sources ;�Ěgar et al͘ 
ϮϬϭϲ͕ �hanĚler et al͘ ϮϬϭϳͿ͘ Duch ŵacroecological 
science has also relied on data originally produced 
for conserǀation assessŵents͖ Ih�E range ŵaps͕ for 
eǆaŵple͕ haǀe ďeen ǁiĚely useĚ as proǆies of species 
Ěistriďution to inǀestigate ŵacroecological paƩerns 
;Zoll et al͘ ϮϬϭϳ͕ �ooŬe et al͘ ϮϬϭϵaͿ͘

SeconĚ͕ the urgent conserǀation neeĚ to Ƌuantify 
anĚ ŵitigate hoǁ ŵultiple anthropogenic Ěriǀers 
threaten ďioĚiǀersity across scales anĚ realŵs 
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;<err et al͘ ϮϬϬϳ͕ ,alpern et al͘ ϮϬϭϵ͕ IWB�S ϮϬϭϵ͕ 
Boǁler et al͘ ϮϬϮϬͿ has proǀeĚ to ďe a catalyst 
for macroecological innovation and stimulated 
ŵacroecological research ǁith realͲǁorlĚ applications 
;&ig͘ 2Ϳ͘ Euŵerous recent analyses relying on 
conserǀation science insights haǀe unǀeileĚ the role 
of huŵans in shaping ŵultiple current ďioĚiǀersity 
change patterns͘ Such efforts haǀe for eǆaŵple 
revealed a greater dependency on human pressure 
than life history anĚ enǀironŵental Ěriǀers in eǆplaining 
species range siǌe ;Durray anĚ �icŬŵan ϮϬϬϬ͕ �i Darco 
anĚ Santini ϮϬϭϱͿ͘ �ĚĚitionally͕  current geographic 
patterns of species richness ;dorresͲZoŵero anĚ 
KlallaͲdĄrraga ϮϬϭϱ͕ SeďastiĄnͲ'onǌĄleǌ et al͘ ϮϬϭϵͿ͕ 
ďoĚy ŵass Ěistriďution ;Zapacciuolo et al͘ ϮϬϭϳ͕ 
Santini et al͘ ϮϬϭϳͿ͕ anĚ functional anĚ phylogenetic 
Ěiǀersity ;&aurďy anĚ Sǀenning ϮϬϭϱͿ are heaǀily 
inŇuenceĚ ďy huŵans͘ Siŵilarly͕  ďroaĚͲscale paƩerns 
of species ŵoǀeŵents ;ducŬer et al͘ ϮϬϭϴͿ͕ population 
aďunĚance ;BenşteǌͲ>ſpeǌ et al͘ ϮϬϭϵ͕ ducŬer et al͘ 
ϮϬϮϬ͕ Santini anĚ Isaac ϮϬϮϭͿ anĚ ecological netǁorŬ 
structure ;&ricŬe anĚ Sǀenning ϮϬϮϬͿ appear ĚistorteĚ 
ďy huŵan presence͘ Zecent eǆtinctions anĚ inǀasions 
liŬely causeĚ ďy huŵan actiǀities haǀe also altereĚ 
the nuŵďer anĚ Ěistriďution of ďiogeographic realŵs 
;BernarĚoͲDaĚriĚ et al͘ ϮϬϭϵͿ͘ In the ocean͕ oǀerfishing 
has historically greatly altereĚ paƩerns of life history͕  
ďioŵass anĚ coŵŵunity structure ;:ennings anĚ 
BlancharĚ ϮϬϬϰ͕ diƩensor et al͘ ϮϬϬϵ͕ ,alpern et al͘ 
ϮϬϭϵͿ͘ Dost of the ocean area is currently eǆperiencing 
increasing cuŵulatiǀe iŵpacts ;,alpern et al͘ ϮϬϭϵͿ͕ 
ǁith particular eŵphasis on cliŵate change eīects 
;StuartͲSŵith et al͘ ϮϬϭϱ͕ �ntĆo et al͘ ϮϬϮϬͿ͘ hltiŵately͕  
insights froŵ conserǀation haǀe leĚ to an iŵproǀeĚ 
understanding of the drivers of macroecological 
paƩerns ;'aston anĚ BlacŬďurn ϮϬϬϯͿ͘

Strengthening the link: challenges and 
opportunities

Challenges

�espite nuŵerous shareĚ linŬs͕ there still reŵain 
challenges in strengthening and developing further 
connections anĚ synergies ďetǁeen ŵacroecology anĚ 
conserǀation science͘ &irst͕ there is a Ƌuestion of traĚeͲ
oī ďetǁeen generality anĚ specificity͘  Dacroecologists 
oŌen focus on correlations anĚ tolerate uneǆplaineĚ 
ǀariance that ŵay ďe less releǀant at ďroaĚ scales anĚͬ
or ǁhen analysing ŵany species͕ ďut ďecoŵes crucial at 
finer scales anĚ for particular conteǆts ;>aǁton ϭϵϵϵͿ͘ 
dhis can ŵaŬe ŵacroecology soŵeǁhat ĚetacheĚ froŵ 
socioͲecological Ěynaŵics that ŵanagers face at the 
local scale ;'aston anĚ BlacŬďurn ϭϵϵϵ͕ <err et al͘ 
ϮϬϬϳͿ͘ ,oǁeǀer͕  such Ěeǀiations froŵ ŵacroecological 
preĚictions are eǆpecteĚ͕ anĚ a cruǆ of scientific 
research is to unĚerstanĚ ǁhether such eǆceptions 
are ǀaluaďle to iĚentify iŵportant aĚĚitional Ěriǀers͕ 
uncoǀer ŵore coŵpleǆ ŵechanisŵs anĚ eǀentually 
promote a deeper understanding of ecological systems 
;DarƋuet et al͘ ϮϬϭϰͿ͘

Dacroecology generally operates at ďroaĚ 
taǆonoŵic͕ teŵporal or geographic scales ǁhich 

are releǀant only for soŵe aspects of conserǀation 
;&ig͘ 1Ϳ͘ Scepticisŵ anĚ ŵisunĚerstanĚings can arise 
ǁhen trying to interpret͕ eǆtrapolate or apply results 
oďtaineĚ at Ěiīerent scales anĚ Ěata resolutions͘ 
&or eǆaŵple͕ conserǀation analyses perforŵeĚ 
across ďroaĚ spatial scales or ŵany species ;e͘g͘ 
sisconti et al͘ ϮϬϭϲ͕ ,of et al͘ ϮϬϭϴͿ are generally 
too coarse or uncertain to inforŵ the conserǀation of 
single species or inĚiǀiĚual sites͘ zet͕ they can ďe useĚ 
to Ěeǀelop plausiďle scenarios of ďioĚiǀersity change 
in response to societal Ěecisions ;>eclğre et al͘ ϮϬϮϬ͕ 
Schipper et al͘ ϮϬϮϬͿ͕ ǁhich in turn are useful to plan 
conserǀation actions anĚ inforŵ policy ;,annah et al͘ 
ϮϬϮϬ͕ :ung et al͘ ϮϬϮϭ͕ SotoͲEaǀarro et al͘ ϮϬϮϬͿ͘ 
�onǀersely͕ single species or population analyses 
proǀiĚe specific inforŵation to guiĚe ŵanageŵent 
of the focal species or population͕ ďut are unsuitaďle 
for generaliǌing to other species or areas͘ dhe traĚeͲ
oī ďetǁeen generality anĚ specificity is iŵportant to 
consiĚer regarĚing the scale of interest͘ hltiŵately͕  
conserǀation Ěecisions are scaleͲĚepenĚent ;,artley 
anĚ <unin ϮϬϬϯͿ͕ ǁith Ěiīerent scales aĚĚressing 
Ěiīerent goals anĚ ďenefiting froŵ Ěiīerent Ěisciplines 
;&ig͘ 1Ϳ͘ 'loďal anĚ regional assessŵents inforŵeĚ ďy 
ŵacroecology ŵay enaďle prioritiǌing aŵong Ěiīerent 
potential actions, such as focusing conservation 
eīorts on particular species or areas ;BrooŬs et al͘ 
ϮϬϬϲ͕ senter et al͘ ϮϬϭϰ͕ WollocŬ et al͘ ϮϬϭϳ͕ 
Schipper et al͘ ϮϬϮϬͿ͕ though conserǀation actions 
in practice ǁill ultiŵately neeĚ to ďe iŵpleŵenteĚ 
at national anĚ local scales͘ thile ŵacroecological 
research cannot inforŵ all aspects of conserǀation͕ 
it can proǀiĚe a generaliǌeĚ anĚ ďroaĚͲscale conteǆt 
ǁithin ǁhich to consiĚer conserǀation assessŵents 
anĚ Ěecisions that can then ďe tailoreĚ to inĚiǀiĚual 
speciesͲ or localͲscale conteǆts ;&ig͘ 2Ϳ͘ �n eǆaŵple 
are ďioĚiǀersity hotspots ;Dyers et al͘ ϮϬϬϬͿ͕ ǁithin 
ǁhich �onserǀation International has eǆtensiǀely 
inǀesteĚ in local conserǀation actions ;hƩps͗ͬͬǁǁǁ͘
conserǀation͘orgͬprioritiesͬďioĚiǀersityͲhotspotsͿ͘

Kne possiďle reason ǁhy ŵacroecology ŵay 
ďe unaďle to contriďute ŵore strongly to local 
conservation is that it has not yet succeeded in 
iĚentifying the Ěriǀing ŵechanisŵs of ŵany oďserǀeĚ 
ecological paƩerns ;Dc'ill anĚ EeŬola ϮϬϭϬ͕ �urrie 
ϮϬϭϵ͕ Dc'ill ϮϬϭϵͿ͘ Statistical relationships can arise 
froŵ ŵultiple processes acting siŵultaneously͕  anĚ 
ŵultiple processes can leaĚ to the saŵe statistical 
paƩern͕ ǁhich oŌen results in seǀeral coŵpeting 
hypotheses͘ dhis ŵaŬes the search for ŵechanisŵs 
particularly challenging in ŵacroecology͕  anĚ has leĚ 
to calls for ŵacroecological theories to ďe ďaseĚ on 
first principles ;DarƋuet et al͘ ϮϬϭϰ͕ ϮϬϭϱͿ͕ although 
it has ďeen argueĚ that soŵe ŵechanisŵs ŵay haǀe 
alreaĚy ďeen iĚentifieĚ eǀen if not recogniǌeĚ as such 
;Dc'ill anĚ EeŬola ϮϬϭϬͿ͘ �n iŵproǀeĚ ŵechanistic 
understanding of macroecological patterns can 
increase our preĚictiǀe capacity across scales͕ as 
ǁell as transferaďility across space͕ tiŵe anĚ taǆa 
;zates et al͘ ϮϬϭϴͿ͕ anĚ thus has the potential to 
ŵaŬe ŵacroecological insights ŵore applicaďle to 
local conteǆts ;�onnolly et al͘ ϮϬϭϳͿ͘ Kn the other 
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hanĚ͕ in the aďsence of a coŵplete unĚerstanĚing of 
unĚerlying ŵechanisŵs͕ oďserǀeĚ correlations ǁithin 
a giǀen Ěoŵain can ďe useĚ for preĚictions ǁithin the 
saŵe Ěoŵain ;�urrie ϮϬϭϵͿ͘ �learly͕  giǀen the high 
freƋuency of nonͲinforŵatiǀe correlations aŵong 
ǀariaďles in nature ;�urrie et al͘ ϮϬϮϬͿ͕ an uncritical 
inference froŵ largeͲscale statistical relationships can 
eǀen ďe Ěeleterious for conserǀation ;e͘g͘ tarren et al͘ 
ϮϬϭϰ͕ ϮϬϮϬ͕ &ourcaĚe et al͘ ϮϬϭϴ͕ Santini et al͘ ϮϬϮϭͿ͘ 
thile statistical relationships across species or large 
areas can hold varying degrees of uncertainty, when 
interpreteĚ ǁith caution͕ they are oŌen preferaďle 
to eǆpertͲďaseĚ approaches ǁhich͕ Ěespite ďeing 
fairly coŵŵon in conserǀation͕ haǀe proǀeĚ to haǀe 
loǁ preĚictiǀe capacity ;�aŵerer anĚ :ohnson ϭϵϵϭ͕ 
Dc�arthy et al͘ ϮϬϬϰͿ͘

� seconĚ challenge is that ŵacroecologists anĚ 
conserǀation scientists generally puďlish in Ěiīerent 
journals ;&ig͘ ϯͿ anĚ aƩenĚ separate ŵeetings͕ ǁhich 
potentially limits reciprocal understanding and 
coŵŵunication͘ dhis lacŬ of coŵŵunication can ďe 
further accentuateĚ ďy the Ěiīerent scopes of the tǁo 
Ěisciplines ;funĚaŵental ǀs targetͲorienteĚ research͖ 
SoulĠ ϭϵϴϱ͕ Broǁn anĚ Daurer ϭϵϴϵͿ͕ inŇuencing 
hoǁ science is perforŵeĚ anĚ coŵŵunicateĚ͘ dhis 
dichotomy has recently led to important controversies 
on the interpretation of results on local ďioĚiǀersity 
change, with conservation scientists focusing on 

species decline, and macroecologists focusing on 
ďoth negatiǀe anĚ positiǀe trenĚs ;�ornelas et al͘ 
ϮϬϭϰ͕ 'onǌaleǌ et al͘ ϮϬϭϲ͕ sellenĚ et al͘ ϮϬϭϳͿ͘ dhese 
Ěiscussions are tightly linŬeĚ to the focal spatial scale 
of change ;local ǀersus gloďalͿ͕ ǁhile highlighting 
the coŵpleǆity of integrating such ŵacroecological 
insights ǁith Ŭey conserǀation actions͕ such as 
iŵpleŵenting protecteĚ areas͕ ecosysteŵ restoration͕ 
or inǀasiǀe species ŵanageŵent ;WriŵacŬ et al͘ ϮϬϭϴͿ͘ 
�onserǀation science ŵay also reƋuire higher leǀels 
of pragŵatisŵ than ŵacroecology͘  ZapiĚ ďioĚiǀersity 
loss calls for sǁiŌ actions͕ ǁhich can ŵean ŵaŬing 
decisions even with high uncertainty and limited 
eŵpirical ŬnoǁleĚge ;SoulĠ ϭϵϴϱͿ͘ Dacroecologists 
ŵay insteaĚ present finĚings tentatiǀely focusing on 
liŵitations anĚ uncertainty ǁithout the pressure of 
neeĚing a recoŵŵenĚation or Ěecision ;Zapacciuolo 
ϮϬϭϵͿ͘ �onserǀation scientists ŵay conseƋuently 
perceive macroecology as too focused on the 
theoretical Ƌuestions͕ ǁithout proposing practical 
solutions or aĚĚressing ongoing ďioĚiǀersity change͘ 
IŵproǀeĚ coŵŵunication ďetǁeen the tǁo Ěisciplines 
coulĚ ďe achieǀeĚ through ŵore hyďriĚ conferences 
;e͘g͘ International Biogeography Society ŵeetingsͿ 
anĚ journals ;e͘g͘ �iǀersity Θ �istriďutions͕ 'loďal 
�hange BiologyͿ͕ anĚ through joint calls for grants 
fostering collaďorations ďetǁeen ŵacroecologists anĚ 
conserǀation scientists͘ � recent analysis on the Ňoǁ of 

Figure. 3. &loǁ of citations ďetǁeen journals ǁhose scope is focuseĚ ŵainly either on ŵacroecology or conserǀation͕ anĚ 
hyďriĚ journals ďetǁeen ϮϬϬϴ anĚ ϮϬϭϳ ;reaĚapteĚ froŵ &ig͘ Ϯ in BenşteǌͲ>ſpeǌ Θ Santini ϮϬϮϬͿ͘ dhe outer circle ǁiĚth 
per journal inĚicates the total citations eǆchangeĚ ǁith other journals͕ ǁhereas the inner circle inĚicates the proportion 
of outgoing citations͘ ϭϯϱ papers ǁere saŵpleĚ in ϮϬϬϴ anĚ all their citations ǁere tracŬeĚ for ϭϬ years ;further Ěetails 
on the Ěata anĚ ŵethoĚs in BenşteǌͲ>ſpeǌ Θ Santini ϮϬϮϬͿ͘ :ournals are laďeleĚ using their oĸcial aďďreǀiation͘
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citations aŵong ecology journals ;BenşteǌͲ>ſpeǌ anĚ 
Santini ϮϬϮϬͿ shoǁs that conserǀation journals ŵore 
freƋuently cite ŵacroecology journals than ǀice ǀersa͕ 
ǁhile hyďriĚ journals tenĚ to cite ďoth conserǀation 
anĚ ŵacroecology journals ŵore oŌen than each group 
cites each other ;&ig͘ ϯͿ͘ dhis suggests that hyďriĚ 
journals potentially serǀe as Ŭey connectors ďetǁeen 
the two disciplines and provide a necessary forum for 
researchers ǁorŬing at their interface͘

If misunderstandings are common within the 
research community, these are even more common 
ďetǁeen the research coŵŵunity͕ conserǀation 
practitioners anĚ lanĚ ŵanagers ;WrenĚergast et al͘ 
ϭϵϵϵ͕ �arĚillo anĚ DeijaarĚ ϮϬϭϮ͕ Zapacciuolo 
ϮϬϭϵͿ͘ Dacroecology anĚ ďroaĚͲscale conserǀation 
stuĚies oŌen coŵe ǁith no or ǀague guiĚelines for 
conserǀation ŵanagers͘ dhis is again oŌen Ěue to 
the Ěiīerent goals anĚ puďlication ǀenues͕ ďut also 
to Ěiīerent ďacŬgrounĚs that haŵper gooĚ reciprocal 
unĚerstanĚing͘ Zesearchers are oŌen unĚer pressure 
to puďlish high iŵpact papers that eŵphasiǌe scientific 
noǀelty insteaĚ of Ěelineating guiĚelines anĚ actions 
ďaseĚ on eǆisting ŬnoǁleĚge ;tilliaŵs et al͘ ϮϬϮϬͿ͘ 
Conservation practitioners may regard academic 
finĚings as of liŵiteĚ ǀalue anĚ too theoretical for 
practical iŵpleŵentation ;WrenĚergast et al͘ ϭϵϵϵ͕ 
�arĚillo anĚ DeijaarĚ ϮϬϭϮ͕ Zapacciuolo ϮϬϭϵͿ͘ 
�ĚĚitionally͕ the oďjectiǀes often Ěiǀerge͕ ǁith 
researchers frequently concerned with understanding 
the processes anĚ iĚentifying proactiǀe actions aiŵeĚ 
at anticipating further Ěecline͕ ǁhile practitioners are 
coŵŵonly liŵiteĚ to iŵŵeĚiate actions on alreaĚy 
Ěeclining species ;�arĚillo anĚ DeijaarĚ ϮϬϭϮͿ͘ 
IncreaseĚ collaďoration ďetǁeen ŵacroecologists͕ 
conserǀation researchers anĚ practitioners can help 
translate scientific finĚings anĚ eǀen refraŵe Ƌuestions 
so they aĚĚress conserǀationͲrelateĚ issues anĚ 
ultiŵately proǀiĚe clear guiĚelines for ŵanageŵent͘ 
�onserǀation practitioners shoulĚ also͕ ǁheneǀer 
possiďle͕ consiĚer proactiǀe anĚ preĚictiǀe approaches 
to conserǀation planning ;�arĚillo anĚ DeijaarĚ ϮϬϭϮ͕ 
draǀers et al͘ ϮϬϭϵ͕ :ĠǌĠƋuel et al͘ ϮϬϮϬͿ͘

Opportunities

SutherlanĚ anĚ colleagues ;ϮϬϬϵͿ proposeĚ a 
list of ϭϬϬ Ƌuestions ǁorth eǆploring in ďioĚiǀersity 
conserǀation͘ te outline seǀeral of those Ƌuestions 
that can ďenefit froŵ a ŵacroecological approach͘ 
&or eǆaŵple͕ conserǀation stuĚies oŌen focus on 
estiŵating ďioĚiǀersity responses to isolateĚ threats͕ 
ǁith liƩle consiĚeration toǁarĚs potential interaction 
eīects aŵong those threats͘ zet͕ such interactions 
are highly preǀalent anĚ eǆhiďit geographical paƩerns 
across the gloďe ;,alpern et al͘ ϮϬϭϵ͕ Boǁler et al͘ 
ϮϬϮϬ͕ Schipper et al͘ ϮϬϮϬͿ͘ Dacroecological 
approaches can help to unĚerstanĚ these relationships͘ 
&or eǆaŵple͕ lanĚͲuse change anĚ cliŵate change can 
interact resulting in iŵpact eǆacerďation or ŵitigation 
;,of et al͘ ϮϬϭϴ͕ tilliaŵs et al͘ ϮϬϭϵͿ͘ Siŵilarly͕  oǀerͲ
eǆploitation of ǁilĚ species can ďe further eǆacerďateĚ 
ďy haďitat loss anĚ fragŵentation that increase huŵan 
accessiďility ;'allegoͲ�aŵorano et al͘ ϮϬϮϬ͕ ZoŵeroͲ

DuŹoǌ et al͘ ϮϬϮϬͿ͕ or siŵilarly ďy the coŵďineĚ 
eīects of fishing anĚ cliŵate change ;,alpern et al͘ 
ϮϬϭϵͿ͘ Integratiǀe assessŵents anĚ ŵoĚels ;such as 
'>KBIKͿ ǁorŬ in this Ěirection͕ ďy ŵoĚeling seǀeral 
anthropogenic pressures on ecosysteŵs anĚ coŵďining 
theŵ unĚer Ěiīerent assuŵptions ;Schipper et al͘ 
ϮϬϮϬͿ͘

�s noteĚ aďoǀe͕ another proŵising aǀenue 
for macroecology is the shift from correlative to 
ŵore ŵechanistic approaches that focus on causal 
relationships alloǁing to ŵoĚel seǀeral ecological 
Ěynaŵics siŵultaneously ;,arfoot et al͘ ϮϬϭϰ͕ 
�onnolly et al͘ ϮϬϭϳͿ͘ �ataͲĚriǀen approaches alone are 
in fact ĚeeŵeĚ insuĸcient to grasp the coŵpleǆity of 
ecological systeŵs͕ anĚ a ďeƩer integration of theory 
anĚ Ěata is oŌen aĚǀocateĚ ;DarƋuet et al͘ ϮϬϭϰͿ͘ 
Dechanistic ŵoĚels can contriďute to this ďy assessing 
hoǁ ǁell the preĚictions of theoretical ŵoĚels aĚhere 
to reality anĚ their iŵplications in coŵpleǆ systeŵs͕ 
therefore suggesting hypotheses to ďe testeĚ ǁith Ěata͘ 
,oǁeǀer͕  Ěiǀerse opinions eǆist in this regarĚ͕ ǁith 
other authors aĚǀocating for Ěiīerent approaches ;see 
e͘g͘ �urrie ϮϬϭϵͿ͘ Dechanistic approaches haǀe ďeen 
successfully useĚ to eǆplore the synergistic eīects of 
haďitat loss anĚ fragŵentation ;BartleƩ et al͘ ϮϬϭϲͿ 
or the occurrence of tipping points anĚ nonͲlinear 
Ěynaŵics in perturďeĚ ecosysteŵs ;EeǁďolĚ et al͘ 
ϮϬϭϲͿ͘ dhese approaches also holĚ great potential to 
inforŵ anĚ iŵproǀe conserǀation anĚ ŵanageŵent 
actions͕ ǁhich has ďeen shoǁn to ďe an unĚerͲ
researcheĚ area in conserǀation ;tilliaŵs et al͘ ϮϬϮϬͿ͘

� future challenge for gloďal conserǀation is 
Ěeǀeloping a costͲeĸcient ŵonitoring of ďioĚiǀersity 
trenĚs͘ �lassical approaches to risŬ ŵonitoring͕ e͘g͘ 
the Ih�E ZeĚ >ist͕ rely on eǆpertͲďaseĚ assessŵents 
ǁith perioĚical reͲeǀaluations to upĚate species 
conserǀation status͘ 'iǀen the high financial eīort 
reƋuireĚ for these tasŬs͕ ǁe risŬ haǀing assessŵents 
only for certain taǆonoŵic groups͕ ǁith those 
assessŵents ďecoŵing outĚateĚ as reͲeǀaluations 
cannot ďe regularly conĚucteĚ ;ZonĚinini et al͘ ϮϬϭϰͿ͘ 
�n alternatiǀe approach͕ oŌen proposeĚ ďut not 
yet iŵpleŵenteĚ͕ is to use coŵparatiǀe eǆtinction 
risŬ ŵoĚelling to Ěisentangle the ŵechanisŵs that 
unĚerpin higher eǆtinction risŬ ;�arĚillo et al͘ ϮϬϬϱď͕ 
BlanĚ et al͘ ϮϬϭϱď͕ �i Darco et al͘ ϮϬϭϱͿ or increase 
species ǀulneraďility to threats such as roaĚ ŵortality 
or ǁilĚlife traĚe ;'onǌĄleǌͲSuĄreǌ et al͘ ϮϬϭϴ͕ 
Scheīers et al͘ ϮϬϭϵͿ͘ Knce traineĚ͕ these ŵoĚels 
coulĚ ďe useĚ to preĚict species͛ risŬ using trait Ěata 
anĚ upͲtoͲĚate inforŵation on huŵan pressures͘ 
WerioĚically upĚating inforŵation on huŵan pressures 
ŵight help iĚentify those species liŬely to eǆperience 
changes in their risŬ status͕ anĚ proǀiĚe eǆperts ǁith a 
tool that can guiĚe reassessŵent eīorts strategically 
;Santini et al͘ ϮϬϭϵͿ͘ WreĚictiǀe ŵoĚels of eǆtinction 
risŬ can also ďe coŵďineĚ ǁith ŵaps of lanĚͲuse 
change to eǆplore spatiallyͲeǆplicit future scenarios͕ 
helping to iĚentify ďoth highͲrisŬ anĚ highͲresilience 
areas ;Woǁers anĚ :etǌ ϮϬϭϵͿ͘

dhe ŵacroecological approach can also ďe eǆtenĚeĚ 
to inǀestigate proďleŵs that are not Ěirectly relateĚ 
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to species eǆtinction risŬ͕ ďut are eƋually releǀant 
for conserǀation science͘ &or eǆaŵple͕ eǆpansion of 
ǌoonotic Ěiseases is ďecoŵing a gloďal concern͕ ǁhich 
is eǆacerďateĚ ďy haďitat fragŵentation͕ increasing 
contact ďetǁeen ǁilĚlife anĚ huŵans͕ ǁilĚlife traĚe͕ 
anĚ ďushŵeat consuŵption ;�hoŵel et al͘ ϮϬϬϳͿ͘ dhese 
issues oīer fertile grounĚ for inͲĚepth ŵacroecological 
eǆplorations that can iĚentify ecological Ěriǀers of 
risŬ anĚ eǆplore ŵitigation scenarios ;,an et al͘ 
ϮϬϭϲ͕ Stephens et al͘ ϮϬϭϲ͕ �llen et al͘ ϮϬϭϳaͿ͕ as 
ǁell as iĚentifying preǀiously unŬnoǁn ŵajor ǁilĚlife 
Ěisease reserǀoirs ;WanĚit et al͘ ϮϬϭϴͿ͘ Siŵilarly͕  fooĚ 
proĚuction can haǀe oďǀious iŵpacts on ďioĚiǀersity͖ 
therefore͕ preĚicting hoǁ cliŵate change ǁill alter the 
geography of fooĚ proĚuction has ďecoŵe a priority 
to plan ŵitigation ŵeasures ;,annah et al͘ ϮϬϭϯ͕ 
<ehoe et al͘ ϮϬϭϳ͕ Wolaina et al͘ ϮϬϭϴͿ͘ BroaĚͲscale 
analyses can also consider how human welfare and 
ŵigrations are relateĚ to cliŵate change͕ anĚ iĚentify 
susceptiďle groups anĚ areas ;Bathiany et al͘ ϮϬϭϴ͕ 
yu et al͘ ϮϬϮϬͿ͕ thus potentially anticipating iŵpacts 
on ďioĚiǀersity anĚ reĚucing conflict proďaďility͘ 
�onserǀation science is interconnecteĚ ǁith ŵultiple 
social anĚ political aspects ;,intǌen et al͘ ϮϬϭϵͿ͘ 
&or eǆaŵple͕ the conserǀation of species that leaĚ to 
conŇicts ǁith huŵans ;e͘g͘ large carniǀoresͿ is not only 
ĚepenĚent on haďitat conĚitions or prey aǀailaďility͕  
ďut also on societal perception ;�rďieu et al͘ ϮϬϭϵͿ͘ 
In this conteǆt͕ ŵacroecological ŵoĚels coulĚ ďe 
fineͲtuneĚ to incorporate aĚĚitional inforŵation͕ 
such as huŵan perceptions anĚ ǀalues͕ anĚ use the 
aǀailaďle inforŵation to ŵaŬe preĚictions in poorly 
Ŭnoǁn areas͘ �Ʃeŵpts in this Ěirection haǀe ďeen 
ŵaĚe ;�ressel et al͘ ϮϬϭϱͿ͕ ďut can certainly ďe further 
iŵproǀeĚ͘

� renoǁneĚ proďleŵ in conserǀation is the ͞ shiŌing 
ďaseline synĚroŵe͕͟  consisting in a graĚual shiŌ of 
the reference conĚitions as perceiǀeĚ ďy huŵans 
;Wauly ϭϵϵϱͿ͕ ǁhich aīects our aďility to Ƌuantify the 
alteration of ecosysteŵs ďy huŵans͘ Dacroecology 
oŌen focuses on the estiŵation of spatioͲteŵporal 
͚ďaselines͕͛  aƩeŵpting to Ěisentangle the eīect of 
huŵans on ďroaĚͲscale Ěiǀersity paƩerns to estiŵate 
the Ěistriďution of species or traits eǆpecteĚ in the 
aďsence of huŵans ;:ennings anĚ BlancharĚ ϮϬϬϰ͕ 
&aurďy anĚ Sǀenning ϮϬϭϱ͕ Zapacciuolo et al͘ ϮϬϭϳ͕ 
Santini et al͘ ϮϬϭϳ͕ >eǁanĚoǁsŬa et al͘ ϮϬϮϬ͕ Santini 
anĚ Isaac ϮϬϮϭͿ͘ dhis is a relatiǀely neǁ research 
aǀenue ǁith ŵuch potential for contriďuting to 
conserǀation͕ for instance in the fraŵing of restoration 
or reǁilĚing actions͘

Dacroecology can further contriďute to gloďal 
conserǀation planning ďy highlighting synergies 
anĚ traĚeͲoīs ďetǁeen gloďal conserǀation targets 
;BlancharĚ et al͘ ϮϬϭϰ͕ �i Darco et al͘ ϮϬϭϲͿ͘ 
�n illustratiǀe eǆaŵple is proǀiĚeĚ ďy the �ichi 
darget ϭϭ͕ ǁhich states that at least ϭϳй of terrestrial 
anĚ ϭϬй of ŵarine areas shoulĚ ďe protecteĚ ;�B� 
ϮϬϭϬͿ͕ ͞especially areas of particular iŵportance for 
ďioĚiǀersity anĚ ecosysteŵ serǀices͕ ΀͙͘͘΁͕ ecologically 
representatiǀe anĚ ǁellͲconnecteĚ systeŵs of 
protecteĚ areas ΀͙΁͘͟  then a liŵiteĚ aŵount of 

area can ďe protecteĚ͕ acŬnoǁleĚging the traĚeͲoīs 
ďetǁeen Ěiīerent suďͲoďjectiǀes ďecoŵes critical͘ 
&or eǆaŵple͕ ďioĚiǀersityͲrich areas Ěo not necessarily 
correlate ǁith areas of high carďon seƋuestration ;�i 
Darco et al͘ ϮϬϭϴ͕ :ung et al͘ ϮϬϮϭ͕ SotoͲEaǀarro et al͘ 
ϮϬϮϬͿ͕ ǁhile ecological representatiǀeness ŵay Ěiīer 
froŵ iŵportant ďioĚiǀersity areas ;Dc'oǁan et al͘ 
ϮϬϭϴͿ͕ anĚ leaĚ to Ěiīerent plans than those that 
ǁoulĚ ŵaǆiŵiǌe connectiǀity ďetǁeen protecteĚ areas 
;Santini et al͘ ϮϬϭϲͿ͘ �n iŵproǀeĚ unĚerstanĚing of the 
relationship ďetǁeen Ěiīerent facets of ďioĚiǀersity 
and ecosystem services is therefore fundamental for 
inforŵeĚ conserǀation planning ;ZoĚrigues anĚ BrooŬs 
ϮϬϬϳ͕ Zapacciuolo et al͘ ϮϬϭϵͿ͘

Concluding remarks
Dacroecology has alreaĚy ŵaĚe suďstantial 

contriďutions to conserǀation science ďy oīering a 
neǁ ďroaĚͲscale topͲĚoǁn perspectiǀe͕ harnessing 
insights froŵ regional anĚ gloďal ecological processes 
;�urrie ϮϬϭϵ͕ Dc'ill ϮϬϭϵͿ͘ � full integration of the 
tǁo Ěisciplines is proďaďly neither possiďle nor 
Ěesiraďle͕ ďut further connecteĚness is possiďle 
anĚ coulĚ ďe ŵutually ďeneficial͘ dhe interface 
ďetǁeen ŵacroecology anĚ conserǀation science is 
a particularly fruiƞul area of inǀestigation͕ anĚ there 
reŵains untappeĚ potential for ŵacroecology to guiĚe 
conserǀation science͕ ďy linŬing crossͲscale anĚ crossͲ
taǆa paƩerns anĚ Ěynaŵics͕ siŵultaneously eǀaluating 
ŵultiple threats anĚ species͕ anĚ generating iŵproǀeĚ 
preĚictiǀe ŵoĚels ;draǀers et al͘ ϮϬϭϵͿ͘ hltiŵately͕  a 
funĚaŵental goal of conserǀation science is to ďe aďle 
to unĚerstanĚ͕ forecast anĚ act on ďioĚiǀersity changes 
anĚ its eīects on huŵan ǁellďeing͘ �onserǀation ǁill 
ďenefit froŵ using all tools aǀailaďle to eīectiǀely 
aĚĚress ďioĚiǀersity anĚ enǀironŵental challenges͘ 
thile ŵacroecology ŵight not proǀiĚe ansǁers to all 
these challenges, it is poised to gain an increasingly 
central role in guiding conservation actions and 
aǀerting the ongoing ďioĚiǀersity crisis͘
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