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Abstract

Conservation biology is a mission-driven discipline that must navigate a new relation-
ship between conservation and science. Because conservation is a social and political as
well as an ecological project, conservation biologists must practice interdisciplinarity and
collaboration. In a comparative study of 7 cases (Jaguars in the Chaco, Grevy’s zebra
in Kenya, Beekeeping in Tanzania, Andean cats in Argentina, Jaguars in Mexico, Lob-
ster fishing, and Black bears in Mexico), we examined motivations for collaboration in
conservation, who can collaborate in conservation, and how conservation professionals
can work well together. In 5 case studies, successful conservation outcomes wete prior-
itized over livelihood benefits. In the other 2 cases, livelihoods were prioritized. All case
studies employed participatory approaches. There were multiple external actors, includ-
ing local and Indigenous communities, nongovernmental organizations, agencies, regional
and national governments, and international organizations, which enhanced conservation
and wider sustainability outcomes. Key collaboration aspects considered across the case
studies were time (mismatch between relationship building and project schedules), trust
required for meaningful partnerships, tools employed, and transformative potential for
people, nature, and the discipline of conservation biology. We developed guidelines for
successful collaboration, including long-term commitment, knowledge integration, mul-
tiscalar and plural approaches, cultivation of trust, appropriate engagement, evaluation,
supporting students, and efforts for transformation.
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Facilitacion de la conservacion de la biodiversidad a través de colaboraciones para lograr
resultados transformadores

Resumen: La biologfa de la conservacion es una disciplina impulsada por sus objetivos
que debe navegar una nueva relacion entre la conservacion y la ciencia. Dado que la conser-
vacién es un proyecto social y politico asi como ecolégico, los bidlogos de la conservacion
deben practicar la interdisciplinariedad y la colaboracion. En un estudio comparativo de
siete casos (jaguares en el Chaco, cebras de Grevy en Kenia, apicultura en Tanzania, gatos
andinos en Argentina, jaguares en México, pesca de langosta, osos negros en México),
analizamos las motivaciones para colaborar en la conservacion, quién puede colaborar en
la conservacién y cémo los profesionales de la conservacion pueden trabajar bien juntos.
En cinco estudios de caso, se priorizaron los resultados satisfactorios de la conservacion
sobre los beneficios para los medios de subsistencia. En los otros 2 casos, se dio prioridad
a los medios de sustento. Todos los estudios de caso emplearon enfoques participativos.
Hubo multiples actores externos, como comunidades locales e indigenas, organizaciones
no gubernamentales, agencias, gobiernos regionales y nacionales y organizaciones intet-
nacionales, que mejoraron los resultados de conservacién y sostenibilidad en general. Los
aspectos clave de la colaboracion considerados en los estudios de caso fueron el tiempo
(desajuste entre el establecimiento de relaciones y los calendarios de los proyectos), la con-
fianza necesaria para establecer colaboraciones significativas, las herramientas empleadas
y el potencial transformador para las personas, la naturaleza y la disciplina de la biologia
de la conservacion. Se elaboraron directrices para el éxito de la colaboracién, como el
compromiso a largo plazo, la integracion de conocimientos, los enfoques multiescalares y
plurales, el fomento de la confianza, la participacion adecuada, la evaluacion, el apoyo a los
estudiantes y los esfuerzos de transformacion.

Facilitacion de la conservacion de la biodiversidad a través de colaboraciones para lograr
resultados transformadores

PALABRAS CLAVE
colaboracion, conflicto de biodiversidad, conservacion justa, interdisciplina, papel de la academia, participacion,
participacion de los accionistas, transformacion del conflicto
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INTRODUCTION

Conservation biologists seek understanding of ecological pro-
cesses, but are also interested in the normative goal of
biodiversity conservation (Soulé & Orians, 2001). Conserva-
tion biology is thus a “mission-driven discipline” that has to
navigate between science and conservation (Baumgaertner &
Holthuijzen, 2017; Meine et al., 2000; Soulé¢ & Wilcox, 2014).
Biodiversity conservation is also a social and political process
(Lele et al., 2010). Although the ideas of contemporary conset-
vation are Western in origin (Adams, 2004; Meine et al., 2000),
diverse cultural and geographic perspectives of conservation are
required (Whyte et al., 20106). Conservation biology “rests on the
assumption that biological diversity (species, communities, and
ecosystems) ot aspects of it are good and have intrinsic value or
values” (Baumgaertner & Holthuijzen, 2017), but increasingly it
embraces a plurality of biodiversity values (Pascual et al., 2021).
Conservation is especially challenging in the Global South (Reed
etal., 2016), and biodiversity hotspots there are often associated
with cultural and linguistic diversity (Gorenflo et al., 2012). Cul-
tural and temporal variation occurs in biodiversity values, and
there has been a shift in conservation biology from “nature
for people,” “nature despite people,” and “nature for itself” to
“nature and people” (Mace, 2014).

Biodiversity loss is one of the most significant global sus-
tainability issues (Rockstrom et al, 2009; UN, 2015). It is
exacetbated by accelerated land-use change, deforestation, per-
sistent poverty, rapid cultural change (Gardner et al., 2009),
and globalization (Davis et al., 2020), including large-scale land
acquisition and deforestation (Davis et al., 2020) and wildlife
trafficking (Kurland & Pires, 2017). Global drivers interact
with local threats to conservation, although local practices can
enhance biodiversity (Adams, 2004). These external and local
pressures create differences in goals and expectations among
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groups and individuals. Such divergences can emerge as bio-
diversity conflicts, when one actor or group acts against the
needs and interests of another and at their expense in relation
to biodiversity conservation (Marshall et al., 2007). Partnership-
based, pluralistic, and dynamic approaches to conservation are
needed to understand and address conflict and produce socially
just conservation solutions (Gavin et al., 2018).

We drew on case studies to explore how such partnerships
can be developed in practice, through interdisciplinary, partici-
patory, collaborative, and transformative approaches. We sought
shared experiences and lessons learned from academics and
professionals who have been working with others to facili-
tate a range of conservation and development projects and to
reflect on alternative ways of framing and tackling conservation
challenges. Specifically, we asked what motivates conservation
biologists to work with others, with whom can they work,
and how can they work well together with other actors? We
drew on lessons learned to suggest guidelines for such part-
nerships. We sought much needed empirical insights into how
nonexclusionary, dialogical conservation approaches that con-
sider socioeconomic and cultural as well as biological outcomes
can function (Lele et al., 2010). This article is a collaborative

synthesis that emerged from a symposium at an annual meeting
of the Association for Tropical Biology and Conservation. We
use the term conservation biologists to indicate the roles and expe-
riences of conservation scientists and professionals focusing on
biodiversity conservation. We are all academics who fill multiple
roles; hence, our perspective is also grounded in practice and
informed by action research (White, 2013).

First, we addressed the imperative for interdisciplinary
research. The integration of conservation into a broader fram-
ing of sustainable development (UN, 2015; White, 2013)
recognizes that conservation is a social and biological project.
Social sciences are required to support conservation biology
(Mascia et al., 2003), although there is a difference between
social science for conservation, which shares the normative
goal of biodiversity conservation, and research on conserva-
tion, which explores the theories and practices of conservation
(Sandbrook et al., 2013). Social scientists can tell the sto-
ries of communities and illustrate different perspectives on
conservation (e.g, Drury et al, 2011). Interdisciplinary and
transdisciplinary research frames interrogate and analyze a
problem synergistically via multiple disciplines (Brister, 20106)
and can meet real-world challenges (White, 2013) and sup-
port democratization of science (Carolan, 2006). The boundary
between conservation biology and other disciplines has become
more porous (Meine et al., 2006). However, interdisciplinary
and transdisciplinary research is difficult, time consuming, and
risky (Ledford, 2008) and presents multiple practical (Campbell,
2005) and epistemological (Bristet, 2016) challenges.

Second, we considered nonacademics with whom we could
work to enact a pluralistic view of conservation. The term
stakeholder emphasizes stakes and interests, and we prefer actors
to acknowledge their legitimate roles and to reduce the initial
emphasis on competition and potential conflict (Lecuyer, White,
Schmook, & Calmé, 2018). Actors may include civil society
(including local communities and nongovernmental organiza-
tions [NGOs]), local and national governments, the private
sector, and hybrid roles (White et al., 2018). Actors have needs,
values, and different forms of representation, and why and
how they should be engaged needs consideration. For instance,
Indigenous peoples have moral legitimacy and make practi-
cal contributions to biodiversity conservation and should be
given a greater role (IPBES, 2019; Sobrevila, 2008; Whyte et al.,
2016). Local communities should be engaged to achieve ethical
and practicable solutions to conservation (Mishra et al., 2017;
Vermeulen & Sheil, 2007).

Third, we explored how different actors can be engaged.
Participation is a concept and practice that incorporates dif-
ferent forms of engagement and can be both a means and
an end (Parfitt, 2004). There is a ladder of formats ranging
from tokenism, to communication, to empowerment (Arn-
stein, 1909; Pimbert & Pretty, 1995; White et al., 2018).
More empowering forms of participation include collabora-
tion (Davies & White, 2012), codesign (White & van Koten,
2016), and partnership (Leach, 2002). The greater potential
benefits of empowering forms of participation are offset by
human, institutional, financial, and time resources required
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to achieve them (Kapur, 2001), and a pragmatic strategy for
participatory activities may be required (White et al., 2018).
Participatory approaches can identify more effective solutions,
enhance buy-in of strategies, and deepen mutual trust and
relationships (Blackstock et al., 2007; White et al.,, 2018). If
undertaken carelessly, however, they can have negative conse-
quences, including exacerbating power inequalities (Cooke &
Kothari, 2001). Participatory action research involves a nonhier-
archical collaboration between researchers and participants to
address a problem through novel thinking and action (Kindon
et al., 2007). This approach is particularly relevant for conserva-
tion because its normative impetus blurs the boundary between
knowledge production and implementation (White, 2013).

METHODS

We conducted a comparative case study analysis. Case studies
focus on bounded systems; are time and work intensive; offer
rich and detailed data on holistic systems; can have an element
of development, revealing a longitudinal narrative over time;
and are important within their wider context (Baxter, 2016;
Bryman, 2012; Creswell, 2013; Flyvbjerg, 2011). We selected
critical cases (Bryman, 2012; Flyvbjerg, 2011) in which we iden-
tified engagement with nonconservation biologists to explore
the broad phenomenon of democratic and applied science and
the more defined problem of enhancing biodiversity conser-
vation. Comparative case study analyses employ multiple case
studies (usually not more than 8) to provide a more struc-
tured research approach, but, in doing so, one needs to balance
contextual insight (Bryman, 2012).

Comparative case study analysis requites selection of appro-
priate case studies and interpretation that enables theoretical
reflection (Bryman, 2012). We used purposeful maximal sam-
pling (nonprobability judgmental or expert sampling) (Creswell,
2013) for our case studies. Authors self-identified after presen-
tation in our symposium, and each author contributed to 1 of
the case studies. Case studies focused on Jaguars in the Chaco,
Grevy’s zebra in Kenya, Beekeeping in Tanzania, Andean cats in
Argentina, Calakmul Jaguars, Lobster fishing, and Black bears
in Mexico (Figure 1. Narratives were originally developed for
each case study through a guided approach between the first
and coauthors, which supported critical reflection and allowed
the context and development aspects of the cases to be illus-
trated (Flyvbjerg, 2011) (Appendix S1). Such processes tend to
expose and overcome inherent bias (Flyvbjerg, 2011). Each case
study was structured in response to the following questions: why
did you work with others, with whom did you wotk, how and
to what extent did you work with others, what were the conse-
quences of working with others, and what were the benefits and
challenges of working with others?

We undertook embedded scrutiny of specific case study
aspects to develop a thematic cross-case analysis (Creswell,
2013). This analysis was largely inductive. It emerged from
the case studies themselves and allowed us to generate new
insights; deductive elements were derived from existing theories
of conservation (Baxter, 20106). We undertook 2-phase coding

(categorization of themes and unit codes) with double blind
coding synthesis. A suite of codes was developed from research
questions and modified to address narrative content (including
project aims, motivation, time frame, who was engaged, and
outcomes). Coding was undertaken by RM.W. and B.S. from
the full narratives. A second round of questioning sought addi-
tional insights to strengthen the comparative analysis. Coding
was then verified and adapted. Themes were developed from
coded categories for interpretation and discussion. Results are
presented as vignettes of individual case studies from the per-
spective of the conservation biologist who was involved in the
case study (abbreviated in text and longer in Appendix S1) and
as summary coded outcomes (Table 1).

RESULTS

Jaguars and landscape management in the
Chaco

An initiative started in 2008 to address conservation needs
of the jaguar in the Gran Chaco. The initial focus was on
Paraguay, but transboundary goals are now being pursued
(Bolivia, Argentina, Brazil). Very rapid deforestation and a lack
of connectivity were exacerbating negative interactions between
jaguars and landowners. This shifted the initiative’s emphasis,
and the jaguar was used as a tool and metric for wider landscape
conservation and connectivity across the Chaco. Collaborative
engagement with senior government officials, multiple NGO
actors (mostly national and local), and associations of cattle pro-
ducers led to some power devolution with mutual benefits for
jaguar populations, ecosystems, and local actors.

Reducing conflict around Grevy’s zebra in
Kenya

Grevy’s zebra (Equus grevyi), with fewer than 3000 individuals, is
one of Affrica’s most endangered mammals (Williams, 2002). An
initiative, starting in 2014, focused on building field capacity in
conservation conflict transformation. A prominent local NGO
(Grevy’s Zebra Trust) facilitated more sustainable conservation
outcomes for the zebra. They sought power devolution to
local actors who could transform conservation conflicts and
stimulate peacebuilding between communities. Both social and
conservation gains accrued.

Beekeeping as a livelihood option in Tanzania

The socioecologically important miombo woodland ecoregion
covers approximately 3.6 million km? across central and south-
ern Africa. Currently threatened by deforestation for charcoal,
agriculture, and pastoralism, it is a conservation priority (Jew
et al,, 2019). An initiative began in 2001 as a response to a
conflict situation in which local communities were deprived of
their right to use natural resources in a large protected area in

85UB017 SUOWWOD 3RO 8|qeotjdde ayy Aq peusenoh a8 o1 YO (88N JO SaINJ 0 AkeidI T 3UIIUO AB|IA UO (SUORIPUOD-PUE-SWBI W00  AB 1M Ae1q 1 Bul UO//SANL) SUORIPUOD pue W L 83U} 885 *[£202/60/T0] U0 ARiq1TauIUO A8 |IM ‘20110 [eueD yBinquIps ‘SSN Aq £S0vT IG00/TTTT OT/I0P/W0D" A8 | M AReiq1BuU0"01GUOD// SRy WOy papeojumod ‘0 ‘6ELTEZST



15231739, 0, Downloaded from https://conbio.onlinelibrary.wiley.com/doi/10.1111/cobi.14057 by Nes, Edinburgh Central Office, Wiley Online Library on [01/03/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

—
N
o

o
v

CONSERVATION BIOLOGY

(sonunuo)))

ODIXIA] UFISLIYIION

359103 YO PUE dUI]

(srzuvonaomr

susi)) ¥eaq e[

SIDIGUOD
SJOATUFED $SIIPPE
0} $a1321e18
UONTAIISUOD
Suneuiduo
Lrunwwod
303 o1doad Tesor
JO 2DUISIXI0D
PUE STOISIA

oU) puelsIOpUN O,

SOTOATUIED

288 I91P0

pue Jeaq or[q

JO TOPEATISUOD

£301edpnred

Ul SONTUNUWWOD

[eo0] Surdesua
30 skem Suprodxy

199loxd
(DILI$2T UONOE
st uto3uo ‘G107

ueaqqrie]) UBIIXIA
‘ooy rUTIUIM()

3993 [810D ‘UBID()

(sdaw smagnupy)
3918qof Aurdg

2anesadood

o somodwd

put sorsorens

Surysy a[qeureisns

urdsopun

01 20UDPIAD

synuas apraoid

01 porsad Suoy e

IOA0 SOTAPEDL Aq
JUdWIFESUD 2sNJJI(]

ODIXIN
ur U»?ﬁ.GMUQCCU
Supysy Arunwwod
® jo Liqeureisns
Supueyud

pue Surpuesiopu)

Furo8uo
‘s78aL ()¢ 1SE[ JOAO
POAJOAUT $OIWIDPEIE

MIYD PUE NI ‘BIATOG
01 Surpuedxo 1nq
eunuaSry NN paivlg

pueqniys

PUE PUB[SSEIS 2ULIUOJN]
(oaeqooml”

SupirdorT) 183 BEIPUY

Surpuny UONEAIISTOD
01 $$900¢ pasozduwr 703
fumiroddo opewsesd

‘UONEBAIISTOD

JOJ SOMIUNWWOD

[e20] 23e3uD 01 paou
SS2IPPE puUE 2ZIUZ0d9Y

SPOOYIAT]
[eso[ aaoxdur
03 §Jed Ueopuy
BuIsn pue UONEAIISUOD
arpria 2a0xdwuy
01 $aNUNWWOD
[e20] SuideSu
yoeoxdde

JUSIIFIP ¥ A
Buroguo ‘yuowasesud

OJIXITA
‘anzosay aroydsorg
[nuerer)

o) PUNOIE puUL UJ

159303 A1p Teardoxy,

Jenge(

2onoexd

JusWoeUBW

101gU0d

01 2INqITOD

PUE 1DIFUOD

moqe suonsanb

[Eon23091)

JOMSUE 0}

ox1s0p ‘worssed pue
2ouaradxd [PUOSIO]

woy) odeurw

01 $21301eMS

reonoed dopaop

PUE SI2IHTOD

£a1s30A1pOIq
Surpueisiopu)

SuroGuo ‘sreak
02 303 JuowaFesud

BIUBZUB],

159307 A1p [eardosy,

PUL[POOM OQUIOTIAT

suondo
POOYIPAL 10§
ordoad jo 1sonbos
‘eare paroayord
0] $S920®

J0 paaudop
wUMtCSEECU

[£20] 239UM 1DTYUOD)

S2WOIINO
POOYIPAY
MUEN TONEBAJISUOD
170ddns

01 Surdoayaogy

Furo8uo
‘wesgord e
0JUT PIA[OAD PUT

eAUDN] UIIION]

ruueALS

(a2 sunbry)
©IQa7 5 AA210)

2DUDIIIIP € ONEW
03 231s9p ‘ojdoad
pue o1prm
UBDLIJY O]
vorssed [euoszod
9ear) AIno9s
PUE UONELATISTOD
© SeA 1DI[JUOD
[E0s 2s1E29q
Surppmgooead
U0 $Nd0J
‘UOPEAIISUOD
©Iqa7 5 AA030)
Papa92u OON
©IqaZ 5 AA210)
paroSuepud
punoze Sup[mq
2oead pue
UONEWIOJSUET)
1DIYUOd
ur uipimq
foedes ygnomp
UONEBAJISUOD
Sunzoddng

SuroSuo
SATIENIUT JOPIA

BUNUISIY
‘eraroq “SenSered

‘odey)) ueIo)
BUUBALS PUE }$910,]

(vouo vasqrurg) yenSe(

UONEAIISTOD
307 Arumzoddo
snewderd
o8pamony
[es130[020 uy ded
paaraazad ansind
01 fyrumzoddo
[ENID9[[PIVL B3I
U UT JUDUISIATY
[evorssajord

‘vorssed [BUOSIO]

028y ULID)

o ut soopoead

S[qeuTEISTIS

PUE UONPATISTOD

adeaspuey 105 [001
® se syendel Surs)

uonedo|

1e31qeY UTBIA]

sopads urey

Apras
N %) MC ECﬁNEMCM

JOJ UONEADNOIA!

SND0J 2ANENTUT

(3125 30 s3op0)
©OIE 9 UT FOoMm

[mun (UJ voyd ‘aapesodood fronwwods 410z JOPIM INQ WOIJ 190(03d wo EOpI nq parordwod Pa13Els SADEDIUL
190(03d sxsewr ‘600z STOYSY 1S3 Q96 | ODUEI[E 18D UBIPUY ‘6661 19loxd (qud v10T ue Se PalIvls ‘100¢ 19l0xd 410z Buroguo ‘g0z Spowr pue 23]
frszoaTun ‘pueposg OON
‘uonmpsuy pur uonmnsur uopmpsuy
1mpsur OON PuE vonmnsur UDIEISIT ‘OITXDIN] [SRETEREH] OON DIEISII pear o odfy
K1s30ATUN ‘OITXITN] [OILI8IT ‘OITXIN [0IL2$0F CUNUISTY (frs3oATUN ‘eprUE)) PULIZING pue AQrs1oatun ‘Y pue OON VSN put pes[ 3o BoREdO0 |
(1) oW (9) 0oxOW (6) eunuadry ) (¢) eruezuey, (2) ehuoy (1) 02eyn
ur yeaq sperg ur Surysy 1918qo ur S1BD UBdpuUy 0OIX9A ur syengef ut Surdosy sag ur eIqaZ S AAID) ay3 ur srengef

Idqunu pue dSwey Apnis ase)

$)30JF9 TONBAIISTUOD 9ATIRIOQE[[OD JO SIIPNIS 9SLd EuUuwMEOﬁ worjy ‘ss9003d MCSUCU PIOUOI39T 93 WOIJ PaALOP .NHN@ %Hdgaﬂm

1 4TdV.L



15231739, 0, Downloaded from https://conbio.onlinelibrary.wiley.com/doi/10.1111/cobi.14057 by Nes, Edinburgh Central Office, Wiley Online Library on [01/03/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

WHITE ET AL.

—
N
P

=]
o

(sonunuon))

Suipng

fapedeo jo

nsa1 e se syoedur

Surpmq 2oead

pue sowosno
UONELATISTOD suonn[os
21en[EAd Paseq-pooyIaAl]
2sq 22UIPIAD 92IJUOD OTWISAs pue
1A IS0 2DINOST puriszopun OIWOVOIIONOS
JUDWUIIA0T orqeurersns 170ddns sgondo Surpuny ‘510108 SSOIDE ‘[eonoexd
pue SOON 01 SEA SOTWIPEdE uopim pue Loedy§0 Juswdopadp 2ATEISIUT
‘sopIsIoArUN J0J uonEAROW asearour ‘sdiysromred drysuonepos sormbox
‘(sympe pue ‘ynok 930ddns Jop30q-55032 doPaop 121gU0d 92IYTOd UONEAIISTOD
RCquEuv E&cum 303 JUDWUIIAOT 03 paau u%uumbm $SO[ PUE SAWOIINO VI UONBAIISTOD ‘UONBAIISUOD
[90] :paA[OAUT £qqor 01 ‘omssard Jouop UOPEAIISTOD 303 vorssed 01 yorordde 22ULUD
9q 03 PI2U $I031E pue JuowoSeurw STOUI0 WO} MECEE 39339 03 pEa[ ‘UOTIDIATOD »?NG:QUW%HEE 01 muﬂmﬁwﬁm
[1008 [[€ 323 J21]2q pue ssa0ons Jurysy ur1so3 U1 ‘yorordde P[NOd UONEIOE[[0d [evosyod ue snewderd
pue $9ss003d D\wCH&EM 0} sea %ud:ﬂ&MUwﬂﬁHUu:M REJCRRICRN DHCMQNM n:CﬁNQHUm:CU wcﬁmz DUCDHM'«WMT »CCﬁN\w.NwaCU

sI2Ysy Arunwod 01 ‘Surpuelsiopun 2dULYUD puk € oYW 0) 9IISP DIOATUFED 4SIAYI0

UONEAIISUOD
1\@ $8220nS8 .MQv« UHMwUD

.HC.« cnuﬁﬂxﬁucz

UT 195211
@CN uoneAnowr #.NECWHMAH

UMEDTNUN HCM MMMWUQ

spooyraar 170ddng

‘vorssed [eUOSIO]

MCM EcﬂwwN& #.NCCWHUAH

I roM Ay X\

Suruuerd Surprmq 2oead
2sn-pue| pue PUE UODEAIISTOD
vonenogou QuoweSeurwod JOJ SI0IOT 2I0W 0}
[eantod sisA[eue asn-pue| Lrunwwod Suippmq Loedes $1321e1S
sdnois8 Hunuwwod PuUE JudWIFEULW pue JudWISEUTW ‘Surdooyaq UONBAIISTOD 2ATLISANUT pUL
09 woiy 20JN0S2I 19119 SIIPUOd Supioddns f[uo-OoHN woxy snsioy 01 A[uo
SONSST UONPATISTOD Surqeud sorwapesr [enUISSD STIUIWITeIUD frs30A1POIq JO 03 (ya7ea591) SN0 1DTFUOD UONESHIW 12[JTOd
ur uoneiuasardos qia diyszouised o3 fAunwwod SUOISUDWUIP [E1D0S suondo [100S DTwIsAs wozj O[eds 1eqey
SO (A 190(03d 2apesadood 1T TONEZI[Lds Jjo vopesodxo PpooYIPAL 0} STDOJ IPTOd 01 sopads woy
sdnoi3 Surpnpur fronwwod 01 SNDOJ 2FLISIT 01 sNd0J JO JUDWISSIsSE UONPLAIISTOD ‘uonoE 01 22UIDS Juowdoanap
01 £307025 wWoI3 Iy woxj YIS UONPATISTOD WO IS [£2130[029 WOIJ IS woij Yy woiy YIys [£2180[029 WO IS [eupmsuoT
£8arems
pue[poom UONEATISTOD SOADNUOUT
ODTXDJA] ISEIYITOU ODIXDJA] UFIYINOS OquIOTA!  ura Surppmg SIWOUT02d
U[ UONEATISUOD JuowoSeUTWw puL U $OW02IN0 UreIULZUL], 2oead pue pue soonoeid
F89q R[] 2SN 22INOSIT [EINIET UOPEAIISTOD Ul SuOnoE UOPEWIOISULH S[qeurEIsns
UaI3uaNS PMod ODIXIJA] UIOYINOS o[qeureIsns y3nory 2duULqUD UONEAIISTOD 1DIFUOd YInory 30 vonevvawadwr
SIMIUNWWOD [EI0] ur $91393E7s SUTYSY spooyreal Suraorduwr 01 SIITYUO0d £q poouanpur ©Iqa7 S AAD30) o1 ySnoxyp
pim sayoeosdde o[qeureasns dofpasp £q voneazaIsUOd AszoATpoIq SONIUNWWOD JO UONELATISTOD sopads pue
A3oredpnred 01 2apeIadood SJI[PIA UT SONIUNUWIHOD $S2IppE JOJ SPOOYI[IAT Supooyye 1DIPUOd adeaspue 0oeyD)
moy o0[dxr Burysy [esor 130ddng UBOPUY [£00] 93e3ur] put puelsiopu) QANBUIAN[E IPIAOI] [e1208 2onpay UEBIO) 0AIISUO)) wry
) (©) ool © (©) vruezur (o) vhuay o) squinu pur
ODIXIY\ UT J82q y2e[g] ur SUTysy 391sqOTT LUNUDSTY UT 18D UBIPUY () oorxay ur syenge( ur Surdooy] 2og UT 2307 S,AA070) 0dey)) oy Ul syende( sweu Apns ase))
(1) oo (9) 0o (5) eunualry ) (¢) eruezuey, (2) vhuay (1) ooeyp
ur Jedq Moe[g ur Surysy 1918qo Ul $1Bd UBdpuy ODIXIJA UT syenSef ur Surdooay sag Ul 8IqZ S AAd10) ays ur syengef

JoqUINU pue dWeu Apms ase)

(ponunuon))

I HTdVL



15231739, 0, Downloaded from https://conbio.onlinelibrary.wiley.com/doi/10.1111/cobi.14057 by Nes, Edinburgh Central Office, Wiley Online Library on [01/03/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

—
N
o

o
~

(sonunuo)))
(spounoo a3eqa (0o170d 30
PUE S[IPUNOD SJOIYD 9Te[[IA JO
SOX. SX. SOX. SO 1DLASIP) SIX sopUaSe Hunod) sox SOX. JUIWUIIA0S [L207]
SO SO SO SO SO SO SO sanIuNWIwod €207
SINISTIoATUN
(LYNYVINAS
HAVNOD
VIIVOVS
ANVNOD)
‘S1813L1031098 301598 WSIINOY
QUIWIUIIAOS SOON ‘sopIsyoATUN
[euoneu JdaNN £oua8e seare paroayord adnq Louoy SoUIGE ‘syoonpoird omed
SIUDWTILA0S [€d0] 01995 21eand QuowuIAA0SF [euIA0Id ‘sassoursnq JUDWUIIAOS [ED0] JO SUONEIDOSSE
OV DHATAOD) JUIWUIA0T pue [e20] ‘(§popp OON Supuny @a10d S, OON SOON
SOON ‘(AEop oy [euonEu pue o3 pue SINpe ‘YPInok ‘STOBLUBW 2ATISIT Aydon ‘szowurey I2U0 [IPUNnod [e20] ‘(AenSereg
pue ‘simpe ‘qginosk [820] ‘soTwopEdE U2Ip[IYd SUIpNUI) ‘SI9YBW UOISIIP ‘sopuade UONETAIISUOD FUSWUOIAUH
waIp[IYD SuTpn[oUY) ‘oaperodood SONIUNTWTOD ‘SIOUDULI ‘SIOWIL] UONEATISTOD puUE SOpRIUNWIWOd 3O ARSTuTy) swoym
SONIUNIIWOD [E20] Supysy Lrunwwon) [20] ‘SANISTIATUN ‘SOON ‘SONTUNTUIOD [E207] ‘SONTUNIIIOD [E20] [220] ‘13818 OON JUOWUIIA0) A SUDIOA\
W (9) oaray © (¢) euezuey, (0) efuoyy ® Joquuinu puv
ODIXDYA UT J82q 2e[¢] ur SUTYSy 393sqOT PUNUISTY U $18D UBIPUY () oorxayy I syene( ur Surdoay] sog Ul BIQoZ S AA010) 0deyD) oy Ut syende( sweu Apms ase))
(puerozaimg
UIDISH\
Jo s1ry pue
soouaPg parddy SIUOWUIOA0T
Jo frszeatun) pu ‘suopepunoy
‘wonezadoon) ‘s10U0p
130ddns eonoesd J0J UOREIIPI] syouop [EUONEUINUT
1SN} [LUORLUINUL pue ?u%C?uu sop@oyIne BADUID)) [euonEUINUL wc%EuE
‘uonEpuNOy JO UONEUIqUIOd [£90] STOUOP [ENpPIAIPUT mnsur JOUOP SSING pim (Osniy, viqay, CSHTDHAS) 130ddns
mucduw ﬂﬁem »Uaﬁ JOAO @wxﬂz AWOOZ JfeuoneuIaluy JUMNUWUH »%MMWHMNVMQD WUl OON ﬂ&gw mn%xwwumUv OSSN OON 22IN0SAT JO MCMTQSE
(1) oorxoly (9) oo (6) eunuadry () (¢) eruezuey (2) ehuoy (1) ooeyp
ur Jeaq Soerg ur Surysy 1915qo| UT $1€0 UBIpUY 01Xl Ut syenge[ ur Surdaay sog Ul IQZ S AA31D) oy ur syengef
b
quu Jdqunu pue dwey Apnis ase)
Q
m (ponupuoD) [ TAVL
=
=
&
Z
Z
S




15231739, 0, Downloaded from https://conbio.onlinelibrary.wiley.com/doi/10.1111/cobi.14057 by Nes, Edinburgh Central Office, Wiley Online Library on [01/03/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

)
M (sonunuon))
4]
= W (9) oaop © (¢) eruezuey, (0) efuoyy ® Joquinu puv
W ODIXDYA UT J82q 2e[¢] ur SUTYSy 393sqOT PUNUISTY U $18D UBIPUY () oo1xay I syenge( ur Surdoay] sog Ul BIQoZ S AA010) 0deyD) oy Uy syende( oweu Apns ase))
4MOY] STAIO A SUTFON
JudWaFeUTW
QATISIT
2aneradood Surysy 10} 291WWOD sapoyIne SOON
uorun JUCMWU\Vﬂ MNUC‘H »ﬁmC.DEECU M&UC‘H HCUECHU\VCM ﬁNMUCM\wOHﬁH U>ﬁdunuﬂﬁzcﬂv %HGMUMTE_ @Ed UUﬁOﬁH ucwamcﬁw\wwg wuﬁwﬁguw »Uﬂﬂ._ﬁm mHULuO
(Kmoymy
FHPIEA (Gammousy
(oa0qe (sxoBeuewr BIUBZUE], UL 30 AnsTury
SIUDWUIIA0S 2axa89y 25aydsorg $901ATOG 15930, JUIWUOIAUE] sopuIge
[BUODEU 995) SO SOX SX [N E[ED) SIX BIUBZUET) SO SOX JO ARSTUTIN) Sox JUOWUIIAOL)
(Sunoyrewr
(s32130dx2 ‘vonnqrisIp
(s104nq £ouoy ‘srourrey 399 ‘wispnol
J938qO] ‘ssaursnq (s3oypuUes ‘sassaursnq ‘SUOPEIDOSSE
ON Surysy £g) sax ON ‘STOUWIIE]) SOX Sununy Aydon) sox ON IOUDUL 9[ILD) SIX 101098 BALI
SIOYDILISIT
w®> m@% m@% w@% w®> m@% w@% UMEDTNU(&
OV DaATA0D
‘OLIBIIuNWO.)
C:OHHNWUD
£ 91ISIATIS BPIA
9P UOIPAIISTOD)) SIX SOX SOX. EN SOX SOX (owos) sox. SOON [L20T
(asnxy, proggmy) sox (daNDN) sox SOX SOX SOX SIX SOX SOON [PUONEUINU]
(VIIVOVS Pood
PUE SOIIOYST]
Quawdopaad(y
eIy D0ISIAI]
QImmopsy
ANVNOO
‘seore pajoarord
[erniey 303
Apoq si1 ysnoxyy
LVNIVINES
£5903N0SIY [EFIEN]
PUT JUSWUOIAUT] (wspmoy, pue (fenSereq
ISOLISTUTW U LADVNOD 22JN0SIY [eIEN (901870G JUIWTOIIAUT] 1UDWUIIA0T
[e39Pa]) SOX SOX (£ouoe VEN& [euOnEY) SOX ﬁmscﬁtv SOX 3O ARSTUr) Sax IJIPIIA\ BAUDY]) Sox JO ARSTUTIN) Sox [euoneN
(1) oorxaly (9) oo (5) eunuadry () (¢) eruezuey (2) ehuay (1) 0oeyp
ur ye3q yoe[g ur Surysy 1915qo] ur S1BD Uedpuy 0DIXIJN U srenSef ur Surdosy sag Ul IQZ S AA3ID) oyp ut syengef
- IquInu pue dureu Apnis ase))
N
~
= (ponupuo)) T ATAVL



15231739, 0, Downloaded from https://conbio.onlinelibrary.wiley.com/doi/10.1111/cobi.14057 by Nes, Edinburgh Central Office, Wiley Online Library on [01/03/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

I
kS
=
(sonunuon))
1818 OON
01 puE [PUNOD
UOPEAIISTOD somod
01 Jomod JO TORN[OAID BOT
Jo vonnjoadp 2)eWNN {PIAJOAUT
SUORMINSUT wre {(Sutuuidaq aNSSI PUE J0IOT
SANEBIOE[[0D wo3y diyszomred uo Surpuadop
UONEAIISUOD (paroadxa Surprmq 30} uonuAUI sidepe ‘posres
J9Y3 pue uey syuedpnred samoypne Burpnmq swarqord aajos
$189q YIB[q PILMO) 10M0J) SIIAIELNS JudwoSEULW fpedes pue 01 ssousuIm
suonoe Sunyel pue PUE $92IN0SIT WSHINO) 2ATOAIP SISATeuE 12T U0D) pue yaeanno

premoy suondoozod

Aynuopr A[pansofod

pue omodwd

vonedpnyed

0 ssa001d

Surssordxo 01 sdoysyrom preoq 01 TONUANUY eonoexd Koo pue ‘opmmie ‘Owp
UT UIP[IYD pue sdryszomred 100(03 Azoredpnred 9ADEIOQR[[0d Y} JE]D {SOA[SWIYD vonedpnyed 3o10 diyssomzed
UIWOM ‘SIDIET) 30 3do2oE 03 95001D ‘sa3e[[Ia UL WSENO) Pim JuwSesud $92IN0SIT o[qeud 01UI pasow

[e20] SuiGedua 1ey) Qrunwwod 9qrUIEISTS VO 2SIN0D ysnoryp [ernjeu oSeury 01 JIoMouweI] nq vorstaord
ysnoxyy sassad03d pasomoduro ‘sdoyssrom Surppmg PUE (230503 01 SONIUNWWOD UONPWIOISUET UONPWIOJUT
Azoredpnreg Aq woAn(q fapedes Kpmis Liqrsea,| ysnoryp £roredonieg Jomodure o1 wry 1DIPUOD $35() HAEIRIAIN
(soouams
UOPEDTUNWIWOD
TEN uopednpo
[BIUSWUOIAUD ("212 4BojoypAsd
Surpnpour “Sojodopue
‘UONEUTISSIP [L120S SSOIOT
PUE SSOUDTEME $OIILINI] VO (shoarns oympria
[PIUSWUOIIAUD (83070092 #03p quouniedop pue ‘s1n0ds (odoad 230w
pue €3o[029010s Q1D “Aydergoas ASoro1q ® ur (qud [e20[ Suturen (Surpping IA TONEIOGR[[0D
pue 43ofoos Surpnpur Azeurdosipiorur ‘uSIsop spoylow 2oead pue ysnoxy uey s[rys
“Sojodompue ‘SoTOpESL (ssa0ons ue Surop pue ysnory parsisse UONPWIOISUELT) a3ow Jo uondope
BurajoAur jo o8ues O[] YA UOPEAIISTOD Aydes80903 ‘sorpmis s1s130701q 1IyUod ysnoxyy ozowr
SONIUNWIOD e sdigsuoneos PUE WSHNo) Anpqeureisns CUONEIOQR[[0d ur &3mbud Jo ppy ‘LSojodormpue
JIIM SUONIRINUL wa) 395U0[ paseq-Arunwwos 92UDIDS L120S doposop Areurdpsiprojur [e1D0s

‘suonemndod pue syuapms JOF 90UDIDS [B1D0S TIIM 4307022 Surpnpour puE $182523UT pue o) JO 23MIEY papnpur 199(oxd
J82q YIE[q I9U10 puE (Y JO sdryszomaed dopaaop 20NTWWOod soyeas ynuopr o) UT 230W VI T “[oM ST 20UdIDS

Jjo £3of01q pue Joquinu papnpur 01 Pat ‘WSENO) yd vo Sumep 01 Suryrom snooy £30101q [e1208 0IUT paAOW
£30[020 :yorEIsIF fmreurdosiprorur ur JuapmIs ajenperdisod ‘Kreundosiprorur SISIIUDIDS [B1D0S UONEBAIISUOD nq £307029

JO SpuEms ¢) Sax JWN F9A0) SIX PapN[OUT SONTANDE) SIX Apidxo) sax M PIIILIS) SOX SE POIILIS) SIX oind se pajrels) s9x Ayeurdosiproiu]

(¢) eruezuey,
ur Surdoay] sag

(1) ooeyp
ay1 ur syendef

() eAuayy
Ul 8IQAZ S AAd10)

(§) vupuadry ()
uf $1€d UedpuUy 0DIX9A U syendef

(9) oorxoy
ur Supysy 191sqo

(L) oo
ur yesq 3oerg

IquINu pue dweu Apnys ase))

(ponunuo)) T HTIAVL

CONSERVATION BIOLOGY



15231739, 0, Downloaded from https://conbio.onlinelibrary.wiley.com/doi/10.1111/cobi.14057 by Nes, Edinburgh Central Office, Wiley Online Library on [01/03/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

WHITE ET AL.

—
N
o

o
=
—

(sonunuo)))

Lronwwod
saresodioour
Appanoe

pue BIEp $199[[0D
MOU WEd) YITLISIT
paysIqeIss
Arenpess

s reaq Yor[q
1SUTESE TONENEIoF
JO 2s1Ed2q

Koains entur

01 puodsas 10 el
01 pazeay a[doad
{SaNIUNUWWOD [€20]
I ISDT) YSI[qeIsd

03 dwn YJoOo],

)

ODIXITA] UT 382 IU[]

ordoad
[eo0] omodurd
dpoy pue (soads

sdiysuonear 1omaq
JARY STOYDILISOT
wio) Jo3UO]
{(Hrunuwwod

oY) 01 PoUINIOI JOU
OJE SI[NSII I[DF SEA
11 9snedaq Apaed)
o] s1uopus

[ENPIAIPUT (I IS,

(9) oarxapy

U1 SUIYsYy 3915qO'|

2ane3adood
Supysy Arunuwod

SIOUDFLSI
10j uonENsSNIJ VLSO
pue 10puas3 Surpresos

soorpnloxd £[qrssod
pue o8ueyd reoniod
1913 POULIP 1SNN
1S3} 1 SIDYDILSI
pue s1oyIoM
Lrunwwod ayy Isnx
0] PAWIS SINIUNWIWO))

(©

PURUISIY UT $3¥D UBIPUY

ssouIey
Jjo s1daouod

ﬁuN »QavﬁdHCQNzCU
asnn

aﬁQSOHM gowwod

UO SND0J JIWPEIY

() oo1xaN UT syenTe(

sdrysuonepos
urwNy—Urwny
anoxdwr

PUE TONEATISTOD
ERIARE)

anJorerp

SANONIISTOD

J[qeud

013507 Prmq

01 PaPa2U UINIF

Ut SUNIAWOS

UONEAJISUOD

£q pardoye

SONIUNWIOD

SurAlS Ut Jar[Rq

an[eA {$1030e

U22M19q ISNTISTP
s paress 199(ox ]

(¢) vruezuey,
ur Surdoay 2oy

SIAISWOY)
UONEAIISTOD
oSeuew pue
130ddns 01 woy
1omodwo pue
UONEAFISTOD JO

ssavoxd
osuaur ‘Sursedud
A[reuonowryy

() ehuayp
Ul BIQoZ S AA010)

UONPAIISUOD
pue ooead
Arunwwodr2nur
191507

1eq) sdiysuone[or
uoIduons pue

INSIT B UBL) JOYILI
Surpng snn 703
[001 ® se [earded
[e08 S OON
UONEAIISUOD [EI0]
PUE [EUOREUINUY

JO [NASNNSIP $1010E

(09)

0dey)) oy Ut syende(

SwasAs009

pue syendel

JO UONELATISTOD
SZIANUIUT

pue 1udwIFEULW

sdrysuoneor

pue Isniy,

Joqunu pue

sweu Apmis ase))

JIYIO DWOS [ngss200nS pooyrar aaoxdur 01 SITPU0d $1502 9} 2INPaF pImq 03 [pPUNod ERETOEES:
pue) 1e2q YPE[q puwiszopun 01 suondo wspnol Anszaaporq 0] SONIUNWIWOD UOPEAIISTOD [E3nIEU punoIe
JO UONEBAIISTOD pue £82ens Jurysy oqeureasns Surpraoxd ssaIppe 03 suondo pue 33838 OON SIIYUOD 9IeSNIW
wWI01-3U0] 2INSUT S[qrUTEISNS 2INSUH £q TONEAIISUOD 2DUBYUH pue puelsiopu) poourar 13oddng j0 Surpimq Lpede)) pue swopqord 209 uonuAIUT
(1) oW (9) odxOW (6) eunuasry ) (¢) eruezuey, (2) vhuoy (1) 0oeyn
ur yeaq sperg ur Surysy 1918qo ur S1BD UBdpuUy 0DIX9A ur syenef ur Surdosy sag ur eIqaZ S AAID) ay3 ur syrengef
JquNu pue dwey Apnys Ise)
(ponupuo)) [ ATAVL



15231739, 0, Downloaded from https://conbio.onlinelibrary.wiley.com/doi/10.1111/cobi.14057 by Nes, Edinburgh Central Office, Wiley Online Library on [01/03/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

—
N
o

o
—
—

(sonunuon))

2AnoE
210W dWEdIq

YoILIsOT St ULIog

(Srunwwons

o 303 doadey
103 Wea) Yoreasar
‘paajoaur adoad
Sunof ‘soroyd
T2 10§ syoUNY
sied wea) yoreasos

ssoo03d

o Surdpnis

pue pasmbox

Se CCMMNEMQMCM
Surpraoxd yoeosor

UONDE UO SNJ0,]

Aenadaouod
11 puEasIopun

[opow
uonoe 1uawdoAsp
snd yoreasax
[ea150[020 ue opraoxd
01 SpU2) GUI[D
uonoe pue ssad03d
9} UO [dILasx o[
21EP 01 ‘UONOE J[qEUD
PUE 1803301 [£20] pUE 100dse uonoe
Anpqrseay pueiszopun
01 sfaAIns swos ua)

UB [IIM [DILISIT
uo Apsow pasnooy

{[£2180[020 YDFEISIT [enTu] 900foxd (g vV

preoq
JADEIOQR[[OD JO

SONIANOE FUT0SUO

UIIA pasFoM

$OWODUT JO 2IINOS £SOPIUNUITIOD

SANEUID[E SE UOIST [e20] I

QW J9A0
[271eas21 UONdE

30 o[dwexs pood

[[E32A0 {Y42IL8$23
pue uonoe
£q pamoyog
UondE WIOJUT 0
[D3LIS$OF OWELdIq
pue 3sonbox
Arunwwod
ysnory

UONOE SE PAIILIg

frouaSoraay
Lrunwwod
PUE 35939301
JO uonepRNP
JoyIng

pue 199foxd
9ATILIOQR[[O0D
wi-3uo] pue

2383831 UONIE
[[Rs INq Yd3eIsax
pFesol azow
SIS MOU ‘VONOE

omnd Apreau s ueSogq

uondE
Ppaseq-0ouapIad
pue ‘vopraouuL
90UdIs

MOU “YdIedsdy

omnd Aeau se ueSogq

[2IEas21 BONIY

PUE SEIOWED [[eISUT pue st 370ddns o) UT WSEIN0J09 98¢3uo 01 3dwone sdoysyrom uo (woneaFasTOd SPOOYT[IAT]
SIUNY) BSIIA 01 uonuAUY o[qeurersns 170ddns 2UMUDS 9XNU0d Apmas Lprqrseay ©IqaZ 2ADNBUIN[E
907A puE sIoUNY P Inq SuroSuo 03 3dwone reonoerd I9pIA 01 anp £SONTUNUITIOD s £a010)) 17838 s170ddns ‘szo10e
A sa3eradood Apeaie oapentur UONETAIISTOD JOJ 2IISIP UONENIS PIFOM-[ET [e20] S} WO3IJ SND0J [e20[ £4q 1y8noiq Juswadesud
we) YoIeasoy [eonoexd e ur paseq £q pauurdropun sfeay Ul pappaquir] Aq pasres wa[qox wopqord syadg swa[qoid $9ss2IppPY [eonoeI
() oorxoW (9) oorxol (5) vunuasry ) () vruvzuey @) vhuay (1) 0oeup
ur yeaq yoerg ur Supysy 191sqo Ul $1€d UBdpUy 001XdYA] UI sxenge( ur Surdoay] 2ag ur exqaz S AAID) oy1 ur syendef

IquINU pue dweu Apnys ase))

(penunuo)) [ ATAVL

CONSERVATION BIOLOGY



15231739, 0, Downloaded from https://conbio.onlinelibrary.wiley.com/doi/10.1111/cobi.14057 by Nes, Edinburgh Central Office, Wiley Online Library on [01/03/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

WHITE ET AL.

—
N
o

o
N
—

(sonunuon))

2491dE 03 S3Ek
[£39A9s UDYE) dARY
PIMOM JO PIADIYDE
U229 DAY 10U
PINOA ISIAIIYIO
YOIy ‘s183q 03
P91E[2F BONEWIOJUT
o[qeroF 21L30U23

01 9[qrssod 31 opewr

SIS

UONEITUNWWOD
pUE [e100s

pue ‘Surpueisiopun
[e2130[022
BUTUIEa] 90UDISOT
JopIM {(asn g0
“80) s[ys oyads
UIEO[ STOqUIOW

s100(0xd

oNs JO sAFuD[TeYd
Surpredos orwopeor

J0 Sururea] ssdoysyrom

SSOUIIE]
jo s1doouod
pue ‘voneIoqe[[0od

suone1dadxo
(STOIDT JUIFIP
Suideuew 10008
P <59
Bururen s[rys
oyroads (A3a1ems

UOPEAIISTOD
03 parpdde
UOPEWIOISULH
1DIJUOD DTWASAS
UT [DFEISIT

210w pue 199(oxd
Surpring Aoedes
JO Supouow
pue oneneAd
199(013d 01 poy
Surures] [euosiod

SOWO0IMNO
aaoxdwr 0) spaou
pue ‘soSuareyd
‘swoyqoxd

JO TONN[0S3

pur uonEdyHUIPL
[enanw

$95$9007d YoILISOT Arunwwod Juowdoaaap 9snn w30)-3U0] quovodwod 01 vorspaoxd
oUp} UI $3030¢ £SO[WDPEIT PUE 9[qeuTEISTIS JOJ WSIINO} ‘punoisd vowwod JO uSisopod [eanmD UONPWIOFUT juovodwod
[e20] 0 vopednpnIE] s)uopnis Aq Suturea| ur Suturen ogadg UO SND0J JTWIPEIY pue 1wawRSEULWO)) Surprmq fAoede)) woij Iy Surureo|
JUMN@WUH 2J0W
pue uoneneAs
O} po[ MWQM:MNDM
[evoszod fuonoe
SINOJS UMWNSM\VMC ur ﬁuvumvhuucﬂ 2I0UW
Surprmq foedes SINIUNWIWOD
uopnIs s ISP pue JUDWIUIIAOST
pue sjuapmis 9uowdoaasp
enpersropun pue Sururea]
paGesua o1er0di0d
ts1oded yoreasox Ul PUNOISYOEq
01 pa sasAeue wia1-3u0] s1uopnIs
Surysy Ay ysSnoryy pue sfoains Uo paseq Surures aenpess syzoddns
$1S2J21UT $SAUISNQ ‘uo13o1 [ed0[ o) [enuoradxo ‘szouaed [y se
pue ‘Surwesy sfoarns ur o[doad 18207 SUONEPUIWIIOIF ur soSpa[mouy padopaaap SOMISIOATUN [EIIADS
[eqo[8 39330 oym paSesua quowdofaaap reonoead opraoid 01 JUIHIP ‘uoneordde s sdrgszomred
SIs Sunpoen pue ‘57010 239y dsorq WSIINO] JOJ SOIWIPELIE Surwre ‘TonMInSuT 912389701 03 Teonoexd papoou poawiog
‘asn 1ea1qey ‘sooerd JANN Y 20U2DS [B1D0S 2FETUd 9ADEIOQR[[0D [8I0] sdoysszom pasn OON Aarszoarun ‘rearden [epos se
[20] JO o8pa[mouy J[FOM PIUIqUIOD 01 parn ‘Surpueisiopun I paSeSua Srom ngq WUNGD J0J Popasu juerzodwr se sjooy
[e20[ pue £30[020 23pamouy| [£21807029 01 aseq [emdoaduod Jjo Surpursiopun SJIoMOWE] 2ouos pardde
F89q 2P JO STOYSY [8D0] pUE urdzopun 01 o3pajmouy Suons oreasar [E2am23091) [e21307099 pue 98papmouy
93pa[MOUY| dTWIPLIY 93pamouy| [E2130[005 JIWapPEdE Pas() uadoap 01 (U pasn uo pasegq pue (212309 T, [ea130[005] SoSpa[mouy|
W (9) oaray © (¢) ewezuey, (@) efuayy ® Joquinu puv
ODIXIY\ UT J82q y2e[¢] ur SUTySy 391sqOTT BUNUDSTY UT $18d UBIPUY () oo1xay ur syenge( ur Surdooy] sog Ul BIQaZ S AA210) 0oey) oy Uy srende( Jweu Apns ase))
(1) oo (9) 0oreW (5) eunualry ) (¢) eruezuey, (2) vhuoy (1) ooeyp
ur yeaq yoerg ur Supysy 191sqoT u[ S1€d UedpuUy 0DIXIA U syengef ur Surdoay] sag ur exqaz S AAID) ay1 ur syengef

IquInu pue dweu Apnys ase))

(ponunuoy)

I HTdVL



15231739, 0, Downloaded from https://conbio.onlinelibrary.wiley.com/doi/10.1111/cobi.14057 by Nes, Edinburgh Central Office, Wiley Online Library on [01/03/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

—
N
o

o
2]
—

152121U1 JO
swired Jo 211ds ur Srom
Areurdosipiarur 703

©2JE 1DIJUOD JO

Surpueisiopun pue

spuny pajrwi 999(oxd Amqeisrperdun “Kouowr ‘own ayel

Burdoaaap jo o8reyd Ut 01 SUONN[OS 2ANIIJ

UDWOM JO [NJISNASIU anp duIPWN 13eIS ‘worsuedxo

uvonedpnied SIAYSY [20] Arunwwod {payrred pue doy ¢(_-ouoz wesgord
2A91DE JO ©2S pUE puE] 2q poys s10198 IDTPTOD TUD[OTA prdes opnpaaxd

01 MOY UIL] $S030¢ PaIEUsIsop sso1oe suonedadxo ® Ul parrw| fpedes pue

01 PEY SIYDILISII ISTIJ SEA DAFISIT puE S[EOS UT $90U2IDJJIP o718 W 399303d Surpuny payrur|
£90UD1SIX200 uaUA SOSUDTEYD 929(03d 5980 oUOLWOS 01 $92JN0SF {UONLAIISTOD

399 Isnw £30109s earrd Ul P23sa193ul 9q JudWIFeUTW PUe BIQIZ S AA210) Jengel

Koy mou oFewep

PIm soSuD[TEYd

10U AeW SONIUNWWIOD

12IFUOd Ueyd

pasoSuepud oy

01 1UBA9[21 2q O

3053 pred oq pnos £SI9USY [8D0] PUE QUmMUS sAeA[e 10U J9UPes SUL0ITOW 28pamouy 103 Y31y o3e sayEIS ysSnous oSre[ seore
Koy pue paredoax 2A30s03 039ydsorq 18939107 JO SUOIsSaIdxD [e2130[020 Sunesdaur oy 1, :o[qrsuodsax $S030T JURTOM
2q pnom sieaq uoam1aq vorurdo PUE UOWWOD ST J0J [[BS 3sow £$2NTUNUIWOD 1993 Bs) JO soSuoyreyd
worqord pardadxo UT S90UDIDIIIP vonezeiuounsedwod asnedaq Surpung [e20] JO 32 03 197 puE 2AJOADD [eonsido[
SINIUNWWOD ‘s1uapmys A[eadsa owmn Jo 198 01 3MaYIIp “apuaFornoy 01 3NaYIIp snojownu

[e20] ‘Sutuurdaq o
1y 'suoneldadxo

pue suorsia Sunmu) Arunwwor) 18 UONEINSNIJ [BUOSId] 10u Qeurdosproruy puE swre 1U2III(] Aqrevonowry 01 2wn JO 10] & SAYET, J0 saSuareyD)

UOREINPD [00YIS SOMIUNWWOD
[£90] JO TUIWYDIFUD put soumopuy|
pue Juowkorduro dpoyg o1 Sunprom
[e20] ‘vonepardop SUOTIUDAINUY fpoyine paysnn e
JDOISIAT] UONPATISTOD SE S[EIFOJOT DATDIIT
SZIWUTW 0} soonoexd 2ATIEAOUUY ‘punore [re 109dsox
SUONEPUIWIIOIIF 11 pue 2aneIadood suonoe Judtwdo[aasp (Bununy 303 sonmumzoddo pue oouoned
‘syoded yoreasor o 1roddns pue pue JuswaFesua Aydon) sured CUONEAIISTOD QSnN YsIqeas?
ur Suneurumd vep Apms 03 sorwopeoe fLrunuwwod soypang 10€ 01 MO(| [EITOWUIOA0S fLrunurwod 01 dppy Lpepd
1SNqOJ ‘SIUMOPUT] 303 Aqrssod 10 SISeq SUOnEINP UO UONBWIOJUT pue DATIEIOE[[0D pue Louaredsuen
PUE sTLIq U2aMIq ‘sassoursnq [OOYDS [E20] PAYIITD syads ozow sey 701098 arearrd 230U IIIPTOD tsoAnoadsiod mou
sdiysuonepor 301095 arearrd ‘odoos [ood Surpuny Preoq 2ADEIOQR[[0D ‘panoxdur £ars30A1pOIq pue uopeAOUUL
19119q OFewrep I pojeIsarur poauopia ‘sdrysromred £$SOUITL] UONPATISTOD Ppoaonpas IFU0d 01 ssouado

[eammoride pue ‘parroddns paysiqeasa 30 suondooizod ‘suondo Arunwwodranur {S[e03 pue spoou yorordde

£S30[020 382 JO SPOOYTAT] [820] ‘soBUDTE JO LIS PUE SIDIFUOD JO pooyIPAL pue Jo Surpuraszopun 10132501

SOIWDPEIT dWOS
JO [pIsnnsiw

107 € ovye) sdrysromred
¢ssoxgoxd mors

ts300d £Sojo1q
£q poAT2d23 [PM

{$1010¢ SSOIOE
suoneIdadxo

I2IJTOD UT P[]
ordoad Sururesp

‘rearded [epos
pueasna pring

prordde
19130501 uryrom

Surpueiszopun Jo130g ‘Burysy a[qeureIsng Jo SurpuElsIopuN JoNag Surpueisiopun Jonag QATY SINIUNWWOY) upwNy—uLwny ssa| [enanuw paduLyUH Supfrom Jo s1yaudg]

(1) 0ovy)
ays ur syendef

(¢) eruezuey,
ur Surdooay sag

(7) eAuayy
Ul 8IQZ S AAd1D)

(¢) eunuadry ¥
Ul $1BD UBdpuy 0DIXIJA UT syenSef

(9) ooroW
ur Surysy 1918qo

(L) oo
ur Jesq yoerg

JoqUINU pue dweu Apms ase)

(penunuo)) T ATAVL

CONSERVATION BIOLOGY




14 of 21 ‘“@:‘

WHITE ET AL.

-120° -105° -90° -75° -60° -45° -30° -15° 0° 15° 30°
8 \(’ 5
70 G
. y C o Ao ..
o b (] = a
1<) s <
o Pra e i fic '
0 X
W Ocean At lavnitilsc @
.1 Ocean
5
=Y &
@ e
STUDY AREAS
1 Paraguay
o 2 Kenya
“‘r’ 3 Tanzania é
4 Mexico ! ) ¢
g /h\nreg;rcmgna. Bolivia y Chile - 0 2000 Km
7 Mexico - —
-120° -105° -90° -75° -60° -45° -30° -15° 0° 15° 30°

FIGURE 1

Location of collaborative conservation case studies.

Tanzania (Hausser & Mpuya, 2004; Hausser et al., 2009). The
aim of the project was to offer livelihood options other than
forest resources, particularly beekeeping, a traditional practice.
Long-term conservation and livelihood gains have occurred.

Jaguars and social justice in Mexico

The Calakmul Biosphere Reserve in southern Mexico hosts
the largest jaguar (Panthera onca) population in Mexico (Zarco-
Gonzilez et al., 2013), and 25,000 people live in the surrounding
area (INEGI, 2015). A doctoral project continued a 20-year
body of research in the region. Biodiversity conflicts around
jaguar provided an empirical context for fieldwork, and practi-
cal recommendations for conflict management were presented
to the local reserve collaborative management board.

Community conservation of Andean cats

The endangered Andean cat (Legpardus jacobita) is one of
the world’s rarest felids. The Andean Cat Alliance (AGA)
was established in 1999 for its conservation. The conserva-
tion of the carnivore guild and other endemic species of the
high Andes is part of AGA’s ongoing conservation actions.
Conservation biologists aimed to improve local community
participation in wildlife conservation by developing livelihood
benefits through community-based ecotourism. Although long-
term engagement generated joint interest and collaboration on
some projects, the ecotourism initiative was only partially suc-
cessful because of funding and facilitation challenges and a lack
of codesign with the community in early project stages.

Fishing cooperative for lobsters in Mexico

The Vigia Chico fishing cooperative (established 1968) is in
the community of Punta Allen in the Biosphere Reserve of
Sian Ka’an, Mexico. Although it has been the top producer of
spiny lobster (Panulirus argus) in the region for over 30 years,
it is a good example of a successful small-scale artisanal fish-
ery (Méndez-Medina et al., 2015). The collaborative relationship
between the cooperative, academia, and NGOs has enabled the
fishers to acquire ecological knowledge about resources, but has
also assisted them in negotiations with a succession of state
actors and the market.

Black bear in Northeast Mexico

Black bears (Ursus americanus) face a range of threats in Mexico
(Ripple et al.,, 2014). In the past, research on bears in Mexico
focused on their ecology, with less emphasis on relationships
with local communities (Juarez-Casillas & Varas, 2013). Partic-
ipatory approaches with local communities were explored to
strengthen black bear conservation in northeast Mexico. A wide
range of novel engagement approaches with schools and other
local community members raised awareness and treleased local
knowledge. There is a sense of ownership by local people, which
has reduced conflict and supported conservation efforts.

Types of case studies

The case studies comprised a range of initiatives in trop-
ical or subtropical regions (Table 1). Some initiatives were
based in well-defined places and focused on particular species,
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populations, human communities, and institutions (e.g., lobsters
in Mexico, Grevy’s zebra in Kenya, jaguars and black bear in
Mexico). Others had a wider species focus (e.g;, Andean cat) or
habitat or ecosystem focus (e.g., jaguars in Gran Chaco, bee-
keeping in Miombo) that led to complex initiatives spanning
international borders. In all cases, initiatives comprised multi-
ple overlapping projects situated within a recognized program,
in most cases, forming a string of studies varying in aim, dis-
ciplinary and practical focus, and intention. Four of the 7 case
studies were based around particular carnivore species, although
in each case the carnivore was a leverage point for additional
species (e.g., Andean cat) or a charismatic species to facilitate
conservation of a large regional landscape (e.g:, jaguars in Gran
Chaco).

Because all cases self-identified as concerned with managing
biodiversity conflicts, there was an initial recognition of differ-
ent interests held by different parties with at least one party
acting against the interests of another (Marshall et al., 2007).
In all case studies, which took place over many years (approx-
imately 13-35 years), the relationship between conservation
biologists and other actors was longstanding, Such interactions
involved multiple conservation biologists, including students at
times, although maintaining long-term personal relationships
and trust with key conservation biologists was seen as import-
tant. All case study narrators were passionate and emotionally
involved in their projects.

Why conservation biologists work with others

The motivations for working with nonconservation biologists
varied. In 5 of the 7 cases, conservation biologists primarily
wanted successful conservation outcomes, and livelihood ben-
efits were seen as being desirable and necessary coproducts.
These cases initially focused on a charismatic species (jaguar,
Andean cat, Grevy’s zebra, black bear). In the other 2 case stud-
ies, the focus was on direct use of species for livelihoods (bees,
lobsters). The bees case in Tanzania highlighted that “con-
servation was an unintended byproduct of an approach that
focused first and foremost on local development and needs.”
Likewise, the successful fishing cooperative in Mexico began
with the determination of local fishers to develop viable liveli-
hood options; natural resource management strategies emerged
later. Working with local communities altered community per-
spectives on carnivores, supporting longer term conservation
goals (e.g., black bear in Mexico).

In all cases, conservation biologists perceived their research
as value based and as supporting a public good. Motivations
always had a practical intention, although most case studies
also sought conceptual understanding. Motivation varied from
a specific project (Grevy’s zebra conservation through address-
ing intertribal conflict) to investigation of an ecoregion under
threat (ranching in the Gran Chaco) from which a suite of issues
and projects emerged over time. Donor pressure stimulated
some work with nonacademics (e.g., Andean cat), and we all
recognized that transdisciplinary action research widened fund-
ing opportunities. Initiatives drew on multiple funding sources,

from local government support (e.g., lobsters in Mexico), to
national state funding (e.g., jaguar and black bear in Mexico), and
to international government and NGO support (e.g., Andean
cat, jaguar in Gran Chaco, Grevy’s zebra). The focus of projects
was determined by “a combination of strategy, prior experience
and serendipity” (jaguar in Gran Chaco).

Who conservation biologists work with

In all case studies, conservation biologists worked with multiple
nonacademic actors. All initiatives involved local communities,
and most also engaged with local governments, government
agencies, or local or international NGOs. Four cases engaged
extensively with the private sector, including farmers, ranchers,
and fishers. In some cases, actor definitions were blurred or
hybrid. For example, research on beekeeping in Tanzania was
led by an academic who was also a cofounder of the NGO
involved in practical action. Local communities were recognized
as heterogeneous, with individuals having different views and
enthusiasms (e.g., Andean cat, black bear in Mexico), and were
defined by place (e.g., villages—Andean cat; formal regional
designations—jaguar in Mexico) or were engaged through exist-
ing institutions (e.g., fishing cooperative—lobsters). Actors were
sometimes engaged as collectives or existing collaborations,
such as the fishing cooperative (lobsters), Collaborative Reserve
Management Board (jaguar in Mexico), or toutism associa-
tion (Andean cat). In only 1 case was the initiative begun by
nonacademics and then academic input sought (lobsters). All of
the cases sought collaboration or partnership with academics
from other disciplines, recognizing that both social science and
ecology were required. Some interdisciplinarity was achieved
through a willingness of individuals to learn new academic skills
(especially jaguar in Gran Chaco and in Mexico). All case studies
were intellectually agile, demonstrating how academics are not
restrained by specific academic disciplines and can develop new
competencies. Finally, north—south partnerships were evident in
most of the case studies (less so for Andean cat and Mexican
lobster), enabling initiatives to draw on Global North resources
to work with local knowledge and culture. Key individuals often
traversed north—south categories, for example, through mem-
bership in multiple institutions (e.g., beekeeping in Tanzania,
jaguar in Mexico, jaguar in Gran Chaco).

How conservation biologists work with others

Interdisciplinarity was critical to all case studies, pethaps
because of the focus on real-world problems (White, 2013).
Embedded social science facilitated feasibility surveys, com-
munication, workshops, economic assessments, understanding
of community processes, and specific skills delivery, such as
sustainable tourism, and was never merely add-on for com-
munication. In 2 cases, research was driven by social scientists
in collaboration with natural scientists (beckeeping in Tanza-
nia, jaguars in Gran Chaco). In some cases, researchers did
not frame their research within a discipline, rather they cited

85UB017 SUOWWOD 3RO 8|qeotjdde ayy Aq peusenoh a8 o1 YO (88N JO SaINJ 0 AkeidI T 3UIIUO AB|IA UO (SUORIPUOD-PUE-SWBI W00  AB 1M Ae1q 1 Bul UO//SANL) SUORIPUOD pue W L 83U} 885 *[£202/60/T0] U0 ARiq1TauIUO A8 |IM ‘20110 [eueD yBinquIps ‘SSN Aq £S0vT IG00/TTTT OT/I0P/W0D" A8 | M AReiq1BuU0"01GUOD// SRy WOy papeojumod ‘0 ‘6ELTEZST



16 of 21 ‘“@:‘

WHITE ET AL.

approaches (e.g., ethnography) or methods (e.g., surveys, inter-
views, transects). The approach was pragmatic, open-minded,
and opportunistic; no researcher was dogmatic in their defense
of a particular discipline. All cases involved integration of multi-
ple knowledges, including academic, local, and Indigenous, but
they were also defined as ecological, political, and economic or
as intellectual, human, and social knowledges.

All case studies cycled temporally between research and prac-
tical action, with research starting some initiatives (Andean
cat, black bear, and jaguar in Chaco and Mexico) and action
beginning others (Grevy’s zebra, lobster, and beekeeping ini-
tiatives). In the case of jaguar in Gran Chaco, there is now
an explicit cyclical strategy in which science underpins action
recommendations, actions are implemented, outcomes are rig-
orously evaluated, and additional targeted recommendations
are proposed, if necessary, depending on action outcomes and
research findings, and the cycle repeats.

The emphasis on action or research also vatied; some cases
leaned more toward research (e.g, jaguar in Mexico) and others
toward action (e.g,, jaguar in Gran Chaco) at the time of writing,
It was difficult to entirely separate research from action because,
for example, good initiatives used evidence derived from sut-
veys to inform action. However, in 2 case studies (Andean
cat, lobster) it was recognized that good research took time to
complete and could delay required action to mitigate loss of bio-
diversity. One researcher commented, “The rhythm of science
is slower than the rhythm of management; we need to act before
all possible data are collected.” Another noted, “The problem is
that the science is being driven by universities. Conservation sci-
ence on the ground should be driven by science-based NGOs
engaged in action and problem solving”

All cases included multiple and changing forms of learning by
different actors. Shifts in learning focus represented transitions
from research to action, engagement with different actors, and
the need for different specific skills. In the beekeeping case, tra-
ditional ecological knowledge on beekeeping was included, and
in the black bear case study, local perspectives on indigenous
species were incorporated.

The degree of participation vatied across cases from offering
conceptual and pragmatic insights (jaguar in Mexico) to empow-
erment coproduction of knowledge to enable participants to
negotiate successfully for continued access to resources and
develop sustainable management strategies (lobster in Mexico).
In all cases, the ultimate aim was empowerment of communities
and other actors. Actors were involved in research interviews,
focus groups, surveys, feasibility surveys, skills training, strategic
development, and being mentored.

DISCUSSION

Our comparative case study analysis provides lessons regarding
motivation, forms, and outcomes of collaboration in partner-
ships between conservation biologists and other actors. The
aspects highlighted below represent key lessons from these case
studies for successful collaboration, but we also broadly concur
with wider proposals for suites of principles in approaches to

conservation partnership (e.g., Gavin et al., 2018; Mishra et al.,
2017; Vermeulen & Sheil, 2007).

Time

All cases demonstrated that collaboration takes significant time,
which is consistent with previous work (Mishra et al., 2017;
Vermeulen & Sheil, 2007). Relationships, specific projects and
goals, and long-term objectives all evolve slowly, sometimes
over decades (Mishra et al., 2017; Stetling et al., 2017). The
expectations of conservation biologists or of community mem-
bers (e.g., Grevy’s zebra, Andean cat) may not be met within
a project life cycle. There is thus a need to consider conserva-
tion biology initiatives as a chain of projects that allow access
to diverse funding options, offer adaptability to changing polit-
ical and biophysical contexts (e.g., Grevy’s zebra, lobsters), and
permit key conservation biologists to remain connected with
local actors while students enter and depart. Hence, time can be
seen as immediate and defined (e.g, by a 3-year project funding
cycle or PhD project), but it is also infinite and unbounded (as
a dynamic process; an evolving partnership striving for stronger
relationships and adapting to new conditions). Longer term ini-
tiatives may have strategic direction, but can also be responsive
and resilient, changing over time with serendipity or necessity.
For example, the lobster fishers have to adapt to more frequent
and intense hurricanes with climate change. We saw progtes-
sion and maturation over time in some initiatives (e.g, shift to
empowerment for beekeeping in Tanzania; shift from training
to systemic transformation for Grevy’s zebra in Kenya). Time
was not linear in these case studies in that most had simultane-
ous as well as sequential aims over time; they were opportunistic
in response to funding, community pressure, and biophysical
changes.

In contrast to this long-term view for commitment and deep
relationships is the need to address conservation crises. One
researcher said, in frustration, “The stakes are high for endan-
gered species and yet there are limited resources to manage
these animals.” This is a major paradox for conservation: avoid-
ing ecological tipping points, but needing long-term efforts
to overcome relational tipping points and establish reciprocal
collaborative action (Whyte, 2020).

There was also a focus on place and a similar nested con-
text for spatial as for temporal scales. Hence, a project may
focus on 1 test village, but the region may align with a species
distribution or habitat range that provides an imperative for
transnational emphasis (as for Andean cat and jaguars in Gran
Chaco). Long-term presence in 1 place can help generate trust
for decision-making and project success (Mishra et al., 2017),
but wider kinship relationships are requited to support con-
sent, trust, accountability, and reciprocity toward environmental
justice and deeper coordinated action (Whyte, 2020).

Trust

We found that trust is critical to collaborative achievement
in conservation biology and beyond, both in individual and
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institutional relationships. For example, ECOSUR in Mexico
developed trust with the fishing cooperative that enabled tough
discussions around use of fishing devices and resource alloca-
tion. Trust is both an outcome and an attribute to facilitate
outcomes. One researcher commented that they nurtured “trust
as a tool, not a result.” Trust is a key element in the PART-
NERS principles for engaging local communities described by
Mishra et al. (2017). Trust is essential for building relationships
with landowners and managers for effective biodiversity man-
agement (Young, et al., 2010). Trust is synergistic with other
successful aspects of partnership, including effective commu-
nication, transparency, joint knowledge production, and shared
responsibilities (Sterling et al., 2017). However, deep trust can
be difficult to gain in the Global South as relationships between
actors are redefined in the context of the decolonization of
conservation (Whyte, 2020).

The case studies revealed challenges for students working on
biodiversity conflicts. For instance, a doctoral project can con-
tribute through generation of a new theoretical framework, and
it permits focused collection of systematic data, but fieldwork
must be completed within a certain period. The case studies
showed that students sometimes step into precatious situations
and have little opportunity to develop trust and invest in long-
term relationships if not supported by a wider collective or
program.

Tools, tasks, and topics

The programs in our case studies all sought to overcome
longstanding, violent, or entrenched conflict to deliver bet-
ter conservation outcomes and livelihood options, but each
focused on different tools, tasks, and topics.

Wildlife can be used as a tool to achieve multiple outcomes.
Charismatic species have long been used to attract attention,
resources, and effort in particular areas (Albert et al., 2018).
The jaguar was an entry point to conservation in the tropi-
cal forests of southern Mexico and the savannas of the Gran
Chaco, and the Andean cat was used as a flagship species for
the conservation of the high Andes unique wildlife. Perhaps this
was seen most clearly in the Grevy’s zebra project; this species
offered a leverage point for peacebuilding and overall attempt
to systematically reduce violent interethnic conflict.

Although funded project-level topics and tasks determined
potential collaborations, actors who engaged with researchers
also determined tasks on which to focus in the next project,
evidencing a participatory action research cycle of learning and
action (e.g,, Andean cats) (Kindon et al., 2007). Innovation, cre-
ativity, and empathy facilitated engagement (e.g., Grevy’s zebra).
Successful engagement requires empathy and open mindedness,
but also needs early engagement to lead to genuine involve-
ment in later decision-making (Mishra et al., 2017; Sterling et al.,
2017).

Interdisciplinarity is often framed as a combination of pat-
ticular disciplines (Brister, 2016), but our case studies demon-
strated a more diffuse and organic deployment of approaches
and tools from different disciplines as appropriate. Although

1 conservation biologist expressed frustration at different pti-
orities held by other academics, none explicitly articulated the
epistemological incompatibilities that can arise (Brister, 2016;
White, 2013). Either such philosophical aspects are of less
importance or less obvious in practice or in our case stud-
ies conservation biologists were sufficiently open-minded to
accommodate them.

Transformation

Our case studies show the possibility of more effective imple-
mentation of biodiversity conservation through partnership
approaches. However, they also lend legitimacy to a new
paradigm for biodiversity conservation (Gavin et al., 2018). If
conservation biology is normative in its pursuit of conservation
(Soulé & Orians, 2001), different perspectives on conserva-
tion must be negotiated and accommodated theoretically and
practically in local contexts. Hence, conservation profession-
als must genuinely engage local partners in pluralistic debates
around goals and how to achieve them (Lele et al., 2010; Mishra
et al,, 2017; Vermeulen & Sheil, 2007; Whyte, 2020). These
debates may incorporate justice as well as biological outcomes
of conservation, in line with notions of sustainable develop-
ment (Lecuyer, White, Schmook, Lemay, et al., 2018) and the
social and political nature of conservation (Lele et al., 2010).
The case studies showed how to engage diverse partners across
sectors and at different scales. However, when paradigmatic
transformation is required, it can be difficult to determine where
and with whom to draw project boundaries. We, the case-
study authors, experienced frustration or other emotions and
expended significant effort in engaging additional actors (e.g,,
jaguars in Gran Chaco, Grevy’s zebra, lobster fishing).

More dialogical, pluralistic forms of conservation can also
generate personal transformation. All of us were passionate
about our cases and willing to learn new approaches. Several of
us had deep, personal shifts in views—an epistemological trans-
formation. Working in partnership can require transformation
in the way one perceives actors, for example, perceiving local
communities as being part of the solution rather than the prob-
lem (Vermeulen & Sheil, 2007). Epistemological incompatibility
can arise (White, 2013) because scientists are expected to be
objective and produce excellent, rigorous research to support
evidence-based policy, yet human interactions demand recogni-
tion of subjectivities, emotions, and values (Mishra et al., 2017).
Transformative learning may occur, supporting development of
competencies for critical, strategic, and future thinking, but also
for collaboration, self-awareness, and normative and cultural
awateness (Giangrande et al., 2019). Personal transformative
learning can derive from diverse experiences. All of us adopted
hybrid identities. Hence, many of us were both academic (e.g,
scientist) and nonacademic (e.g, NGO leader); long-term resi-
dent (e.g,, resident of the Global South for 30 years) and foreign
(e.g, born and raised in another country); and expert (e.g,
well published) and learning (e.g., gaining new knowledge from
local people). Partners in biodiversity conservation can draw on
multiple cultural experiences and identities (Cocks, 2000).
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From participation to partnership

Participation and partnerships described in our case studies
functioned differently across diverse scales: spatial (local to
international); human (one champion to large teams); organi-
zational (small NGO to large research institution); and unit of
action or research (a few dollars to support a feasibility sur-
vey to multimillion dollar investment in habitat conservation).
There were mismatches in time scales, such as the difference in
thythm of research and conservation management. In all cases,
there were recognized benefits of participation (Table 1) in line
with those of Blackstock et al. (2007) and strong motivations for
empowerment of local actors, but this intention was not always
easy to implement in practice. Partnerships in the case studies
were dynamic relationships developing through social learning
and collaborative action. Learning that occurs in individuals,
groups, and organizations is critical for successful participation
and adaptation (Sterling et al., 2017). Sharing research results
with local communities is an important aspect of action research
to minimize knowledge imperialism (Jones & Luhe, 2021).

Although there has been a welcome trend toward more col-
laborative, empowering forms of participation in conservation
(Davies & White, 2012), there is concern regarding possible
power asymmetry, poor representation, and lack of capacity
(White et al., 2018), and increasing neoliberalism of conserva-
tion (Corson, 2010). However, in our cases, partnerships were
mainly at the local or regional level, with some national engage-
ment. In these cases, the advantages of local NGOs included
specificity, local expertise, and embeddedness in place, and
international NGOs offered access to financial resources, pos-
sibilities for awareness campaigns, and (sometimes) wider legit-
imacy or leverage. In developing countries, nascent local NGO
voices can be overcome by international, more politically astute,
and well-resourced organizations (Mercer, 2003). There are also
situations when less intense forms of participation (White et al.,
2018) are appropriate for practical or ethical reasons.

Although all our case studies were based in the global South,
in 4 of the 7 the lead researchers were based in institutions
in the global North. The politics of knowledge influences
knowledge integration for biocultural conservation approaches
(Gavin et al,, 2018). This is a significant challenge. de Sousa San-
tos (2015) calls for researchers from the global North to recover
and recognize the epistemologies of the global South through
“cognitive justice,” which appreciates ecologies of knowledge
and intercultural translation. The capacity of academics and
nonacademics in the global South must be released for collabo-
rative conservation efforts, and their different ways of knowing
will be essential to coproduce solutions to global crises (Whyte,
2020; de Sousa Santos, 2015). Global North—South collabora-
tions can leverage additional resources and forms of expertise,
but resource asymmetry can lead to agenda setting by global
North actors (N’Da & Fokou, 2021) or extractive relationships
in which researchers from the global North publish research
based on data mined in the global South (Jones & Luhe,
2021). Exchanges among global South researchers can support
postcolonial conservation approaches (de Sousa Santos, 2015).
Howevert, defining individual academics as being of the global

North or global South is oversimplistic. We are individuals from
the global North who were resident and working in the global
South and vice versa. Fluidity across these categories can sup-
port epistemological exchange, but epistemological respect and
equality will only be achieved through active processes and rela-
tionships of consent and accountability (de Sousa Santos, 2015;
Whyte, 2020).

Implications for conservation

There was no binary success or failure, but rather a long-
term narrative for each case study that included highlights and
setbacks. Our analysis enabled us to offer recommendations
to conservation professionals seeking to work with others to
enhance the outcomes of their conservation initiatives. Because
each context is specific, we developed a series of guiding prin-
ciples in association with development of competencies that
support each principle (Table 2).

We shared our lived and critically analyzed experiences of
working with others in conservation biology. The results raise
several questions for the discipline. First, whete are the bound-
aries of the discipline? As the boundaries of conservation
become more porous (Meine et al., 2006), this influences how
students are trained, how journals and conferences are struc-
tured, and how aspirations and methods are developed. Because
conservation is a normative field of study, students may find
employment in practice or in hybrid roles (as have several of
us) but, currently, student training largely centers on research
and rarely prepares graduates for the emotional investment in
such work that comes from supporting intrapersonal compe-
tencies (see Giangrande et al., 2019) or from the time and effort
collaborative reseatch requires (White, 2013). Some programs
develop graduate student interdisciplinary skills and support
teams working on real-world issues with local stakeholders (e.g.,
Duchelle et al., 2009), but more such innovation is required.

Second, how can a rigorous academic discipline that includes
effective interdisciplinary, participatory action research be
supported? Academic incentives do not always reward inter-
disciplinarity (Campbell, 2005) or the time taken to establish
trust and relationships. There are now some national (e.g,
UKRI) and international (e.g, ORA) interdisciplinary funding
calls and an increased emphasis on the outcomes of publicly
funded research (e.g., UK research impact agenda) and on public
engagement (White, 2013), but recruitment and promotion pro-
cedures also need to consider such achievements, and more inte-
grated forms of teaching and learning need to be encouraged.

Third, should all conservation professionals and all con-
servation projects engage with nonprofessionals? Perhaps not
all academics can conduct excellent ecological research while
liaising with local communities and facilitating workshops,
undertaking public engagement, and working with policy mak-
ers. A proposed “ecosystem of expertise” (Brand & Karvonen,
2007) acknowledges and celebrates different roles in sustain-
able development. However, if all such roles are not taken
on individually, collaborative work with those who can will be
needed.
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Fourth, there is a need to continue to monitor and evaluate
the theory of conservation approaches (e.g, Mace, 2014) and
the practical impacts of conservation initiatives, not merely in
species or habitat terms, but also in terms of livelihood out-
comes, development measutres, and social learning and capacity
(e.g., Ferraro & Pressey, 2015). Although it can be difficult to
assess impacts that are cumulative and serendipitous (White,
2013), such approaches can support cyclical reflexive processes.

Finally, our results suggest that the real-world, crisis-driven,
and normative nature of conservation (Meine et al., 2006; Soulé
& Wilcox, 2014) can generate insights regarding the nature of
science and knowledge production, sharing, and implementa-
tion. As science becomes more participatory and democratic
(Carolan, 20006), conservation biology can pioneer such adap-
tations. However, to do so properly, complex challenges, such
as decolonization of conservation, epistemological plurality (de
Sousa Santos, 2015), and restorative justice, will need to be
addressed.

We concur with the framing of “nature and people” (Mace,
2014) in which many potential partners have emotional,
rights-based, or livelihood connections to the land (with accom-
panying species, habitats, and ecosystems). We propose that
conservation biologists work with others, but who these oth-
ers are and how one works with them depends on a range of
factors. Such collaborations can advance not only biodiversity
conservation, but also wider sustainability goals .
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