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INTRODUCTION

Flora and fauna are commonly in the spotlight in nature con-
servation. However, geodiversity, the richness of Earth’s surface
and subsurface features and processes, has gained increasing
attention in research (Schrodt et al., 2019) and conservation
practice (Brilha, 2022; Crofts et al., 2020). Geodiversity is essen-
tial for sustaining biodiversity (Beier et al., 2015; Schrodt et al.,
2019) but is not yet in the mainstream of conservation pol-
icy and practice (Brilha & Reynard, 2018; Schrodt et al., 2019;
Chakraborty & Gray, 2020; Crofts, 2022). We devised a four-
step plan toward consistent consideration of geodiversity for the
benefit of nature that we call PCII: promotion, collaboration,
integration (i.e., policy), and implementation (i.c., practice).

In 2015, there was a Conservation Biology Special Section ded-
icated to geodiversity in biodiversity conservation (Beier et al.,
2015). The framework of “conserving nature’s stage” (CNS) was
introduced: geodiversity forms the stage for actors (organisms)
and the more diverse the stage, the more diverse the actors. This
is because diverse abiotic conditions create many niches and
microhabitats for different species, offering a range of ecosys-
tem functions, even as the wider environment changes (Beier
et al,, 2015). The range of environmental conditions also cre-
ates opportunities for two-way interactions between species and
the physical environment (Viles, 2020). Empirical works sup-
port the existence of a geodiversity—biodiversity relationship at
various spatial scales (Tukiainen et al., 2022).

Geoconservation is advanced at the international level
(Brilha, 2022), with geosite assessments readily conducted
(Brilha & Reynard, 2018). Leading conservation organizations,
including the International Union for Conservation of Nature
(IUCN), recognize the role of geodiversity and geoconservation
in their own right and for their benefits to biodiversity (Crofts
et al., 2020). The explicit mention of geodiversity in the revised
TUCN categories of protected areas (Dudley, 2008) is particu-
larly important. The Geoheritage Specialist Group of the World
Commission on Protected Areas (WCPA) and IUCN are cur-
rently defining the methods, criteria, standards, and governance
to be applied as key geoheritage areas, which would complement
the key biodiversity areas program (Brilha, 2022). The Global
Geoparks Network has grown from 17 European and eight
Chinese Geoparks in 2004 to 177 UNESCO Global Geoparks
across 46 countries (as of October 2022).

Despite the growing recognition of geodiversity, geoconser-
vation still lags biodiversity conservation (Brilha & Reynard,
2018; Schrodt et al., 2019). Excellent examples of geodiver-
sity recognition exist for some regions (examples in Table 1),
but geodiversity is not routinely acknowledged. Yet, its features
are susceptible to damage by human activities (Crofts et al.,
2020). For instance, deterioration of Natural World Heritage
Sites listed under criterion (viii) “geology” has been reported
(Osipova et al., 2020). According to the CNS framework, geodi-
versity may play a vital role in supporting biodiversity in a chang-
ing climate. This is because the stage, or physical environment,

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is

propetly cited.

© 2022 The Authors. Conservation Biology published by Wiley Periodicals LLC on behalf of Society for Conservation Biology.

Conservation Biology. 2022;¢14024.
https://doi.org/10.1111/cobi.14024

wileyonlinelibrary.com/journal /cobi | 1of7

85UB01 7 SUOWILLOD 8AIEaID 3 |qeol(dde 8y} Aq paueob a1e Sajo e YO ‘8sn Jo S8inJ 10} Ariq1TaUIIUO AB|I/ UO (SUOI IPUOO-PUR-SLLBY/W0D" A3 1M Ale1q 1[BuUO//:SdNY) SUORIPUOD pue SWB | 38U} 89S *[2202/2T/yT] Uo ArigiTauluo AB|IM S.L Aq #720pT I000/TTTT OT/I0p/W00" A3 1M Arelq1jeul|U0"01quUOy/SANY WO} papeojumoq ‘0 ‘6€LTEZST


mailto:helena.tukiainen@oulu.fi
http://creativecommons.org/licenses/by/4.0/
https://wileyonlinelibrary.com/journal/cobi
https://doi.org/10.1111/cobi.14024

15231739, 0, Downloaded from https://conbio.onlinelibrary.wiley.com/doi/10.1111/cobi.14024 by Test, Wiley Online Library on [14/12/2022]. 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

TUKIAINEN AND BAILEY

~
b

=]
N

(sonunuon))

<667
/1'92001/3°u2[pueyTpy//:dny

1¢0C
QUUOQIEN] 29 FOAI O

65200003/ €228y /e
\mu0.0umucs.uoﬁmu::\\_m&ﬁ:

syuyuw-udur//:dny
woxy asn 21qnd J0J I[QE[IEAL 2T BILP 9IIS0IT parynes oy,
(90UE1,] JO AJOISTH [erIeN
JO wnIsnN PUOREN Y3 JO Aiqrsuodsar oynuams
9} JOPUN PINPUOD ST ATOIUIATT AU} 18} PAULP
OS[E ST 3] "SSIUYDH [ed150[03u0Ted pue [edrSoEIauNy
9180[003 ONSIIO} ONSIUNE] D130[039 JO SSIUYDLF
oy 30 £307U9ATT o $955edWOIUD AIOTUIATT [eINIBT
V "9oue3,] JO A3011339) [eUONEU 23NUD oy J0J dn 108
ST 98IIAY [EINIEU JO AT0IUAUT oY T, (G- 7138 ‘YLT
Areniqa ‘9/7—g00g A Yd2UI,]) 90UBL,] UT QW 1S
oU} 303 95v31I0Y [LII30[093 JO TONOU [EWIO] Y3 SIULIS
1B ()T U PAIOLUD AE[ O} TO PISE( ST AJOIUIAUT oY T,

's1oeduwr amroatow

(11) SwISAS 13989P-TWAS PUEL 13959P (()]) SWAISAS

Tepe[dirad pue [ee[s (() ‘Swolshs ouew (g) (Swalshs

[81520D (/) ‘SW0ISAS 18TeY PUE 94D (9) SWDISAS vI[Op puUE

ONe[ “FOALX (G) ‘SWIASAS OTULI[OA (§) (SwIsAS [BUOISOFD

(¢) tswansAs o1U01991 () $2J1] JO BONNJOAD O} PUE

e 1oued jo £x01s1y (1) :(ma) voraILd jo vonedrdde
o) SuIpmS 03 PEINPOTUT SAWI) ] 2FE IOYT,

BOTE
o1 jo 1wawdopaap oy 03 yorordde ojqeureisns v 1dope
pue a8e1Fay 1e JO ssauarEme 2jowoid 01 saprunWwod
[220] (A 93E3UD 01 o110 yoed 130ddns O8eiroy
e SurAIesuod 03 yorordde dn-wonoq ¢ ysnoryp
‘an[eA [LUONEUIANUT JO 93LIIaY [EII50[093 JO sease
yorym £q vonesadood [eUONTUIAIUI JO WSTULYIIW,,
£ 195 01 S JJOMIDU U JO WIE 23 1L} NeIs swwesford
syjredoon) puE 93ULIDS0IL) [EUONEUIANTT oY) JO SNMLIS

‘JUDWIVOIIAUY JO ANSIUT Youas,] o %L
L00Z UT payoune| 95e31ray [ed130[093 s uonew
o 703 wessord £301u0AUT UOI803-Aq-U0I5a7

“fneaq
[enaeu [euondadxa 1O aNeA d1UdS YSIY Im
$911S $9SPI[MOTNIE (ITA) UOINII)) ,'SITNIL]
srydessorsfyd so osrydrowoas yueoyIudis o
Ama.ﬂcwwucmﬁwc HCMEQCMDNVUT oyl ur mUmwMUCH&
[£9130[023 SUT03-U0 JULIYTUSTS DJ1 JO
P30293 913 m:mus_uE %HOHWE s prer jo soBe1s
Jolew Sunuasardar sojdwexos Surpurisino
2q 03,, TITA) UOLIdITID JO mmmcgum ST 9UO
UOTYA JO “BLINID ()] JO INO 9UO ISEI[ IE 109
ysnur saIS numﬂ 24l uo TD#U.DMUCM 9q Of, onjeA
[ESIDATUN SUIPULISINO JO SIS [EIMI[ND PUL
[eanjeu jOo TONEBAIISUOD Ble WOMCECHQ umﬂ YT,

*SONIUNUILIOD
Te20] Y1 Surseduo Apapoe ysnoryy
£1879A1p093 s, prer] Sunoooxd jo sduerzoduwr
oy owoid syredoany yuowdofoasp
S[qeurEISNS PUE ‘TONEINPI ‘BON22103d
30 1d2ou02 dnsIOY € PIm pageurwy
93¢ PUE 20ULIHIUSIS [£d[30[093 [EUONEUIANUT
JO 9IS 9ABY] JL} SEITE JO SISISUOD JFOMIIU O,

28eIIo [eIMEN]

(qury 30
90UDI3J9F) UOTIEULIOJUT JIOTA!

s2An22(qQ

uondprosap 110yg

3O £30IUDAUT [PUOTEN] 2Y ], 2DUEL] [euonEN]
mwtm MMNHM.HME T—HC\X/ ﬁﬂﬂcﬁo ﬁ&COENQHDuEH
STOMPN
syredoany [eqoro
(0DSHENN) voRvzIUEdIO
[E3mIny) puE dYRUIDG
‘[euOnEINPT SUONEN] PATT) 89019 [euonEUIAIUY
sweN uoneso| JUIIXD JO J[eOg

.%tqubﬂuCUM UM@UT&CQ&UN udﬂu Qcﬁdﬁwﬂmuﬁ 15& Rw—COu »wJHCBUE&.Hw nmUMUﬂO& TVONETAIISTOD 2Fmivt WO wuﬁﬁﬂaﬁxm

1 HTdV.L


https://unesdoc.unesco.org/ark:/48223/pf0000234539
https://unesdoc.unesco.org/ark:/48223/pf0000234539
http://inpn.mnhn.fr
http://hdl.handle.net/10026.1/4995
http://hdl.handle.net/10026.1/4995

15231739, 0, Downloaded from https://conbio.onlinelibrary.wiley.com/doi/10.1111/cobi.14024 by Test, Wiley Online Library on [14/12/2022]. 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

30f7

(sonunuon))

1$10T/C-PepIsioapoasd
-¢[-Op-EPrISNUI-UCq-¢d
-1$98-0p-eZN[EPUL-BIS2ILIISD
/U21U0D /(JXAAIW VLA [

‘ue[d uonoe

243 Jo JONUOW pue ssasse (9) sswesdord puoneusaIul ul
uvonedpnied ajowoid (¢) (WSEN01093 PUE BONEAIISUOD
305 SururEn puE BONEINPD UIYITUANS () EPNEPUY Ul

‘1 10Z UI P21onpuod

(pepis3oapoany

/3oysiqndasse/
- /uopeoyrueld-oFed-Surpuy|

w1093 930woid (¢) LPNEPUY UT UONEAIISTOI09T £30IUDAUT $9I1SOIL) TLIN[EPUY UL SOPNIUT [ 9P EprIsaIur
UONSI0) Op BZN[EPUY

ero)ensy) A50eng

oouerens (g) GuowoSeurw AISIAIPoa3 "£23E BION[EPUY UT 93811IY [E2130[093 JO

/Teazod /o1uarquivorpaw /so pareadarur 303 [Ppow pue £o1j0d [prORMINSUT asn o[qeurelsns pue ‘vonowoid ‘VONLAIISUOD

“epNepuEapeIunMmm / /isdng sugap (1) :01 o3e £321€18 21 JO $9ANV2[O AT, O} J0J SWSTUBYDOW SOYSI[LISa 18} A391eMS Kyszoatpoony uersniepuy  (uredg) eisnjepuy [euoneuqng
“S1uapIS
PUE ‘STOIEINPI ‘SITOISIA ISISSE 01 $IION]
“A1SI2AIPOIq PIo1,, sopraoid osye 17 A3o[oydiowoad
pue L1s19A1p0a3 Jo JudwaFeurw oy 13oddns 01 pue €3oj01pAy ‘[os €30[093 sso1oe sassad0xd
Pasn ST Se[E 9} WO} TONEWIOJUT ANUNOD 9 SSOIL pue sormeay Surkynuopr Apoidxo ‘syred
unydew-sepe-ArsiApoas £1539A1p023 1M 95eSUD A[1sea 01 ojdoad Summorye [evoneu jo ofoprod oy3 $S0IdT TONEWIOFUT SEPY AIISIOAIPOID)
/sopnae/sossdummm //:sdny  Aq £1530A1p093 sojoword pue soziuSooor Apanoe sepe oy, A1s39A1p0as 303 £3011s0dos € sopraoid sepe oy, 9DIAIOG SYI [BUONEN] VSN [euoneN
ME] U} JO IXIITOD oY) UT Passad03d
ST 15932)UT [E2130[09F JO $11S JO ATOIUIAUT
.wEmMCNLUQE :Cﬁuuuc.ﬁm TwCCﬁNE ﬂmM:NQW .\xﬁﬁ Dﬂu Jo wccmuaﬁczcw
6007 "¢ 3 e[[IaEdIE)) JO JuAWITRYUD (§) (A11sI2ATPOaT puk 2eIoy 2 JO 2UO ST 2T [EIIT0[09T JO (peprszaarporg
:ﬁ.mﬁmw ur :Cﬁ:w\wuvmﬂHCUCwa Twumbbcﬁcwmw 243 Jo TONEBAIISUOD 943 103 SoInseowr pue TONEBAIISUOD U1, .%uﬂw.uwbﬂucmﬁ— pue »AmvuMwCOM 4| MT A TednjeN OTuowine
noqe Arewrwuns ay) Os[e 29§ SILI0IUDAUT JOF 3500 (7) $A11532A1p0a3 pue ‘syredoad pue £1s19A1p0O23 Surpn[our) 9FeIIAY [EINIEY JO PP Q3quIdIP 9p ¢ 2P
‘06¥1¢C dwﬁﬁuﬁ ?uﬂwc_cuw oy %wﬁoum 03 90U2I9Jo3 umﬂuu&w UONEI0ISIT pUL ucuEmEcume osn d[qeureIsns 1002/t £ory) Nmtmuu\w:ucﬂm
-,002-V-d0Og=predydioe (1) e[ 2yp ur s309dse pa1e[23-AISIDAIPOIT UTEW 225U} ‘UONELAIISTOD 9 JOJ OW30F [39] J1Seq AU} pue 9FeIIaf [eInIEN]
\éuﬁ:Q\mu.ucﬁﬁf?ﬁ\\”mats 93¢ 2397 ‘POZIFBWIINS JABY (6002) Te 39 B[[IABDILD) S SAUSIEISI ‘C (g FqUI2d9(] UT ﬁuu&cﬁu Mef STy T, uo 002/t AT Lwﬁmmm E.mmw [euoneN
« PUEPODS JO
SPI9U [EIUSWUOIATUD PUE [EIMI[ND “[BID0S DIWOT0 2]
YIA 1UISIST0D Qouepms pue £d1j0d 01ut A1SI9ATPOIS “£19120s pue 4orjod ‘VoneaIIsuod
/310 JO UONEIZNUT 39110q puL AISIIAIPODS §,PULNOIG J0 s199dse snorrea 01uT A11S39AIP023
191 3BYDAIISIOATPOITSPUL[IODS JO 1UPWASEUEW PUE UONOWOId,, PIEMO) F0M 2eadaur pue arepaidde 1omaq ued puepoog €202—810C ¥7eyD)
//:sdny e oym sammoreusIs 9 ey 3915eY)) AISIIAIPOIL) S, PULNOIG 0Y JO TOISIA [EUONTU € $1U2s23d 10138d oY T, KITSTOATPOIC) S PUEOIG (3IN) pueposg [euoneN
‘papraoid sordwexa
P AemIoN 303 3545007 o voneruowoaduwr
o st AemzoN ut armeN ‘Surddew
JOJ SOUIOPING PUL ‘SAIYDILIDNY ‘VONELILA
“AEMION] F0] PAIENSTOWIP U] JOJ TUNOJE UED 1LY} SI[EIFEA SUFOPISTOD
Suraey orqeardde A[reqo3 oq 01 swre 11 “sapads 10§ ‘S]oA] LJISTOATPOID TUDIIJIP 1€ TONLLILA
AWOUOXE) & OABY M SE ABA JWIES dU) UT “QINIBU dNOIqE [eameu Supmseaw 107 soidpund Surugop
el 0202 PpuE 2n01q 103 Fununodde APPIdxa AISIIAIP [€2150[002 S[roMOWETY DPeWNSAS € o 1red se ormeu
S e 30 UISTOATEE] 01 yorosdde onewnsis € opraosd 01 swre 1S4GOdH  JO [[E JOJ JUNOIOT 01 MOY SANELASTOWIP 1SKG0I SFOMOWIEI] 1S40 KemzoN [ewoneN
©]
m (qury 30 $2A1993[qO uvondmosap 1r0yg sureN uoneso U)X JO J[edg
o 90UDI9J33) UONBUWLIOFUL IO
<
= (ponupuoD) T ATAVL
Z
S



https://scotlandsgeodiversitycharter.org/
https://scotlandsgeodiversitycharter.org/
https://scotlandsgeodiversitycharter.org/
https://www.boe.es/buscar/act.php?id=BOE-A-2007-21490
https://www.boe.es/buscar/act.php?id=BOE-A-2007-21490
https://www.boe.es/buscar/act.php?id=BOE-A-2007-21490
https://www.nps.gov/articles/geodiversity-atlas-map.htm
https://www.nps.gov/articles/geodiversity-atlas-map.htm
https://www.juntadeandalucia.es/medioambiente/portal/landing-page-planificacion/-/asset_publisher/Jw7AHImcvbx0/content/estrategia-andaluza-de-gesti-c3-b3n-integrada-de-la-geodiversidad-2/20151
https://www.juntadeandalucia.es/medioambiente/portal/landing-page-planificacion/-/asset_publisher/Jw7AHImcvbx0/content/estrategia-andaluza-de-gesti-c3-b3n-integrada-de-la-geodiversidad-2/20151
https://www.juntadeandalucia.es/medioambiente/portal/landing-page-planificacion/-/asset_publisher/Jw7AHImcvbx0/content/estrategia-andaluza-de-gesti-c3-b3n-integrada-de-la-geodiversidad-2/20151
https://www.juntadeandalucia.es/medioambiente/portal/landing-page-planificacion/-/asset_publisher/Jw7AHImcvbx0/content/estrategia-andaluza-de-gesti-c3-b3n-integrada-de-la-geodiversidad-2/20151
https://www.juntadeandalucia.es/medioambiente/portal/landing-page-planificacion/-/asset_publisher/Jw7AHImcvbx0/content/estrategia-andaluza-de-gesti-c3-b3n-integrada-de-la-geodiversidad-2/20151
https://www.juntadeandalucia.es/medioambiente/portal/landing-page-planificacion/-/asset_publisher/Jw7AHImcvbx0/content/estrategia-andaluza-de-gesti-c3-b3n-integrada-de-la-geodiversidad-2/20151
https://www.juntadeandalucia.es/medioambiente/portal/landing-page-planificacion/-/asset_publisher/Jw7AHImcvbx0/content/estrategia-andaluza-de-gesti-c3-b3n-integrada-de-la-geodiversidad-2/20151
https://www.juntadeandalucia.es/medioambiente/portal/landing-page-planificacion/-/asset_publisher/Jw7AHImcvbx0/content/estrategia-andaluza-de-gesti-c3-b3n-integrada-de-la-geodiversidad-2/20151

15231739, 0, Downloaded from https://conbio.onlinelibrary.wiley.com/doi/10.1111/cobi.14024 by Test, Wiley Online Library on [14/12/2022]. 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

-
[a]
=
m
a
Z
Z
o
Z
m *SONSST [EITFOISTY PUEL
£ ‘[eamamd OFrpm Jo uonosaoxd oy Jo sarrod
somrenb 0ATOT UT A31STOAIPOSS 9dUBYUD pue o JuaWR[dWwod 01 IpLW ST 1T KTUNWWOD
9AT28U0D ‘p30293 930d03 01 soprumzoddo 3eag 79 uonoy [E90] JO JUSWIA[OAUT I} $TLINOIUD
SUB[J UONJY AISIOAIPOIL) d1y10ads-L1renb PUE AIISIOAIPOIS JO JUDWIDUEYUD PUEL JO
oredoazd o1 szores0d() A33ENQ) 28EINOOUY 19 BONDY  UONI03d Paseardu oy JOF ($211S AIISIIAIPOIS
‘sorrzenb 2A19E JO LISIOAIPOID) *G 2A1d2(q0) JO ISI[ 9 ‘SUONOE PIIT[T PUL SIANID[qO
jpd :uondE pare[ar “3-0) suonsagans [eopoeid sopraoid 17 “vore ug[J UONDY pur (3IN) pueduyg
NLEOLOUD/1/€61L/3umda pue 2an22[qo ue Jo ajdwexo uy 1o s19s ue[d oy 1eYD Sururolpe pue yred euoneu oy ur L1SI9AIPOIS PNy AISIPAIPOILD) NIE] Yred [euoneN
/P1/snoeoioueiou//;sdy  SUONOE PAIL[dF G PUE SIANIDIO ] 93E 230 TOYNIS0NY JO $100¢] patreA o) sassarppe ued oy, [eUONEN PULHqWNIION  PUBFIUNYIION [es0]

‘SON[LA [EINILU PUL JYNUD[OS ATLUIPIOLNXD s u0AUL))
puern) 103d391uT pue 199103d 03 puE $9IMEIJ [EIMND
PUE [eIIEU SUIPULISINO S TOAUE,) PULID) 20UdFIdxd

01 fyrumzoddo orqnd oy apraoid 0 se [om sk ‘sornieay
[EFNI[MD PUE [EINILT JON0 put Or80[01u0aTed Or80[0a3

anbrun s,uofue)) pueic) 10201d pue 2419s23d 01 T *130do1 £301UDAUT U1 UT PISSNOSIP A[DAISUIXD
ANDO 2y Jo asodind oy T, ‘wnsAs re [euoneN ‘1) 93¢ YIIYM ‘$20IN083 pue sodedspue[ 2150[093
oy ySnoxy syred 9550823 [LIMBU 93 J0J PIINPUOD 1T 303 UMOUY A[[er0adso STI "pprom o) (VS ruoziry
STI1 PUE SUNEW-UOIS[IOP POUIIOJUT-00UIIIS PUL JO SIOPUOM [EINIET TOAJS O} JO U0 PUL DG 150doy A30100AUT (ANDDO)
JuowaSeurw 905M0sa3 330ddns 01 voNEWIOFUT J130[093 93eIIOT] PIFOA\  ‘WaISAG e [eUONEN 'S $92IN0$Y 130[090) HIE] SIE [EUOnEN]
0207 ‘weyein) juounsod pue erep dew [e2130[093 sopraoid 130dor oy, o) UT £a3E Pa120103d 9U0ISADY B ST INDO) oYL, [eUONEN] UOAUE)) pULin) uofue)) pueio) [ed0]

9SEEIEP-TUONEATISUOI0D3 -ULIULWISE)
/UONELAIISTOI093 /TONEATISUOD /Ne:a03'se19Iu / /:8d11y
WOy Passadde aq ued 11 pue ‘spesodoid juswdorpasp
BuIssasse UT pue JUSWISEULW pue| Ul [00) Suruued

© SE Pasn ST 9SeqrIE(] UOPEATISUOI0IL) ULIULWSE], |/

*2ourrdx0 ySnoy sosordwr pue ‘siNsox o[qeInsLaw *SIUDTTOIIAUD

SOADTYDE JLY) AeA DATIDIID PUL U “PIILUIPIO0D snenbe pue [ermsa13a) ypoq ur (9eamoy

e ur paruawa[duwr st £891e1g 28Iy [erieN oy () [eanieu ‘0s) A1SI0ATPOIS PUL AISTOAIPOIq

6102 TPMSSIT) QUOWOSEULW PUL UONPATISTOD [Lds-2dedSpUE] punos 307 $1UN0doE 1 yorordde adesspue|

‘BI[ENSNY U UONPAIISUOD093 WoJJ SIJOUD( [LIUIWUOIAUD PUE DMWOUOID [LI0S © U0 paseq st A391e1s oY ], TUIWUONAUG

Inoqe £rewwuns oy} Os[e 99§ 2ouamadxo sueruewse], (¢) Seiay [ermeu 129103d PUE 121B)\ ‘SYIeq ‘Sormsnpuy Arewig

00z pue 130ddns 01 fyrumzoddo oy aaey Arunwwos J0 1waunsedo( o £q paSeurw sweisord

-€107) -£3xens-o8emmoy oY) PUT SIOP[OYDYEIS [[E (7) ‘PRATISTOD PUE “POOISIOPUN UONPATISUOD dINILU JOJ STONIIIIP $opraord

-[BANIBU /UONEAIISTOD ‘paynUOPI o7 SoN[EA AISIOAIPOIS pue AISIOAIPOI] 1] 9SEIIOY [EINILU S BIUBWSE], JO TUOWOSLULU (0€0Z—E107) eruTWwse], (errensny)

/neaog-seraru/ /isdny seruewse], (1) :£891ems oy UT S[BOST INOJ 9F8 232, PUE TOPREAIISUOD PG 1) £501ens v 107 £52181G 0SeIIoH [eInIEN] BIUBWUSE], [euoneuqng
(qury 30 $2A193(qO uondrosap 1royg sureN uoneso| 1U9IXD JO Jedg

90UDI3JOF) UOTIEULIOJUT JIOTA!

(ponunuon) 1 HTIIV.L

~
b

=]
<


https://nre.tas.gov.au/conservation/geoconservation/tasmanian-geoconservation-database
https://nre.tas.gov.au/conservation/geoconservation/tasmanian-geoconservation-database
https://nre.tas.gov.au/conservation/natural-heritage-strategy-(2013-2030)
https://nre.tas.gov.au/conservation/natural-heritage-strategy-(2013-2030)
https://nre.tas.gov.au/conservation/natural-heritage-strategy-(2013-2030)
https://nre.tas.gov.au/conservation/natural-heritage-strategy-(2013-2030)
https://nora.nerc.ac.uk/id/eprint/7493/1/CR07037N.pdf
https://nora.nerc.ac.uk/id/eprint/7493/1/CR07037N.pdf
https://nora.nerc.ac.uk/id/eprint/7493/1/CR07037N.pdf

CONSERVATION BIOLOGY

‘“@:‘ 50f7

may have greater resilience to climatic changes compared with
biological communities (Beier et al., 2015; Comer et al. 2015).
Thus, it is important to ask how geodiversity can be better
recognized and how geodiversity conservation can be better
integrated as an important component and target of nature
conservation policies and practice. From our perspective, the
major challenge is to raise awareness of the significant role of
geodiversity and have this formalized in conservation plan-
ning, which will then inform practical conservation efforts.
The successful policy requires societal and political will and
evidence and knowledge of the practical steps and tools. There-
fore, to tackle this challenge, we suggest four important steps:
promotion, collaboration, integration, and implementation

(PCII).

Promotion of the importance of geodiversity for
nature conservation at different scales (step 1)

The first step is to justify and share information about the
importance of geodiversity in itself and for living nature by ask-
ing and answering the question, across audiences: why should
geodiversity, in the current nature conservation context, be
recognized? In promoting geodiversity, it is useful to high-
light its role in ecosystem service provision (Chakraborty &
Gray, 2020) and its contribution to United Nations Sustain-
able Development Goals, such as clean water and sanitation
and life on land, for example, by introducing the CNS strat-
egy (Gray & Crofts, 2022). Events like the World Biodiversity
Forum and International Geodiversity Day (6 October) present
prime opportunities for promotion.

Collaboration between relevant stakeholders in
policy, wildlife conservation, protected area
management, geoconservation, and local
communities (step 2)

The second step is to increase communication and collab-
oration among stakeholders in biodiversity conservation and
geoconservation, such as between local communities and pol-
icymakers or among researchers from different disciplines, such
as geology, geography, and ecology. Efforts could focus on the
topics highlighted in the Conservation Biology CNS Special Sec-
tion (Beier et al., 2015), such as testing the effectiveness of CNS
(especially at fine spatial scales), exploring the vulnerability of
various geodiversity features to climate change, and scrutinizing
how geodiversity conservation can best support ecological and
evolutionary processes. Steps toward aligning different stake-
holders are being made in science (e.g., Anderson et al., 2015;
Schrodt et al., 2019; Gordon et al., 2022) and in practice (such
as work done by different international organizations, e.g,, Inter-
national Union of Geological Sciences, ProGEO, IUCN, and
UNESCO), but there is space and need for more. In addition
to collaboration among different organizations and stakehold-
ers, it is important to advocate discussion within major nature

conservation organizations. For instance, there could be a joint
task force among the IUCN WCPA and the [IUCN Commission
on Environmental, Economic and Social Policy to investigate
stakeholder involvement, or with WCPA and IUCN Species
Survival Commission to determine practical possibilities of the
conservation of geodiversity contributing to the conservation of
at-risk species.

Integration of geodiversity into global and
national policy frameworks (step 3)

For the integration of geodiversity into policy frameworks and
systematic conservation planning, long-established (e.g,, ITUCN
protected area categories) and newer area-based conservation
approaches should be utilized (e.g., other effective area-based
conservation measures [OECMs]). For instance, geodiversity
considerations could be incorporated into ecological gap analy-
sis, which is used to identify biodiversity that is not sufficiently
conserved in existing protected areas or through other effective
and long-term conservation measures (Dudley, 2008). Across
scales and locations, national policy should more explicitly
require the consideration of geodiversity as an integral part of
nature conservation and monitoring (Gordon et al., 2022). For
example, in Scotland, the Geodiversity Charter places expecta-
tions on local authorities, while in Tasmania, geodiversity has
an equal part with biodiversity in the Natural Heritage Strategy
(more examples in Table 1).

In geoconservation, the inventory of geosites has been essen-
tial when integrating geoheritage into the management of
protected areas (Mucivuna et al., 2022) across a range of meth-
ods and places (Brilha & Reynard, 2018). Ongoing work by
the IUCN and its Geoheritage Specialist Group on defining
the characteristics of key geoheritage areas offers possibilities
for the mobilization of local administrations and communities
for enhanced geoconservation with a unified geosite evaluation
framework (Brilha, 2022).

Some designated sites will be for geoconservation (e.g, a
geosite or geopark). The level of legal protection for these
sites is highly vatiable between countries, but many that offer
some sort of long-term protection for geodiversity will also
have biodiversity benefits because pressures from humans will
be limited. In such cases, sites may be considered OECMs (i.e.,
biodiversity is not the focus, but is a beneficiary). Although
a relatively new concept in area-based conservation, OECMs
could offer a consistent mechanism for integrating geodiver-
sity into a national policy based on existing IUCN guidance
(IUCN-WCPA Task Force on OECMs, 2019).

Implementation of geodiversity-biodiversity
management in practice (step 4)

The fourth step is the integration of geodiversity into conserva-
tion management, which can be done by utilizing existing best
practice in geoconservation (e.g., Crofts et al. [2020] give an
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overview of geoheritage management in protected areas) and
biodiversity conservation (e.g;, Open Standards for the Practice
of Conservation and the Conservation Measures Partnership
frameworks). The implementation would benefit from a clear,
practical framework for classifying and mapping geodiversity
features, assessing trends in their condition, and monitoring
their conservation based on robust metrics.

Gordon et al. (2022; see their Figure 2) demonstrate the
application of geodiversity to biodiversity conservation for
protected area managers; their approach could easily be applied
outside protected areas (e.g., for OECMs). Integrating geodiver-
sity requires collecting data on a site’s geology, geomorphology,
soil, topography, and hydrology, the landscape, and paleoen-
vironmental records, as applicable. Geodiversity must then be
assessed regarding the ecological relevance and connectivity
between features; these features define the site’s conserva-
tion objectives. Finally, geoconservation measures must be
implemented to protect and manage features of conservation
significance, which will require monitoring and consideration
in the wider geographic context (e.g;, connectivity) with future
environmental change in mind.

Effectiveness should then be assessed based on guidance
developed by the IUCN WCPA (Hockings et al., 2000).
Effective conservation requires understanding the local social,
cultural, and environmental context (e.g, links between geodi-
versity and biodiversity); setting objectives and planning how
to achieve them; obtaining adequate resources; establishing a
management process; monitoring; delivering objectives; and
assessing outcomes. Ultimately, existing management effective-
ness systems will need to be modified to explicitly account for
geodiversity and its role in maintaining biodiversity to better
reflect their close connection. This could mean, for example,
monitoring a hydrological feature (e.g, a freshwater spring) or
geomorphological process (e.g, slope stability) toward mea-
suring the effectiveness of practical efforts to reduce pressures
on these features and, ultimately, the species that benefit from
them.

SUMMARY

Integrating geodiversity into mainstream nature conservation
planning and management is essential for the sake of biodiver-
sity, which could be better protected by recognizing geodiversity,
and for the intrinsic value of geodiversity itself. We need a
holistic approach to nature to safeguard both biodiversity and
geodiversity. Our PCII steps offer a pathway toward consistent
consideration of geodiversity in nature conservation.
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