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Abstract

Primates playan important rolén the maintenance and functioning of tropical ecosystems
However, habitat loss due to langeconversiorthreates the persistence of primate
worldwide Colombiahas a diverse fauna of primatesgh 12% of its terrestrial territory
protected under the 0 u n hationd matural park systetdowever threats remainevenwithin
protected areasyith important habitats for threatened species reimgiimderrepreseat or
unprotectedindeed ~53% ofspecies and subspeciegpoinatesareimperiedin Colombia
Here | examinedonservation planning for primatesColombiato identify conservation gaps
and prioritize new sites for protectidfirst, | develogdenvironmental nichenodels for39
primate taxgredicting suitable habitat for each species in Colon8saond, usedthe
Zonationconservation planningoftware to rank conservation priorities wittpnmary and
secondary foresicross Colombid identfied thirty-seven potentiatonservation sitegsing
targetsof 17, 22 and 27% terrestrial protectidmeplaceability and vulnerability ranking of
theseconservation sites facilitatebssesnents of sociceconomichreatsfrom mining and illicit
crops Conservation gapasnd areas of high vulnerabilityeremost common téhe Andes

region



fiConservation is a state of harmony between men and.land
Yet,

AWe shal.l never achieve harmony with the
absolute justice diberty for people. In these higher aspirations the important thing
i's not to achieve but to strive

0 Aldo Leopoldd

Dedicated to my beloved parenis,my
amazing husband and to my lovely son, who
are indeed a treasure from life.



Acknowledgments

| would first like to thank my thesis advisDr. Scott Nielserof the Applied
Conservation Ecology Ladt University of Alberta, for all his supponpatienceand
understandingHe was always open to answer my doubts, to share his knowledge, and he
consigently allowed thighesisto be my own work, byputting my feet down to earthhenever
he thought | needed ilso, thanks for all his effort to finance my program, and for being
supportive when my parenting stagjarted

Thank you to José Vicente RaglnezMahecha, Scientific director of Conservation
International Colombi#or his deep interesh the development of conservation @andfor
facilitating the use oprimateoccurrencealata. Thank you to Maria Isabel More@cal &
Threatened Specidédanagerof Selva NGO for gathering spatial and species informalion.
would not have been possible without the support and knowledge of an inspirational person,
Thomas Defler, his suggeons and advice were keyttte development of this proposalso,
many thank toErwin PalaciosAmazon Manager at Conservation International Colombia for
his constant support in my academic and professional career, for his invaluable friendship, for
being my mentor and share my passion for monkeys and bats.

Thanks to mycommittee members, Dr. John Spence and Dr. MarkdAdestheir
support as examiners for this thesiswle a debt ofjratitude to Dr. John Spence, without his
unconditional support, his kindness and for beliewmme, | would not have been able tagm
myMa s t mragrams anenjoyall thegood thirgs that friends bring in life.

| would also like to thanbexter Dombro, Director aorporacion Ambiental La
Pedregozdor his unconditional suppgnparticipation and inputarrying ouffieldwork in the
Reserva Natural La Pedregoaad to his wife Kochurani Dombro, for making me feel part of
their family. Thanks to Jennifer del RiBxecutive ©@ordinatorat Corporacion Ambiental La
Pedregozgor her unconditional friendship and for her assistamitie fieldwork. Thanks taall
my field assistant$or their help and for teaching me the mysteries of the jungle.

Finally, | must express my very profound gratitude to my pafentsll their love,andto
my husband Jaime Pinzdor providing me with unfailing support and continuous
encouragement throughout my years of study and through the process of writing this thesis. This
accomplishment would not have been possible withiout help, and thanks for all yolwve,

your patielge, your passion about life and for alwaysgehere for me THANK YOU!



Table of Contents

1. Primates in Colombia: conservation needs and approaches..............cccoccceeeeeeieeiens 1
1.1 Col ombiads natur al reg..ans..and..t.hel prot e
1.2 An overview of primate conservation in Colombia..............cccvviicriieiiiiicce e, 3
1.3 State of knowledge of primates in Colaab................ccoeiiiiieeen e 7

1.4 Global/National status and conservation needs for species of primates in Colombia

1.5 Thesis SCOPE aNnd gOAIS.........oovviiiiiiiiiecce et e e e e e e e e e e e e e aeeeraeeeas 9
1.6 TADIES. ... —————— b 10
L 7 QU S ettt ettt ——————aa e aaaaaaan 13
2. Prioritizing conservation areas for primates in Colombia..............ccccoovieeeiiivicennnn. 15
220 I [ 110 T [V Tod 1 [ o PRSPPI 15
2.2 MEENOUS. ... e ettt e eeet ettt e e e et e e e e e e e e e e s st e e e e e e e e e e e e e e e e e anaae 16
2. 2. 1SHUAY AFBA.. ..o c e i e ettt e e e e e e anan e e e e aaaaaes 16
2.2.2Primate SPECIEOCCUITEINCES. .. ..ciiiuuiiiititiieeeeieeessisettbbbseeeeeeeeeeeeesamemseeneeeeeaaeeeeeens 17
2.2.3Environmental predictors of primate habitat..................cccuviemnniniiiiii 18
2.2.4Environmental Niche Models (ENMS)......ccoooiiiiiiiic e 19
2.2.5C0NSEervation Planning.............uuuuiieiiiiiiieeeiieiiieeieee et a e 20
2.2.6VUINerability ANAIYSIS........eiiiiiiiiiiiiie e 22
2 (=] 1 | PSP 23
2.3.1Environmental Niche Models for primates of Colombia..............ccccovvieacnnneenn. 23
2.3.2Importance of environmental faCtOLS............uuuuiiiiiiiiieeeiiiiiiiee e 25
2.3.3 Representativeness of species and prioritized f&ir conservatian...................... 26
2.3.4 Vulnerability for the species of primates in Colombia..............ccocoevieeeeiiiienennn. 28
2.8 DISCUSSION...ceeteteiitttiiiia s s e e e eeeeettbae e e s e e e e e e e e e e e e eaaaaaaaaeaaeaeeaaeeeeeeeesssbnnneeeeeeeeeeeessnnrnnnns 30
2.4.1 Environmental niche models for primates of Colombia...................cooeeeeieininns 30
2.4.2 Priority areas for conservation and vulnerability..............cccoooiiiieeeii i, 31
2 0] o od (U] o] o 3T 35
2.6 TADIES. ... e et ———— e e e e e et s 37
FZ A T 11> OSSP 7

\Y



3. Protecting primates in Colombia: from fine to coarse perspectives in conservation$eeds

L IMPICALIONS. ... ettt eeen e e e e e e e eas 54
G B N 011 7= 11 [0 U SPPPPPPTPURPPRPR 56
TG I = {=ToTo] 101 0 1= o T o Ui [ K PSPPI 57
S FIQUIBS ...ttt ettt ettt e et ettt e e et e e e e e e e e e e e e 959
o ST o] oo =1 o] 0|V Z PP PP PP PPPPPPPPPPR 61
APPENICES. .....coeeieeeeeiettt et s e e e e e e e emaesa e e e e e e e aeeaaaeee et anaesaaeeeeeeaeeerererrrrnnnnnd 31
APPENAIX Aot eee et ————— e a————— e en———— e aaaaaaaaes 81
APPENAIX Bttt e aaaaaaas 82
Y o] o =T g T [ SRS PPPPPUPRRPPPS 84
APPENAIX Do err— e e e e e e e e e e e e anenraaaaaaaaaaaaeeeareanrrna 85
Y o] o =T g T [ PSP 95
Y o] o =T g T [ PSP 96
Y o] o =1 g T [ P UURUPPPPPPRRRP: 98
APPENIX H... s e errer e e s e e e e e e e e e e e e e aneeaaaaeeeaaeaaeeeeaneanrrna 99
Y o] o =T g o [ G USSP 100

DY o] 01T o [l I OO PP PPPPPPPPP 100

APPENAIX LD et 110
Y 0] 01 6 13 G TP PPPPPPPPP 111
Y o] 01 o | | PP TTPOTPP 151
Y o] 01 o | S PP U PP PPPPPPUPUPPPPPP 162

Vi



List of Tables

Table 1.1 National conservation status of primates in Colombia that are at risk as listed by
RodriguezM et al. (2006) with annotations on conservation needs. Each group (a)
correspond to National consation status based on the IUCN Red List Categories: CR=
Critically EndangeredEN= Endangered; VU= Vulnerable; NT= Near Threatened; LC=
Least Concern; DD= Data Deficient. Information on each species irsc(bii&lobal
status by IUCN 201,6and suggestednservation needfkpdriguezM et al. 2006, IUCN
2016. Protection requirements for the spediadlicebus caquetensandCallicebus
torquatus meden{t) were adapted from Defler et al. (2010) and Garcia et al.

""""""""""""""""""

Table 2.1Species of primates present in Colombia, including number of occurrences, global and
national conservation status. Taxa with five or less obsergafiomold) were ignored in
distribution modeling analyses. Nomenclature follows the taxonomic arrangement
proposed by Defler (2010). In addition to new considerations by for speciesRifttbeia
genus (Marsh 2014), as new categorization for geneleeiaubfamilies Callitrichinae
(Buckner et al. 2015) and Callicebinae (Byrne et al. 2016)...............cevvervieeecivrnnnnee. 37

Table 2.2 List of environmental variables used to generate preliminary and final environmental
niche models (ENMs) for the species of primates in Colombia. Allvims were masked
to the extent of the country atkllometer cell size resolution. Net Primary Productivity

and Soil variables were not used in final ENMs due to overestimaion of primate habitat

/////////////////

Table 2.3Selected combinations of variables that best predict distribution patterns of species of
primates in Colombia. Only one combination with the best performance was used to

generate an ENM fOr @aCh SPECIES.........ovvuuiiiiiii it eeme e 41

Table 24 Area Under the receiver operating characteristic curve (AUC) viahpartance of

environmental variables and other main statistics for a final distribution model for each

Vil



taxon of prinates in Colombia with 10 or more occurrence records. Final environmental

sz

niche modelsreillustrated in Appendixl é2 € € € € é ééé e e eeéééé iz

viii



List of Figures

,,,,,,,,,,,,,,,,,,,,,,,

Figure 12 Climate zones in Colombia adapted from Pell et al. (2007)........ccccovveeiiiiiicnnns 14
Figure 21 Map of Colombia and its location in South AMeriCa.................vvvvviicceeeerennnnnns 44
Figure 22 Two-dimensional vulnerability matrix used to identify regional conservation

priorities, based on levels of irreplaceability value relative to threats and conservation

value. Consefation value (horizontal axis) denotes the priority rank of a site accordingly

to occurrence of species and habitat quality (zonation rank), whereas human footprint

index (HFP, vertical axis) representing percentage of the human influence on the land.

Adaped from Margules and Pressey (20QQ).............uuuummmmiiimmminieiiiiieieeeeeeeeee e e e 45
Figure 23 Prioritized conservation areas in Colombia for the 17% conservationlgaainain

cell removal rules, the Adlive Benefit Function (ABF red areas) and the Cefgea

Zonation (CAZ- Green areas), were used to select the most important areas to consider

for expansion of the current reserve network. Overlapping areas: selected areas where the

EWO TUIES CONVEITR.. . eiiiiiiiiiii ettt mne e b e e e 46
Figure 24 Prioritized conservation areas in Colombia for the 22% conservationigaaimain

cell removal rules, the Additive Benefit Function (ABFed areas) and the Cefgea

Zonation (CAZ- Green areas), were used to select the most important areas to consider

for expansion of the current reserve network. NNP: National Naturalsiysidgm.

Overlapping areas: selected areas where the two rules converge...................... 47
Figure 2.5 Prioritized conservation areas in Colombia for the 27% conservation goahaimw

cell removal rules, the Additive Benefit Function and the Qe Zonation, were used

to select the most important areas to improve representation of suitable areas for primates

in Colombia. Overlapping areas: selected areas where the two rolesge® € € é 48
Figure 26 Potential threats associated to priority conservation zones at different protection

targets. Density of lllicit crop areas (UNODC 2014) were overlaid to scenarios using two

main cell removal rules, the Additive Benefit Function (ABIRd the Coré\rea

Zonation (CAZ), in order to identify areas of high vulnerability. NNP: current National

Natural Park SYSTEIML.........uuuiiiiiiiiii e e e e e e e e 49



Figure 27 Potential threats asciated to priority conservation zones at different protection
targets. Oil concession areas (A) and mining rights (B) were overlaid to Additive Benefit
Function (ABF) and Corérea Zonation (CAZ) scenarios to identify vulnerability

priorities to considein the expansion process of the current reserve network. NNP:

Figure 28a Irreplaceabilityvulnerability ranking based on the Human Footprint Index and
reclassified Additive Benefit Function (ABF) and the GémeaZonation (CAZ) priority
rank scenarios. Regional conservation priorities are identified in terms of high
vulnerability value (High biodiversity and high threat) using a-tiraensional
vulnerability matrix. NNPcurrent National Natural ParkyStené ..............ccccceee. 511

Figure 28b Regional conservation priorities of high vulnerability value (High biodiversity and
high threat) derived from the irreplaceabiitylnerability proach using a two
dimensional vulnerability matrix to pair the zonation rank (conservation values) with the

Figure 2.9Primate richness in Colombia (a); incidence of spediesmcern (b); priorities of
high vulnerability value using the Cefgea Zonation cell removal rulg); and the
CoreArea Zonation ranking under the 17% conservation@jalé ¢ ¢ ¢ ¢ € é . 53

Figure3.1 National Natural Parks recently declared in relation wirged scenarios using two
main cell removal rules, the Additive Benefit Function (ABF) and the -Goea
Zonation (CAZ) at 17, 22 and 22% protection targets. NNP: culational Natural
Park systeméééécééééecéeéeéeéeéeécécécpréeéeceéec

Figure 3.2ndigenous reserves and African descent communities associated to priority

conservation zones using two main cell removal rules, the Additive Benefit Function



1. Primates in Colombia: conservation needs and approaches

Primate research in Colombia has increasedici@nably over the last decade. Howetlee,
state of knowledgaboutprimatesremainsinsufficientto guide conservation actiomgth most
research limited tonly a few localities and species (Defler & Bueno 2@bdStevenson et al.
2010).Likewise, there is stillmuchuncertainty regarding the distributionmfanyprimates in
Colombia(RodriguezMahecha et al. 2006 hesedata and knowledge gaps result in
uninformed decision makingith respect tgroteced area planningnd more specifically
conservation of primate$o address this shortfaltlarification ofthe geographic distribution of
its primatesin Colombia is requiredpllowed by a rigorougvaluation of threat® habitats and
speciego targetprotection ofparticularforests anamnore specificallyspecifichabitatsto
conservemperilled species (Deflek Bueno 2010andStevenson et al. 201y studyfocuses
on theconservation of primates in Colombia by addressing the following two quedtidns:
wherearenew protectedareagnostneededor improving the representation of kéaabitats in
Colombia gmational parksystem?and (2)if conservatiorgaps are identifiedyhich areas face
higher levels of vulnerabilityhrea®?

To furthercontextualizéhese objectiveghis introductory chapter offebackground
informationaboutthe currentstateof protectionfor primates inColombig along with
information o the national systerof protected areaandthe basicphysical features of the

countrythat make ienvironmentallyand biologicallydiverse

1.1Colombiad satural regions and the protected aras system

Colombia islocatedat the northwestern part of South America between the latitudes 12°R6'46

and 4°13'8" S, and longitudes 66°505& and 79°02'33W (Armenteras et al. 200&)nd

organized into 32 administrative divisions or Departmedtdombia borders Panama and the
Caribbean Sea to the north, Ecuador, Peru, and Brazil to the south, Venezuela to the east, and the
Pacific Ocean to the westolombia together with these four South American countries siare
Amazon rainforest regiolConsidered as one of tig-megadiverseountriesn the world

(Mittermeier et al. 1998)Colombiaisalsoone of t he couotryihagdasc r i chest
resourcesgontaininglarge watershed®presentednainly byfour largesub-continental basins

comprisingthe Amazon, the Cauca, the Magdalena and the ©onwers



Total area of Colombia is 114,174,800 hectaviés 30% of thecontinentaimasscomprisingthe

Andean mountasithat rangéetween 500 and 5400 of altitudewith threemainbranches

(west, central and e as tthatmuaacross nzost afthercauntigfem or A c o
south tonorth The remainingartsof Colombia includeplains oflowland savannakast of the
Andes,lowlandrainforess to the souttand to the east (witthe Bauddand Serrari del Darien

mountains rangein this area)andplainsin the Caribbean coasti the northwith the Sierra

Nevada de Santa Marta mountain rang@s mountain range in the noiticludes the Cristobal

Coldn peakat5780 m, the highest elevation of the counfgtditional highlandwithin

Colombia includghe Serrafa de la Macarenalongthe east flankf the Andes and plateaus

and hillsassociated witthe Guiana shield in the south and easterrspéathe coutry.

Given the complexity o€ o | o mgebgaaphymore thar811 typef ecosystembave been
describedHernandezt al. 1992with six natural regions recognized based on climatic,
vegetation, sojland physical feature$heseregionsconsist of one maritimarea or theénsular
region(Pacific and Calibeanislands), and five mainta regionghat include thémazon,
Andean, Caribbean, Orinocand Pacifiacegions(Figure 11). The Amazorand Pacific (Choco
Biogeographicyegiors, comprisethelargest portion ofropicalrainforest and includene
majority of indigenous andfrican descentommunitiesBecause oits high biological
diversity, vulnerability tchuman activitiesand high rates of endemisthe Andean region
representds ne of t h eonsewatidrpdoditees (Mittenneieret al.1999) This region
includes the Cauca and Magdaleivar valleys, whichareimportantregionalwater resource
The Cauca and Magdaleniger valleys within the Garibbean regiohavedry foress, savannh,
desert, and alluvial deposiiBhe Orinoco region includesastareas obavannhs and gallery
forests, ana@ontains catchment areas of the Meta, Guaviare and Vichada Geographicsub
areaswithin each natural regiomaveparticulartopographic, vegetational and hydrographic
featuresThese sufareas ar@sedas place namds categorize the genenalcatiors of new
conservation sitegroposedn thisthesis. AppendixA provides amap illustrating thessub
areas

Different climates are also associateih the diverse geography of Colombia@mperature
(annual isothermsand precipitatiorpatterns associated with changes in elevation define
di fferent altitudinal ther mi:€l)hoteave(PXC)or At her



between sea level and 1,000 met&¥temperate lands (184°C) between 1,000 and 2,00
meters (3) cold lands (1R18°C) andsubparamo (612°C) between 2,00and 3,000 metey$4)
paramo (1.566°C) between 3,000 and 4,000 metesd(5) perpetual snow (< 1.%) located
above 4,000 metefslernandezCamacho & Defler 1988Hot landsareassociatedvith heavy
annual rainfallwhile temperatéandshave moderate raifall and temperature¥he term

0 gramadrefersto treeless regions adjacent to the cold zdhe. KépperGeiger climate
classification providea more detailed classification ofimate zone$or Colombia(Pell et al.
2007 Figurel.2).

TheNational System of Protected Areas (SINAP for its acronym in Spanish) incorpsea&ss
management categoriesth six categorie®f public natureand one private category kno as

natural reserves of civilociety The protected area categorfes public natureinclude (1)

natural national park systerf2) protective forest reserve@) natural regional parkg4)

integrated management districfS) soil conservation district@and(6) recreational areas

(MAVDT 2010) The Natural National Parks System (SPfNits acronym in Spanigltonsists

of 59 reservesomposed o$ix different typesncludingNatural ParkNatural Unique Area

National Natural Reserye Fauna and FI oia aP & argpmutkeavaytoy, and AV
become National Natural Pa(kIAVDT 2010) The SPNNorotects~1 3 % of t he countr
terrestrial(12%)and maritimg1%) habitatsof high conservation and cultural valiReopleof

indigenous and\fricandesceh ar e pr esent i n aleratioddd ecasystemss i t e s 6
by human influencess considerably loWfPNN-C 2015)

1.2 An overview of primate conservation in Colombia

Primates play a vital role in the maintenance and functioning of tropical ecosystems. For

example, primates are sedidpersers and pollinatgrss well as prey for large carnivores

(Chapman & Chapman 1998/right & Jernnvall 199&ndLovett & Marshall 2005 Primates

are alsamportart as seed dispersarsmitigating effects ofclimate change by maintaining

forest covethat iscritical for carbon sequestratioB€llo et al. 201k Neverthelesdhabitat loss

due to conversion of forests to agriculture and other activities threaten many speciestes

(Chapman & Peres 20Q1indeed at least 259 (60%) of the 58Aown primate specian the

worldar e | i sted as ACritically endangered (CR) O,
primarily due to habitat lo8UCN 2016). Given the current annuate ofloss of tropical



foress at 13 million hectares (Laurence 2Q1éhae isa strongglobalneedfor additional

conservation policies.

Within Colombia,the state ofprimateconservations worrisome The InternationalJnion for

the Conservatiorof Nature(IUCN, 2016) places57% of specief primatesn Colombia(17
specieut of 30 at high levels of riskand furthermoreDefler (2013)emphasizes extinction
risk for over 53% ofthe 40taxaof primatesecognized by Defler (2010fowever, the number
of speciesand subspeciesf primatesncluded in the Colombian pnate faunavaries depending
ontaxonomicclassificationand so theercent of endangered spedieshe countryaries
depending on its sourcEor instancethe APC (2016)ecognizes35 speciesand16 subspecies
(45 taxa)of primates in Colombia.wWo previously recognizedubspecies of spider monkeys
havebeenrecentlyintegratel into a monospedit taxon Ateles hybridug¢CR), while at the same
time, thesubspecies withiallicebus torquatuarenowrecognized amdividual species, but
undertwo newgenergCheracebusindPlecturocebusproposedy Byrne (2016)Lastly, the
APC (2016 recognizedAotus trivirgatugLC) as native to Colombjalthough there is no
confirmed report oits occurrencen the countryThus,as long asaxonomic conflics and
uncertaintiesbouttheoccurrence of specigersist theexactnumberof primatetaxawithin
Colombiawill be subject to debate

Nonethelesghe fact remains tharimates in Colombiare in jeopardyTable 1.1 providea
complete description dheglobal and national status threatenegbrimates in Colombias well
asconservation needsr thesespeciesAbout 80% of the IntetAndean lowland rainforest, a
vital habitat for theeritically endangered browspider monkeyAteles hybridus has
disappeared in the last decqtioralesJimenez 2004)Underthe current rate dand use
conversionn Colombig a significanthumber primates are at risk@fttinction This includeshe
endemic wite-footed tamarin$aguinus leucoplignd thevariedwhite-fronted capuchifiCebus
albifronsversicolol), which areboth categorized asdangered speci€de la Torre et al.

201%). In fact,60% oftherangeof the whitefooted tamarin has disappeared, and the species

has been extirpatddom some localitie®f its historical rangéRoncancio et al. 2013)

Likewise,the newly described and critically endangePéecturaccebus caquetens{€aqueta titi
monkey)of the Amazon piedmoriaces high levels of forest fragmentatidime piedmonarea

hasthe highestannual rate of primary forest lo&&rmenteras et al. 2008)ith only 28%o0f



natural vegetatioremainingasremnans. The Serrafa La Macarenaountain range is among
the most diverse ecosystems in Colomtiig theconfluence of Amazon, Andean, and 1@Go
regions and hasumerous endemic species, the& arealsohashigh levels of landise
transformation with only 68% of the original vegetation coeenaining(Armenteras et al.
2006. Primate species here include thigically endangered Colombianoolly monkey
(Lagothrix lagotrichaugeng, theendangeretbnghaired spider monkeyAteles belzebuth
belzebuth, the varied whitefronted capuchiriCebus albifronsersicolof), and other vulnerable

primates.

Another important biodiverse area is tBleoco Biogeographic rainforeist the Pacific regionit
containsmany endemic species, lnetainsonly about24% of its native vegetation It isthus
identified asone of the 25 global biodiversity hotspots for conservation (Myers et al..Z0@9)
area containulnerable populationsf the south Pacific blackish howler monkéslouatta
palliata aequatorialig and the critically endangeré&iblombian black spider monkégteles

fuscicepsufiventris).

The main diversof deforestationn Colombiaaresociceconomiowith native habitats converted
to agriculture cattle ranching, miningand colonizationThe Andean, IntefAndean, Pacific and
Amazon regions are the most affected by lowland tropical forest cledingfteras et al.

2003 Armenteras eal. 2006andEtter et al. 2006)with some of these are regiohaving among
thehighest diversity of primats. Deforestation patterns vary from region to region due to
dissimilaritieson biophysicatraitsand accessibilityhatinclude differences irsolil fertility,
population density, rain frequency, distance to toants roads oevento rivers, whichin the
Amazon for exampleare the maiimodes otransportation (Etter et al. 200&tter et al. (2006)
suggestthat the Andean region is by far the most affected by forestcldamg (agricultural
conversion mostlyvith current hotspots of deforestation oaoug in biodiverse enclaves of
flora and faungrimarily in boththe Pacific and Amazon piedmont regioRodriguezErasoet

al. (2013) suggest that by 206 t030% of theremainingnatural areas in the Colombian Andes
will be lost dueprimarily to land use conversion fmasture and agricultural uséhis does not

bode well forColombian biodiversity andn particular, for primates.

lllicit crops and decades of civil conflict haatsoaffectedandusedynamicsn Colombia

Althoughcultivation of coca leaf has been an ancient customdbvegroups thatconsider it



sacredthe flourishing trafficof cocairein the198 0,@sng withassociate@rmed conflics
causedy the intensificéion of illicit crops by drug cartels, local guerilland paramilitary
groups had acatastrophic effect on rural/natipeopleand theassociate@cosysters. Indeed,
Colombiahasthe highest rate ohternallyforced displacenent ofpeoplein the world(UNHCR
2016), with numbers displaced estimat@b.9 million people(Human Rights Watch 2015 and
UNHCR 205). The displacement of people is primarlye to ilicit coca crops that have
replacedural and indigenous smadtaleagriculturalfarming This has led to thiwssof
adjacennatural forested areadth high rates of forestfragmentation (Alvarez 2003)

By t he begi nndogagropedverad A0000IhEctr@D%of these werentended
for subsistence crops of less than two. ajer the following decadinere was amcreasenf
146,000hectare®f coca spreading alongsolated areas of peasant colonizatimdigenous
reserves, foreseservesandbuffer zones of national parkBhe highestincidenceof new coca
cropswasin the Orinoco ad Amazon regions, areaslagh biological and cultural valueith
coca leaf production accoumg for 78.6% of thec o u n ttotaip@dudion(Diaz & Sanchez
2004) Despite a decrease mumber of cultivated hectares of casaColombiaby 2013(89,215
ha in total)due to manual anaerialeradication 16,334 hectares of forest westdl clearcutin
that same yeawith 58% beingprimary foresfUNODC 2014) lllicit crops are therefore a major

threat tonatural ecosystems in Colomlaiad habitats for primates

Similarly, mining activities which areone of the pillars o€ o | o méconamysave been
recognized as orntbe maindriversof deforestatiorand water contaminatigiiNepstad et al.
2013) Althoughthetotal extentof forestlossdueto miningis unknown oil
exploratioriexploitationlicensesaccountmore tharil9 million hectaregANH 2016)of
Colombia withmining titlestotalingmore than fivemillion hectareMME 2013)or 20% of the
country.Low governance capacity in remote regiomkich also contain areas bigh
biodiversity like the Amaan, Orinoco and Pacificegions increases the chanoéboth legal and
illegal mining operationgven in areas where economic developneptohibitedi e.g.,Forest
reservegNepstad et al. 2013J he situatiorhasrecentlyworseredwith declaratiorby the
national governmertdf strategic area®r mining in the Amazorand theChocoBiogeographic
regions Indeed,llegal miningnow accouns for ~80% of gold productiom Colombia(MADS
2014).



Mountain and dry foresin theAndean and Caribbean region have been the most affected by
mineral exploitatior(Davalos 2001 an8aenzt al. 2013. This hasegativelyaffecedthe
endemic andritically endangeredattontop tamarin $aguinusoedipu$ with a30% decreasm
suitable habitafMiller et al. 2004) as well aghreateimg other vulnerable populations of

primatessuch thegrey-handed night monkefAotus griseimembia

Other threats to primates in Colombia includbsistence hunting and illegal trafbf primates
especially for larger primates including the howler and spider morfkeysandezZCamacho &
Defler 1985, Palaos & Peres 20®andDefler 2013). Bush meafrom primates is common in
the Amazon and Pacific regns wheret is an important part of the culturéiadigenous and
communitiesof African descentindeed, énsities of large primates have decreased considerably
within some national parks and indigenous reseduestohunting(Ulloa et al. 1996Palacios &
Peres 208, Castillo-Ayala & Palacios 200andDefler 2013. In somecasesthis haded to local
extirpation of speciesncludingthe endangeredionghairedspidermonkey(A.s b. belzebuthin
the Amazon regiofBoubli et al. 2008)Although larger primates are most often huntedgl&er
primatesaresometimeslso hunéd,as is the case of tlemdangeredariedwhite-fronted
capuchin(de la Torre et al. 20T}, butusually thesesmallerspecies arpoachedor the pet
trade(Defler 2013)or biomedical investigationaldonado et al. 20Q®efler & Bueno 2010
andMaldonado & Peck 2014)n somecasesotherprimatesarekilled because they are

consideredascroppests(de la Torre et al. 20EmndCastillo-Ayala C. pers. obs).

1.3 State of knowledge of primates in Colombia

Despite recent researdhgre are significant gaps in knowledg#utthe distribution and the
status ofprimatepopulationan Colombia In particular, there iscarcity ofbasicbiologicaland
natural historynformation for endemic taxa (Stevenson eR8all0) as well asa general
deficieng in peerreviewedpublications In addition, feld research on primates in Colombia
presentlycompriseonly fewlocalities due tdack of accesor security(threat$ from civil

conflict.

Red howler monkeys\ouattaseniculusseniculu$, brown spider monkeysufted capuchin
(Cebusapella fatuellug and wally monkeys are among the specieswhichresearchas been
most active However basicbiological data isespeciallyscarceor thecritically endangered



Colombian black spider monkégteles fuscicepaufiventrig andthe white-footed tanarin
(Defler 2010 andDefler 2013. The status of speciegthin highy threatened areasadso quite
vague such ador theRio Cesar whitdronted capuchirfCebus albifrongesarag and the
endemidBr umbac k 6 s rAotus brumbachi(Ddfler 013) Nevertheless,
establishment of conservation programs for the endewtiontop tamarin $aguinusoedipu$
and thebrown spider monkeyA. hybridushybridug (Link et al. 2013 and Savage& Causado
2014)haveimprovedour knowledge othe bblogy andhabitatrequirementgor thesecritically

endangered species.

Althoughthedistribution of primates has recently been reviewed at regionalarahal scales
(RodriguezM et al. 2006andIUCN 2016), species distribution maps agenerally quitecoarse
in scale (resolution/grain sizegspeciallygiven thelevel ofanalysis (i.e., range maps instead of
occurrences)Assessment of the effectiveness of culseptotected areagquiresconsistent
informationaboutthe distributionof speciesSpecies(environmentalniche modelgrovide an
alternativeapproach to identifying environments, habitats, and sitesenduitable primate
habitat occursThus far,however,Colombian primatespeciedor which thereareniche models
includespider monkeysNloralesJimenez 2004BurbaneGiron 2013 Link et al. 2013and
RodriguezBolafios et al. 2013woolly monkeys (Burbangiron 2013 andRodriguezBolafios
et al. 2013) and thehite-footed tamarin (Roncancio et al. 201Bhe presenstudytherefore
represerda valuablecontributionto clarifying thedistributional ranggevia niche analysesor
most primate taxa in Colombé&nd an analysis of conservation gagsted tahe existing

reserve network

1.4 Global/National statusand conservation needs fospecies of primates in Colombia

Therearediscrepaniesaboutthe conservatiorstatusfor 35% of the45 taxa listedor Colombia
Three taxai(e., Cebus capucinusurtus Pithecia hirsutaandA. s.seniculu$, for exampleare
not listed by the IUCN (2016yvhile anational conservation statussisll needed fortireeother
taxa (.e.,Cebus capucinusurtus Aotus jorgehernandezandAotus nancymgeThe
HernandezZCamacho night monkey( jorgehernande}iand the Rio Cagetawhite-fronted
capuchin areonsideredlatadeficient at the global leveHowever, in the national conservation
statusassessment dfie lattethas changettom Near Threatened (NTp Endangere(EN)
(Defler 2013).



At least fiveprimatespecies areonsiderecendemido Colombia Aotus brumbackiSaguinus
leucopus Saguinusedipus PlecturocebusrnatusandPlecturocebugaquetensisSix
additionaltaxa haveheir distributiors restricted to ColombiasgéeTable 1.1) The Colombian
black spidemonkey Ateles frufiventris) is the only taxon recognized esdangeredn
Colombig three morespeciegthe two subspecies éiteles hybridusand the Caquetaitit
monkey arecritically endangered, and 14 tagansidered/ulnerable In addition a leas two
taxa are not protected underycategoryof the National Park Systerhgontocebus nigricolis
graellsi(NT) andthe Red titi monkeylectorucebus discolqiVU)).

1.5 Thesis scope and goals

As a result of my review and experience in Colombiapthjectives of this thesis atleredold

as follows:1) model relative probability of occurrence for each species / subspecies to address
uncertainties in species distributions of primates in Colombiai@jtize new conservation
sitesof high irreplaceabilityo achievahe Aichi Biodiversity Target 11 of 17% terrestrial
protection and3) assessulneralility of areas of high irreplaceability #seyrelate torelevant
sociaeconomic pressurdsurrent and future threatd)he informaion derived from this study is
relevart to addressig basic biogeographic informati@boutprimates of Colombia and
requirements fotheir conservationThe thesiscomprisesa singleanalytical chapter thaincludes
boththenichedistributionmodelsof Primates in Colombiand a prioritization analysis that
ranksvalue of sites for future protection based on existing conservation gaps for these same
primates A final sectionof the thesisummarizesheimplicationsof my findings, discussegts
limitations, andbffers someecommendtionsto improveconservatiordecision makingn

Colombia



1.6 Tables
Table 1.1 National conservation status of primates in Colontié areat riskas listedoy RodriguezM et al. (2006)with annotations

on conservation needs. Each group (a) correspoNdtional conservation status basedthe IUCN Red List Categorie€R=
Critically EndangeredEN=EndangeredyU= Vulnerable;NT= Near Threatened;C= LeastConcern,DD= Data Deficient
Informationon each species includéls) Global statusby IUCN 2015, anduggestedonservatiomeedgRodriguezM et al. 2006
andIUCN 2015). Protection requirements for the spe€@abicebus caquetensandCallicebustorquatus meden{t) wereadapted
from Defler et al. (2010) and Garcia et al. (2010).

Critically Endangered (CR)? |

Remarks severehabitat fragmentation, small area of occurrence and population in high risk of decline.
Conservation needslarify distribution(rangg and dsign protectedreas Photo credit: ©Thomas Defler (Arkive.org)

Plectorucebus caquetensis
(Caqueta Titi Monkey)
CR®

Ateles hybridusruneus
(Brown spider monkey
CR°

Remarkspopulation trendlecreasing. Habitat greatly fragmented. Land conversion for agriculture, huamrtthg
colonization recognized as main threats

Conservatiomeed: identify and evaluate local populations, even within protected aneas credit: ©Wilfredorrh2012
(flickr.com)

Remarksdue to habitat loss and hunting, population has decreased bp\&f%he past 45 years (three
generationsandacuteness of threats in its distributisrthe norm

Conservation needstudies on the ecology and population dynamics are still requinet. credit: ©Diana Liz Dugque
| Sandoval (Arkive.org)

Ateles hybridus
(Variegated spider monkey)
CR°

Endangered (EN} !
Remarkshunting and exploitation of forest for timber @®mainthreat Largeportions of suitable habitat have
disappeard Restrictedaccesto area®f occurrencalue tothe presence of illegal army forces.

Conservatiomeeds evaluate the status of the populatiandestablishconservation programshoto credit: ©Steve
Wilson (flickr.com)

Ateles fuscicepsufiventris
(Colombianblack spider monkey)

CR°

Vulnerable (VU)2 |

Remarksrare.

Conservation needgenerate information ooccurrencesand assess population statisrterm studies). Design
| conservation programs in protectaéas or in potential new reserve aré@sntrol rade and huntingPhoto credit:
©Jaime Pinzon

Remarksendemic Underprotectechabitat highly threatened by human colonization.

Conservation needsstablishment new resest® improveprotection Photo credit: ©Alba Lucia Morales Jimenez
‘| (Arkve.org)

Callimico goeldii
(Goel di s Monkeyl
VU®/ Appendix | CITES

Saguinus leucopus
(White-footed Tamarin)
ENP/ Appendix | CITES
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Saguinusoedipus
(Cottontop Tamarin)

CR°/ Appendix | CITES

Remarksendemic Partof one ofthe most solid conservation prograim the country
Conservation needdeficiencies on protecting key habitatsoto credit: ©Jaime Pinzon

Aotus brumbacki
(Brumback'snight monkey)
VU®/ Appendix Il CITES

Remarksendemic. Current area of occurrenegth high amounts ohuman disturbancgattle and agriculture).

il Conservation needaddress mjor information gaps on its distributigrangg. Protectriparian forestPhoto credit

©filin.vn.ua

Aotus griseimembra
(Grey-handed night monkey)
VUP / Appendix Il CITES.

Remarks scarce, status of the population is unknown. Foresidaasajor threat.
Conservation needsensuses angstablishment gfrotecedareas. Regulate and control the use of the spigcie

| biomedical studies. Monitor population and design appateconservatiorstrategiespPhoto credit: ©Papiliorama

Foundation (Arkive.org)

Aotus lemurinus
(Colombian night monkey)

VUP / Appendix || CITES

Remarks status of population is unknowabitat highly threatened by human colonization
Conservation needassespopulationstatusand establislproteced areasPhoto credit: www.npr.org

Aotus zonalis
(Panamanian night monkey)
DDP/ Appendix Il CITES

Remarksless than 10% of suitable habitat. Status of population is unknown.
Conservation needglentify populations and establish protstareas. Monitor populations and design approprie
conservation strategieBhoto credit: © Joe McKenna (flickr.com)

Lagothrix lagotrichalugens
(Colombianwoolly monkey)

CR°/ Appendix Il CITES

«¢ Remarkshunting and habitat loss as a major thr@&stribution along the Andes where human disturbance is. hii

Conservation needsstablish nevareas to protect relict populations. Identifynmoelict populationsDevelop and

implement nonitoring programs and reinforce protection laWseate ducation programshoto credit: ©Sergio Vargas
(Arkive.org)

Alouatta palliata
aequatorialis

(South Pacific blackish howler
monkey)

VUP/ Appendix | CITES

.| Remarkswide distribution across Central and South Amer@ansidered vulnerable in Colomhdae torapid

declinein its populatiors.
Conservation needpresent in National Parks oiever, threataeedevaluaion. Photo credit: ©costaricanature.org

Ateles belzebuth
(Long-haired spider monkgy
ENP

Remarks habitat loss (deforestation) and huntipgppulation decreasingd of primaryconcern. Distribution
(rangg in areas of high colonization.

Consevation needspopulation assessmeraee needednda needo resolve doubtenits occurrence in the easter
portion of the Andes mountain range (Amazonia foothilisdto credit ©Miguel Rangeljr. 2011

Pitheciamilleri
(Miller's saki)
DDP

& Remarksdistribution(rangg occursin areas othighthreatsdue to human colonization. Habitat loss aapid

populationdeclines
Consevation needsconfirm the presence of the species$egally protected@reas Define theeastern limit of its
distribution to determine effectiveness of protectto credit: Planetofmonkeys.com

Cheracebusnedemi
(Colombian Blackhanded titi)

VU® / Appendix Il CITES

Remarks habitat loss due to timbérarvesting ofuincontrolled slastandburn agriculture and ranching
Consevation needsassesstatus of population. Occurs in one National Rarikthere is the need ofewprotected
areas’ Photo credit: © 2005 Finding Species Inc.
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Plectorucebus discolor
(Red titimonkey)

LCP

Remarkssmall distribution(rangg in the country, detrimental effect on suitable habitat becafugamigation
actions to eradicate illicit crops.

Consevation needspopulation assessments, vulnerabiissessmentnd areas legallgrotected within its range
in Colombia.Photo credit: ©Chris Schmitt 2007

Plectorucebusrnatus
(Ornate titi monkey)
VUP/ Appendix Il CITES

Remarksendemic Severe habitat fragmentation, small area of occurrence and populatipididecline.
Consevation needsClarify distribution(rangg. Photo credit: ©Gustl Anzenberger (Primate Info net)

Near Threatened (NT} |

Cebus albifroncesarae
(Rio Cesar Whitdronted
Capuchin)

ENP

Remarkshunting and habitat lossremajor threats.
Consevationneedsoccurs in National Natural Parks. Evaluataservation status of populations and identify
potential threatsPhoto credit: ©Margarita Nieto Defler 2010

Cebus albifronsmalitiosus
(Santa Marta Whitéronted
Capuchin)

EN®

Remarkshunting and habitat lossremajor threats.
Consevation needsoccurs in National Natural Parks. Evaluatamservation status of populations and identify
potential threatsPhoto credit: ©Margarita Nieto (Defler 2010)

Cebus albifronsversicolor
(Varied White-fronted Capuchin)
ENP

Remarkshunting and habitat lossremajor threats.
Consevation needsoccurs in National Natural Parks. Evaluataservation status of populations and identify
potential threatsPhoto credit: ©Margarita Nieto (Defle£010)

Lagothrix lagotricha
(Humboldt's Woolly Monkey)

VU®/ Appendix || CITES

RemarksHuntingis a major threat
Consevation needsidentify potential threats. &ign adequate conservation policigsto credit: ©Lucy Molleson/IPPL
(Arkive.org)

Cacajaoouakary
(Goldenbacked Black Uakari)

LC®/ Appendix | CITES

Remarks Subsistenceunting and population undeapid declinearemajor threats.
Consevation needspresentin some Natural Parkbut the extension of its occurrencetliese areas is undefined.
Determine the distributiofrangg and apply conservation strategi®soto credit: ©Luis Claudio Marigo (Primate Info Net)
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1.7 Figures
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Figure 1.1 Natural regions of Colombia.

Adapted from
http://geoportal.igac.gov.co/mapas_de_colombia/IGAC/Tematicos2012/RegionesGeogr

aficas.pdf
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Colombia map of Kdppen climate classification

I Equatorial climate (Af)

BEMonsoon climate (Am)

[N Troplcal savanna climate (Aw)

IWarm desert climate {EWh)

[ IWarm semi-arid climate (BSh)

[[ICold desert climate (BWKk)

[ /Cold semil-arld climate (BSk)

[ |Temperate mediterranean
climate (Csb)

[ |Temperate oceanic climate (Cfb)

[THumid subtropical climate/
Subtroplcal oceanle highland climate (Cwb)

[ ITundra climate (ET)

Figure 1.2 Climate zones in Colombia adapted from Pell et al. (2007).

https://commons.wikimedia.org/wiki/File:World_Koppen_Classification_(with_authors
).svg
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2. Prioritizing conservation areasfor primates in Colombia

2.1 Introduction

Colombiais a tropical countryhat contain®ne of themost diverse assemblagagprimatesn
the worldconsisting of~30 species and®2subspeas (Grooves 2005 anBefler 2010)
However,most species (18r 53% of all recognizepeciespreconsideredhreatenedDefler
2013) with two speciesecognized asritically endangeredynespeciesendangered, 1dpecies
vulnerable and sixspeciesear threatene@RodriguezMahecha et al. 20065ome of thee
species, however, have different globahservation statussingthe [lUCN categorés(IUCN
2016, Table 21). Therateof habitat loss and alterationspgamatehabitats hasccelerateah
Colombiaover the past few decadése tohumanpopulation growttandland use and land
cover conversionMiller et al. 2004 Etter et al. 201 AndRodriguezraso et al. 2013)n
addition, there are substantial knowledg&ps oraboutthe status of subspecies, and uncertainty
remainsaboutrangedistributionfor manyspecies (Defler 2010Y hislimits the identification
of effectivenationalconservatiorprioritiesfor primatesn Colombia.

Establishment and management of protected areas has been one of the most valuabletstrategies
addreszonservatiorshortfalls given its clear potentiab safeguarégpecieshroughassuring the

continuity of ecosystems (Cowlishaw & Duni28Y00).In the case of Colombia, the National

System of Protected AreaiSise ma Naci onal deSINBRistaacrolymiot egi da o
Spanish) incorporateevenmanagement categorigsbeadministered in alliance with

governmental, nogovernmental, public and privasectorsdepending on the nature of the

protected areaMAVDT 2010).Across theseategoriesthe Natural National Parks System

(ASi stema t he Par gu e solorhbéEy SPNMfa its@agonyantSpanighl es de
consists ob9 parksprotecingl 3 % o f t hterrestrial amd maritinge $abitats (PMIN

2015)within areas ohigh conservation and cultural value thave been little alterdaly human

activities

Nonethelesshere are significardonservation gaphatincludesome ecosystems of high
biodiversityvalue(Conpes 2010, Foreffidedina & Joppa 2010). In factnder the Natural
National Parks System, terrestrial protected areas in Colagjmasenonly 11.27%
(12877,086 ha) ofthe ount r y 6 s {C015),whidisay5.73%P(@E3R,629 ha)

shortfallrelative tothe Aichi Biodiversity Target 1n safeguarding 17% of terrestrial habitats
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by 2020 Convention on Biological Diversity, 2010). Moreoy@orzo (2008)dentified
protectionshortfalk for important biomes, including those witigh restoration potential. Thus
key habitats remain underrepemted or even unprotectetthin the protected area system
therebyincreasing the level of vulnerabilifgr threatenegrimate specieRodriguezMahecha
et al. 200GandStevenson et al. 2010h particular,existinganalyses o€onservation gagpfor
primatesin Colombiasuggesa shortfallin protectionfor woolly monkeys (RodrigueBolafios
et al. 2013), spider monkeyll¢ralesJimenez 2004Link et al. 2013andRodriguezBolafios et
al. 2013), and the Whitmoted tamarin$aguinus leucopyigRoncancio et al. 2013). However,
there idlittle information available to iddify suitable habitats fahese and othgrimates as is

requiredto prioritize areador further protection

Themaingoalof this studywasto identify conservation gager primates in Colombiand
prioritize new protected areas to improve representativeness of key halit@sauntry s
national park systengpecifically, | had three objectived)) developenvironmental niche models
for species and subspecies of primates in Colomloaderto address uncertainties tine
distributionof many specie<) prioritize newconservatiorsitesbased on primate distributions
in a waythatachiewesthe Aichi Biodiversity Target 1f 17% protectionand 3)identify areas
of highvulnerallity (current and future threats) relative to hmimatebiodiversity value.To
do this, Ifirst usad a combination oénvironmental nichéspecies distributionmodeling for
primates of Colombia to maguitableprimate habitat usinthe MaxEnt software(Phillips et al.
2011, andthenrankedirreplaceability of sites for future protected areas using Zonattiware
(Moilanen et al. 2014¥inally, | prioritized theirreplaceability values from Zonatidyy relating
them toa vulnerabilityranking ofhuman threats based dheoccurrence of majaocio
economichreats in Colombiarhis identified where conservation actions should be focused

first.
2.2 Methods

2.2.1Study Area

Colombia is situated at the northwesteantpf South America between the latitudes 12°26'46
N and 4°13'30S, and longitudes 66°505& and 79°02'33W (Armenteras et al. 2008jgure

2.1). Total aea of Colombia i414,174,800 hectaresntainng five major ecosystems known as
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Anat ur alThisirclgdes the Adedviountainswith thediverging by the valleys of the
Magdalena and Caucaerscuttingthe three main mountain rangesassterncentral and
easterncordilleras, the Pacific Ocean coastal, the Atlantic coastal, the Orinoco (@lathf)e
Amazonregions These natural regionarywidely in climate, habitatsand specigdeading to
the Colombiaflora and fauna beingmong the richestnd most diversim the Neotropiaegion
(HernandezZZamacho & Cooper, 1976nd indeed, the world
(http://rainforests.mongabay.com/03highest_biodiversity).htm

2.22 Primate specieccurrences

| considered 3@rimatetaxa (L9 species and@subspecies) with occurrence records in Colombia
(Table 2.1).This taxonomy dllows thearrangement used by Defler (20,183 well agthe new
categorizatiorfor genera in theubfamiliesCallicebinae and Callitrichinae Byrne (2016)and
Buckner et al. (2015)espectivelyand the new classification by Mar&014) for thegenus
Pithecia My analysis was restricted to species Witie locality recordsn Colombiaso as to
facilitate environmental niche modeliifable 2.1) Althoughit is preferable to hava larger
number of occurrence recordsd.,10 to 50) to obtain more accurate disiition patterns
(Peterson 2005tockell & Peterson 200@ndPearson et al. 2007 nvironmental Niche Models
(ENM) using MaxEnt hee demonstratethat 5 isa minimum sample sizélernandezt al.

2006 Pearson et al. 206dhdHernandezt al. 2008).

Occurrenceecordsfor eachspecies wereollectedfrom the Ara Colombia species database
(RodriguezMahecha et al. 2013) from Conservation International Colorttiaéincluded more
than 8,00@eoreferenced recordi®m species occurrence records acrbgsdountry museum
specimens andlhomas Defler (personal data bagd) duplicate recordsrecords outside of
knownspeciesangesor with partial geographic coordinat@gere discardedddditional sources
of primate records includguker reviewed literaturelatabases with historical occurrences of
species from museum recordgpendixB) andmy ownpersonal observations made in the
Amazon region and gallery forests of the Biteer (Orinoco region). Data @reorganizednto a
datalasethat containedhformation on sources, specimeaadobservers/collectorfppendix
C). In total, his includel more than 1800 reordswith geographic coordinasindividually
checkedo establish reliabilityThe final listof geographidocatiors of primatesusedfor
environmental niche modelingcludedl1,476 occurrencefsom 19 species and 20 subspecies
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with each speciesavingat leasfive locationrecordsthatwereconsidered independent of one
another(different sites)based omplace namesr geomorphological urst For new taxonomic
changes within the gent@sthecig older sulspecies occurrence records were adjusied
geographic distributionsf new species asuggested bivarsh (2014).

2.23 Environmental predictorsof primate habitat

Thirty-oneenvironmental predictors were considemretuilding Environmental Niche Models
(ENMs) for eachprimate specieand subspecies grouped environmentgredictorsanto the
following four major themegq1) climate, (2) vegetation indiceg3) sois, and(4) physical
featuredAppendixD). Climatic factors included 1@otentialvariables based aiurren®
climateconditions ofprecipitation and temperatuosinginterpolations of observed data from
1950 to 2000HKlijmans et al. 2005 an&orldClim 2015. Vegetation indices includevaerage
available amount of biomass (Net Primary ProductiviyPP) for 2010 (UNEP 2015prest
canopy height mapped from Lidderivedsatellite datdor theyear 2005 (Simard et al. 2011),
and percentage of tree co®TC) derived from the MODIS sensor of Terra at 30s@wonds
resolution (ISC® 2003). Soil factos were based 06 different soil quality indicators
(Trabucco & Hmer 2010JSRIC 2013andHengl et al. 201} while physicabnd terrairfactors
werebasedon four different variablesepresenting digital elevation model (DEMgreated
usingl aresecond (30m) ASTER data (LP DAAC 20Gi)dthreecategorical variabledghd
cover, biomes and watershgtiased on data from tlgeographic viewer SI®T (2009).
Detailed information about variables, resolutiand acquisition sourcesedesribedfurtherin
AppendixD. All environmental raster layers were masked to the exte@blambiaand
resampled t@ common resolution afnekilometercell size(ArcGIS 10.2.2 ESRI 2013using
the official reference system @Goblombia ofa GAUSS BTA MAGNA coordinate systemith a
D-CGSSIRGASDatum(IGAC 2004).

lusedPear sonds c o linRedftaareiv.8.2.0 (R Gaael Tgami2GiGRpssess variable
andmodel colinearity, using 100,000ocations (raster cellsandomly selected within

Colombia A correlation coefficient equal or higher|@7] was considered indicative of a strong
co-linear relationship for any pair of variabjesd | subsequently excludedeof thevariables
(Naoki et al. 2006Giovanelli et al. 2010, Hegel et al. 20d48dZhang & Zhang 2012

Elevation for examplewas negatively correlatagith annual mean temperatuB2O1 (r = -
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0.96),isothermalityBIO3 was correlated wittemperature ssanalityBlO4 (r =-0.79), annual
precipitationBlO12 was correlated witkoil pH ¢ =-0.77), and temperature mean diurnal
rangeBlO2 was correlated teemperature annual rangd#O7 (r = 0.75).Correlation values
among all continuous environmental varegbbregpresentedn AppendixE.

Consideringhe variation of thermogradiendsie to local changes in altitufidernandez
Camacho & Defler 1988nlong witha strong relatioshipbetween elevation and habitat
heterogeneityandthe effectof altitudeon the distribution angatterns ofdaptability exhibited
by species of primatesiernAndezCamacho & Defler 1988 arfshanee et al. 2014levation
waschoseras a predictor variable over thatasfhual mean temperatu®Q1). Likewise pH,
temperaturseasonalityand temperature annual range wezkectedverthe otherstrongly
correlatedvariables.To minimize the number of remaining climate variabbdsfi e x t r e me o r
limiting environmental factors(e.g.,temperature of the coldest and warmest mpathdefined
in the WorldClim databasevivw.worldclim.org/bioclim), were removedAppendixD). This
resultedn threefinal climatic variablestemperatureseasonality BIO4), temperature@nnual
range BIO7) ard precipitation seasonalit3(O 15). Thefinal number ofcandidate
environmental variablessed inENMs wasthereforereduced from Bto 16final variables
(Table 2.2).

2.24 Environmental Niche Models ENMS)

Due to thepresenceonly nature of the data available for this study, Maximum Entropy software
(MaxEnt; Phillips et al. 2011) was used to model relative probability of species occyeance
habitat suitability) MaxEnt is a statistical algorithm that models probable occuesenicspecies

by estimating the density of environmental varialolesvhich a particularspecies depesd
(Franklin 2010). Furthermore, MaxEnt allows interactive associations between continuous and
categorical features in the generation of probability ibistions, even with a low number of
training locations (Phillips et al 2006)o avoid overfittingonly linear and quadratic features
wereconsideredvhen the number of presence records was belo(ikd et al. 2011)while the
Apr odu c {interactigns)wastasted forspeciesvith more than 50 localitie® allow fitting

of simple interactions (Elith et al. 201 Bimilarly, the random test percentage for cross
validation was set as zero when the numbédoadtions per species (subspe@s locations was

<30, while setto a20% test percentager taxa withCBO occurrences. In each MaxEnt run, a
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backwards model selection wase to reduce model complexityy identifying and removing
variableghatcontribued <1% to the explaineddistribution of the speciesvhile the Jackknife

methodwasused to evaluatenportanceof remainingvariablegPhillips 2010)

To assess model fit and predictive performance, environmental variables were combin@d into 3
different models (Appendik). Given the number of variables usedhamodelsand the low
number of presence records for most fdke initial set 039 modelswasusedin MaxEntruns

for only themostprevalenttaxa(ninetaxa with>50 locations)Model predictiveperformance
wasevaluatedirst by assessing theodeled distributions against known geographic range maps
of each speciesndsecondlyby exploring differences the modelAUC (Area Under th€urve

from the ReceiverOperatingCharacteristic ROC)AUC values>0.9indicaedstrong predictie
power Hanley & McNeil 1982 and Swets 198&alues between Dto and 09 moderate
performance, and poor model performafarevalues<0.7 Willey et al. 2003Elith et al. 2006
andFawcett 2006)Out of 39 modelassessemnly severmodelswith the best performance

were selectedseeAppendixl) and usedn MaxEnt rundor all the remaining taxaith <50total

occurrences (geographic locations)

Thesinglebestpredictive modeWwasthendesignatedor each of the 3primatetaxa(see models

highlighted in redn Appendixl.a). In addition to spatial comparisgrmodel selectioand

accuracy were assessed by the use dbtistic thresholht A Equal training ser
speci ficityo, wi tomissowratesecasdite frattiomalgprediated area.i Morg
parsimonious models accoedtor lower fractional predicted area and reduced omission errors

(Franklin 2010). Plots depicting the variation of sensitivity ¢inission rate) andredicted area

(1 - specificity) in relation with the cumulative threshold, ahdC valueswere also used to

assesshe predictive power of the modeks.@.,Fawcet 2006Hernandezt al. 2006Lobo et al.

2008 andZhang & Zhang 2012).

2.25 Conservation Planning

Two different cell removal rulesf CoreArea Zonation (CAZ) anthe Additive Benefit
Function (ABF)were used to ruoonservation planningcenarios in the Zonation software
(v.4.0 Moilanen et al. 2014 All scenarios considered existing protected aeesdisl oc ked i no

with hierarchicaimodelsranked in terms of local occurrenaespeciegMoilanen 2007
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Lehtomaki & Moilanen 201andMoilanen et al. 2014andsolutionsthat would mosimprove
therepresentatioof suitablehabitas for modelledprimates. New conservation sites were
thereforerankedbased on distribution patterogspecieselative to thecurrent protected area
network The CoreArea Zonation (CAZxell removalrule emphasizé high suitability for a
single or rare biodiversity featurasterms of high probability of occurrenoshile the Additive
Benefit Function (ABFxell removalrule prioritized sitesbased orspeciegichness giving more

importance to biodiversity rich locations

Species were weightead all scenario$n terms oftheir national conservation stes (Rodriguez
Mahecheaet al. 2006)with cellshavinghigher weighs removedast. Speciesweights were
assigneds follows: five point five (5.5) for endemic species considered Critically Endangered
(CR) or Endagered (EN), five (5) for CR and EN species, four point five (4.5) for vulnerable
(VU) and endemic, four (4) for VU species, three point five (3.5) for endemic species Near
Threatened (NT), three (3) for those considered as NT, two point five (2.5) loeakeConcern
(LC) but endemic, two (2) for LGnd finallyone (1)for specieghat wereData Deficient (DD).

Analyses were restricted (masked) to terrestrial {aqumatic) forested habitats of Colombia by
using abinary ASCII derived from 1 km rasters of land cod&AC 2007b)and the current
National Natural Park System (PNBI2014) clipped to the extent 6fo | o mimainkai@dsThe
land cover raster was reclassifiggbne (1) fomatural (primary) and seconddgrestandzero

(O) for water systems, rocky outcrops, pastures, crops and disturbedTdrisdsinary maskvas
usedasnfi Anal y s i s inZonai@(Mailangrkebal. 2014) to omit aretmat were
unlikely to contain significant primateabitat.Although pasturesan have patches of wdadds
and stubble fieldthat arepotentially used by some spegisschas tamarin and titi monkeys,
this land cover unit wasot considered hefgecause the majority of its extent is represented by
herbaceous flds intended for livestocHGAC 2007b).

Similarly, the reclassify toah ArcGIS wasusedto create a binargrotected areasmster where
one (1) relatd to protected aregSPNN)and zero (0) unprotected areas. This raster was
converted to an ASCflleandused as the fAHierarchical Removal

tofi | o c the incloston of existing conservation areas in the analysis (Lehtomaki et al. 2009).
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Finally, full Zonation rank thatidentified thebiologically most valuable and least valuable areas
for each of the cell removal rulésppendixG) wereadjustedo identify the most valuable 17,
22 and 27% of landscape to protddius zonation ranking for each scenario was compared
using three diffeent conservation thresholds at 17%,789,398ha), 22% (5,256,868 ha) and
27% (18,724,338ha) ofmasked forested areas in Colomfike logicof having conservation
targets greater than the 17% threshold waadltov for subsequentonnectivityassessnmgs,as
well asprovidingmoreoptionsfor conservatiorsites based on different sog@gonomic threats
For instancethe potential for conservation threatsaine sitesouldrequirealternative sites
Geographical locatiaof prioritized conservatiorsiteswereidentifiedvia the online Geoportal
from the Institute Agustin Codazzi (IGAC 2018oogle Earthand Tremarctos Colombia
(RodriguezMahecha 2015)

2.26 Vulnerability Analysis

A vulnerability analysis wassedto identify areas othreatrelative to areas of high conservation
value(i.e., irreplaceability)More specifically priority ranks derived frordonation analyses at
different protection targets weoeerlad with existing mining rights INGEOMINAS012), oll
concessions (ANH 2@), and density of illicit crops (UNODC 2014). Mining rights refers to
current mining titleghatgrant the right to explore, exploit and ultimately extract relevant
minerals (MME 2003), while oil concessions rethte areas of exploration, production, reser
(in standby due to political, environmental, social or exploratory factms)technical

evaluation (TEAYor assessg potentialhydrocarbordevelopmen{ANH 2015).

To consider both conservation value and future threaisreplaceabilityvulnerabilityranking
was usedo identify sites obothhigh conservation valuendhigh levels of risk given the
magnitude of threatdMargules & Pressey 20G@hdLawler et al. 2008 Thus, awo-
dimensional vulnerability matrigvargules & Pressey 200®)as used to pair théonation rank
(conservation values) with the percent of thsealkative tolocal humaninfluencein orderto
identify sites ofhigh vulnerability (high threaandhigh biodiversity valugPriority #1) anchigh
biodiversity(Priority #2)(seeFigure2.2 for a schematic diagrgm

Human influencevas definedas theHuman Footprint Index (HFP) where 1% represdrihe
l east influenced ( Wwasderdiveddrent gibhal datdflom 1985RdP2040h d e X
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accantedforpopul ati on density (Ahuman popul ation pr
night time |ights (fAihuman | and use and infras
and rail network, navigable and waterwagsa 1 km raster scale (W@SCIESIN 2005)

To derive the twalimensional vulnerability matrixonation prioritization ranks for each of the

two removal cell rules and the HFP index were reclasdifiedachinto seven categories based

on the percentage of conservatitiméat valueat a sitg AppendixH). For both the Zonation and

HFP indexami ni mum val ue of zer o wasbelgwaveeageHF® | ow r
for 1-25, moderate HFP rank f@6-50, high and very high HFP fd&1-75 and 7699

respectivelyandfinally the toppriority/threatat 100%biologicalHFP value

2.3 Results

2.3.1Environmental Niche Models for primates of Colombia

Thetotal of 1476 occurrences used to model habitat suitailitgrimatesin Colombiagave an
average oB7locations per specigminimum of 7 andnaximum of 26§ Considering the 39
taxa modeled, fouaxa(three species/one subspecies) had less thintaflonrecords, 19 (9
species/10 subspecies) ranged from 10 tm@&ions six taxa(one species/fiveubspecies)
betweerB0 to 50locations and tertaxa(five species/5 subspecies) with more thamos@tions
(Table 2.1).

Out of the 39 preliminarynodels seven modelsiere considereceliabe (Table 2.3. In general,
all models involving soil variables were rejectdce they appeared twerpredictspecies
distributiors (modeled probability of occurreneeas always muclarger than known range
maps) With theremoval ofsoil variables, the number of missing/omitted environmental data
decreased, while the numhrsitesfor training (dataused tdfit the model)increasd. Smilarly,
modelsthat included\et Primary ProductivityNPP) also oveipredicedspeciedistribuions
(wider than known range mgpndthesewere thereforeemoved Amongtheset of selected
models (Table 2.3pnly two combinations of variablésvegetation and climatewere
consistentlyselected asnportant.Predictive performancef the modelsanged from moderate
atanAUC = 0.764for Alouatta seniculuseniculugo highat anAUC = 0.999for Leontocebus
nigricollis. AverageAUC among species waspressivelyhigh at0.948 @Appendixla).
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Thebestfit modelsto known range magsr 12 specieswith <10 locationswerebased on
modek that incluagedall climate and physical variabl@slodel E) The next best fits,
respectively, were fagightspecies usingll climate variables, el@tion, land coverand
watershedModel O, sevenspecies usinthethree physicalariablesModel F), andsix species
usingmodelclimate, biomes elevation and watershedariables(Model D) (Table 2.3 & 2.4)In
contrastmodelsthat includevegetation variable@Models B & G) were themostparsimonious
combinatias for the Spix's night monkepdtus vociferansand the South Pacific blackish
howler monkey Alouatta palliataaequatorialig respectivelySpeciesnodelshadreliable
predictiveperformance with an average AUC value of 0.@@inimum =0.804;maxmum =
0.998 Table 2.4. However training omission rates in models for the red howler monkey.(
seniculuy, the collared titi monkegCheracebusugeng and the tufted capuchi€ébusapella
fatuellug were not close tthe predicted omission lireiggesting lowereliability of

predictions

Fractional predicted areas (FPA) ranged from a minimum of G@¥(lectorucebus caquetensis

to a maximum of 0.258r A. s.seniculuswith total number of observations nocessarily

correlatedvith FPA valuegTable 2.4)Rare species (lower number of observatiaghaj were

consistentvith the FPAIncludedt he Spi x0s bl domkigrodlis)withd2 t amar i n
observations and aPA of 0.004, and the Brumback's night monkéytus brumbaki)

obtainingalPA of 0. 010 with 10 observati on,suchaBy ¢ 0o m
the red howler monkey (266 observations) and the tufted capuchin (102 observations), obtained

high values of FPA (0.253 and 0.185 respectivétygeneral vdues of FPAfor all the species
observedverelow (< 0.25) with lowervalues of FPA associated with lemomission rates

(Table 2.4).

The minimumrelative pobability of occurrencevas0.82 for the Caqueta titi monkeR.(
caquetensis and as high as 1.00r the Cottortop tamarin $aguinuOedipu$ andtheWestern
pygmy marmosefCebuella pygmaea pygmaewith an average value of 0.95 amaligspecies
with 10 or moe presenceecords (Table 2.4Finally, predicted distributiogof species were
narrower tharthe knownrangemapof speciedor 23% oftaxa:A. p. aequatorialis Aotus
brumbackj Aotus griseimembradotus zonalisAtelesb. belzebuthAtelesfuscicepsufiventris

Cebus capuchinus, Saguinasistus andSaimiri sciureus albigenaOn the other hand, predicted
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distributions of species were wider than known range rfaaf0.5%o0f speciesncluding

Cacajao ouakarythe collared titi monkeyGQheracebus lugen$, Cebus albifronsthe two

subspecies of woolly monkeyts,h e  Mi | | e r ORsthesiaankller), threoWwhitetogted (

tamarin Gaguinus leucopdis, and t he Hu mb o [Sainirdsscassiquiarensis e | mo n

(Appendixl.a).

Although AUC values indicated strong model performdacéur specie{Cheracebus
medemiCallimico goeldij Cebus albifrons malitiosusndLeontocebus nigricollis hernandgzi
with <10 occurrences (average AUMA74 Appendixl.b), these species werst included in
Zonation analyis becauseheir predictedspeciedistributionsdid not matchknown range maps
Theexcepton wasfor the Santa Marta whittonted capuchin(. a. malitiosug (AppendixJ)
thathas a rstricteddistribution(rangg with severely fragmented populat®as a result of
locally high rates of deforestation (de la Torre et al. 20IHa8re arehoweveruncertainties
aboutthe current statusf this speciesvith some sukpopulations alreadgrotected.

2.3.2Importance of environmental factors

Physical variables were by far the most important factors affecting the distribupometes in
Colombia(Table 2.4)In particular the watershedategorical variablevas a keypredictor of
primates forall the species/subspeciesceptthe Spix's nght monkeyPercent contributiomof
the watershed variabtanged from 20.7% for the whifeonted capuchinGebus albifrons
albifrons) to 86% for the cottotop tamarin $aguinuoedipu$. Thesecondnostimportant
variablewas thebiomecategorywhich was included ii74.3% ofspecies modelandtheland
covercategorical variablevhich wasincluded in80% ofspecies modelwith maximum percent

contributiors of 51.2% (whitefronted capuchin) and 46.3% (red howler monkey).

In comparison, the effectf climate was marginatith variablecontributionranging fromvalues
of less tharl%for ~10 specieto a maximum of 36%or theprecipitation seasonalityariable
for the Spix's night monkeyThe importance cannual rangé temperature rangeag t016%
for thecollared titi monkeyswhile temperature seasonality contributguto12%to the
Panamanian night monkdyable 2.4).

Vegetatiorvariables generallyif surprisingly,madelittle contribution to explaining the

distributionpatternsof primatesn Colombia The South Pacific blackish howler monkey dnel
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Spi x6s bl ac kwemmangindllyprediceednypercent tree covéd.1% and 2.2%
respectively), while forest canopy heigharginaly influencel (1.1%)distribution of theSp i x 0 s

bladk mantle tamarin.

2.3.3Representativeness of species qumibritized sites for conservation

A total of 37newprioritized conservation sitegasidentified intheZonation analysesnder 17%
conservation godAppendixK), with 14 identifiedby theAdditive Benefit Function (ABFFigure
2.3), 14 by the CoréArea Zonation (CAZFigure 2.4 rule, andnine sites byhe two cell removal
rules The overlappin@reasdentified inthe 17% conservation goapresented 98%f the 17%
conservation goal total area (11,789,400(R&jure 2.3.

Under a 17% conservatiagoal (Figure 2.3), areagrioritized by the additive benefit function
(ABF) werelocatedmainlyin the Amazon and Andean regianepresenting4.5% (~10,928.700
ha)of the ABF total areaAdditional ABF areaq5.4%, ~639,900ha)includenew sitedocated in
the Caribbean antthe north side of thBacificregion In comparisorio the ABF, areagrioritized
by the core area zonation rule (CA#gre locatd mostly inthe Amazon, Andean and Caribbean
regions representing 95.4% (~11,249,800 ha) of the CAZ total (&igare2.3). Additional CAZ
areas comprise300,600 ha (2.5% of the CAZ total area) in @wnoco and Pacificegions, with

new sites weraentify in the north and south side of the Pacific region.

In terms of overlappingrioritiesidentified bythe two cell removal scenari¢sl1,556,20tha)
(Figure2.3), two large ares of overlapwere identified, onadjacent to the west side of the
Cental Cordillera(northernside of the Andean regipand other in the southeast foothills of the
Amazon region. Some scattered small acdams/erlap werdocateal along thecoastline in the

Caribbean region and the north side of the Pacific region (FigBixe 2

After expanding conservation targets to 22% and AréspectivelyFigure2.4 and 2.9, areas
increased in both number and size. For instam22% conservation thresholBigure 2.4)
resultedn alargerpatch ofCoreArea Zonation CAZ) areadn the north side of the Caribbean
region that represent an increment-61.6 300 ha compared with the initial set of areas in the
17% conservatiogoal. Additional CAZ areawerelocated in north,south (creating a belt of
areas thatonnectedh presennational park with the coasthdcentralsides of the Pacific
region all togethemrepresenting. %o (~598,700 hpof the CAZ total area for the 22%
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conservatiorgoal Also1.4% (~211.100 ha)f the CAZ total areavaslocatedin thesoutheast

side of theOrinoco regionput85.5% (~13,040,200 ha) were located in the Andean (~4,136,000
ha) and Amazon (~8,904,200) regspaome of them associated to increase in sife®f

national parks (Figure 2.4).

Underthe 22% conservation goaheasprioritized by the Additive Benefit FunctionABF) rule

in the Amazon regio60%, ~9,155,500 ha of the CAdtal area)vere located along riparian
forests and the southeast side ofdhst cordillera mountain range, andrementsin size
accounted ~645,300 ltampared with the initial set of areasluded in the set identified under
the 17% conservation goah the Andean regior combination ofarger and new areas
represerdd26.5% ¢ 4 6 0 5 0 ,oRtie ABFlotal)area andverelocated in the north acroise
north side of the region, some of theasily accommodated lexpansion ofwo natioral parks
(Figure 2.4). Additional ABF areas covered ~305,30028aof the ABFtotal aredin the
Orinoco region~549,300 ha (3.6%) in the Pacifegionand ~778,2005.1%) in the Caribbean
region (Figure 2.4)Overlappingpriorities from the two cell removatpresented 92.6%
(~14,123500 ha)of the full extent of prioritized areamderthe 22% conservation goand
connectivity areas were identified in the sositle of the Amazon region, between the Putumayo

and Amazonas river basins

Underthe 27% conservatiorgoal (Figure2.5) thenumber and size of overlapping areas in the
Andean CaribbeanandPacific regioms further increasedOverlapping areas connectthe
Munchique national park with tHeacific coastas well aghethree national parki the foothills

of the eastardillera Overlapping areasomprisel ~16,786,100 ha of forest, representing 89.6%
of prioritized area$or the 27% conservation goales@ario.ABF areasexpandedvithin riparian
forest inthe Orinoco(~295800 hamore compared with the 22% conservation gwalin the
Amazon regior(an additional 458,200 ha)as well asnorthareas of the Andean regi¢an
additional 1,902,100 hdFigure 2.4. The Amazon regiosomprisedhe largesamountof the
priority Core-AreaZonationtotal area(50%, ~9,362,400 halpllowed by the Andean region
(32.2%, ~6,038,100 ha) and the Orinoco regihd%, ~456,900 ha).
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2.3.4 Vulnerability for thespecies of primates in Colombia

lllicit crop areasveremainly distributedin three region®f Colombia (1) north parts of the
Andes,(2) central and southern areas in the Paciing (3)north and western areas of the
Amazon plainsAdditional scatteredllicit cropswerealsolocatedin the Orinoco regionHigure
2.5). Major areaf illicit crops, predominantly of less than 4 haAimdensity,wereassociated
with 18 of 59(30.5%) currentprotected areas. Wheonsideringzonation priority sites, ABF
and CAZ scenario®r the17% protection targetere almost alaffected by the presence of
illi cit crops with the exception of sites located in westareas irthe Caribbeamnegion,and

northern side of théAndean region (igure 26).

Zonationpriority ranksfor 22% and 27%vere not closely related to illicit crops in tbentral
and north pagof Colombia.However, areas of coca croglearlyoverlagpedwith CAZ and
ABF conservation siteis the Amazorand the Andean regms (Figure 26).

Whenconsidering thémpacts of mining activities on conservation siteentifiedby Zonation
(Figure2.7), thecentral and northern areas of the Andes cordilleraghat@aribbean region
werethemost affectedvith mining activitiesoverlapping conservation sitda particular, oil
concessions for explationand produton were nearby Gre-AreaZonation(CAZ) and

Additive Benefit FunctiorfABF) in areasdescribed asf high importance for primates (i,e.
Serrania de San LugaSerrania de las Iglesias, and mhiedle Magdalena regignand avast

extent of the Caribbean region where conservation sites with key habitats for some vulnerable
species of primatesccur. Likewise,mining rights granted in theesterncentral andeastern
cordilleraswere neaprioritized areas, some wfhich wereessential for critically endangered

and vulnerable species.(.,CAZ areasn the north of théAndeanregion), while the overlapof

mining activitieswith critical conservation areagasminimal for the Pacific regiorfFigure 27).

Habitats for critically endangered species of primatere locatedhearexploitedmining
activitiesin the Amazon piedmont (foothills of the Eastern cordillera) and in partibthe
southeasside of the Orinoco plain@&igure 27). Finally, few mining titles that may sustain

mining operationsareadjacent to natural national parks in the east side of the Amazon region.

Vulnerabilityanalysisusingthe human influence indedentified~821,700haof prioritized
ABF and CAZ areasf high vulnerability(Priority #1) while ~57,418,400 ha of areas selected
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by the two rules were consideras of highbiodiversity valugPriority #2)(Figure 28).
Vulnerability assessmentgere similar betweeoell removal rules, with the exception af area
of high vulnerabilitybetween the Pacific and Andean regiatentifiedin the CAZ scenario that
wasconsideredt high threat in the Additive Benefit Function zonation r@igure 28a).

Most areas of higlaulnerabilitywere identified in the Anghn region §6.5%, ~546,700 ha)
concurring with nming operations and enclaves of high biodiveragyheNechi refugewhile
24.%% (~200400ha) were identifiedn the Caribbean regiofriority #1 areas comprise ~14600
ha(1.77% in the Pacifiaegion,and~19,000 ha (2.17%) in tH@rinoco regionLastly, the
incidenceof areas of higlvulnerabilty in the Amazon region was minimdl32 % (~2,700 ha),
with areas located in theastern ordillera with a few scattered sites in the Amazon piedmont
that concur witthighly fragmented habitafor thecritically endangere@€aqueta titi monkey
Areas of high biodiversity value were found in the northern parts of the Andean mountains,
acrosLaribbean savanhsg, as well as in the Pacific region for more than half of the extent of

the Department of Choco and across the extent of the Amazon (Egjane 28b).

In relationto national parksmy vulnerabilityassessments identified arez<igh vulnerabilily
adjacent to the norétast side of the Farallones de Cali National Pamkl nearby th&ayrona
and near the Catatumbo Bari National BgFigure2.8b).

A map of primate richneg§igure 2.9aferived from the sum of binary species distribution

maps (thresholded sluesoi Equakhi ni ng sensitivity and speci
Amazonas the most biodiverse area in the country, followed by the Andean region and foothills

in the western paof the Orinoco region. These findings agree withelesational and

latitudinal diversity gradient suggestedBgrnandezZCamacho & Defler (1989)he incidence

of species of concern (endemic, rare and/or highly threateni&dally endangered and
endangeredyverealso higher in the Andean region agaktfoothills of the east cordillera

between the Amazon and Orinoco region (figure 2.Bbis overlapswvith areas of high

vulnerability and prioritized conservation sites selected by the A®@Zonation cell removal

rule (Figure 2.9c, d).
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2.4 Discussion

2.4.1Environmental nichemodelsfor primates of Colombia

Predictive accuracy of specidsstributiors model for primates of Colombia werensideredo
be acceptablalespite many species havifeyv occurrence recordspé&cies distribution models
should ideally be basedh@100 occurrencesS(ockwell & Peterson 2002iernandezt al. 2006
andHanberry et al. 2002These results ansistent wittotherMaxEntmodels thahave
performedwell with smalker data setsRhillips et al. 200&ndPearson et al. 2007).
Environmental variablethat best explainetthe distribution of primatein Cdombia tended to
be categoricablefinitions of watershed, biomes and land cover

Theclose relationship betwed¢hesecategorical variableand bi@eograpical patternsof the
taxahelpsexplain thehigh percent contributionf these variableg-or instance, watershed
highlightedthe role thativer systemslay limiting species distributiongspeciallyfor species

of small body sizesuch as marmosets atamaringsubfamilyCallitrichinae), asvell as
correlating broadly witlsoil properties andegetation typelLikewise, biomesbroadly
represerdd differences iabitatheterogeneity thaelate tospecific ecological requirements of
species antheir distribution Cowlishaw & Dunbar 200@ndDefler 2010).Indeed Pearson &
Dawson (2003), suggested land use and elevat®thekey factos affecting thedistribution of

species at regiongtales

Given thatspecies withess tharseven occurrence recordad low predictive performance, there

is asignificantneedfor increagd samping effortsfor rare species in Colombia better evaluate
geographic mnages, ecological requirements and conservation statparticular data (presence
location information) gaps are evidenttbeGo el di 6 s ma r Qalirsico goeldijp n k e y
the Colombianblack-handed titi monkeyGheracebus medemand endemic thelernandez

C a ma c blackénantled tamarinl{eontocebus nigricollisernandei

Net primary productivity (NPP) argbil nutrient leveldhave in general begositivdy related to
densityof plantconsuning primates(Kay et al. 199andPeres 1997)yith NPPcorrelated to
nutrients absorption, canopy leaf area, flower and fruit producmexudate qualityMalhi et
al. 2011)which areassociateavith richnessof local primateassemblaged.ehman 2000 and

Stevenson 2001). Howeven,my study NPP andoil variables were not strongly associated
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with factors affecting primate distribution. When used, these variables often leddn
predictionof specis geographic distributian Thismay beexplained bythe scarcity of reliable
dataand the inabilityo quantifynet primary productivityn tropical forestatlocal scales. This is
partially dueto sampling bias, lack of continuity, improper measaad difference

sampling methods (Clark et al. 200dradClark et al. 2001p Similarly, the lack opredictive
powerfor soil variables could be the result tdw spatialresolution, and/oa significant
variability across the regioulespitehe indirect effect that soil properties have on species
distributiors (Franklin 2010).

Environmental niche modgpresented in this study offer valuable information to clarify
uncertaintiesn therangesf sometaxa although issues relating errorsin species

identification during field surveys and lack of occurrence records for many of thediatkaue

to be a challengé-or instancethe broadedistribution(rangg for the Humboldt's woolly
monkey [agothrix |.lagotricha) in the eastern slopes of teastern cordilleras due tohistorical
records in areasf occurrence ofagothrix I.lugers (Stevenson & Link 2008efler 2010and
RodriguezBolafios et al. 2013andfrequentmisidentificationof thesesubspecies based on coat
color has beenoted(Botero & Stevenson 20lahdDefler 2014) However ENMs developed
here wee more consistentith theknown rangeof the species thaarethoseobtained by

RodriguezBolafios et al. (2013).
2.4.2 Priority areas for conservation andilnerability

The use of two different cell removal rules allovasgessment of complementafiy the

current reserve system while increasing the representativeness of key habitats for primates.
Priority conservation sitgsroposed herprovide abalance betweesitesthat aramportarn
refugiafor rare specieon the one hand, witthe potential tdharbo higherspecies richnessn

the othethand(Figure 2.9) Additional evidence of this incldes selection of areas acroas
latitudinal ancdelevationgradient of primate diversitfAppendixL) and overlappingarea from

the two cell removal scenarios

Considering new conservation ar@ashe 17%conservation goathe most notableonservation
gap that is filledn terms of habitat representatnesdor primateds the incorporation o$ites

for critically endangered specitdsatare not currently prected(i.e., Ateles hybridudrunneus
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andPlecturocebugsaquetensis(Link et al. 2013, Defler 201@arciaet al. 201GandStevenson
et al. 2010). Aso, Zonationpriority areas identifiech this study comprisemportantsitesfor
species with some level of protection (present in at least one reservedbatreajrently or
eventually facing significant levels direats(e.g.,hunting, colonization cores and land

use/conversionyrincipally in the Andean and Pacific regions.

Core areas of higher suitable habitat for primates were prioritized for protection within areas of
primary and secondary forest in Colombia. These sites presumably also convey biodiversity

value (surrogacy and umbrella effects) to other species ofdfadaunan Colombia.By

considering vulnerability of these sites to current and future developtines¢ products provide

guidance for conservation planning in Colombia. Thigsgpecially important in centers of

endemism andpeciation such as tiNechi and Choc6 refu@ For instancethe conservation

sites suggested in this studgn fill conservation gaps in the current protected area system

(Corzo 2008). Corzo (2008) considered over eight million hectares (7% of the total extent of the
countryt o be of wurgent (fAurgenteso) potentmbheatv at i on
due to future development within these areas. In addition, Corzo (2008) recognized nearly 13
million hectares (11.31% of theiooesd)yWwheaesep
representation dfritical habitats irprotected areas igery low or absenand over 73 million
hectares (64.32% of the countryés continental

existingtargets forprotection

Conservatia sites proposed in the Nechi Valley and Pacific region by the analyses of this thesis
overlap with areas considered insufficient for existing conservation targets, while priority sites
identified in the Yariguies mountain range, could be usdill tgapsof sites urgently needed to
protecthabitatsomitted entirely from the reserve system. In addition, conservation sites
prioritized in this thesis for the northwest of the GhB@ogeographic regioand the mountain
ranges of Serrania de San Lucas andiglesias Andean regiopconcur with areas classified as
appropriate, urgent, and with omissions. This area is also considered to be among the highest
conservation priority for Colmbia being linked to the largest enclaves of biodiversity in the
country (®rzo 2008)These findings, along witlhé selection of priority sites that pair with two
new national parks recently declared by gbeernmen{MADS 2015)(Figure 3.1), indicatéhe

agreement between theethods and models produced in this thesils expertopinion of recent
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conservation planning initiatives by tgevernmentModels from this thesis are therefore an
important tool for providing even furthguidanceand decisiormaking for conservation

planning throughout Colombia.

Another importanbutcome from the conservation portfolio presented here is the prioritization of
areadn regionspresentlyundergoing habitat fragmentatidfor example, the existenoédry

tropical foreshas substantiallgiminished in theCaribbean regioMiller et al. 2004 Savage &
andCausado 2014nd remnants of Intekndean rainforest represemimere20% ofits original
extensionLikewise, habitat fragmentation has been recordexhagjor concern for the viability

of populations of critically endangersgedes (Defler et al 200&ndDefler 2010)

Consequently, prioritizedonservatiorareasn central and north sides of the east cordillera
couldprovideviable habitats for theespeciesespecially considering that Protective Forest
Reserveslreadyexistwithin this region, so enlargementtbfs reserve or reclassification to a
higher protectivestatusmight be considered as an additional means of enforcing conservation

actions.

It is important to clarify thaa Protective Forest Reseradlows fisustainaleo use of forest
resources presentdiae the area, which may impbasier access tmush meaand pet trade.
Thus, managemenf someanimal populations woullde improved byenlargng the forest
reserve. Such species includbevariegated spider monkeys and the Colombian woolly
monkey,a preferredsources of animalbushmeatby rural and indigenous groups, as well as the
varied whitefronted capuchin monkedpr which declins inpopulatiors are the result of pet
trade and excess@hunting (de la Torre et al. 2015E)owevermanagement of animal
populatiors arestill a majorchallenge even within national natural pafldsbani et al. 2008).
Additional stressors in theentral and north areas of the Andean regiciudeoil exploration,

mining rights,andthe generabpresence of high human influence (Figu2es& 2.7).

New conservation sitgwioritizedin the soutkrnpart of the Amazon region are associattth

areas of high biodiversity valuand onnectivity areas identifiednder 22% and 27%

conservation goals could represent potential biological corrifibeseinclude areasf primary

forest without human influence like the Purieerwh er e t he near threateneq
woolly monkeyoccurs This area is also adjacent to the Amacayacu NNRaaedlargement of

this protected area towards the Briaziborder has been suggested by Defler (2001) in order to
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safeguard the most diversity within the Amazon reginoritized conservation arepsoposed
hereoccursthroughouthe Puriteriver expandinghis initiative. In addition, other areas in the
Amazonriver basin andareasadjacent to the southern side of tRio Purenational park
identifiedas importahin this conservation plaran be parof the expansion plaiHowever,
small communitiesire presenn this areaand they aran important factor in thestablisiment

of new conservation sites sinaseof forest resources, cooperation, control and management

plansmustbe consideredn effective conservation planning

Comparison among conservation targets at 17, 22 and 27% revealetttbases in protection
thresholdsvere mostly associatedth expandingcurrent andny initially proposed
conservatiorareas, as well as increasesiumber of potential conservation sites. This will offer
a larger array of areas of high conservation value to detestwhen determining the best set of
newsitesfor protection especially in regions with significant incidence of habitat conversion
and human influence (i.eareas of high vulnerability). As an example, the Cienaga de Barbacoas
(Andean regiopconsidered under the scenaric®?@®6 of terrestrial protectiocould be a
conservation area f&. hybridushybridus(Urbani et al. 2008\ ulnerability analysis
demonstrated high incidence of stressonsatural ecosysteswhere prioritized sites are more
likely to occurunder 22% and 27% conservation goal scenafibsindicateshat the selection
of new areas to improve representatdmabitats for primates should be basedanservation

of sites identifiedunderthese threshofd In fact, to be able tachieve the Aichi Biodiversity
Target 11 of 17% terrestrial protectioril9,407,716 ha of the total extent of Colombia),
selection dconservation areas basaa primate habitat requiremer(ts69,349,400 ha of
forested areasyould concur with theextensiorof prioritized areas und@r27% conservation
goal 18,789,400 ha).

Habitat loss due to langse conversion faHicit crops incurrent national parks could be

alleviated by incorporating neighboring forests that can harbor not only populations of primates
but also many other threatened species of fauna andRaranstance, by 2013 there wag226

risein coca cultivation withi national natural parks, of which 86%ok place in fourparks

Nukak, Sierra de la Macarena, Cataturii@si and La Paya (UNODC 2014). In this context,
prioritized sites thawould enlargethe size of th&€Catatumbo Barirorth of the Andean regipn

could be an importaninput for securing the last remnant of tropical rainforest in this part of the
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country (Sesana 20Q60his regionis a homeo not only for endangered speciegpoimatesbut
also forvulnerable (VU) species, includirige South American Tar (Tapirus terrestri¥, the
spectacled beail famarctos ornatus and the nationgt threatened Abarco tre€ériniana
pyriformis). Moreover, new Gre-Area Zonatiorsites along the MicaRRiver basin that connect
the Pacific coast with the Munchique NNPagific region would contribute to anajor

biological corridor, along with facilitating the preservation of adequate habitats &% 28.the
Colombian avifauna (BirdLife International 201S)imilarly, recommended conservation sites
adjacent to theational natural pariSierra La Macarena (Orinoco/Amazon regions) would also
benefit endemic and rare birds (BirdLife International 20lH®)wever,the set opriority
conservation areas in the northeastern part of the Orinoco region is stilrapcesentedvith
only two confirmedwideranging and secumspecies (the whitdonted capuchin and the red
howler monkeyin the region.

Finally, othemotentialgains linked to higher protection targets;ludeconnectivity areathat
canrepresent potentidliological corridorsmore protection oAndean and Caribbean regions
wherehabitat fragmentatiothreatens primates, amngharian forest selected alongver bodies

in the AmazorDepartmen{Amazon regionjhat can be included in the new conservation
initiative of protected riversAlong with harboring numerous wild species of flora and fauna,
including elements of the Nagmeri refuda, theseiparianforests are of great importante
the subsistence aridigenous groups and settleAgpproximately 29.5% of the total indigenous
reservation areas f@olombiaare represented in thidepartmentand the total population
including colonization coresvas about 72,858 inhabitants by 2011 (RodriegDelis 2012.

2.5 Conclusions

| created ew environmental nichenodels for 34orimatetaxa Despite lowoccurrenceecords,
models demonstrated high predictive accufacyhe majority of théaxa, ancghysical variables
were the most importantigters of primategeographic rangesnd suitable areas. This includes
watershed (highestgeneral importanceprobably due to its effect as geographic barriertaed

influence ondifferent environmentatomponents of the landscape.

In regarddo new conservation siteshaut~37 new sitesvere proposed bengfig the

protection otthreatened and near threatened species of prinzateation modelslsoimproved
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therepresentation déey habitats for taxavith major deficiencies in protection (species not

currently protected inational park system, or already protectedatuow levels).

Although the initial top 17%f conservation prioritiemayoffer anadequate set @freas to
cover representatidior primates, furtheenlargementdf conservation sites modell@dthe 22%
and 27%conservatiorscenarios increasehe opportunity to select new conservation aasase
learn morelt also allows prioritization and triage of locations basedmas ohigh

vulnerability (i.e, especially in th&lorth portion of the Andean regipn

Despitedeclaratiorof new conservatiororientedareas (160,000 fain total) by theColombian
govenmentin 2015 there is still a deficit of §32.62%ato reacheventhe Aichi Biodiversity
Target 11 of 17% inland protectiam Colombia. 8es for primateconservatiorsuggested ithe
conservation plapresented henerovideimportantinput for selecting additional conservation
areas to fulfill tat deficit. However, thercorsiderationsare importantincluding specieability

to adapt to disturbancandassessingothimpactsof climate changandspecies/ulnerability to
climate changeOf coursea primate focus onlgpproximags the priorityfor other species of
animak or plantsinclusion of other taxenay offer a different array gdfotentiallyimportant sites
for considerationPrioritized conservation areas identified in this study depend amathee of
theenvironmental nichenodels andthusthe nature of the @urrence data used to model habitat

suitability and the spatial informatiatefining environmental factors

Finally, conservation areas proposed within indigenous resemrstnclude local participation
in the definition of management plans, togethgh sustainable economic alternatives and
environmental education program#ese are criticallymportantinputs intothe conservatioof

threatened species, whiasuring thepermanencyf traditional ways of life.

36



2.6 Tables

Table 2.1 Species of primategresent in Colombia, includingumber of occurrenceslodpal andnational conservation statukaxa

with five or lessobservations (in bold) weignoredin distribution modeling analysellomenclaturdollows the taxonomic

arrangemenproposedy Defler (2010)In addition tonewconsiderations bfor specie®of the PitheciagenugMarsh 2014)asnew

categorizatiorfor genera in the subfamilies Callitriching@uckner et al2015) andCallicebinagByrne etal. 2016)

Family Subfamily Genus Species Subspecies Common Name Global* National®> | Obs.
oedipus(Linnaeus1758)* Cottonttop tamarin CR VU 55
Saguinus geoffroyi(Pucheran, 1845) Geoffroy's tamarin LC LC3 13
inustus(Schwartz, 1951) Mottled-faced tamarin LC LC3 16
leucopugGinter,1876)* White-footed tamarin EN VU 78
graellsiQiménezdela | Gr a el | émntlddl 4 NT LC3 4
o Espada, 1870) tamarin Saguinus
Callitrichinae iaricoll hernandezi HernandezC a ma c h o LC Lce 7
Leon o nigricollis Hershkovitz, 108%* black mantle tamarin Saguinus
tocebu nigricollis (spix, 1823)| Spi x0s bl acK LC LC3 12
tamarin Saguinus
fuscus(Lesson, 1840) Saddlebacked tamarin LC LC® 33
Cebidae Cebuella pygmaea pygmaeaspix, 1823) | Western pygmy marmose LC LC3 12
Callimico goeldii (Thomas, 1904) Goeldi's marmoset VU VU 7
i White-fronted capuchin
albifrons (Humboldt, p LC LC 37
1812)
cesaraeHershkovitz, Rio Cesar whitdronted DD NT 13
1949 capuchin Cebus cesarae
cuscinusThomas, Shockheaded capuchin NT LC3 0
Cebinae | Cebus albifrons 1901 9 Cebus cuscind®
malitiosusElliot, Santa Marta whitéronted EN NT 7
1909* capuchin Cebus malitiosus
versicolorPucheran, | Varied whitefronted EN
1845 cgpuchin Cebus versicolor NT 59
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fatuellus(Linnaeus, Tufted capuchin LC
apella 1766) Sapajus Lc? 102
macrocephalus
""" capucinugLinnaeus, | Colombian whitethroated 3
) . 1755) capuchin LC LC 53
Cebinae | Cebus capucinus curtus Bangs, Gorgona white-faced . .
. albigena(von Pusch, Colombian squirrel 3
Cebidae o 419)** monkey NT LC 35
- P ; cassiquiarensis Humbol dt 6s s 3
Saimirinae | Saimiri sciureus (Lesson, 1840) monkey LC LC 21
macrodon(Elliot, Ecuadorian squirrel 3
Lo07) monkey LC LC 29
?;:;nbackiHershkovitz, Brumback's night monkey VU VU 10
L ) Grey-handed night
griseimembrgEliiot, 1912) monkey VU VU 70
jorgehernandezbefler & Hernandezc a ma ¢ h d DD s 5
Actid Aotus® Bueno, 2007 night monkey ’ !
oudae lemurinusl. Geoffroy, 1846 Colombian night monkey VU VU 68
i Nancy Ma's Night .
Tnggcymaae-!ershkovnz, Monk)éy g LC No Listed 5(f)
vociferangSpix, 1823) Spix‘s night monkey LC LC3 17
zonalis(Goldman, 1912) Panamanian night monke DD \Y{SE 20
Pitheci hirsuta (Spix, 1823) Hairy saki No Listed LC 12
ithecia — i :
ot milleri J.A. Allen, 1914 Miller's saki DD VU 21
itheciinae Goldenbacked Black LC
Cacajao ouakary(Hershkovitz, 1987) Uakary monkey Cacajao NT 18
melanocephalus
caquetensis Caqueta titi monkey Cal%!zbus R 18
Pitheciidae Defler, Bueno & Garcia 20P0 caquetensis
Plecturc : o
b discolor (1. Geoffroy & Red titi monkey LC VU 1
cebus Deville, 1848) C. discolor
icebi Ornate titi monke
Callicebinae ornatus(Gray, 1866) ’ v vu 32
C. ornatus
. Yellow-handed Titi
lucifer Thomas, 1914 Monkey e Lc? 10
Cheracebus it . Callicebus lucifer
ollared titi monke
lugens(Humboldt, 1811) y LC LC? 23

Callicebus lugens
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. Colombian Blackhanded
MedemiHershkovitz, 1965* Titi c Xﬁgdemi VU3©@ 7
. . Long-haired spider
Atelidae | Atelinae | Ateles belzebuth belzebuthBeofiroy, | L " EN VU 41
. rufiventris Scalter, Colombian black spider
fusciceps 1872 monkey CR EN 31
brunneusGray, Brown spider monkey
Ateles skl Y CR CR 24
hybridus hybridusl. Geoffroy, Variegated spider monkey CR CR o5
Atelinae 1829 - -
lagotricha (Humboldt, Humli)oldt s woolly VU
; 1812) monkey Lagothrix NT 64
Atelidae . _ lagotricha
Lagothrix lagotricha lugenseliot 1907 Colombian woolly CR
monkey Lagothrix VU 56
lugens
Alouattinae . aeguatorialisFesta, South Pacific blackish
rouat palliata o) howler monkey VU VU 26
ouatta :
. i Red howler monke .
seniculus f?é‘lel)culus(Lmnaeus, y No Listed (LC) Lc? 266

IUCN 2016 (Assessment on species designated by specialist assessor(s) irf RadBjguezMahecha et al. 2006 (National status designated in 2004);
3Conservation statusiggested by Defler 2010Records confirmed by IGUN (20123Buckner et al. 201placal the genus within the family Callitrichida@;
Not reported in Colombia by the IUCN 2819 Not reported in Colombia by APC (2016} Restricted to th&orgona Island NN Onemore subspeciga.
nancymaeis listed by APC (2016put major doubts about its occurrence in the country éXisipneENM elaborate for this specie@;Not listed inRodriguez
Mahecha et al. 2006Endemic;?"Probably endemic? Distribution restricted to Colombia.
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Table 2.2List of environmental variables used to generate preliminary ancefinaonmental nichenodels ENMs) for the species of primates
in Colombia. All variables were masked to the extent of the coanirkilometercell size resolution. Net Primary Productivity and Soil variables

werenotusedin final ENMs due tooverestimatiorof primate habitat based é&nowngeographicangesof species

Group Variable Name Year Description

BIO4 T° Seasonality (standard deviation *100)

Climate
BIO7 2005 T° Annual Range (BIOSB106)

Models! — : - __
BIO15 Precipitation Seasonality (Coefficient of Variation)
Net Primary Productivity 2010 Amount of atmospheric carbon fixed by plants and accumulatebamss (Multi Year average)

Vegetation "Forest Canopy Height 2005 Global Forest Canopy Heighforest vertical structure (Simard et al. 2011)

Models Percent tree cover (%) or density of trees on the ground (D). Ratio of the area covered wittanches and leaves

Tree Covet 2003 (6) Y 9 @)

of trees (tree canopy) to the ground surface seen from the above (vertical direction).

Actual Evapo- transpiration| 19502000 | Soil water balance (yearly average)

BulkDensity_05mean 2013 Bulk density in kg / cubieneter(mean estimate) for 2.5 cm depth
Soil Clay_05mean 2013 Soil texture fraction clay in percent (mean estimate) for 2.5 cm depth

Models® Organic_Carbon_-Bmean 2013 Soil organic carbon content (fine earth fraction) in per Milles (mean estimate) for 2.5 cm depth
pH_0-5mean 2013 Soil pH x 10 in H20 (mean estimate) for 2.5 cm depth
Sand_@5mean 2013 Soil texture fraction sand in percent (mean estimate) for 2.5 cm depth
Elevatiorf 2001 Global Digital Elevation Model (GDEM) _1 asecondapproximately 30m at the equator) grid.

Physical Land Covef 2007 .19 classes (AppendR) relating areas cover by with natural vegetation, trans.formed lands, cultivated, coastal at

inland wet areas and water surfaces. Relevant subclasses were also established.

Models Biomes 2007 32 classes (Append®) Defined by the relationship among geedology vegetation and climate features.

Watershed 2002 43 areas (Appendii)

WorldClim - Hijmans et al. 200UNEP 20158Simard et al. 201¥JSCGM 20037ISRIC 2013LP DAAC 2001;’SIG-OT 2009.BIO5: Maximum

Temperature of Warmest MontB]O6: Minimum Temperature of Coldest Month.
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Table 23 Selected combinations of variables that best prélgicgeographic distributioof primates in Colombia. Onihe top

modelwas used to generate BNM for each species.

MODEL VARIABLES
CLIMATE VEGETATION PHYSICAL
A BI04 BIO7 BIO15 Bio Elev Land
B BI04 BIO7 BIO15 PTC Canp Bio Land
C BI04 BIO7 BIO15 Elev Land Wat
D BIO4 BIO7 BIO15 Bio Elev Wat
E BI04 BIO7 BIO15 Bio Elev Land Wat
F Bio Land Wat
G BI04 BIO7 BIO15 PTC Canp Elev Wat

BlO4: Temperature Seasonality (standard deviation *1@M)7: Temperature Annual Range (BIO5: Maximum
Temperature of Warmest MortBIO6: Minimum Temperature of Coldest MontiBtO15: Precipitation Seasonality
(Coefficient of Variation)PTC: Percent Tree Cove€anp: Forest Canopy HeighBio: Biomes;Elev: Elevation (DEM);
Land: Land CoverWat: Watershed.



Table 24 Area Under the receiver operating characteristic curve (AUC) vialpertance of environmental variables and other main

statistics for a final distribution model for each taxon of primates in Colombia with 10 or more occurrence records. Final

environmental niche modedseillustrated in Appendix.

Percent Contribution
Species / Suspecies M | Obs | OTr | POc | AUC LT FPA | TOR BIO | BIO | BIO

PTC | Can 4 . 5 Bio Elev | Land Wat
Alouatta p aequatorialis H 26 23 | 0.84 | 0.991 | 0.128 | 0.042 | 0.048 | 41 | <1 40 | 31 | 11.9 - <1 - 76.8
Alouatta seniculus seniculus| F | 266 | 205 | 0.99 | 0.804 | 0.368 | 0.253 | 0.268 | - - - - - 23.0 - 46.3 | 307
Aotus brumbacki* E 10 10 | 0.98 | 0.995 | 0.638 | 0.010 | 0.000 | - - 20 | <1 <1 | 171 | 1.2 | 186 | 61.2
Aotus griseimembra F 70 56 | 0.99 | 0.958 | 0.285| 0.108 | 0.107 | - - - - - 31.7 - 315 | 36.8
Aotus lemurinus C 68 | 53 | 0.92 | 0.956 | 0.364 | 0.093 | 0.094 | - - 116 | 1.7 | 50 10.1 | 331 | 385
Aotus vociferans B 17 17 | 0.97 | 0.940 | 0.298 | 0.166 | 0.176| 22 | 11 | 90 | <1 | 357 | 426 | - 9.3 -
Aotus zonalis E 20 | 19 | 0.98 | 0.991 | 0.131| 0.046 | 0.053| - - <1 | 117 | <1 70 | 57 | 89 | 66.8
Ateles belzebuth belzebuth | E 41 | 31 | 0.99 | 0.961 | 0.095| 0.096 | 0.097 | - - <1 | <1 | <1 | 233 <1 86 | 681
Atelesfuscicepsufiventris C 31 25 | 0.99 | 0.979 | 0.270 | 0.060 | 0.040 | - - <1 <1 <1 - 38 | 26.0 | 70.2
Ateles hybridus*brunneus** | E 24 24 | 0.96 | 0.986 | 0.221 | 0.047 | 0.042 | - - <1 <1 <1 | 262 | <1 | 129 | 60.9
Ateles hybridus hybridus C 25 25 | 0.99 | 0.976 | 0.161 | 0.108 | 0.000 | - - 6.7 | <1 <1 - 19 | 26.0 | 654
Cacajao ouakary C 18 18 | 0.93 | 0.948 | 0.558 | 0.111 | 0.111| - - <1 <1 <1 - 33 | 191 | 776
Plecturocebugaquetensis* | E 18 18 | 0.82 | 0.998 | 0.473 | 0.004 | 0.000| - - 34 | <1 17 | 175 | <1 | 232 | 54.2
Plecturocebusrnatus C 32 25 | 0.95 | 0.987 | 0.303| 0.037 | 0.040 | - - 10 | <1 <1 - 54 | 109 | 826
Cheracebusucifer E 10 10 | 0.99 | 0.990 | 0.219| 0.042 | 0.000 | - - 66 | <1 26 | 103 | 195 | <1 61.0
Cheracebusugens D 23 23 | 0.99 | 0.915 | 0.384| 0.180 | 0.174 | - - 16.0 | <1 14 | 307 | 85 - 43.4
Cebuella pygmaea pygmaeg E 12 11 | 1.0 |0.976 | 0.104 | 0.091 | 0.091| - - <1 <1 | 43 | 352 | 1.3 | 145 | 447
Cebus albifrons albifrons E 37 29 | 0.97 | 0.930 | 0.271 | 0.135 | 0.138| - - <1 <1 <1 | 512 | 76 | 205 | 207
Cebus albifrons cesarae** | C 13 13 |1 0.99 | 0.995 | 0.173| 0.015 | 0.000 | - - <1 <1 <1 - <1 | 299 | 701
Cebus albifrons versicolor** | E 59 47 | 0.95 | 0.969 | 0.202 | 0.083 | 0.085| - - <1 <1 <1 | 381 - 36.7 | 25.3
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Cebus apella fatuellus D | 102 | 81 |0.91 |0.876 | 0.339| 0.185 | 0.185| - - <1 <1 | 23 | 481 | <1 - 49.6
Cebus capucinus E 53 42 |10.98 | 0.969 | 0.256 | 0.077 | 0.071| - - <1 <1 <1 | 182 | <1 | 235 | 583
Lagothrix I. lagotricha D 64 51 | 0.90 | 0.910 | 0.327 | 0.171 | 0.176 | - - 10 | <1 | 116 | 496 | 6.2 - 315
Lagothrix |. lugens** F 56 45 | 0.99 | 0.940 | 0.293 | 0.136 | 0.133| - - - - - 20.3 - 18.0 | 61.6
Pithecia hirsuta D 12 12 | 0.97 | 0.980 | 0.316 | 0.065 | 0.083 | - - <1 | <1 | 281 16.6 | 191 - 36.2
Pithecia milleri D 21 18 | 091 | 0.956 | 0.178 | 0.100 | 0.056 | - - <1 <1 <1 | 273 | «1 - 72.7
Leontocebus$uscus F 33 26 | 0.99 | 0.966 | 0.401 | 0.084 | 0.077| - - - - - 31.4 - 7.0 61.6
Saguinus geoffroyi C 13 12 |1 0.94 | 0.993 | 0.158 | 0.030 | 0.000 | - - <1 | 62 | 22 - 12 | 107 | 79.7
Saguinus inustus C 16 16 | 0.98 | 0.941 | 0.366 | 0.130 | 0.125| - - 158 | <1 | 124 - 24 | 57 63.7
Saguinus leucopus* F 78 61 | 0.87 | 0.972 | 0.201 | 0.072 | 0.066 | - - - - - 16.1 - 11.3 | 726
Leontocebs n nigricollis D 12 12 | 0.90 | 0.998 | 0.300 | 0.004 | 0.000 | - - 147 | 14 | 15 | 225 | 6.3 - 53.8
Saguinuedipug F 55 38 | 1.0 |0.986 | 0.185| 0.054 | 0.026 | - - - - - 3.0 - 11.1 | 859
Saimiri sciureus albigena** | F 35 28 | 0.91 | 0.976 | 0.178 | 0.073 | 0.071 | - - - - - 9.3 - 8.4 82.3
Saimiri s. cassiquiarensis E 21 21 1093 | 0.965 | 0.291| 0.089 | 0.095| - - <1 <1 <1 | 321 | 33 3.3 61.3
Saimiri sciureus macrodon | E 29 | 28 | 0.84 | 0.953 | 0.350| 0.107 | 0.107| - - <1 | <1 | 72| 191 | 11 <1 72.6

M: SelectedModel; Obs: Number of observation©Tr: Number of observations for trainingQc: Probability of occurrencédUC: Training AUC valuel T :
Logistic ThresholdFPA: Fractional Predicted AredOR: Training Omission Ratd®TC: Percent Tree Cove€an: Forest Canopy HeighBlO4: Temperature
Seasonality (standard deviation *10B)O7: Temperature Annual Range (BIO5: Maximum Temperature of Warmest M&h@®6: Minimum Temperature of
Coldest Month)BI1015: Precipitation Seasonality (Coefficient of VariatioB)p: Biomes;Elev: Elevation (DEM);Land: Land CoverWat:

Watershed.Endemic** Distribution restricted to Colombia.
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2.7 Figures
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Figjure 21 Map of Colombia and its location in South America.
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Figure 2.2 Two-dimensional vulnerability matrix used to identify regional conservation
priorities, based on levels of irreplaceability value relative to threats and conservation
value. Conservation value (horizontal axis) denotes filogity rank of a site

accordingly to occurrence of species and habitat quality (zonation rank), whereas human
footprint index (HFP, vertical axis) representing percentage of the human influence on
the land. Adapted from Margules and Pressey (2000).
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Figure 2.3 Prioritized @nservatiorareas in Colombia fahe 17%conservation goal
Two main cell removal ruleshe Additive Benefit Functioand the Coré\rea

Zonation were used to select the most important areampooverepresentation of
suitable areas for primates in Coloml@verlapping areas: selected areas where the

two rules converge.
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Figure 24 Prioritized @nservatiorareas in Colombia fahe 22% conservation goal
Two main cellremoval rulesthe Additive Benefit Functioand the Coré\rea

Zonation were used to select the most important areaspcove representation of
suitable areas for primates in Coloml@verlapping areas: selected areas where the
two rules converge.
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Figure 25 Prioritized @nservatiorareas in Colombia fahe 27% conservation goal
Two main cell removal ruleshe Additive Benefit Functioand the CoréArea

Zonation were used to select the most important areaspcove representation of
suitable aras for primates in Colomhi®verlapping areas: selected areas where the

two rules converge.
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Figure 2.6 Potential threats associated to priority conservation zones at different
protection targets. Density of lllicit crop areas (UNODC 2014) were ovedaid
scenarios using two main cell removal rules, the Additive Benefit Function (ABF) and

the CoreArea Zonation (CAZ), in order to identify areas of high vulnerability. NNP:
current National Natural Park system.
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Figure 2.7 Potential threats associated to priority conservation zones at different
protection targets. Oil concession areas (A) and mining rights (B) were overlaid to
Additive Benefit Function (ABF) and Cowrea Zonation (CAZ) scenarios to identify
vulnerability giorities to consider in the expansion process of the current reserve
network. NNP: current National Natural Park system
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Figure 2.8a Irreplaceabilityvulnerabilityranking kased orthe Human Footprint Index
and reclassified Additive Benefit FunctigABF) and the Corérea Zonation (CAZ)
priority rank scenarios. Regional conservation priorities are identified in terms of high
vulnerability value (High biodiversity and high threasing a twedimensional
vulnerability matrix NNP: current National Nafral Park $stem.
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Figure 2.8b Regional conservation priorities of high vulnerability value (High
biodiversity and high threatjerived fromtheirreplaceabilityvulnerability approach

using a twedimensional vulnerability matrix to pair the zonatmamk (conservation
values) with the percentage of threat relative to human Influence on the land (biomes)
ABF: Additive Benefit Function; CAZ: Corérea ZonationGreen areas represent the

current National Natural Park System.

52



A

o 0 75 1350 300
[}t
[
3 ot
= Y
s o A
s “v;f j
7
[ o
s =L
=0 ;
BB 4
= 0=
| Bki 1
4 -
5 [}
| __Bi3 |__E

C

[ High vulnerability
|:| Core-Area Zonation

D National Natural Parks System

—— Natural Region limit

0 75 150 300

Figure 2.9 Primaterichnessn Colombia(a) -cold to warm colors represent increase in
number of species$ncidenceof species of conceii) -endenic, rare and highly
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usingthe CoreArea Zonation cell removal rulg). CoreArea Zonation rankingnder
the 17% conservation gog).

53



3. Protecting primates in Colombia: from fine to coarse perspectivan conservation needs

3.1 Implications

This thesis provided both @ssessment of conservation gaps and prioritized sites for future
protection, as well as negeographidistributionmaps (angesand suitable habitafpr 39 taxa
of primatesThis isespeciallyvaluablefor species that do not have contemporary distiaouti
modelsincludingspecies in the familiesf Aotidae, Pitheciidae, Cebidae, and most of the
species irCallitrichinae.Modeled potential distributioof primates provid¢he capacityor
better assessing population status @enklopment osites to targt for verifying occurrence
(Hipdlito et al. 2015ndMaestri & Patterson 201@ndmonitoling of populations fonot only
endangered specidsutalsopoorly known speciewhereconservatiorassesments areeecd
For example, monitoring activities arecommended for spider monkeys and Wwpotonkeys
(Palacios & Peres 200Bink et al. 2010andLizcano et al. 2014) givethe rate ohabitat
fragmentation in areas where slespecies occur (Armenteras & Villareal 200Bhese species
havediet requiremets andbody size featurgsnakingthem more susceptible to fragmentation
(Cowlishaw & Dunbar 200(Peres 200(Palacios & Peres 200Bbefler 2010 andlink et al.
2010), along with the risk of becomingegular prey for huntind_ikewise, the taxonomic
arrangement, geographic rangasd conservation needs for night monkieythe Andes and
Amazon regiongieed to be better addresg@efler & Bueno 2007).

Conservation planning needs to consider the social dimewsloiconservation strategies
ensuring thejuality and welbeing ofnot onlynonrhuman species, but alspportunityto
coexistwith humans byllowing responsible traditional use of the different resour¢ess is

even moremportantwhen settlements overlap with forested areas that harbor high biodiversity
valuesor sensitive species. Thus, one of the main godlseicurrent paradigm of conservation
planningis the maintenance of ecosystem functions and services, aldvlensuringraditional
ways of living.New conservation sites in areas wheragsindecentand indigenous

communities occur (Figur@.2) should thereforebe integratedvith ongoing conservation

programs in the countryhis includeghe policy of social participain in conservation

Oar gues con | a g e pnspeeid dandgeremt kegmewwith indigpneus p | e )
peoples formulated by the SNNP (Paredes 2Gridthe multiple communitypased strategies

led by different NGOs providing support in the formulatad management plans of natural
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resources with active participation of stakehold&rss includes the use trfaditional

knowledge to ensure protection of primary forests and sacredesge® NN YaigojeApaporis

and native reserves in the Amazon oegiConservation International Colombia (pers. 0bs.))

Indeed Corzo (2008) considssuchapproachestoled vant ageous (fioportuna
communities can help to conserve strategic ecosystems while limiting the pressure of human
developmentLikewise, Armenteras et al. (2009) pointed out the value of indigenous reserves to
mitigate deforestation. These strategies benefit species of spider monkeys in the Andean and

Choco biegeographic region, as some other vulnerable species present in new proposed

consevation areas in the Amazgiedmont and Pacific region.

Likewise the conservatiopategory of ur a l reserve (fireserva campe:
usedto set protection actions in rural areas where critically endangered species of monkeys occur
(e.g.,the Caqueta titi monkewvhile occurring in areasf high habitatfragmentation. Similarly,

social based conservation projects on reforestation and sustagsilece useccurring in

areas ohigh coca cropncidencehave demonstrated to be effectimgroviding alternative

economic optionswhile increasing awareness aralues ofrestoring forests and associated

ecosystem services (Glda-Benavides et al. 200BhdBaena 2016).

Finally, primategepresent highlgharismatic specighat have value in being usedfgship
speciego gain public and internationaiterest andundingfor conservation programs (Leaeer
Williams & Dublin 2000) This includesassembly alliances with differeptayers(communities,
govanment, NGO, universities, etc.) afidding ways to generate incentives (Supriatna & Ario
2105) Use ofprimates as flagship species for conservation in arelaigh vulnerabilitymay
providesubstantial benefits for both communities and habitatsliversity). Home et al. (2009)
noted that a combination of charisma and ecological importance is an important criterion for the
selection of flagship species and for successful conservation progiaessfeaturesareclearly
exhibitedby primates (their r@ in themaintenance and functioning of the ecosystems, along
with the sympathy that they generate in the public). Currently, spleages] conservation
programs inColombiaaim at protecing populations of the cottetop tamarin $aguinus

Oedipus, spidemonkeys Ateles hybridus and woolly monkeyslL@gothrix I.lagothrichg and
can be replicated and/or adjustednclude otherunderprotected/ulnerablespeciesuch aghe

white-footed tamarin$aguinus leucopyisind Caqueta titi monkeZéllicebus cagetensis
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3.2 Limitations

Giventhatthe number ofocation record$or some taxa in this studyere smallthere is still

uncertainty irboth their environmental nich€lfang & Zhang 2012and their geographic
distribution/suitable habitatlhis identifies theneed forprioritizing collection anadreportingof

occurrence recordespeciallyfor those speciesith less than ten observatioresd.,Saguinus n.

graellsi, S. n. hernandezi, Callimico goeldii, Cebus a. malitipsusvith unknown occurrence
recordssuchas the shockeaded capuchirCebus albifrons cuscinuCensuse$or sometaxa

arestill neededsuch agheHernandeZZa mac ho 6 s n i g lytdeseriloed dpecigsfora new
Colombia (Defler & Bueno 200Hased oronly one museum specimandno recordof locality

(i.e.,found in captivity) althoughsupposedly captured in the NNIBs NevadosAndean

region) (Table 2.1, Main ChapterJhis limits identification of geographic distribution and

conservation status.

Furthermore, to improve the knazdge on national conservation needs and for a more precise
definition of distribution ranges for the Aotidae family in the country, there is the need to
confirm the presence o fAotustbrimbBajiat nobotheastierd gartsn i g h t
of the Oriroco region, to clarify whether the Northern Night Monkey, {rivirgatug occurs in

the country, and to include confirmed records
Night Monkey @A. nancymaae(IGUN 2012), which report was found after the dsitions

maps were made.

For the Brumback~o6s night monkey, westaonspartsofec or ds
the Orinoco region witRnunsuccessfuattempt to clarify the extent of igeographic

distribution in forested areas of savannas inetl&tern side of this regig@astilloAyala &

Nielsen 2013)Increasingegionalefforts forsampling are essential given the

vulnerabilitystatus of this night monkey and the levettokatdue to defordationfor illicit

crops in the Orinoco region (Armenteras et al. 2013).

A recent updatef the list of primates in Colombiacludes the arthernnight monkey @A.
trivirgatus) (APC 2016)while Veiga & Rynalds (2008) dgsnot recognize Colombia as native
for this speciesThere is alsancertaintyabout determining if a specimen from a locality in the

Orinoco basin in Colombia is eithAr trivirgatus A. brumbackior even a new species
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highlighting the need teesole the phylogenetic arrangeentfor thespecies of night monkeys

within the eastrnlocalitiesof Colombia(Defler & Bueno 2007).

Lack of nationalhigh-resolutionenvironmental datae(g.,soil fertility, tree species composition
and dominance, forest productivity and structure, &tai)s fine-scale predictions of geographic
distribution and a full understanding of ecological nicliReyionaly-derivedenvironmental data
would also increase the level of confidemteonservation planning assessments, as well as
allowing better assessmeriglandscape connectivity (Lehtoméki et al 2009). As an example,
Lawley et al. (2016) remaeki abouthe capacity of integratingata from botrsite-based and
remote sensinglatformsin orderto monitor vegetation conditicendthusinform management
deckions.Such monitoring would be highly valuabt@pen access to spatial data in Colombia is

critical but limited for scientists and conservation organizati(Bisto 2013).

Likewise, improvementare needed ifurtherprioritization of protected areas aagsessments

of vulnerability as more information becomes available and sites are protéptiated spatial
dataset®n contemporary forest and land use caype for the countrywould be especially
valuable(as the models generated Aymenteras et al.aD2, Armenteras et al. 200&tter et al.
2006andRodriguezraso et al. 2013PDther important data sets include teeurrence and/or
density of illicit cropshumanpopulationdensity forest industry, farmingand ranching. For

instance, the informain derived from the spatial footprint index developed by Etter et al. (2011)
could be an effective todbr identifying vulnerable areas across tpeographicanges of

primates in Colombia since it integrates important variables such land use intensity, intervention

time, and biophysical variability.

3.3 Recommendations

In spite of limitationgdescribed abovehis study offers the first attempt to address major
corservation needs for primates at a natipmallti-specific level It alsocontribues to providing
a consistent dataset and approach to defining the geograpges for mogprimates in
Colombia. Hbwever, connectivitassessments also needbéocarriecbut. Connectivityanaly®s
would allow evaluabn of the condition of forested areas within national natural pankisto

select in amobjectivemanner new conservation areas that linkmampatches of forest with
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current protected area®rotection cost could also decreasenéw conservation areas are

locatednearexistingareas (Moilanen et al. 2009).

Finally, it is critical to consideotherthreats(e.g.,deforestatiorand agriculture patterhs order
to have more diverse array of scenarios for priongzonservation areas and helping with
decisionmaking.This could follow theform of irreplaceabilityvulnerability analysis (Lawler et
al. 2003), opportunity cost modeling (Naidoo & Adamavad06) using probabilities of land
conversion and estimates of economic gain, or by comsglfreimpacts as surrogatéor cost,
mainly those related with land uses. This last approach has the lo¢seting conservation
priorities in areas with lw incidence of human development and lower land purchasing cost
However,cautionis needed irsettling ontheright costs and conservatitargetssince it can

lead to the inadequate selection of areas to protect (Possingham et al. 2009).
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3.4. Figures

Figure 3.1 National Natural Parks recently declared in relation with merged scenarios
using two main cell removal rules, the Additive Benefit Function (ABF) and the Core
Area Zonation (CAZ) at 22 and/® protection targets.
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