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Abstract

Tropical forests are under direct threats by anthropogenic activities which affect
biodiversity, ecosystem services, atmospheric conditions and livelihoods. These threats are
prominent in the highly endemic, biodiversitich coasal forests in Kenya whictare

severelyfragmented and are declining in health.

This research project investigates the state of health adastal sacred forests
usingColobusangolensigalliatus as an indicator species. This data is supplemented by
invedigating disturbance, forest area and forest perimeter length. The tren@Golobus
abundance and forest area can be directly compared to Anderson (2004) to establish
changes since 2001. Finally, locally based monitoring was implemented using semi
structured questionnaires to determinavhether local communities could successfully
identify trends over time in order to establish if locally based monitoring could be @sed

techniquein the future.

Management status had no effect @lobus density, disturbae rates, forest area and
forest perimeter indicating a need to #®valuate currenimnanagement practices. There was

no change irGolobus density over the 9 year time period. A higher forest area to forest
perimeterratio, however, resulted in higher dengs of Colobus monkeys. Forest areas on
average were found to be increasing in size. Finally, local communities did not predict the
rate of change irfolobus abundance and forest area cigg, suggesting the respondents

are out of synch with trends in emenmental conditions.

This research demonstrates the use and importance of different approaches to monitoring
forest health and highlights a need to incorporate local communities into forest
conservation. There must be a combination of science, culturenauics, and locally
engaged communities to achieve conservation goals.

Keywords: forest health, Colobus angolensis palliatus, forest fragmentation, locally based
monitoring.

Word Count:12,592
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1. Introduction

Globally, forests are the largest dmmost productive ecosystem, playing a critical role in
ecosystem services, biodiversity, culture and human welf@aestanzat al, 1997, Wright,
2010) However, tropical forests are disappearing faster than any other bigkigers,
1991) contemporary lad use change in tropical forests is about 64, 00F ker year
(Wright, 2010) This high rate of forest loss is exacerbating the fragmentation of forests
(Fischer and Lindenmayer, 200Fprest fragmentation can be defined as the conversion of
once largecontinuous blocks of habitat to a less continuous, spatial separation of habitat
units (Fischer and Lindenmayer, 200This occurs primarily by anthropogenic disturbances,
including agricultural land conversions, urbanisation and deforestafferanklin et al.,
2002) The destruction of forests has a range of negative ecological consequences including
detrimental effects on species richnedegonet al, 1990) this loss of biodiversity will, in
turn, jeopardise the ability of ecosystes to function adegately Chapin liiet al., 2000)
Biodiversity loss decreases the resilience of ecosystems to environmental cf@@meygn lii

et al, 2000) Furthermore habitat fragmentation can be detrimental to species health. For
example many studies provide evidence hat primates exhibit more evidence of
physiological stresgDunnet al, 2009, MartinesViota et al, 2007)and a loss in genetic
diversity (Craul et al, 2009, Jame®t al, 1997)in fragmented landscapes. Landscape
modification and habitat fragmentation ra consequently major research themes in
conservation biologyFischer and Lindenmayer, 2007, Haila, 2002, Fragikih, 2002)

The coastal forests of East Africa are small and fragmented and are a prime example of
landscape modification. This is es@dly seen in the Kwale distri¢B°30a\j4°45N\; 38°3Nj

and 39°3NE) in the Coastal Province of Kenyagurel). These coastal forests are of
exceptional importance globally due to their remarkably high level of endenfliovett,

1993) Their importance is emphasised by their classificatisiiodiversity hotspot regions
under thecriterion set by Myers (1990However, this forest habitat is declining and being
replaced by areas of agricultural land and ever increasing areas of urbanization and

associated tourism facilities that follogfWWFRUK 2005) If these trends continue, there will



be further loss of forest cover, biodiversity and related environmeséaices (water, soil
erosion, and loss of land productivitgyatiku, 2004) This will have a negative impact on
livelihoods of neighouring communities, biodiversity conservation, national and global
benefits, and goods and servic@datiku, 2004) Responses of organisms to these changes
can provide important information on the viability of global life support systems iratea

(Burgesset al.,, 1998, Noss, 1990)
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Figure 1: Distribution of coastal forest fragments in Kwale district, Kei@xadersonet al.,

2007a)

The need to conserve the remaining forests is heightened by the unique nature of a
particular type of forest occurring ithe coastal forest of Keny&aya forests. These
distinctive forests are of special soctultural significance and owe their existence to local
communities as they provide a variety of complex functions: groves for worship,
ceremonies, burial grounds anoheeting places for special occasiofifengeza, 2003,
Matiku, 2004, Tinga, 20047 his has had significant biodiversity benefits, with social taboos

discouraging deforestation and teaching respect for natural resouf@eagwat and Rutte,



2006) Consequelty, Kaya forests are biodiversity rich and globally unique areas
(Robertson, 1993harbouring at least one endemic species per for@irgess, 2000)The

loss of these forests will have a significant impact on the fabric of Kenya, not only in the
detrimental effect on biodiversity, but also on the consequent loss of culture and tradition

in Kenya. Currently 42 Kaya forests are under a form of legal protection: they are gazetted

as national monuments by the National Museum of Ker{paderson, 200¥% Kaya
conservation complies with NIi A Ot S mMno OO0 2F GKS |/ 2Bf@eSty GA2Y
and encourage customary use of biological resources in accordance with traditional cultural
practices that are compatible with conservation or sustainable use BuY Sy G a ¢ (1 KSNXB

helping Kenya fulfil national targe(€BD, 2010)

The Angola blacikndwhite Golobus monkey @Qolobusangolensis palliats) is a useful
indicator species of forest health for the coastal forests of Kenya as they are highly sensitive
to disturbance (Anderson, 2004) Indicator species have been utilised to make fast
assessments of ecosystem health and habitat composifdoss, 1990, Landrest al.,

1988)

Colobus angolensyzalliatusis a charismatic flagship species and is under difeat by
habitat fragmentation and habitat modificatio(Andersonet al., 2007b, Andersoret al,,
2007a) Andersonret al. (2004) showed that the occurrence and abande of Angola blaek
andwhite lobus monkeys were significantly influenced by the feasucé the coastal
forests habitats, such as spatial (forest size), resource (tree diversity), structural (canopy
cover) and disturbance (forest loss) characteristfasderson, 2004)This species is listed on
Appendix Il of CITES and on class B of theaifiConvention on the Conservation of Nature

and Natural Resourcgg\nderson, 2004)

Anderson (2004) caed out the first evaluation of @obus distribution, status and threats

in the southern coastal district of Kwale in 2002; Baseline data were t=allen Colobus
counts and forest size. Forest fragment area was available from (I@88 maps printed in
1991) as well as in 2001during the survey by AnderspnMost of the forests surveyed at
this time have since declined in area between 1989 andL.28(otal of 38 out of 124 of the
patches suffered between-86% decline in forest coverage, while a small number of forest

patches increased isize Anderson, 2004) Furthermore, forests which offered higher



protection from anthropogenic exploitation we found to be Kaya forests, significantly
more than forest reserves or unprotected forests. This was most likely due to their
management status, which highlights the critical need for community involvement in
successful conservation management in the tala®rests of Kenya. Recently, locally based
monitoring has been developed, which has been described as an accurate, cost effective
and adequately powerful alternative to professional monitoring to assess natural resource
status(Ristet al,, 2010) It isalsoan effective monitoring technique because it engages the
local community and this involvement can help change negative attitudes on sustainable

use and the environmenDanielseret al,, 2005)

Since 2002, threats to the coastal forests have inadadue to population growth,
urbanisation and tourist developmer@WWFUK 2005) Thishas increased demand for

forest resources leading to currently unknown effects on the Kwale landscape.

1.1 Aims and Objectives of this study
WithY Sy @ I Qa O 2uhderisévére tRreafNiBisisiudy aims to determine the health of
the biodiversityrich and culturally important Kaya forests. More specifically this study has

the following objectives:

1.To quantify the abundance ofolobus monkeys irKaya forests and to detrmine if

populations have changed since the initial study by Anderson (2007) in 2001
2.To quantify the intensity of anthropogenic disturbances kaya forests.

3.To assess Kaya forests have changed in size since previous surveys conducted in

1989 and 200.

4.To determine local perceptions afhange in (olobus populations and forest
condition in comparison to findings from censes and mapping monitoring
methods. This is in order to try and incorporate community involvement in future

conservation initiatives.

5.To recommend future conservation action to WWF and the National Museums of

Kenya.



It is anticipated that this study will contribute to the future conservation of coastal forests in

Kenya, especially through partnership with the WWF and the National Mused Kenya.

1.2 Hypotheses

This research will test the following hypotheses:

H1 There will be a reduction in forest health in Kaya forests, indicated by reduced
frequency ofColobus monkeys, and increases in forest disturbance, indicated by felled or

cut trees

H2: A reduction in health will be dependent on the formal protection of the Kaya; gazetted

or un-gazetted.

H3: There will be a significant difference in forest area from 1989 and 2001 data compared

to 2010 data.

H4: Rate of forest loss will be dendent on the formal protection of the Kaya; gazetted or

un-gazetted.

H5: There will be a significant difference in forest perimeter to area ratio in 2001 compared
G2 WHnmny gKAOK KFa AYLIAOFGA2ya FT2NJ WSR3S

H6:Local community perceptions areline with empirical findings.

1.3Overview and thesis structure

Section 2summarises the global causes of tropical forest degradation and forest loss and
highlights how these effects can be minimised. As well as this, different types of monitoring
are introduced before the study specie€olobusangolensis palliats, and the study area,

the coastal Kwale district in Kenya, are discussed.

Section 3describes the processes of forest census, mapping and questionnaires used to
collect data on forest health. ddails are also given on the statistical analyses used to

investigate

Section 4presents the results of all areas of the research from the forest census, mapping

and questionnaires.

ST



Section 5discusses the results in the context of the wider primate dadbitat context,

focusing in particular on how to improve monitoring in the future.



2. Background

2.1 Drivers of tropical deforestation and degradation

Humans are impacting the environmettirough the exploitation of natural resources
(Chapin liet al, 2000, Wright, 2005, Bradshaat al., 2009) Conservation strategies must
therefore anticipate theassociatedhreats as well as address the contemporary pressures in
order to prove successfubpector and Forsyth, 1998he current anthropogenic impacn
tropical forests is a focal point for conservation research due to the global importaince
these forestdn biodiversity, ecosystem functioning and carbon sequestratiimearmaret

al., 2009) The main existing anthropogenic drivers of tropical fotess can be separated
into two scales: local anglobal. Local drivers refer to land use change, wood extraction and
hunting whilst global drivers include atmospheric change and climate change drivers
(Wright, 2010, Wright, 2005)-or the purposes of thigerature review, | will only document
the local drivers. Global drivers are, of course, important, but their effectdeselikely to

be detected by the research methodology employed in this study.
2.1.1Local drivers

Land use change and wood extract are the two key drivers of deforestation, posing
different threats to tropical ecosystem#épproximately 30% of the global land surface has
been deforested(Schmittet al, 2009) Furthermore, éforestation caused by land use
activities has transformedpproximately half of closed canopppical forestto other uses
(Wright, 2005, Foleyet al, 2005)whilst rates of anthropogenic habitat conversion are
currently at their historical maximuniSeabloomet al., 2002) Land use activities include
subsistene agriculture, intensifying farmland and production or expanding urban centres
(Lambinet al,, 2003, Folet al., 2005) Deforestation in Latin America offers a useful case
study for the impact of local drivers; the Amazonian rain forest has witnessedeaatton

in deforestation occurring in areas 3able for modern agriculture. In Brazil, Bolivia,
Paraguay and Argentinaeasonally dry, high rainfall and flat surfaces are being exploited
for soybean production(Fearnside, 2001)Consequently, croplard and pastures have

become one of the largest terrestrial biomes globéfgleyet al., 2005) more than 25% of



the total land surface is managetrough grazing. This is a larger geographic extent than
any other form of land usgAsneret al, 2004) Thee is a great concern that vast
monocultures of fast growing, nemative tree species will take over landscapes with
monumental negative effects on species biodiversity and ecosystem functioning. A
persuasive example of this process can be found in the oagalm plantations. Oil palm
(Elaeis guineengis A a4 OdzZNNByidfeé (GKS ¢g2NIRQa Y2a0G NI LAF
of forest in Southern Asia and elsewherairrently estimated at over 13 million Ha, which
has either directly, or indirectly, pdaced tropical rainfores{Danielsenet al., 2009) Oil

palm plantations support fewer species than forestosystemsand contribute to habitat
fragmentation, pollution and greenhouse gas emissig¢Rgzherbertet al, 2008) The
monotony of single specseforests are exaggerated by uniform age structare are
structurally less complex than natural fore¢Begon, 1990)This islemonstratedby a study

by Danielseret al. (2008) who found that in Indonesia, oil palm plantations were species
poor and conained few forest speciefanielseret al., 2009) Furthermore Fitzherberét

al. (2008) founathat palm oil had significantly fewer vertebrate species than primary forests

and much lower species richness than disturbed (logged or secondary) forests

One d the most fundamental ecological relationshigsthe interaction between species
richness and areahe larger the forest is, the larger the number of species encountered
(Begon, 1990)Forest fragments are analogous to islands in many respects; tHegtréfe
reduced range of resources offered by smaller ar@dsila, 2002) Habitat destruction is
considered the key cause of species extinctifBimm and Raven, 2000)hus, in forests
with high rates of deforestation and encroachment, the decrease iiastofragment area
will result in a decrease in number of species fouA®2 year investigation of ecosystem
decay in Amazonian forest fragments fouadrelationship between species richness and
forest fragment size; intact forests contained a higher nembf species per unit area than
in fragmented forestg§Lauranceet al., 2002) The ecological consequences of biodiversity
loss are controversial and widely documented in the scientific literature. It has been
suggested that a large proportion of specigshness is required to maintain ecosystem
stability and sustain functiofSchwartzet al, 2000) Hooper (2005) states that ecological
experiments, observationand modelling have shown that ecosystem properties depend on

the characteristics of biodivetyi the size of the forest and the time in the ecosystem.



Finally, here is a concern that local extinctions of species can occur after a time lag
following habitat loss or degradatigiiKuussaaret al., 2009, Pimm and Raven, 2000, Vellend
et al,, 2006) For example,Struhsaker (1976Jocumenteda 10 year lag period after the 90%
loss of major food resourseand a significant decline irewerts Cercopithecus aethiopsm

Kenya.

Another major implication of deforestation is that breaks upand fragmentsforests
(Laurance, 2004)As mentioned in the introduction, habitat fragmentation is t@nversion

of once large continuous blocks of habitat to a less continuous, spatial separation of habitat
units (Fischer and Lindenmayer, 200FAgbitat fragmentatiorhas 3key impacts on forests;

a decrease in the size of the forest, an increase in fragment isolation and an increase in total

forest edge(Fahrig, 2003)

Habitat fragmentation and the consequent effect on primates have been well documented
in conservatin sciencgChapmaret al, 2007, Onderdonk and Chapman, 2000, Mbora and
Meikle, 2004, ArroydRodriguez and Mandujano, 2009, Estrada and CoatesEstrada, 1996,
Wong and Sicotte, 2006, Wahungtial., 2005, Anzure®adda and Manson, 2007, Marsh,
2003) Habita fragmentation is thought to be the principle threat to primates; studies
mainly conclude that there is a negative effect of fragmentation on primate biology or

ecology(ArroyoRodriguez and Mandujano, 2009)

One of the most critical consequences of Rab & FNIJ IYSyYy Gl GA2y A& W
effects are the result of the interaction between two adjacent ecosystems separated by an
abrupt transition (Murcia, 1995) At edges there is an exchange or flow of energy and
organisms across the boundafarpe et al., 2005) Edge effects effegphysical variables

such as rdiation, moisture, temperature andumidity (Fischer and Lindenmayer, 200@}p

well as ecological processesincluding nutrient cycling, decomposition and
evapotranspiration. These processes turn influence the changes in forest structure,

including factors such as canopy cover and tree density. Edges also influence biodiversity,

affecting dispersal, establishment, survival and grogidarperet al., 2005)

This has severe implications ight of tropical forest loss.Each year, 20 000km of new
forest edge in the Brazilian Amazon alone is generated as a direct result of deforestation
(Laurance, 2004)



Fragmentation isolates forest fragments in the theory of metapopulation the equilibrium o
colonisation is dependent on isolation and extinction. Larger islands, or islands closer to the
mainland (or in this case forest fragments), will contain more species than smaller isolated

habitats(Arroyo-Rodriguez and Mandujano, 2009, MacArthur, 1967)

It seems unlikely that the rate of habitat conversion will slow in the near future given the
current human population growth which is projected to double in the next 50 yéaiisnan
et al, 1994, Grau and Aide, 2008hus the challenge to meet the inasing food needs of

this growing population without destroying the remaining forest ecosystems arises.

Not only is the area of forests under threat, but the quality of the remaining forest habitat is
at risk from wood extractiofiDangwal, 2005) Extracthg more wood than the regenerative
capacity of forests leads to slow degradation and consequently reduced forest health in the
long run(Dangwal, 2005)The need for wood extraction comes from an array of pressures,
including local, timber and firewood ezictionin responseo the demand from commercial
industriesfor raw materials(Dangwal, 2005)Loggingand the related disturbancealters
ecosystem composition, biodiversity and opens remote areas to poachaggprteet al.,

2007) For example selectvlogging of Mahoganyswietenia macrophyllan the Brazilian
Amazon has assisted regional deforestation; logging companies have opened 3000km of
logging routes in southern Pai&erissimoet al, 1995) After logging, forests are often

converted for catie pasture and thus the forest resources are exhausted.

Commercial logging is responsible for the transition of primary forest to poorer quality,
secondary forest. Furthermore, logging also reduces biomass, dansagissand other
vegetation presentjncreases vulnerability to fire and conversions to grassland, scrub or
agricultural land which may then persist for decad&hearmanet al, 2009) Wood
extraction is a growing concerfior example in the Amazonian rainforest alori,075
19,825kn3 of area wa logged per year between 1999 and 2002. This equates to 0.1 billion
metric tons of carbon released into the atmosphere, (Aseteal,, 2005) which has severe
implications for global drivers of tropical forest degradation: atmospheric and climate

change.

Hunting is another local driver of forest degradation. When the extraction rate in hunting is

above the species ability to reproduce it can lead to species extindimnexample the

10



result of habitat destruction coupled with hunting in 1989l to the extinction of the Miss
2 | £ RNEZ CaabushbBkBy Procolobus badius waldrgniOateset al., 2000) This has
further ramifications if the surrounding plant species are dependenth@nextinctspecies
for dispersalor pollination This threat is exacbated by the development of modern

hunting equipment such as guns, wire snares and battery powered lamps.

2.2How can forest loss be prevented?
The protection of land from deforestation and degradation has helped conservation success

over the last 20 to 50/ears (Seabloomet al, 2002) Globally, 18% of all tropical and
subtropical moist forests and 9% of all dry tropical forests are prote¢Brdokset al.,

2004) LegallyProtected areas are seen to be the key defence against forest loss and species
extinction (Joppaet al,, 2008) they have significantly lower rates of land clearing compared

to non-protected areagNagendra, 2008 If the tree cover threshold is set 20%, it shows

that global forest cover is in the region of 39 million %where only 77 % fall within
protected areas under certain IUCN crite(gchmittet al., 2009) When the global average
forest cover is broken down into WWF ecoregions (taking into account differences between
forest ecosystems), 65% of the 670 ecoregions have less 10&o of their forest cover
protected (Schmittet al., 2009)

However, within the scientific literaturehe effectiveness of protected areas has been hotly
debated (Joppaet al, 2008, Ewers and Rodrigues, 2008, Nagendra, 2008, Bedoks
2004, Curraret al., 2004, Bonhanet al., 2008) A protected area system is only as effective
as the governments that protect theneorruption, political instabilityand economic crises

can result in poor protected area networiSurranet al.,, 2004)

One important preective factor against forest degradatias that of sacred groves. Sacred
groves are conservations first form of habitat protecti@udleyet al., 2009) These are
fragments of forest ostands of trees that local communities conserve primarily becafise o
their associated religious importan¢Mgumia and Oba, 2003They include burial grounds
and sites of deity worshigBhagwat and Rutte, 2006, Chouin, 2002hey consequently
offer a special form of protection whereby social taboos rather than lawsanie human
behaviour(Colding and Folke, 20015acred groves have been proven to offer a higher form

of forest protection than forest reserveCampbell, 2005; Anderson, 2004hich can be
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demonstratedby the high levels of endemism fouwdthin these sacred groves. Due to
centuries of community protection, sacred groves have become reservoirs or sanctuaries for
biodiversity (Mgumia and Oba, 2003For example, Burgeq4998 found that that the
LINELR2 NI AZY 2F SyYyRKEYYA® IFFLAMNBAEESs0onasgntisvhisD BaRk W
species groups; 80% of millipedes found in Kaya forests are endemic. It has been suggested
that government bodies should declare sacred groves as preservation sites and try and
incorporate them into existing protected aregetworks to compliment the legal protection
(Mgumia and Oba, 2003; Bhagwat and Rutte, 2006gse networks will be more effective
with the support of local communitie@Bhagwat and Rutte, 2006Jhe exclusion of local
people is believed to be one of thheasons why protected areas can be ineffective, despite
the large sums of money and management power in th@@hagwat and Rutte, 2006)
However, sacred groves are now under threat by the breakdown of traditional customs by
the increasing influence of Islaand Christianity and immigration of people who do not

owe allegiance to traditional authoritigfRodgersand Burgess2000)

2.3 Monitoring tropical forests
Monitoring is crucial for conservationists to gauge teffect of their interventions

(Danielsenret al, 2005) However, ti is impossible for managers to monitor everything of
potential interest within an ecosystem ante subsequent decisioof what to measure is
critical (Carignan and Villard, 200Biodiversity surveys are fundamental in protectaea
design however the demands characteristic of full biodiversity surveys, especially in the
tropics, greatly exceeds the capacity of scientific institutions. It is naive and unrealistic to

assume monitoring the fate of all taxa is accomplish&Bj@etor and Forsyth 1998)

Conservation focuses disproportionately on particular, charismatic endangered species to
monitor and conserve in tropical fores{Simberloff, 1999)Conservation can be deemed
more effective if it relateso both ecosystem complety and incorporats biodiversity and

its associatedecological processeflande, 1998) There should be a mixture of single
species and ecosystem conservation in order to guarantee species of ecological importance,

or those that facilitate the understandg of ecosystem health, are suitably managed.
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2.3.1 Indicator species
To tackle this issyeonservationists have developed the concept of indicator spgbless,

1990) Indicator species serve as surrogates for the entire ecosystem and are therefore a
high priority for conservation researchyildlife habitat quality can be assessed using the
assumption that the population density of an indicator is an index of habitat quality
(Landre<et al,, 1988. Plant and animal species have been used for decadeslasmiors of

air and water quality and agricultural and range conditigN®ss, 1990)Ideally indicator
species should be sensitive thhanges in environmental conditions or stress in order to
provide anearly warningof negative trendsover broad geogrdpical area. As well as
provide a continuous assessment over a wide range of stress and should be easy and cost
effective. Increasingly, vertebrates afgeingused to assess population trends and habitat

quality for other specief_andrest al.,, 1988.

The ideal indicator taxon is hard tmlentify (Spector, 1998)It is essential to choose a
species which is a specialist or sensitive to change; highly sensitive taxa under the threat of
extinction should however,be used with cautionlf indicators are tcact as surrogates for
the entire biota, then the geographic patterns of species richness and endemism should

closely reflect those of other tax&pector, 1998)

Box 1: Case study of the northern spotted oas an indicator species
(Simberloff, 1999)

The northern spotted owlStrix occidentalis cauripavas chosen as an indicator species because |t is

a charismatic, flagship species. In this case, the owl was used to reflect the state of health pf the
entire Pacific Northwest region. This species wlagsen due to its vulnerable status and socipl
interest; there was no empirical evidence, however, to support the idea that the species hadl the
capacity to predict the health of the entire ecosystem and the species dwelling in them.
Nevertheless, due to thepotted owls threatened, diminishing habitat requirements, {gldwth
rainforests), the protection of this type of habitat had beneficial qualities. It was home to an array of
species which were also consequently protected; saving enough of this hédoitite owl would
therefore save the other species in it. However this does not yield any results on habitat qualjty or

health and in this light could be costly and inefficient.
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Smberloff (1998) reports several shortcongis of relying on them as indicat species for
monitoring. Intensive management of an indicator species could increase the prevalence of
the species without increasing the health of the ecosystem yielding a false result.
Furthermore, notwo species occupy the same niche and no singlecisgeshould be
expected to act as an dicator for an entire ecosysterthere will be serious negative
consequences if the indicator species concept is incorrectly applied or an inappropriate

species is chosglindenmayer, 1999)

However,there are meritsin using this method as a guide. Using well chosen indicator
species can be a useful tool to conservation scieAtahe very least, it can offer a cest
effective methodology for habitat monitoring, and represent a pragmatic response to
limited resources Finally, Spectoand Forsyth {998) call for increased efforts to define
those indicator taxa which can yield the maximum amount of ecological and systematic

information about the vanishing tropics.

2.3.2 Locally based monitoring
The current threats tdropical forests, as outlined above, calls for an increased need for

effective monitoring that incorporates both scientific rigor and practical feasik{iRigtet
al., 2010) Monitoring, such as indicator species monitoring described above, is often

expensive and therefore unsustainable, both logistically and technically.

Alternatives to professional based monitoring have recently been discussed in the scientific
literature; useful information can be obtained using local knowledge and involving local

communities as a bas{Ristet al,, 2010, Hocklegt al., 2005)

W20t fte& o0lFlaSR Y2YAU2NAyYy3IQ Aa | oNBIFR GSNY
monitoring, community monitoring, hunter self monitoring and ranger based monitoring.
These can & conducted by self monitoring eésource extraction by local users, censuses

by rangers or imentories by unqualifiednaturalists. These monitoring techniques are
fundamentally linked to resource management, ranging from individual species to
ecosystemsThe key distinctiomf locally based monitoring is that it is conducted at a local

scale by low educated individuals.

When appropriately designed, locally based monitoring schemes can yield relevant results
which are as accurate as professional monitgiiDanielseret al., 2005) This is illustrated
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by Ristet al. (2010) where bushmeat hunter catch per unit effort was measured in
Equatorial Guinea. Local interviews were found to yield accurate, powerful and more cost
effective methods, over the professial technique, to monitor the condition of natural

resources, collecting 240% more catch and effort data than the professional technique.

Advantages of locally based monitoring include the reinforcement of existing community
based resource managemesysems and can result to changes in local attitudes to the
environment and sustainable resource managem@unielseret al, 2005) Furthermore it
builds capacity between local communities and government authorities and enhances

education and awareness oasource use.

Table 1Comparison of gitability of locally-based and professional monitoring
in relation to monitoring need, threats and availability of resources for
monitoring. (Adapted from Danielsept al. 2005)

Typ_e OT Locally based : o
monitoring and 2 Professional monibring
monitoring
resource
Species or ves, .bUt cer.taln Yes, however often practicall
i cryptic species not e
population trends . difficult
possible
Trends in the Yes, especially large scale
extent of habitats  Yes, especially monitoring, theuse of remote
and thier habitat condition sensing can be used for large
conditions scale benefits

Difficult at a local scale, but
Yes, at a local scale modelling and remote sensin
can be used at large scale

Trends in
ecosystem services

Yes, at a local scale
Trends in threats  (for example lgal Yes, at a larger scale
harvesting)

Trends in the impat
of management Yes, at a local scale Yes, at a larger scale
interventions

Financial resources
for intitation of High High
monitoring

Recurrent financial

Low High
resources
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What kind of data can emerge from locally based monitoring? Hrabiel it is evident that

localy based monitoring can generateheaper and locally meaningful data on habitat
condition, habitat size and population sizes oftaar species. It can provide evidence for

local changes in ecosystem services such as reliable provisions of clean water. A drawback of
locally based monitoring is that it cannot make any meaningful estimates of global scale

ecosystem services, such ashar sequestration.

In conclusion, conservation planners should consider the use of local communities when
developing monitoring initiatives locally based monitoring can address several of the
shortfalls of professional monitoring. Finally, locally baseshitoring has the capacity to be

low cost, rapid, locally relevant and able to build capacity among local constituents
(Danielseret al., 2005)

2.4 Study site
The study site is located in the Kwale districthe Coastal Province of Kenyiisl midway

between Mombasa and the North eastern Tanzania; Kwale stretches approximately
8322knf in area.The population in the Kwale district stands at approximately 536,381,
where 49% are below the age of 0d&WWF, 2009and 45% of people live in absolute poverty
(WWFRUK,2005) The main type of habitat is agriculturgrcludinggrasslands, woodlands,
swamps,shrublands forestry plantations and annual and perennial cropldBdirgesset

al., 1998) The environmental conditions in the area have an average temperate of
approximately 2.6-27.5°c(WWFUK 2005) Theannualrainfall patterns are bimodal, where

the main seasonal rains start in March and finish in August. Secondary rainfall begins in
October and finishes in Januarfhe remaining forestsagmentsin the Kwée district are
remnants offormerly forested lowland rain forest, swamp forteand scrub fores{Burgess

et al, 1998) Interestingly, the unique forests grow on coastal sedimentary rocks

(Hawthorne 1993).

These forests are home tthe Angola blaclandwhite Colobus (Colobus angolensis

palliates. Figure2 andTable2 show the 16 forest fragments surveyed in this study.
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Figure 2. Thetudy site: The Kwale district in KenyBhe 16 forest patches researched in this
study are labelled.
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Table 2 The 16 forests surveyed displaying the toporegion and
management status

KayaName Toporegion Management status
Tiwi Ukunda Gazetted
Diani Ukunda Gazetted
Ukunda Ukunda Gazetted
Muhaka Ukunda Gazetted
Ganzoni Ukunda Gazetted
Kinondo Ukunda Gazetted
Timbwa Ukunda Un-gazetted
Chale Island Ukunda Gazetted
Muvmoni Ukunda Ungazetted
Mkangani Shimoni Un-gazetted
Dzipha Shimoni Un-gazetted
Ganda Shimoni Ungazetted
Jego Vanga Gazetted
Dzirive Vanga Un-gazetted
Sega Vanga Gazetted
Vanga Vanga Un-gazetted

2.5 Study species: Ecology @olobus angolensis palliatus
The last remaining 31 colobine spes arethe remaining species after a long series of

adaptive radiations; originally, the colobines diverged from the cercopithecis monkeys

+ 0.05Mato 11.608 + 0.005 Ma (million yearsadn Africa(Oates, 1994aMore specificallythe
study species dblackandwhite Colobus monkeys at&oadlyregarded as a diverse group
of 5 speciesC. santanas, C. polykomos, C. vellerosus, C.guereza and C. an(Oltesis
1994b) Furthermore, tle study specie€olobus angolensis subdivided into 6 species(.

a. angolensis, C. a. cordieri, C. a. cottoni, C. a. pallitus, C. a. prigogir@i a Ruwenzorii
(IUCN, 2008)Of specifidnterest to this research is C. palliatus which is discotinuously
distributed across thesouthern highlands and coastal forests in southern and eastern

Tanzania and soutbastern Kenya

Kenyan distribution o€. a. palliatuss solely restricted to the southern coastal forests of the
Kwale District(Andersonet al., 2007a) Figure4 shows the distribution of the five sub

species of blackndwhite Colobusnonkeys
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Figure 3: Distributions of the five sufpecies of black and white

colobus monkey$Colobus angolensigKingdon, 2008)

C. a palliatusnhabits lowland, coastal, gallery amdontane forests(Oates, 1995 Group

composition structure typically comiges approximately -20 individuals, including 1 or
more adult mals and more than 1 adult femalethis is dependent on the number of
offspring within the grougOates and Davie4994a)Colobine prevalence is limited largely

by food resources within theihome rangeswith limited apparent impactof disease,
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predation and competition Qates and Davies, 1994aEcologicallyC. a. palliatusis a
folivorous primate. It spendsess time feeding and moving and more time resting in
comparison to primates of amsectivore or frugivore naturéAlthough this means that
colobines are successful canopy dwellers, it does make them vulnerable to changes in
habitat as well as huntingressures(Oates, 1994a) Furthermore this vulnerability is
exacerbated by the curre threats to tropical forests. Theost significant threat to Colobus
population survival is habitat loggnderson, 2004; Oates, 199@)thoughC.a. palliatugs

not currently listed as threatened, the subspecies has been acknowledged as a species
which has the potential for vulnerabilityKingdon, 2008)This is because the species is
currently being confined to islands of fragmented forests in eastern Afikiaagdon,2008,
Anderson 2007(a))Tourist development schemes and rapid population growth8%2per

year, WWFUK 2005) in this area have resulted in the increased need for forest resources
such as timbe(Marshall and Jenkins 1994; Robertson and Luke 19983% coupled with
forest clearances for intensive livestock rearing and agriculture, pairgrim picture for the

remainingC.a. palliatusin eastern Africa.
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3. Methods

This section describes the methotbgy applied in this research regardidgta collection
and subsequent statistical anaés including the rationale for the choice sfatistics
Heldwork forthe data collection was conducted eightweeks between May and June 2010
in the Kwale district in Kenyall the Kaya forest fragments surveyed weire the
toporegiors of Ukunda, Shimoni and VangA total of 16 forest fragments wasurveyed

(n=16). Alktatistics were calculated usirtge statistical computer programR 2.9.0.

Before any research could be conducted in the Kaya forests, permission from the National

Museum of Kenya (NMK) and Kaya elders waglsiou

3.1 Sampling methods - Sweep surveys

Data collected in this study were intended to be directly compared to baseline data
collected by Anderson in 200(Anderson, 2004)and will therefore follow the same
sampling methods. The sweep survey samplinghoe is deemed appropriate because it
allows quick and effective surveys of small forest fragméwhitesideset al., 1988)and

has frequently been used successfully in other primate cengésasreet al., 2004)

Beforeeachcensus startedwe carriedout a planning phase. Thigvolvedutilising existing
maps, informatiorfrom local guides and familiarity with given forest fragments by members
of the research team to determine forest sizes, shapes, potential transect routes and
starting positions. Further planning included performing @ilot study to determine
feasibility, time frames andColobusidentification. The methods used were considered

appropriate and were therefore executed in further forest surveys.

During the period of the8" May ¢ 15" of June 2010 all forest fragments were
systematically surveyed using one day sweepsampling methods. Two teams were
employed, each comprising of orteained team leaderand onelocal guide Surveying

commenced between 06.3@m and 07.00am. The teams walked rpbel transects
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approximately 100m aparfconsistent with censes from 20Q13tarting at the same time
and moving at the same speddpproximately 2 miles per hour) throughe Kaya forest.
Sweep sample accuracy was facilitated by the maintenance of cgsriparings throughout
transects the use of a Bbal PositioningSystem (GPS)leams regroupedafter each forest
transect in ordetto resynchronise movementsn smaller forest patches only one team was

used, with two trained team leaders and a forestdgu

3.1.1Colobusfrequency

For eachColobusgroup encountered, the following measurements were recorded: group
size, GPS location, time, direction of travel and demographics including the sex and age of
the individual. The age class was categorised #dultQ8ub adulQYuvenileCand YhfantQ o

To eliminate double counts, group composition and location were used to identify different

groups.

3.1.2 Colobus data statistical modelling
During analysis of the demographic data collected, the mean, stdnetaor, and the range

were calculated foiColobusgroups, as well as the total group and the age categories of

Colobugmonkeys.

A generalised linear model using qupsisson errors was used to analyse this data, due to

the type of data (count data) ahe Colobusvariable. Area was accounted for using the
W2FFaSGQ FdzyOiA2y |yR f£230FNBF0 Fff2gAy3 YS
the Colobus were surveyed, the management status of the forests and the amount of forest

edge exposed to noforest environments. QuadiJl2 A 4a2y D[ aQa | O002dzy
dispersion in thedata, the residual deviance .(t.) of the full model was higher than the

residual degrees of freedom (d.f.) (r.d.= 199.19 on 29 d.f.). The variables included in the
model are sumarised inTable3. This model was used to determine any relationships
between the Colobusdensity, management status and the year the data was collected.
a2RSt AAYLI AFTAOFGAZ2Y dzaAy3a Y2RSt dzLJRIF GSa 41 3
correctexpt Y GA2Yy A& (KS @awdic®a)i SELX FylFdA2yE
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Table 3: Variables used in the statisticahodelling of colobus monkeyslisturbance
and forest area change.

Variable Data Type Description
Colobus Count Response Colobus frequency
Disturbance Count Response Number of poles cut along the transect
Ctange Continuous Response Rate of change (Log(Size of the forest 2001/s

of the forest 2010))

Log(area) Continuous Explanatory Log of the Size of the forest (km?)

Management status of the forest: Gazetted or

Status Categorical Explanatory un-gazetted
Year Categorical Explanatory Year of data collection
Interval Categorical Explanatory Time peiods 19892001 and 2002010

Forest edge Continuous Explanatory Length of the forest perimeter

3.1.3 Disturbance
The number of tree stumps arising from pole harvesting by local people was recéled.

most tree speciestree stumps will remain for several years, thus enabling this
measurementto be used as an index of recent change, approximately 10 yg&though

this method was not used during the census by Anderson (2007), Chapiran(2007)

used this to account for anthropogenic disturbances). The tool used and size of stump was
alsorecorded. Other anthropogenic disturbances were recorded during the sweep surveys.
Theseincluded pitsaws, presence of loggers, snares, traps or presence of hunters and
charcoal burning. There were, however, very few of each and therefore this data was not
included in further analysis. When a disturbance was encountetesl GPSocation was

detailed and recorded.

3.1.4 Disturbance statistical modelling
Another quaspoisson generalised linear model, using the offset function to control for

area, was usetb determine if there was any relationship between the disturbance found in

the forest and the management status the data was collecteghin, a quagpoisson was
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used to account for the over dispersion of the data (r.d. = 163.58, d.f).Thdse varibles

are summarised ifablel.

3.2. Sampling methods: Mapping

Baseline data of forests sizes from 1989 and 2001 was collected by Anderson including both
forest perimeter sizes and the area. Forest size from 1989 was in the form of maps
published in 2001 These maps were digitalised in order to determine size and perinoéter

forest fragments

In this study forest fragment boundaries were mapped using a Global Positioning System
(GPS) unit, (Garmin eTrex H). The GPS was set to record positions ewenyds geecording
L2aAdGA2ya AY RSIANBSakYAydziSakaSO2yRAUVL dzaAy 3
the perimeter of each fragment. The boundaries of the fragment were defined by the local
guide. GPS coordinates were loadado a Geogaphic Infomation System (GIS) Map

Source and converted to (.KLM) files wusing an online GPS Vvisualizer

(www.gpsvisualizer.com/gpsbabgl/EZ Geowizard was then used to convert (.KML) files to

shape files andheseshape files were viewed iaGlSdatabase (ArcMap 9.3.1The tracks
were then converted from lines intosing EZ Geowizard. The polygavere projected onto
the WGS1984 UTMZONE 375 coordinate system in ArcMap to calculate the forest fragment

area and pemeter.

Kaya Muvmoni was excluded from this statistical analgsihe baseline data collected by
Anderson(2007) encompassed this Kaya in amongst the larger forest which it resides in,

W/ KFEtS t2AyiQd ¢KSNB 46l a y2 SEIFOG &aAT S F2NJY
3.2.1 Forest area statistical analysis

An analysis of variance (ANOVA) was carried out on the forest areas using variables from
Table2 (Change, Status and Interval). This was appropriate because all the explanatory
variables were categorical data and thesponse variable was continuous data. This was

used to test the interactions between the status, year and the rate of area change.
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3.2.2 Forest perimeter statistical analysis
A ttest was used to distinguish whether there was a significant differendbdrratio of

forest perimeter length to area (se€able3 for variables) from 2001 to 2010. This will

indicate whether the amount of forest edge exposed to Horest edge is increasing.

3.3 Sampling method: Questionnaires

The questionnaire survey was coruted faceto-face withKaya elders and forest guards, in

a semistructured interview framework(Milner-Gulland, 2007); this was designed to
determine local opinions on the future of the Kaya management, and to investigate local
knowledge on changes inends over the past 10 year period in forest health (Appendix 1).
The use of semstructured interviews with a fairly open framework allowed for focused,
conversational tweway communication, and opportunity to clarify any points of

misunderstanding on dier side.

Studies on sustainability involve measuring changes over time. This can be somewhat
LINEOESYFHGAO a Ay Y2ad OFaSa GKSNB gAff AySg
one disadvantage of this is that the past is filtered throughlg#oS Q& LISNOSLIGA 2y |
give an accurate representation of the series of events. However, in this study, these
changes can be directly measured through the census studies and by comparing them to the
oFasStAyS RIFEGF FNRBY HnAnn mabswarsKcamMbeTapaNded 0 Kée Y I &
whether they are in concordance with the actual findings. This will facilitate the
development of future management strategies and determine whether the study methods

used throughout this investigation should be interlinkedh management in the future. It

also seeks to understand the importance of local knowledge on the forests in order to

develop the most accurate forest protection and monitoring in the future.

The original aim was to complete ten questionnaires per Kidgaever, in some cases this
was not possible, but as many participants as possible were interviewedZnIley were

carried out in Swabhili and translated by a field guide with appropriate fluency in English.
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A pilot study was carried out in Diani tevtlop the questionnaire and check if the phrasing
of the questions and the response categories were appropriate. Three different respondents

were chosen to develop the questionnaires, they were all Kaya elders.

Each Kaya elder was approached prior to aesk to ask permission to conduct semi
structured interviews with them; this gave the opportunity to introduce the project. Later,
during the project, the elder was interviewed at their home. Elders were interviewed
individually to minimise any conferrirgmongst elders, which could influence the results.
Details of the entire study were explained, outlining the basic principles and aims of the
project. The importance of their knowledge was highlighted to ensure they gave us honest

opinions while their anoymity to the surveys was made clear.
For the full list of questions see Appendix 1.

3.3.1 Questionnaire s tatistical analysis
For the questions with which a uniform answer was given from all participants, no analysis

was conducted.

If the census and mappg showed only a slight change in b&blobusabundance or forest

aAl S GKSy GKS GNBYR ¢l a FaadzySR (2 KIFI @S adal a
by a 5% change margin either way for Colobus abundance and Forest size. This was
assumed neglible, and the forest was assumed to have stayed the same. The following

guestions can be exactly related to the censes and mapping elements to this project.

1. Have you seen a change the abundance ofblobus monkeys over the past 10 years?

2. Has there been @&hange in the size of the Kaya over the past 10 years?

First, a analytical test to identify whether elders were able to identify trends in area and
Colobus abundance was conducted using a proportion test to investigate whether the
overall proportion answring correctly matched that expected by chance. The probability a

Kaya elder would pick an answer by chance was 0.33 (three response variables; increased,
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decreased stayed the same). This was also analysed using a proportion test on the data split

by Kaya

Next, it was beneficial to know whether this was consistent achogse an@ to identify

which, if anyY | & drelbatter at identifying trends than others.

Thirdly, an attempt to understand why there could be differences in the ability to predict
these changes in forest size andolGbus abundance was made using qualitative

comparisons.

Finally, an ANOVA was used to identify if one particular trend was easier to identify than
another (Table4). In the face of unsustainable forest resource use, if Kégerse cannot
identify a decrease in forest size then this will ultimately lead to unsustainable harvest, and

is therefore necessary to investigate. This will be key in developing management strategies.

Table 4:Variables used in th&NOV Astatistical analysis of tle questionnaires

Variable Data Type Description

Arcsign transformed data of the percentage

Predicted , .
Continuous Response respondents who accurately predicted the
response ; .
trend in the data derived from the census
The trend from the data collected in 2010,
Actual

Categorical Explanatoy compared to data collected in 2001

response
P (Increased, Decreased, Stayed the same)
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4. Results

4.1 Colobus frequency
Out of 16 forest patches, only 63% were found to hold resid@aiobusmonkeys Tableb).

The total are of occupancy was 2.5KKaya& #iwi, Muvmoni, Mkangani, Ganda, Dziriphe
and Vanga did not retain anfolobusgroups. The total number ofC. a. palliatus
encounteredduring the census was 115. The average group size across all of the forests wa
5 Colobusindividuals Table 6). Table 6 shows the mean, standard error, and range of

Colobusoccupancy the forest managements surveyed.

Table 5 Descriptive statistics of forest cover arf@lobus status in Kaya forests, Kenya

Forest cover Patch sizg(KnT) Colobusstatus
?E a P %) %
Forest X 2 c © 2 S 3
protection © £ < =2 S S 3
2 ° S o =]
status @ Q. o) s 3] .
< I = O o =
B = @) Z o
= P
Gazetted 2.42 9 0.15 1.470.018 6 (66.67%) 16 68
Non
Gazetted 0.35 7 005 0270007 4(57.14%) 7 36
Total 2.78 16 N/A N/A 10(62.5%) 23 104

Table6: C. angolensigalliatus group demographics. Adult males (>6 years); adult female
(>4 years), suadult males (25 years), sukadult females (23 years) jueniles (12 years);
infant (<1 year).

Group structure Mean Std. error Range
Total groupsize 4.9 0.44 0-9
Adult males 1.22 0.125 0-3
Adult females 2.17 0.18 0-4
Subadult males 0.43 0.1 0-1
Subadult females 0.35 0.12 0-2
Juvenile males 0.09 0.06 0-1
Juvenile females 0.04 0.04 0-1
Infants 0.3 0.12 0-2
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A total of 16 forests werenapped and censured during this stufligure2), covering an
estimated 2.8krfiof the coastal forest cover for the Kwale distrigorest @tchesrangedin
size from 0.3krhto 1.5knf (Table5). Table5 sets out forest patch an@olobusoccupancy

for the forests surveyed

A quasipoisson generalised linear model (GLM) revealed that there were no convincing
effects of management statu@azetted or urgazetted) oryear (2001 and 2010pn the
abundanceof the Colobusfound in the forestqTable7). Area was aatrolled for within the
model, theresults of which can be summarisedkigure?7. The model showed, however,
there was a relationship between the ratio fufrest perimeter and area to the number of
Colobus living in the forest fragimts (t= 3.18, d.f.=28<0.0%¥*). A higher ratio of habitat

had a higher density of Colobus monkeys. Furthermore, an interaction was found between
the Year the forest was surveyed and the management status of the fdiggire4 shows
Colobus density was initially higher inzgéted forests, but has now declined a little while

increasing in urgazetted forests (t=2.178,fd=25, p<0.05).

Table 7: Results of analysi$ Golobus density in relation to forest protection status
(gazetted/ nontgazetted) and year (2001/2010) and the ratio between forest perimeter and
area. The model is a quapioisson generalised linear model including the log of area as an

offset.
Explanatay variable F d.f. P
Status 0.2287 1 0.6365
Year 0.1891 1 0.6673
Ratio of forest perimeter to area 0.2784 1 0.6021
Status*Year interaction 0.1544 1 0.6978
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Figure 4 relationship between the Colobus density, the yeamvhich they were

sampled (201/2010) and management status (gazetted/ugazetted) (n=16).

Error bars represent standard erroBazetted 2001 % 22.7, Gazetted 2010
17.9, Ungazetted 2001 = 31.3, Ungazetted 2010 =+ 86.3

4.2 Disturbance
As described in the methods section, disturbance is characterised by the number of trees or

poles removed from the forestA quasipoissonGLM including the log of area as an offset,
showed that there was no significarglationshipbetween the number of disturbances and
the forest mamgement status [able8, Figure5). This indicates that the nullypothesis
cannot be rejected. The explanatory variable tested in these analyses therefore did not

contribute to explaining the variation in the disturbance index in forest fragments.
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Table 8: Results of analysis of disturbance in relatiorforest
protection status (gazetted/ norgazetted)). The model is a
guaskpoisson generalised linear modeicluding the log of

area as an offset.

Explanatory variable F d.f. P
Status 0.68 1 0.42
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l l l
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\

Gazetted Un-gazetted

Management status

Figure 5 relationship between the density of distbance in Gazetted and ugazetted
Kaya forests in 201(Error bars represent standard erroGazettedS.E. = +35.5, Un
gazetted S.E. = +72.9

4.3 Forest cover

An ANOVAesting the relationship between theate of change and the year of the survey or
the management statuslemonstrated hat there is a statistically significant difference in
forest area between the two time periods survey@e= 6.4906d.f.=1,p<0.05%).1t showsa

decline betweerl989to 2001,but this was not apparent between 2001 to 2010, where the

average sizef the forestincreased slightlfFigure5). However, he results showed that

31



management status of the forest fragments hadsignificanteffect on the change in forest
size. Finallythere was also no interaction between forest status and forest sihes fas
implications forthe managemenbf these areas becausestiggess that gazetted Kay@ are

in no better condition than wyazetted Kaya.

05
I

B 1959-2001
| 2001-2010

0o
I

-05

Log(Rate of area change (km?)

-1.0

-15

- Un-gazetted Gazetted

Management status

Figure 5 Therelationship between thdog rate of change of
area between the time periods 198® 2001 and 201 to
2010.(n=16). Gazetted 1982001 S.E.=+ 0.41 meai®d=3,
Gazetted 20012010 S.E.=£0.27 mean=0.15,-gazetted

19892001 S.E.=+0.3 meaf:78, 20032010 S.E.=+0.12
mean=0.2

4.4 Changes in forest edge over time

A t-test confirmed that the amount of forest edge differed significantly betwd®89 to
2001 and 2001 to 2010 (+7.9199, d.f.=29, p<0.001**). As indicated igure6, the forest
edge, on average, ecreasing in length. Thsiggess that the problems associated with

edge effects, as discussed in the background, are becoming less pronaverdiane
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Figure6: Ratio of theKayaforest perimeter (m)/ area
(km?) change betweerthe periods 2001 and 2012001
S.E =+ 3682.5, mean= 24424.95,2010 S.E.= +3421.c
mean= 19398.3

4.5 Questionnaire

Semistructured questionnaires with Kaya elders revealbdt some questions yielded
considerable ariation in respases, whilst others revealed an overall consendtable9
summarises the main questions answered in the questionnaire with the condensed answers
from all the forests recorded. Interestingly, 10Q#=152) indicated that they had seen
Cololus recently, with the longest period being last monffiglre7). This suggests that
Colobusgroups are usually found in all of the forest fragmemaother overall agreement

of Kaya elder$100% n=152) stated that they needed more support from exters@lirces

It had been acknowledged that if Kaya elders could not identify a decrease in trend, this
would have severe implications for sustainability within the forest fragments. Although no
overall trend in elder responses has been identified, an ANOVAcamducted to test
whether in fact a decrease in trend could still be identifiésh. ANOVA confirmed that no
one trend was easier to identify than another for bd@lolobusmonkeys and forest size; in
other words, Kaya elders did not significantly noticpaaticular trend, such as decreased

forest size, over an increase in forest size.

33



Table9: Simmary of answers from the semi structured questionnai@s Kaya
elders (n=152).

, . Observation
Question Answer option
Count % of total

Q1. Hae you ever seen @olobus Yes 152 100
monkey in the Kaya forest? No 0 0

Q2. Have you seen a change in the_1. Increase 4 49

abundance oflobus monkeys over 2. Decrease 46 30

I)

the past 10 years? 3.Stayed the same 32 21

Q3. Has there been a changethe _1.Increase 67 44

amount of disturbance (damage) in 2. Decrease 53 35

?

the Kaya over the past 10 years” 3.Stayed the same 32 21
Q4. Has there been a change in the_1. Increase £ g

size of the Kaya over the past 10 2. Decrease 80 53

?

years: 3.Shyed the same 64 42

Q5. Can support from external source Yes 152 100
be improved? No 0 0

1. <6 months 66 43

o 2. 612 months 18 12

Q6. Do you think YVIthOUt any futu_re 3. 1:2 years 47 31
conservation action, the Kaya will 10 7

disappear? If yes, when? 4. 25 years
5.5years + 6

6. Never S 3

The summary ofresponses from Kaya elders to the questions asked during the survey are
summarised irFigures 8, 9, 10 and 1tb give a representation dhe variation of responses
both between and within Kaya forest&lthough some Kay@ do show good consensus, they
are in varying directions. The next step is to identify whether these gyadicting the

correct trends.
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Figure 11:Summary of the answers from the respondents who answered questi
5 ¢aDo you think without any future conservation action, the Kaya will disappea

Theoverall chance of Kaya elders correctly predicting the tren@dalobusabundance is not
significantly different from what would be expect by chance. However, the probability of
correctly predicting the trend irColobusabundance vaes between Kay@ (X=39.7384,
p=<0.001***). Table 10 illustrates that the Kay@ which are more in tune with correctly
predicting Colobus| 6 dzy Rl y OS Ay Of dzR Kisondd ITénbw@,a Mkaddani,] 2 y A X
Dzipha, Jego and Vanga.
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Table 10 Shows the trend iflobus monkeys found from the census compared to the
number of Kaya elders which correctly identified the tre(@uestion 2)

Percent of elders

Is this answer chosen more o

Forest Census which predicted this less tha expected by chance
response response O[ SaaXndo oz 2
Tiwi Stayed the same 0 Less
Diani Decreased 30 Less
Ukunda Decreased 30 Less
Muhaka Decreased 20 Less
Ganzoni Increased 60 More
Kinondo Increased 60 More
Timbwa Increased 60 More
Chalelsland Decreased 0 Less
Mkangani Stayedthe same 10 More
Dzipha Increased 50 More
Ganda Increased 0 Less
Jego Decreased 70 More
Dzirive Increased 30 Less
Sega Decreased 33 Less
Vanga Decreased 77 More

Similarly, he overall chane of Kaya elders correctly predicting the rate of change of forest
fragments is not significantly different from what would be exgetby chance. However,
the probability of predicting the rate of changearies between Ka@ (¢=71.1077,
p=<0.001***). Table 11 illustrates that Kay@ &kunda, Muhaka, Chale Island, Mkangani,

Dzipha and Dzirive were more able to predict the change in forest size than by chance.

Kaya elders from both Kaya Mkangani and Kaya Dzipha were more able to successfully

recognise theehanges in trends iG@olobuamonkeys and forest size than by chance.
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Table 11 Shows the trend ifiorest fragment sizé¢ound fromthe census compared to the
number of Kaya elders whictorrectly identified the trend (Question 4)

Percent of elders

Is this answer chosen more o

Forest Censugesponse  which predicted this  less ttlan expected by chanc
response O[] SaaXnado x:2
Tiwi Decreased 0 Less
Diani Decreased 0 Less
Ukunda Decreased 100 More
Muhaka Stayed the same 20 More
Ganzoni Stayed the same 30 Less
Kinondo Stayed the same 20 Less
Timbwa Increased 0 Less
Chale Island Increased 0 More
Mkangani Stayed the same 50 More
Dzipha Stayed the same 40 More
Ganda Stayed the same 75 Less
Jego Stayed the same 80 Less
Dzirive Decreased 10 More
Sega Increased 33 Less
Vanga Stayed the same 11 Less

Finally, fromFigure 11 it is clear that most of the Kaya elders have indicated that the forest
fragments will disappear in less than 10 years.
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5. Discission

5.1 Overview

The objective of this study is to determine the health of the coastal Kaya forests in Kenya.
This study also aimed to address the application and importance of different methods to
determine this. These methods included forest censuseasapping andthe use of
guestionnaires.Furthermore this thesis ultimately aimed to develop novel ways to unite

inherent biological processes and the interactions between these processes and the local

community that exist in conjunction with them.

5.2 Hypothesis summary

Tablel2 summarissthe level of support for each hypothesis

Tablel2: Summary of the level of support faach hypothesis and the evidence for this
support

Hypotheses

Support Evidence

H1 There will be a significant change ir
forest area from 1991 and 2001 data
compared to 2010 data.

Figurel ¢ forest size decreased
Supported from 19922001 but increased
slightly from 20012010

H2 Rate of forest loss will be depender

No significant effect of

on the formal protection of the Kaya;  None management status on forest
gazetted or urgazetted. area

) . o . Forest edge differed significantl
H3: There will be aignificant change in between 1991 2001 and 2004
the lengthof forestedge exposed to Supported

o 2010, forest edges are
matrix in 2001 compared to 2010. o
decreasing in lengtb={gure2)

H4: There will be a reduction in forest
health in Kaya forests, indicated by Therewas nochange in Colobus
reduced frequency ofolobusmonkeys, None densityfrom 19912001 and
and increases in forest disturbance, 2001-2010 Figure3)
indicated by felled or cut trees
H5: A reduction in health will be mzs;ggl;fsgtt;fatfjég];obus
dependent on the formal mtection of  None (Figurg4) or on disturbance
the Kaya; gazetted or ugazetted. (Figure6)

) : - . Kaya elders opinions differed
H6:Local community opinions are in lin None from findings of the census and

with empirical | findings.

mapping dataTable3, 4 and 5)
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5.3.Censes

5.3.1 Colobus
Four forests did not have resident Colobus monkeys in this stlithys contrasts with the

findings from the semstructured questionnairesvhich confirmed thatColobus had been
sighted in the forest fragments in the immediate past i.e. less than two weeks previously.
This either suggesthat this study could have underestimated the Colobus abundaoce

that the respondents exaggerated theme scale. The former seems more likely. Unless the
colobus monkeys sighted by the respondents were actually seen in areas surrounding the
forest fragments. From the literature, it has been shown that Colobus are able to utilise the
matrix of habitat surranding the forest fragments. Colobus sighted by respondents could
have beenusing the fragments as corridors to other forests. Indeed, this has the same
implications for the Colobus recorded during the census. This issue highlights the limitations

of employing only a single methodology in attempting to estimate Colobus density.

Anderson, in her 2001 census, found lower Colobus densities in larger forests. This was also
found in the present studythere was little difference in abundance between patches
resulting in very high densities of Colobus in small patches. This would suggest that perhaps
in larger forest fragments, it became harder to see the Colobus monkeys, or there was more
space for the Colobus to hide in the canopy and be passed unnoticed. grmihsibility is

that the Colobus use the surrounding habitat matrix and other forest fragments extensively

suggesting that the forest fragments are too small.

It is important to take into consideration that the majority of the forest fragments surveyed
in this study were small (>1 Kjnhowever there were a couple of forests with a much larger

forest size which could influence the results substantially.

Conversly Wong & Sicotte (2006) foumd relationship between density of Colobus
(Colobus vellerosyand fragment size. It was postulated that food availability was the main
factor in influencing Colobus density. However, in the present study the underline cause for
the variation could not be established, the resource available did not allow for the
invegigation of the effect of food tree abundance and is therefore an important factor to
consider in the future. In some primate studies, such as that by Zueinal. (2007)

population density of the black and gold howler monk&yloQatta caraya)remained
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constant over a 20 year period, even in the face of deforestation. As described in the
background, the influence of extinction debt may be at work in cases like this, or perhaps,
the species is resilient enough not to be effected at all by habitat lossforheer, seems

like a more reasonable explanation.

5.3.2 Ratio of area: perimeter
A higher density ofolobus was present in forests with a high ratio of area and forest

perimeter. This can be explained becau3ea palliatuexploits succession food res@es

such as young leaves, lianes and vines which result when edges are created in forest
fragments. Folivorous primates sometimes increase following low levels of disturbance,
such asearforest edges, in response to growth of high quality fqddininoet al., 2007)
Chapmanet al. (2007) found that blackndwhite Colobus monkeysCplobus guereja
exhibit considerable flexibility and prosper in degraded landscapes. This is supported by
Wong & Sicotte (2006who reported that disturbance had no effech&olobus vellerosus
frequency and were observed in higher densities in lightly logged areas compared to
unlogged areas, confirming the ability of Colobus to flourish in disturbed §W#asg and
Sicotte, 2006)Furthermore, Flashing (2002) provides evickethat inColobus guerezawe
resilient to moderate degradation. However, it is important to emphasise that although
blackandwhite Colobus are not so affected by disturbance, this is not a universal finding;
and should not be misused to argue that habidegradation is not a threat to other
primates. For example if disturbance levels are sufficiently high, it can actually cause

Colobus guerezas completely disappeafChapman, 2003)

It may be the case that forestdges arebeneficial forC.a. pillatishowever,the underlying
cause fragmentation has been shown to be highly detrimental to monkey hedlflartinez
Mota (2007) found thablack howler monkey@Alouatta pigra)in fragmented forest patches
had higher faecal cortisol metabolite levels whioHicate longterm detrimental effects on

fertility and ultimately survival.

5.3.1 Interaction between year and status
An interaction was found between the year of the census and the forest management status

and Golobus density. Colobus was initiallygher in gazetted forests but are now declining

and olobus in ungazetted forests are increasing. Colobus could be increasing-in
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gazetted Y I € beQauiseC.a. pillatusfind disturbed habitats preferable. If ugazetted
forests continue or increase in thdisturbance rates, this will be potentially threatening to
Golobus monkeysthe extent to whichOolobus can withstand disturbance is not infinitehe
fact that colobus are declining in gazetted forestslévastating and suggests that actively
deterringhabitat threats does not increase the abundanceCod. palliatuslt would suggest

that the environmental conditions are decreasing in these forests.

5.4 Mapping:

5.4.1 Forest cover

There was a significant change in forest area from the time perio®-2081 and 2001

2010. Forests, on average, are getting bigger. This is a positive finding. However, although
not significant, Gazetted forests are increasing in size anejazetted forests are
decreasing Kigure 5). Certain forests, includingaya Muhakaand Kaya Kinondaevhich
increased in size over the time period have established conservation initiatives implemented
in them. Currently only Kaya Kinondo has a form of income generating activities in the form
of an ecetour of the Kaya which was establishég WWF in 2002. Kaya Muhaka is in

LI NIYSNERKALI gA0K W YL YSyelQ FYyR I OGAGBAGASE
occurs with both localhdldren international volunteersThis is interesting because both of
these foress did indeed increase isize, perhaps one of the reasons for their increase was
increasing the involvement of conservation initiatives in the surrounding areas and with the

local community.

On averagehe ratio of perimeter length and aredecreased between the periods of 1989

to 2001 and 2001 to 201@lthough as discussed above, Colobus thrive in a high ration of
forest area to perimeter ratio, and this finding will most likely be a negative responses, this
finding will be beneficial for many species including birds, for whdde effectdrequently

have negative consequences due to increased predation at forest edges, and negative

avoidance of open habitat by forest interior.

5.5 Questionnaires
Surprisingly, from the questionnaires appearsthat Kaya elders were not in tuneith

changes within the forest fragments. To ensure the elden® participated in the survey

werel 6t S (2 YI1S @GIfAR laaSaavySyida 2F (GKSasS

SYGiSN) 6KS FT2NBauKQ ¢ a werafangligr with2the R®sisSMNIXY A y S
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guestion. All responses were relevant as most visited weekly, whilst others visited at least
within one month.!  OSNIi I Ay FY2dzyd 2F AYLINBOA&AZY TN
expected, even if the participants are not purposely misreportittpwever more
problematic is the deliberate misreporting, this may arise when there is a conflict of interest

or if information is concealed from other members of the community. This could render

data useless and therefore local motivations should be asskgrior to monitoring. This

could be a potential problem with the data collected in this study using the-semnctured

guestionnaires.

Finally,100% of elders said they need more support from external sources. As discussed
above, Kaya Kinondo is thelg Kaya with the capacity to generate an income to provide
support for its conservationrhis unanimous agreement suggests that the NMK need to do

more conservation work in th¥ I &, lard &ith the involvement of the Kaya elders

5.6 Management and policy implications
The management status of the forests has no effect on area change, disturbance and

Colobuscounts. Therefore the protection status of the forest is deemed ineffective because
gazettedY | € exkildit a decrease in forest size as well as thespnce of disturbances
which should be prohibited under this management regime. Perhaps the deterrents for
breaking the rules in the Kaya forest are not strong enough to stop deforestation or perhaps
the poverty in some areas is high enough to warrant eitiplg the forests even in the face

of either a fine, administrative court of even jail. Chapmetnal. 2007 suggested that
unprotected forest fragments in areas with high human population density and economic
growth, such as the coastal forests in Kengalkely to be most threatened; perhaps these
high densities of human populations and need for resources has resulted in a disregard for
management statusthis is emphasised by the fact that 45% of the population in the Kwale
district is living in absota poverty (WWRJUK 2005) These high levels of poverty mean that
forest-adjacent communities are highly dependent on forest resources for their daily needs
(WWRUK 2005).

Finally, in order to make management status of forests more effective, perhalpsriagms

of legal action should be applied
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5.7 Conservation implications
From the results obtained in this study, focal, priority areas for conservation research have

been identified asKaya Muhaka and Kaya Kinondo to build upon already existing
foundations for conservation. Chale Island exhibits the highest potential for conservation
initiatives. Regarding@hale Islandthe development ofin upper class international retreat
makes it potentially a good base facotourism. It is a remote islandgand the only
inhabitants will be touristswhich offers an ideal opportunity to raise awareness
internationally and to generate external funds for monitoring effodand for the
conservation ofC. a.palliatus and Kaya forests. his would be the only wayColobus
conservation can benefiin the face of increasing tourist development in the remaining

habitat fragments in Kenya.

Figure 12 Chale Island. From this image the tourist resort is
visible. The rest of the island is a gazetted Kaya forgfari
Expedition, 2003)

Finally, Kaya Mkangani and Dzipha elders were the most able to successfully recognise the
changes in trends with both Colobus mogkeand forests sizes. This suggests thédeé I Q a
exhibit a high potential for community based conservation and perhaps the development of

locally based monitoring.

Improving public awareness is essential; the social surveys clearly showed a need for an
awareness campaigto highlight the real trends occurring in forests and ways in which to

minimise forest loss, increase Colobus abundance and minimise disturbdhdes local

44



community is unaware how the forests surrounding them are fairing then thiklgesult in
unsustainable resource useAlthough regular meetings are held with the Kaya eldansl
between elders from differentY | €, the &inancial support to make changes to Kaya
management is absenfhere does not seerto be anyway to rectify ths with the NMK
funds limited and with the high demands and resgibility put upon WWF already, large
scale conservation effort on th& | € keuxéntly seems unrealisticEducation is also
essential in the patection of the forest fragmentAs mentioned arlier, Kaya Muhaka has a

f 20 f SRdAzOI G A2y O2YLRYySyd GASR (2 W/ I YL
conservation initiatives such as these to develop. Both awareness raising and education
could be addressed if an appropriate locally based monitofinggramme could be
initiated. Biological monitoring and resource status alone is not sufficient to fully achieve

conservation goals.

5.8 Limitations
Colobus angolensis palliatiss been suggested to be a key indicator species of forest

health. However,n my research | have discovered that this may not necessarily be the case.
Colobus agolensis palliatuzay not be representative of the health of the entire ecosystem,
however this does not invalidate the research carried out in this study. The declihés of
charismatic, flagship speciesan emotive issue which motivated members of the public to
show an interest irbiodiversity and conservation. This reflected inthe existence of the
Eolobugrustwhich is dedicated to the conservation Gblobus S/kes and ¥rverts in the
coastal forests of Kenya. Furthermore there is no doubt thalobuscan act as an umbrella
species a£olobusmonkeys dwell in exceedingly threatened habitats and conservation of
these areas willas in the case dhe spotted ow described in the background section, have
the capacity to conserve other organisms in the same area. As discussed in the background
secton of this thesis, monitoring particular species, such & a. pdiatus, will beuseful to
buildingup a pictureof how organisms respond wurrent threats and are an important part

of developing management practicebongterm species and habitatmonitoring are
essential. This isspeciallyimportant in the case othe effects ofprimates in fragmented
forests due to the high variability in primate responses to changes in their environments.
Crucially itdirects future research away from thgotentially misleadingndicator species

concept and towardsmeaningful long term monitoring of a scientifically interesting
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threatened species. Therefore, although the species may not give a complete
representation of the health of the Kaya forests, the monitoring and understanding of its

ecology is useful to determine threats in the coastal forests.

The present study was lingitl in its remit and power by resources. Had sufficient resources
and time been available a larger sample size of Kaya forests would have yielded a higher
statistical power throughout the data analyses section of the project. Also Kaya Ganda was
surveyed dung the study period, but due to technical difficulties in the field the mapping
data for this Kaya was unfortunately lost and the work was consequently repeated by WWF

researchesThiscould be potentially less accurate as the precision from a GPS.

Biascould have arisen during the sestructured questionnaires due to the nature of the
guestions answered. People may have overestimated the threats to the forests and Colobus

abundance in order to get more resources for management.

5.9 Future research
To catinue the monitoring ofC. a palliatus another census should be carried out in

approximately 10 years time. To increase the understanding of the distributio@. i
palliatus the remaining forests in the Kwale region should be investigated. This @sctbd
toporegions Mombassa, Msambweni and Ndavaya. This will give a more robust analysis of
the Kaya forests and increase the sample size of the study. Furthermore the study should
extend to other types of forest management; it would be beneficial foedbreserves as

well as unprotected areas to be surveyed to broaden the study and to make it more

applicable to global studies.

Finally, aspreviously mentioned, the development of a research methodology that
incorporates thedistribution of food tree speies as well as tree canopy cover and
vegetation type with survey methods employed in the present research would contribute
significantly to the robustness of the study, making the findings more meaningiig is
emphasised bympathy & Kumar 200@8Jmpathy, 2003)who found that the occurrence of

the liontailed macaque and the Nilgiri langur forest fragments in India wereelated to
area, canopy height and tree diversity; these parameters were not accounted for in this
study and could be important viables to explore in further study. Furthermore Rodriguez

Lunaet al. 2003 (Rodriguez.una, 2003)s inaccordance with this findingand suggest that
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the dynamics of howler monkey populatiofeouatta palliate Mexicanpcan belinked to
the distribution and abundance of food resources. Furthermore Davies (1994) points out
that the environmental factor most frequently shown to limit herbivore populations is food

supply. This is an opportunity for future research.

Interestingly, during the senrsitructured questionnaires kaya elders stated that in their
opinion, one of the principleghreats to Colobuswas actualdehydration during the dry
seasorand this would appear tbe a limiting factor which should be explored in any further
research. In other studietack of food resources has been deemed the principle reason for
primate declingRodrigued_una, 2003, Umpathy, 2003)
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Appendix 1.

uestionnaire

Age category <16/ 1625/ 2540/ 4060/ >60  SexM /F
Birth place: Profession:
Education level: Name of nearest Kaya:

How often do you visit the KayaPvery day Three times a week/ Once a week/ Once
every two weeks/ once a month/ more than once a month

1. Forest health; Colobusmonkeys

1.1 Have you ever see@olobusmonkeys in the Kaya¥Yes/ No

1.1.1.- If yes,When was the last time you saw @olobusmonkey?Today/ Yesterday/ Last
Three days/ Last week/ Last two weeks/ Last month/ Last three months/ Last six montl
Last year/ Last year +/ Other

1.2. Have you seen a change@olobusnumber over the last ten yearsRecrease/ stayed
the same/ increase

1.3. Is here any conflict betweerColobusand humans?'es/ No

2. Forest health Disturbance

2.1. What type of degradation (damage) do you see in the Kaya?

Deforestation/ Plantation/ Land grabbing/ Littering/ Hunting/ Snaring/ Quarry mining/
Dumping/ Slash anduon agriculture/ Charcoal burning/ Fire (external sources)/ Other

2.2. Have you noticed a change in amount of disturbance (damage) in the Kaya?
Decrease/ Stayed the same/ Increase

2.3. Have you noticed a change in size of the Kapa®erease/ Stayed the sahincrease

3. Management

3.1 Can support from external sources be improvéfihancial, resource, time ect?Yes/
No

4. Future conservation within the Kaya

4. Do you think without any further conservation action, the Kaya will disappear?

>6 months, 612 months, 12 years, 5 years, 510 years, 10, 20650 years, 50 years +,
Never
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Appendix 2

Tablex: Raw data used in the project

Percent of elders  Percent of éders

Kaya brest Colobus Colobus density  Disturbance Forest For_e St able to predid able to predict
abundance area perimeter

Golobus change  forest change
Tiwi 0 0.000 19 0.083 1151 0 0
Diani 14 124.608 9 0.112 1387 30 0
Ukunda 8 51.207 44 0.156 1694 30 100
Muhaka 20 13.600 74 1471 6450 20 20
Ganzoni 6 66.827 0 0.090 413 60 30
Kinondo 20 133.319 9 0.150 1608 60 20
Timbwa 11 109.242 7 0.101 1484 60 0
Chale Island 8 50.157 2 0.160 1951 0 0
Muvmoni Na Na 23 0.104 1514 Na Na
Mkangani 0 0.000 4 0.007 377 10 50
Dzipha 0 0.000 2 0.019 629 50 40
Ganda 13 670.103 2 0.040 1000 0 75
Jego 8 200.000 4 0.018 616 70 80
Dzirive 0 0.000 3 0.058 1069 30 10
Sega 7 120.275 37 0.183 2772 33 33
Vanga 0 0.000 8 0.025 688 77 11
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