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ABSTRACT

The Effectiveness of Protected Areas in Central Africa:
A Remotely Sensed Measure of Deforestation and Access

Jessica Rogers

For protected areas that are extensively forested, the rate of thfores one
indicator of the integrity of the protected area, and the effectiveness eff@carea
management. The goal of this study was to examine the deforestationpaitected
areas in Central Africa. Using remote sensing techniques, | measuriscolieve
deforestation in 87 protected areas in five countries in Central Africa from 1990-2000.
To examine possible causes of deforestation | also measured the leveksfiathese
protected areas. A lack of access to remote areas can limit deforedtatst
degradation, and the resulting loss of biodiversity while decreasing developmerat
areas. Access was defined either as natural (rivers) or construgteodes or
transmission lines).

The annual net deforestation rate for protected areas in Central Afnicagdhe
protected areas studied, was 0.05%. This is lower than the annual rate of forest loss
found by other studies for the entire Congo Basin forest. Based on the rates of
deforestation in the entire Congo Basin and the assumption that protected ahgasgare
to avoid deforestation, this suggests that Central African protected arghe @thective
safeguards against deforestation. Five of the 87 protected areas dxtebite
deforestation, while one forest reserve, Kaga Bandoro in the Central AfregaubiR,
showed a five percent net increase in forest cover since 1990. Cameroon’grotect

areas had significantly higher levels of deforestation than those in the atiméfies in



Central Africa. Within protected areas in each country studied there suada level
of reforestation of 5%. Deforestation in a 10km area around protected areas was not
significantly higher than that found within the protected areas. Proteceslthet border
other protected areas had significantly lower levels of deforestation thaotpdodeeas
that were isolated from each other.

The increased disturbance caused by increasing access to the fonssiosiee of
an ephemeral nature, initially resulting in forest loss, but leading to refovastdhere
was no difference in deforestation rates when a road or river bordered a drateateor
crossed through a protected area. Only the density of roads or rivers had tasnetiec
deforestation rates. The secondary impacts of human use on both the forest strdcture a

the wildlife inhabiting the forest are likely to be detrimental, and worthurohér study.
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Introduction

Protected areas are defined by the IUCN as “an area of land aradéspseially
dedicated to the protection and maintenance of biological diversity, and of natliral a
associated cultural resources, and managed through legal or other effeain& me
(IUCN et al. 1994). This broad definition leaves a lot of room for interpretation by
governments and non-governmental organizations (NGOs) in their pursuit of
conservation. Determining the effectiveness of this conservation was takgadél of
this thesis and directed the research that followed.

Today there are over 100,000 protected areas, many of which are the focus of
conservation efforts for an entire country or region (UNEP 2003). There are many
different categories of protection and management to guide the conservatonestd
their goals, from sustainable use areas that allow limited resoureet@sxirto strict
protection that enables research of endangered species (IUCN 2002). tbdooge
specifically at protected areas because they are discretendre@smuch conservation
work is done, and a great deal of conservation policy focuses on them (Balmford et al.
2003; Cabeza & Moilanen 2001). Chapter one of my thesis discusses the different ways
protected area effectiveness has been examined.

| was interested looking at the different ways the effectiveness oérvation
was evaluated. Several possibilities that have been examined include looking at the
influence of management (Hockings & Phillips 1999), funding (McKinney 2002), the
number of guards and wildlife persistence (Brashares 2003; Brashares et al. 2001)
Protected areas in developed countries had the most research done about their

effectiveness with individual governments being accountable for their pootect



(Cameron 2006; Wiersma & Nudds 2009), but | looked for a region of protected areas
that had been less thoroughly studied and in need of some baseline research.

| wanted to look at conservation with Central Africa because it has a laage int
forest with many protected areas, and is less studied than the Amazon. In 2002, just
before | started graduate school, Gabon had announced they were formahg dr@at
brand new protected areas, conserving over 10% of their forest (Quammen 2003). It
seemed like a good time to investigate how protected areas could be evahaited, a
potentially improved. Another idea that contributed to studying this particulansyst
was DeFries et al.’s (2005) paper on the increasing isolation of protecisdratepical
forests as increased levels of deforestation left the protected areasded by a matrix
of human influence (DeFries et al. 2005). This paper only used a few protected areas
from Central Africa, and it seemed important to add their hundreds of proteetedtar
the discussion of isolation, and added deforestation as a way to measure effectifene
protection.

Deforestation can be used as a surrogate for effectiveness of protectiorssith |
deforestation equating to stronger effective conservation. Satellijesnoeer the
Congo Basin Forest are relatively easy to obtain from Google Earth™ and recently
declassified Landsat images, specifically Landsat 4/5 and 7, araetd®aih the internet..
However, satellite images do not, and so far cannot, determine an empty fodéstdRe
1992). This is the problem of having a forest with an intact floral ecosystem bereft of
wildlife left. Satellites currently cannot pick up the animals within a fothetigh
combining deforestation research with on the ground monitoring of wildlifegnaya

clearer picture of a forested protected area’s health. While an intest i®difficult to



observe from afar, it can be certain that a cleared forest no longer providesfbatia
same wildlife that used to depend upon it.

For Chapter Two, I first looked at the deforestation rates within protectad i
six countries — Cameroon, Central African Republic, Congo Republic, Democratic
Republic of Congo (DRC), Equatorial Guinea and Gabon. The Congo Basin is tropical
rain forest that begins along the African coast and spreads inland. This pradgithi¢y
coast meant cloud cover limited the scope of my research. Nearly half obtbetgad
areas and the entire country of Equatorial Guinea were eliminated fratuthyedue to
high levels of cloud cover (above 15% covered). This probably leads to a conservative
estimate of deforestation due to the influence of forests on the micraelinadtcreates
clouds (Makarieva et al. 2006). Once the images were classified, they wer® iG8t
software and broken down by their respective protected areas, from the Wailbd&at
of Protected Areas. Looking at deforestation in 87 protected areas in five esuintri
found a low level of net annual deforestation 0.05% which is a bit lower than
deforestation levels found by other studies for the Congo Basin as a whole (Achlard e
2007; Zhang et al. 2005), though given the varied methods each study used, comparisons
are difficult. DRC and Gabon had almost zero net deforestation due to high levels of
reforestation.

Protected area units (PAUSs) provided better protection against deforedtation t
isolated protected areas. I've defined isolated as not adjacent to otheteprateas.
They might be surrounded by forest, but they are not bordering another protected area.
PAUs had mixed levels of management and IUCN categories, and were adligen

managed as a group. | controlled for the size of the larger PAU, and it stithvirad |



deforestation rates than isolated protected areas. Isolated protecsdubarbagher
rates of deforestation, but it was not clear what caused these differences

Some of the variables that | examined were found to have no statistically
significant differences in deforestation rates — which can sometimegdddéragsas major
differences. For the IUCN management categories, which encompaggafdauman
use allowed within different categories, | expected that greater use vaoréthte with
increased levels of deforestation, but the category assigned to a proteatieddhlitile
effect on its deforestation rate. It seems that the least disturbatiea @fbrestation and
little reforestation) did occur in the most protected areas with the mosttpyofdout low
deforestation also occurred in areas with high human access, with the mostatefares
occurring in areas with moderate human use. Another issue | examined was how long a
protected area had been gazetted (formally designated), which had no effect on its
deforestation rate. The next step was to examine a possible cause, and ratite thr
protected areas, access via roads, rivers, and transmission lines.

There has been extensive research on how wildlife responds to the presence of
roads, with many species actively avoiding roads (Blake et al. 2008; Lawtaaice
2006). Work by Laurance et al. (2006) showed that duikers and elephants avoid roads
and Blake et al. (2008) found large roadless areas attract elephantsjiatatiee to a
road increases, so does the abundance of wildlife. So in addition to dividing populations
of wildlife, the presence of roads can decrease the available habitat falewil8iut |
was also interested in what increased access does to the deforestatiohpaitected

areas.



In Chapter Three, | found that the roads within and around protected areas lead to
more deforestation along them than in the protected area as a whole, but on average
protected areas with roads did not have higher levels of deforestation than those without
roads. Conversely, along rivers and transmission lines the reforestatiorasate w
significantly higher. Ultimately, it was the density of roads that medtenost, not the
total number of miles within the forest. The increased density of roads lead to higher
deforestation, but the quality of forest change could not be measured.

The ephemeral nature of rivers in Central Africa means that in cydhcaght
and flood years, the forest could regenerate enough to appear on a satelétthenag
same as an older forest, though its species and habitat suitability might not be
comparableTransmission lines are not a strong cause of deforestation, but seem to be
abandoned to regrow once installed. Roads aren’t yet a major deforestation pbaiblem
might be once the density reaches a certain threshold, or if they beconaa@erm
fixtures by being paved and regrowth along them does not continue.

For the final Chapter, | worked with a colleague to examine bushmeat in a market
in Northern Congo as a possible measure of conservation effectiveness. Buslichea
caught meat, is the source of protein for most people in Central Africa (NBinénd &
Bennett 2003). Some of it is harvested sustainably for local use and some as part of
livelihood to earn an income, as well as to eat. We examined the 39 different species
brought into the Ouesso market over the summer of his research. He tracked the
techniques used to catch bushmeat, mostly duikers, and where the meat was coming
from. Ouesso had many routes into and out of the marketplace that brought bushmeat to

the Ouesso market and then into Brazzaville, the capital city of the Republic ai.Cong



Bushmeat was brought in by hunters on the road and Sangha River, on logging trucks and
on foot. The biggest limitation of the study was a measurement of the reach of the
hunters to determine sustainability of the surrounding forests.

In summary, deforestation can be used as a surrogate for effectiveness of
conservation efforts. The deforestation rate in protected areas in CentahAf
protected areas is low, which is good for conservation in the future, but access does have
a small effect that will likely grow as industry and human populations pave naadsla
protected areas and the presence of tourists requires paved roads to and insidd protect
areas. However, the effects of access on the wildlife of the protectechared be
overstated. Bushmeat, obtained both legally and illegally threatens proteasdad
increased roads only enables more hunting.

This work is only a small measure of effectiveness. It could help improve the
overall usefulness of other studies, if researchers could incorporate thdtseines
measures of funding, guards, monitoring, and management, as other measures of
effectiveness. Quantifying carbon stocks for sequestration and avoided @itomes
uses will contribute to carbon policy, particularly for the Congo Basin as the Kyot
Protocol is renegotiated. The techniques | used can be repeated, with everegrganpr
in other areas due to greater availability of high-resolution images inregmoas like
the Amazon. As the technology improves, so will an understanding of deforestation in

Central Africa.
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Chapter One

Effectiveness of Protected Areasin Central Africa

Introduction

Protected areas are a central part of the global strédegsotected biodiversity
and ensure the sustainability of services that natures provigespte. The 2003 World
Parks Congress reaffirmed the global commitment to protected arel national parks
as a means of conserving habitat and wildlife and called forwa amproach to
conservation that incorporates the needs of local communitiesndigenous peoples
(IUCN 2005). More recently, the 2010 Conference of the Parties tGdheention on
Biological Diversity amplified this global commitment, incregsitargets from 10% to
17% of terrestrial areas (COB 2010). While the reasons foragbiamtemay vary, all
parks have a shared focus — protecting resources for the future.

The declaration of a protected area, however, says little abbether that
protected area is managed effectively, or whether it is adgietd goals and objectives.
The effective management of protected areas will depend on factoys: political will
to fund and manage the protected area; the resources (human, fjnemeiddiress the
threats to its integrity; and the attitudes and the acceptdribe protected area by local
and indigenous communities may all contribute to the success of tprbtaeas in
meeting their ecological and social objectives (Alcorn 1993; Ha3@9; Kremen et al.
1999; Tear et al. 2005). Park managers often face problems meetirgptis (or even
clearly defining their objectives). Hence, having clear gaats objectives for protected
areas, and measuring the management of these lands againgb#isesand objectives is

critical to evaluating the effectiveness of a protected area, oreasg$iprotected areas.



The literature that examines how one should measure the effexds/eof
protected areas is scattered over several areas of stlagimgc spatial priority setting
(Reddy & Davalos 2003), reserve design (Wiersma & Nudds 2009k gtrgilanning
(Burgman et al. 2005; Rodrigues et al. 2004), landscape ecology (paltiasipects of
spatial persistence of landscape structure) (Baum et al. 2@0d;e€ al. 2009; Koh &
Sodhi 2004), and species conservation (Koh & Sodhi 2004; Stokes et al.). lanaddit
understanding the threats to the protected areas is a cruciatopanderstanding
effectiveness. The literature on threats and threat renwd@aerlaps with, but is often
distinct from, the discussion of park effectiveness (Aleksandroah 2005; Struhsaker
et al. 2005; Wilson et al. 2005).

One of the reasons that effectiveness literature is steerhis because the term
“protected area” covers a wide range of landuse types (Hock®@8). The World
Conservation Union (IUCN) defines a protected area as “an aréandfand/or sea
especially dedicated to the protection and maintenance of bidlajesity, and of
natural and associated cultural resources, and managed throulgbrletfzer effective
means” (IUCN et al. 1994). However, this broad definition is furthiéeréntiated by
the IUCN in their definition of seven management categaigsotected areas, ranging
from Strict Nature Reserves from which all human activitgxsluded (in principle) to
Managed Resource Areas which provide limited recreation andiroesextraction
activities to people (IUCN 2002; IUCN et al. 1994). The lessthtqcotected areas tend
toward goals of species and landscape protection but all human hseapéa to observe
these protected species and landscapes. As such, many proteatedrarmanaged to

include sustainable development and interactions with, and use by, hdcaddigenous



10

peoples. Protected areas which include a management goal ohaistaiise of
resources encourage activities that often required increased access.

In Central Africa, many protected areas have been formallggext for decades
Across the Basin, both inside and outside protected areas, the CongddBast has
remained relatively intact (Duveiller et al. 2008; Hansen €2@l0) when compared to
either the Amazon or Southeast Asia, the other two major fdrastgical regions. This
may be due, in part, to the relatively low population densities and hence reduced demands
on the forest, in part to poor infrastructure, and the correspgpmldfiiiculty in accessing
and exploiting the forests, or in part to strong conservation mesasurhe goal of this
review is to examine the question: what factors influence protecta effectiveness in

the Congo Basin?

Background on Central Africa

The Central African forest has high biodiversity and low human pbpnla
pressure. Suchantke (2001) used plant and animal remains to hypdadtetsiefore the
last ice age the Central African rain forest extended from the wast of Central Africa,
along the coasts of Gabon, Cameroon and Nigeria and Angola, eashtlineugongo
River basin to the east coasts of Tanzania, Mozambique and nortluddgn &uchantke
2001). The last ice age pushed the forest into small pocketaugfaeivhich have since
expanded into the current extent of forest covering less thandeaothits previous range
(Suchantke 2001). The biogeographical history of this area, assvéedl relatively low
human population density, has allowed a great diversity of largenmaés to survive to

the present day. It has been hypothesized that the presenceedfatijges mammals in
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Central Africa has led to a functionally different rain férescosystem than its
Amazonian counterpart due to different pressures from herbivory and humamnghunt
techniques (Cristoffer & Peres 2003), though the hypothesis tailaddress the
differences with the Asian tropical forests which still contain large mais

The Central African forest is clustered around the equatatckes from the
ocean to the mountains, and has a generally warm climate withsslagonal dry periods
where rainfall decreases to only 50-100mm/month. The forest flb@rest of nutrients
and contains only a thin humus layer resulting in germination usuatiyrong within
either a decaying tree or within dung piles (Blake & Fay 1997h&hike 2001). There
is often a patchy blanket of an herb famMarantaceae, which can be found in both the
understory and also in open clearings (White 2001). Accordinghite \2001) these
Marantaceae forests can support four times greater mammalian biomass tlanea
understory as it provides an important food source during times whersfsgérce. The
forest canopy is made up of trees whose seeds are dispersediitbysdch as
Gilbertiodendron dewevrei, Chrysophyllum sp. and Scagoglottis gabonesis, that mast
their fruit at different times of the year and are importanboth monodominant and
mixed forests (Babaasa 2000; Blake & Fay 1997). These conmpiestd have led to a
complex arrangement of niches for many different animalispecProtecting these

ecosystems and the species within them is the focus of many conservatian effort

Effectiveness
Research to measure protected area effectiveness has bedakemdat varying

scales and with differing emphases. = Some researchersalttavepted to evaluate
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effectiveness by examining the impact of protected areas opetisestence of species
that the protected area, or network of protected areas, maprharFor example,
Newmark (1995) and Brashares (2003) examined species persistamesténn North
America and West Africa respectively. Newmark's analysesided on a traditional
island-biogeographical approach, and found that extinction was relapedtécted area
size as well as the generation time of species studiedn(iidegk 1995). Brashares found
similar results, but also looked at the effect of social orgdioiz on species persistence
(Brashares 2003). He found that social species isolated in pares l@ss likely to
persist, irrespective of body size or hunting pressure, than species ionnegsted areas.
While these data are important and informative, they do not exahenategrity of the
protected areas itself or analyze the impact of the landsesgigx surrounding a
protected area on ecological integrity or species persistence.

Woodroffe (2000) dealt with this issue by combining the concept of especi
persistence with a landscape level analysis that looked at hpoparation density
around protected areas as a surrogate for human impact; she didmaotesthe issue of
landscape-level indicators of persistence. Her work shows ftleates persistence is
related to the density pressure of people living around a protaeadincreased density
threats the persistence of large carnivores in East Africa. Whifeilexag the significant
relationship between protected area size, average home ramgaivadual carnivore
species, and persistence, Woodroffe and Ginsberg (1998) showed thasimgiteome
range size led to a need for larger reserves if persesienio be maintained. Because

they also showed that the great majority of mortality of sgestiedied occurred outside
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reserves, their work suggested that protected areas must thatugt of in isolation of
the matrix of human dominated landscapes that often surround them.

Studies evaluating the integrity of a landscape have been donealfelpaith
those examining the persistence of species focus but the twodralsebeen considered
together. Landscape level variables that have previously been sindiade the
abundance or diversity of wildlife preserved (Gustafsson 2002), theesthdive also
considered the size of the reserve (Parks & Harcourt 2002), tthel@land physical
characteristics of the protected area (Hansen & Rotella 20068),value of local
involvement (Rao et al. 2003) and the economic status of the couelfy(MsKinney
2002). Each of these studies presents a piece of the overall puzrettiesevaluation of
protected area effectiveness at the landscape level. Thi& mawhich the park exists
has also been shown to have a strong influence on the park and theseftiestiveness
(Hansen & DeFries 2007). Designing management to take inbwistcthe surrounding

landscape can have a positive influence on the parks’ effectiveness.

M anagement

Management of the protected area can be crucial to limitinghthience of the
human presence in and around a protected area. The number ofrggns rdereafter
referred to as ecoguards to differentiate them from milanyolice guards) can have an
effect on the maintenance of the protected area (Bruner et al. 2@rliner and
colleagues found, through a self-assessment exercise, thatumhieer of ecoguards
correlated to “effectiveness” (as defined by Bruner eR@01 as lack of forest loss).

Bruner et al. did not examine the further impact of the qualifyratection by Scholte et
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al (2005) showed that educating and equipping protected area mamagele the best
way to improve their success at their job (Scholte et al. 2005). Sengle (2009) found
that improved patrolling and conducting wildlife surveys led to bettetection of the
wildlife in Chatthin Wildlife Sanctuary in Myanmar. Theysalfound that in addition to
increased ranger presence and activity, increased educatiomsettiecal involvement
and infrastructural improvements led to less forest extraCBonger et al. 2009). Thus,
balancing the needs of the local people with those of the pedtemtea improved
effectiveness.

The importance of funding to parks effectiveness has a long awadistory (see
(Leader-Williams & Albon 1988). Funding to monitor the ecologgatatus of the park,
conduct research, and maintain infrastructure can also be wggrtant to park
persistence. Bruner et al. (2001) concluded that increased funding ledreased
integrity and persistence of protected areas. While singpligtiis also intuitively
probable that by providing more funding and a more knowledgeatfeskbuld improve
protected area management. But a study done on the funding of parks taeowuld
demonstrated that parks in wealthier nations tend to be smalldessyaell protected
than parks in poorer nations (McKinney 2002), though the pressures of exaoh r
differed greatly. For example, many of the parks in the ddnibtates are very well
funded, well patrolled, and well protected, but still degradation occline. Everglades
National Park, which is a U.S. National Park, a UNESCO Worldit&tgr Site, a
Biosphere Reserve and a Ramsar wetland of international impsrtantfers from
hydrologic changes, species depletion, and invasive exotic spatiehas been given

funds to improve restoration of the area (Brinson & Malvarez 2002hus,Tthe
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management of this park was not necessarily improved by indrdaseling for
management or guards or by raising its profile with globalgeition because the threats
to the ecosystem were well outside the boundaries of the proteetedrad other larger-

scale change was needed to reverse the protected area degradation.

Protected Areaswithin a Landscape

In practice, conservation science has developed many ways lofgdegh the
interactions between the matrix and protected areas, although not bytintetiram into
the landscape, but rather by trying to prevent the matrix frot@racting with the
protected area in ways that lead to deforestation. One @& wegs has been to create a
buffer around a protected area. While this will likely lead torelesed impact on the
protected area directly, it only marginally increases tha afgrotection. These areas
within the landscape matrix of informal protection surrounding patsuld be
recognized as such and not just in their capacity to buffer nbtegbed area, but as
additional measures of protection within the greater matrix (Bhagwht2€0b).

Recognizing a gradient of habitat around a protected area tlaéimejust defining
it as part of the matrix can lead to better overall conservatieatigeness. However, a
metapopulation analysis will only focus on one species at a timé niot generally
possible to examine many different species in one analysis uhlegsuse the same
habitat. While the patch-matrix models are improving and atiemto address how the
matrix affects a variety of different species, they arey ominimally helpful to
conservation practice. To consider a protected area simply agidtabitat in a sea of

non-habitat makes little sense in areas without hard edges aroyatkhdn parts of the
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Amazon and the Congo Basin, protected areas are a proactive apjoracacisdrvation
and are surrounded by contiguous habitat. To consider everything outsidettdueplr

area insufficient for wildlife would be a gross misunderstanding of the deasys

Protected Area Access

In Central Africa, human populations and infrastructure are growing, and with
them the potential threat to protected areas is also growing (Blak@08; Laurance et
al. 2006). Roads and rivers can provide people with easier access to protectext areas f
extractive uses such as farming, logging, and poaching, and also make it eagigr to br
the products from these uses to market. The increased presence of roads in the Amaz
Basin has led to increased levels of human access into previously intact vegderne
However, in developing countries such as those found in Central Africa, roads and
electricity lines (known as linear infrastructure) are often buitittbh large contiguous
forests as human populations become linked (Laurance et al. 2009). Some development
of roads in protected areas is necessary for adequate monitoring and mangdga&ment
these roads may also indirectly contribute to an increase in the rate of @¢ifomes
within the protected area. Roads and trails are also integral to tourism, fiiolmany
protected areas derive funding and support for conservation efforts. The need to
ameliorate the effects of increased tourism, which necessitate roadgsomill often be
overshadowed by the need to monitor biodiversity, but tracking deforestation could
potentially assist with both conservation goals (Davenport et al. 2002).

Roads in Central Africa produce direct effects such as deforestation arat habit

loss, habitat fragmentation, impediments to animal movement and road-&itisg(f et
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al. 2003). Creating a single road removes only a small portion of forest habitat, but
cumulatively road creation is not an inconsequential conversion of potential wildlife
habitat (Forman et al. 2003). Many roads in Central Africa are created usithozieud,
simply knocking over trees until a path several dozen meters wide has beet create
(Wilkie et al. 1992). While infrequently paved, any path that is maintained, even by
infrequent traffic, will be used to more easily access the forest. Thangddbitat loss
and forest fragmentation are among the greatest threats to most endi@pgeres across
Africa (Brashares et al. 2001; Ewers & Didham 2006). Habitat degradatide, vt a
direct loss of forest, does change the available habitat and occurs witr resguency
along roads (Buchanan et al. 2009; Forman et al. 2003).

The indirect effects of roads are often more substantial and less dadtiaed
than the direct effects. One of the most significant interactions between éaddis
roads around protected areas that has the strongest indirect effects ocouging
companies begin to extract timber. In Gabon, it has been estimated thateskdgging
removes only 10% of the canopy (White 1994), but this does not take into account the
forest loss necessary to construct a road to remove these selectively teggedhich
removes more forest, and increases hunting access into the forest. Loggingicnsces
areas given by the state to a company for extractive purposes, are ngtgiseall
within protected areas. In the past, concessions have been granted withiegirteas
in both Cameroon and Gabon (GFW 2001), but today they more often border protected
areas (e.g. Nouabale Ndoki National Park in Congo Republic and the surrounding
Mokabi logging concession (Blake et al. 2007)). Logging within the landscape, even if

not within a protected area, opens up access to the forest by creating roads to bring
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equipment in and timber out (Roy et al. 2005; Wilkie & Carpenter 1999) as well as
increasing access to the forests on either side of the road (Pfaff et al. ZOGvansport
timber out of the forest, roads must be created, felling more trees, and camgseand ot
infrastructure are also created.(Kasenene 2001) Concessionaires (cergpeamehe
rights to log a particular area of forest) are often required to set up anghimai roads
system locally (Karsenty et al. 2008). In the Lobeke region of Cameroon, timber
company road systems have created a well-armed poaching network (CUrsao&be
2001) that leads to further indirect effects, specifically a bushmeat tradem8aisis

then sold along this route to trucks heading to market (Bowen-Jones & Pendry 1999;
Mendelson et al. 2003).

While it is not practical to stop logging in many places, there are meabate
could be put into place to lessen the effects of logging. These include checking logging
trucks for illegal bushmeat along their route (Draulans & Van Krunkelsven 2002) or
preventing logging roads from being maintained after logging has ceazdddifet al.
2009). Poulsen et al. (2009) studied the bushmeat trade in five logging towns in Northern
Congo, and concluded that the permanent urbanization of frontier forests left inglogg
companies posed the greatest threat to biodiversity in the region (Poulse2088al
Wildlife populations within protected areas are threatened by increasésl, as they
allow increased access for hunting (Clayton et al. 1997; Wilkie et al. 2000), andkthe la
of roads will only improve the condition of wildlife (Hart 2001; Wilkie & Morelli 1998).
Animal populations outside a protected area will be captured alive for thagebir
killed for the bushmeat market (Milner-Gulland & Bennett 2003). When this is done at

unsustainable levels, animals from inside a protected area will often movelablavai
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habitat, further exacerbating population declines. Roads that border a prarectean
provide access for poachers to hunt animals inside the protected area and export them t
markets outside the forest. A road created for the oil industry outside a guciees in
Ecuador led to the development of a wild meat market (Suarez et al. 2009).

Bowen-Jones & Pendry (1999) provide recommendations for decoupling the
economic benefits of low impact logging with the costs of illegal hunting, such as
monitoring trucks at check-points to be sure meat is not being illegally traedpast
well as random sweeps through markets by officials checking for illegal rGaaeroon
has a relatively well-developed set of roads which provide access, but teefpate in
Cameroon also attempts to enforce some of the species protection laws lmyingpnit
markets and policing the transports. Because of the strong protection inobGantkee
illegal bushmeat trade is pushed into Congo where such levels of protection or legal
enforcement is more difficult (Hennessey & Rogers 2008).

In general, strong management has balanced the effects efsedraccess with
strong protection to provide a sanctuary for wildlife, such alkowWstone or Kruger
National Parks. However, the level of disturbance from tour@mbzcome a problem
for wildlife (Crist et al. 2005; Sindiya 1984). The local people witen benefit more
from a national park than from a wilderness area as themnerns opportunity for tourism
revenue and employment (Adams & Infield 2003), however, the protectiosualy
higher around a national park, thus restricting local use of anynes from within the
park. This balancing act between benefits and costs has becoroeusi®f much study
on the impact national parks have on local people from both a consempiatimmg and

anthropological perspective (Bauer 2003; Brandon 1992; Stolton & Oviedo 2003).
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Roads can provide access to introduce alien and potentially ingpseres, both
within and outside protected areas (Pauchard & Alaback 2004)hwtaa have
detrimental effects on the indigenous flora and fauna. The introduftipredators or
disease can also have unknown consequences to the protected adiaerdiy. In
parts of Gabon, logging roads have helped speed the invasion of extitestructive
species (Walsh et al. 2004).

In addition to roads, rivers in Central Africa act as a form of transportatas
a means of accessing the forests. The well-known Congo River, as wedlks sm
navigable rivers, can provide access for moving harvested timber or moving bughmeat
market (Hennessey & Rogers 2008). The Congo River watershed reachistaen
countries in Central Africa, and is a source of navigable rivers (Sirajh¥99).
Protected areas should be safe from the indirect effects of increasesisamteas
logging and hunting, which often occur nearby and can have lasting effects on the
sustainability of the protected area populations.

Threats

Global extinction drivers, such as overexploitation, habitat destructiod,
climate change, do not act in isolation, but often interact veith ether causing further
species loss and land cover change. The megaherbivores dail @dnta are threatened
by each of these drivers, although some more directly than otimensuch of the Congo
Basin, bushmeat is the primary source of protein (Wilkie & Carpa®@9). There have
been many different studies of bushmeat in specific marketzéAgiaal. 2002; Fa et al.
2002; Hart 2000; Hennessey & Rogers 2008; Mendelson et al. 2003) hsaswel

examinations of the global impact and issues surrounding the bushateatrirgeneral
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(Milner-Gulland 2002; Milner-Gulland & Bennett 2003; Robinson & Bennett 2002;
Rowcliffe 2002; Tomlinson et al. 2002). The bushmeat trade is the bihgest to large
mammals in Central Africa, even though most of the specigwatected by law (Wilkie

et al. 1992; Wilkie & Carpenter 1999). However, much of the unsiadti® practices
surrounding the bushmeat trade are actually secondary effectsliier@nt threat —
habitat destruction by logging (Wilkie et al. 1992). As discus®evey access to the
forest by creating roads to bring equipment in and timber ouleeanto species loss and
hunting (Wilkie & Carpenter 1999) as well as the loss of hathtaugh destruction or
degradation. Human encroachment into the edges of reserves and fragment
populations has different effects on different species, and camatearhabitat as people
settle in villages within a protected area.

The other major threat facing this ecosystem, as well asetiteof the world, is
climate change. The Intergovernmental Panel on Climate CHEPQE 2001) predicts
that tropical Africa could experience 5-20% increase in pi@tion during the 21
Century. However, they also suggest that the frequency and gefatioughts that hit
western Africa and the Sahel region north of the Congo Forest 8Bagithincrease. The
unpredictability of climate change makes it difficult to prepamanagement or
conservation goals with its effects in mind, though knowledge of pasitc changes is
helpful (Asner et al. 2010). The “i5Conference of the Parties to the Framework
Convention on Climate Change (FCCC) in Copenhagen produced an Accord that
describes the current global commitment to avoiding a globgldeature increase, while

understanding that developing countries like those in Central Aftazaot commit to
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this without first committing to social and economic development and rfyove
eradication, while considering a low-emission strategy to do so (FCCC 2009).

While things like financial investment and patrolling effort, community-based
involvement and management, etc. are all potential surrogates for measuring
effectiveness, for many forested protected areas the simple meadeferettation is
both a direct measure of success and potentially an indirect measure fde wildli

protection (the exception being the Empty Forest (Redford 1992)).

Defor estation

Deforestation is an important variable to examine for severabkores.
Deforestation can often be a surrogate for conservation activitissrelatively easy to
measure from satellite images, and hence a large area caodokylstudied. From a
research perspective, comparing deforestation rates can ipkiray decisions for a
large area. Several studies have looked at the deforestation in and around pactested
looking at regions around parks and their changes over several d¢Daffe®es et al.
2005; Struhsaker et al. 2005). DeFries (2005) studied forest loss lagyée highly
protected areas (IUCN Category | and Il) that were fertesthen gazetted. This limits
the size of their sample significantly, but their work does prowdegeace to build on
with a more comprehensive study, using control areas as weikaected areas to
determine if protected areas have fared better than the surrguards DeFries’ study
only compares parks to themselves over two time periods, rdtaercomparing the
protected areas to the entire matrix, not just the buffer ardwengark. Broader research

on land-cover change provides much of the background information upon whickt to sta
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discussing different types of land-cover change within and arounctcf@otareas (Zhang
et al. 2005; Zhang et al. 2006). Understanding how the protecteds andlaenced by
the greater matrix, particularly in terms of deforestatiors, lobag been the subject of
protected area network design, but also fails to answer the question of effeasgtivene

Most of the work on land cover change at a scale similar to the Congo Basin has
been done in the Amazon Basin, although the impact of protected areas on deforestation
rates is infrequently taken into account. The work done in the Amazon provides
examples of methodologies for using remote sensing (Alves et al. 1999; Ar@yoei/
al. 2005; Fuller 2006), for road development (Arima et al. 2005; Asner et al. 2006;
Locklin & Haack 2003), and other causes of deforestation (Armenteras et al. 2006;
Fujisaka et al. 1996; Kaimowitz 1997). While the work in Amazonia is not a direct
comparison to the work done in Central Africa, these studies provide methods for
studying forest change with a similar level of development and threatsl. cbaar
change has been studied in Central Africa, but generally at smaller scgbabon,
Laurance and colleagues (2006) studied the threats to forested areas, including
encroachment of loggers and hunters into nature reserves (Laurance eé)al.l200
Cameroon, the laws to protect forested areas exist, but the areas demdareae to
lack of enforcement of existing laws (Mertens et al. 2001; Mertens & Lambin 1997,
Mertens et al. 2000). These specific studies in Central Africa speak to the land cove
change threats, but involve minimal comparisons between countries or betweerg@rotect
areas and other forested areas.

Humid tropical forests deserve our attention because demographic, economic and

social changes continue to exert considerable pressure on forest cover amnonsoimdit
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the region (Achard et al. 2002). While much of the work has been done in the Amazon,
there are several organizations that try to measure land cover chavggeadicthe

forested areas. Mayaux (1998) did an analysis of these different approaches. The
European Community has done an analysis of the tropical forests called TREES&a[Tropi
Ecosystem Environment observations by Satellite) based on 1km resolution data
(Mayaux et al. 1998). The FAO has also done a Forest Resource Assessment nearly
every decade since 1946 to assess forest change and presence of foast @vlaly

2006; Zhu & Waller 2003). Integrating their approaches with an understanding of
protected areas and conservation goals would be helpful to predict future conservation

needs in protected areas.

The Role of Protected Areasin Carbon Sequestration

Carbon is going to be the greatest pollution concern in te2mtury. Finding
ways to mitigate that pollution has been the concern of the Kyotod@taind its current
round of renegotiations. The various Conferences of the Parties) (&W€ discussed
ways to develop a carbon market under the Clean Development Maoh@@DM).
Zhang and Justice studied the forested areas in Central Afisaurce of reforestation
and avoided deforestation (Zhang & Justice 2001). Continuing this wonkpisrtant
because it will show the areas that were deforested in the ¥¥0s and how that
network of forested areas has changed through the present day. One of the tisings mis
for these countries to become involved in the CDM is information documgetiteir
deforested areas and the dates of clearing and regrowth (Baef@10). In addition,

if the current policies regarding avoided deforestation are gguhmvithin the Kyoto
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Protocol, as suggested by (Niesten et al. 2002), documentation on thet @amnde
previous states of protected areas will become crucialdwialy Central Africa to gain
from their protected resources. The new UN Framework Conventiotirmat€ change
wants the historical baseline for developing countries forest iomenand DeFries
(DeFries et al. 2007) looked at the different ways monitoring carddne and its
reliability. They provide different suggestions for improving furtlvapabilities for
developing countries. The most recent COP created the Copenhaged whadr calls
for assistance to developing countries at an increased leugbpors understanding how
protecting carbon stocks and increasing reforestation will help damtyaasing carbon
in the atmosphere (FCCC 2009). Valuing the stocks of carbon sequesikieel the
challenge for economists after ecologists and conservationsniedniow many acres of
forest remain (Anonymous 2010).

Understanding the role management decisions can have on the prateet@sd
the species is important when changing the management paradigm withiachgorarea
in response to new threats like global warming (Cromsigt @0819). Protected areas in
the Congo Basin include tropical forests that can contribute to éfeestration of
carbon, but the countries they are within will only benefit if achanism can be
produced for a post-Kyoto treaty that takes into account the measup®tection
(Griscom et al. 2009). The new Reducing Emissions from Defamestabd forest
Degradation (REDD) projects are hoping to integrate all thierdiit techniques for
forest preservation in developing countries to encourage paymestdsystem services
provided by the forests both inside and outside protected areas (BascR099; Phelps

et al. 2010).
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Toolsfor conservation

One of the reasons a landscape mosaic model has becomecedswezlop and
use is the increase availability of tools such as remoteinggnthe Geographic
Information Systems (GIS) toolbox, and improved equipment for field claitaction.
Because these tools have been improving over the last seveadleddt is possible to
analyze the temporal and spatial changes in the landscapeavaéntain degree of
accuracy. In addition, with different methods to confirm data, tbheracy continues to
improve (Bird et al. 2000).

Remotely sensed data, data collected from afar such a$ pleotagraphs or
satellite images, in combination with GIS tools have improved dadtaction for vast
areas around the world. Instead of having to set up expensiatidlons and hire staff
to go out and measure vegetation, using several time seriatelitesimages, vegetation
regrowth can be mapped to determine habitat availability througinotgcted areas and
the surrounding landscape(de Colstoun et al. 2003; Steininger 1996).

Remotely sensed images can also provide an enforcement mechanism, by
determining if a protected area has been converted into agricutuné human
settlements have moved into the area (Laurence & Gascon 1997). mi&shad of
protection remote sensing cannot prevent forest fires, but can determieeforbet fires
have occurred and monitor how the forest grows back (Dennis et al. R@@an & Roy
1997). These methods of helping to enforce the protection of the prodeetedome at
minimal effort and a single set of images for an entire cowanybe analyzed at once by

trained staff, creating a historical record of park protection.
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Land use planning can be much improved with manipulation of remotelgdsens
data. The Human Footprint mapping has provided areas that are ceddluerlast of
the wild”, which are the largest remaining pieces of land withimml human impact
(Sanderson et al. 2002). Planning to keep these areas minimatitedffiy careful land
use planning could provide long term protection of these areas. Dhisl wot have
been possible at a global scale before the human footprint anaelgsisione. At a
smaller scale, large, luxurious homes are being built adnessdstern U.S., and satellite
images can assist with land use planning across the landsqapedat these large open
areas from being fragmented for homes and becoming unavailabledidewdccess
(Polasky et al. 2005).

While the quality of remotely sensed data has improved, thetdl ia seed to
ground-truth much of the data to ensure accuracy, particularimafes changes made
either through roads or small agriculture conversion (Nagemnaida2004; Wilkie 1994).
However, used together with field research, remotely sensed¢aatarovide improved
estimates for where field research would be most productive a@kwiore information
IS necessary to improve conservation work. This would assist fedearchers in
choosing areas to study, or to suggest areas for reintroductioncid¢sspased on GIS
predictions of habitat availability. Models can become more diyatxplicit by
including carefully collected data and using GIS to evaluate those data.

In Africa, specifically, remotely sensed data have been useddordee baseline
levels of deforestation across much of the Congo Basin Forest ([owilial. 2008;
Hansen & DeFries 2004; Zhang et al. 2005; Zhang et al. 2006). Du\&ilé. (2007)

sampled 10 x 10km squares every 0.5 degrees and found that certaidesigasd as
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high priority conservation zones by the Congo Basin Forest Psiitparnderwent less
deforestation between 1990 and 2000. Zhang et al. (2006) also lookedeasdate
change and the probability of that area remaining forested infotthe. A few studies
have even examined protected areas in Central Africa, thougheBe$tudy only used
12 Central African strictly protected areas (DeFriesakt 2005). All of these
deforestation studies recommend using the data collected from reersimg to better
understand how the developing world can contribute to and help fight the giatmaing
crisis.

Understanding the role management decisions can have on the proteataddc
the species is important when changing the management paradigm withiachgorarea
in response to new threats like global warming (Cromsigt.e2G09). Management
effects could become problematic if rigid protection leads to omexding of species
within an area, leading to the destruction of habitat (e.g. elepimastsvannah parks)
(Caro et al. 2009). The protected area management could cieat@dax of protection,

though clear management goals should prevent this.

Conclusion

With the most recent wave of extinction leading to a global édssodiversity,
and over 102,000 protected areas around the world as part of the globabredoati
protect the remaining diversity, it is important to know whethrenot protected areas
actually contribute to protection. In Central Africa, in particullis is a crucial moment;
a time in which forests could be lost to growing human needs and ptealiered by a

changing climate.
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Protected areas might be the best way to save these resdattefor their local
and global value. However, there are few methods that can assess itteoinppatected
areas at a scale that is meaningful, but using a metric ghadfficiently simple and
transparent to enable analysis at a regional or global sc8everal different methods
exist to measure effectiveness of individual protected areasie $f these methods can
show whether a particular species has been saved or an ecosysieerved, or
determine whether deforestation has increased. The data exameforgstation and
reforestation rates could be harnessed as a surrogate foiveffest of protected areas.
The influence of these studies of conservation success have on thewgabaig crisis
has yet to be fully explored but they hold potential for developing cesrtticontribute

to solving the problem.
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Chapter Two
Deforestation in Protected Areasin Central Africa from 1990-2000 using satellite

images and remote sensing

ABSTRACT

For protected areas that are extensively forested, the rate of deforest one
indicator of the integrity of the protected area, and the effectivenesstetiamd area
management. Using remote sensing techniques, | measured levels ctdaéoren 87
protected areas in five countries in Central Africa. The annual net defnestde
among the protected areas studied in Central Africa was 0.05%. This idlewehe
annual rate of forest loss found by other studies for the entire Congo Basin fohis
suggests that Central African protected areas may be effective aafeqgainst
deforestation and may mitigate the loss of biodiversity, although for wildhéetdi
harvesting may remain a serious threat. Five of the 87 protected dndated zero
deforestation, while one forest reserve, Kaga Bandoro in the Central Afregarbi,
showed a five percent net increase in forest cover since 1990. Cameroon’&grotect
areas had significantly higher levels of deforestation than those in the otheresount
Central Africa. Within protected areas in each country studied there suasa level
of reforestation of 5%. Deforestation in a 10km area around protected areas was not
significantly higher than that found within the protected areas. Protectexitaa¢®order
other protected areas had significantly lower levels of deforestation thaotpdodeeas

that were isolated from each other.
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INTRODUCTION

The World Conservation Union (IUCN) defines a protected arearasr&a of
land and/or sea especially dedicated to the protection and maintenfabaaogical
diversity, and of natural and associated cultural resources, arayeththrough legal or
other effective means”(lUCN et al. 1994). While the reasonsrégegtion may vary, all
parks have a shared focus — conserving resources for the future.

The 2003 World Parks Congress reaffirmed the global commitment tectaodt
areas and national parks as a means of conserving wildlife and wild lands but demanded a
new deal for protected areas and local communities and indigenouse48pCN
2005). Similarly, the Aichi Biodiversity Targets of the Convention oodBiersity (the
“2020 targets”) stress an increase in terrestrial and mprotected areas (Target 11) as
well as reaffirming the right of, and the need for, engagememddal and indigenous
peoples in parks establishment and management (Targets 11, 14) (COB 2010).

Understanding a protected area’s effectiveness over time can help usamdler
its role in protecting biodiversity. The success of protected area manademsdeen
extensively studied as a proxy for protected area effectiveness (Ablat& 1999;
Bleher et al. 2006; Buultjens et al. 2005; Mayaka 2002; Mbile et al. 2005), and often
includes analyzing the impact of the World Conservation Union’s (IUCN) management
categories on the goals and objectives of parks management (Bishop et al. 2004,

Hockings 2000, 2003). Some scientists also believe that the level of speciesgrotecti



40

should be the main goal of protected areas and have measured effectiveness based on

species persistence within a protected area (Adams & Infield 2003;d21am2005).
Protected areas around the world have been criticized as insufficient for

biodiversity conservation (Chape et al. 2005; Gaston et al. 2002). This criticism, while

perhaps valid, is hard to substantiate because there are few ways to determine the

effectiveness of protected areas at protecting faunal or floral diwerseven for

determining the integrity of forest cover. Within a protected area systenm difgedata

that suggest that a comparison of successful and unsuccessful protectednanels ca

improve the function of the entire network of protection (Gaston et al. 2008). But many

protected area systems often do not have specific goals and targets vatadetijcators

to measure these goals and targets where they exist, making it diffieviluate the

effectiveness of a protected area network. Even a simple goal such asngotect

biodiversity can be interpreted in many ways depending on the targets chosen as

surrogates (Lawler et al. 2003; Rothley et al. 2004; Sergio et al. 2006). Vhe wiich

value is placed on things like total species representation, redundancy, taxonom

uniqueness, or population size and persistence probabilities for a species can bel protecte

area goals. Diversity-focused targets may also not overlap well witereatisn aimed

at more utilitarian goals, such as the preservation and amplificatioo®fstem services

or the extraction of a particular resource such as timber (Abbot & Mace 1998yv&thet

al. 2005; Wright 2005). Hence, both the lack of goals and targets in some areas, and the

multiplicity of targets and goals among those protected area systerhavkahem,

makes comparison between and among protected areas within a region, or globally, a

difficult task.
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Targets must be linked to the landuse categories that a protected area
encompasses. The categories are best described in shorthand by the 1d{@ibhtias
system. The process of designating a protected area under one of thedtégodties is
the responsibility of the individual national government agency for protected dmeas.
addition to describing specific examples of assigning categories, geisiétir applying
the categories have been published by the IUCN to help clarify what eackef the
categories should represent (IUCN 2002; IUCN et al. 1994). This has created an
international standard for protected area designation, but categories gmetateby
each country and applied to national systems of protected areas (Raveneb& Redf
2005). Because of individual interpretation at the national level, this systelacisl
precision in application (Ravenel & Redford 2005). Often, protected areas aeglcreat
with different zones designated by different categories, with algtoicitected core area
(la or Ib), surrounded by an area allowing more human access (IV or Vigsssttict
protection, but managed as a single area (Bishop et al. 2004; Regan et al. 2000).

The use of a set of objective criteria that measures a universal conseiajain t
allows a comparison of the effectiveness of a protected area, a nationctigolarea
system, or systems across a biome. Forest loss or gain has been used ad@ surroga
measure for looking at the effectiveness of forested protected areasr(@®rahe&001;
DeFries et al. 2005). With increased attention to the value of tropical forestban car
sequestration, the measure of forest loss (or gain) has both directdatimaage) and
indirect (biodiversity, other measures of sustainability) values as a raedgurotected

area effectiveness (Blake et al. 2008).
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Central Africa is under-represented in the deforestation research, withahtine
focus on Central America and the Amazon, both inside and outside protected areas
(Achard et al. 2007; Achard et al. 2002). Several studies have looked at global
deforestation rates, particularly in tropical countries (Achard et al. 2007eRabal.

2010). Studies that have looked at protected area deforestation focused on dyly strict
protected areas, IUCN Categories | and Il (Bruner et al. 2001; DeFaes26805).

Bruner et al (2001) used questionnaires to collect date and DeFries et al (ZD5) us
satellite images to look at the isolation of protected areas in tropical esunfiew data
from Central Africa were included in these studies, so this study was planned to add to
the deforestation data with specific focus on Central African protected areas

Zhang et al. (2005) looked at deforestation across the entire Central African
region using remote sensing but did not divide the analyses between protected and
unprotected landuse categories. They found that an average of 0.12% of the forest in
Central Africa was degraded annually between 1980 and 1990 (Zhang et al. 2005).
Given this relatively low average level of deforestation (the Latin Avaemean annual
forest loss is 2.2%, and 2.0% in Southeast Asia (Achard et al. 2002)), it is important to
understand whether this deforestation is taking place within or outside protexed ar

Deforestation has secondary effects that can have an enormous impact on the
effectiveness of protected areas. For example, commercial loggimg Wié landscape,
even if not within a protected area, opens up access to the forest by creating roads t
bring equipment in and timber out (Forman et al. 2003; Wilkie et al. 2000). When an
area becomes more accessible, permanent settlements will be estabigieasing the

potential threat to protected areas. Planning a road system, like planning lammlildse, ¢
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create fewer negative interactions between a protected area anttiksahge still

providing for infrastructure development for local communities. Deforestaffects
wildlife within the forest, whether along the edges or in a fragmentest f@?edlowski et

al. 1997; Verburg et al. 2006; Waltert et al. 2005). The “empty forest” concept was wel
described as an overly hunted forest that remains intact while emptied déliewi
(Redford 1992). While this would be nearly impossible to measure from the satellite
images, but using deforestation as a proxy for wildlife presence hasiplaieaid
conservation policy making.

Studying the area around parks is a common part of the study of protected area
and their effectiveness (Kintz et al. 2006; Maikhuri et al. 2000). In these stilndies,
authors found that the areas around reserves gain some of the protection provided by the
core protected area, a kind of halo effect. The goal of creating a buffer pand ar
protected area, such as the UNESCO Biosphere Reserves (UNESCO 2008)sento les
the impact of human use on a core protected area while still providing for sugtaisabl
of the area by local people. Studies have looked at the creation of such buffer zones for
use by local people and their impact on core zones (Li et al. 1999; Maikhuri et al. 2000).
Designated buffer zones, however, are often added later to increasdqnrdteatcore
area, and might not be part of the same ecosystem as the protected areanadaalse
boundaries, such as rivers or mountain tops, are often used as park boundaries (Mas
2005). Mas et al. (2005) discussed the likelihood that buffers of a protected anet are
always ecologically comparable to the protected area. Many Cefiticdrprotected
areas use natural borders, suggesting that areas outside the protectechaciter

ecologically from the core zones. Hence, buffers may not have a ratoadsdafion
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similar to the protected area if its underlying geological patterntecaadifferent
potential for forested areas.

The goal of this study was to examine the protected areas in Central Afrtta
calculate rates of possible landcover change within them. Based on the rates of
deforestation in the entire Congo Basin and the assumption that protected atg@sgare
to avoid deforestation, it is likely the rate of deforestation within protecéss avill be

low. The landcover changes | hypothesized are as follows:

1. The level of deforestation within protected areas will be lower than that foutitefor
entirety of the Congo Forest Basin as measured in previous studies.

2. The 10km area around the protected area will have a rate of deforestation more
similar to that found in the protected area than in the forest basin as a whole (halo
effect of protection), but will have lower levels of reforestation than in giedeareas
due to a lower level of protection outside the protected area.

3. Protected area groups (contiguous protected areas) will have lower rates of
deforestation than isolate reserves because connectivity and increasstbsizl

improve persistence of forest.

METHODS

Protected areas in this study (n=161) were drawn from the World Database on
Protected Areas (WDPA) and covered six countries from Central Afraoaegon (48),
Central African Republic (CAR) (20), Congo Republic (22), Democratic Republic of

Congo (DRC) (38), Equatorial Guinea (11), and Gabon (22). Satellite images were used



45

from the NASA Applied Research & Technology Project Office, Mrsid Lan@M and

ETM+ bands, all are in the Universal Transverse Mercator UTM WGS 1984. Further
details about the original images (including rectification details)heafound at
zulu.ssc.nasa.gov/Mrsid. Satellite images from 2000 were matched with 1993 weag
ERDAS software layering techniques. The images were stacked and threé&@ands

each image were layered (2, 4, 7). Due to the size of the images, they were not put into a
mosaic but were evaluated individually around each protected area. Changes in
landcover between these two time periods were then obtained using ER DA& sof

that calculates a pixel reflectance value for each image and thefiedabs images

with the difference in pixel values between 1990 and 2000 and creates a new image. This
allows areas with changes in land cover to be made clear as the pixel valadgewil

from those in areas with consistent landcover over the 10 years. | used areitevati
supervised classification process with a >95% confidence level.

Two hundred classes were distinguished and an individual examination of each
class was done to further classify these 200 classes into eight suds:cthefsrestation,
reforestation, forest, non-forest vegetation, cloud cover, water, developed land, and no
data. Developed land included areas that were cleared and reflected asthase ea
large unpaved roads and areas cleared for agriculture were included in fopetkve
category. “No data” was an infrequent category, but if it was not possiblectrrdes
landcover class, or small glitches in the satellite photo were presergassthey were
classified as no data. Non-forest vegetation was an amorphous category tllaidincl
riparian zones of scrub vegetation, areas that were neither agriculture npraficdes

anything that reflected as none of the other categories but was cleatigtedge
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Deforestation was classified when an area was forested in 1990 and no longet foreste
2000, while reforestation is the reverse, not forested in 1990 and forested by 2000 Net
deforestation was calculated by subtracting reforestation from the defanesate.

When this value is negative, it meant more reforestation than deforestation. Gross
deforestation is simply the deforestation rate alone. When just deforestairéssed,

it signals gross deforestation.

The Congo Forest Basin, a rainforest ecosystem, has an exceptiortally hig
average cloud cover due to the level of moisture and its proximity to the coast. Other
studies of the region which utilized satellite images have chosen to onlytaseoda
cloud-free images (Achard et al. 2007). Some studies augmented theiesatalijes
with aerial photography to see underneath the clouds (Munoz-Villers & LBlpazo
2008), but this was not possible for this study. Other studies used images with some
cloud cover though with little description for why a certain level was useibfdcet al.
2002; Duveiller et al. 2008; Hansen et al. 2008). | chose to limit my analysis to those
areas that had less than a maximum level of 15% cloud cover. | did eliminatioseanaly
to determine what happens to deforestation rates with the presence of clouds,eand ther
was a substantial decline above 15% cloud cover. |looked at each protectecharea rat
than entire images because some images were more than 15% covered, but individual
protected areas within that image were not covered by clouds at all. This reduced the
number of protected areas in the study to 87, and eliminated Equatorial Guinea as a study
country. Given the small amount of missing data caused by cloud cover, the

deforestation rates are a conservative estimate.
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To understand the possible changes in deforestation at the border of the protected
area, | analyzed data from an area 5km inside from the boundary and outsiderkm f
the boundary. When the entire protected area was less than 10km across, a swath 2.5km
from the boundary was used for the inside analysis. Bruner et al. (2001) used a 10km
distance from the boundary outside the protected area, rather than 5km, so ttefacilita
comparison with that study, a 10km margin from the boundary outside the protected area
was also explored. In this study | use the term buffers to describe the 1@gim from
the border of the protected area. These buffers are substantially differerihé
designation of a “buffer zone” as it is an exact distance from the protectdabadea at
all points, and “buffer zones” are often a different shape than the core arebufféng
in this study are exactly 2.5, 5, or 10km from the protected area border all the way aroun
the protected area. Collectively, the core protected area, the 2.5, 5, or 10km “beffer” a
referred to as protected zones.

The shape of the protected area was also considered as to whether it dorrelate
with rates of deforestation. A simple measure of shape = perimeter@seazloulated
for each protected area and a correlation analysis was done.

To calculate the annual rate of deforestation in each of the protected areas
(Puyravaud 2003), | used the formula

r= 1/(t2-t1) In (Az/A]_)

r = annual deforestation rate;=t time 2 (year 2000); t time 1 (1990); A, and A are

the forest cover at and { respectively. To calculate the average annual rate of

deforestation for the entire Congo Basin protected areas as well astémtg@d areas in

47
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individual countries, a weighted average was done to account for the varying sizes of
protected areas. To see a comparison of annual deforestation ratesechlesilay
formulas for r, P, and Q, see the Appendix. Except where expressed as an amfial ra
deforestation, all rates are considered over the ten-year study period.

To validate the results, since | used an unsupervised classification, [1&@dse
random points from each of the static, presumably unchanging categories ~cfousls,
water, non-forest, and development. The points were spread across the entirengegion a
were areas of pixels of each that clustered in a minimum 3x3 size. Then dasteof t
points was compared to its location in Google Earth to verify the result with tieecsam
higher resolution images. For the change categories — deforestatiofoaestation,

595 random points were chosen with similar cluster size, but instead of Googld Earth,
reexamined those points in the 1990 and 2000 images again to confirm the change in
forest cover. The results were put into a confusion matrix (Foody 2002; Inzdna et a
2003). Since clouds were both a permanent fixture and a changing feature, | diddca sec
confusion matrix removing the pixels with clouds. The user’s accuracy and the
producer’s accuracy have also been calculated. The user’'s accuracyesidasur
probability that a pixel classified on the map/image actually representsxbabon the
ground, represented by Google Earth. The producer’s accuracy indicates the pyobabili
of a reference pixel being correctly classified (Inzana et al. 200&).accuracy results

are found in the Appendix.

There were a number of protected areas that bordered other protectechdraas, a
significant difference was found between “isolated” protected areas @s®wl¢tbnnected

to other protected areas. Areas were deemed “isolated” if they did not aoatleer



49

protected area — though they could still be surrounded by contiguous forest or even
agriculture and still be deemed “isolated”. To examine this result, the gnbppstected
areas were re-analyzed as a single unit in ArcGIS, designated a&ttdteza Unit
(PAU). This created 12 new protected area units, made up of 36 protected areas. The
most common unit was made up of 2-3 protected areas, with the largest contigugpus g
of nine protected areas in a single unit. There were a total of 69 protected area unit
including single protected areas. There were six protected areas thmaé lpeca of
protected area units that were not included in the original study due to high levels of
cloud cover. The new protected area units all fell below the 15% cloud cover limit,
except one which was excluded from the PAU analysis, for a total of 68 PAU. A buffer
area, 10km from the border of the new protected area unit was analyzed. This removed
the interior buffers around individual protected areas. PAU that consist of only one
protected area are described as isolated protected areas, which only siéisenibe
proximity to other protected areas and does not indicate that they are morasmiéted
from human settlements or access points.

For the details about each protected area, | used the databases provided by the
World Conservation Monitoring Center (WCMC)(WDPA 2005). This included a date
the protected area was designated which | grouped into three casedefore, during
and after the study dates of 1990-2000. Also included in the WCMC data was the IUCN
category assigned to the area and the general designation of the gréunal reserve,
hunting area, private park, forest reserve, etc.). For this study | examfoesstiion
in protected areas within Central Africa representing various IUC&gosaeEs, including

undesignated reserves. The IUCN categories assigned to the protected Hmsastudy
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were showed a similar pattern of distribution among categories as the @jkilibltion:

la (2), Ib (1), Il (20), IV (13), VI (14), and unassigned (36). | used multiple sources to
establish the status of a protected area; all protected areas that vesignethto a

category were considered unassigned by all sources (Chape et al. 2003; WDPA 2005).
The protected areas included in the study covered only four of the six totareede la

and b, Il, IV, and VI. Category Il — National Park, made up the largest category under
protection with over 30% of the global area protected (Davey 1998; IUCN 2003; éJCN
al. 1994). Category VI — Managed Resource Protected Area, made up the second largest
block of protected areas, with Category IV - Species Management ArehsThiese

three categories made up over 75% of the designated protected areas, deéngpastra
very uneven distribution of categories and, ultimately, biodiversity protection. \i¢owe

on a scale of human use and management levels, the categories of the praastied ar
the study are more evenly distributed, from low management/high biodiversity

protection, to high management/low biodiversity protection.

RESULTS

Across Central Africa

There were no significant differences in total deforestation inside andetisi
protected areas (p<0.54) (Tables 1 and 2). There were also no clear examples of
deforestation increasing outside protected areas as might be expeobtéelctieor areas
provided increased protection against deforestation. There was a significaehdéfen

deforestation rates within protected areas among countries (p<0.03) with Cameroon
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having the highest rate of deforestation and the lowest in Gabon. When examining the
annual deforestation rate inside the protected area (rather than tluketotattation),
Cameroon also had the highest rate, 0.019, though this result was not significant
(p<0.10). The annual rate of net deforestation (which includes the rates of rafargstat
showed that Cameroon had the highest rate. All the other countries had redorestat
rates that outpaced their deforestation rates (See Table 3).

The protected areas in all countries were significantly influenced by thenoe
of another protected area on their borders (p<0.02). The presence correlates wi
decrease in deforestation rates. The same pattern of decreased diefotesitds true
within the 5km and 10km distances from the protected area border (p<0.01 and p<0.01,
respectively), and the 2.5-5km zone within the protected area (p<0.04) for thostegrotec
areas that are contiguous with other protected areas (See Table 4).

To better understand the influence of contiguous protected areas, | examined
protected area units (PAU), with similar outside buffer areas at 5Skm and 10krth&rom
new contiguous border and 2.5-5km zone inside the boundary. The differences between
deforestation rates between inside and outside a PAU were even less pronounced
(p<0.90) than when the protected areas within the PAU were all treated indiziduall
The difference in deforestation rates between countries was alsofinaign{p<.17),
although the same pattern occurred with the highest deforestation rates in Cameroon.
There was a decrease in the deforestation rate between isolated protagtexhd
protected area units although not significant (p<0.11).

| examined the effect of the date a protected areas was gazetefbrestation

and found no significant difference (p<0.45) in deforestation between areagdazett
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before (N<37), during (n<24) or after (n<7) the 1990-2000 study, or with an unknown
date of gazettement (n<17). Also, | found no statistically significardréifice in
deforestation rates among IUCN category designations (p<0.28). Even wheniogmbi
category la and Ib, and removing the undesignated protected areas, there idioargigni
difference in deforestation among categories.

The shape of protected areas was also considered. Several protecté@lagias
Faunal Reserve and Ituri Forest Reserve) are “necklace” reserstesligr patches
managed as a group and others are much larger, but long and narrow. Looking at the
ratio of perimeter to area as measure of core and edge (perima)ef&ieonewaldcox
& Bayless 1986) there was no correlation between the shape and the annual deforestat
rate (p<0.55) nor the annual net deforestation rate (p<0.67) across the Congo Basin.

There is another measure of shape that is independent of protected area size put
forth by Timmons and Williams, based on a perfect circle as the ideal shape for a
protected area (Timmins & Williams 1991). Their formula is perimeted/t2@rea *
3.14f. While this shows a slightly stronger correlation with annual deforestatien rat

(p<0.15) and annual net deforestation rate (p<0.23) it is still not a signifmaeatation.

Within Country Analyses

All of the Cameroon protected areas study sites (protected area, 2.5km, 5km, and
10km buffers) showed only net deforestation, In comparison, in the other countries
protected areas, and their buffers, showed net reforestation (negativestition).

Within the Cameroon protected areas, there is a significant difference bebtes of
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reforestation and deforestation (p<0.002) with total deforestation nearlyrfees kigher
than total reforestation (11.8% vs. 3.3% over 10 years, Table 5).

Gabon has the lowest rate of gross deforestation, but because of persiatént cl
cover the sample size (n=2) was too small to statistically comptr@ther countries or
to do a within country analysis. The other three countries (CAR, Congo, DRC) have
nearly the same average rates of deforestation and reforestation etpiotected
areas, leading to low net deforestation. The Congo Republic has the largest net
reforestation, though the location of the highest reforestation is not found inside the
protected area, as expected, but rather in the nearest boundary zone (outside 5km). In
Congo, the lowest level of reforestation is present inside the protected @&dale,
and the highest reforestation is in the 5km buffer surrounding protected areal,ttireoug
difference is not statistically significant. DRC has the second highvettie
deforestation, but given an equal level of reforestation, there is nearlyetero n
deforestation. Deforestation increases near the border (inside 2.5-5km)s thareei
deforestation outside the border (outside 5km), but there is higher deforestation the
farther from the protected area border (outside 10k).

DRC protected areas show the greatest significant statisticakdites in
deforestation between adjacent protected areas and isolated proteate(see Figure
1). In other countries, there was little to no significant difference in déftias rates for
protected areas bordering others, but the pattern of increased deforestaiiomsoléted
protected areas is maintained for each country. Two protected areas in Dik€Sare

chains of very small individual protected areas, Okapi Faunal ReservelCGatdllturi



54

Forests Reserve (Cat. VI), and have net reforestation rates in each dreasidetthe
reserves and within both the surrounding regions.

These small chains of protected areas led to the analysis of shape, byrexam
the core vs edge effects. Within the individual countries, there is a sowometaton in
Cameroon between the shape of the protected area and the annual deforestation rate
(p<0.02) and annual net deforestation rate (p<0.02). Cameroon also has the smallest
average protected area size (~1100 square meters, compared to ~5200 for CAR, 2400 for
Congo, 5800 for DRC, and 3500 for Gabon) and smaller protected areas will be most
influenced by their shape.

Within each of the individual countries the sample sizes were too small for
comparisons of IUCN categories or date of gazettement. In addition, b&uangsare
only 12 protected area units spread among the different countries, each country had too

few for a robust analysis at the country level.

DISCUSSION

There were low levels of total deforestation in all countries, both in protected
areas and in their buffers, which agrees with the findings of Zhang et al. (2QB8&ir
study of net deforestation at a national and Congo Basin level. | hypothesized tha
deforestation within protected areas would be lower than the deforestatiororahes f
entire Congo Basin forest, and that was proven true. An annual net deforestatidn rate
0.05% was found in this study, compared to 0.42% (with a range from 0.003 — 2.72%) by
Zhang et al. (2005). Their work looked at deforestation rates from 1980 to 1990, so

perhaps my study showed a decline in deforestation from their time period, which would
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be a positive result for the effectiveness of protected areas. While ttessshaw a low
deforestation rate, they should not diminish the value of protected areas. The future
influence of protected areas will be important as human populations grow and the need
for forest resources increases.

Due to nearly equal deforestation and reforestation rates, both inside and outside
the protected areas, the net deforestation rate was close to zero. Rtdoréstels are
almost the same among all countries; deforestation was also simidaganost
countries, with the exception being Cameroon with a forest loss of 11.82 % for the whole
study period. Cameroon’s annual rate of net deforestation within protectedsareas
higher than the average levels found for the entire Congo Basin Forest including
protected areas and closer to the levels found in other studies of forests outsidedorotec
areas (Duveiller et al. 2008; Zhang et al. 2005) or from forest monitoyingdynational
organizations (TREES and FAO)(Achard et al. 2002).

Bruner et al. (2001) measured the difference in response to threats within 10km of
the protected area border and inside the protected area border and found that &tiprotec
areas overcame threats better than the surrounding areas for deforestati@ver, the
data from my study fail to show the same significant effects for surroundiag.a
Congo Republic, CAR, DRC, and Gabon have lower levels of deforestation within the
protected areas than outside, but Cameroon has significantly higher levels inside the
protected areas than outside, possibly due to an influx of human population to the rural
parts of Cameroon just before the start of this study due to a national econsiwic cr

(Mertens et al. 2000; Sunderlin et al. 2005; Sunderlin et al. 2000).
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Protected areas had lower deforestation rates when bordering other drotecte
areas than isolated protected areas, confirming my third hypothesis. Thistsugge
close chains of protected areas will provide better protection againststation than
areas in isolation. Furthermore, the literature has extensively dateohtée difficulty
faunal species, particularly large, wide-ranging species, have peysigthin small
reserves (Carroll et al. 2004; Turner et al. 2006; Wiersma & Nudds 2009) suggiesting
the result may have impacts beyond preventing the loss of just forests. Hyeoe an
increase in faunal persistence in connected protected areas.

Similar country-level results occurred when looking at the contiguous pdtec
areas as a single unit, though the differences were not as significanpaitbrs
suggests better protection is provided when many protected areas are nedrezach ot
protected area system of contiguous or closely linked protected areagroigtle the
best level of protection against deforestation (Rouget et al. 2006; Turhe?2@@). Of
course, my study does not provide any information about how contiguous protected areas
might benefit the wildlife within those protected areas, but many studies have proven
that, particularly for large faunal species, creating areas largeletmuagntain a viable
population is difficult without large protected areas (Bauer & longh 2005; Ria&k
2008; Klaus-Hugi et al. 2000; Rabinowitz & Zeller 2010).

When looking at the designation of IUCN Management Categories, there were no
significant results — in Central Africa the low rates of deforestatiarsadhe basin
appear to lead to only marginal differences between and among categoriesaggrot
areas. As such, the sometimes contentious debate about the relative valoe of str

protection and/or sustainable use of resources is not relevant as it relatekss of
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forests in this region. That Category VI (Sustainable Use Areas) hammbst average
rate of deforestation might suggest that lower rates can be achieveadtnygcae
cooperative arrangement with local people for sustainable use of the [t @texde
However, these are only measures deforestation rates. Increasesd@ecpsotected
area through sustainable use activities might not extend to the sustainatifi¢auseal
species. Increased hunting is not the goal of sustainable use areas, but careful
management and study could allow for some level of hunting abundant species
(Hennessey & Rogers 2009; Wilkie et al. 1998).

There was no difference in deforestation rates in protected areas gazetted be
during or after the study dates. Areas have continued to be added to protected area
networks throughout the last century and | expect they will continue to be sstabli
however, the data fail to prove the areas protected earlier are bettevextting
deforestation than more recently protected areas. Also, while there laege aumber
of protected areas without a designated IUCN category (36), theyalmsost all given a
designation such as community reserve, faunal reserve, forest reserve, hoiméng
national park, private park, strict nature reserve, though six were unknown. There wer
no significant differences in deforestation rates between designatibes €lihe reason
areas designated after the study were included in the same analysesngerstand
whether an area’s designation influenced its deforestation rates, andgtinedetime of
official protection. Many protected areas in Central Africa, including stoh@art of
the study due to cloud cover, were research sites long before they werdyofficia
designated by the government and maintained a level of protection (e.g. Lop&eRese

Gabon (White 1994; Williamson et al. 1990).
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Since nearly half of the protected areas listed for the Congo Basin were not
included in this study due to high levels of cloud cover, it is possible more details would
be revealed if the sample size for each country was higher and all cloud coadnievis
be eliminated from images. Future advances in radar detection of landcover will
hopefully make it possible to study areas with near constant cloud cover using high
resolution images (Achard et al. 2007). Until that is possible, the general fifalings
only half the protected areas will have to represent them all. Perhaps ¢éhere ar
biophysical reasons for the cloudless areas that affect their defiorestaes, but
improved technology will be required to find out.

Forest degradation is among the most important drivers of landuse change (Asner
et al. 2009; Bellassen & Gitz 2008) but could not be examined in this study because the
resolution required (1-10m) was not available for this region. Extractiwati@stsuch
as specific high value logging is common in the area, and may contribute to forest
degradation (Makana & Thomas 2006). Furthermore, the degradation of the forest along
the edges of clearings or the regrowth of forest into sub-prime forestralbd changes
habitat availability for wildlife (Lamberson 1994) and forest use potentiddorans
(Van Gemerden et al. 2003). As better imagery becomes available, ftutheotthe
impact of forest degradation should be pursued.

One of the other factors that will influence future deforestation rates thevhe
the deforestation is spread across the entire matrix, in discrete patch&snteaof
deforestation is created. In the Amazon, an ‘arc of deforestation’ has begpratbb
(Fearnside et al. 2009; Nogueira et al. 2007; Righi et al. 2009), where the highest rates of

deforestation are occurring and biomass has decreased. It seems to bruaw®nti
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stretch of deforestation close to roads and extending from areas of human development
If this happens in Central Africa, we can expect the effects of roads tasedtee

deforestation rates (Adeney et al. 2009), as was examined in Rogers (in prep)

CONCLUSION

This work should only support the contribution of protected areas around the
world. While the results are ambiguous about the value of protected areas, |thedieve
is only due to the current low threat of deforestation and not because protectdibarea
been ineffective. As deforestation increases with growing human populations and an
increased need for resources, protected areas may become oases of comgeevati
matrix of altered landscapes. Protected areas that border one anothertteadprgved
rates of deforestation will be important in long-term protected area planniegtir@r
connected protected areas could be useful to maintaining the highest level dfqrote
without increased investment. The Congo Basin Forest still has largeo&ietact
forest, which could become the sites of future protected areas, so understametiag
the best conservation effectiveness can be achieved will be vital to improvevatinse

Investigating the causes of these deforestation rates will be the fdcuthef study.
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TABLESAND FIGURES

Table 1 Gross and net total deforestation rates for all the CentralmlARrcdéected Areas
for 10 years, 1990-2000.
Protected area  Inside Margin ~ 5km Outside 10km Outside

Margin Margin
% Gross 7.1% + 0.4 6.2+0.4 6.5+0.3 6.4+0.3
Deforestation
% Net 1.9% + 0.6 0.8+0.5 1.3+04 1.1+05
Deforestation

Table 2 P-values of deforestation, reforestation and net deforestatioamateg
countries. There were no differences among countries for the 2.5-5km inside. marg
Values marked with * are statistically significant.

All of protected Inside buffer Outside Buffer Outside Buffer

area (2.5-5km) (5km) (20 km,
includes 5)
Net Deforest p =0.01* p=0.38 p=0.03* p=0.05*
Deforest p=0.01%* p=0.22 p=0.02* p=0.01*
Reforest p=0.22 p=0.59 p=0.21 p=0.35

Table 3 — Annual rates of gross deforestation and net deforestation for theCemtijo
Basin and within each country (a positive value = reforestation and a negative value
deforestation).

Annual Gross Deforestation Rate  Annual Net Deforestation Rate

All Countries -0.0082 -0.0005
CAR -0.0045 0.0020
Cameroon -0.0190 -0.0119
Congo -0.0048 -0.0022
DRC -0.0094 -0.0000
Gabon -0.0004 0.0000

Table 4 — Significance of deforestation rates when another protected area®herde
another. * - <0.05 significance, ** - <0.10 significance
All of protected Inside buffer Outside Buffer Outside Buffer

area (2.5-5km) (5km) (20 km,
includes 5)
All Countries p =0.01* p = 0.05* p =0.01* p =0.01*
DRC p=0.04* p = 0.04* p =0.03* p = 0.08**
Congo p=0.61 p = 0.66 p =0.92 p =0.99
Cameroon p=0.36 p =0.55 p=0.36 p =0.40

CAR p=0.20 p=0.26 p = 0.09** p=0.17
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Table 5 % Gross Deforestation inside protected areas with 95% confidencdsriigrva
country over the 10-year study (number of protected areas)
Cameroon CAR (19) Congo (10) DRC (33) Gabon (2)

(22)
Total 11.82 +1.34 430+£049 6.09+1.26 6.48+050 0.40+0.20
Deforestation
Total 3.30 £0.40 458+057 7.19+2.09 6.47+058 0.42+0.21
Reforestation

Table 6 % Net Total Deforestation in the protected area and buffers over the 10 year
study (sample size in parentheses). Negative values represent diedoresta
All of protected Inside Zone Outside Zone Outside Zone

area (2.5-5km from  (5km from (20 km from
border) border) border)

Cameroon -8.51 (23) -5.18 (15) -5.81 (23) -5.20 (23)
CAR 0.54 (19) 0.40 (19) -0.47 (19) 0.28 (18)
Congo 1.10 (10) 1.47 (10) 2.85 (10) 2.42 (10)
DRC 0.01 (33) -0.42 (31) -0.14 (33) -0.36 (33)
All countries -1.93(87) -0.82 (77) -1.32 (87) -1.14 (86)
(including
Gabon)

Figure 1 — Gross and Net deforestation rates inside protected areas fctedrateas in
each country (Net Deforestation for DRC and Gabon are less than 0.001)

0.2 -
0.18 -
0.16 -
0.14
0.12

0.1 ~
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Chapter Three

The effects of access on protected areasin Central Africa

ABSTRACT

A lack of access to remote areas can limit deforestation, forest degnadaial
the resulting loss of biodiversity. Access can be either natural (usualky forth of
navigable rivers) or constructed (e.g. roads or transmission lines). In thsdgss of
development, increased use of natural access and modification of rivers taaikess
can lead to expanded extraction of natural resources. Later in a developneent cyc
roads, rail lines, and power grids are often built through large contiguous torests
facilitate trade and to link population centers. This study examines theeshoseffects
of increased access on the deforestation rate in 87 protected areas in fiviesountr
Central Africa, an area of low overall deforestation. | measured awetdidecrease in
forest cover for the period 1990-2000, despite an expansion of access. The increased
disturbance caused by increasing access to the forest seems to be ofrearaptedure,
initially resulting in forest loss, but leading to reforestation. There wasfieoettice in
deforestation rates when a road or river bordered a protected area, or crossedathrough
protected area. Only the density of roads or rivers had an effect on the deforesta
rates. Maintaining low densities of roads throughout large contiguous foredtsenll
the level of deforestation low. While forest cover may be stable or incrhase, t
secondary impacts of human use on both the forest structure and the wildlife inhabiting

the forest are likely to be detrimental, and worthy of further study.

KEYWORDS Central Africa, deforestation, roads, infrastructure, protected area
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INTRODUCTION

In Central Africa, both human population density and infrastructure are growing;
these changes pose an increased threat to protected areas due to the neealsted incre
forest resources (Bulte & Horan 2002; Burgess et al. 2007). Habitat loss astd fore
fragmentation are among the greatest threats to most endangered spesgeAfaica
(Brashares et al. 2001; Ewers & Didham 2006). Because access makes tbdasng
products from these areas to markets, (Bennett et al. 2007; Milner-Gullapdré&

2003; Suarez et al. 2009) the expansion of road networks, power grids and the
improvement of access on rivers can provide people with the ability to extractina
resources from remote areas, and to convert land for agricultural and coahmnszci
through activities such as farming, commercial forestry, hunting and poadteg.
increased presence of roads in the Amazon Basin has lead to increased levelsof huma
access into previously intact wilderness (Arima et al. 2005; Armenteah<2€06;

Locklin & Haack 2003; Vina et al. 2004). As in the Amazon, in Central Africa roads
and power grids are often built through large, contiguous forests to move goods and
services from remote areas to urban centers to facilitate trade and to link huma
population centers.

At a local scale, roads in Central Africa have been shown to produce negative
direct effects such as deforestation and habitat loss, habitat fragmentagpiediments
to animal movement and road-kills (Forman et al. 2003; Yackulic et al. in press). The

physical creation of a single road removes only a small portion of fotasathdut
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cumulatively road creation is not inconsequential and can lead to signiftcargrsion

of wildlife habitat (Forman et al. 2003). Many roads in Central Africaisrated using
bulldozers, simply knocking over trees until a path several dozen meters wide has been
created, and are often maintained by being repeatedly mechanicallgt §iéitlee et al.
1992). While infrequently paved, any path that is maintained, even by minimal traff
can be used to facilitate access to the forest, leading to road-side devsi@pich access
to wildlife resources along the length of the artery (Laurance et al..2609¢st
degradation, a change in the quality of the forest, while not a direct loss of floest
change the available habitat and occurs with greater frequency alondBaaldanan et
al. 2009; Forman et al. 2003). Following the degradation caused by infrastructure
development, forests can either recover to their original state, or theyedy rdcede
as access leads to greater disturbance (e.g. increased road use leadiegrtmads) and
increasing the degradation (Gascon et al. 2000).

Roads also directly and indirectly affect the overall health of the lanelscapits
wildlife. For animals that do attempt to cross roads, mortality is high in ateasa
road is newly introduced and highly trafficked. For example, nearly 50% of wild dog
mortality inside Hwange National Park in Zimbabwe has been attributeddditiza
(Woodroffe & Ginsberg 1997). Roads also cause considerable mortality for réghtja
Afrotropical forests (Jackson 2002). The direct effects of roads atevedy easy to
measure and quantify compared to the far-reaching indirect effects oé#tmigrof
roads. Some animals will avoid or not cross roads, dividing populations or limiting
mating between separate groups of species with small ranges. leaeatehc(2008)

found that nocturnal mammals had reduced populations within 30m of a road in Gabon,
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but they observed little difference in population numbers at 300 or 600m from the road
(Laurance et al. 2008). An increased presence of other animals was also found further
from the road, up to a distance of 1.2km, suggesting some species actively avoid roads
(Laurance et al. 2006b) while even larger species avoid them at more significant
distances (Blake et al. 2007; Blom et al. 2005). Because an extinction debt carheccur, t
demographic impacts of road construction may be masked for years, pastiautiarl
long lived species like elephants and gorillas (Tilman et al. 1994). Hence, iakea
several generations before the effects of increased road density aveableas

The indirect effects of roads are often more substantial and less sas#ged
than the direct effects. One of the most significant set of indirect impaesated by
the interaction between land use and roads around protected areas are trextbyreat
logging companies as they begin to extract timber. In Gabon, it has beestestinat
selective logging directly removes only 10% of the canopy (White 1994), but this does
not take into account the additional forest loss necessary to construct a roadve re
these selectively logged trees, which has been estimated to be between 15+80% of t
canopy (Wilkie et al. 1992). For wildlife, the collateral damage of road catistn can
far outweigh the direct loss of habitat or the fragmentation of populations. Logging
opens up access to the forest by creating roads to bring equipment in and timBeyout (
et al. 2005; Wilkie & Carpenter 1999). Logging camps and other infrastructuresare al
created (Kasenene 2001). Companies given the rights to log a particulair fareat
are often required to set up and maintain a roads system locally (Karsaht¥G98).
In the Lobeke region of Cameroon, timber company road systems have allowed for the

creation of a well-armed poaching network (Curran & Tshombe 2001) that leads to
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further indirect effects, specifically a bushmeat trade. Bushmeat is tidesi@og this
route to trucks heading to market (Bowen-Jones & Pendry 1999; Mendelson et al. 2003).

Measures can be put into place to lessen the effects of logging. These include
checking logging trucks for illegal bushmeat along their route (Draulaviar&
Krunkelsven 2002) or preventing logging roads from being maintained after logging ha
ceased (Poulsen et al. 2009). Poulsen et al. (2009) studied the bushmeat trade in five
logging towns in Northern Congo, and concluded that the permanent urbanization of
frontier forests left by logging companies posed the greatest threat to bsaglivethe
region. Wildlife populations within protected areas are also threatened bgsedr
roads, as they allow increased access for hunting (Wilkie et al. 2000) and other human
activities inside the forest (Yackulic et al. in press), and the lack of radasily
improve the condition of wildlife (Hart 2001; Wilkie & Morelli 1998). Animal
populations outside a protected area may be captured alive for the pet traidel dorki
the bushmeat market (Milner-Gulland & Bennett 2003). When this is done at
unsustainable levels, animals from inside a protected area will often movelablavai
habitat, further exacerbating population declines as they shift from sowstitareas
within the landscape.

Roads that border a protected area can provide access for poachers to hunt
animals inside the protected area and export them to markets outside the fooest. Ar
created for the oil industry outside a protected area in Ecuador led to the dearglopm
a wild meat market (Suarez et al. 2009). Similarly, the bushmeat trade in n&thrego
was enhanced when the roads in and out of Ouesso were maintained (Hennessey &

Rogers 2008), although in Ouesso much of the bushmeat also arrives by river acces
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Roads can provide access to introduce alien species, both within and outside protected
areas from seeds on the wheels of trucks to actual planting of alien sE=tieEwW
development (Pauchard & Alaback 2004), which can have detrimental effects on the
indigenous flora and fauna. The introduction of predators or disease can also have
unknown consequences to the protected area’s biodiversity.

In addition to roads, rivers in Central Africa act as a form of transportatiorsand a
a means of accessing the forests. The Congo River, as well as senatiabte rivers,
can provide access for moving harvested timber or moving bushmeat to market
(Hennessey & Rogers 2008). The Congo River watershed reaches into each of the
countries in Central Africa and is the largest of the navigable rinéhe region (Singh
et al. 1999).

The limited development of roads in protected areas is necessary to ensure
management, monitoring, and enforcement. However, if poorly maintained or patrolled,
these roads may also indirectly contribute to an increase in the rate of @¢ifomes
(Laurance et al. 2006a). Roads and trails can be integral to tourism, from whigh ma
protected areas derive funding and support for conservation efforts. The need to
ameliorate the effects of increased tourism, which necessitate roadgsomill often be
overshadowed by the need to monitor biodiversity, but tracking deforestation could
potentially assist with both conservation goals (Davenport et al. 2002).

The purpose of this study was to examine the effectiveness of protected areas
using low rates of deforestation as a proxy for success (Rogers, in prep.). rTofdipa
study was designed to determine whether increased access led to andriexed s

deforestation within the protected area. This study was undertaken to detéenine t
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overall effectiveness of protected areas, specifically in the Cekftrean countries of
Cameroon, Central African Republic (CAR), Congo Republic, Democratic Republic of
Congo (DRC), and Gabon. The levels of deforestation were established in Rogers (i

prep.), and this paper aims to discuss how access influences deforestation.

METHODS

To gather the deforestation data within protected areas, digitalteatabiges
were analyzed from the NASA Applied Research & Technology ProjecteQNcsid
Landsat TM and ETM+ bands, all are in the Universal Transverse MercatoNJGSI
1984. Further details about the original images (including rectificatiorngjetan be
found at zulu.ssc.nasa.gov/Mrsid. Satellite images from 2000 were matched with 1990
images via ERDAS software layering techniques. The images werediao#t three
bands from each image were layered (2, 4, 7). Due to the size of the images, they were
not put into a mosaic but were evaluated individually around each protected area.
Changes in landcover between these two time periods were then obtained usik§ ERD
software that calculates a pixel reflectance value for each image anddhbsifies the
images with the difference in pixel values between 1990 and 2000 and creates a new
image. This allows areas with changes in land cover to be made clear azkhealpes
will differ from those in areas with consistent landcover over the 10 yeasgd an
iterative non-supervised classification process with a >95% confidende leve

Two hundred classes were distinguished and an individual examination of each
class was done to classify these 200 classes into eight sub-classesstdebn,

reforestation, forest, non-forest vegetation, cloud cover, water, developed land, and no
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data. Developed land included areas that were cleared and reflected asthase ea
large unpaved roads were included in the developed category. “No data” was an
infrequent category, but if it was not possible to discern a landcover class, or small
glitches in the satellite photo were present as streaks, they weréedassino data.
Non-forest vegetation was a amorphous category that included riparian zones of some
scrub, areas that were neither agriculture nor forest, and anything tbetieicebs none of
the other categories but was clearly vegetated. Net deforestation wdateal by
subtracting reforestation from the deforestation rate. When this wasveeganeant
more reforestation than deforestation. Gross deforestation is simply tiestiafion rate
alone. When just deforestation is mentioned, it is gross deforestation rathertthan ne
deforestation.

Because the Congo Forest Basin is a rainforest and has a long areggstalthe
rate of cloud cover is high. Some other studies have used only cloud-free images
(Achard et al. 2007) or aerial photography to see underneath the clouds (Munoz-Villers &
Lopez-Blanco 2008). Other studies used images with some cloud cover (e.g. (Duveiller
et al. 2008; Hansen et al. 2008). Initial analysis showed that a stringent, no-¢tyud fil
eliminated 86% of the protected areas in the study. To avoid throwing out all of this data,
| accepted a maximum level of 15% cloud cover over a protected area to be included i
the further analysis. Even with this filter, this reduced the number of proteetesiia
the study from 166 to 86. All data was validated by examining points in Google Earth®
and creating a confusion matrix, see Rogers (in prep) for details of thetivalida

To understand the possible changes in deforestation at the border of the protected

area, | analyzed data from an area 10km outside from the boundary. In thisustedy
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the term buffers to describe the region 10km from the border of the protected laesa.
buffers are substantially different from the designation of a “buffer zasé’is an exact
distance from the protected area border at all points, and “buffer zones” ara ofte
different shape than the core area. The buffers in this study are exactiyrb@kthe
protected area border all the way around the protected area.

The GIS datasets for roads and transmission lines were collected fruviotlte
Bank and French Development Agency progrAfmica Infrastructure Country
Diagnostic (Foster & Briceno-Garmendia 2010). Rivers were extracted from the
VMAPO datasets from the National Imagery and Mapping Agency (NIMA 1997) ds use
in the Human Footprint work by the Wildlife Conservation Society (Sanderson et al.
2002). The roads, transmission lines and rivers within each protected area and within the
10km buffer around each park were extracted from their respective datadsets. T
cumulative length of roads, rivers and transmission lines within each protesteainar
its buffer were calculated using ArcGIS software. A road or river wasdayed to be
bordering a protected area if it followed the exact contours of the proteetetdader
for at least a quarter of the perimeter.

Not every protected area that was included in this study contained roadsl While
acknowledge the possibility that the datasets were incomplete, they wéesthe
available at the time of this analysis and were consistent among couritrgegnlikely
that any protected area is completely devoid of trails or roads, but the slaidsat
represent any for some protected areas in this study.

Transmission lines are usually a single straight line, and sometimeisiéso |

branching within the protected area or buffer. Nearly every protectetvdingathe
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study had rounded, winding borders that often follow natural boundaries, particularly
rivers. Occasionally, national boundaries form the border and create straiglasline
protected area borders, but transmission lines did not follow national borders in the study
countries. Therefore, the transmission lines did not act as a border to pratecte in

the study and were not analyzed as such.

Rivers are natural corridors that grow and recede during wet and dry seasons
the rainforests of Central Africa (Chapman 2001). Every protected areanashtivers,
so there was no comparison between protected areas with and without water access
When looking at the rivers and inland water in the VMAP datasets, | only used those
rivers or waterways designated as permanent. Navigable rivers changeerseasonal
floods as well, and no dataset was available for solely navigable rivers. hased t
designated as permanent rivers, which does not necessarily mean theyahe ac
navigable. This means that access by water might not be same for every dves;
indicate that the possibility of easier walking along the river is availaBecause the
density of rivers was so high, measuring the deforestation within 1km was ndtassef
covered the entire protected area, so determining the deforestation rgte\amwas
not possible. All analyses involving rivers were made with the entire prdimeta or
buffer, rather than along rivers.

Analyses were done for the entire Congo Basin Forest across the fivendiffere
countries, as well as individual country analyses, except for Gabon due to a saenple s
of 2. To control for varying lengths of roads within different protected areak;ulated
the square kilometers deforested along the road per kilometer of road as thelkatire

protected area’s deforestation rate per kilometer of road present witlarethe To
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control for differing size of protected areas and their buffers, | cadcuthe density of
roads within each. All of these calculations were repeated for transmisss. With
the exception of deforestation along rivers, all calculations were repeateeets as
well. Statistical analyses were done using the JMP software packad@As and t-

tests.

RESULTS
Roads, Road Density and Protected Area Categories

The cumulative length of roads within protected areas was much higher in CAR
than the other study countries (p<0.0001); though controlling for the size of the mgrotecte
area, Cameroon had the highest density of roads within protected areaso@d8fkim?
of protected area), and DRC had the lowest density (2.8m roads/km?2 protected), though
the difference was not significant (p<0.18) (see Table 1). There wasldamal
significant difference in the density of roads within buffers around the prdtectas
among the different countries; the density in the DRC buffers was lower (p=ha03)
the other countries which all had nearly the same road density in the buffers.

The density of roads was lowest within protected areas designated\Wptlie
Conservation Union (IUCN) as Category VI (Sustainable Use Areas) and highest
Category Il (National Park), though the sample sizes for each categary2(ré; 10, 12)
makes conclusive analysis difficult (PA p<0.44; Buffer p<0.10). The density d@$ roa
was not significantly different based on the date of gazettement: before 19909806m

2000, or post 2000 (p<0.64).
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There was no overall increase in the total deforestation rates or in annual
deforestation rates in protected areas that contained roads compared to pratasted a
without roads (p<0.84 and p<0.67). Nonetheless, in protected areas where roads are
present the deforestation rate within 1km of roads appears higher than tlestdétor
rate for the rest of the protected area (see Figure 1), but the difesemot statistically
significant. There was no increase in deforestation when roads formeutdiee &f the
protected area compared to the protected areas where the roads were nobfauticeal
border (p<0.50).

There is a strong positive correlation with the density of roads and the
reforestation rate within the entire protected area. The increased demerig®f
correlates with increased rates of reforestation (p<0.03) but not with datanest
(p<0.18). The density of roads within the buffer around the protected area wadysimilar
correlated with the reforestation (p<0.03) and not with the deforestatemnanad
(p<0.17).

When | looked at the area within 1km on either side of the road, as opposed to the
overall reserve, there was an increase in development within a protectatbagga
road. This is to be expected because the areas categorized as developmeahgsiefine
cleared land and not forested, usually contain roads, but the increase along roads is
notable (p<0.06). The deforestation along a road in the 10km buffer zone also increased
if that protected area bordered another country (p<0.18), but in general there were few
differences in the deforestation along a road compared to within the protexdexsa

whole.
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Within the countries in the study, there is no difference in the rates of
deforestation within protected areas that contain roads (Cameroon, p<0.56; CAR, p<0.84;
Congo, p<0.25; DRC, p<0.46). When a road bordered a protected area there was no
difference in deforestation rates from protected areas that were notdabbyea road
(CAR, p<0.90; Congo, p<0.99; Cameroon, p<0.28; DRC, p<0.81). In CAR there is no
correlation between road density and deforestation rate within the protezdeat &s
buffer (CAR PAp<0.22, buffer p<0.25). In Cameroon, there is a strong positive
correlation between road density and deforestation rate only within the buffer, and not
within the protected area (PA p<0.51, buffer p<0.01). However, in Congo the pattern is
different with road density in the protected area not correlated to defane$t#<0.69)
and positively correlated with reforestation (p<0.001). In the buffers arounadCong
protected areas there is no correlation with road density and deforestation (jpai@das)
moderate correlation with reforestation (p<0.09). In DRC, deforestatiogasivedy
correlated with road density within the protected areas, though not within the (B#fer
p<0.07, buffer p<0.33) but reforestation is not correlated with road density either

positively or negatively (PA p<0.59; buffer p<0.84)

Transmission lines

The density of transmission lines was highest in Congo, but the differences
between countries are not significant (p<0.20). However, while the defaresties
along transmission lines appear lower than both along roads and in the protectedcharea a
whole (Figure 2), there was no difference between them (p<0.40). The deforestation

rate along the transmission lines was not different than the deforestatiovithan the
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protected area as a whole or the buffer region (p=0.92) or with the deforestation rat
along roads (p< 0.54). Reforestation within a protected area is positivellatamneith

an increased density of transmission lines (p<0.0001), though it is not correlated in the
buffer zone (p< 0.14). The sample size of protected areas containing transmmesion |i

for each country individually was too small (n<6) to do analysis at the counétly lev

Rivers

There is no difference in the density of rivers within each country’s peotect
areas (p<0.91). The highest rate of deforestation per kilometer ofwagdound in
protected areas and their buffers in Cameroon (PA p<0.04; buffer p<0.009). However,
when a river acted as a border to the protected area, there was no differeties thesi
deforestation and reforestation rates than when the rivers were only found throbghout t
protected area (net deforestation PA p<0.78, buffer p<0.91). Inside the protected area,
the rate of deforestation was no different than with increased river dgnsityd2) but
reforestation was correlated (p<0.04) with increasing density of revedsn the buffer
around protected areas there was lower net deforestation (p<0.001), and higher
reforestation (p<0.001) with increased density of rivers. In CAR, river tydrei a
moderate correlation with reforestation (p<0.09); and in Congo there was a strong
correlation with river density (p<0.02). Also, in the buffer regions of protecés an
some countries, there was a negative correlation between net deforestati@ndariver
density (CAR buffer p<0.19; Cameroon buffer p<0.09; Congo buffer p<0.04; DRC buffer

p<0.009).



81

DISCUSSSION

In the Congo basin, roads do not lead to net deforestation, but instead lead to an
increase in reforestation rates; deforestation rate along roads \wes thign within a
protected area as a whole but differences were not significant. The wndsidt
somewhat unexpected, may be explained because so many of the roads in theed protect
areas were built before 1990 and forests have begun to encroach along them. Roads
increase disturbance, but following such disturbance, and assuming no greag¢imcreas
penetration of protected areas for illegal activities, we would expest$aneound these
roads to regrow (Laurance et al. 2004; Munroe et al. 2004). Hence, over time, we would
see a progressive change in areas of forest recovery spreading otiteéfnaad. This
suggests that the net deforestation rate is not correlated with the dénségisy but
rather the presence of roads increases disturbance and regeneratidnthibapglity of
the forest regenerating is unknown. In addition, the increased density of roadsedrrel
with increased deforestation, rather than the total number of miles of roads tisggges
is the design of road system that will matter most in conservation. Howevernghiigy de
of roads should avoid fragmenting the forest into smaller pieces becauseamaaly f
species require large undisturbed forests (Barnes et al. 1997; Blake et al. 2008).

Development increased along roads as well, which has been noted in the Amazon
as well (Armenteras et al. 2006). The deforestation in the Amazon tends to be more of
frontier of deforestation, often described as the ‘arc of deforestaticarn&ide et al.
2009; Nogueira et al. 2008), and spreads from roads and areas of development. In
Central Africa, it seems that deforestation is still spread out acrosntiechpe matrix,

and the reforestation rate will likely keep the forest intact. Howeverggihg
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companies continue to penetrate deep into the forest and construct towns and markets,
this may change to a frontier of deforestation (Poulsen et al. 2009).

The results suggest that in each country the impact of increased access has
different outcomes. Cameroon had the highest level of deforestation per kilometer of
road, transmission line or river. No single means of access in Cameroontdgatote
areas stood out as the major factor contributing to Cameroon’s high deforestison
Congo Republic has nearly the same road density inside protected areaseasoGabut
has a negative deforestation rate (higher reforestation) within reseduailarly, in the
buffers around protected areas, Cameroon and Congo have the same road density, but
Congo has a much lower level of net deforestation. This suggests that eithinrspme
other than access might be affecting Cameroon’s high deforestatigroratest in
Cameroon the provision of access allows other economic forces to drive defomgstat
while in Congo access alone is insufficient.

If access alone does not lead to deforestation in Congo, then the observation of
high levels of reforestation in Congo could ironically be caused by the high roagd/densit
roads initially lead to deforestation, but if no further development occurs, one abserve
increased levels of regeneration as the forests removed in road constrggbenater
the disturbance. Given that reforestation is not as strongly correlated to nség oe
other countries, there is something unique in Congo Republic that leads to high levels of
reforestation with high road densities. Potentially, Congo may have a highef rat
unpaved roads, hindering development and leading to reforestation, as the deforestation
and development are greater when a road is paved and maintained (Laurance et al. 2002;

Pohlman et al. 2007; Soares et al. 2004). However, the roads datasets used in this study
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are not detailed enough to determine the paved status of the roads, so further study is
necessary to confirm this hypothesis.

While deforestation rates along transmission lines were lower than almfg) ro
and lower than within protected areas as a whole, the difference was natangnif
Again, with an increased presence of transmission lines, reforestation @scnetsn the
protected area, a result similar to what has been observed with the construaiamsof r
within protected areas. This suggests transmission lines are not usedsagauts to
remove forest, but rather once installed, the forest is allowed to regendresting that
the longer term impact of such development on forest persistence may not be asssevere a
an initial, post-construction survey might suggest (Khanna & Rao 2009; Sebitosi & Okou
2010). Hence, in looking at the balance of infrastructure development and protected area
integrity, initial deforestation might not be a reason, itself, to block improvemeat
country’s electrical grid.

Rivers within protected areas can be havens for freshwater specied, as we
provide drinking water for local populations (Deil 2005; Melletti et al. 2007). The level
of deforestation along rivers is far outpaced by the rates of reforestatiscolild be
due to the seasonal rains within the Congo Basin, and its rivers having wide riparian
zones that are forested cyclically(Tazalika & Jury 2008). The need to cligsstar
access timber or extract timber seems to be a deterrent, creatingamsistent forest
within the protected area. The regrowth of forests along rivers has a pwsitieace on
the protected area reforestation rate. It seems that rivers shayattéia of regrowth

after deforestation that can occur along transmission lines.
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This study data was collected between 1990 and 2000, and changes in forested
protected areas during that time period could be influenced by a time lagbe¢hee
actual deforestation and the corresponding wildlife changes. Currently, the epheme
nature of roads, extraction along rivers, and transmission lines in Centcal ikads to
regrowth of forests, increasing areas of forest succession and availakde Veaiety,
while decreasing the original habitat.

One of the limitations of this study is the unknown impact roads and electrical
grids have on the wildlife along their routes. Individual studies have looked atghetim
of roads on a single species or groups of species in Central Africa (tawiaal. 2006b;
Yackulic et al. in press), while others have examined the “empty forestégbotan
intact forest devoid of wildlife (Redford 1992). While this study examines hovo#usr
affect the conservation of a protected area’s forests, it cannot cleanyre the effects
on its wildlife. However, understanding how much habitat is lost to road construction
and increased access can assist with determining how much habitat is @aathbl
predicting possible wildlife needs for the future. As economic growth oattinssi
region, the more permanent nature of access, such as paved roads could lead to
permanent deforestation
CONCLUSION

These analyses suggest that across much of Central Africa, therdpact of
road development in and around protected areas can be mitigated if extenaistioaxtr
does not occur following the construction of roads or power lines. Creativelyrpdeani
road system, like planning other forms of land use such as farming or logging, may

minimize negative interactions between a protected area and the surrounding human
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population. This would still provide for infrastructure development for local
communities and potential tourism to the protected area, but with an understanding of
potential problems. Clark (2009) suggests closing all inactive roads, and restricti
active roads in and around logging concessions to monitored logging vehicles anky (Cl
et al. 2009). Creating a road system with the understanding of how it will affexla
migration needs could prevent future problems generated by the new roads, such as
avoiding multi-lane highways that cut off populations migration paths. Accdssy, bit
road or river, connects landscapes together. Mitigating the byproducts of @icread
creation has met with varying success around the world. In Central Ah&different
forms of increased access to protected areas are not the major causeestatein, but
further study to determine those causes is necessary.

Looking toward the future, creating a baseline understanding of roads and rivers
and their contribution to deforestation or reforestation can help determine some of the
carbon emissions cycles in Central Africa. Carbon is going to be the ¢gated
pollution concern in the 21Century. If the current policies regarding avoided
deforestation are changed within the Kyoto Protocol, as suggested by Niesten et a
(2002), documentation on the current and prior states of protected area forests will
become crucial to allow Central Africa to gain from their protected ressNiesten et
al. 2002). My hope is that this study will contribute to the ongoing discussion of
preserving forests as a method of mitigating climate change.

TABLESAND FIGURES
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Table 1 —Density of roads in protected areas (PA) by country. Densityitisglpcorrelated
with deforestation and reforestation in both protected areas and thersbuffe
Country Cameroon CAR Congo DRC
Density of Roads in PA
(m/sqg.km) 5.8 2.9 5.6 2.8
Density of roads in
Buffer (m/sqg.km) 4.4 4.0 4.5 1.9

Figure 1 — Deforestation and net deforestationo@station minus reforestation) in the entire priae
area and along roads. There is no significanedifice between deforestation along roads and
deforestation within the entire protected area (p8D
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Figure 2 — Deforestation in the protected area (Rf)ng roads, and along transmission lines (Tkigh
reforestation along Txl lowers the net deforestatiate below that for the entire protected area.
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Figure 3 — Density of different types of accesserfy protected area contains water access. Thétylehs
water in protected areas (PA) is much higher tlamither roads or transmission lines (TxI) (PA B0D1,
buffer p<0.0001)
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Abstract

The largest town in northern Congo (Ouesso) has a meat traadmtisamed 5700 kg of
bushmeat a week in 1994. The purpose of this study was to quantbdyshmeat trade
in the town of Ouesso. The study ran from the middle of June to telerof October
1995. The questions we wanted to answer included: from where doearmeain the
market, what species are being sold, and how are the speciehbeied. We recorded
information on the description of the species hunted and the type andramfahunting.
We recorded any information of interest since this was the dosumentation of the
meat trade in Ouesso. We recorded 39 species of animals for coisymuiuding
seven species of monkeys, eight species of antelope, as well as ,gdriigsanzees, and
elephants. Duikers were most abundant, with 390 individuals sold per Wékound
three main hunting systems used in the area: snare, night huntingyahdrding. We
found that 66% of the meat for the market came from an 80km raaelihg southwest
to a village called Liouesso. Thirteen percent came fromggirlg truck trading in
Cameroon. Finally, we present our discussion on the law enforcameémhanagement

problems for the area.

Keywords: Bushmeat, Central Africa, Congo, wildlife trade
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I ntroduction

Wilkie and Carpenter (1999) suggest that there are three verguttiffjluestions
to answer to evaluate the impact of bushmeat hunting on wildlife gamda The first
of these is determining the harvest rates of bushmeat sp&biek, can be accomplished
by quantifying a known market that services a given area. Thetdl enormous value
in adding the information from our small study to the literaturenerbishmeat trade. In
2005, Fa et al. published a study of 36 sites across 7 countries toreodfferent
markets and the species hunted. However, the sites in their sttelyelager than 2500
inhabitants around the market (Fa et al., 2005). Ouesso is an impaat&et because it
accumulates meat from many smaller unquantified markets andieslgp human
population of over 11,000 at the time of the study. Edderai and Dame (200iédshe
large, urban, Yaounde bushmeat market in Cameroon. However, in comt@stdso,
bushmeat was only eaten by a small proportion of Yaounde’s inhabfEsdgrai &
Dame, 2006). The market of Ouesso is unique in the literature, bly bardue as a
market in Central Africa.

In much of the Congo Basin, including within the study area, bush(messt
caught in the wild for human consumption), is the primary sourcead@ipr(Wilkie &
Carpenter, 1999). There have been many different studies of bushmspgcific
markets to track both the sustainability of hunting and the spagpiicies being hunted
(Hart, 2000; Apaza et al., 2002; Fa et al., 2002; Mendelson et al., 200®&}llaas
examinations of the global impact and issues surrounding the budsihateain general
(Milner-Gulland, 2002; Robinson & Bennett, 2002; Rowcliffe, 2002; Tomlinson.et a

2002; Milner-Gulland & Bennett, 2003).
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Methods

The entire study region in northern Congo is tropical forest &tabAreas have
been cleared around villages and towns but they are always bordeffedest. In
addition, in 1995, according to hunters in the area, nearly 20 km? of fanestinding
Ouesso has been almost completely hunted out of large mammala.cadxsequence,
Ouesso depends on external sources of meat. From our travelsuakih and hunters
we observed that meat was often supplied by small hunting campglagds averaging
in size from 50-100 occupants and usually spaced along the roadseascevery 5km.
The meat diet of Northern Congolese was and continues to be alomogletely
restricted to fish and bushmeat, the only other source being dorchstiken. We
observed no cattle in the region at the time of the study and tedpbeef was usually
twice the price of bushmeat in the greater region.

The study was conducted from 15 June to 15 October 1994. Data wasedath
with the help of a Congolese assistant, Alain Kabo. There weegaseoutes of meat
entering and leaving Ouesso, including trucks 3 days a week toskmua small town
southwest along the main road, dug out canoes on two rivers, thieaSamd)the Ngoko,
and intermittent trucks from the villages of Sangha Palm araihikg. We recorded all
the meat that arrived in the market on the trucks. To record the tyuamdi type of meat
transported by these trucks and boats, several days each wdekveled with them
recording the meat picked up by the truck. When we arrivedvifiage or met new
people, interviews were done with the hunters regarding their hurdoagidns and
methods, and how they got the meat to market. We also recorde@dhénmught into

the port in the mornings and evenings, as well as the meatladtuthe market. We
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then recorded the species and its characteristics (sex, smokKeeslor weight, and

length). Species were identified using the Haltenorth and Diller FieldeGub88).

Results
Species hunted

An average of 5700 kg of meat, total weight, was sold in the Ouesketreach
week, an average of 0.5kg per person in OQuesso per week. From taltkingllagers
and hunters, we found that the Ouesso population diet is about 30% fish, dht, wei
which was not recorded by species. Of the meat we found in &nketnthe most
common animal sold was Peter's Duik€egfhalophus callipygus), see Figure 1. The
majority of duikers Cephalophus sp.), 64%, were caught with snares. The blue duiker
was caught less often with snares, probably because the smaeesieant for the bigger
duikers. Duikers often arrived in the market smoked and could not befigbbrty
species, but were weighed, measured, and grouped into the “unknown duiker” category.

Primates make up the next largest part of the diversitheoOuesso meat trade
(22% of market). An average of 132 primates of eight different species were braaght
Ouesso each week. All gorilla me&dtilla gorilla gorilla) came in to Ouesso from the
road to Liouesso, with an average of 1.6 carcasses per week. memeivs with
hunters, we were able to determine that there was one hunteuesto supplying the
market in Ouesso. Gorilla meat was sold alongside and atrtiee géce as other meat.
Only four chimpanzeedén troglodytes) and four leopardBgnthera pardus) were seen

in the market, although for different reasons.
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Chimpanzees were listed as vulnerable by IUCN in 1995 (they diage been
elevated to endangered (Oates et al.,, 2007), but offer little vallneiriters as they
contain little meat and are more difficult to hunt than snaring duikeng reason for few
leopard sightings seemed to be an issue of timing; leopards havadsady hunted out
of the region, with hunters reporting seeing very few in recentsyeand only
accidentally caught in snares.

Elephants l(oxodonta africana), gorillas Gorilla gorilla gorilla), chimpanzees
(Pan troglodytes), leopards Panthera pardus), and sitatungasltagelaphus spekii) make
up less than 2% of the meat in the Ouesso meat trade, but repinesgmecies of highest
conservation concern. Elephant meat or tusks were encountered an avel&gemes
per week. It is difficult to translate this into a number oplkénts, but based on the
number of tusks and the amount of meat, we estimate this to be 32n¢deiphttne four-
month study. Hunters and buyers have said that in the dry seasoi\dfleahe
community can kill up to three elephants per week. Elephant nstattte longest;
smoked in chunks 15cm3, it can last up to four weeks. The most important result was that
elephant meat or tusks were continually coming through the Ouesketyahile there
were also several sightings of meat or tusks leaving on the fgaBeazzaville. The
majority of ivory came from the Pokola area and the majority editnfrom the Liouesso
area.

Bongo {Tragelaphus eurycerus) is the only species in northern Congo that carry a
taboo about eating the meat. Bongo meat was never identified in the ,rbatkeé were
told a desperate hunter will disguise bongo meat by smoking it. hAMe no way of

knowing if this occurred without genetic testing, which was beyondstiope of this
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study, but we feel fairly certain it did happen as most huntdf<ati or sell whatever

they can catch.

Hunting methods

Snares are the most popular method of hunting in northern Congo. Snare hunting
is prohibited by Congolese law No. 83 (Wilkie et al., 1992). Theageesnaring system
is a line of snares, placed one to three meters apart, alopti-ased animal trail. The
average snare design is a hole dug about 15cm deep and wide with adabfe gflaced
over the hole. The low cost of snare hunting is the main reasothi imost popular
hunting method, 40.2% of the carcasses we were able to measureawgié by snares.
There is only the initial investment in wire cable, which iglsaprohibitively expensive,
and the wire can be reused constantly. It also has the advantagepofd live animals,
which carry a higher price because they can be sold to Mu$timproper Kkilling.
However, snares are a very indiscriminate method of hunting. Theeway to stop
non-target species from becoming victims.

Night hunting, also known as jacklighting, is supposed to be one of siesiea
methods of acquiring game in the forest, as the animals usua@hefrehen they see the
light, the light bounces off their eyes and the hunter fires his guenfy-one percent of
carcasses were caught at night, mainly fruit bats and ciVéts.hunter is not required to
have any tracking skills as he just walks down a path, and canyuapaloach the
animal until it is in range. The simplicity of this method haade it illegal in many

countries, including Congo (Congolese law No. 48 (Wilkie et al., 1992)g.considered

98
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by many hunters to be too simple and without sport, and only a sumaber brave night
hunting for its other inherent dangers.

Day hunting, the only legal form of hunting, was used to catch 36% cdsses.
However, we only encountered two hunters who enjoyed this type ofmbumtiost
hunters preferring the easier methods of snaring or night huntingeryAsmall group of

carcasses (less than 2%) were caught using traditional methods.

Meat Routes

By the time the meat is sold at the market in Ouesso it$aally gone through
many hands. The meat in Ouesso is brought in through several (eegeSlap), with
70% coming from the road to Liouesso (4% from the road to Ngombwe).ofher routes
all blend into the port entrance to Ouesso, either on the Sangha hd%)goko (16%)
rivers. Most of the meat on the Sangha River comes from themma@ameroon and is
put on the river in Sucambo. The villages along the road to Liouessdl ammilar, and
few are located directly on the road. Because the roads soutbussko are poor, all
the villages there bring their meat to market in Liouesso. FEhame, two trucks make
the trip between Ouesso and Liouesso three days a week. However, 37% of thr@yim
one of the trucks was working, and there was one day that no truck3 a truck stops
along the route and picks up meat, along with other items beingnsibld market, most
notably Megaphrynium spp.(makassa), a large leafy plant that is used in the market t
wrap meat. An average returning truck can carry about 50 passeh@érfianging
animals, 50 bundles of makassa and personal baggage. We neveragit@sssenger

or an animal refused. Many of the villagers said that thetfeoegh of the Ngoko River
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was becoming over hunted; they were catching less than they lgadr earlier. No

similar reports came from the Sangha River.

Meat Prices

The price of meat can increase considerably by the tinge reddy for public
purchase. Little attention is paid to the species, though the qait vary 200-500 CFA
by quality and size. The prices are an indication of quantikerahan quality. It was
apparent that the market demand was beyond the supply as the mheait @ery single
day of the study, and the limiting factor, according to hunter irgetyj was affordable
technology to increase hunting and access to the markets. Trgedhahese prices in
the future has potential as an indicator of the abundance ofhcgpteties, which may be

easier data to gather than counting wildlife.

Discussion

One of the elements of the Ouesso bushmeat trade that thisestedied was the
lack of effective protection or management of wildlife. Most Congolese do not know that
snaring is illegal, as hunters felt no need to hide the fact Hest were snaring.
Conservation is desperately needed in the Ouesso area, espaitlallpe Nouabale
Ndoki National Park less than 100km away. The list of protectedespecCongo at the
time of the study indicated a level of ignorance towards thea#&frforest environment.
Most hunters were capable of creating a more accuratef listeatened species than the
law acknowledged. Integrating this local knowledge and perceptionsaigntifically

based conservation planning could maintain this system of bushmeasustdeably.
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Since the study was conducted, elephants, gorillas, and chimpanzedseba\evated
on the IUCN Red list of Endangered Species from vulnerable to emdah@UCN,

2007), indicating that the international community has recognizeat Wlgal hunters
already knew; the threats to these species has increased.

As this area of northern Congo becomes more accessible by permeadsnbuilt
by logging companies, hunting can only increase, particularly émkeys and elephants
(Wilkie et al., 1992). However, it has been argued, although not yet prtvwan,
sustainable hunting can be accomplished with government support, enforcgiment
protection laws, and cooperation with timber companies (Bowen-Joendry, 1999).
The benefit of the simplicity of this study is that it canilgase repeated to begin to
understand how sustainable this market has become. It is difbcudt single study to
understand the sustainability of a market, but with repeated dégation, this will be

possible.

Conclusion
The biology of most hunted species in northern Congo has been studie@gnand

be incorporated to the study of sustainable hunting and species canseirvéhis area.
However, using only biology, the future of the system cannot be peddes the
economics of the trade play a large part in its future (Lingl.e 2002), as does the
substitution of an alternative protein source for the local peoplegB@eones & Pendry,
1999; Brashares et al., 2004). With better roads and dependable dinghtdectricity,
the meat trade could easily increase and quickly surpassnaitaievels for all species.

The goal of this system should be sustainability, and manageamdnprotection are
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essential to achieve this goal. This study provides a quatitiicand description of the
bushmeat trade in Ouesso, from which management decisions can bandafikure

studies can be compared.
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Figure 1 — Species found in the market
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CONCLUSION

With the most recent wave of extinction leading to a global lossodiversity, it
is important to know whether or not protected areas contribute toreatisa. In
Central Africa, in particular, this is a crucial momentjmae in which forests could be
lost to growing human needs and potentially altered by a chaolimgte. If steps are
taken to plan for the future of conservation, the protected aresonkst will provide
some of the greatest troves of resources for the world, asawgiroviding for their
countries as sources of sequestered carbon.

Protected areas might be the best way to save these resbotbe®r their local
and global value. However, there are few methods that can assess itteoinppatected
areas at a scale that is large, while using a metat is sufficiently simple and
transparent to enable scaling up of analysis at a regiomgbloal scale. As discussed in
Chapter One, several different methods exist to measure thogiveffess of individual
protected areas. Some of these methods can show whethercalgraspecies has been
protected or an ecosystem conserved, or can determine whetfugestation has
increased. The data examining deforestation and reforestatsncrauld be harnessed as
a surrogate for evaluating the effectiveness of protectexbs.ar&@he influence of these
effectiveness studies on the global warming crisis has yet tollpeexplored but they
hold potential for developing countries to contribute to solving the problem.

For Chapter Two, I collected and evaluated data which showed very low rates of
deforestation within protected areas in Central Africa, as well asdifference between
the protected area and the matrix surrounding it. However, there were significa

differences in deforestation rates between countries. The possible caugksr whe
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economic, political or social, of these differences should be investigatbedrfuithis

work should not in any way diminish the value or contribution of protected areas around
the world toward the conservation of our forests. While the results aretaabigbout

the immediate value of protected areas in a largely intact, contiguossg tdrelieve this

is only due to the currently low threat of deforestation and not because proteated are
have been ineffective. As deforestation increases with growing human populations and
an increased need for forest resources, protected areas may become aasssadition

in a matrix of altered landscapes.

Protected areas that border one another, leading to improved rates of
deforestation, will be important in long-term protected area planning. Theds resul
showed a lower rate of deforestation when protected areas created a unecifqorot
rather than being isolated from one another. Creating connected proteatedaarie be
useful to maintaining the highest level of protection without increased invastnidne
Congo Basin Forest still has large areas of intact forest, which could éelcersites of
future protected areas, so understanding where the best conservation eflfectaenee
achieved will be vital to improving conservation planning. Investigating the cafise
these deforestation rates, particularly while they are still low anddbeise undecided,
should be the focus of further study.

Chapter Three examined the connection between deforestation and access. Thes
analyses suggested that across much of Central Africa, the direct impaed of
development in and around protected areas can be mitigated if extensiveaxttaes
not occur following the construction of roads or power lines. Creatively planning a roa

system, like planning other forms of land use such as farming or logging, miayizei
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negative interactions between a protected area and the surrounding human population.
This would still provide for infrastructure development for local communities and
potential tourism to the protected area, but would help planners anticipate potential
problems. Clark (2009) suggests closing all inactive roads, and restrictivey r@ads in

and around logging concessions to monitored logging vehicles only (Clark et al. 2009),
which could greatly mitigate a concession’s indirect effects.

Creating a road system with the understanding of how it will affect animal
migration needs could prevent future problems generated by the new roads, such as
avoiding multi-lane highways that cut off wildlife migration paths. Accesker by
road or river, connects landscapes together. Mitigating the byproducts of @icread
creation has met with varying success around the world. In Central Aénittggr study
to determine the effects of permanent road structures will be necessayea roads
move further into the countryside around cities, replacing dirt roads.

The study of bushmeat with Bennett Hennessey, as discussed in Chapter Four,
provides another look at how effectiveness can be measured by looking at the amount of
bushmeat brought to market. The biology of most hunted species in northern Congo has
been studied and can be incorporated into the study of sustainable hunting and species
conservation in this area. However, using only biology, the future of the system cannot be
predicted as the economics of the trade play a large part in its future {lah@@02), as
does the substitution of an alternative protein source for the local people (Bowené&l
Pendry 1999; Brashares et al. 2004). With better roads, and dependable transportation

and electricity, the meat trade could easily increase and quickly surpassahlstlevels
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for all species. The goal of this system should be sustainability, and maragerd
protection are essential to achieve this goal.

This study provides a quantification and description of the bushmeat trade in
Ouesso in the 1990s, on which management decisions can be made and future studies can
be compared. A measure of the effectiveness of surrounding protected areas can be
inferred. Repeating the study of the bushmeat trade in Ouesso, particulargdoeiipl
a measure of the total area from which hunters draw animals, will provide a mafasure
the sustainability of the market and the hunting systems in place. In payiicwid be
important to track the variety of species in the market to be sure there igeatffic
enforcement of endangered species laws that prevent hunting of chimpanzéas, gori
and elephants.

Looking toward the future, the creation of a baseline understanding of roads and
rivers and their contribution to deforestation or reforestation can help detelmine t
Congo forest’s influence on the carbon emissions cycles in Central AfrickorCa
going to be the greatest global pollution concern in tiifeChtury. If the current
policies regarding avoided deforestation are changed within the Kyoto Protocol, as
suggested by Niesten et al. (2002), documentation on the current and prior states of
protected area forests will become crucial to allow Central Africaitofghancially from
their protected resources (Niesten et al. 2002) and the world to gain a source for
sequestration. My hope is that this study will contribute to the ongoing discussion of
preserving forests as a method of mitigating climate change.

The most recent I5Conference of the Parties (COP) of the United Nations

Framework Convention on Climate Change (UNFCCC) created the Copenkaged
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which calls for assistance to developing countries at an sexesevel to support
understanding how protecting carbon stocks and increasing reforestationpvdbheat
increasing carbon in the atmosphere (FCCC 2009). Valuing the stdéckarbon
sequestered in tropical forests will be the challenge for ecet®maiter ecologists and
conservations determine how many acres of forest remain (Anonygtdip). The
REDD (Reducing Emissions from Deforestation and Degradatiomygmg which was
heavily supported at the Copenhagen COP, aims to halve global defonebia2020,
with small projects started in developing countries already (mons 2010a). The
REDD program uses several different methods to lower carbohapet to address the
management of forests, land tenure and wants to use differenadotehoose countries
for selection. Rather than a country’s current forest cover IREDD hopes to use
forest cover potential to encourage countries with vastly deéatdéghdscapes to attempt
to recover (Phelps et al. 2010) by valuing their reforestation and restoratiompistt
Protected areas in the Congo Basin include tropical forests that can contribute t
the sequestration of carbon, but the countries they are within will only benefit if a
mechanism can be produced for a post-Kyoto treaty that takes into account theseasur
of protection (Griscom et al. 2009). The REDD projects are hoping to integrate all t
different techniques for forest preservation in developing countries to encouyagenpa
for ecosystem services provided by the forests both inside and outside protexted are
(Busch et al. 2009; Phelps et al. 2010). My research can help with the baseline
measurements of deforestation within protected areas in five developingesuntr

Knowing the standing levels of forest as well as the rates of deforestainori990-
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2000 will provide the individual countries with leverage to gain economic benefit from
conserving the forests.

One of the other areas influenced by this deforestation research is the impact of
forest loss on the hydrological cycles. According to Shiel and Murdiyarso (2009), and
the hypothesis they reference (Makarieva & Gorshkov 2007; Makarieva et al. 2006), even
localized deforestation can causes changes in the cycle of rain and drougheia dumear
to the different availability of moisture (Sheil & Murdiyarso 2009). This idea
supported by Bonan'’s (2008) work looking at the feedbacks and climate benefits of
tropical forests in particular, though they acknowledge the unknown influence of small
scale deforestation on clouds and precipitation (Bonan 2008). So knowing where
deforestation has occurred and its effects on nearby deserts, could influenee whe
reforestation efforts should take place.

As the Central African human population becomes more urban (see Table 1),
distant protected areas may become safer, while peri-urban areas take gneater
importance as sources of conservation activities. Large cities, like ManCity and
Séao Paulo, Brazil, tend to rely on peri-urban protected areas as sourcesfovatkra
(Torres et al. 2007), which could become threatened as the cities creep intoghe fore
Protected peri-urban forested areas will help maintain clean sourceskihglrivater
even as populations increase. The techniques used in this thesis can be repeated fairly
easily to monitor the deforestation, both natural and human-caused, as cities grow around
them.

However, this development will increase the need for forest resources, and the

indirect effects of logging cannot be ignored. One of the greatest indiestsef
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logging is the urbanization of frontier forests (Poulsen et al. 2009). When logging camps
are created, often the “town” will become permanent, creating a niarkeishmeat and
stripping the forest of its wildlife. While this may remain an ephemernag tiialanced

by people returning to large cities and the subsequent regrowth of forests, gawsrnm
should consider this side-effect of allowing large companies logging concesstbas
forests. Putting in place deterrents from creating permanent settteiméhe forest

might maintain the contiguous nature of the forest frontier after loggingtestihave

been completed.

This thesis is one piece of a greater puzzle to help understand mankind’s impact
on the world. In conjunction with wildlife studies, climate research, and conservat
policies, this research on deforestation can assist our goals to better thenageds of
a growing planet. By creating a baseline of deforestation, it improves our andargt
of a valuable area to the future needs of carbon sequestration and human development.
Repeating this study in 10, 20 or 50 years will show mankind’s influence on protected

areas and will hopefully help managers improve their activities to proedbrests.

Table 1 Central African Human Populations, 1970 and 2005 Source (U.N. 2006)

Country 1970 % Urban 2005 % Urban % Change
Cameroon 20.3 52.9 +32.6
Central African 30.1 43.8 +13.7
Republic

Congo Republic 32.8 54.4 +21.6

DRC 30.3 32.7 +2.4
Equatorial Guinea 26.7 50.0 +23.3
Gabon 31.1 85.2 +54.1
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APPENDICES

Table 1 - Confusion Matrix for all landscape categories Average accui@é@=all calculations based on methods in Inzana (2003)

This study
No Non-
Forest| Data | Cloud | Water| Deforest Reforest| forest Development | Total

Google Earth | Forest 165 Q 55 8 B 6 9 30 281
No Data 2 0 0 q ( 0 D 0 P
Cloud 31 0 228 1 3 3 B 23 297
Water 4 46 269 K D D ! 326
Deforest 10 1 21 ( 24\ 3 0 19 301
Reforest 8 1 18 ( 6 25[7 0 4 294
Non-forest 5 0 7 5 3 p 11 2 35
Development 34 @ 32 3 16 6 12 162 265
Total 259 2 407 286 28p 277 40 244 1801

Table 2 - Confusion Matrix excluding clouds. Average Accuracy = 0.77

WITHOUT Non-

CLOUDS Forest No Data | Water Deforest | Reforest | forest Devel Total

Forest 165 0 8 8 6 9 30 226

No Data 2 0 0 0 0 0 0 2

Water 4 269 3 0 0 4 280

Deforest 10 1 0 247 3 0 19 280

Reforest 8 1 0 6 257 0 4 276

Non-forest 5 0 5 3 2 11 2 28

Development 34 0 3 16 6 12 162 233

Total 228 2 285 283 274 32 221 1325
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Table 3 - User’s and Producer’s Accuracy

User's Producer's

accuracy | Accuracy
Forest 0.5872 0.6371
No Data 0.0000 0.0000
Cloud 0.7677 0.5602
Water 0.8252 0.9406
Deforest 0.8206 0.4379
Reforest 0.8741 0.4690
Non-forest 0.3143 0.2750
Development 0.6113 0.6639
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Table 4 - Deforestation Calculations

r P q
Annual -0.0082 -0.0078 -0.0081
Deforestation Rate
Annual NET -0.0005 -0.0005 -0.0005
Deforestation

The three measures below are rates

r = (1/(k-t) In (A2/A1) - % deforested per unit time

P = (1/(-t0))((A2-A1)! A1) - % of the original area of forest deforested per unit time
g = (AdA7) " (1/(-t1)) — 1 - % deforested per unit time

R and g are more similarly related with r being based on the compound interekthase to use r because most deforestation will
continue from areas of previous deforestation — a frontier of deforestation ireatlahs. While this does not figure into the actual
calculations, it makes intuitive sense to use a compounding calculation. When déforestatv, r & q are almost interchangeable,
which is supported by my calculations. According to Puyravaud, P underestineatestial rate of deforestation because it
arbitrarily compares the current forest cover to the original. é®awd 2003), and it does return a lower gross deforestation rate than
r or g, but the net deforestation for all are the same.

Puyravaud, J. P. 2003. Standardizing the calculation of the annual rate of defordstagisinEcology and Managemdi7:593-
596.
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Table 5 - Protected Area Summaries

Park IUCN Date Area % Cloud | Total sq km | Total sq km
Country Category | Created Designate (Sq. Km) | Cover Deforested | Reforested

Abong-Mbang Cameroon | Unset 1/1/1988 | Forest Reserve 1597.47 14.56 2.86 7.35
Abumonbazi DRC Unset 1/1/1998 | Unknown 5811.86 0.00 183.94 70.24
Andre Felix CAR Il 1/1/1960 | National Park 970.87 0.00 50.29 187.58
Aouk-Aoukale CAR [\ 1/1/1939 | Faunal Reserve 3491.11 0.82 54.94 196.26
Aubeville Boko Congo Congo Unset 1/1/1998 | Unknown 525.94 11.47 100.56 85.13
Avakaba Presidential Park | CAR [\ 1/1/1980 | Private Park 2927.15 0.25 238.32 37.05
Bamingui-Bangoran CAR Il 1/1/1933 | National Park 11256.22 0.27 256.66 622.60
Bangassou CAR Unset 1/1/1980 | Forest Reserve 12245.91 0.00 117.33 656.29
Basse Kando DRC \i Hunting Zone 341.50 0.00 0.29 106.70
Bateke Gabon Unset 9/4/2003 | National Park 2036.41 10.75 16.29 17.30
Benoue Cameroon | Il 1/1/1968 | National Park 1676.06 1.36 243.37 218.93
Bili-Uere DRC VI Hunting Zone 33870.41 0.33 1265.68 880.65
Bombo lumene DRC \ii 1/1/1968 | Hunting Zone 3350.10 9.21 239.00 123.93
Bomu DRC Ib Strict Nature Reserve | 10988.03 0.12 616.59 908.21
BoubaNdjida Cameroon | Il 1/1/1968 | National Park 2051.67 0.00 351.47 4.98
BoumbaBek2 Cameroon | I 3/21/2001 | Faunal Reserve 991.45 9.93 0.00 0.00
Bushimaie DRC VI Hunting Zone 2063.03 0.79 52.94 206.15
Douala Edea Cameroon | IV 1/1/1932 | Faunal Reserve 1295.05 8.13 11.22 5.73
Dzanga_Ndoki CAR Il 1/1/1990 | National Park 1143.59 12.10 37.84 10.78
Epi DRC Unset 1/1/1998 | Hunting Zone 4528.54 0.08 186.48 126.82
Faro Cameroon | I 1/1/1980 | National Park 3428.91 1.10 1170.52 213.58
Fungom Cameroon | VI Forest Reserve 322.59 0.00 11.91 21.45
Ganala na Bodio DRC VI Hunting Zone 8356.23 0.64 1167.93 318.23
Garamba DRC Il 1/1/1938 | National Park 5083.83 0.29 779.59 506.23
Gribingui-Bamingui CAR \% 1/1/1940 | Faunal Reserve 4341.96 0.39 51.87 54.58
Ibenga_Motaba Congo Unset 1/1/1990 | Unknown 6302.24 2.09 124.44 1.39
Ituri DRC VI 1/1/1992 | Forest Reserve 150.21 5.84 0.95 13.58
Kaga Bandoro CAR Unset 1/1/1998 | Forest Reserve 5019.39 0.00 0.00 251.51
Kahuzi Biega+A64 DRC Il 11/30/1970 | National Park 5916.71 5.58 1044.31 690.16
Kalamaloue Cameroon | Il 1/1/1972 | National Park 66.83 0.00 7.59 0.48
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Total sq km

IUCN Date Area % Cloud | Total sq km | Reforested

Park Country Category | Created Desighate (Sq. Km) | Cover Deforested

Kimbi Cameroon | IV 1/1/1964 | Faunal Reserve 51.53 0.00 0.76 3.30
Kolwezi DRC Unset 1/1/1998 | Hunting Zone 3387.05 1.67 126.47 65.95
Kotto CAR Unset Forest Reserve 1011.60 0.00 82.90 25.75
Koukourou-Bamingui CAR \% 1/1/1940 | Faunal Reserve 1139.03 0.14 17.78 97.20
Lac Tele Congo \% 10/5/2001 | Community Reserve 1600.00 11.88 34.13 0.93
Lefini Congo IV 1/1/1963 | Faunal Reserve 4766.60 1.08 288.22 163.62
Lobeke Cameroon | Il 1/1/1974 | National Park 2174.69 7.71 143.92 96.71
Lomako DRC Unset 1/1/1991 | Faunal Reserve 5823.77 6.39 783.41 374.45
Londela Kayes Congo Unset 1/1/1998 | Unknown 186.29 14.23 41.59 18.10
Lossi Gorilla Sanctuary Congo Unset 10/5/2001 | Faunal Reserve 571.33 4.70 0.00 0.00
Loudima 2 Congo Unset 1/1/1998 | Faunal Reserve 198.80 5.25 11.93 82.49
Luama DRC VI 1/1/1935 | Hunting Zone 3566.00 2.36 21.62 353.74
Luama Shaba DRC \ii Hunting Zone 2616.02 6.80 143.68 184.39
Luki DRC Unset 1/1/1979 | Forest Reserve 640.15 4.89 3.37 2.31
Luo Scientific Reserve DRC Unset 1/1/1990 | Forest Reserve 509.24 10.94 76.66 27.79
Mai Mpili DRC Unset 1/1/1998 | Forest Reserve 1133.60 10.47 142.71 26.99
Maika Penge DRC \ii Hunting Zone 2641.26 0.00 188.44 230.70
Maiko DRC Il 1/1/1970 | National Park 10617.29 5.69 106.57 0.00
Mangai DRC VI Hunting Zone 11062.34 1.92 374.00 368.72
Maniema DRC Unset 1/1/1998 | Forest Reserve 5294.81 2.02 409.55 0.00
Manovo-Gounda-Saint

Floris CAR Il 1/1/1933 | National Park 19127.08 1.05 283.38 362.74
Mbam et Djeram Cameroon | Il 1/1/2000 | National Park 4249.26 0.06 253.97 135.85
Mbambe Cameroon | Unset Forest Reserve 285.73 0.00 2.87 24.29
Mbulu Hills Cameroon | Unset Community Reserve 18.07 3.19 4.41 0.06
Mondo Missa DRC VI Hunting Zone 1704.21 1.17 250.42 112.52
Mongokele Cameroon | Unset 1/1/1988 | Forest Reserve 576.74 7.80 25.94 0.83
Mont Namemba Congo Unset 1/1/1990 | Unknown 4171.22 8.69 0.00 0.00
Monts Itombwe DRC Unset 1/1/1998 | Faunal Reserve 7047.29 14.40 156.13 366.31
Mount Oku Cameroon | Unset Faunal Reserve 49.41 0.00 2.43 2.67
Mozogo-Gokoro Cameroon | Il 1/1/1968 | National Park 17.17 0.00 8.38 0.14
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IUCN Date Area % Cloud | Total sq km | Total sq km

Park Country Category | Created Designate (Sq. Km) | Cover Deforested | Reforested
Mpem et Djim Cameroon | Unset Faunal Reserve 1045.28 14.36 17.74 30.78
Mawne River Cameroon | Unset 4/9/2002 | National Park 454.40 3.00 28.89 0.14
Nana CAR Unset 1/1/1998 | Forest Reserve 470.45 0.00 82.07 49.64
Nana Barya CAR \% 1/1/1952 | Faunal Reserve 2363.38 0.00 187.06 96.80
Ngotto CAR Unset 1/6/1998 | Forest Reserve 798.01 0.84 6.54 0.06
Ngotto Extension CAR Unset 12/13/2001 | Forest Reserve 1363.95 1.77 23.98 0.25
Nouabale Ndoki Congo Il 12/31/1993 | National Park 4217.39 12.13 77.49 3.42
Okapi DRC Il 1/1/1992 | Faunal Reserve 111.45 2.37 0.70 8.35
Ouandjia-Vakaga CAR \% 1/1/1925 | Faunal Reserve 7337.82 0.95 119.52 66.70
Rubi Tele CAR VI 1/1/1930 | Hunting Zone 12384.93 10.49 329.68 0.00
Rutshuru DRC \i 1/1/1953 | Hunting Zone 909.71 1.21 4.75 81.04
Salonga DRC Il 1/1/1970 | National Park 34895.33 2.77 1106.89 0.00
Santchou Cameroon | IV 1/1/1964 | Faunal Reserve 94.89 3.98 25.70 1.68
Shaba Elephant DRC Unset 1/1/1987 | Faunal Reserve 531.10 5.53 56.04 21.19
Sources de Ogooue

Zanaga Congo Unset 1/1/1998 | Unknown 1457.45 0.52 29.09 18.21
Sud Masisi DRC Unset 1/1/1998 | Forest Reserve 1684.81 3.57 316.02 58.23
Swa-Kibula DRC VI Hunting Zone 1461.07 0.00 145.16 115.64
Takamanda Cameroon | IV 1/1/1934 | Faunal Reserve 617.34 1.64 80.34 0.03
Tchabal Mbabo Cameroon | Unset Faunal Reserve 3173.61 0.00 247.17 237.99
Tumba DRC Unset 1/1/1990 | Unknown 1685.17 0.71 57.20 14.41
Upemba DRC Il 1/1/1939 | National Park 13983.91 0.00 78.85 3694.59
Vassako-Bolo CAR la 1/1/1960 | Strict Nature Reserve 878.75 0.11 12.94 32.15
Waza Cameroon | Il 1/1/1979 | National Park 1405.76 0.00 277.93 21.14
Wonga Wongoue Gabon \% 1/1/1972 | Private Park 5064.65 9.29 0.00 0.00
Yangambi DRC la Strict Nature Reserve 767.28 9.92 26.36 13.42
Yata Ngaya CAR \% 1/1/1960 | Faunal Reserve 5117.94 0.00 431.33 569.06
Zone Pilote de la Sangbha | CAR Unset 1/1/1998 | Forest Reserve 10698.72 0.22 234.50 525.82
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Density of

Annual Annual Net Borders | Roads | Roads Length of :
Deforestation | Deforestation | Another | Inside | within | Roads as | Road Inside Roads in PA
Park Rate Rate Park Park 10KM borders PA (km)
Abong-Mbang -0.0002 0.0004 | No Yes Yes Yes 130.61 0.08
Abumonbazi -0.0042 -0.0026 | No No No No
Andre Felix -0.0160 0.0339 | Yes Yes Yes Yes 34.81 0.04
Aouk-Aoukale -0.0035 0.0085 | Yes Yes Yes Yes 47.31 0.01
Aubeville Boko Congo -0.0606 -0.0072 | No Yes Yes Yes 29.21 0.06
Avakaba Presidential Park -0.0153 -0.0128 | Yes Yes Yes Yes 48.38 0.02
Bamingui-Bangoran -0.0044 0.0059 | Yes Yes Yes Yes 145.60 0.01
Bangassou -0.0013 0.0059 | No Yes Yes Yes 363.70 0.03
Basse Kando -0.0002 0.0631 | Yes No No No
Bateke -0.0025 0.0002 | No No Yes Yes
Benoue -0.0215 -0.0020 | No Yes Yes Yes 54.86 0.03
Bili-Uere -0.0070 -0.0021 | Yes No Yes No
Bombo lumene -0.0180 -0.0083 | No Yes Yes Yes 30.19 0.01
Bomu -0.0116 0.0050 | Yes No Yes Yes
BoubaNdjida -0.0398 -0.0392 | No Yes Yes Yes 32.75 0.02
BoumbaBek?2 0.0000 0.0000 | Yes No Yes No
Bushimaie -0.0066 0.0171 | No No No No
Douala Edea -0.0010 -0.0005 | No Yes Yes Yes 40.82 0.03
Dzanga_ Ndoki -0.0111 -0.0078 | Yes No No No
Epi -0.0109 -0.0034 | No Yes Yes Yes 70.11 0.02
Faro -0.0608 -0.0466 | No Yes Yes Yes 26.77 0.01
Fungom -0.0050 0.0038 | No No No No
Ganala na Bodio -0.0418 -0.0286 | Yes Yes Yes Yes 205.43 0.02
Garamba -0.0528 -0.0155 | Yes No Yes Yes
Gribingui-Bamingui -0.0022 0.0001 | Yes Yes Yes Yes 62.63 0.01
Ibenga_Motaba -0.0027 -0.0027 | No No No Yes
lturi -0.0011 0.0130 | Yes Yes Yes Yes 9.92 0.07
Kaga Bandoro 0.0000 0.0075 | No Yes Yes Yes 286.10 0.06
Kahuzi Biega -0.0323 -0.0098 | No Yes Yes Yes 48.41 0.01
Kalamaloue -0.0352 -0.0325 | No Yes Yes No 16.06 0.24
Kimbi -0.0044 0.0136 | No Yes Yes Yes 1.31 0.03
Kolwezi -0.0052 -0.0025 | No Yes Yes Yes 50.96 0.02
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Density of

Annual Annual Net Borders | Roads | Roads Length of :
Deforestation | Deforestation | Another | Inside | within | Roads as | Road Inside Roads in PA
Park Rate Rate Park Park 10KM borders PA (km)
Kotto -0.0099 -0.0067 | No No Yes No
Koukourou-Bamingui -0.0028 0.0118 | Yes No Yes Yes
Lac Tele -0.0030 -0.0030 | Yes Yes Yes Yes 3.31 0.00
Lefini -0.0145 -0.0060 | No Yes Yes Yes 155.19 0.03
Lobeke -0.0270 -0.0081 | Yes No No Yes
Lomako -0.0175 -0.0088 | No No Yes No
Londela Kayes -0.0752 -0.0355 | No Yes Yes No 11.72 0.06
Lossi Gorilla Sanctuary 0.0000 0.0000 | No No No No
Loudima 2 -0.0217 0.0767 | No Yes Yes Yes 35.67 0.18
Luama -0.0017 0.0230 | No Yes Yes Yes 58.81 0.02
Luama Shaba -0.0176 0.0045 | Yes Yes Yes No 97.53 0.04
Luki -0.0006 -0.0002 | No Yes Yes Yes 38.26 0.06
Luo Scientific Reserve -0.0255 -0.0155 | No No No No
Mai Mpili -0.0280 -0.0221 | No No No No
Maika Penge -0.0184 0.0037 | No Yes Yes No 60.38 0.02
Maiko -0.0018 -0.0018 | No No Yes No
Mangai -0.0070 -0.0001 | No Yes Yes No 138.33 0.01
Maniema -0.0136 -0.0136 | No Yes Yes No 40.38 0.01
Manovo-Gounda-Saint
Floris -0.0033 0.0009 | Yes Yes Yes Yes 223.28 0.01
Mbam et Djeram -0.0091 -0.0041 | No Yes Yes Yes 1.18 0.00
Mbambe -0.0012 0.0086 | No Yes Yes No 19.74 0.07
Mbulu Hills -0.0433 -0.0426 | No No No No
Mondo Missa -0.0337 -0.0172 | Yes No Yes No
Mongokele -0.0124 -0.0120 | Yes No No Yes
Mont Namemba 0.0000 0.0000 | No Yes Yes No 72.97 0.02
Monts Itombwe -0.0049 0.0063 | No Yes Yes Yes 113.50 0.02
Mount Oku -0.0070 0.0007 | No No Yes No
Mozogo-Gokoro -0.1564 -0.1503 | No Yes Yes Yes 2.31 0.13
Mpem et Djim -0.0037 0.0027 | No Yes Yes Yes 1.96 0.00
Mawne River -0.0079 -0.0078 | No No Yes No
Nana -0.0254 -0.0093 | No Yes Yes Yes 37.12 0.08
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Density of

Annual Annual Net Borders | Roads | Roads Length of _
Deforestation | Deforestation | Another | Inside | within | Roads as | Road Inside Roads in PA
Park Rate Rate Park Park 10KM borders PA (km)
Nana_Barya -0.0147 -0.0068 | No Yes Yes Yes 9.82 0.00
Ngotto -0.0009 -0.0009 | Yes Yes Yes Yes 20.17 0.03
Ngotto Extension -0.0019 -0.0019 | Yes Yes Yes Yes 93.82 0.07
Nouabale Ndoki -0.0039 -0.0037 | Yes No No Yes
Okapi -0.0010 0.0101 | Yes Yes Yes No 13.05 0.12
Ouandjia-Vakaga -0.0057 -0.0025 | Yes Yes Yes Yes 216.16 0.03
Rubi Tele -0.0039 -0.0039 | No Yes Yes Yes 90.15 0.01
Rutshuru -0.0012 0.0171 | Yes Yes Yes No 12.74 0.01
Salonga -0.0035 -0.0035 | No No Yes No
Santchou -0.0526 -0.0482 | No No Yes Yes
Shaba Elephant -0.0386 -0.0222 | Yes No No No
Sources de Ogooue
Zanaga -0.0052 -0.0019 | No Yes Yes No 68.19 0.05
Sud Masisi -0.0464 -0.0361 | No Yes Yes Yes 4.19 0.00
Swa-Kibula -0.0408 -0.0071 | No No No No
Takamanda -0.0162 -0.0162 | No No No No
Tchabal Mbabo -0.0133 -0.0005 | No No Yes No
Tumba -0.0040 -0.0030 | No No No No
Upemba -0.0021 0.0658 | Yes No Yes Yes
Vassako-Bolo -0.0027 0.0039 | Yes No Yes No
Waza -0.0334 -0.0304 | No Yes Yes Yes 77.60 0.06
Wonga_ Wongoue 0.0000 0.0000 | No Yes Yes No 433.90 0.09
Yangambi -0.0046 -0.0022 | No Yes Yes Yes 24.26 0.03
Yata Ngaya -0.0158 0.0045 | Yes Yes Yes Yes 147.04 0.03
Zone Pilote de la Sangba -0.0035 0.0042 | Yes Yes Yes Yes 203.46 0.02
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Perimeter

Transmission Density of
Transmission Line Length in | Transmission (Km)

Park Lines PA (km) Line in PA

Abong-Mbang Yes 9.67 0.01 191.91
Abumonbazi No 281.75
Andre Felix No 141.99
Aouk-Aoukale No 394.63
Aubeville Boko Congo Yes 19.34 0.04 83.91
Avakaba Presidential Park | No 264.74
Bamingui-Bangoran No 693.74
Bangassou No 545.04
Basse Kando No 82.69
Bateke No 284.62
Benoue Yes 11.38 0.01 241.03
Bili-Uere No 1617.92
Bombo lumene Yes 66.42 0.02 303.62
Bomu No 1214.60
BoubaNdjida No 210.67
BoumbaBek?2 No 343.14
Bushimaie No 185.85
Douala Edea Yes 404.20
Dzanga_ Ndoki No 197.98
Epi No 332.83
Faro No 250.07
Fungom No 78.95
Ganala na Bodio No 668.33
Garamba No 410.78
Gribingui-Bamingui No 491.22
Ibenga_Motaba Yes 53.02 0.01 342.17
lturi No 437.50
Kaga Bandoro Yes 74.91 0.01 291.77
Kahuzi Biega Yes 595.26
Kalamaloue Yes 37.71
Kimbi No 39.07
Kolwezi Yes 101.96 0.03 213.90
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Transmission

Transmission
Line Length in

Density of

Transmission

Perimeter
(Km)

Park Lines PA (km) Line in PA

Kotto No 127.34
Koukourou-Bamingui Yes 200.79
Lac Tele No 392.47
Lefini Yes 431.60
Lobeke No 238.23
Lomako No 397.29
Londela Kayes Yes 13.72 0.07 49.91
Lossi Gorilla Sanctuary No 99.82
Loudima 2 Yes 37.38 0.19 76.64
Luama Yes 305.58
Luama Shaba Yes 118.86 0.05 275.64
Luki Yes 21.55 0.03 106.56
Luo Scientific Reserve No 104.93
Mai Mpili No 128.07
Maika Penge No 295.19
Maiko No 569.73
Mangai Yes 71.49 0.01 747.96
Maniema No 267.59
Manovo-Gounda-Saint

Floris Yes 128.64 0.01 1008.92
Mbam et Djeram No 354.06
Mbambe No 70.20
Mbulu Hills No 16.44
Mondo Missa No 207.82
Mongokele No 102.60
Mont Namemba No 288.49
Monts Itombwe No 389.53
Mount Oku Yes 25.61
Mozogo-Gokoro Yes 16.72
Mpem et Djim No 136.72
Mawne River Yes 14.40 0.03 134.12
Nana No 105.90
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Transmission

Transmission
Line Length in

Density of

Transmission

Perimeter
(Km)

Park Lines PA (km) Line in PA

Nana_Barya No 279.52
Ngotto No 133.71
Ngotto Extension No 276.27
Nouabale Ndoki No 341.33
Okapi No 426.92
Ouandjia-Vakaga Yes 56.43 0.01 682.28
Rubi Tele No 536.81
Rutshuru No 179.38
Salonga No 1343.12
Santchou Yes 46.89
Shaba Elephant No 151.28
Sources de Ogooue

Zanaga No 137.58
Sud Masisi Yes 228.59
Swa-Kibula No 221.16
Takamanda No 175.53
Tchabal Mbabo No 286.43
Tumba No 156.50
Upemba No 711.48
Vassako-Bolo No 137.49
Waza Yes 44.40 0.03 165.79
Wonga_ Wongoue Yes 63.01 0.01 466.45
Yangambi No 107.85
Yata Ngaya No 573.73
Zone Pilote de la Sangba | Yes 139.34 0.01 422.79
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Image 1 — Ngotto and Ngotto Extension forest reserve

Ngotto Forest Reserve, Central African Republic
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Image 2 — Ngotto Forest Reserve with roads and rivers
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Image 3 — Ngotto Forest Reserve, Satellite image from 2000

Ngotto Forest Reserve, Central African Republic
Satellite Imagery, 2000
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Figure 1 — Cloud cover elimination figure
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