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Abstract Despite their prevalence in both developed and
developing countries, there have been surprisingly few
field assessments of the ecological effectiveness of pro-
tected areas. This study aimed to assess the effectiveness of
a key protected area in eastern Madagascar, Ranomafana
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National Park (RNP). We established paired 100 x 4-m
vegetation transects (400 m?) within RNP and in remnant
forests in the park’s peripheral zone. In each 400-m? plot,
all woody stems >1.5 cm in diameter at breast height were
measured and identified to species. All species were also
identified as native or non-native. We identified utilitarian
species within all transects and they were sorted into use
category. We calculated plot-level taxonomic biodiversity
and functional diversity of utilitarian species; the latter was
calculated by clustering the multivariate distances between
species based on their utilitarian traits, and all metrics were
tested using paired #-tests. Our results showed that there
was significantly higher biodiversity inside RNP than in
remnant forests and this pattern was consistent across all
diversity metrics examined. Forests not located within the
park’s boundary had significantly higher non-native species
than within RNP. There was no statistically significant
difference in functional diversity of utilitarian species
inside RNP vs. remnant forests; however, the overall trend
was toward higher diversity inside park boundaries. These
findings suggested that RNP has been effective at main-
taining taxonomic diversity relative to surrounding
unprotected areas and restricting the spread of non-native
plants. The results also suggested that low functional
redundancy of forests outside of RNP might be of concern,
because residents in surrounding villages may have few
other substitutes for the services provided by species that
are of critical importance to their livelihoods. This study
highlights the challenges of trying to reconcile biodiversity
conservation with human use of natural resources in eco-
nomically poor, remote areas.
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Introduction
Protected Areas

One of the major strategies for promoting biodiversity
conservation is the establishment of protected areas. The
World Conservation Union (JUCN 1994) defines a pro-
tected area as “a clearly defined geographical space,
recognized, dedicated and managed through legal or other
effective means to achieve the long-term conservation of
nature with associated ecosystem services and cultural
values” (Dudley 2008). The IUCN World Commission on
protected areas presently estimates that there are 100,000
protected areas that fall into one of six conservation cate-
gories, ranging from areas that strictly limit human activity
to those that allow for sustainable human use (IUCN 2007).
Many of these protected areas are directed at conserving
tropical forests, as these habitats contain two-thirds of the
world’s terrestrial plant and animal species (Raven 1980).
More importantly, many protected areas are located in
developing countries (Terborgh and van Schaik 2002;
Wilshusen and others 2003), where people are often
directly dependent on natural resources for subsistence
and, therefore, are often surrounded by a matrix that may
include a mosaic of development, agriculture, pastures, and
unprotected forests of varying condition and successional
state. Due to the many surrounding pressures on natural
resources, protected areas can be an important strategy to
conserve habitat and species in tropical regions. These
surrounding pressures, however, may also challenge con-
servation of protected areas.

Despite their prevalence in both developed and devel-
oping countries, there have been surprisingly few
assessments on the ecological effectiveness of protected
areas (sensu Gaston and others 2006). Studies that have
attempted to assess the success of protected areas for
safeguarding against environmental degradation have
included qualitative assessments based on interviews with
park managers (Bruner and others 2001), assessments on
the degree of forest cover change from one time period to
another (DeFries and others 2005), change in the abun-
dance of a target species (Tuya and others 2006), and
abatement of threats (Salafsky and Margoluis 1999; Mug-
isha and Jacobson 2004), among others. Hockings (2003)
provides an extensive review of strategies used by different
organizations for assessing the effectiveness of protected
area management. Considering the prevalence and impor-
tance of protected areas, assessments of their effectiveness
at preventing ecological degradation, such as biodiversity
loss or invasive plant spread, are also of importance for
conservation.

Deforestation within protected area boundaries can be
measured with high accuracy using satellite imagery or

aerial surveys, but these methods are unable to capture and
describe the great variety of processes that reduce or alter
forest cover without eliminating it (Stone and Lefebvre
1998; Sgrenzaroli and others 2002). This more subtle
process of ‘forest degradation’ refers to the temporary
or permanent decrease in the density, biomass, or overall
structure of vegetation cover or its species composition
(Grainger 1993; Sgrenzaroli and others 2002) and, in many
cases, is a more prevalent process than deforestation
(Lambin 1999; Nepstad and others 1999). Degradation can
be a result of chronic selective extraction of forest
resources for purposes such as fuelwood, construction
materials, and non-timber forest products (NTFP).

Due to the changes in diversity, structure, and environ-
mental conditions in degraded forest sites compared to
intact analogues, forest degradation is often coupled with
invasive species establishment (Von Holle and Motzkin
2007). However, the degree to which non-native plants are
able to establish viable populations in degraded tropical
forests is a function of the propagule pressure from source
locations (Aragén and Morales 2003), such as abandoned
agricultural lands. Protected areas that border highly
degraded habitats may be more susceptible to invasion,
because dispersal mechanisms that facilitate range expan-
sion of non-native vegetation might not constrained by
park boundaries. At certain spatial and temporal scales,
establishment and proliferation of non-native invasive
plants may lead to a decline in biodiversity in tropical
forests (Brown and Gurevitch 2004; Brown and others
2006). Still other studies suggest that the relationship
between non-natives and biodiversity is strongly dependent
on the spatiotemporal scale examined (Sax and Gaines
2003; Allen and Shea 2006; Brown and others 2008). Thus,
the threat of invasive species or high-intensity, small-scale
forest degradation may be more difficult to measure with
rapid assessment tools such as remote sensing. However,
these challenges should not preclude the monitoring of
such threats, since they are important to quantify individ-
ually and because such pressures may have synergistic
effects and feedbacks that could negatively affect the
biodiversity that protected forests are intended to conserve.

Protected Areas in Madagascar

As of 2003, it was estimated that 3.1% of Madagascar’s
land area was located within a total of 53 protected areas
(World_Resource_Institute 2006). The land area currently
under administrative or governmental protection (e.g.,
national park, special reserves, or preserves) is set to triple
to include approximately 10% of Madagascar’s total land
area by 2008 (Norris 2006). However, the effectiveness of
these protected areas at reducing threats to the island’s
biodiversity remains unclear (McConnell 2002). An
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example of persistent threats to biodiversity is the degraded
state of buffer or peripheral areas surrounding many pro-
tected habitats in Madagascar. DeFries and others (2005)
report that forested habitats within periphery zones
surrounding moist forests in Madagascar registered the
greatest loss of 198 protected areas surveyed globally
during a period ranging from 1982 to 2001. The decrease in
forests surrounding protected areas is of concern for both
biodiversity conservation (DeFries and others 2005) and
the human wellbeing of rural communities living near these
forests, many of whom depend directly on forest resources
for their livelihoods.

We used Ranomafana National Park as a case study to
address questions regarding the ecological role of protected
areas in developing countries. Our study assessed the
efficacy of protected areas at (1) promoting conservation of
taxonomic and functional diversity, (2) protecting against
overexploitation of natural resources, and (3) restricting the
spread of non-native, invasive plants. We choose these
variables because they can serve as effective proxies for the
ecological effectiveness of protected areas and are not
easily measured with frequently used monitoring tools such
as satellite imagery. For instance, biodiversity plays a
central role in regulating ecosystem processes and function
and conveys much information about the extent and degree
of environmental changes within a system (Tilman 1999;
Chapin and others 2000; Naeem 2002; Hooper and others
2005). Taxonomic diversity has been the principal form of
measurement of biodiversity. In recent years, functional
diversity—which measures the range of roles that organ-
isms play in a community—has gained increasing
prominence for assessing species diversity (Petchey and
Gaston 2002, 2006). We assessed diversity using both
taxonomic and functional metrics. In regions where forest
resources form a critical part of people’s daily livelihoods,
the abundance and distribution of certain useful species
may depend heavily upon the degree of their utility
to surrounding communities, how frequently they are
exploited and their regeneration potential. Thus, the range
of utilitarian traits associated with a suite of species found
within a landscape can provide important information
about the state of resources critical for human well-being
and the degree of unsustainable use of those resources. The
abundance and distribution of non-native plant species can
also be a valuable barometer of environmental degradation.

Methods
Ranomafana National Park

Ranomafana National Park was gazetted in 1991 (Ran-
drianandianina and others 2003) and is located between
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47°18'-47°37 E and 21°02'-21°25" S in Madagascar
(Fig. 1). The designated park consists of 43,500 ha of
continuous moist humid forest (midaltitude montane
rainforest), with annual rainfall ranging from 1700 to
4300 mm. The high-rainfall season is from December to
March, with the driest periods in September and October.
Temperatures range from lows in June—September (4—
12°C) to highs in December—February (36-40°C) (Wright
and Andriamihaja 2003). Tropical cyclones are a dominant
natural disturbance affecting Madagascar, with an esti-
mated 155 cyclones hitting the island between 1848 and
1970 (Jury 2003) and 28 crossing over the island between
1985 and 2003 (U.S. Naval Pacific Meteorology and
Oceanography Center 1985-2003). In 2001, a combination
of assessments using aerial surveys and satellite imagery
analyses revealed that, despite the extent of slash-and-burn
agriculture outside of the park, 98% of the forest cover
within the park was intact (Wright and Andriamihaja,
2003). However, Wright and Andriamihaja (2003) did not
assess the condition of forest stand structure and compo-
sition in detail at the ground level.

Since the establishment of RNP, people have been rel-
egated to the peripheral zones, which had been largely
degraded throughout time and have continued to be
degraded since the establishment of the park, but retain
relict patches of relatively intact forest and mixed planta-
tions (Peters 1998). Because of the pre-existent extreme
degradation in the areas surrounding the desired park
boundaries combined with the unregulated use of these
areas, RNP’s periphery zones do not qualify as “buffer
zones” as defined by the Integrated Conservation and
Development Project (ICDP), which requires that there be
relatively intact habitat directly bordering the protected
area, with restricted land use (Margules and Pressey 2000).
More specifically, “a buffer zone is the habitat surrounding
a core protected area that is managed to help maintain
values of a National Park, Preserve and/or Reserve”
(Dudley and Phillips 2007). A buffer zone is intended to
serve as a barrier against habitat degradation and other
threats such as fire, disease or invasive species (Hansen and
Rotella 2002). At RNP, the sharp juxtaposition between
land uses outside and inside of the park suggests that
threats may be higher at RNP than protected areas that have
dense to moderate forest cover in the areas surrounding the
park (Margules and Pressey 2000). Without a forested
buffer area, the likelihood of threats such as invasive
species spread or selective logging for purposes such as
fuelwood and construction materials, which cannot be
monitored as easily by park rangers, aerial surveys, or
satellite imagery, could affect the forest within the park
boundaries.

Currently available figures estimate that 160 villages
surround the forest area of Ranomafana National Park, with
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Fig. 1 Site map of Ranomafana

National Park (RNP) showing =P
the locations of the park and S s
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park plots and triangles indicate
village plots. The position for
Torotosy Park was
approximated

Torotosy

a total population of 27,000 within a 500-km? area (Peters
1998). A large portion of this population uses the forest
area in the periphery zone for slash-and-burn agriculture
and extract forest resources for fuelwood, construction
materials, medicine, and a myriad of non-timber forest
products (NTFP). The biggest threats to RNP when it was
established were ongoing subsistence agriculture, extrac-
tion of plants and animals, and uncontrolled forestry
activities within the park boundary (Peters 1998).

The spread of non-native, invasive plants has also been
identified as a threat to forest biodiversity in RNP (Brown
and Gurevitch 2004). There are a number of common
invasive trees and shrubs established within the park. These

Legend
N
O Park Plots
A Viage Plots
0 2 4 Kilometers
L1
include Clidemia hirta (Melastomacaceae), Psidium
cattleianum Sabine (Myrtaceae), Eucalyptus robusta

(Myrtaceae), Lantana camara (Verbenaceae), and Syzyg-
ium jambos (Myrtaceae).

Vegetation Sampling

Vegetation sampling was carried out from May to July
2006. The park was separated into four regions—north,
south, west, and central—from which we preselected nine
sites in which to sample. Two sites were selected from each
of the outer regions, and three sites within the central
region. Each site was associated with one of the main
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villages in a given region. We established paired 100 x 4-
m (400-m?) vegetation plots inside the park and another
outside. The plots established outside the RNP (hereafter
referred to as “village plots”) were situated within the
peripheral zone in remnant forested areas. Those plots
began at the forest edge closest to the village and radiated
away from the village toward RNP (Fig. 1). The plots
established inside the park (hereafter referred to as “park
plots”) began at the boundary of RNP closest to the village
and extended 100 m into the park away from its boundary.
A total of 18 plots, each 400 m? in size, were sampled for
this study—nine within the park boundary and the same
number in remnant forests outside the park (Fig. 1).

In each 400-m” plot, all woody stems >1.5 cm in
diameter at breast height (DBH) were identified to species,
measured, and mapped to nearest meter along the transect
line. Diameters were measured with 5-m DBH tapes and
recorded to nearest millimeter. Trees with multiple stems
that were connected near the base were counted as single
individuals and assigned the DBH of the largest stem.
These plants were counted as one individual during our
analyses. All species were subsequently identified as native
or non-native by cross-referencing several Malagasy
botanical sources (Schatz 1994; Turk 1997; Boiteau 1999;
Schatz 2001). The herbaceous layer was sampled at every
I-m interval along the 100-m transect line and the domi-
nant herbaceous species were identified and categorized as
native or non-native. In addition, location along the tran-
sect was recorded for woody species, and diversity metrics
(below) were calculated separately for the four segments,
0-25, 25-50, 50-75, and 75-100 m from the edge of the
park.

Utilitarian Species

Utilitarian species recorded within all transects were sorted
by use category. The number of individuals was calculated
for trees that were identified by Malagasy researchers as
being used for fuelwood, construction materials, and other
non-timber forest products (NTFPs; Appendix). Construc-
tion in this context refers to the provisioning of shelter and
other critical needs. Fuelwood in this context is predomi-
nantly for firewood. Construction materials, fuelwood, and
NTFPs are considered the most prominent selective uses of
forests in Madagascar (Consiglio and others 2006) and are
extremely high in intensity (Kremen and others 1998).
These use practices are the dominant drivers of forest
degradation in contrast to deforestation, which is caused
primarily by slash-and-burn agriculture. It is important to
note that the villages surrounding Ranomofana may vary in
their degree of dependence and use of forest products
(Ferraro 2001). Ideally, this analysis would be accompa-
nied by interviews with local people to ascertain which
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species within each use category are preferred, as well as
the species that are commonly substituted when preferred
species are not available (Kremen and others 1998).
However, analysis of this detail was not possible for this
study.

We divided the utilitarian species for all use catego-
ries into four size classes (e.g., 1 cm < DBH < 5 cm,
S5cm <DBH<10cm, 10cm <DBH < 15c¢cm, and
DBH > 15 cm). These size class intervals effectively
broke the distribution of utilitarian species into quartiles.
We calculated the frequency of utilitarian species in each
size class for park and village sites and assessed signifi-
cance using a contingency table (see Statistical Methods).
These size class distributions included medicinal species as
well as other non-destructively harvested species whose
abundance may be important for human health purposes
(Kremen and others 1998).

Analytical Methods
Diversity Metrics

Four indexes were used to characterize plot-level species
diversity: species richness, S, the number of species per
400 m?; Shannon’s index, H’ = —2P;log,P;, which
accords greater weight to contrasts in rare species; inverse
of Simpson’s index, 1/4, which emphasizes differences in
common species, where 4 = Epiz, and P; is the proportion
of the number of ith species to total number of individuals;
and Fisher’s a, S =oln(1+ N/a), where S is species
richness, N is number of individuals, and « is estimated
from the species-individual relationships in each plot
(Magurran 2004). Fisher’s « is commonly used for highly
diverse tropical forest datasets (Condit and others 1996)
and is a scale-independent measure of biodiversity (Schulte
and others 2005). Each diversity metric assesses a different
aspect of community structure (Magurran 2004). Using
only a taxonomic measure of diversity overlooks the var-
iation in socially important traits between species;
therefore, we calculated the utilitarian functional diversity
in conjunction with taxonomic metrics. For our purposes,
“functional diversity” refers to the diversity of utilitarian
traits across species in a given ecological community.
Utilitarian traits were defined by a species’ utility to local
residents surrounding RNP (Appendix).

Measures of functional diversity summarize the range
and values of the traits of species present in a community
using a single metric and, thus, provide a way to compare
the diversity of species’ roles in a community between
plots. In contrast, functional richness (e.g., the number of
different traits present in a community) provides limited
information about the total range in trait values and sheds
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little light on the functional trait composition of a com-
munity. We used Petchey and Gaston’s (2002) FD as a
measure of utilitarian species functional diversity. While
several other indexes have recently been developed for
functional diversity measurement (e.g., Rao’s Q (Leps and
others 2006)), Petchey and Gaston’s (2006) FD performs
well in comparison, is relatively easy to calculate and
interpret, and easily incorporates mixed data types. Using
this dendrogram-based index of functional diversity
requires several decisions; we used the Gower method to
calculate multivariate distances between species because
our trait data were of mixed types (continuous, ordinal, and
binary) and unweighted pair-group method with arithmetic
means (UPGMA) to create the functional dendrograms,
because this clustering algorithm gave the highest cophe-
netic correlation with the original multivariate distances
(Petchey and Gaston 2007). Utilitarian traits were as fol-
lows: construction (ordinal), firewood (ordinal), medicinal/
tea (binary), fruit/food (binary), other wood (binary), and
other leaves (binary). Species used for construction and
firewood were separated and ranked into three categories
based on their preference to local residents (e.g., poor,
good, and very good).

Statistical Analyses

The effects of plot location on species richness, Shannon’s
index, inverse of Simpson’s index, and Fisher’s a were
tested using separate paired z-tests. Paired z-tests were used
to analyze the effects of plot location on both woody and
herbaceous non-native plant percentage. A single classifi-
cation ANOVA was used to examine diversity along the
transect distance classes (e.g., from forest edge to interior).
The data for percentage of non-native vegetation were
arcsine transformed.

To establish that all of the plots had a similar basic
compositional structure and that village- and park-forest
comparisons were appropriate (Aubad and others 2008),
we used non-metric multidimensional scaling (NMDS
[Minchin 1987]) to determine the compositional similari-
ties between plots inside RNP and those in forest remnants
associated with villages.

We used a 2 x 4 contingency table (habitat type x size
class) to determine differences in the number of individuals
in each size class compared across habitats (i.e., park and
village). The importance of different size classes were
tested using a post hoc cellwise standardized residual
analysis (MacDonald and Gardner 2000). The post hoc test
was based on standardized residuals defined as
i — Fij

€jj =
Fy

where fj; is the observed frequency in the cell at the ith row
and jth column of the table; and Fj; is the expected fre-
quency in the cell at the ith row and jth column. Residuals
>2 were considered to be of most importance (Portney and
Watkins 2000).

Since multiple diversity metrics were calculated from the
same sample data, we applied the False Discovery Rate
(FDR) correction for multiple comparisons (Benjamini and
Hochberg 1995). The FDR is a smaller correction than a
familywise error rate correction such as Bonferroni and
considers the rank of each significance value in determining
the appropriate «. This procedure has been recommended
for ecological studies as a reasonable alternative to the
sequential Bonferroni (Garcia 2004). All diversity calcula-
tions and statistical analyses were carried out using the
statistical program R (R_Development_Core_Team 2007).

Results

Taxonomic and Functional Diversity and Non-Native
Plants

Analysis of the diversity patterns within RNP and the
surrounding villages revealed that there were significant
differences in diversity between the two habitat types. The
results showed that species richness (Fig. 2a; P = 0.007),
Shannon’s diversity (Fig. 2b; P = 0.043), and Fisher’s «
(Fig. 1d; P = 0.007) were all significantly higher inside
the park than in remnant forests associated with villages.
Simpson diversity was marginally non-significantly dif-
ferent between the two habitats (Fig. 2¢c; p = 0.056). These
results were based on the corrected o values. In contrast to
taxonomic diversity measures, utilitarian functional diver-
sity did not differ across the park boundary (Fig. 3;
P = 0.136). However, the park sites exhibited greater
functional redundancy than the village sites, meaning that
the FD values plateau at the species richness values in the
park sites but change with species richness values for the
village sites. In other words, high FD values are maintained
even under low levels of species loss in the park sites. The
exceptions to this trend were the park sites near the villages
of Sahateza and Anjamba (Fig. 1). The FD of the Sahateza
park plot was similar to that of the other village plots and
both park and village plots for Anjamba exhibited both low
species richness and low FD (Fig. 3). The result from the
NMDS showed that there were few compositional differ-
ences between park and village plots, which supported the
assumption that basic compositional structure was common
to all plots (data not shown).

The results showed that both woody and herbaceous
non-native species were significantly less abundant within
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Fig. 2 Boxplots of diversity
metrics, summarizing medians, 704 a
upper and lower quartiles, and
minimum and maximum data 60
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Fig. 3 Shows the relationship between functional diversity, as
measured by Petchey and Gaston’s FD, and species richness. FD
values for park and village sites did not differ significantly
(t = 1.655, P = 0.137). White circles indicate sites within RNP and
dark circles indicate village sites RNP (N = 9)
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RNP (Figs. 4a and b). Distance from park edge was not a
significant predictor for any of the diversity metrics or for
percentage of non-native species (data not shown).

Size Class Analysis of Utilitarian Species

The chi-square test indicated that there were significant
differences in the size of utilitarian individuals inside RNP
versus in the village (12 = 58.186, P > 0.001, df = 3)
(Fig. 5a). The post hoc residual analysis showed that the
smallest and largest size classes were most important in
driving the differences between the size of individuals
inside RNP and the villages, with residual scores of —2.72
and 4.09, respectively. There were fewer individuals in the
size class ranging 1 cm < DBH < 5 cm inside the park
(Fig. 5a) and more individuals in size class DBH > 15 cm
inside RNP. The abundance of utilitarian trees used for
construction and firewood were significantly higher at the
village sites for stems within the small size class (residual
value = —2.11) (Fig. 5b). The trend was opposite for the
larger size class, with a significantly greater number of
large stems within RNP (residual value = 3.15) (Fig. 5b).
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Fig. 4 Comparison of non-native plant species percentage outside
and inside RNP using boxplots. a Percentage of woody non-native
plant species present within and outside Ranomafana National Park
(RNP). Asterisk indicates significance at P = 0.043 based on paired
t-test (N = 9). b Percentage of herbaceous non-native plant species
present within RNP and village sites. Asterisk indicates significance
at P =0.011 based on paired ttest (N =09). See Fig. 1 for
interpretation of boxplots

Discussion
Taxonomic Diversity and Non-Native Plants

Although there has been considerable environmental deg-
radation in the peripheral zones, habitats within RNP’s
boundaries have managed to maintain higher levels of
taxonomic biodiversity and fewer established non-native
plants relative to village sites. This result is quite robust,
considering that the park plots were established on the
margins of RNP, just 100 m from the park’s edge. The
analyses consistently revealed higher biodiversity inside
RNP than within forest remnants in surrounding villages.
Despite the degraded state of the peripheral zone directly
adjacent to RNP, park boundaries seemed to have been
able to protect taxonomic diversity. It should be noted
that a more conclusive assessment of RNP’s effectiveness
would require information regarding the possible prevail-
ing baseline states at the park’s inception, but those data
were not available. Nonetheless, protected areas are not
always established in regions with high biodiversity or
less degraded habitats. Instead, they are chosen based on
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a variety of factors including remoteness, areas of least
economic value, and habitats with high aesthetic value
(Terborgh and van Schaik 2002).

The presence of non-native plants showed a similar
pattern: although there is no ecological buffer to stem
invasive species spread into the protected forest, non-
natives have been largely restrained to the peripheral zone.
There was no evidence that the abundance or density of
non-natives increased from forest edge to forest interior for
park plots. Habitat fragmentation and the consequential
formation of edges often leads to increased exposure to
non-native species in surrounding areas, so the abundance
of invasive, non-native species is often higher along frag-
mented edges (Green and others 2004; Hansen and
Clevenger 2005). Our result is a promising finding for
native plant conservation in this area considering that the
survey plots for the park sites were established in close
proximity to the park’s edge. These observations of non-
native plant distribution may be due to any number of
factors, ranging from recruitment and dispersal limitations
to biotic and abiotic factors that limit germination and
establishment. More research is needed to understand the
specific factors that drive non-native invasive species
establishment and distribution in the area.

Functional Diversity and Size Class Analysis

There were no statistically significant differences in the
functional diversity of species inside the park vs. village
forests. However, the results showed a trend toward higher
functional redundancy for plots inside RNP, where a rela-
tively high diversity of utilitarian traits would remain even
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if some species were lost from park sites. This trend sug-
gested that plant populations in the park have been less
impacted by selective removal than those in the villages,
and are more likely to maintain a high diversity of utili-
tarian functional traits. Several authors have addressed
the impacts and costs born by local residents by RNP’s
establishment (Peters 1998; Ferraro 2002). The issue of
lack of access to a particular resource may be of special
concern around the park because of the highly degraded
state of natural resources in the peripheral zone. At RNP,
efforts to restore the peripheral zone (e.g., into an ITUCN-
defined ‘buffer zone’) in concert with managing the park
could be a way to help relieve threats to biodiversity while
providing local people with alternative forest resources.
Similar findings on the importance of alternative resource
availability have been highlighted in other studies (Aubad
and others 2008; Lamb and others 2005), and our results
lend further support to the idea that access to alternative
resources, particularly for firewood and construction, may
decrease potential pressure from local communities on
native protected forests.

The findings on functional diversity were supported by
the size class analysis of stems inventoried for park and
village sites. Species used for fuelwood and construction
materials are typically the most heavily exploited trees in a
forest, because the utilization of trees for both of these
purposes, particularly the former, is inherently chronic and
often more destructive than other forest uses such as
medicinal plant use or food. At RNP, many species of
importance to local people may not be regenerating outside
of the protected area, as evidenced by significantly lower
abundances of trees in the largest size class. From our
analyses, it appeared that it was not the species composi-
tion that differed between forest and village plots; instead,
it was the abundance and size class of the species present
that seemed to be driving the observed contrasts. Our study
suggests that the ecological integrity of the park plots is
being maintained through limited or restricted use of large-
sized utilitarian species. Overall, the low rate of regener-
ation coupled with the low functional redundancy (e.g.,
little overlap in utilitarian function between species pres-
ent) of forest remnants exemplifies the highly degraded
nature of the peripheral zone. These conditions, combined
with the extreme poverty of many of the residents living in
remote villages, may indicate that the pressures facing RNP
are likely to continue and increase.

@ Springer

Implications for Protected Areas Management

An analysis of both taxonomic and functional diversity of
utilitarian species has provided insights into the ecological
and social impacts of human pressures on forests within and
surrounding RNP. A paucity of utilitarian species in the
peripheral zone may result in increased pressure on the
protected area, particularly because communities have few
resource substitutes. The park’s boundary seemed to have
adequately impeded the local community from harvesting
utilitarian species from within RNP, but these activities
might have shifted to areas adjacent to the park. Furthermore,
increased usage and pressure on unprotected, less function-
ally diverse communities of utilitarian species could
negatively affect vulnerable human populations (Igoe 2004),
who could face shortages in fuelwood, construction materi-
als, medicine, and/or food due to ongoing environmental
degradation. Similarly, these communities would be more
vulnerable to shocks, such as disease, fire, or flooding, that
could further deplete or destroy remaining forest resources.

Most importantly, though, these results have profound
implications for protected areas in developing countries that
must conserve biodiversity amid poor human communities
who often depend on forest resources for their livelihoods.
Degradation of natural resources in developing countries
represents a threat to both livelihoods and biodiversity: if
restricting access to natural resources within protected areas
increases pressures in surrounding unprotected areas and
results in severe decreases in the redundancy of accessible
unprotected utilitarian species, pressures may eventually
increase on protected resources. Thus, as our results suggest,
to stem ecological and human threats to intact forests, it is
important to manage natural resources sustainably both
within and outside protected areas for buffering pressures
such as invasive species and for providing critical ecosystem
services to human populations.
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Appendix

List of utilitarian species identified in plots surveyed in Ranomafana National Park

Scientific name Malagasy name Family Utility

Abrahamia ditimena Sandramy fotsy/mavo Anacardiaceae  Firewood

Abrahamia sericea Sandramy mena Anacardiaceae ~ Furniture

Aframomum angustifolium Longoza Zigiberaceae Other use (edible fruit)

Agauria polyphylla Angavodiana Ericaceae Charcoal

Albizzia guminifera Volomborona Fabaceae Other use (coffin)

Allophylus arboreus Dikana Sapindaceae Firewood

Anisophyllea falax Hazoharaka Anisophyllaceae Medicinal plant

Anthcleista amplexicaulis Dendemy Gentianaceae Other use (honey)

Aphloia theiformis Fandramanana Aphloiaceae Other use (tea leaves)

Brachylaena merana Merana Asteraceae House construction

Brachylaena ramiflora Mananitra Asteraceae House construction

Bridelia tulasneana Harina Euphorbiaceae ~ House construction

Calliandra alternans Ambilazona Fabaceae Medicinal plant

Calophyllum milvum Vitanona Clusiaceae House construction and other use (furniture)
Canarium madagascariensis Ramy Burseraceae House construction and other uses
Carissa edulis Fantsy Apocynaceae Other use (carpenter plane)
Cassinopsis madagascariensis Hazomafaika Icacinaceae Medicinal plant

Chrysophyllum boivinianum Rahiaka Sapotaceae Construction and other use (furniture)
Cinnamosma fragans Mandravasarotra Canellaceae Medicinal plant

Cinnamosma madagascariensis

Clidemia hirta
Cryptocarya thovenotii
Cyathea arboresces
Dalbergia baroni
Deinbollia macrocarpa
Deinbollia pervillei
Dicoryphe stipulacea
Dilobeia thouarsii
Dombeya hafodahy
Dracaena reflexa
Dracaena xyphophylla
Elaeocarpus sericeus

Ephippiandra
madagascariensis

Erica densa

Erythroxylum sphaeranthum
Eucalyptus robusta

Eugenia bernieri

Eugenia emirnensis
Eugenia louvelii

Eugenia sp.

Ficus rubra

Ficus trichophlebia
Gyrostipila foliolata

Tsindriambelo/

Fanalamangidy

Mazambody
Tavolopina
Faho
Voamboana
Lanary mavo

Lanary madinika

Longotra
Ramandriona
Hafotra
Hasina kely
Hasina be
Sana
Tambonetra

Anjavidy
Malambovony
Kininina
Rotramboa
Rotra

Voabe

Rotra fotsy
Nonoka

Voara

Valotra/Voakirindy

Canellaceae

Melastomaceae
Lauraceae
Cyatheaceae
Fabaceae
Sapindaceae
Sapindaceae

Hamamelidaceae

Proteceae
Malvaceae
Dracaenaceae
Dracaenaceae
Elaeocarpaceae
Monimiaceae

Ericaceae
Erythroxylaceae
Myrtaceae
Myrtaceae
Myrtaceae
Myrtaceae
Myrtaceae
Moraceae
Moraceae

Rubiaceae

Medicinal plant

Medicinal plant (leaves)

Firewood

Other use (flowers pot)

Firewood and furniture

Firewood

Firewood

Furniture, firewood

Firewood

Other use (toilet paper, honey and rope)
Ornamental plant

Ornamental plant

Construction and other use (furniture)

House construction and other use (furniture and box of bees)

Firewood and charcoal

Other use (spade handle)

House construction, firewood, and other use (furniture)
Firewood

Firewood

Other use (edible fruit)

Firewood

Medicinal plant

Other use (fruit tree)

Firewood
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Appendix continued

Scientific name Malagasy name Family Utility

Harongana madagascariensis Harongana Clusiaceae House construction and other use (furniture)
Homalium albiflorum Hazombahy Salicaceae Firewood

llex mitis Hazondrano Aquifoliaceae Other use (wood of drum)

Lantana camara Randriaka Verbenaceae Firewood and medicinal plant (leaves)
Macaranga alnifolia Karambitona Euphorbiaceae Other use (for the burial)

Macaranga ankafinensis Mokaranana Euphorbiaceae Firewood (poor quality)

Macaranga cuspidata
Mammea vatoensis
Norhonia crassiramosa
Norhonia leandriana
Nuxia capitata

Nuxia spp.

Ocotea nervosa

Ocotea racemosa

Ocotea trichophlebia
Pandanus acanthostylus
Pandanus sp.
Pittosporum polyspermum
Plagioscyphus louvelii
Polyathia cf. henricii
Polycardia libera
Polyscias tripinata
Potameia thouarsiana
Psidium cattleianum
Psorospermum fanerana
Pyrostria media
Ravenala madagascariensis
Ravenea robustior
Rytigynia sp.

Schefflera vantsilana
Schismatoclada concinna
Scolopia madagascariensis
Sloanea rhodantha
Streblus dimepate
Symphonia clusoides
Syzygium cuneifolium
Tina striata

Vepris ampody

Vepris ellioti

Vernonia exserta
Vernonia garnieriana
Weinmannia bojerianii
Weinmannia rutembergii
Xylopia lemurica

Zanthoxylon tsihanimposa

Fafarona/Talafoatra
Natovoraka
Tsilaitra fotsy
Tsilaitra mena
Lambinana
Lambinanala/Ranjopody
Varongy mainty
Varongy fotsy
Varongy vaza
Vakoandrano/Hofa
Vakoana
Ambivitsika
Lanary mainty
Masimposaina
Miholy
Vantsilana spécial
Sary

Goavy tsinahy
Fanerana
Fantsikahitra
Ravinala/Fontsina
Lafa

Silimainty
Vantsilambato
Vandrika
Faritraty

Vanana
Mahanoro

Kimba sp

Robary

Lanary sp

Apody
Apodisatria
Tavilona
Kandafotsy

Maka

Lalona
Ramiavona

Fahavalonkazo/Tsitidimposa

Euphorbiaceae
Clusiaceae
Oleaceae
Oleaceae
Buddlejaceae
Buddlejaceae
Lauraceae
Lauraceae
Lauraceae
Pandanaceae
Pandanaceae
Pittosporaceae
Sapindaceae
Annonaceae
Celastraceae
Araliaceae
Lauraceae
Myrtaceae
Clusiaceae
Rubiaceae
Strelitziaceae
Arecaceae
Euphorbiaceae
Araliaceae
Rubiaceae
Salicaceae
Elaeocarpaceae
Moraceae
Clusiaceae
Myrtaceae
Sapindaceae
Rutaceae
Rutaceae
Asteraceae
Asteraceae
Cunoniaceae
cunoniaceae
Annonaceae

Rutaceae

Other use (toilet paper)

Construction and other use (furniture)
Medicinal plant

Medicinal plant

Firewood and other use (spade handle)
Firewood

House construction, furniture (2nd quality)
House construction, furniture (2nd quality)
House construction, furniture (2nd quality)
House construction (roof) and other use (mats)
Other use (mats)

Medicinal plant

Firewood

Medicinal plant

Medicinal plant

Other use (Ladle)

Firewood

House construction, firewood, and other use (furniture)

Medicinal plant

Firewood

House construction (roof, wall, and floor)
House construction (wall and roof)

Other use (leaves used for incense)
Other use (ladle)

Other use (spade handle)

Firewood

Construction and other use (furniture)
Other use (box for honey)

Other use (plank, glue)

Firewood and other use (fruit tree)
Firewood

Other use (cleaver and spade handle)
Other use (cleaver and spade handle)
Other use (box for honey)

Medicinal plant (leaves)

Construction, firewood, and other use box for honey
Construction, firewood, and other use box for honey
Firewood

Medicinal plant (leaves)
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