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Conservation in Madagascar
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Mark-Oliver Rodel®, and Jorg U. Ganzhorn'

Abstract

Agricultural expansions and unsustainable resource extraction increasingly threaten biodiversity worldwide. Thus, know-
ledge on landscape management opportunities that contribute to biodiversity conservation and provide the necessary natural
resources is urgently needed. Community-based natural resource management can be one solution to achieve sustainable
resource provisioning and biodiversity conservation. However, evidence on the effectiveness of the management transfers to
local communities for biodiversity conservation is scarce. We use a case study from south-western Madagascar to discuss the
integration of community-managed forests, including forests protected by local taboos, into measures for biodiversity con-
servation. In particular, we compared reptile community composition and species diversity between differently managed
forest sectors (used and less-used) in two community forests. We hypothesized that forest use affects biodiversity depending
on the people’s acceptance of management regulations. Our results show that reptile community composition was affected
by forest management if the less used forest part was protected by traditional taboos. If the people did not respect
regulations for resource extraction, habitat protection failed which led to a homogenization of reptile community compos-
ition across different forest parts. This highlights that the type of forest management and use and its acceptance in the rural
communities determines the contribution of community forests to biodiversity conservation.
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conservation is still lacking (Geldmann et al., 2013;

Introduction Seppelt et al., 2016; Tscharntke, Klein, Kruess, Steffan-
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In an anthropogenic world, effective biodiversity conser-
vation requires a human dimension for the management
of ecosystems (Aymoz, Randrianjafy, Randrianjafy, &
Khasa, 2013; Ferguson et al., 2014; Mangel et al., 1996;
McShane et al., 2011; Sunderland, Ehringhaus, &
Campbell, 2008). Agricultural expansions and resource
extraction outside protected areas (PAs) are increasingly
threatening biodiversity (Laurance et al.,, 2012).
Therefore, conservation strategies should be part of man-
agement plans for production landscapes, where resource
use is of paramount importance for local livelihoods. This
involves trade-offs between conservation and human
well-being (Gardner et al., 2013).

Fundamental information on the value of managed
forests for reconciling human needs and biodiversity

Dewenter, & Thies, 2005). In light of dramatic diversity
declines and a PA network that will not be sufficient to
reach global biodiversity targets, however, knowledge on
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landscape management opportunities that contribute
to biodiversity conservation and provide the necessary
natural resources is urgently needed.

Globally, the idea of transferring the management of
resources to local communities in order to achieve sus-
tainable resource use emerged in the 1970s (Food and
Agricultural Organization, 1978). In Madagascar, com-
munity-based natural resource management has been
promoted as one possibility to contribute to sustainable
resource provisioning and to biodiversity conservation.
The formerly centralized management of forests was
shifted toward a more decentralized approach, in order
to reach sustainable use of resources and counteract high
rates of ecosystem degradation. This approach started to
be implemented in the early 1990s (Raik, 2007).

However, apart from challenges in reaching more
social justice (Dressler et al., 2010) and a call for real
community participation (e.g., Gardner et al., 2013),
not much evidence on the effectiveness of the manage-
ment transfer for biodiversity conservation and sustain-
able resource provisioning has been gathered so far
(Danielsen et al., 2003; Newmark & Hough, 2000).
Even though the performance of decentralized conserva-
tion approaches is unknown, community management of
natural resources is still advocated as an important com-
ponent to counter ecosystem degradation and reach sus-
tainable resource use, while ensuring human well-being.
Newly established PAs in Madagascar directly build on
the ideals of community-based natural resource manage-
ment (Gardner et al., 2013).

Recent studies indicate that community forest manage-
ment does not always reduce deforestation (Rasolofoson,
Ferraro, Jenkins, & Jones, 2015), and thus cast doubt that
the coupling of resource exploitation and biodiversity con-
servation can be sustainable (e.g., van Gils, Piersma,
Dekinga, Spaans, & Kraan, 2006; Gardner, Jasper,
Eonintsoa, Duchene, & Davies, 2016; see also recent
debates on land sharing vs. sparing, reviewed in Fischer
et al., 2014). However, forests whose management was
transferred to communities are among the last remaining
forests in Madagascar and thus might be an integral part
of landscape-moderated biodiversity protection.

We use a case study from south-western Madagascar
to discuss the integration of community managed forests,
including forests protected by local taboos into measures
for biodiversity conservation. In particular, we compared
reptile community composition and species diversity
between differently managed forests in two community
forests. Reptiles are the dominant vertebrates in this
region and respond to changes in structural properties
of the habitat (e.g., Gardner et al., 2016; Nopper,
Laustroer, Rodel, & Ganzhorn, 2017). In one community
forest, the highly accepted local management of a part of
the forest is facilitated by local taboos. In the other com-
munity forest, acceptance of novel forest management
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regulations by the local population was low. We hypothe-
sized that forest management affects reptile communities
depending on management acceptance.

Methods
Study Area

The study region in south-western Madagascar (Figure 1)
consists of an IUCN category II PA, the
Tsimanampesotse National Park, and its surrounding
human-used landscape. The area is characterized by a
high degree of floral endemism (Phillipson, 1996). The
climate is subarid with largely unpredictable and low pre-
cipitation (<400 mm/year; Dewar & Richard, 2007,
Ratovonamana, Rajeriarison, Roger, & Ganzhorn,
2011). Resource use within the PA is illegal, except for
the extraction of reeds in a sustainable fashion for local
house construction.

Areas surrounding the PA are exposed to human land
use. Here, natural resource management has been mostly
transferred to associations consisting of members from
the local communities (so-called COmmunauté de BAse
or COBA). The study was conducted in the community
forests Tsimandikalilindraza and Mandrosoa west of
Tsimanamepesotse National Park (Figure 1). Although
both community forests were situated in the vicinity of
the national park, we abstained from using the protected
forest as a control site, because the national park in this
area was established only in 2009 in the course of a
national park extension and we lacked information on
former forest use.

Both community forests were divided into sectors of
different usage. Resource use in the utilization sectors
included the extraction of construction wood for a fee.

Tsimandikalilindraza

* Tsimanampesotse
National Park

Mandrosoa k&
0 25 50 75km \
| w— |

Figure 1. Study area in south-western Madagascar. The two sur-
veyed regions in which community-based natural resource man-
agement takes place are highlighted in dark gray. They are situated
adjacent to the Tsimanampesotse National Park (light gray).
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Additionally, the extraction of dead wood for cooking
and the collection of plants for food and medicinal pur-
poses were allowed. Within the community forest of
Mandrosoa, one part of the forest had been protected by
a “fady” (taboo) for at least the last 50 years (interviews
with villagers). We hereafter refer to this forest sector as
sacred forest. The only extractive activities were reported
to be the extraction of certain tree species in marginal
numbers for traditional purposes (for a ritual pole, the
“hazomanga’), as well as the collection of medicinal
plants. All other extractive activities were strictly sanc-
tioned according to traditional rules and norms. In the
community forest Tsimandikalilindraza, all the forest is
in use, but forest use should officially follow a rotation
with a fallow cycle of a predefined forest part. According
to the representatives of the COBA and our own observa-
tions, acceptance of forest protection by the community,
however, was low. To control for this uncertainty in the
evaluation of utilization, we conducted an objective evalu-
ation of the forest state using structural vegetation char-
acteristics (see below). In both regions, forest sectors of
different utilization were directly adjacent to one another.

Vegetation Structure

Forest use can significantly affect structural properties of
forests. Those are in turn important determinants of rep-
tile community composition and species richness (Nopper
et al., 2017). To relate possible changes in reptile assem-
blages to habitat structural properties, we assessed eight
structural habitat parameters that have been shown to
affect reptile occurrence (e.g., Catterall et al., 2004,
Nopper et al., 2017) and are coupled with human land
use: number of trees with a diameter at breast height
above 15cm (1) as well as between 2.5 and 15¢cm (2),
both used for construction purposes (predominantly
houses and carts); vegetation cover in the herb (up to
30cm above ground; 3), shrub (30cm up to 2m; 4), and
tree stratum (above 2m; 5); leaf litter cover (6); amount
of dead wood, as the number of branches and tree stems
with either a diameter above 2.5cm up to 15¢cm (7), or a
diameter above 15cm (8).

For parameters 1, 2, 7 and 8 we counted the number of
stems along each 100 m transect (with 1.5m on each side
of the transect line) and used the per-transect-counts for
subsequent analyses. For 3, 4, 5, and 6, we estimated
cover in 5% intervals for each 10m subsection of the
100 m line transect (again with 1.5m on each side of the
transect line) and determined median cover estimates
for each transect.

Reptile Assemblages

In each of the two regions (Mandrosoa and
Tsimandikalilindraza), we compared reptile diversity
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among forest use sectors. We installed ten 100m line
transects per forest category (used and less-used).
Transects ran parallel and had a distance of at least
30m to one another. They were each surveyed ten times
in Tsimandikalilindraza between 8 and 24 April 2015 and
six times in Mandrosoa between 17 July and 6 August
2015 (see Figures Al and A2 for species accumulation
curves). Surveys were conducted by a team of three per-
sons (AR and two para-ecologists) between 08:00 and
12:00 h. Transects were surveyed alternately among dif-
ferently used forest sectors (used and less-used), and only
once a day. The survey team observed reptiles by walking
on the transect line at a constant speed of about 8§ m/min
and documented the presence of all reptiles within a
distance of 1.5m on each side of the transect line.
During transect walks, the team also searched for reptiles
under loose bark, in tree holes, and under stones.

The reptile fauna of the region consists of approxi-
mately 50 mostly endemic species (Raselimanana, 2008),
of which many are rare (Nopper et al., 2017) or restricted
to certain habitat types (Glaw & Vences, 2007). The
survey method used in this study is representative for
reptiles occurring in dry forest on sandy and ferruginous
soil (compare Ratovonamana et al., 2011 for vegetation
classifications). These are diurnal species as well as those
nocturnal species that use dead wood, tree holes, and
stones as diurnal retreat sites. Our approach excludes
the species that are adapted to the adjacent limestone
habitat or exclusively retreat to burrows underground
during daytime. Our survey method did not allow for
the detection of burrowing and some of the nocturnal
reptile species. All species encountered by a single indivi-
dual only were excluded from analyses, because of a pos-
sible undersampling bias (e.g., Coddington, Agnarsson,
Miller, Kuntner, & Hormiga, 2009): In Mandrosoa, these
were Furcifer verrucosus and Liphidium aff. trilineatum; in
Tsimandikalilindraza, these were Trachylepis gravenhor-
stii and Madascincus igneocaudatus.

Analyses

We determined if forest use (according to the a priori
defined management categories) had led to different
structural characteristics of the habitat, irrespective of
high or low acceptance of management. For this, we
used random forest classifications implemented in pack-
age randomForest (Liaw & Wiener, 2002) in R (R Core
Team, 2014). Random forest is a machine learning algo-
rithm that here classifies samples of transects according
to habitat characteristics into the predefined forest cate-
gories in multiple iterations. We drew 10,000 bootstrap
samples with three variables randomly selected at each
node. After the computation of a confusion matrix
which summarizes the results of the classifications,
the wvariables’ importance for correct classifications
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was returned. The results of the random forest classifica-
tion were confirmed by Wilcoxon tests comparing habitat
characteristics between used and less-used forests.

For each transect, we determined the relative abun-
dance of each reptile species by taking the maximum
number of individuals found during a single transect
walk of the respective transect. We determined differ-
ences in alpha diversity among habitat types by calculat-
ing abundance-based diversity profiles with Hill numbers
using functions from Chao and Jost (2015, Appendix S8).
Diversity profiles based on Hill numbers do not only
provide information on species richness but also take
into account species abundances to varying degrees.
With increasing order q, the weight of dominant species
increases in the calculation of species diversity. While Hill
numbers of order q=0 are the number of observed spe-
cies (irrespective of their abundance), Hill numbers of
order q =1 can be roughly termed the “number of typical
species” and of order q=2 “‘the number of very abun-
dant species” (after Gotelli & Chao, 2013).

Differences in community composition between differ-
ently used forest sectors were determined by permuta-
tional multivariate analyses of variance (perMANOVA)
implemented in function adonis() in R package vegan
(Oksanen et al., 2015). For graphical representation of
group differences, we performed nonmetric multidimen-
sional scaling with function metaMDS() in R package
vegan (Oksanen et al., 2015), using default options.
For each of the latter two analyses, we built community
dissimilarity matrices by calculating Bray-Curtis dissim-
ilarities of relative abundance data.

Results
Vegetation Structure

The majority of transects could be readily assigned to a
respective management class in both community forests
irrespective if management acceptance was low or high
(Tables A1 and A2). The most important variables dif-
fering among used and less-used forests were the number
of large trees (Mandrosoa and Tsimandikalilindraza),
the abundance of large pieces of dead wood
(Tsimandikalilindraza  only) and canopy cover
(Mandrosoa only; see Tables 1 and 2). Canopy cover in
used and less-used forests in Tsimandikalilindraza was
comparable to that of used forest in Mandrosoa.
However, in Mandrosoa, the canopy cover in the used
forest part was lower than in the sacred forest part
(Table 1).

Reptile Assemblages

In total, we documented the presence of 12 reptile species
in the community forests of Mandrosoa and 15 species in
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Table I. Differences in Habitat Structure Between Forest Parts
in the Community Forest of Mandrosoa (With Sacred Forest):
Variables That Contributed to the Classification According to
randomForest Classification (i.e., Variable Importance E) Are Listed
in Decreasing Order.

Character Used forest  Sacred forest E W
Veg.cover >2m 40% (30-60%) 64% (58-85%) 3.78 2.5%F*
Trees >15cm 10 (2-28) 26 (17-42) 2.63 10.0%*
Leaf litter cover 63% (55-70%) 70% (60-78%) 0.76 19.5%
Dead wood >15cm 2 (04) 3(0-11) 0.53 385
Trees >2.5cm 69 (59-97) 74 (61-102) 0.52 39.0
Veg-cover <0.3m 3% (0-10%) 4% (2-5%) 049 56.5
Veg cover <2m 24% (15-30%) 18% (10-30%) 0.44 70.0
Dead wood >2.5cm 15 (0-25) 20 (6-—40) 036 335

Note. Results of Wilcoxon test (W; stars denote test significance) are pro-
vided. Given are respective median values and range of structural variables
(in parentheses).

*» < 0.05; *p < 0.01; **p < 0.001.

Table 2. Differences in Habitat Structure Between Forest Parts in
the Community-Managed Forest Tsimandikalilindraza (Management
Rules Not Respected).

Character Used forest  Fallow forest E w

Veg.cover >2m 43% (35-58%) 50% (35-60%) 0.52 67

Trees > 15cm 1.5 (8-18) 21 (17-39)  3.95 9gwek
Leaf litter cover 45% (15-65%) 55% (45-78%) 0.62 8
Dead wood >15cm 4 (I-10) 9(3-13) 163 87
Trees >2.5cm 25 (12-48) 33 (15-65) 093 68
Veg-cover <0.3m 9% (5-23%) 5% (3-10%) 085 |6%*
Veg cover <2m 25% (30-40%) 25% (20-40%) 0.62 3l
Dead wood >25cm 12 (8-19) 165 (9-23) 039 74

Note. Variable importance (E) according to randomForest classification as
well as results of Wilcoxon tests (W; stars denote test significance) are
provided. Given are respective median values and range of structural vari-
ables (in parentheses).

p <0.01; ¥p <0.001.

Tsimandikalilindraza (Table 3). In Mandrosoa (sacred
forest vs. used forest), diversity profiles show that species
richness was lower and community equitability was
higher in sacred than used forest. Diversity profiles over-
lapped, indicating that differences in alpha diversity were
not pronounced, namely the number of typical species
(higher order q) did not differ between management cate-
gories (Figure 2(a)). However, we detected significant dif-
ferences in assemblage compositions between used and

sacred forest (perMANOVA: F=7.66; R*>=0.30;
p <.001; Figure 3(a)).
In Tsimandikalilindraza (management rules not

respected), we neither detected any differences in
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alpha diversity or community equitability (Figure 2(b))
nor any changes in community composition
(perMANOVA: F=0.72; R*=0.04; p=0.64; Figure
3(b)) between the different forest parts, namely used
and least-used forest.

Table 3. Relative Abundance of Reptiles in Two Community-
Managed Forests, Separately for Used and Sacred/Less-Used
Forest Parts.

Mandrosoa Tsimandikalilindraza
Threat
Species Used Sacred Used Less-used  status
Astrochelys radiata 12 20 5 7 CE
Chalarodon 7 - 95 80 LC
madagascariensis
Dromicodryas bernieri - - - 2 LC
Geckolepis typica 20 9 - 2 LC
Furcifer major - - | I LC
Furcifer verrucosus - - 9 7 LC
Hemidactylus mercatorius - 7 6 LC
Lygodactylus aff. tuberosus 15 13 4 8 LC
Mimophis mahfalensis 6 7 5 LC
Oplurus cyclurus 5 2 8 4 LC
Paroedura picta - - 2 | LC
Phelsuma breviceps 4 - - - '
Phelsuma mutabilis I Il LC
Pyxis arachnoides | | - - CE
Tracheloptychus 44 15 49 38 LC
madagascariensis
Trachylepis aureopunctata | - 12 19 LC
Trachylepis elegans 6 - 31 30 LC

Note. Species’ threat status according to the IUCN red list (International
Union for Conservation of Nature, 2016) is provided.

Discussion

We documented differences in reptile community com-
position between used and less-used forest parts, when
the less-used forest part was protected by locally
respected traditional taboos. If management regulations
received low acceptance, this resulted in a homogeniza-
tion of reptile community composition between a pre-
sumably protected (less-used) forest part and a forest
part that was used for subsistence purposes. Even
though, relative differences in vegetation characteristics
existed between less-used and used forest parts in both
cases, absolute differences in vegetation characteristics
between community forests likely influenced the relation-
ship between forest use and reptile diversity.

If plant cover does not fall below a threshold vegeta-
tion cover of 10%-30%, species richness has been
reported to remain high in an ecosystem (Andrén, 1994;
Lindenmayer & Luck, 2005; Nopper et al., 2017). These
areas of higher vegetation cover and species richness can
thereby contribute to biodiversity conservation in the
human-used landscape. In addition to this evidence, we
show that the contribution of forests to biodiversity con-
servation depends on the type of forest use (and manage-
ment acceptance). If protection status was respected,
differences in vegetation structures correlated with differ-
ences in reptile community composition. In contrast, in
the community forest in which forest management
received low acceptance, reptile assemblages did not
differ between used and less-used forest parts. Here, rela-
tive differences in vegetation structure between forest
parts did not result in differences of reptile communities,
that is, if management was not respected, forest use led to
a homogenization of the reptile assemblages. This is likely
the effect of an absolute change of specific vegetation
characteristics that equally affected reptile community

@ 4

Hill numbers

Hill numbers
?l (=]

o
1

Order g

Order g

Figure 2. Diversity profiles for reptiles based on Hill numbers in used (continuous line; 95% confidence interval (Cl) in light gray) and
less-used forest parts (dashed line; 95% Cl in dark gray) in the community-managed forests Mandrosoa (a) and Tsimandikalilindraza (b).
While for Hill numbers of order q=0 species are equally weighed (irrespective of their abundance), diversity is increasingly affected by

dominant species with increasing order q.
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Figure 3. Nonmetric multidimensional scaling of reptile community composition. Displayed are differences in community composition
between transects in used forest (triangles) and less-used forest parts (circles) in two community managed forests: (a) Mandrosoa, sacred
forest as less-used site (Stress =0.14); (b) Tsimandikalilindraza, management rules not respected by local population (Stress = 0.20).

composition in less-used and used forest parts. If man-
agement regulations received low acceptance, canopy
cover and density of small trees was in median lower
than in a forest part that was protected by locally
accepted traditional taboos. Forest protection and with
it the conservation of specific vegetation characteristics
that influence reptile community composition was only
effective, if regulations of forest protection were
respected. Thus, if regulations for forest protection were
not respected, the contribution of presumably protected
forest parts to reptile conservation seemed to be compar-
able to that of forest parts that are used for subsistence
purposes.

In our study area, the sacred forest harbored slightly
less reptile species than the more intensively used forest
part. This indicates a positive impact of forest use on
reptile species richness. Indeed, it seems that used forests
that provide the human population with ecosystem goods
can be suitable habitat for many species (e.g., Gardner,
2009; Nopper et al., 2017; Riemann, Ndriantsoa,
Raminosoa, Rédel, & Glos, 2015). Intermediate levels
of disturbance that do not remove forests but open up
forest to cover values just above 30% could thus favor
reptile diversity (compare Gardner, 2009; Nopper et al.,
2017). Nonetheless, the sacred forest provides habitat for
a differently assembled reptile community. The combined
biodiversity that both differently used forest parts pro-
vide is higher than that of each of the forest parts taken
for itself. Moreover, sacred forest should also be pre-
served because reactions of other taxa might differ from
those of reptiles and intermediate disturbance might not
always lead to increased species richness (Mackey &
Currie, 2001). Sacred forests have been often documented
to contribute to the protection of biodiversity in human-
used landscapes (e.g., Colding & Folke, 2001; Decher &
Bahian, 1999; Ormsby & Bhagwat, 2010; Tengd et al.,
2007).
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Many rarer species might have already vanished in all
surveyed forests. Forest dependent species are lost from
intact to altered forests, a seemingly general phenom-
enon across many taxa and regions (Barlow et al.,
2007; Gardner et al., 2016; Gibson et al., 2011). Used
forests might therefore not possess the same conserva-
tion value as protected forests (Wright, 2010). Hence,
for biodiversity conservation, any community-managed
forests almost certainly cannot be a substitute to strictly
PAs that prohibit human land use and have the prin-
cipal goal of biodiversity conservation. This however
does not make community forests less attractive for
conservation incentives. They can be important comple-
ments to biodiversity conservation, increasing biodiver-
sity in the human-used landscape for the sake of
resource conservation. These ‘“novel ecosystems” can
provide important ecosystem services and are thus
important in production landscapes, although they
may provide only habitat for “opportunistic biodiver-
sity” (Kueffer & Kaiser-Bunbury, 2014; Mascaro,
Hughes, & Schnitzer, 2012).

Evidently, human interventions (like resource extrac-
tion) affect species in an ecosystem differently and con-
sequently effects on animal communities through
community restructuring are possible. For sustainable
resource production, it is essential that the production
system continuously (in the long term) provides the neces-
sary resources. This is facilitated by high levels of original
biodiversity (Hooper et al., 2005). In the study system,
the role of reptiles for seed dispersal, pollination, pest
control, or nutrient cycling has not yet been evaluated
and also for other animal taxa, empirical evidence is
scarce (e.g., Dausmann, Glos, Linsenmair, & Ganzhorn,
2008; Ganzhorn, Fietz, Rakotovao, Schwab, & Zinner,
1999; Martin, Ratsimisetra, Laloe, & Carriére, 2009).
Thus, it is unknown in how far changes in the reptile
community affect ecosystem functioning. However,



Nopper et al.

theoretically negative effects of community restructuring
on ecosystem functioning are possible, and as long as
consequences remain unknown, dynamics of resource
availability should be tightly monitored. Because conse-
quences of community restructuring on ecosystem
processes may not necessarily be visible in the short
term, long-term monitoring programs should be installed.
According to local communities, monitoring programs
already exist at least in south-western Madagascar.
They potentially provide valuable information
(Danielsen et al., 2014). However, tools to evaluate cur-
rent impacts of land use on ecosystems have not yet been
fully implemented.

Implications for Conservation

For successful biodiversity conservation in the human-
used landscape, a management on different scales is
necessary, integrating local scale results into approaches
on larger scales (Cunningham et al., 2013). Even though
some land uses might have negative effects on the local
occurrence of some species, diversity on the larger land-
scape scale may not suffer if land use is diversified
(Gardner, Barlow, Sodhi, & Peres, 2010; Gonthier
et al., 2014). The studied community forests in south-
western Madagascar provided habitat for some threa-
tened taxa (Astrochelys radiata, Pyxis arachnoides, and
Phelsuma brevipes). Thus, community forests may play
vital roles in a network of suitable habitats that contrib-
ute to a higher biodiversity within the human-used land-
scape (compare Hanski, 2011; Hobbs et al., 2014;
Leménager, King, Elliot, Gibbons, & King, 2014;
Tscharntke et al., 2005). The management of multifunc-
tional landscapes with many ecosystems, integrating
strictly PAs and areas of human land use, can allow for
conservation and resource provisioning (Cunningham
et al., 2013; Hobbs et al., 2014).

Up to now, the success of the transfer of forest man-
agement has been evaluated largely from a social per-
spective and was reported to have failed in the attempt
to implement a participative community management
that ensures long-term sustenance of forest resources
(Ferguson et al., 2014; Pollini, Hockley, Muttenzer, &
Ramamonjisoa, 2014). Certainly prevention of deforest-
ation is most important (Gardner et al., 2016; Gibson
et al., 2011; Nopper et al., 2017); however, the evidence
base for the contribution of remaining used forests to
sustainable resource production and especially biodiver-
sity conservation remains scarce (Gardner et al., 2013).
Our results show that forest management is reflected
in changes of reptile community composition. The
next step should be to understand how this relates to
ecosystem functioning and sustainable resource pro-
visioning to inform conservation and resource
management.

Downloaded From: https://bioone.org/journals/Tropical-Conservation-Science on 07 Aug 2024
Terms of Use: https://bioone.org/terms-of-use

Acknowledgments

We thank our field assistants Edson and Zafisolo as well as our
local guides in the community forests Tsimandikalilindraza and
Mandrosoa for their help with field work. Y. R. Ratovonamana
and F. Razafindramasy helped with the organization of field
work and logistics. The study was carried out under the collabor-
ation between Madagascar National Parks (MNP), the Departments
of Animal Biology, Department of Plant Biology and Ecology
(Antananarivo University, Madagascar), and the Department of
Animal Ecology and Conservation (Hamburg University,
Germany). We thank the Malagasy authorities for issuing the
research permit. Fieldwork was authorized by the Ministere de
L’Environnement, de 1’Ecologie, et de la Mer et des Foréts
(research permit No 144/15/MEEMF/SG/DGF/DAPT/SCBT). We
thank an anonymous reviewer for helpful comments on an earlier
version of this manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
work was part of the project ‘SuLaMa - Participatory research to
support sustainable land management on the Mahafaly Plateau in
south-western Madagascar’, financed by the German Federal
Ministry of Education and Research (BMBF, FKZ 01LL0914).

Supplementary material

Supplementary material for this paper can be found at the journal
website: http://journals.sagepub.com/home/trc

References

Andrén, H. (1994). Effects of habitat fragmentation on birds and
mammals in landscapes with different proportions of suitable
habitat: A review. Oikos, 71, 355-366.

Aymoz, B. G. P., Randrianjafy, V. R., Randrianjafy, Z. J. N, &
Khasa, D. P. (2013). Community management of natural
resources: A case study from Ankarafantsika National Park,
Madagascar. Ambio, 42, 767-775.

Barlow, J, Gardner, T. A., Araujo, L. S., Avila-Pires, T. C., Bonaldo,
A. B, Costa, J. E.,...Peres, C. A. (2007). Quantifying the bio-
diversity value of tropical primary, secondary, and plantation
forest. Proceedings of the National Academy of Sciences of
the United States of America, 104, 18555-18560.

Catterall, C., Kanowski, J., Wardell-Johnson, G., Proctor, H., Reis,
T., Harrison, D., & Tucker, N. (2004). Quantifying the biodiver-
sity values of reforestation: perspectives, design issues and out-
comes in Australian rainforest landscapes. In: D. Lunney (ed.)
Conservation of Australia’s forest fauna 2nd ed. (pp. 359-393).
Mosman, Australia: Royal Zoological Society of New South
Wales.

Chao, A., & Jost, L. (2015). Estimating diversity and entropy pro-
files via discovery rates of new species. Methods in Ecology and
Evolution, 6, 873—882.


http://journals.sagepub.com/home/trc

Tropical Conservation Science

Coddington, J. A., Agnarsson, 1., Miller, J. A., Kuntner, M., &
Hormiga, G. (2009). Undersampling bias: The null hypothesis
for singleton species in tropical arthropod surveys. Journal of
Animal Ecology, 78, 573-584.

Colding, J., & Folke, C. (2001). Social taboos: ‘‘Invisible’’ systems
of local resource management and biological conservation.
Ecological Applications, 11, 584—600.

Cunningham, S., Attwood, S. J., Bawa, K. S., Benton, T. G.,
Broadhurst, L. M., Didham, R. K.,...Lindenmayer, D. B.
(2013). To close the yield-gap while saving biodiversity will
require multiple locally relevant strategies. Agriculture,
Ecosystems and Environment, 173, 20-27.

Danielsen, F., Jensen, P. M., Burgess, N. D., Altamirano, R.,
Alviola, P. A., Andrianandrasana, H., ... Young, R. (2014). A
multicountry assessment of tropical resource monitoring by
local communities. BioScience, 64, 236-251.

Danielsen, F., Mendoza, M. M., Alviola, P., Balete, D. S., Enghoff,
M., Poulsen, M. K., & Jensen, A. E. (2003). Biodiversity moni-
toring in developing countries: What are we trying to achieve?
Oryx, 37, 407-409.

Dausmann, K. H., Glos, J., Linsenmair, K. E., & Ganzhorn, J. U.
(2008). Improved recruitment of a lemur-dispersed tree in
Malagasy dry forests after the demise of vertebrates in forest
fragments. Oecologia, 157, 307-316.

Decher, J., & Bahian, L. K. (1999). Diversity and structure of ter-
restrial small mammal communities in different vegetation
types on the Accra Plains of Ghana. Journal of Zoology, 247,
395-408.

Dewar, R. E., & Richard, A. F. (2007). Evolution in the hypervari-
able environment of Madagascar. Proceedings of the National
Academy of Sciences of the United States of America, 104,
13723-13727.

Dressler, W., Biischer, B., Schoon, M., Brockington, D., Hayes, T.,
Kull, C. A,,...Shrestha, K. (2010). From hope to crisis and
back again? A critical history of the global CBNRM narrative.
Environmental Conservation, 37, 5-15.

Food and Agricultural Organization. (1978). Forestry for local
community development. Forestry Paper, 7. Rome: Author.
Retrieved from http://www.fao.org/documents/en/

Ferguson, B., Gardner, C. J., Andriamarovolonona, M. M., Healy,
T., Muttenzer, F., Smith, S. M.,...Gingembre, M. (2014).
Governing ancestral land in Madagascar: Have policy reforms
contributed to social justice? In: M. Sowman, & R. Wynberg
(Eds.). Governance for justice and environmental sustainability:
Lessons across natural resource sectors in Sub-Saharan Africa
(pp 63-93). Oxon, England: Routledge.

Fischer, J., Abson, D. J., Butsic, V., Chappell, M. J., Ekroos, J.,
Hanspach, J.,...von Wehrden, H. (2014). Land sparing versus
land sharing: Moving forward. Conservation Letters, 7,
149-157.

Ganzhorn, J. U., Fietz, J., Rakotovao, E., Schwab, D., & Zinner, D.
(1999). Lemurs and the regeneration of dry deciduous forest in
Madagascar. Conservation Biology, 13, 794-804.

Gardner, C. J. (2009). A review of the impacts of anthropogenic
habitat change on terrestrial biodiversity in Madagascar:
Implications for the design and management of new protected
areas. Malagasy Nature, 2, 2-29.

Gardner, T. A., Barlow, J., Sodhi, N. S., & Peres, C. A. (2010). A
multi-region assessment of tropical biodiversity in a human-
modified world. Biological Conservation, 143, 2293-2300.

Downloaded From: https://bioone.org/journals/Tropical-Conservation-Science on 07 Aug 2024
Terms of Use: https://bioone.org/terms-of-use

Gardner, C. J., Jasper, L. D., Eonintsoa, C., Duchene, J.-J., &
Davies, Z. G. (2016). The impact of natural resource use on
bird and reptile communities within multiple-use protected
areas: Evidence from sub-arid Southern Madagascar.
Biodiversity and Conservation, 25, 1773-1793.

Gardner, C. J., Nicoll, M. E., Mbohoahy, T., Oleson, K. L. L.,
Ratsifandrihamanana, A. N., Rasirarson, J.,...Davies, Z. G.
(2013). Protected areas for conservation and poverty alleviation:
Experiences from Madagascar. Journal of Applied Ecology, 50,
1289-1294.

Geldmann, J., Barnes, M., Coad, L., Craigie, 1. D., Hockings, M., &
Burgess, N. D. (2013). Effectiveness of terrestrial protected
areas in reducing habitat loss and population declines.
Biological Conservation, 161, 230-238.

Gibson, L., Lee, T. M., Koh, L. P., Brook, B. W., Gardner, T. A.,
Barlow, J.,...Sodhi, N. S. (2011). Primary forests are irre-
placeable for sustaining tropical biodiversity. Nature, 478,
378-381.

Glaw, F., & Vences, M. (2007). 4 field guide to the amphibians and
reptiles of Madagascar. Cologne, Germany: Vences & Glaw
Verlags GbR.

Gonthier, D. J., Ennis, K. K., Farinas, S., Hsieh, H.-Y., Iverson, A.
L., Batary, P.,...Perfecto, I. (2014). Biodiversity conservation
in agriculture requires a multi-scale approach. Proceedings of
the Royal Society B, 281, 20141358.

Gotelli, N. J., & Chao, A. (2013). Measuring and estimating species
richness, species diversity, and biotic similarity from sampling
data. In: S. Levin (ed.) Encyclopedia of biodiversity (2nd ed.,
pp. 195-211). Waltham, MA: Academic Press.

Hanski, 1. (2011). Habitat loss, the dynamics of biodiversity, and a
perspective on conservation. Ambio, 40, 248-255.

Hobbs, R. J., Higgs, E., Hall, C. M., Bridgewater, P., Chapin, F. S.,
Ellis, E. C.,... Yung, L. (2014). Managing the whole landscape:
Historical, hybrid, and novel ecosystems. Frontiers in Ecology
and the Environment, 12, 557-564.

Hooper, D. U., Chapin, F. S., Ewel, J. J., Hector, A., Inchausti, P.,
Lavorel, S.,... Wardle, D. A. (2005). Effects of biodiversity on
ecosystem functioning: A consensus of current knowledge.
Ecological Monographs, 75, 3-35.

International Union for Conservation of Nature. (2016). [UCN Red
List of threatened species. Version 2016-2. Retrieved from
http://www.iucnredlist.org/.

Kueffer, C., & Kaiser-Bunbury, C. N. (2014). Reconciling con-
flicting perspectives for biodiversity conservation in the
Anthropocene. Frontiers in Ecology and the Environment, 12,
131-137.

Laurance, W. F., Useche, D. C., Rendeiro, J., Kalka, M., Bradshaw,
C.J. A, Sloan, S. P.,...Zamzani, F. (2012). Averting biodiver-
sity collapse in tropical forest protected areas. Nature, 489,
290-294.

Leménager, T., King, D., Elliot, J., Gibbons, H., & King, A. (2014).
Greater than the sum of their parts: Exploring the environmental
complementarity of state, private and community protected
areas. Global Ecology and Conservation, 2, 238-247.

Liaw, A., & Wiener, M. (2002). Classification and regression by
randomForest. R News, 2, 18-22.

Lindenmayer, D. B., & Luck, G. (2005). Synthesis: Thresholds in
conservation and management. Biological Conservation, 124,
351-354.


http://www.fao.org/documents/en/
http://www.iucnredlist.org/

Nopper et al.

Mackey, R. L., & Currie, D. J. (2001). The diversity-disturbance
relationship: Is it generally strong and peaked? Ecology, 82,
3479-3492.

Mangel, M., Talbot, L. M., Meffe, G. K., Agardy, M. T., Alverson,
D. L., Barlow, J.,...Young, T. P. (1996). Principles for the
conservation of wild living resources. Ecological Applications,
6, 338-362.

Martin, E. A., Ratsimisetra, L., Laloe, F., & Carricre, S. M. (2009).
Conservation value for birds of traditionally managed isolated
trees in an agricultural landscape of Madagascar. Biodiversity
and Conservation, 18, 2719-2742.

Mascaro, J., Hughes, R. F., & Schnitzer, S. A. (2012). Novel forests
maintain ecosystem processes after the decline of native tree
species. Ecological Monographs, 82, 221-228.

McShane, T. O., Hirsch, P. D., Trung, T. C., Songorwa, A. N.,
Kinzig, A., Monteferri, B.,...0O’Connor, S. (2011). Hard
choices: Making trade-offs between biodiversity conservation
and human well-being. Biological Conservation, 144, 966-972.

Newmark, W. D., & Hough, J. L. (2000). Conserving wildlife in
Africa: Integrated conservation and development projects and
beyond. BioScience, 50, 585-592.

Nopper, J., Laustréer, B., Rodel, M.-O., & Ganzhorn, J. U. (2017).
A structurally enriched agricultural landscape maintains high
reptile diversity in sub-arid south-western Madagascar.
Journal of Applied Ecology. Advance online publication. doi:
10.1111/1365-2664.12752.

Oksanen, J., Blanchet, F.G., Kindt, R., Legendre, P., Minchin, P.
R., O’Hara, R. B., ... Wagner, H. (2015). Vegan: Community
ecology package. R package version 2.3-2. Retrieved from
http://CRAN.R-project.org/package=vegan/

Ormsby, A. A., & Bhagwat, S. A. (2010). Sacred forests of India: A
strong tradition of community-based natural resource manage-
ment. Environmental Conservation, 37, 320-326.

Phillipson, P. B. (1996). Endemism and non-endemism in the flora
of south-west Madagascar. In: W. R. Lourenco (ed.)
Biogéographie de Madagascar (pp. 125-136). Paris, France:
ORSTOM.

Pollini, J., Hockley, N., Muttenzer, F., & Ramamonjisoa, B. (2014).
The transfer of natural resource management rights to local
communities. In: 1. R. Scales (ed.) Conservation and environ-
mental management in Madagascar (pp. 172-192). London,
England: Routledge.

Downloaded From: https://bioone.org/journals/Tropical-Conservation-Science on 07 Aug 2024
Terms of Use: https://bioone.org/terms-of-use

R Core Team (2014). R: 4 language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical
Computing. Retrieved from http://www. R-project.org/

Raik, D. (2007). Forest management in Madagascar: An historical
overview. Madagascar Conservation and Development, 2, 5-10.

Raselimanana, A. (2008). Herpétofaune des foréts seches malg-
aches [The herpetofauna of Malagasy dry forests]. Malagasy
Nature, 1, 46-75.

Rasolofoson, R. A., Ferraro, P. J., Jenkins, C. N., & Jones, J. P.
(2015). Effectiveness of community forest management at redu-
cing deforestation in Madagascar. Biological Conservation, 184,
271-277.

Ratovonamana, Y. R., Rajeriarison, C., Roger, E., & Ganzhorn, J.
U. (2011). Phenology of different vegetation types in
Tsimanampetsotsa National Park, south-western Madagascar.
Malagasy Nature, 5, 14-38.

Riemann, J. C., Ndriantsoa, S. H., Raminosoa, N. R., Rddel, M.-O.,
& Glos, J. (2015). The value of forest fragments for maintaining
amphibian diversity in Madagascar. Biological Conservation,
191, 707-715.

Seppelt, R., Beckmann, M., Ceausu, S., Cord, A. F., Gerstner, K.,
Gurevitch, J.,. .. Newbold, T. (2016). Harmonizing biodiversity
conservation and productivity in the context of increasing
demands on landscapes. BioScience, 66, 890-896.

Sunderland, T. C. H., Ehringhaus, C., & Campbell, B. M. (2008).
Conservation and development in tropical forest landscapes: A
time to face the trade-offs? Environmental Conservation, 34,
276-279.

Tengd, M., Johansson, K., Rakotondrasoa, F., Lundberg, J.,
Andriamaherilala, J.-A., Rakotoarisoa, J.-A., & Elmgqvist, T.
(2007). Taboos and forest governance: Informal protection of
hot spot dry forest in southern Madagascar. Ambio, 36, 683-691.

Tscharntke, T., Klein, A. M., Kruess, A., Steffan-Dewenter, 1., &
Thies, C. (2005). Landscape perspectives on agricultural
intensification and biodiversity—ecosystem service manage-
ment. Ecology Letters, 8, 857-874.

van Gils, J. A., Piersma, T., Dekinga, A., Spaans, B., & Kraan, C.
(2006). Shellfish dredging pushes a flexible avian top predator
out of a marine protected area. PLoS Biology, 4, €376.

Wright, S. J. (2010). The future of tropical forests. Annals of the
New York Academy of Sciences, 1195, 1-27.


http://CRAN.R-project.org/package=vegan/
http://CRAN.R-project.org/package=vegan/

