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Abstract

Anthropogenic disturbances are major factors influencing the ecological processes and spatial patterns of a
landscape. Most studies which were conducted in the past in the field of landscape ecology were carried out based
on the analyses of spatial patterns. However, considering only the spatial patterns is more of descriptive and
incomplete. The present study utilized the analyses of both spatial patterns and ecological processes in a landscape
scale. The objective of the study was to examine the impacts of logging and other human-induced disturbances on
community structure and mechanisms of co-existence among six guild insect species in a landscape scale between
1970 and 2010 in the Munessa Forests. Mathematical model was employed to compute the index values of
richness, patchiness, diversity, dominance, and contagion. Moreover, counting was done to determine the number of
boxes in each habitat type using box fractal dimension technique. The box fractal dimension was analyzed by
regressing the number of boxes counted versus caliber width. Survival and intrinsic rate of population growth for
each coexisting species were determined. The results revealed that logging and other human-induced disturbances
affected the index values of patchiness, diversity, dominance, and contagion, suggesting that the size of each
habitat type and patterns of habitat patches differed between 1970 and 2010. Moreover, the box fractal analysis
showed that there was a change in habitat size and patterns of species distribution resulted from the negative
impacts of logging and other human-induced disturbances. The stochastic process results suggested that
anthropogenic disturbances affected the survival, intrinsic rate of population growth, and co-existence among the six
guild insect species through affecting the natural mosaics of habitats and also by aggravating the stochastic causes
of species extinction rates. Generally, the combined results obtained from the change in spatial patterns and
ecological processes are important to describe and better explain how logging and other human-induced
disturbances affected the community structure and mechanisms of coexistence among the six guild insect species in
a landscape scale between 1970 and 2010. The findings of this study are crucial to explain and increase our
understanding and later predict how the impacts of logging and other human-induced disturbances affect the
structure and coexistence of the six guild insect species in a landscape scale. The "Anti-fragmentation Authority"
should properly work towards conserving and managing the patches of the four habitat types which are connected
one another. Because connectedness increases the dispersal rates of individuals from one habitat patch to another.
Edge effect will be also reduced when compacted habitat patches are connected for future conservation goals.
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Introduction
Landscape ecology emphasizes on broad spatial and temporal

scale[1]. The ecological effects of the spatial patterning of ecosystems
focus on the development and dynamics of spatial heterogeneity,
interactions and exchanges across heterogeneous landscapes, the
influences of spatial heterogeneity on biotic and abiotic processes, and
management of spatial heterogeneity [2-5]. Landscapes can be
observed from many points of view, and ecological processes in
landscapes can be studied at different spatial and temporal scales
[1,2,6-8]. Due to the existence of environmental heterogeneity [4] and
processes interacting at different spatial and temporal scales [7,8],
ecological patterns at large scales take into consideration of high
complexity [3,5,9,10]. This is because landscape complexity has not
been shown to be constant across a wide range of spatial and temporal

scales [4,7,11]. This lack of constancy probably reflects the effects of
processes that operate at different scales [12,13]; however, it remains a
focus of current research in landscape ecology [3,14].

Environments often offer diverse spatial heterogeneities of hazards
and opportunities that vary with spatial and temporal scales
[5,6,11,12,15,16]. Those heterogeneities can occur across space (i.e.
within a foraging patch, home range, and landscape) [3,5,6,17]. Thus,
landscape heterogeneity increases the probability to have more number
of habitats [3,5,18], which ultimately leads to an increase in the
survival and coexistence of different guild species in a biotic
community. Habitat variability also affects species relative abundance
and presence in a community and represents a strong structuring force
for communities [18,19]. Theoretical studies also predict a positive
correlation between the viability of wild animal populations and
habitat diversity and landscape heterogeneity [4,5,7,12]. Thus, the
number of different habitats, habitat size, and distribution of the
habitat patches in the landscape would affect habitat heterogeneity
[3,5,7,18]. Habitat diversity affects the structure and mechanisms of
species coexistence in biotic communities because different species
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may specialize on different habitat types and niche regimes [20,21].
For example, the presence of new habitats may change the habitat
selection of a species and may create more opportunities for
coexistence [5,22].

Communities are not static entities but change in species
composition and abundances, both in space and time over the
landscape [7,18]. Spatial patterns within a natural community,
generated by a variety of extrinsic and intrinsic factors, clearly
influence apparent and emergent aspects of that assemblage [23].
Models of competition with explicit resource dynamics predict similar
phenomena if each species has a greater impact on the resource that
most limit its own growth [24]. Moreover, different parts of the
environment represent habitats of varying quality, in terms of costs and
benefits, for different organisms [25]. In most cases, habitat diversity
and landscape heterogeneity have positive effects on the availability of
different habitat resources [5,18]. These may allow different species of
a community in the natural system to coexist together through spatial
or temporal partitioning of common habitat resources. For example,
desert granivorous rodent communities use different mechanisms of
coexistence, which may contribute to their diversities in the desert
ecosystems [5,18,20,21,26]. Among the many, spatial or temporal
partitioning of habitat resources at various scales could be mentioned
as a forefront to allow coexistence among different species of gerbil
community in the desert ecosystem [26].

A continuing challenge in ecology is disentangling the relative role
of deterministic processes from chance, historical factors in structuring
ecological communities [3,4,26]. Many ecological models of local
species interactions in a community predict the occurrence of priority
effects due to alternative stable equilibrium [27]. For example, the
proponents of the species pool hypothesis suggested that many
communities are unsaturated and that local species richness is,
therefore, limited by the availability of colonists from the landscape or
regional species pools [28]. An alternative approach is to view the
community as a spatial and temporal mosaic of such small-scale
systems, recognizing that the individual component "patches" cannot
be viewed as closed [23]. Rather, they are part of an integrated
"patchwork" with individual patches constantly exchanging materials
directly or indirectly through a patch [23]. Disturbance, often in the
form of extinctions due to natural catastrophe, competition, or
predation-related agents, interrupts the local march to and survival of
equilibrium (i.e. local climax) [23]. Thus, the overall system patterning
must be understood in terms of a balance reached between extinctions
and colonization abilities of the various species of the community.

Human-derived disturbances are becoming complex and dynamic
problems, which need to be emphasized and addressed in landscape
ecology as major factors affecting the ecological processes and patterns
both at local and regional scales [1,3,23]. It has been suggested that
human-influenced landscapes exhibit simpler patterns than natural
landscapes, as measured by the fractal dimension [14]. Landscapes
influenced by natural rather than anthropogenic disturbances may
respond differently, with natural disturbances increasing landscape
complexity. Thus, chronic human disturbances affect the community
structure, function, and species coexistence through victimizing the
quality and quantity of the natural mosaic habitats over the landscape.
For example, [29] noted that low levels of habitat and landscape
fragmentation may result in ill-functioning communities while greater
fragmentation may result in species losses and ultimately in the loss of
whole communities. Moreover, human disturbances affect the
connectivity of natural mosaic habitat patches and thereby hinder the

free movement of organisms across the landscape. Greater problems
arise when considering the ways interacting species, or whole
communities, integrate landscapes [30]. Thus, human disturbances are
processes which are scale-dependent whose effects on the landscape as
well as on the habitat patches depend on the scale at which we evaluate
the anthropogenic impacts on the structure, species diversity,
distribution, abundance, and interactions of a biotic community across
the landscape.

Logging and other human-induced disturbances, such as free-range
livestock grazing and agricultural expansion are the common problems
affecting the biodiversity found in the Munessa Forests [31,32].
Previous studies suggested that logging and other human-induced
disturbances can affect community structure and mechanisms of
coexistence among different guild species [1,3,6]. Ecological processes
often not only affect spatial patterns, but also they are affected by the
spatial patterns of landscapes [1,4,12]. Following [1,14,20,21,26], this
study combined the analyses of data on spatial patterns (e.g. richness,
patchiness, diversity, dominance, connectedness, and box fractal
dimension) and ecological processes (e.g. dispersal rate, stochasticity
threshold, and intrinsic rate of population growth) which ultimately
increase our understanding on the ecological processes and spatial
patterns in a landscape scale. Thus, the objective of the study was to
examine the impacts of logging and other human-induced
disturbances on community structure and mechanisms of coexistence
among six guild insect species (i.e. Dysgonia torrid - family Noctuidae,
order Lepidoptera, Dugaria mendax - family Noctuidae, order
Lepidoptera, Hypocctla deflorata - family Noctuidae, order
Lepidoptera, Ophiusa tirhaca - family Erebidae, order Lepidoptera,
Pantydia dufayi - family Erebidae, order Lepidoptera, and Serrodes
partita - family Erebidae, order Lepidoptera; hereafter species 1,2,3,4,5,
and 6, respectively) in a landscape scale over two assessment periods
(i.e. 1970 and 2010) in the Munessa Forests.

The major host plants for the six insect species in the Munessa
Forests (i.e. the study site) include Acokanthera schimperi, Adhatoda
schimperiana, Afrocarpus falcatus, Albizia gummifera, Aningeria
adolfi-friederici, Bersama abyssinica, Buddleja polystachya, Carissa
edulis, Celtis Africana, Croton macrostachyus, Ekebergia capensis,
Hagenia abyssinica, Prunus Africana, Syzygium guineense, Millettia
ferruginea, and Teclea nobilis. As to their ecological associations,
species 1, 2 and 3 mostly roost on the branches of trees and shrubs, but
they also rest on the stem barks of the host plants. However, species 4,
5 and 6 usually roost on the stem barks of the host plants while they
were sometimes seen perching on the branches of the host trees,
shrubs and even on tall grasses.

As the local people in the nearby areas of the Munessa forests cut
trees for various purposes including fuel wood, construction materials,
selling forest products, and practicing free-range grazing, they are
disturbing the communities of insects and their habitats in the study
site. Moreover, the human induced disturbances can affect the insects’
nesting site, reproductive success and may also increase their
proneness to risks of predation by their potential predators including
birds. In this study, the following two research questions were
addressed: (1) How do index values (e.g. richness, patchiness, diversity,
dominance, and contagion), box fractal analysis, dispersal rate,
stochasticity threshold, and intrinsic rate of population growth help to
understand and predict the change in spatial patterns and ecological
processes over a landscape? (2) How do logging and other human-
induced disturbances affect community structure and mechanisms of
coexistence among six guild insect species in a landscape scale?
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Materials and Methods

Study area
The study was conducted in the Munessa Forests, south-eastern

Ethiopia. The Munessa Forests are situated in Oromiya Administrative
Regional State at 7°13 N, 38°37 E. The altitude range extends from
2100 to 2700 m asl. Munessa has a distinct wet and dry season. The
mean annual rainfall is about 1250 mm. The mean annual temperature
varies from 15°C to 20°C. The vegetation is composed of natural and
plantation forests where the main forest blocks are found on the
escarpment and associated plateau lying between the Rift Valley lakes
and the eastern edge of the Rift Valley [31-33].

Index values
Understanding environmental heterogeneity requires the

appropriate analysis of the spatial distribution of elements, for
example, habitat patches in the landscape [34]. Thus, the development
of landscape-oriented indices is crucial to analyse those elements
within a landscape (i.e. the composition) as well as the configuration
(pattern) of a whole particular landscape [3,10,34]. For example, the
use of complementary landscape indices (e.g. dominance, contagion,
and fractal dimension) in the eastern United States discriminated
between major landscape types, such as urban coastal, mountain
forest, and agricultural areas [1,3,8,9,34]. These three indices also
appeared to provide information at different scales, where the fractal
dimension and dominance indices reflected broad-scale pattern while
the contagion index reflected the fine-scale attributes that incorporate
the adjacency of different habitats [2,8,34]. Thus, both classical and
adopted ecological methods are important techniques to quantify the
index values of different elements and calculate box fractal dimension
[3,34] of a landscape over the two assessment periods (i.e. 1970 and
2010).

Landscape indices are ecologically relevant so that they reflect
important attributes of spatial pattern [35]. For example, landscape
indices derived from information theory have been applied in several
ecological studies [2,8,9,10,11]. Mathematical formulae were employed
to compute the different index values (i.e. indices) of richness,
patchiness, diversity, dominance, and contagion in the two assessment
periods (i.e. 1970 and 2010) over the landscape of the Munessa Forests.

  Accordingly, number of cells and boundaries of cells were counted dep-
ending on the nature of the index whose value is required to be quantified.

Richness for each landscape was calculated with the formula R =
(H/Hmax) × 100%.

Where, H is the number of habitat types present and Hmax is
number of habitat types possible.

Patchiness was calculated as: P = ∑� = 1�� ����
Where, Nb is the number of boundaries between adjacent cells and

Ds is a dissimilarity value for the ith boundary between adjacent cells.

Note: To determine the patchiness index for each landscape, I
counted all the boundaries between adjacent cells of each habitat type.
Dissimilarity value may vary depending on our personal judgment
[1,3,6,34]. However, for this study, I decided the dissimilarity (Ds)
value to be 0 when the 2 cells compared are identical and as large as 1

when the 2 cells compared are totally different. Thus, following
[1,3,6,34], I decided to have a Ds value of 0.25 between cells of habitat
1 and habitat 2, Ds value of 0.5 between cells of habitat 1 and habitat 3,
Ds value of 1 between cells of habitat 1 and habitat 4. I also decided to
have Ds value of 0.25 between cells of habitat 2 and habitat 3, Ds value
of 0.5 between cells of habitat 2 and habitat 4, Ds value of 0.25 between
cells of habitat 3 and habitat 4.

Diversity (Shannon diversity) was calculated as: H' = - ∑� = 1� ��ln��
Where, H is the number of habitat types present and Pi is the
proportion of the landscape in the ith habitat.Dominance was

calculated as: D = lnH - ∑� = 1� ��ln�� where, H is the number of habitat

types present and Pi is the proportion of the landscape in the ith

habitat.Contagion was calculated as: C = 2HlnH + ∑� = 1� ∑� = 1� ���ln���
where, H is the number of habitat types present and qij is the
probability of habitat i being adjacent to habitat j. In other words, qij =
nij/ni, where nij is the number of cells of habitat type i adjacent to
habitat type j and ni is the number of cells of habitat.

Box fractal dimension
Fractal geometry was introduced as a good method to study shapes

that are partially correlated over many scales [1,3,6,12,34]. The fractal
dimension has also been hypothesized to reflect the scale of the factors
causing the spatial pattern [1,3,6,34,36]. Quantifying spatial pattern is
treated as the first step to understanding ecological processes [1].
Accordingly, I counted to determine the number of boxes (i.e. habitat
patches) of each habitat type based on the data for the two assessment
periods (i.e. 1970 and 2010). Thus, the box fractal dimension of the
two landscapes was calculated by regressing the number of cells counted
against caliber width.

The Stochastic process
The values of dispersal rate, stochasticity threshold, and intrinsic

rate of population growth for each species in the four habitats were
determined. Based on the average value of intrinsic rate of population
growth, the dominance hierarchy for each species was ranked. For
example, a species with the highest average value of intrinsic rate of
population growth was ranked as the most dominant species in the
community. The summary of the values of dispersal rate, stochasticity
threshold, intrinsic rate of population growth, and dominance
hierarchy for each species in the four habitats.

Results

Index values
The results of the different indices (i.e. values of richness,

patchiness, diversity, dominance, and contagion) in the two assessment
periods (i.e. 1970 and 2010) in the Munessa Forests were as followed.
According to the results presented; the following remarks can be made
 logging and other human-induced disturbances in the core.
Munessa Forests did not affect the index value of habitat richness in
1970 and 2010 though the patterns of the distribution and size of the
habitats were affected. This suggested that richness index is not a good
descriptor to study the impacts of logging and other human-induced
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disturbances regarding the change in the landscape pattern between
1970 and 2010. However, their negative effects are clearly observed
while affecting the index values of patchiness, diversity, dominance,
and contagion in the two assessment periods.

The value of patchiness index increased between 1970 and 2010 as
                 is shown in various studies is because logging and other human-induced

disturbances converted the connected habitats into fragmented patchy
habitats. Moreover, the mix of different habitat types among one
another increases the patchiness index in a non-random fashion so
that the configuration of the Munessa Forests landscape was changed
between 1970 and 2010.

Habitat diversity index value decreased between 1970 and 2010
because many areas in the Munessa Forests landscape were converted
into habitat type 1 due the negative impact of logging and other
human-induced disturbances within its. The reduction in the value of
habitat diversity index is suggested to be attributed to the decrease in
the evenness of the proportion of the different habitat types over the
landscape. However, dominance index increased between 1970 and
2010. Furthermore,  was suggested to be because of the shrinkage in
the area of the three habitat type (i.e. habitat 2, 3, & 4), but dominated
by habitat 1. Contagion index showed decrement between 1970 and
2010. Furthermore, its was because many of the habitats became
fragmented into smaller habitat patches and even some of the cells
became isolated on the periphery of the landscape without any
connection with the adjacent cells of the other habitat type. The
habitats became more susceptible to edge effects when small
fragmented habitats are exposed to adjacent cells of other habitat type
than one big and compacted habitat patch. As a result, the contagion
index value between 1970 and 2010 is a good descriptor to evaluate the
change in the spatial pattern of habitat patches.

Box fractal dimension
The results on the counts of the box fractal dimension of each

habitat type between 1970 and 2010 in the Munessa Forests were given
as followed. The scale of resolution was found to affect the number of
cells (i.e. habitat patches) of each habitat type counted between 1970
and 2010. As shown in various studies, the number of cells of habitat 1
increased between 1970 and 2010 due to the negative impacts of
logging and other human-induced disturbances. This suggested that
habitat 1 may be a hostile habitat for the six coexisting guild species
and it is why we saw zero intrinsic rate of population growth for each
of the six guild species. However, the remaining three habitat and their
type (i.e. habitat 2, 3 & 4) dramatically decreased in their number of
cells (i.e. habitat size) as well as configuration of cells (i.e. pattern of
distribution) due to the negative impact of logging and other human-
induced disturbances between 1970 and 2010. For example, as showed
the three habitats (i.e. habitat 2, 3 & 4) became fragmented and patchy
in their spatial distributions, which resulted in low connectedness
among the cells within each habitat type. This could affect the free
movement or dispersal of each guild species from one habitat patch to
another. Moreover, the destruction and fragmentation of the habitats
aggravated the extinction rates of the six coexisting guild species by
increasing the likelihood of stochasticity threshold and also jusitifed. For
example, severe competition for the same but very limited habitat
resources resulted from the rapid shrinkage in the area of preferred
habitats as well as deterioration of habitat quality would likely increase
the extinction rates of the six coexisting guild species.

The slope of the box fractal dimension for each habitat type between
1970 and 2010 was shown by regressing the log of caliber width versus

the log of cell counts for each habitat type. Compared with habitat 1,
the slope of the box fractal dimension showed a decrease in trend line
for the three habitats (i.e. habitat 2, 3, and 4) between 1970 and 2010.
  For example, compared to the value in 1970, the slope of box fractal
dimension of habitat 1 decreased in 2010 and which was also present.
This could be due to the increase in the area coverage as well as good
connectivity of the cells of habitat 1 over the landscape in 2010.
 However, in the case of the three habitats and which shows (i.e.
habitat 2, 3, and 4), the slopes of the box fractal dimension had
increased between 1970 and 2010 because each of the three habitats
shrank in their areas of coverage (i.e. number of cells).

However, the results generally showed more or less a similar trend
of a decrease in the values of slope of the box fractal dimension for
each habitat type between 1970 and 2010 when the values of the caliber
width increased due to the scale effect.

Results of the Stochastic Process
Species 1 had a positive intrinsic rate of population growth in

habitat 2 so that it may persist well in habitat 2 compared to the other 5
species, which showed either negative, or zero intrinsic rate of
population growth in habitat 2. However, species 1 showed zero
intrinsic rate of population growth in habitat 1, but negative intrinsic
rate of population growth in habitat 3 and 4. As species 1 had low
dispersal rate and high stochasticity threshold, suggesting that it is
more likely to disappear from habitat 1, 3, and 4. However, due to its
positive intrinsic rate of population growth, the dominance hierarchy
of species 1 was the strongest so that it may hopefully exclude the other
five species in habitat 2.

Species 2 had a positive intrinsic rate of population growth in
habitat 3 so that it may perform well and persist in habitat 3 compared
to the other 5 species, which showed either negative or zero intrinsic
rate of population growth. Moreover, the dominance hierarchy of
species 2 was the strongest compared to species 3, 4, 5, and 6 so that it
may exclude all those four species and perform better in habitat 3.
However, species 2 showed zero intrinsic rate of population growth in
habitat 1, but negative intrinsic rate of population growth in habitat 2
and 4. As species 2 had low dispersal rate and high stochasticity
threshold, suggesting that it is more likely to get extinct from habitat 1,
2, and 4 due to the negative impact of logging and other human-
induced catastrophes.

Species 3 had a positive intrinsic rate of population growth in
habitat 4 so that it may persist in habitat 4. Due to its positive intrinsic
rate of population growth and strong dominance hierarchy, it is more
likely to dominate and exclude species 4, 5, and 6 in habitat 4.
However, species 3 showed a negative intrinsic rate of population
growth in habitat 2 and 3. As species 3 had low dispersal rate and high
stochasticity threshold, suggesting that it is more likely to disappear
from habitat 1, 2, and 3.

Species 4 had a positive intrinsic rate of population growth in
habitat 4. However, it showed zero intrinsic rate of population growth
in habitat 1, 2, and 3. As species 4 had high dispersal rate and low
stochasticity threshold, suggesting that it is more likely to be favored by
the landscape change and can increase in its population size and may
exclude species 5 and 6 in habitat 4 or coexist with the other species in
all of the four habitats. Even though species 4 showed zero intrinsic
rate of population growth in habitat 1, 2, and 3, the population will
benefit from high dispersal rate and low stochasticity threshold
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catastrophes, such as habitat fragmentation and destruction due to the
negative impacts of logging and human-induced disturbances.

Species 5 had a positive intrinsic rate of population growth in
habitat 4. However, it showed zero intrinsic rate of population growth
in habitat 1, 2, and 3. As species 5 had low stochasticity threshold,
suggesting that species 5 is more likely to perform better and coexist
with the other dominant species in habitat 4. Even though species 5
had showed zero intrinsic rate of population growth in habitat 1, 2, and
3, the population may coexist with the other species due to its low
stochasticity threshold. As species 5 had low dispersal rate, the
likelihood of the population to increase in habitat 1, 2, and 3 is very
low from immigration.

Species 6 had a positive intrinsic rate of population growth in
habitat 4 so that it may persist well and coexist with the rest of the five
guild insect species in habitat 4. However, species 6 showed zero
intrinsic rate of population growth in habitat 1, but negative intrinsic
rates of population growth in habitat 2 and 3. Next to species 5, species
6 had the least dominance hierarchy, suggesting that it had low
dispersal rate and high stochasticity threshold. Therefore, it is more
likely to get extinct from habitat 1, 2 and 3. Species 6 was susceptible to
the negative impacts of logging and other human-induced
disturbances; suggesting that it is more likely to be an endangered
species over the landscape. However, it needs further field data
through considering additional life-history of species 6.

All the six species had zero intrinsic rates of population growth in
habitat 1, suggesting that habitat 1 is not a suitable habitat to the six
guild insect species, because habitat 1 could be a marginal habitat or
inhospitable environment over the landscape. However, species with
high dispersal rate (e.g. species 4) studies cause may use habitat 1 as a
corridor for its safe movement between or among habitats provided
that there is no blocking effect by man or other catastrophe over the
landscape.

Discussion
Diversity and coexistence of guild species in a landscape is an

important element, which is shaped not only by the number of species
present in the system, but also by the processes that cannot be
necessarily observed at a local scale [6,10,11,13]. Of course, species
diversity at the local scale is determined by the dynamic balance of
local colonization and extinction [10,37]. However, species
interactions, such as competition for limited common habitat
resources among guild species would aggravate the rate of species
extinction at the local scale through affecting the mechanisms of
coexistence in a community [10]. For example, the rates of extinction
are primarily controlled by local ecological processes, such as
competitive exclusion, predation, disease, disturbance, demographic,
and environmental stochasticity [38]. Thus, as revealed in the present
study, indices on diversity and other related elements (e.g. patchiness,
dominance, and contagion) [9] are important indicators for
conservation and management of communities and their viable
habitats at a landscape scale.

Landscape indices are ecologically relevant because they reflect
important attributes of spatial pattern where they can functionally link
the dynamics of ecological processes to landscape structure [6,9,11,35].
Several studies suggested that only a few variables may be required to
understand and predict landscape patterns, the spread of disturbances,
or ecosystem processes [2,8,14,11]. The present study suggested that

size and distribution of habitat patches are measures of landscape
structure. Moreover, the inclusion or exclusion of habitat patches
produces distinctive differences in the landscape mosaic (i.e. the
number of recognized patch types) [1]. These characteristics may be of
particular importance for species that require habitat patches of a
minimum size or specific arrangement [2,8,10]. Habitat patches that
survive the process of fragmentation become increasingly isolated
from one another, and this can cause species' declines in excess of
predictions based strictly on reductions in habitat area [9,39]. The
change in the mosaics of habitat quality and quantity between 1970
and 2010 showed that the biotic community of the six coexisting guild
insect species in the four habitats would be negatively affected by
logging and other human-induced disturbances in the Munessa
Forests.

The results suggested that destruction and fragmentation of habitats
affect the community structure and mechanisms of coexistence among
the six guild insect species even at local scale by affecting the natural
mosaic habitats on the landscape. For example, logging and other
human-induced disturbances were observed to affect the free
movement (i.e. dispersal) of the six guild insect species on the
landscape due to the effect of fragmentation and exclusive isolation of
previously connected habitat patches. Even though the value of
richness index remained the same between 1970 and 2010, the
landscape had changed in its pattern of habitat configurations. For
example, the index values of contagion and patchiness were good
descriptors to reveal the negative impacts of logging and other human-
induced disturbances on the landscape. Thus, the result of contagion
index showed that patterns of habitat cells (i.e. patches) were affected
by logging and other human-induced disturbances in the Munessa
Forests. The value of patchiness index also supported the result
obtained from the contagion index. For example, due to habitat
fragmentation and the mixed patterns of different habitat patches (i.e.
cells), the patchiness index increased between 1970 and 2010. Previous
studies [10,40] also noted that habitat patchiness affects communities
because sub-populations of a species may escape local extinction in a
few patches and recolonize those patches at later times.

Shapes and boundaries of the landscape have been quantified by
using fractal dimension that provides a measure of the complexity of
the spatial patterns of habitats. Fractals have been used to compare
simulated and actual landscapes [6,34,41], to compare the geometry of
different landscapes [34,36,41,42]; and to judge the relative benefits to
be gained by changing scales in a model or data set [1,6,11,43].
Compared to habitat 1, the slope of the box fractal dimension of the
present study showed a decrease in trend line for the three habitats (i.e.
habitat 2, 3, and 4). As compared to 1970, the slope of the box fractal
dimension of habitat 1 decreased in 2010 because of the increase in the
area coverage as well as good connectivity of the cells of habitat 1 in
2010. However, in the case of the other three habitats (i.e. habitat 2, 3,
and 4), the slopes of the box fractal dimension had increased between
1970 and 2010 because each of the three habitats shrank in their areas
of coverage (i.e. number of cells). Moreover, the patterns of habitat cells
became less connected or more isolated due to the fragmentation of
the patches of these three habitats. However, changes in fractal
dimension may be difficult to interpret because multiple factors
simultaneously affect its value and/or several formulae of fractal
dimension produce a wide range of results [10,14,34,36,41,42].

The results from stochastic process suggested that some of the
species in the community (e.g. species 6) which recent became endangered.
This is because disturbances raised the stochastic causes of species
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extinction rates through increasing the stochasticity threshold.
However, certain generalized species, may be native inhabitants of a
region, usually benefited from occurring in successional stages [10,38],
irrespective of the impact of logging and other human-induced
disturbances on other species of a community. For example, species 1
persisted in habitat 2 due to its positive intrinsic rate of population
growth and highest dominance hierarchy in the community though it
had low dispersal rate and high stochasticity threshold. Thus, species 1
may exclude the other coexisting guild insect species when habitat 2
(i.e. the preferred habitat for species 1) shrinks due to the impact of
logging and other human-induced disturbances that may result in
reduction and/or limitation of common habitat resources. Compared
to other guild insect species in the community, species 2 may persist in
habitat 3 due to its positive intrinsic rate of population growth
regardless of its low dispersal rate and high stochasticity threshold.
Irrespective of their high dominance hierarchies, species 1 and 2 may
get extinct from habitat 4 due to their negative intrinsic rate of
population growth, low dispersal rate, and high stochasticity threshold.

On the other hand, the stochastic process results suggested that
species 3, 4, 5, and 6 may persist and coexist in habitat 4 due to their
positive intrinsic rates of population growth. However, the area
covered by habitat 4 had dramatically decreased and became
fragmented over the landscape between the two assessment periods
(i.e. 1970 and 2010). For example, compared to the other three habitat
types, habitat 4 was the most deteriorated habitat in its size due to the
negative impacts of logging and other human-induced disturbances in
2010. Thus, it is difficult for those four species (i.e. species 3, 4, 5, and
6) to coexist together because they inevitably face limited habitat
resources in habitat 4. At the local scale, previous studies suggested
that species interactions mainly competition for limited habitat
resources may enforce uniform distribution due to the utilization of
body-size dependent resources [5,10,21,44]. However, the present
stochastic process results showed that logging and other human-
induced disturbances affected the survival, intrinsic rate of population
growth, structure, and coexistence of the six guild insect species
through affecting the natural mosaics of habitats as well as aggravating
the stochastic causes of species extinction rates. For example, due to
logging and other human-induced disturbances, the present study
suggested that a hostile habitat which will act as a sink (i.e. habitat 1)
increased in its size as well as patch cells distribution. However, few
species (e.g. species 4 due to its high dispersal rate and low
stochasticity threshold) may be benefited from the change in the
configuration of the habitat patches over the landscape.

Conservation strategies frequently consider not only the amounts of
habitat that must be retained, but also the spatial configurations of
habitats across the landscape of concern [1,6,11,36,39,42]. Therefore,
the "Anti-Fragmentation Authority" (AFA) should work towards
changing and conserving the connected cells (i.e. habitat patches)
comprising of the four habitat types which are connected one another.
This is because connectedness promotes the dispersal rates of
individual species from one habitat patch to another and may allow
coexistence among the six guild insect species on the landscape
[10,36,42]. Moreover, the edge effect will be reduced when compacted
cells (i.e. habitat patches) are connected for future conservation goals
by the authority.

Conclusion and Recommendation
The eight cells which were suggested to be set aside for future

conservation by the AFA were as shown in various studies. Therefore, I
recommended that the red painted eight cells should be converted
from habitat 1 to habitat 4 and conserved by the AFA because these
eight cells are connected to each other as well as with the other cells
(i.e. habitat patches) of the already existing habitat 4. It is also good to
restore the former diversity of the landscape, for example, compared to
the other three habitats; habitat 4 was most severely affected by the
negative impacts of logging and other human-induced disturbances.
The connectedness of the converted cells may, therefore, facilitate the
free movement and dispersal of the six guild insect species from one
habitat type or patch to another and may also promote species
coexistence in a community. Since the eight cells are found in
compacted form, it is easier to implement proper conservation and
management by AFA. In addition, it reduces the impact of edge effect
on each cell (i.e. habitat patch) because identical cells (i.e. habitat
patches) share common boundaries. On the degraded areas, multi-
purpose tree species can be planted and managed so that it creates
alternative livelihoods for the local communities. At the same time,
these areas buffer the Munessa Forests and also promote sustainable
use of natural resources.
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