Diversity Pattern and Ecological
Indicator Role of Butterflies in Ethiopia

Author
Abaynew Jemal Jenber

Department of Plant Sciences, College of Agriculture and Environmental
Sciences; Bahir Dar University, P.O. Box 79, Bdbar, Ethiopia

Publication Month and Year: July 2021
Pages:118
E-BOOK ISBN: 97881-9529948-5

Academic Publications
C-11, 169, Sectof3, Rohini, Delhi, India
Website: www.publishbookonline.com
Email: publishbookonline@gmail.com
Phone: +919999744933


http://www.publishbookonline.com/
mailto:publishbookonline@gmail.com




Preface

Butterfly diversity atMenagesh&suba State foresind GulleleBotanical
Garden, was investigated using sweep nets along transects in tresetyp
habitats A total of 936 butterflies belonging to 29 genera and five families at
Menagesh&uba State foresind 386 individuals belonging to 23 genera and
five familiesat Gullele Botanical Garden were recorded in this stlithgre

was a significance difference among habitats of MenagBsba State
forestas (F =3.793, df =2, P < 0.05) but there was no significance difference
among the habitats dBullele Botanical Garmeh as the value P > 0.05.
Members of the family Nymphalidae were more dominant than Hesperidae,
which were scarce in the study areas. The diversity of butterflies in
Menagesh&uba State foreswvas higher than Gullele Botanical Garden.
There was a signifance difference among seasons as (p < 0.05, F= 5.529
and df =3) at Menagestfuba State forest as well asGullele Botanical
Gardenas (p < 0.05, F= 14.714 and df =3). Shannon diversity index showed
higher diversity in autumn at both sit®&utterfly diversity were also studied

at five elevation sites dflenagesh&uba State forestnd ten transect lines
were establishedlhere was a significant difference as (P < 0.05, F= 4.749,
df =4) in diversity of butterfly communities among the altitudése values

of Shannon Weineindex H' indicated, the highest H' value at 22B00m
(3.438 and the lowest at above 3300 m (1.038) altitude. The species
richness was relatively highest at 22@%00m and lowest at 3148800 m
altitude. The Jaccard's similarityndex indicated that the butterfly
communities similarity was highest between altitudes of J3WDmM and
above 3300m (0.6), while the lowest value was noted at altitudes between
22002500m and 310@300m, 2202500m and above 3300m, and 2500
2800m and afive 3300m (O)Percentages of exclusive species also declined
with elevation. Butterflies showed narrow tolerance to elevation. Among the
five families, Nymphalidae dominated the butterfly community at all of the
altitudinal sites.At Menagesh&uba Statd-orest, the ecological indicator
role of butteflies was assessed at five and three habitat types using transect
method. Thirty transects representing five different habitat types were set up
from the natural closed forest to the agricultural land, widmgth of 100 m

for each transect. The results showed no butterfly family and genus which
could be used as ecological indicator for the natural closedstfor
Nevertheless, at the species level, three speClemaxes phoeby¥anessa
abyssinicaand Colas electocan be used as dogical indicators to assess



the impact of disturbance on the natural closed forest as well as the habitat
inside forest. In addition, the gen@haraxes and/anessdor the habitat
inside forest and the gen@lias for the rabitats outside forest, and for the
shrub and grassland could be used as-imticators. As a result,
conservation of their habitats at landscape level is important for conservation
of butterfly fauna of the study areas.
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Chapter - 1

Introduction

Insects are difficult to study because they represent thespesiesich, yet

one of the least known, of all taxa of living organisms, a problem that is
compounded by a scarcity of skilled entomologigtaan, 2003. Although
thenumber of described insect species is uncertain due to synonyms and lack
of globd list, most recognize 900,0a0000,000 named morptspecies,
representing 56% of all species known on Eafhof, 2003. Sensible
estimates of the number of insects yet to be discovered range from 1 million
to 30 million species Hrwin, 1991, although most predict around-82
million more species May, 1990 Gaston, 19910degaard, 20Q0
Approximately 100,000 species of insects have been described from sub
Saharan Africa, but there are very fewerviews of the fauna as a whole
(Miller and Rogo, 2001)it has been estimated that the African insects make
up about 120% of the global insect species richné&aston and Hudson,
1994)and about 15% of new species descriptions come from Afro ttopica
region(Gaston, 1991

The order Lepidoptera may have more species than earlier thought and
is among the most widespread and widely recognized insect orders in the
world. Linnaeus (1758) recognized three divisions of the Lepidoptera, i.e.,
Papilio, Sphihx and Phalaena with seven subgroups iRhalaena These
persist today as 46 super families of Lepidoptera with an estimated 174,250
species (Mallet, 2007), belonging to 126 families. Butterflies (superfamily
papiliniondae) are estimated to comprise apipnaxely 10% (Capinera,
2008). However, this figure is contentious because of the continuous
addition of new butterflies and due to ongoing disagreements between
taxonomists over the status of many species.

Butterflies are probably the most beautiful inseot the world having
aesthetic value and great ecological significance as consumers and
pollinators in the ecosystem. Butterflies and moths classified under the same
Order Lepidoptera, but most butterflies are diurnal whereas majority of
moths are noctual. Although most butterfly species are tropical, the
number of species is not distributing equally among tropical regions. Those
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areas closest to the equator have a greater number of species due to it
encompasses the greatest geographical area and hgpéatof any area
(DeVries, 2001).

It is obvious that the evolution of butterfly diversity is based on
historical and contemporary interactions with many species. These biological
interactions include plant and/or insect hostsmimics in Batesian and
Mullerian mimicry complexes, predators, and parasitoitifiillerian
mimicry is a natural phenomenon in which two or more poisospasies
that may or may not be closely related and share one or more
commonpredators have come taimiceach other'svarning signad
(Muller, 1879). Batesian mimicrys a form ofmimicry typified by a
situation where a harmless species has evolved to imitate the warning signals
of a harmful species directed at a comrpoedator(Bates, 1981)Butterflies
have also evolved within and adapted to a great many biomes and habitats,
ranging from the multilevel within flourishing tropical rain forests to harshly
dry deserts. Habitat destruction always has profound effects on the butterfly
communities that inhabit them. Like all organisms, butterflies live, evolve,
and diversify within dynamic biological systems. To date, butterflies have
served as tools for understanding the diversification of life on Earth and the
fundamental interactions among sigsqPanda and Khush, 1995). However,
our future understanding of butterfly diversity will depend on a renewed
interest in studying them in the natural world and valuing the habitats in
which they occur (Panda and Khush, 1995).

Biodiversity refers to theumber of species in a given area, the genetic
diversity of the species, the diversity of life forms, and it plays a role in
stabilizing community and ecosystem processes (Primack, 1998). It is the
variety within the living world. It also refers to ecologfcstructures,
functions, and processes on each of these levels. Therefore, all organisms
and ecosystems are interconnected. The presence or absence of an organism
affects the overall ecological communities and the ecosystem as a whole
(Putman, 1994).

Ethh opia is one of the worldds rich
diverse set of ecosystems ranging from humid forest and extensive wetlands
to deserts. This is due to the variation in climatic conditions, topography and
vegetation. Our country is alsme of the few countries in the world that
possesses unique and characteristic fauna with a high level of endemism
(Shibru Tedla, 1995; Jacobs and Schloender, 2001). Even though Ethiopia is
very rich in its flora and fauna diversity, just like any othEmfs, animal
and insects, the butterflies are also in danger due to deforestation for
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agricultural exploitation, timber and fuel wood, urbanization and other
factors. Fortunately,Menagesh&uba State ForesfMSF) and Gullele
Botanical Gardef{GBG) have ben proclaimed by authorities as protected
areas, thus actions have been taken in order to restore their habitat.

Menagesh&uba State Forest and Gullele Botanical Garden were
selected for the study because of the possibilities of human interferences as a
consequence of land development activities in the surrounding areas. In
addition, these mountainous areas are also forest reserve areas. Up to date
there has been no related study conducted in the areas with respect to
butterfly diversity. Basic ecologichaaspects of butterflies at the two sites
such as species richness, abundance, habitat association and seasonal patterr
should be studied regardless of the harmful or beneficial nature of butterflies
for conservation purpose. Butterfly diversities in thesely areas are not
well classified, described, and documented. Therefore, the current study was
conducted to determine and compare the diversity of butterflies in the
relatively stable ecosystems of MenageShiba State Forest ard-situ
conservation ofSullele Botanical Garden at different habitats and seasons.
The study was also carried out to evaluate butterflies as ecological indicator
as well asto investigate the change of butterfly community at different
altitudes of Menageshauba State Forest.

1.1 Problem Statement

Butterflies have been recognized as indicators of biodiversity. Their
fragility makes them quick to react to change so their struggle to survive is a
serious warning about our environment. Habitats have been destroyed on a
massive scaleand now patterns of climate and weather are shifting
unpredictably in response to pollution of the atmosphere. However, the
disappearance of these beautiful creatures is more serious than just a loss of
colour in the countryside.

1.1.1Diversity of Butterfly at Different Habitat Types

As species are lost at an increasingigh rate from both outside and
with in protected areas, it becomes important to establish baseline data on
species richness, abundances and distribution to which future surveys and
conservatia efforts can be related. Historically, little has been given to
smaller animal taxa and, until very recently; surveys have focused on large
mammals (Caroet al, 1998). Nonetheless, it is increasingly being
recognized that smaller species like insectsiraportant for ecological and
conservation monitoring because some are particularly sensitive to
environmental pollution and changes in habitat structure through their close
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adaptation to the environment. They also embody the majority of the links in
the @mmunity food chain (McGeoch, 1998; MacNa#y al, 2004). For
example, some tropical butterflies show changes in species composition in
response to selective logging (Daily and Ehrlich, 1995; Haghet, 2003)

that would be unlikely to affect ungulates or carnivores to the same degree.
The indicator properties of butterflies in regard to species richness have not
been demonstrated in Ethiopia, and have not been used in nationwide
conservation planningln an effort to provide baseline information on
butterfly diversity, this study was carried out on species richness, abundance
and habitat association at MenageShdna State Forest and Gullele
Botanical Garden. Therefore, this study was conducted withea to
examine the diversity of butterfly population across the habitats.

1.1.2SeasonaPatternsin Butterfly Abundance and Species Diversity

Butterflies offer good opportunities for studies on population and
community ecology (Pollard, 1991). Many specieduofterflies are strictly
seasonal, preferring only a particular set of habitats. In spite of this,
butterflies have been generally neglected and there are very few studies
available on their community structures, population dynamics and the eco
climatic factors which affect them. Being good indicators of climatic
conditions as well as seasonal and ecological changes, they can serve in
formulating strategies for conservation purpose (Pollard and Yates, 1993).
However, they have largely been ignored in Etldofhe study was started
with a view to examine the dynamics of butterfly population across seasons.

1.1.3Diversity of Butterfly C ommunities atDifferent Altitudes

Analyses of altitudinal changes can provide important information on
diversity, abundance, arghecies composition of organisms as those aspects
of the environment limiting the distribution of organisms. These are factors
influencing the structure of communitiéghe altitude of their habitat (Price,
1991) affects butterfly diversity. Nelson and Vég#ti (2008) showed that
the species composition of butterflies differed between different altitudes as
well as habitatsSeveral studies have concluded that a decrease in species
richness with elevation is a typical characteristic of many animals, ingludin
insects, with the exception of bees (Gauld, 1987) and tropical psocids
(Turner and Broadhead, 1974Jhis study was aimed at investigating
altitudinal variation in butterfly community at Menageshaba State Forest.

1.1.4 Butterflies asIndicator Taxa of Ecological Disturbance
Menagesh&uba State Forestcommunities have changed in
composition and abundance over time due to forest succeagiocyltural
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intensification, weather conditions as well as habitat fragmentation and
distutbance (Abat&Zewdig 2007). Butterfly fauna is usually associated with
its corresponding vegetation types. Although many butterfly larvae feed on a
variety of plants, a small number of butterfly larvae feed on only a single
plant. Forest disturbance obviously causes changesgetdion types that
consequently affect butterfly fauna. Any changes in the forest can lead to
changes in butterfly communities because they are highly sensitive to chang
es in habitat disturbance or habitat quality (Colliegal, 2003). Moreover,
butterflies are oberved easily and the species are better known than most
other groups of insects making them good subjects of study for indicator of
ecological disturbance.

Although butterflies are widely recognized as good indicators, there is
limited or no research work to define butterflies as indicators to monitor and
assess the impact of human being on forest systems. Hence, this study
defines butterflies as ecological indicators at family, genus and species levels
at Menagesh&uba State Forest.

1.2 Objective of the Study
General Objective

To study the ecology of butterflies at MenageShi#a State Forest and
Gullele Botanical Gardens with a view to establish the effect of habitat type,
seasonality andltitude on their diversity parameters as welkhasessheir
potential as ecological indicators.

Specificobjectives
1. To describe the diversity of butterfly communities in habitat types
at Gullele Botanical Garden and MenageShidba State Forest.

2. To describe the seasonal patterns of butterfly divestitullele
Botanical Garden and MenagesBaba State Forest.

3. To investigate the change of butterfly community in different
altitudes of MenagesHauba State Forest.

4. To define butterflies as ecological indicatorsMnagesh&uba
State Forest
1.3 Hypothesis

Menagesh&uba State Fore®& one of the few mountainous forests left
in Central Ethiopia. Because of rapid land development activities for
agriculture and forest succession in the surrounding area, it is hypothesized
that there would be a chging in butterfly diversity of this mountainous
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forest now and in the future. At the same time since there are various seasons
though out the year, climatic and weather conditions, vegetations and
habitats it is hypothesized that there would lovarsity of butterfly species

in time and place at these study sites. This study was aimed at examine
habitat and seasonal variation in butterfly community in the study areas.

1.4 Significance of theStudy

The results of this study are expected to providelbasdata for future
study and monitoring of butterfly community changes in these mountainous
habitats. Conserving butterflies will improve our whole environment for
wildlife and enrich the lives gieople now and in the future.
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Chapter - 2

Literature Review

2.1 Diversity of Butterflies
2.1.1Butterfly Species Richness

I nsects are the earthoés most diver
half of the described species of living things and toe&rters of all known
animals, and it is estimated that mapecies of insects than known at
present remain to be discovered (Wijesekara and Wijesinghe, 2003). Species
richness refers to the total number of species in a community (Krebs, 1999).
The described species of insects are distributed unevenly amongst the
highest taxonomic groupings (insect order) (New, 1996). The Lepidoptera,
which consists of butterflies and moth, is the second largest order of insects
in terms of number of species next to Coleoptera (Gullan and Cranston,
2000).

There are about 18, 000 dabed species of butterflies in the world, and
new ones are still being discovered. There are probably at least ten times as
many moth species, many of which are yet to be discovered. A rough
estimate would be at least a quarter of a million species pidaptera
(Mallet, 2007) Many of these might be extinct even before they have been
discovered largely because of the impact of habitat modification,
degradation, expanding human populations and other activities. The Afro
tropical zoogeographical region ffica south of the Sahara including
Ethiopia) (Crosskey and White, 1977) boasts just over 4,000 described
species of butterflies, which is about one fifth of the world total. The number
of species in each family in the Afro tropical region is about 93
Paplionidaes, 188 whites Pferidaes) 1419 Nymphalidaes, 1700
Lycaenid&sand 515 Hesperiidaes (Williams, 2007).

Genera like Charaxes and Acraea from the family Nymphalidae,
Colotisfrom the family PeiridaeandPapilio from Papilionidaeare species
rich genera in Africa The subfamiljLipteninae isendemido the
Afrotropical zoogeographical regionand the subfamily Miletinae
remarkably the genusLachnocnema are mostly African speciesThe
subfamily Lipteninag under the family Lycaenidaepnsists of speciasch
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genera such asOrnipholidotos Liptenara Baliochila, Hypophytala

Teriomima Deloneura and Mimacraea Euphaedra Bebearia Precis

PseudacraeaBicyclusand Euxantheare endemic genera édymphalidae.
Pseudopontia paradoxdFelder) and Mylothris are endemic Pieridae
species, while theendemic skippers includ&arangesaand Kedestes
(Williams, 2007).

Species diversity of butterflies in any particular geographical region is
mainly related to vegetational diversity. This, in turn, is dependant mostly on
climatic and geomorphologic factors. Plant diversity is generally highest in
areas of high rainfall, iph temperaire (low altitude and latitudeand
variable landscapes. Butterfly diversity and abundance is therefore highest in
wet, tropical, lowland forest and lowest in dry, cold, polar deserts. On one
forested mountain, a few hectares in extent, in Caume more than 1,000
species of butterfly have been recorded, while not a single species is found
on the continent of Antarctica. In South Africa, the Golden Gate Highland
National Park and Blyde River Canyon Nature Reserve are of similar size.
The floridically less diverse Golden Gate has fewer than 100 species
whereas the floristically rich Blyde Canyon has about 300 species. Thus,
butterfly diversity generally mirrors overall biological diversity for any
particular region. A striking exception to thigle is the Cape Floral Region,
which has nearly 9,000 plant species, but a relgtidepauperate butterfly
fauna.

The reason for this is that butterfly larvae mainly utilize the meagre sub
tropical elements of this flora, indicating that the butterfied the fynbos
plants evolved separately (Williams, 200Villis and Morkel, 2007).

In terms of altitudinal stratification, the diversity of butterfly species
generally increases as altitude increases to about 1800 m a. s. |. and then the
diversity of buterfly species decreases with rising elevation. Some species
have a very restricted altitudinal range. For exantpke,speciedDulcedo
polita (Hewitson) is only found below 400 m a. s. |, whiketus
dysonii(Saunders) is restricted to an altitude of @bb0061500 m a. s. I.

The Satyrine generaPedaliodesL.ymanopodaEretrisandSteroma are
restricted to the cloud forest or grassland transition zone between about
28003200 m a. s. I. A very small number of species Dkene Moneta
(Hubner) andHylephia phyleugEaton) are able to exist across the whole
spectrum of altitudes and habitats froe3%00 m a. s. I. However, the vast
majority of tropical butterflies are found at altitudes frod3D0 m a. s. I.
(DeVries, 1988).
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The great diversity obutterflies in the tropics is largely due to the
extraordinary range of climatic conditions and the huge variety of different
habitats, which includeinforests, cloud forests, heaths, grasslands,
wetlands and deserts, each comprising of manyhabitats

Together these create an enormous array of ecological niches in which
species can exist and evolve. For example, in rainforest, some butterflies
such aoxocopaandArcaslive high in the tree tops, but moSatyrines
and Ithomiinesspend all their live in the understorey level (Barea al,
2010).The hot climateand the evergreen nature of the foliage atsutribute
to the great diversity of butterflies the tropics, which enable several
generations to breed each year. This rapid rate of reprodugtovides
many more opportunities for mutations to arise, and for new species to
evolve.

In general, as one approaches the tropics, species richness increases due
to a varied topography, which means a corresponding variety of
microclimates, rainfall p&trns, plant distributions and therefore butterfly
distribution.

2.1.2Abundance ofButterflies

Insect abundance is the distribution of individual species in the
community. Insect abundance and distribution are regulated by several biotic
and abiotic factors antheir interactions. Survival and thriving at extreme
physical conditions require peculiar adaptations and plastic responses.
Among abiotic factors, temperature and humidity stand out as the most
important factors constraining abundance and distributioninggcts.
Furthermore, it is well documented that abiotiactbrs, especially
temperature, regulate the ecology of insect communities. Butterflies
abundance cannot be identical throughout the year. Their numbers in the
same place fluctuates over a period owing to climatic or seasonal changes.
The relationship between butterflies and climatecaraplex involving all of
the four stages of their life cycle and their food habit that indirectly govern
their abundance (Hussaét al, 2011). Availability of food plant and larval
host plants play a major role in diversity and abundance pattern (Saathwo
1975). Foraging nature is mostly determined by the availability of food
resources. In many places, abundance increases after the rainy season when
there is an increase in vegetation and floral density. Optimum light,
temperature and rainfall usuallycrease the vegetation and thereby directly
favour their abundance. Butterflies are abundant when the flower density is
high as they could maximize the net rate of energy intake per unit time
(Choudharyet al, 2002). Hence, there is a direct correlatiotwieen the
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abundance of butterflies with floral density, intensity of light and larval host
plant (Kitaharaet al, 2000; Hussairet al, 2011). When the winter season
approach the decline in abundance can be due to a decreasedin foo
availability and photperiod.

2.2 Seasonality

Butterflies are seasonal in their occurrence. They are common for only a
few months and rare or absent in others. The seasons when they are rare or
not active as adults are usually spent either as caterpillars or pupae. The
monthswhen the adults are active are flight period. Distinct flight periods
naturally imply seasonality of the early stages of butterflies (Kunte, 2000).

Seasonal fluctuations are often influenced by environmental factors
including temperature, photoperiod, faify humidity, availability of food
resources, and the amount of vegetation cover @ral, 2009; Tiple and
Khurad, 2009)Phenology of host plants especially production of new leaves
and flowers (Clarke and Warwick, 2001) is an important factor inlatipn
dynamics of herbivore insects. Host plant range also determines their
population fluctuations across the seasons. However, Baster (2006)
noticed that in case of hespecific butterfly species, plant phenology and
species richness predictsetfluctuation in density more strongly than the se
he wet season. During the dry season they are scarce and hideaway deep in
the forest where they gather at damp gullies and riverbeds. About three to
four weeks after the first rains, butterflies suddesityerge in masses. The
first to emerge are usually thghomiines, Morphosand Satyrines The
Riodinidae, Pieridae, Papilionidae, Melitaeinae, Apaturinae and Hesperiidae
tend to follow a few weeks later, peaking in July. The Lycaenidae are
usually the lasto emerge (Wallagt al, 2004).

Seasonality is less extreme in areas where it rains periodically even
during the dry season. Consequently, butterfly abundance is more even
throughout the year. Nevertheless, there are population peaks and troughs,
because butterflies try to time their emergence to ensure that their food
plants have fresh young leaves at the time when their larvae hagliew
butterfly species there are distinct wet and dry season forms. This is seasonal
dimorphism. It is the cdtition of having two distinct varieties which appear
at different seasons, as certain species of butterflies in which the spring
brood differs from the summer or autumnal brood. It is well illustrated by
species belonging to the group of butterflies knoasm commodores
(genusPrecig. Precis octavia(Cramer),the gaudy commodorehows the
mostextreme seasonal dimorphism of any butterfly, the summer form being
predominantly red and the winter form predominantly bivdli@ms, 1994).
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2.3 Habitat and Ecology

Butterflies live in terrestrial habitats throughout the world (excluding
Antarctica)and in all types of environments: hot and cold, dry and moist, at
sea level and high in the mountains, meadows, gardens and forests. Most
species are found in trmal areas, especially in tropical rainforeskbere
are species of butterflies that live in the rain forests that have not even been
identified. In other words, they occupy all major habitats within the limit of
geography and physical environments. Gerkinds live in deserts; others in
wetlands that have consistently emergent vegetation above the waterline.
Some live in and near forests while others inhabitant open grasslands. Some
co-exist with people in urban parks and suburban yards while diaans
only pristine wild lands.

Butterflies like a warm environment, sunny for up to six hours a day
with minimal wind andan environment that has shelter from bad weather
often from cold season. In such situation, they lay eggs or give birth to larvae
that will withstand the cal and keep their species alive.

Herbivorous insects like butterflies had been seen to be habitat specific.
Marquis and Barker (1994) demonstrated a high specificity of butterflies in a
wet tropical site, which allowed for diversity asgecies richness within a
compact community. Study by Satyamurti (1994) stated that Satyrides have
preferences for shade and they frequent in bushes, grasses and dense
undergrowths or in thick evergreen jungles. Sreekumar and Balakrishnan
(2001a) reportedthe large aggregation of Danaids on plants and the
aggregation of members of blue and glassy tiger<Caontalaria scabra
(Gamble) Species likeldea malabarica (Moore) and Papilio budha
(Westwood)were highly associated with evergreen forests (Sreekunthr a
Balakrishnan, 2001b). However, some researches do not support habitat
association between herbivorous insects and plants. For example, Vane
Wright (1978) found that some floristically diverseaistls had small
butterfly fauna.

Some butterfly species have enormous geographic distributions, while
others are exceedingly localized. For example, the painted \éahgssa
cardui (F.), occurs throughout Africa, large rpmof Europe and America,

Asia and parts of Australia. At the othextreme, OrachrysopsNiobe
(Trimen), the Brenton blue, is found onlyear Knysna, in the Western Cape
Province of South AfricaWilliams, 1994).The main reason why the painted
lady, Vanessa cardu(F.), has such a wide distribution is because it is an
extreme ecological generalist, great migratory and dispersers, and the adults
and early stages can tolerate extremes of temperature. The Brenton blue is an
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extreme specialist and breeds on a single plant species that has a very
restricted geographical digiution. However, its larvae are associated with a
specific species dfamponotus n t and AdubourmdéE, ool
venturing beyond the limits of the colonial boundari@éillams, 1994)

Species with a wide distribution should, however, not auticaly be
regarded as O6commonéd, nor t hose wi
Sometimes a species is widespread but rare; sometimes it is local but
abundan{Marquis and Barker, 1994).

2.4 Environmental Factorswhich Affect Butterfly Diversity

The diversity of butterfly communities at a particular habitat depends on
a wide range of factors of which the availability of food and climatic
conditions such as rainfall and temperature are the most important ones
(Allan et al., 1973). Other than thesthe abundance of larval food plants,
conditions suitable for eggying, suitable flowers for feeding of adults, the
abundance of predators and parasitoids and the prevalence of disease
determine the abundance and density of butterfly populations (Palard
Yates, 1993). Emana Getu (2007) also found that the rate and manner of
insect development or growth might depend up on a number of biotic and
abiotic factors. These include, the availability, quality and quantity of
suitable food is a primary one, bather factors such as light, access to
undisturbed areas, proximity to other insects of the same species, are also
useful.

2.4.1Weather andClimate

Global climates warmed by approximately ®6 during the 20
Century, and are predicted to continue warmipgip to 5.8°C this century
(Houghton et al., 2001). For species to persist during rates of change
unprecedented during the last millennium (Hough&bnal., 2001), local
populations must either adapt, disperse to new regions where they can
function, or beeplaced by immigrant genotypes of the same species.

Reviews of empirical studies from around the globe suggest that the
impacts of climate change are already detectable on a range of biota
(Parmesan and Yohe, 2003). In these raei@yses, butterfly stimb
predominate among the evidence for the impacts of climate change on
insects.

Some generalist species are benefitting from climate warming and have
expanded in both range and abundance @axl, 2007). Regular migrant
butterflies, including the reddaniral are also increasing in abundance in the
long-term. Specialist species may be less able to respond positively to
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changes in the weather because of their lower mobility and restriction to
specialist habitats that may be fragmented. Some speciesnaigveeand
respond rapidly to environmental changes that make butterflies good
indicators of climate change (Brereton and Roy, 2011). Upland and montane
species such as the large heath are thought to be vulnerable to climate change
(Foristeraet al,, 2010.

Densitydependent population regulation is a widespread phenomenon
in the Lepidoptera (Pollard, Moss & Yates, 1995). Both resource limitation
and natural enemies (Ehrlich, 1994) are thought to be important potential
agentf densitydependence.

Densityindependent factors such as weather conditions and climate
affect butterfly population dynamics in a variety of ways. At the broad scale,
butterfly populations fluctuate in synchrony over hundreds of kilometers
(Pollard, 1993), presumably due tgienally correlated weather conditions.
Population sizes of sedentary species are governed more by local habitat
conditions than for dispersive species that move more freely through the
landscape. Local habitat conditions and butterfly dispersal enhance
synchrony at local scales, up te2km for sedentary species and up to
around 4km for more mobile species (Sutcliffeal., 1997). Beyond this
distance up to at least 200km, populations showed lowgdmreasing levels
of synchrony.

At geographic marginspopulations become increasingly localized to
favourable microclimates (Thomas, 1993; Gutierrez and Menendez, 1998) as
climatic requirements limit their distribution (Dennis, 1993); such
populations are less buffered against climatic variation.

The importace of weather on butterfly populations has been also
demonstrated through studies of individual species. Through a variety of
mechanisms, weather interacts with resources to change the carrying
capacity of sites for butterfly populations from generatiorgémeration.
Inter-specific variation in the effects of weather is therefore apparent; the
same weather produces contrasting effects among species due to differences
in phenologies and habitat requirements (Pollard, 1988). However, some
generalities are garent. Most bivoltines and some univoltine species
become more abundant during warm, dry summers because development is
faster and there is more suitable weather for flight. Species such as
Gonepteryxhamni(L.), InachisioandAglais urticae(L.) that o\erwinter as
adults also benefit from warm summers. They tend to be more abundant in
the year following favourable conditions, perhaps because an extended
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feeding period prior to hibernation increases ewgrter survival (Pullin,
1987). In contrast, speadike Aphantopus hyperantud.) and Pararge
aegeria (L.), which breed in partially shaded habitats, tend to be more
abundant in years following cool, moist summers.

Conditions may affect particul ar
extremes such dtooding (Webb and Pullin, 1996) but is more commonly
through interactions with other species, such as predators, parasitoids and
food plants. The greatest importance of weather effects is on host plants
since many aspects of the life history of buttedlare strongly related to the
host plants they use (Denrgsal.,2004). In particular, a number of species
are susceptible to drougéffects on their food plants.

Autecological studies oMaculinea arion (L.), Lysandra bellargus
(Rottemburg) Aricia agestis (Dennis and Schiffermullerand the ant
Myrmica sabuleti (Meinert) indicate that although warm summers are
generally beneficial, drought can catastrophically reduce population size.
The summer generation of smalblais urticae(L.) populations is more
abundant when preceded by cool wet weather (Podiaad, 1997). Because
high water and nitrogen contents in its host pldriica dioicaL. increase
larval growth rate (Pullin, 1987).

Temperature: As ectotherms, butterflies are pretdid to benefit from
the direct impact of a rise in temperature (Dennis, 1993). Positive effects are
predicted for all stages of the life cycle, leading to changes in the timing of
phenological events. In particular, development rates of early stages are
likely to be accelerated by warmer temperature (Thomas, 1993). There by
reducing exposure to predators (Pollard, 1979) and possibly leading to
advanced eclosion asWas additional broods ofaind multivoltine species
such asCoenonympha pamphiluf..), Aglais urticae (L.) and Parage
aegeria(L.) (Shreeveet al, 2001).

Denlinger (1980) stated seasonal changes in temperature are important
for tropical butterflies. Though in the tropics temperature changes are slight,
seasonal changes exert the most dtanedfect on the environment in which
warm, dry seasons are generally beneficial. Pollard (1988) noted in his study
of butterflies that many species, suchvimniola jurtina (Thomson) Lycaen
phalaeas(L.), Polyommatusicarus(Rottemburg) Aricia agestis (Dennis
and Schiffermuller)and Coenonyampha pamphilud..) may increase if
summertemperature increases. However, Species suétnieia hyperantus
(Dennis and Schiffermullerinay not benefit from increased temperature,
and indeed may decline inumber, unless also rainfall increases. The
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difficulty of determining the effect of temperature was expressed by Pollard
(1988) as the overall effect of weather on population trends will be complex
and difficult to predict, let alone temperature.

Photoperiod: Photoperiod is a significant factor since changes in day
length are effective predictors of future seasonal environmental conditions.
Photoperiod increases as the summer heat approaches and diminishes
towards the winter cold. Moreover, the absence ¢f lautterfly species at
6.00 am in the morning and 6.00 pm in the evening and a high occurrence at
mid day is definitely an indication to the fact that increased light intensity
plays an important role for their appearance (Awasthi, 1997).

Light acts as aign stimulus for butterflies which indicates whether the
season is favourable or not. In some cases stimulus may be provided by a
gradient in light intensity. The diurnal rhythm in intensity and quality of
light is associated with rhythm in temp., moistuieod (Awasthi, 1997) and
any change in light intensity may lead them to a place where there is surplus
food. In other cases stimulus can be provided by length of the day, which
serves as a clock informing them of the seasonal changes in temperature,
moigure, food etc. In tropics, the most significant temperature fluctuations
are not seasonal, but diurnal and nocturnal. The differences in temperature
between day and night could also explain the diversity and species richness
between diurnal and nocturnaisects, as the insects must expend more
energy in order to adapt to the lower nocturnal temperdiué&aker and
Gutierrez, 1999).

Metabolic activities essential for development, feeding, dispersal,
reproduction, and survival may all are impeded by the decrease in nocturnal
temperature, which likely results in greater diurnal diversity, species richness
and abundance. Diurnal insestsch as butterflies become more active when
the sun heats their bodies, while nocturnal insects rely on stored body
energy. Nocturnal foraging may also influence diversity and species
richness. The cost of nocturnal foraging is greater in terms of calmées
for flying, so the rewards must be higher (Prince, 1997).

Heinrich (1979) illustrated the importance of maintaining sufficiently
high body temperature to allow efficient flight. For example, butterflies can
only fly if their bodytemperature is above 86. Foraging at night during
cooler temperatures is usually performed by larger insects capable of
temperature regulation (Prince, 1997), which has implications for nocturnal
insects that do not benefit from solar radiation.

Page [L5



Rainfall: In the tropical climate, the temperature fluctuations between
the dry and wet seasons are very little whereas the differences in rainfall are
very high. The combined effects of temperature and moisture gradients are
known to influence the biology anecology of butterflies, particularly the
variation in adult abundance and activity. Arguably, variation in rainfall
patterns is the most important factor affecting the seasonality of tropical
insects (Hillet al, 2003).Baruaet al. (2010)showed a strongorrelation
between rainfall and papilionidae abundances, thereby predicting the
influence of rainfall on butterfly seasonality. The abundances of species such
asPapilio demoleus (L.), Pachliopta aristolochia¢F.) andGraphium
speciesshowed astrong correlation with rainfall and were abundant all
throughout the rainfall period in Indi@roides aeacugFelder and Feldgr
Troides Helena(L.) andPapilio helenus (L.) from the closedorest
andGraphium sarpedon(Li.) from the opefforests showedmoderate
seasonal trends with rainfall.

Some species likePachliopta hector (L.) and Papilio castor
(Westwood were strictly seasonal. Such fluctuation in seasonal trend could
be attributed to synchrony with the phenology of food pla®yst{er,1983).

2.4.2Effect of habitat

Butterflies are good indicators of habitat quality as they respond rapidly
to modification of vegetation. San butterflies of Africa such as
Hamanumidadaedalus(Fa.), Precisand Euremaare grasland or savannah
specialistsMany of these haveery large populations and a vast range.

Many authors documented the influence of landscape patterns on
butterfly community (Schneidest al., 2003; Summerville and Crist, 2003;
Hoyle and James, 2005f5parks (1995) found an influence of the floral
composition on butterfly diversity.

Thomas (1991) found that tree species diversity and cover had a positive
effect on butterfly species richness; whereas high proportion of large trees
had a negative effeddoveret al (1997) discussed the importance of shelter
for butterflies in open countryside. Features of landscapes are important
predictors that influence the population and community ecology of species
(Rameshet al, 2010). Habitat availability was alsa determinant factor in
expansion rates (Hikkt al, 2003). Eswaran and Pramod (2005) concluded
that the occurrence of many butterfly species is determined by the floral
composition of the field verge, larval host plants and adult nectar plants.

The buterfly species has been affecting by the loss or agricultural
improvement of sermatural grasslands and forests. Ploughing, fertilizing
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and cultivation has typically replaced floweich plants with vegetation
dominated by a narrow range of grasses. &laee also most notable threats
from nutrient enrichment, succession and overgrazing and the impact of
alien species (Thomas al, 2001).

Studies by Sparrovet al (1994) showed that low disturbance levels
have a positive effect on smaltale diversityand abundance of butterflies.
These results are in accordance with the intermediate disturbance theory
(Connell, 1978) and have parallels in temperate forest habitats where the
forest management providing a large range of shade levels, has been found
to increase the number of habitats suitable to different butterfly species
(Warren 2001). However, many studies also indicate adverse effects of
disturbance on tropical butterfly communities (Thomas, 1991; Walo#,

2000; Fermoret al, 2001), indicatig an increase in diversity aatbundance
of widespread, common butterfly species and a decline in restricted range
speciesafter disturbance.

DeVries (1988) showed that differences in light from canopy to ground
level maintain highly distinctive canopy andnderstory butterfly
assemblages. The study found a greater similarity between the understory
and canopy butterfly species in disturbed forest compared to undisturbed
forest habitats. However, Hifit al (2003) equally showed that the butterfly
assemblag trapped at canopy level was more similar with those trapped in
the understory of forest gaps than those in clasethpy sites. These
findings indicated that differences in microclimate, caused by opening the
forest canopy, could make bias abundance dinersity data measured at
understory level due to a downward shift of higher strata species. Along with
microclimatic changes, differences in vegetation structure and plant species
composition can equally result from forest disturbance. In addition to
differences in capture frequencies and butterfly richness parameters, these
Afarchitect ur al oinfleehca lugeeflg belzaviaar. 1 i kel y

Butterfly movement patterns are known to depend on host plant
distribution and resource availability (Rajagoglal., 2011), and habitat
modification altering both of these is likely to cause different movement
behaviour in butterfliesln general, areas with undisturbed vegetation and
high floral diversity support large butterfly communities.

2.4.3Food

Ross (1965) reported food as one of the most important factors
influencing the distribution and abundance of insects. For many insect
speci es, it is a factor that has be
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travel, and transportation. According to \Wal(1978a), it seems likely that

the seasonal presence of insect species is synchronized with seasonal
presence of its food, if food availability varies seasonally. Butterflies that are
foliage feeders usually be present when new leaves are produced. The
apparent abundance of foliage in a forest does not necessarily imply an
abundance of food (Feeny, 1970). Fogden (1972) found that the seasonal
cycle of caterpillars is well correlated with that of leaf production. He also
found that parasitic hymenopteraciaase during the caterpillar season.
Janzen and Schoener (1968) found a difference between areas in the
abundance of insects associated with difference in the production of leaves
and shoots in the dry season.

During the season when most leaves are matiueeinsects may depend
entirely on the few new leaves available (Rockwood, 1974). Slight changes
in leaf production especially during the effeason have a major effect on
the demography of insects. Owen and Chanter (1972) noted the association
of the larvae ofAcraea lycola(Godart)on Poozotzia guineensisbundant
plant which disappears in the dry season, and only readily abundant towards
the end of the wet season. As a resAlt, lycola (Godart) is relatively
common only at the end of the seasom,ttme when the larval food plant is
available.

In the case of insects feeding on a definite species of plant host, it is
necessary for the species to adapt a new host or to have its numbers reduced
to the carrying capacity of the original host. Some iggesuch as the forest
tent caterpillar, make the change to closely related hosts with ease and
without evident ill effects. This method of shift is called host crossover.
Other species will make a change from one host to a close relative with the
greates difficulty. Still other species appear to be tide permanently to a
single species of host (Ross, 1965).

2.4 .4Altitude

Altitude is one of the important factors that affect the distribution and
abundance of butterflies (Kormondy, 1996). Air pressure, radiation,
temperature and the humidity regime are functions of altitude. Therefore,
altitude affects butterfly distribution and abundance indirectly by influencing
these environmental factoiBaruaet al. (2010) indicated the forest species
of Papilionidae prefeed the higher elevations while the oderest species
preferred the gaps at lower elevations. Narrow elevational gradients could
sometimes influence some of the biological activities of the butterflies, like
fecundity and opportunities to lay eggs (Unjy2007).In general, changes
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in species and the numbers of individuals of butterflies in successive
generations describe the population dynamics of most species. For some
species, population density remains constant over time, whereas others show
variation This is due to a number of factors including climate, natural
enemies and the quality and distribution of natural resources. These factors
affect basic population parameters such as birth, death and migration rates
through both densitdependent and deihsindependent processes.

2.5 Bio-Indication
2.5.1What is Bioindication?

The complexity of ecosystems has forced conservation biologists to
develop alternative methods to monitor changes that would be too costly or
difficult to measure directly (Landrex al, 1988; Meffe and Carroll, 1997).

One such easy and cheap method is the use of indicator species that are
terrestrial invertebrates, whose parameters such as density, presence or
absence, or infant survivorship, are used as proxy measures of ecosystem
conditions. A biological indicator is defined as a species or group of species
that readily reflects the abiotic or biotic state of the environment, while the
species or group of species represents the impact of environmental change
on a habitat, community @cosystem (McGeoch, 1998).

Alternatively, the species or group of species may be indicative of the
diversity of a subset of taxa, or of wholesale diversity, within the area
(McGeoch, 1998). The fundamental principle behind indicator theory is that
organsms provide information about their habitats. Its primary goal is to use
organisms living within natural communities to monitor the impact of
disturbance and to use this knowledge in the management of the ecological
system. Indicator species are thought either signal the presence or
abundance of other species, or to signal chemical or physical change in the
environment through changes in their own presence or abundance (Landres
et al, 1988). The second of these types of indicators is referring to as an
ecological indicator (McGeoch, 1998).

2.5.2Taxonomic Indicator Groups of Biodiversity and Disturbance

The sheer degree of diversity around us is very evident. Scientists
speculate that we have on the globe an estimated 13.5 million extant species
approximately with only 1.75 million of these currently described (Gaston
andHudson 1994). More than half dhese species are said to be restricted
to the tropics. The tropics also include mainly developing countries where
natural ecosystems are in serious risk from growing populations and rapid
development. This has led to destruction and fragmentation ofahatur
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habitats. In densely populated countries, the maintenance of biological
diversity and its conservation in existing habitats is one of the most pressing
tasks that we face today. ldentifying and setting aside areas of high
conservation interest can rerpia lot of time and money (Soule, 1985).

Detailed inventory of taxa before they go extinct are near impossible
owing to the fast rate of deforestation and degradation. Because of this,
biologists are interested in selecting an efficient, limited set abdpical
indicators for measuring and monitoring biological diversity (Pearson and
Cassola, 1992; Pearson and Vogler, 2001).

Now, how does one identify an indicator taxon that indicates habitat
quality in landscape level? Indicator groups may be impottois with
which to guide the selection of networks of areas for conservation.
Nevertheless, the literature provides little guidance as to what makes some
groups of species more suitable thémees to guide area selection.

Increasing the proportion of rémtened, endemic, and rangstricted
species in the indicator groups improves effectiveness of the selected area
networks; in particular, it improves the effectiveness in representing other
threatened and rangestricted species. Further, changes i tlumber of
genera and families only marginally affect therffpenance of indicator
groups.

Thus, focus on species of special conservation concern, which are
legitimate conservation targets in their own right, also improves the
effectiveness of indicatorrgups, in particular in representing other species
of conservation concern. After a much careful study, ecologists have
determined that the presence, condition, and numbers of the types of fish,
algae, insects, and plants can provide accurate informaiimurt she health
of a specific ecosystem like river, estuary, lake, wetland, stream, or a forest.
These types of plants or animals are called the biological indicators
(McCarty and Munkittrick, 1996). An indicator is numerical value derived
from actual meagements, has known statistical properties, and conveys
useful information fo environment decision making.

Insects comprise more than half of all known species of organism and
represent the majority of animal taxa. Estimates also predict tHa@%50f
species that remain to be discovered could be insects. With such a diverse
group, monitoring wholesale change is unfeasible. Assessing change in the
status of insects relies on generalization from a few-stetied taxa and the
need for reliable indicatopscies is paramount (Anon, 2003).

Evaluating the environmental impact on plants and animals is usually
difficult and expensive. One rather easy and cheap way to monitor and
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assess environm&t impacts on animals and plants is to use indicator
species. Teestrial invertebrates have received attention asingiicators
because of their dominant biomass and diversity, sensitive to habitat
structure and composition, and their significance function in the ecosystem
(Disney, 1986; Rosenbergt al, 1986; Majer 1989; Samways, 1993).
Indicators have been used to assess ecosystem resgonenvironmental
disturbance that are often assagihtvith human land use (Noss, 1990; Mc
Kenzieet al, 1995), and are also used as to assess rapidly the environmental
staus under stresses of human activity.

An ecological indicator is a measure, an index of measures, or a model
that characterizes an ecosystem or one of its critical components. Use of
taxonomic groups has two aspects. On one hand, a certain insect taxon may
be used to identify the state or change in a landscape. It also detects how
certain insect taxa are affected by a possible or an inevitable modification to
the landscape. An indicator may reflect a change in biological, chemical, or
ecological conditionThe primary uses of an indicator are to characterize
status and to track or predict significant change. With a foundation of
diagnostic research, an ecological indicator may be also used to identify
major ecological stress like habitat degradation, halbitsé, or habitat
fragmentation. The class Insecta also has members, even within one order
(e.g. Lepidoptera) that operate at different trophic levels, therefore providing
varied, sensitive indication of changes (Clark and Samways, 1992).

For the sustainedonservation of biodiversity, it is important to survey
potential areas for conservation and prioritize them based on various criteria
like the biodiversity (floral and faunal species), presence of rare or
threatened species etc. Enumeration of biodiyersin be a daunting task
due to the inherent variability and complexity of natural systems.

Most enumeration efforts often need detailed field surveys requiring
workers, time and funds, which can both be limiting factors (Soule, 1985).
Wood and Samwaysl991) found butterflies (Papilionoidea) to be good
indicators of biotope type and landscape pattern at a mesoscale, but
cicindelids were much more sensitive indicators at a microscale level (Clark
and Samways, 1992). Different developmental stages givieratit
indications, often the larva being more sensitive at the smaller scale because
of its relative immobility compared with the adult. Orthoptera can also be
excellent bieindicators, as they can be recognized in the canopy at night
without having resdrto any trapping or landscape disturbance (Samways,
1994).

Page p1



Various groups of invertebrates have been used in monitoring water
quality and disturbance, the Ephemeroptera, Plecoptera, and Trichoptera
being particularly sensitive (Gibersaet al, 1991). he study of these
groups helps in significant interpretation of causes of the environmental
change. Lepidoptera are twelve times more responsive to environmental
change than their food plants, while the Biyrmica sabutle{Meinert) was
three times as responsive (Thomas, 1995). Elliot (1991) had also examined
the possibility of using aquatic insects as subject organisms being affected
by climate change in Britain. He suggested loemgn data should be
available on the population dymécs of the selected species. In addition, the
ecophysiological information should be available on effects of climatic
variables on the selected species (e.g. temperature). In addition, ecological
information should be available on the functional rol¢hefselected species
within their ecosystem.

Although insects are excellent indicators of environmental change, they
are often readily subject to local extinction when environmental changes
affect their biotope. Mobility can vary enormously even within I5itaxon
(Samways, 2005) which makes fragmentation of the landscape significant by
reducing the mobility of species like some butterflies (Dempster, 1991). This
results in certain insects restricting themselves to small patches, and with
closed populations(Thomas, 1984) highly susceptible to natural and
anthropogenic impacts. Insect behaviour is relative to the anthropogenic
landscape modification, in the form of agricultural fields, plantations and
urbanization (Posa and Sodhi, 2006). For example, insetility even
though not selected for coping with the appearance of road, crop field, or
building, may determine the survival or not of a species in the modified
landscape. Thus, stenotopic low mobility Orthoptera (Samways, 1994),
Coleoptera (Mader, 1984and butterfly (Wood and Samways, 1991) species
can be immediately and severely restricted by a new structure. Landscape
fragmentation is thus taking the greatest and most rapid toll on relatively
immobile, stenotopic species.

Indicator taxa with well undstood natural histories and which provide
ecosystem services should be prioritized and incorporated in the study of
ecosystem management. In such cases, insects and other invertebrates should
be considered as many of their attributes like high reproduatate,
specialization, abundance and the availability of life history information
make them a useful tool for early warning (Hilty and Merenlender, 2000).

Habitat specialists are useful to identify habitat degradation. However,
highly sensitive taxa aref less usefulness if all species go locally extinct in
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response to minimal disturbance. Specialists may be less abundant than
generalists, leading to sampling problems and higher costs (Lagsidets
1988). The author argued that, useful indicatorsaditat alteration must be
capable of displaying a narrow tolerance to the factor being indicated
Alternatively, Spector and Forsyth (1998) maintained that indicators should
display a gradient of responses to a gradient of environmental change.

One method sed to quantify the bioindicator value of a range of taxa is
the indicator value method developed by Dufréne and Legendre (1997). This
method combines measurements of the degree of specificity of a species to a
habitat type. Thdndicator Valuemethod hashnumerous advantages over
other measures used for ecological bioindication (McGeoch and Chown,
1998). For example, tHeadicator Values calculated independently for each
species, and there are no restrictions on the way in which habitats are
categorized NicGeoch and Chown, 1998). Nonetheless, the usefulness of
this method is ultimately dependent on the degree to which species maintain
high and significant indicator values when tested in different time and place.

Although habitat specificity is a comparagly inflexible species
specific trait, the fidelity and abundance of species in an assemblage may
vary over time due to season and weather condition (Tatlar 1998) and
disturbancenduced environmental changes (Steenkamp and Chown, 1996).
The sendivity of the Indicator Valueto such changes will ultimately
determine itausefulness for bioindication.

2.5.3Butterflies as ecological indicators

Use of butterflies as indicators is possible because they need three types
of vegetation populations for thesurvival and distribution. This distribution
is highly related with the phenological stages of the plants. The three types
of plant population categories are larval food plargstar plants, and shade
plants.

Butterflies use food plants as egg laying pags and they are very
selective in plants for their egg laying activities. A female butterfly lays her
egg only on a single plant on which its larva can develop by feeding mainly
on the leaves. Most can utilize a wide variety of flowers, including thbse
many cultivated or wild varieties, as nectar sources. However, a more critical
need is for the plants that provide food for the larval stages, and most species
will accept only one or a fewpscies of plants at this stage.

Although the caterpillars feed on the leaves of these plants, the damage
is usually minor and only temporary. It is estimated by experiments that,
rather doing damage to the fopthnts at the developmental stages, the
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butterfly adults do more benefit the host plants by pollinating and gene
flowing activities leading to population increase of the plants. Caterpillars of
some species feed on plants that are usually considered weeds.

For the nectasac of the flower shall have to be within the range of
proboscis capacity of the butterflies. All neepmoducing plants are not
equally chosen or visited as they are not adaptable to the capability of all the
butterflies equally AdusePoku, 2006).Butterflies seek nectar from many
types of plants includinground covers, annuals, perenniakrubs, trees
etc.

Shading or resting plants are mainly trees and hedges. It is revealed that,
in the daytime the butterflies take complete rest during afternoon. The
resting is not seen to occur on nectar plants or fdadts rather on the
leaves of hedges under a big shade tree. During this resting time, butterflies
do not feed on anything and resting places need to be with high humidity and
temperature. For this reason, resting area needs to be supported with water
bodies.

For designating the butterflies as "bieitnclicators”, researches resulted
in the way that, any climatic change is first perceived in the biosphere by
plants and then by plaphenology, but it does not appear visible to humans
unless or until anyrganic damage is seen visually at drastic le@eitierrez
and Menendez,1998) The butterflies have serious sensitiveness to
determine the phenological changes in the plants; and then in connection
with the changes in plants, immediate changes in theyitee and time lag
in butterflies are occurred. Then, the population sustenance of butterflies
gives them the "status of indicators" for forecasting impact of climatic
changes and for the sustenance of biodiversity in an ecosystkree(Poku,
2006).

Butterflies are unusual among insects because they can be studied nearly
worldwide (Thomas, 2005). Assumptions have been made in the literature
that the presence of all or selected species in a butterfly assemblage is
indicative of general environmental attitbs, such as conservation value,
environmental health, and environmental quality.

The butterflies fulfill most of the important criteria for choosing as an
ecological indicator laid out by Hilty and Merenlender (2000). Their
diversity and distributions arwelldescribed, and they are relatively easy to
sample and also accessible field guides exist for identification. Their
taxonomy is relatively stable and there is relatively good taxonomic
knowledge of the group, their life history and biology are weflreed, and
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they are abundant and diverse in many ecosyst@imsy are generally
readily identifiable; they are sensitive to environmental changes in microsite
and biotope characteristics. They are often highly plant specific for their
growth developmentEhrlich and Raven, 1964) and sometimes have close
plantpollinator relationshipsin addition, butterflies are small, have high
reproductive rates, and are at a low trophic level and they are perhaps the
only insect group that meets these criteria worl@witherefore, butterflies

have been a popular choice as an indicator taxon and are often included in
biodiversity assessments as the lone representative of the class Insecta (Sisk
et al, 1994).

As with many other insects, a high proportion of butterflgcsps are
restricted to specific microhabitats in relatively small areas of-gatoral
habitat (Thomas, 1993; 1995). Subtle changes in these habitats may
substantially diminish insect diversity, but may not significantly influence
upon higher trophic leals that are often used as biodiversity indicators
(Thomas, 1995). Together, these attributes allow butterflies to respond
quickly to environmental stress.

In general, it is suitable to use butterflies as-iedicators of forest
disturbance because thag &ensitive and quickly react to changes of habitat
and environment, fly during the day, are relatively diverse and are relatively
abundant, and have short generation times. Among insectsrfleeg that
are sensitive to habitat change are widely racayl as potentially valuable
ecological indictors (Sparrovet al, 1994; Kerret al, 2000).

Butterflies also have limitations as ecological indicators. A number of
species are mobile and may be able to tolerate some levels of disturbance
because oftheir ability to move and find resources. Their ability to respond
to change in habitat condition can be a hindrance in areas with high climatic
variability, as changes detected in their abundance may be in response to a
climate condition instead of ecosgm structure (Pollard and Yates9B9.

Hameret al (2003) reported that butterflies are affected by precipitation
and other bioclimatic variables and they do not indicate minor changes in
habitat quality.

2.6 Butterfly Interaction
2.6.1Butterfly -Plant Interaction

Many insects commonly have complex life cycles, and various
interactions are possible among related species in the same habitat during
different period of their life histories. Temporal segregation of activity
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among related species is often found aad been considered as a possible
mechanism of coexistence. Thus, close examination of resource utilization
patterns and interactions among related species in the same habitats at
different stages in their life histories is necessary (Sota, 1985).

Insectplant interactions refers to the activities of two types of
organisms: insects that have several beneficial activities including
pollination and defence, which seek out and utilize plants for food, shelter or
egglaying sites, and the plants that provide sianaesources (Panda and
Khush, 1995)Butterflies interact with plants on the level of larval hosts, and
in their adult phase as etar consumers and pollinators.

One way of butterflieplant interaction is through defenoeechanisms.
Many plants contain alkaloids and other chemicals that make them
distasteful or poisonous to foraging insects. These chemicals play an
important role in plant defend&essler and Baldwin, 200150me insects,
such as the heliconiine butteefli, have developed mechanisms to exploit
these chemicals to their advantagelults lay their eggs on passionflower
vines. The young caterpillar emerge and feed upon the leaves. The adult
butterflies produce and store chemicals in their bodies, which itieke
poisonous to inds that would prey upon them.

Birds have learned to recognize the colour pattern of the heliconiine
butterflies and avoid themCertain Passifloraceaslants have odd
relationships with heliconiine butterflies. The butterflies lay their eggs on the
tips of the plant shoots, which the caterpillars like to eat. When there are no
eggs on the shoots, the plant produces yellow nectaries that mimic eggs, or
other structures (stipules) which look like young caterpillars. Thus,
butterflies ignore the occupied leaves and the plant is spared. However, some
butterflies will probe to see whether or not eggs are actually present and
thereby cir cumenedCoopetriared apdlViasort, 2000) d e f

Lepidoptera sequesters plant secondary metabolites such as terpenes,
phenols and many nitrogerontaining compounds and uses them as toxic or
unpalatable to predators (Nishida, 2002). For example, the caterpillars of
swallowtail butterflies feed on toxic mulberry plants. The caterpillars can
then use these chemicals to defend themselves from predators. When
frightened, the caterpillar will eject a red, forked organ or osmeterium found
from in the prethoracic segment ahe caterpillar, which releases a nasty
odor. The caterpillar is able to produce this odor only when it feeds on
mulberry plants because the plant produces a da#rfiat the caterpillar
needs.
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An interesting case of interaction between host plants aruvbee
insects was shown by variations in plant production of furanocoumarins
were accompanied by variation in the ability of the insect to metabolize these
compounds. These high levels of matching between phenotypes suggest that
the genes conferring alhyl to exploit hosts are tightly linked (Berenbaum
&Zangerl, 1998). An example of genes involved in pliasect interactions
and insect physiology is the cytochrome P4igpendent monooxygenase.
Studying Papilio polyxenes (F.) behavior, Scott and Wen (200
demonstrated that this insect appears to have adapted to feeding en toxin
containing host plants through a diversification of the P450s involved in
detoxification and through its furanocoumar@sponsive regulatory
cascades.

Insect also interact withlgnts when they eat toxic plants by filtering out
and excreting the toxins. For example, the cabbage white butterfly can break
down toxic plant chemicals and feed on plants that would kill most other
insects.

Lanham (1964) emphasized about the other aspe@lant insect
interaction, symbiotic. Pollination is a good example, which is beneficial to
both the insect and the plant. Plants receive pollination services through the
interaction thus crosfertilizing the plants, while most pollinators including
butterflies receive food in the form opollen or nectar. Lanham (1964)
stressed that half or more of the species of plants depend on insects for
sexual reproduction and about half the species of insects feed on plants.
Animals such as insects, birds, pollinate about 65% of the flowering plants
but insects like butterfly and honeybee play the dominant role. This
percentage is even greater for economically important crops that provide
fruits, vegetables, textileelated fibers and mealhal product (McGregor,
1976). Borror et al (1992) indicated insestthat feed on plants probably
outnumber those feeding on other things. Elzinga (1978) estimated that 50%
of the insect species use living plant material for food.

Especially at high altitude where conditions are too cold for other insect
pollinators suchas bees, many plants are depending on butterflies for
pollination. At highaltitude, these relationships are particularly vulnerable
as extreme environmental conditions limit the availability of both pollinators
for plants and food sources for caterpgldrien and Yuan, 2003)The links
of interdependence between plants and butterflies are therefore fundamental
to understanding the functioning of fragile highitude ecosystems.
Understanding these links is also critical for the conservation of endemic
species of both plants and butterflies.
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In general, the interaction between butterflies and plants can be
antagonistic just like in caterpillar and its host plants or have a symbiotic
relationship with each other. In the later case, they depend on éacHant
survival. While in the process of feeding, butterflies transfer pollen from one
plant or flower to another, this way bringing together male and female
plants. This in turn allows for the propagation of more plants and more food
for butterflies.

2.6.2Int eraction of Butterflies with other Animals

In all of their life stages, a vast host of other animals preys upon
lepidopterans. Among the most important of these are ants, centipedes,
spiders, and many groups of insects from praying mantids to social wasps.
Among vertebrates are frogs, toads andrtiz, insectivorous birds, small
rodents, bats, and monkeys. Most of these are direct predators that locate
their prey chiefly by sight, then seize and overpower it. A few groups of
insects, such as the tachina flies (Tachinidae) and many wasp families
(Ichneumonoidea, Chalidoidea, and some Cynipoidea), are parasitoid.
Females of these insects locate the prey, chiefly by scent, and then lay eggs
on or in them (Berenbaum and Zangerl, 1998). Their larvae then develop
slowly within the living hosts like truparasites, and eventually kill the host.
Such parasitoids kill far more lepidopterans than the direct predators do.

Few lepidopterans feed on animal substances. A few live on the
secretions of other insects, and some scavenge in bee, bird, and mammal
ness. A few are predatory on scale insects or cannibalistic on other
caterpillars. A few lycaenid butterfly larvae have sweet, honeydew secretions
that ants relish greatly. The ants often attend these larvae and may take them
into their nests, where the la® sometimes eat the ant brood.

2.7 Butterfly Biology

Butterflies are invertebrate and cditboded insects that do not
maintain a constant internal body temperature. Instead, they use
environmental condition to adjust their body temperature. The most obvious
parts of a butterfly, the wings, are actually appendages or accessories to the
thorax.

Butterflies belong to the insect group in the Order Lepidoptera and are
distinguished as a group by the pair of antennae on their Heattsrflies
have a siphoningucking mouthpart structure, a proboscis. It is similar to a
long tube and coils up underneath the head of the butterfly. In the center of
the proboscis, the nectar is siphoned through a food tube. Along two sides of
the food @nal, there are small muscles that control the coiling and uncoiling
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of the proboscisTheir antennal tips are thickened and round&aaterfly

wings are covered with overlapping rows of tiny scales, a characteristic
butterflies share with their fellow lgopterans, the moths. The scales are
modified flattened hairs and give butterflies their extraordinary variety of
colours and patterns. Almost all species have some form of membranous
wings. Butterfles have complete metamorphosis.

The caterpillar resembs a worm, except that caterpillars crawl about on
numerous pairs of legs. They usually feed by chewing on plant matter and as
the caterpillar grows, it periodically casts off its skin, replaced by a new,
larger skin underneath. The various instars of same species can look
quite different from each other.

When the caterpillar is fully grown, it disperses to find a suitable place
to go through the process of pupation. This involves casting off the skin once
more. Underneath appears the form of the niéxtstage, a chrysalis, also
known as a pupa. Inside the immobile chrysalis, metamorphosis occurs. This
process transforms the caterpillar into a butterfly.

When metamorphosis is complete, the adult butterfly, also known as an
imago, crawls out through ditsin the chrysalis shell but it has curled and
crinkled wings that are not flight worthy. The butterfly slowly flaps its wings
to force fluid out the wings veins to expand and stiffen the wings for flight.
This may require one to several hours.

Adult buterflies feed by sipping on liquids through the proboscis, a tube
extending from the face. When not in use, the proboscis is coiled up tightly
and not easily visible. Adult butterflies mate and females lay their eggs so
that the life cycle can start anew.

Species vary in the seasonal timing and length of their life cycles.
Species with only one life cycle per year are univoltine. Such species vary
both in length of flight period from-32 weeks to 23 months or more and in
time each year when flight usuallyccurs. In very cold climates, some
species may require two years for each life cycle. Such species may have all
individuals on the same timing, with adult flight occurring every other year
or it may divide its individuals into two groups, with a flightcbayear
because the two groups alternate with each other (Maight and Ackery,
1984).

Species with two or more life cycles per year are multivoltine species. A
multivoltine species may have distinct flight periods for each generation or
brood. If so, eery flight is separated by times when no adults are seen
because the species is in immature stages or a multivoltine species may be
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"homodynamic" and have overlapping flight periods. Such species are
continuously seen. The number of generations per yspeeies has may

vary in different parts of its range, with more generations in warmer areas
than in colder. It may also vary in the same region among years. In warm
years, a species may have more generations per year than in cold years
(VaneWright and Aclery, 1984).

Adult butterflies are usually active only during the growing season when
the day is sunny or warm. Because they are-blidded and active only
during the day, use sunshine and/or hot air temperature to warm themselves
and become active. At giit and in cool weather, butterflies usually seek
cover in a protected location. This is called "roosting.” The species vary a
great deal, however, in their behavioral response to weather conditions.
Some species are more active in cooler temperatureg|edror high wind
than others. During very hot weather, some species may also become
inactive or seek shelter to avoid overheating. Some species may also tend to
be most active only at certain times of the day, regardless of the weather at
other times.

The annuakycles typically includes a period of diapauses during very
cold or very dry weather. In cold climates, butterflies hibernate or
"diapauses"(become immobile) during winter. In tropical climates, may enter
diapauses if theraa has a prolonged dsgason.

The life stage in which butterflies diapauses varies among the species,
depending on the timing of their life cycle. However, the diapausing life
stage is usually the same for all individuals in a particular species but while
not immobile, some gTies may become inactive during the hottest part of
summer This is aestivation.

Caterpillars are particular about the kind of food they eat. They feed on
the host plant and the most flexible species faedany plants. Because of
this adaptability, thegeneralist butterflies tend to be widespread and
common. Most familiar butterflies of gardens and backyards are generalist
species. Even so, the caterpillars of these generalist species usually feed
mostly on plants belonging to only one or a few pfanilies. The specialist
species may eat only one host species in a region or even throughout the
species entire rand®¥aneWright and Ackery, 1984).

Adult butterflies also have feeding preferences. Adults tend not to be as
picky about food as caterpillarsitostill show distinct eating patterns. Some
feed mostly on flower nectar. Among these nectarous, some species prefer to
visit one group of flowers, such as datgpe blossoms, or one colour
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spectrum, such as pink to purple blooms. Other rarely visiteflswut feed
instead on mud, dirt, sap, dew, animal droppings, rotting fruit and carrion.

Most butterfly species tend to remain in a particular area but some kinds
have a strong tendency to wander widely. Butterflies that lives their
entirelife cycle ina certain region are called resident because they live there
year round. Most species seen in an area are residents. Resident species that
spend their entire life cycle in a mutibtalized area are sedentary. Even
though they may exhibit a very active fiigbehavior, they do not move
(disperse) far from a particular area. Other butterflies tend to wander far
from the place where they grew up. They are immigrants because the adults
move to new places. It varies greatly among years as to when and how many
immigrants arrive in a certain place. In mountains, altitudinal immigration
may occur, when species from warmer habitats at lower elevations may fly a
relatively short distance uphill into a habitat with a much colder climate.
Rare in the butterfly world igrue migration, in which a species moves
regularly each year between summer breeding areas and overwintering areas.
An example is the Monarch butterflyapilio plexippugL).

2.8 Flight

Butterflies have two pairs of large scaly wings covered with colourful,
iridescent scales in overlapping rows. The wings are attached to the
butterfly's thorax and veins support the delicate wings to nourish them with
blood. As butterflies age, the colour of the wings fades and the wings
become raggedC{ench, 1996).

Butterflies can only fly if their body temperature is above®@6Flight
is the primary mode of progression of adult butterflies. As with other modes
of progression, it is also the primary means of escape from dangerous
situations. A large number djutterflies have mastered the intricacies of
rapid flight and habitually zip about. Others have a rather moderate or even
slow flight, but nearly all are capable of considerable bursts of speed over
short distances if they feel the need to escape. Fewemmup the 'escape
velocity' for long and generally slow down as soon as they feel themselves to
be out of danger. The speed varies among butterfly species; the poisonous
varieties are slower than ngoisonous varieties. The fastest butterflies
(some skppers) can fly at about 30 mile per hour (mph) or faster. Slow
flying butterflies fly about five mph (Brodsky and Ivanov, 1983).

The ability to fly fast requires the development of powerful flight
muscles. These, in turn, require large amounts of energy to operate
efficiently, besides turning the possessor into especially dainty morsel, with
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more flesh than bones (sorry, chitin).eThest examples of the followers of
this model of passive defence are perhaps the skippers (Hesperiidae). Almost
all the 3000 species of Skippers found worldwide have a stout thorax
housing a powerful flight muscles and habitually fly at such a speethéyat

are quite difficult to follow with the eyelfench, 1996)They are very wary

and rarely allow one to approach close. The drawback of this very safe
system is that the minority of species that are active throughout the daytime
need to spend a greatallef their waking hours searching for and sucking
up nectar to feed their powerful muscles. The majority of Skippers are active
only for a few hours each day at dawn and dusk, when they zip abiha i
gloaming to locate mates.

Other groups that habitiplfly fast are the Hairstreaks (Lycaenidae)
and some Nymphs (Nymphalidae). Like the Skippers, the Hairstreaks are
rather small butterflies that fly so and they spend a good part of their time
locating food and feeding.

Among the Nymphs, the Rajai€haraxesspp.) and Nawab@olyura
spp.) are notably swift fliers, with a broad thorax. They are capable of very
fast flight but, because of their large size, they are comparatively easier to
follow with the eye than Skippers and Hairstreaks. Like these twaggrou
they require large quantities of food but prefer rotting fruit or crabs, animal
droppings and other foul substances to flowers.

The other group consists of those butterflies that fly rapidly but not as
fast as the skippers, Rajahs and the Nawabs. Nwbess, such butterflies
are capable of short bursts of speed that can match those of the skippers.
Most of the Swallowtails (Papilionidae), Nymphs, Whites (Pieridae), Blues
and Coppers (Lycaenidae) fit in this category. Their flight is moderately
swift and even a hint of danger is enough to cause a burst of speed that will
leave most pursuers behind.

The Tigers, Crows, Costers, Windmills, Roses, some Browns and
Whites habitually fly slowly and are capable of only moderate bursts of
speed even when threatsl. While the Tigers, Crows, Roses, Windmills and
Costers deliberately fly slowly to advertise their distastefulness, the Browns
and Whites depend on erratic flight to escape attacks. The hopping flight of
some Browns, which proceeds in a series of boond®ps, with the wings
closed over the thorax in the upper half of the hop, enables them to move
through dense vegetation where pursuit is impossible. Many Browns feed on
grasses or bamboos and they are consequently commonest in areas where
these plantgrow. They are the only butterflies capable of getting through
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bamboo clumps undamaged. When disturbed, often fling themselves into the
middle of a handy bush or bamboo clump where, if followed, they will
display equal dexterity in making their way to thiher side of the bush or
clump, leaving the cause of disturbance struggling to get through (Perez and
Taylor, 2004).

2.9 The Importance of Butterfly Diversity

Butterflies form an important component of biodiversitthroughout
history, butterfly images haveebn used more frequently in decorative
objects than most other living organisms. Items decorated with butterflies are
often considered ornamental (Gagliardi, 201&part from their aesthetic
appealthey are most efficient pollinators of flowering planisey are also
good indicators of the ecological quality of a haliitaalth because they are
very sensitive to changes in microclimate and habitat (Kremen, 1992).
Butterflies are frequently used as {nalicators of ecosystem health and as
surrogates fowhole biodiverdly (Bonebrake and Sorto, 2009).

Butterflies are important components of the food chain, particularly as
larvae.Nearly all caterpillars feed on plants and consume an enormous mass
thereby transferring radiant energy trapped by plants to the next trophic level
(Davieset al, 2008). In turnputterfliesserve as food for tens of thousands
of species of other animals that prey upon them. Their sudden disappearance
would cause an alnsb unimaginable disruption of land lifBecause of their
phytophagous habits, they have also been looked upon as important tools for
monitoring changes taking place in terrestrial habitBtdterflies provide
important ecological services for crops ardive wild plant species in many
ecosystems of the world (Daviesal, 2008), their conservation is essential
to sustain the productivity of natural and agricultural landscéjesy help
in production of food crops, seeds and fruits so essential fesutivéval of
man and animals (Maheshwari, 2003). Few butterflies are a serious threat to
economically important plants. For example, some Pieridaes are significantly
important as agricultural pests (Shahal, 2001). Butterfly farming can
generate incombecause many tourists visit the place te #&se colourful
butterflies.

In short, butterflies are benign, aesthetically pleasing, faunal members.
In turn, the main threat to butterflies is the destruction and loss of their
habitats. The channelizatiof parian areas, draining of wetlands, lowering
of water tables, growth of cities, and expansion of agriculture contribute to
habitat loss. Widespread use of pesticides may also threaten the healthy
butterfly populations.
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2.10 Overview of Taxonomic Diversity and Their Main Characteristics
of Butterfly Families

Although butterflies may be the best known group of insects, our
understanding of their taxonomic diversity has two fundamental weaknesses.
The first regards the recent decline of professional butterfignomists and
the second is that the number of families and subfamilies of butterflies varies
among classifications because of the relationships within the major groups
are unresolved. Presently, butterflies are classified into two super families,
Hespeiodea that includes all the skippers, and, the Papilionoidea that
includes the true butterflies. Hesperiodea consist of a single family
Hesperiidae (skippers), whereas Papilionoidea has four families;
Papilionidae (Swallowtails), Pieridae (Whites and Yeld Nymphalidae
(Brushfooted butterflies) and Lycaenidae (Blues). One useful framework for
organi zing butterfly taxonomic dive
butterfly classification, which forms the basis of the following concept.

Family papilionidae (Swallowtails)

It has been recorded that this family comprises more than 900 species
worldwide, mostly around the tropics, and are especially diverse in the Old
World; and contain three subfamilies; namely Baroniinae, Parnassinae and
Papilioninae.

Adults are medium to large sized, with legs bearing nonbifid tarsal
claws; most are brightly coloured, téike appendages on the hind wings of
many species. Butterflies in this family have hairless eyes and short
antennae. The forewing has eleven or twelems; veins 1A and 2A are
separate.

Family pieridae (whites)

They are abundant worldwide with as many as 1100 species in four
subfamilies i.e, Pseudopontinae, Dismorphiinae, Pierinae and Coliadinae.

Pieridaes are small to meditsized, mostly medium sz, both sexes
have legs and with bifid claws; most species are white or yellow or orange or
combinations of these, some with red and black patterning.

Family lycaenidae(hairstreaks, blues, coppers, and metalmarks)

Lycaenidaes are a group of 606800 sjgcies worldwide. They are
mostly tropical species in ten subfamilies; Riodininae, Styginae, Lipteninae,
Poritiinae, Liphyrinae, Miletinae, Curetinae, Theclinae, Lycaeninae and
Polyommatinae.
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Most species are small to very small, have alternating black and white
bands on the antennae; the narrow head bears indented eyes; sheer
appearance of the wings which are often streaked with bright colours, the
group displays a tremendous diversity ofnfiorcolour, and life histories
(Kristensen 1999) Adults feed on flower nectar, fruits, carrion and
honeydew or do not feed at all.

Family Nymphalidae (Brush-Footed Butterflies)

The brusHooted butterflies comprise the largest family of butterflies,
with some 6000 species in 350 genera and 14 subfamilies in all areas
supporting butterflies. These subfamilies are Satyrinae, Nymphalinae,
Brassolinae, Morphinae, Apaturinae, Ithora#n Danainae, Heliconiinae,
Acraeinae, Charaxinae, Amathusiinae, Calinaginae, Tellervinae and
Libytheinae. Some of the families have long been treated as separate families
for example, Danaik, Satyridae and Heliconiidae.

Nymphalidae embrace a prodigiowvariety of forms and sizes. The
forelegs ar e gr e at Ibryshfoowed huttedlidd) and vwerede i
with long brushlike hairs. These legs are useless for walking or perching but
are used as sense organs. The face is broad, the eyes are notdindente
adjacent to the antennae and the latter usually have prominent clubs. Adults
may be dull brown, brightly coloured, brilliantly iridescent or transparent.
Some groups are entirely palatable, others highly distasteful, and some are
extremely important minte& models. Some species such as Charaxinae and
Nymphalinae mainly inhabit tropical forest canopies. Adults may feed on
flower nectar, pollen, rotting fruits, carrion, or do not feed at all (Szhit,

2000).

Family Hesperiidae (Skipper$

Hesperiidae amtains about 3500 species in over 500 genera. The name
"skippers" describes their movement, a quick, darting flight from flower to
flower. Skippers tend to be dull brown or gray, with white or orange
markings. They are small to meditsized butterflies. Té head is broad;
unlike the clubbed antennae of butterflies, the antenna is usually narrowed,
i.e., it is widely separated at the base and hooked at the tip. Skippers have
thicker thoraxes than most butterflies, stout muscular bodies and small wings
may sem disproportionate to their bodies, which resemble moths. All legs
are used for walking and the forewing has twelve veins unbranched from the
discal cell or the wing base to the wing margin. The larvae are usually
smooth and unornamented; the head iselagd separated from the rest of
the body by a narrow, nedike prothorax (Ackery, 1984).
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2.11 Diversity Indices: Waysto Quantify Diversity

Most studies that examine species diversity focus on quantifying species
richness.Species richnesis simply the total number of species within a
habitat or community. Species richness is the most commonly used measure
of diversity because it is a stratfprward measure and it is intuitive.
Species diversityis a measure of both the number of species (species
richness) and the relative contribution of each of these species to the total
number of individuals in a communit} diversity index is a mathemadl
measure of species diversity in a communidyversity indicestake into
account both species richness and the relative abundance of each species to
guantify how well species are represented within a community. It provides
important information aboutarity and commonness of species in a
community. The ability to quantify diversity in this way is an important tool
for biologists trying to understarmbmmunity structure.

Biologists use the mathematicsioformation theoryto make precise
calculations abutdiversity. The commonly used indices include species
richness, ShannorWeiner, Evenness Si mpsondésJalcrcchexd b
Similarity diversity indices. Thesdiversity indices include elements of
richness and evenness in their calculations (Bruton Baldsky, 1992).

These indices, along with indicator species, are commonly used for studies
examne diversity (Thompson, 2006).
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Chapter - 3

Materials and Methods

3.1 Description of the Study Areas

The study was carried out Btenageshé&uba State Forest and Gullele
Botanical Garden in Central Ethiopia. MenageShha State Forest and
Gullele Botanical Garden were selected for the studies because of these
mountainous areas are forest reserve areas and the possibilities of human
interfererce activities in the surrounding areas.

3.1.1MenageshaSuba State Forest
Location

Menagesh&buba St ate Forest, (9A030600 1
immediate outskirt of Menagesha town, which is located 30 km North West
of Addis Ababa and 7 km from Holetawn in the Oromia National
Regional State (Figure 1). Kolobo village is bordering the northern part of
the forest. To the south, mount Wechecha and mount Medehanialem border
the forest. To the East, Gefersa is bordering the forest while Wellmera and
Sademaare bordering the forest to the west. It covers an area of 3,500 ha
andits altitude ranges between 2200m to 3385 m a. s. |. (Lalisa Alemayehu,
Herbert Hager & Michael Gruber (2009)he area around MenagesBaba
State forest is intensively and traditiigpaused for livestock and crop
production. It is one of the few remaining highland forest blocks in the
Central plateau of EthiopigAccording to the forest office of Menagesha
Suba(2001)recordtherewere 12 peasanfissociationsnhabiting by 21,010
peoplesurroundingheforest.

It has a bimodal rainfall pattern with the main rainy season from mid
June to September and a short raseason between mMarch and mid
May. However, it can rain almost in any month of the year and the forest
gets additional moisture from low clouds and mist. The mean annual rainfall
of the area is about 1150 mm temperature ranges fréG1t® 22°C. The
hottest months are May and June, while the coldest months are December
and January.
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Vegetation andEcology

The structural diversity of the forest is minimal, and is described as
undifferentiated evergreen montane forest (Breitenbach and Koukal, 1962;
Gilbert, 1970). Undifferentiated Afromontane forests are eitheriperus
Podocarpus forest or predominantly Podocarpus forest, both with an
element of broadeaved species. Recently, Abate Zewdie (2007) classified
the vegetation ofthe forest into the following six clustersCuprussus
lusitanicg Myrsine africanaErica arborea Myrsineafricana-Olea europea
Olea europedSideroxylon gillettii, Dovyalis abyssinicallophyllus
abyssinicusand Lantana trifoliaJuniperus proceraAccording to Amerga
Ermias (2004) there are 97 plant species, of which 46 are woody plants,
growing in the forest area.

The vegetatiorvarieswith altitude,from high forest on the lower slopes
to subafro-alpinevegetationat higheraltitudes(Demel Teketay,2001). The
forests and woodlands occur on the betii@ined soils of the mountains and
sides of the valleys while the grassland occupies the heavy clay soils of the
valley bottoms. Over several thousands of years since farming started in
Ethiopia, most of the natural vegetation has been replaced by the patchwork
of homesteads and fields. Even though, the officially protected area of the
forest used to be 9,248 ha, omipout 2,500 ha of the original forest now
remains with a further 1,000 ha under plantation. The rest consists of
settlements, farmland and grazing areas.

Fauna

Menagesh&ubaStateForesthasa diversemammalianandavianfauna
which includes baboons (Papiocynocephalus anubjscolobus monkeys
(Colobus angolensiy bushbucks (Tragelaphus scriptys bush pigs
(Potamochoerugorcug, caracal(Caracal caraca), spottedhyena(Crocuta
crocutg andwildcat (Felix libyca (Demel Teketay,2001).The avianfauna
includes Banded BarbeflLybius undatus Erckel's FrancolirfPternistis
erckeli), Wattled Ibis (Bostrychia carunculafa White-collared Pigeon
(Columba albitorqueg, Thick-billed Raven(Corvus crassirostrijs among
others(TadesséHailu, 2001)
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. ] Former state forest area (1984-1991)
Holetta town [l Current state forest area

Addis Ababa

Sebetta town

Fig 1: The study area, menageshzba state forest
Topography

Menagesh&uba State Forestis characterizedby rolling terrain and
parts of the forest are majorly composed of flat lands covered by forests.
But, some part of the forest is composed of steeper gradients, especially the
one covered by bushes and big treEe forest is also characterized by
several rivers that flow through much of the forest area including the Akaki
River that runs through Addis AbabEhe Upperslopesof theforestconsists
of shallow, yellowish to reddishbrown and stony clay soil, while the lower
slopesand mountainfeet is occupiedby heavydarkred silt loam soil type
(ZewduEshete2000;EshetuYirdaw, 2002).

Conservationlssues

Due to its close proximity to Addis Ababa, the forest has a long history
of exploitation andeforestation. As early as the6entury the forest was
degraded and then replanted witmiperus proceran the order of Emperor
Zera Yacob. In the 1900s, largeale removal of wood for fuel and
construction was noted, following which strict protentiwas put in place
and maintained until recently. Reforestation started as early as 1949, when
logging operations were still in full swing. Uncontrolled felling of trees
continues unabated and is of major concern for conservation of the forest.
The wood $ sold in the nearby towns of Sebeta, Holeta and Addis Ababa.
The number of guards were not quite adequate considering the area of the
forest. Trees planting have been done in the area mostly the boarder of the
forest and in the middle of open areas. Tlamied species are mairBinus
radiata, Cupressus lusitanigaluniperus procera, Podocarpus falcatasd
HageniaabyssinicaThe first modern tree nursery for the country was set up
in 1949 in Suba.

Page B9



3.1.2Gullele Botanical Garden
Location

Gullele Botanical Garden (GBG) is a newly establishedsitu
conservation initiative located at the northwestern part of Addis Ababa city
administration. It belongs to the central plateau of Ethiopia, which shares its
vegetation zone and climatic characteristigth adjacent part of Oromia
National Regional state. The geographicalocdinate of the garden lies
between latitude 80 55' N and 90 05' N and longitudes 380 05' E and 390 05'
E (Figure 2). It covers a total area of 936 ha and-sanaged by the Addis
Ababa City Administration and Addis Ababa University as the first botanical
garden in the country.

Topography

Gullele Botanical Garden has two topographic landscape features. The
northern half is a plain land whereas the southern half is mountainoua with
maximum elevation of 2,960 m a. s. |. There are two perennial rivers
originating from this mountainous area which flow down to Addis Ababa
city. This Botanical Garden is also characterized by many smaller rivers
which flow through the city seasonally (&8rmu Kelbessa, 2005).

Climate

Based on the data collected from 2@1P4 by the National
Meteorological Agency of Ethiopian (NMAE) from Intoto station, the mean
annual temperature of the study area is about 3.9he hottest month is
February with maxnum temperature of 21.°0C, and the coldest month is
December with minimum temperatures of 8& The mean annual rainfall
of the area is 1215.4 mm and is bimodal type. The short rainy season extends
from March to May and the long rainy season starts fioly and extends to
September, wnexpected showers may occur.
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Fig 2: The study area, gullele botanical garden
Source (Birhanu Belay, 2009)
Vegetation

Gullele Botanical Garden is mostly coveredtycalyptus globulugree
species, but the landloser to the river banks and inaccessible areas are
covered by more than 250 plant species consisting of trees, shrubs, herbs,
climbers, ferns and other plant§here are also some endemic and
endangered plant species. Some ofdbminant indigenous wogdspecies
in this study site arelJuniperus proceraHypericum revolution Olinia
rechetiana, Myrsine melanophleos, Myrsine africandErica araborea.

The major threat to the garden is that Addis Ababa is a fast growing city
with an increasing populatioof more than 3.5 million. The need to house a
growing population and employment creation activities can encroach on this
establishment with adverse effects on conservation work.

3.2 Study Period

The present field research work was conducted irMeerageshssuba
State Forest and Gullele Botanical Garden, Central Ethiopia from 2012 to
2014
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3.3 Diversity of Butterflies with Reference to Habitat Types from
MenageshaSuba State Foresand Gullele Botanical Garden

3.3.1Selection ofSampling Site

Sampling sites were systematically selected. The study area were
divided into different sections based on the transect line. These techniques
involved dividing the study site in to different habitat (Tanaka and Tanaka,
1982; Tayyalet al, 2006), described primarily on the dominant vegetation
type of the studwreas during different seasons.

The study area at MenagesBaba State Forest was divided in to ten
transects, each of 0.2 km lengths with ten quadrats (10 m X d@reach
transects were marked through different habitats in the study area. The forest
study area was divided into the following habitat types: natural forest,
artificial forest andgrassland (Plates 4, 5 and 6).

The Natual forest of Menagesh@uba Sate Forest is dominated by
Juniperus procerahat grows up to 30 m and forms a relatively open canopy
and a good proportion of the forest plantation commissioned by Emperor
Zerea Yakob (MOARD, 2002). The other major plant species of the forest
includes: Acacia abyssinica, Croton species, Olea africana, Prunus
africanus, SagertiatheaCasaurinaspp., Schinnus molle, Cordia africana,
Hagenia abyssinica, Iris germanic@syris quadripartita, Hyparrheniapp.,
Cyndon spp., Rubus spp., Mytenus spp., Carduws pychocephalugFriis,
1995). Lobelia giberroaand Solanecio gigasdominate the sides of the
valleys; the strikingscadoxus multiflorusarpets the forest floor.

The artificial forests are mainljguclaptus globules, Pinus radigta
Cupressus lusitanigaluniperus procera, Podocarpus falcatead Hagenia
abyssinica.The grasslands are covered wigbme shrubs, short and tall
grass.

The study area at GullelBotanical Garden was divided into twelve
transects, starting at the edge of the road from the bottom (Sansuzi) to the
upper (AFi t dehad) of TBej almstance bet
transets and plots were 500m and 300respectively. The numbers of
guadrats were 60 (10m x 10m) which cover a total area of 0.6 hectares. The
guadrats were laid on three habitats: as natural forest, artificial forest and
grassland (Plates 1, 2 and 3). Twenty quadrats in four transects were laid on
each habitat tygto colect butterfly samples.

The natural forest: thdominant indigenous woody species in this site
are Juniperus proceraHypericum revolution Olinia rechetiana, Myrsine
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melanophleos, Myrsine africarendErica araborea.The artificial forest is
mostly coverd by Eucalyptus globulusree species and it is an open type
forest. Long and short grasses cover the grasslands.

3.3.2Sampling Methods, Butterfly Collection and Identification

All sampling were done once in a month for four days in each study
areas. All quadita were sampled within every hour between 10:00 and 14:00
daily. According to Holl (1996) and Gardinet al (2005) this is the period
within which most butterfly species are probably active. Samples were taken
from one of the quadrant of each transect lin each vegetation type in
every month from the study areas. Butterflies samples were collected with
0.38 diameter sweep net constructed of muslin with fin mesh net at the tip.
Each sweep represents a horizontal swing with an arc of approximatély 135
and height between 03.00 meters above the ground. These specimens
were killed by pinching their thorax by taking proper care or by killing the
small specimen using ethyl acetate andlfy placed in paper envelop.

To randomize for hourly and daily vatians in sampling the following
sampling programmed were set up.

. Sampling hours
Habitat
1011 11-12 12-13 1314
Natural forest Day 1 Day 2 Day 3 Day 4
Artificial forest Day 2 Day 3 Day 4 Day 1
grassland Day 3 Day 4 Day 1 Day 2

The collectedutterflies were identified using binocular microscope and
identification key at the species level with the help of available literatures
such as Willams, (1969); Carcasson, (19%6nd D& Abr er a, (19
books, different drawings of butterfliesatdsheet, specimens of butterflies in
Addis Ababa University museums were used as a means of identifications
tools When identifying and describing butterfly taxon, morphological
characteristicsvere used to separate species.

Plate 1: Natural forest & Plate 2: Artificial forest at
gullele botanical garde gullele botanical garder
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Plate 3: Grass land at Plate 4: Natural forest at
gullele botanical garde menageshauba state fore:

Plate 5: Artificial forest at Plate 6: Grassland at
menageshauba state fore: menageshauba state fores

3.3.3Data Analysis
Measurement ofDiversity

The type of d 4 diversitys which is the diversity of U
species within a habitat. Thaiversity index was deulated by using the
ShannorWiener diversity index (Shannon and Wiener, 1949).

Diversity index=H= x iR P,
WhereP. =S /N
S = numbeof individuals of one species.
N = total number of all individuals in the sample
In = logarithm to base e.
Simpson's Index(D)

It measures the probability that two individuals randomly selected from
a sample will belong to the same species or some category other than
species. Simpson Index (Simpson, 1949) was computed for eachs@kthe

Simpsonds I ndex is expressed as:
D =F =Ni (ni-1)
N (N-1)
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Where
N = Total number of individuals encountered
Ni = Numberof individuals of i" species

The value oD ranges between zero and one.Wiltis index, zero
represents infinite diversity while, one represents no diversity. That is, the
bigger the value of D, the lower the diversity. This is neither intuitive nor
logical, so to get over this problem, D is subtracted from 1 to Givepson's
Index of Diversityl-D. The value of this index also ranges between zero and
one, but now, the greater the value, the greater the sample diversity. This
makes more sense. In this case, the index represents the probability that two
individuals randomly seléed from a sample will belong to different species
(Simpson, 1949).

Measurement ofSpecies Richness

In the ecological literature the number of species at a site, in a region or
in a collection is called species richness, which is the simplest and most
useful measure of species diversity. In this study, the total number of
butterfly species collected in each habitat was considered as species richness.

Margal ef6s index was used as a s
(Magurran, 1988).

Mar g alndefx =s(Si 1)/InN
S =Total number of species
N = Totalnumber of individuals in the sample
In = Naturallogarithm

Measurement ofEvenness

For calculating the evenness of s
was used (Pielou, 1969).

e=HInS

H = ShannorWiener diversity index

S =Totalnumber of species in the sample
Dominancelndex

Patterns of relative abundance of species determine the dominance
component of diversity. In this study, the relative dominance of each
butterfly family in a habitawas determined by calculating the dominance
index using the following formula:
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Relative dominance =Ni x 100
N

Where
Ni = Numberof butterflies in the T family.

N = Thetotal number of butterflies in all the families collected in each
habitat.

Jaccard's coefficient index

Jaccard's coefficient indewas used to measure butterfly species
compositional similarity and/or variation between habitats. The similarity of
species compositions between habitats were measured using the following
formula.

Jaccardods /lambgex (C j) = j
Where,

j = Thenumber of species present in both sites

a =Thenumber of species present in site A

b =Thenumber of species present in site B.

The Jaccardébés I ndex i s e ganplételyt o z
different, and is equal to one for two sites that are completely similar.

SPSS statistics 20 software was used. Variation in abundance and
distribution of butterflies in different habitats in the study areas was
computed by ongvay analysis of ariance (ANOVA) and post hoc Tukey
test. Microsoft excel were used to calculate the number of species and
abundance in each habitat types and to draw figures.

3.4 Butterfly Diversity Associatedwith Seasonalityat MenageshaSuba
State Forestand Gullele Botanical Garden

According to the Ethiopian calendar, for convenience of data
interpretation, the year was divided intuf seasons

i)  Winter: December, January and February

i)  Summer: June, July and August

iii) Autumn: September, October and November

iv) Spring: March, April and May.

For assessing population fluctuations across seasons, species were

arranged in a definite order and then a simple matrix with species in rows
and seasons iplumns was made for each site.
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3.4.1Sekction of Sampling Site Sampling Method, Collection and
Identification

Selection of sampling site, sampling method, collection and
identification were employed as described in sections ZAd3.3.2.

3.4.2Data Analysis
The data analyses were employed as described in sections 3.3.3.

3.5 Study the Diversity of Butterflies at Different Altitudes of
MenageshaSuba State Forest

3.5.1Sampling Site

A study on diversity of butterfly communities at different altitudes of
Menagesh&uba State Forest, Central Ethiopia, was conducted from 2012 to
2014 using sweep net. Five elevations weskected namely 2200 2500
(Site 1), 2500 2800(Site 1), 2800 3100 (Site IIl), 3100 3300 (Site V),
and above 3300 meter above sea level (Site V). There were some differences
in terms of sign of illegal logging activities, land surface characters, t
height and percent canopy cover, dominant plants present and as well as the
thickness of dead leaves on the ground among these elevations. Three
sampling points or plots (300m apart, 150 x 15@er sampling point) were
selected per altitude. Ten tracs lines were established across the plot
parallel to each other at 15m apart.

3.5.2Sampling Method, Collection and Identification

Sampling method, collection and identification were employed as
described in section 3.3.2.

3.5.3Data Analysis

In this study speciedchness considered as the total number of species
recorded and species abundance as number of individual butterflies counted
during sampling at each altitudinal sites. Exclusive species were considered
as the species recordedrfronly one particular attide.

The diversity of butterfly species across different altitudinal belts was
calculated using Shannon index of diversity given by the equation,

HNj pAIEp), where, p=ni/ N;
Ni, is the number of individuals ¢f species and
N = Bi.

In = natural logarithm.
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Margal ef6s species richness was
across different altitudes. This index was calculated using equation;

R=(S1 1) In N, where S is the number of species.

N is the number of individualsMagurran, 1988). The variation in
butterfly species richness and species diversity across thalfiiwelinal
sites was represented graphically.

For calculating the evenness of
was used (Pielou, 1969).

e=HinS
H = ShannorWiener diversity index
S = total number of species in the sample

The relative abundance (RA) of all the butterflies (in total as well as
among sites) were calculated with the form&&: = n *100/N,

Where
Ni = Numberof i Individuals of I" species.

N = Totalnumberof individuals of all species.

Range of each butterfly species was estimated as difference between the
lowest and highest altitude at which the species was observed during the

study. The species are assumed to be present at athéuiate altitudes
between lowest and highest altitude (Brebtnal, 2007). The number of
species was estimated at range size of every 300 m interval.

Butterfly Species Similarity

Jaccard's coefficient indewas used to measure butterfly species
compositional similarity between altitudes. The similarity of species

compositions between altitudes were measured using the following formula.

Jaccardos jllambglex (C j) =
Where,

j = Thenumber of species presst in both sites

a =Thenumber of species present in site A

b =Thenumber of species present in site B.

The Jaccardds Index is equal t o
different, and is equal to one for two sites that are completely similar.
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SPSS stasistics 20 software were used. Variation in abundance and
distribution of butterflies in different habitats in the study areas were
computed by ongvay analysis of variance (ANOVA) and post hoc Tukey
test. Microsoft excel were used to calculate thenber of species and
abundance in each elevations and to draw figures.

3.6 Ecological Indicator Role of Butterflies at MenageshaSuba State
Forest

3.6.1Sampling Sites

The five habitat types in the study area were natural closed forest
(Sitel), Disturbed forest (Site 2), Forest edge (Site 3), Shrub and grass (Site
4) and Grass and agricultural land (Site 5). The vegetation of the five habitat
types in the study area cha summarized below.

Natural closed forest: a closed forest with a variety of plant species with
diameter from 160 cm, canopy height of85 m. Disturbed forest: canopy
height of 510 m with shrubs and small to medium trees. Forest edge:
vegetation corists of small trees, shrub and grass. Shrub and grass: some
shrubs with height of 260 cm and tall grass with height of 2200 cm.
Grass and agricultural land: short grass with height ebA0cm and
agricultural plants.

3.6.2Sampling Method, Collection and Identification

Thirty transects representing five different habitat types were chosen,
with a length of 100 m for each transect. There were six transects in each of
the five different habitat types. Transects are separated from each ofter by
m. The butterfly transect methodologies which were used, were developed
by Pollard (1977), and Pollaret al (1975) for monitoring changes in a
buttefly population over time and stuihg differences in the butterfly
communities of different habitalpes. Transect work took place during
10:00 to 14:00pm. It took seven minutes for each 100 m transect. The times
for each transect were altered from day to day to reduce the effect of
different times of day on recorded data. The sampling programmecheas t
same as section 3.3.2. The recorder walked at a uniform pace and recorded
butterflies seen within prescribed limits in an imaginary box aboutm x
5m x. The study was carried out from 2012 to 2014. The study period lasted
four days per month.

Butterfly habitats were divided into five habitat types (small scales of
disturbance) as indicated above. In addition, habitat types were grouped into
three habitat types (large scales of disturbance). That are the habitat inside
forests, (three transects from thatural forest and three transects from the
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disturbed forest), the habitat along forest edge (six transects), and the habitat
outside foests (three transects from shrub and grass habitat and three
transects from the grass and agricultural land).

Identification of butterflies was primarily made directly in the field. In
critical condition, specimens were collected only with handheld aerial sweep
nets. Each specimen was placed in plastic bottles and carried them to the
laboratory for further identificatio with the help field guides. Identification
of butterflies also followed Carcas:

3.6.3Data Calculation of Indicator Values of Butterflies

The indicator values of butterflies were calculated for the five and three
habitattypes. A method used to quantify the indicator value of a range of
taxa is the indicator valuéindval) method developed by Dufrene and
Legendre (1997). This method combines measards of the degree of
specificity of a species to an ecological stateefikample a habitat type and
its fidelity within that state (Dufrene and Legendre, 19%%iyh indicator
values indicate a high degree of specificity and fidelity to a particular habitat
(Van Rensburget al, 1999).High fidelity of a species across sampites is
generally associated with large abundance of individuals (Brown, 1984;
Gastonet al, 1997). Both these characteristics facilitate sampling and
monitoring, which is an important requirement for a useful indicator
(Kremenet al, 1994).

The individual numbers of each species recorded during the course of
the study period were summed for each habitat type. The indicator value
method was used to determine whether an individual butterfly species would
show indicator value for any of the five or thiegbitat types. An indicator
value for each speciesn each group of sites was calculated according to
Dufrene and Legendre (1997) as:

IndVal; = Aj x Bjx 100, where

IndVal - indicator value for specia@sn groupj,

Ajj is specificity measure as:

A = N individuals /Nindividual$ and where

N individualsindividual number of specigsn 6 transects of habitft

N individualsTotal individual number of speciésn 30 or 18 transects
(each of the five or the threelitat type consists of six butterfly transects).
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Bj is fidelity measure as:

Bjj = Nsiteg /Nsitesand where

N siteg-number of transects of habifeds speciespresent,

N sites:total number of transects (six butterfly transects) of tiahitat.

Percentage indicator value was measured for each speaidsspecies
has a percentagedicator valuewith an associatetheasure of significance,
with high and significanpercentages designating good indicator species.
Those species with signi€ant indicator valueof greater than 70% were
regarded as characteristic indicator speciegherhabitat MicGeochet al.,
2002). Species witindicator value from 5F0% wereregarded as detector
species (McGeoch, 1998).

Therefore, these species were not characteristic species, as they did not
have highindicator valueo f O 70% for any partic
species meeting these criteria were regarded as sufficiently indicative to
demonstrate an early shift in hatiit Simultaneously, these species were
judged as sufficiently uncharacteristic to show potentially a marked increase
in indicator value in the habitat typmder disturbance conditions.
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Chapter - 4

Results

4.1 Butterfly Diversity at Different Habitats of MenageshaSuba State
Forest

4.1.1Butterfly Composition

Five butterfly families; Papilionidae, Pieridae, Lycaenidae,
NymphalidaeandHesperidaavere recorded at MenagesBaba State Forest
during the study period. These families phylogenetically break down in to 29
genera and 59 species (Table Nymphalidae had the highest nhumber of
species (26) and genera (11), which accounted for 44.07%eofothl
number of species recorded in the study area. Nymphalidae was followed by
Pieridae, which contained 12 specied érgenera accounting for 20%4of
the total number of species. The third largest family was Papilionidae with
nine species in two gema accounting 15.25% of all the species recorded in
the study area. Then, it was followed by family Lycaenidae with seven
species andis genera, accounting for 11.860f the spcies collected from
Menagesh&uba state Forest. Only five species belonginfpur genera of
the family Hesperidae were recorded accounting for 8.47% of the species
recorded in the study (Table 1).

4.1.2SpecieRichnessand Abundance

A total of 59 species and 936 individuals of butterflies belonging to 29
genera and 5 familiewere ecorded from Menagest®uba State Forest
during the study period’he total species, abundance and their proportion in
the various habitats are shown in Appendix 2A.

The most abundant species w@saphium colonna(Ward), which
accounted for 2.56 % ddll individuals recorded at MenagesBaba State
Forest. The other abundant species w&raphium leonidagF.), Charaxes
castor (Cramer) and Bicyclus anynangButler) which comprised of 2.46%
(each species), followedly Phalanta phalantha(Rothschild & Jordan)
Appias epaphigButler), Papilio constantinugWard) andPapilio dardanus
(Oberthar)which accounted for 2.24%, each of the species. The species
represented by less tharnt individuals were seven (5%b6 of all
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individuals), while most of the spies (44 species) yielded 140 buttefly
individuals which has 74.98 from all species recorded. Species represented
by more than @ individuals were eight (19.096 of all species).

Out of the 59 species, ten species (16.95%) were recorded in the natural
forest, seven (11.86%) species in the grassland hahitatal of 13 species
(22.03%) were common to all of the habitats. Notably, no habitat contained
all of the 59 species that were in the census list.

Table 1. TaxonomicProfile of Butterfliesat Menagesh&uba State Forest

Family Genera Species % species compositio
Papilionidae 2 9 15.25
Peiridae 6 12 20.34
Lycaenidae 6 7 11.86
Nymphalidae 11 26 44.07
Hesperidae 4 5 8.47
Total 29 59

4.1.3Butterfly Species Abundancén Different Habitats

There was a significance difference as (F =3.793, df =2, P = 0.05).
Multiple comparisons of Tukey HSD test showed that there was a
significance difference between the natural forest and artificial forest (P =
0.044) (Appendix 5). The natural forest supports the greater number of
species and individuals that composed of 52 species and 558 individuals.
The most abundant species along the natural forest areaGharaxes
etheoclegvan Someren and JacksoBeudorix dirochares(GroseSmith),
Precis coelestingDewitz), Vanessa abyssiniq&elder & Felder);Tirumala
Formosa(Rothschild) Mylothris yulei(Ungemach) Appias SabingFelder
& Felder) Appias epaphigButler), Papilio dardanugOberthir) Graphium
colonna (Ward), Charaxes castofCramer) Charaxes varanegMabille),
and Charaxes phoebuéButler). They composed 35.1% of all butterflies
found in the natural forest habitat.

The artificial forest shows the least species diversity and abundance with
21 gecies and 93 butterflies. The most abundant species in the artificial
forest habitats wereAcraea bonasia(Eltringham) Graphium antheus
(Cramer) Hypolimnas salmacigRothschild & Jordan)Appias epaphia
(Butler), Bicyclus vulgaris(Butler) and Amauris mavius (Rothschild &
Jordan) These species composed 46.18% of all individuals recorded in the
artificial forest.

The grassland yield more number of species and individuals than the
artificial forests, which was 41 speciesid 285 individuals. The most
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abwndant species in these habitats w@alias electo(Berger) Bicyclus
anynana(Butler), Phalanta phalanth&Rothschild & Jordan)Colotis agoye
(Marshall) andypthima simplicigButler) which accounted for 27.1% of all
individuals encontered in the grasshd habitat.

From all recorded individuals in the three different habitats: the natural
forest area had the highest number of individuals, which is 558 followed by
grassland with 285, and artificial forest had 93. Therefore, maximum
abundance within the baats was recorded in natural forest followed by
grassland and artificial forest.

m Natural forest  m Artificial forest m Grassland
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= 400 -
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Fig 3: Comparison of butterfly abundance recorded in three habitat types at
menageshauba state forest and gullddetanical garden during the year 2012 to
2014
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Fig 4: Comparison of butterfly species recorded in three habitat types at meragesha
suba state forest and gullele botanical garden during the year 2012 to 2014

4.1.4Distribution of butterflies species and abundace among families
in different habitats

The distribution of butterfly species and abundance among families in
various habitats is shown in Table 2. terms of families, Nymphalidae
constituted the highest percentage of individuals in dhéicial forest
(60.22%) followed by Papilionidae 19.35%). In the natural forest the
Nymphalidaeaccounted for the highest percentage of recorded butterflies
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(45.16%) followed by Peiridae 20.61%) While in thegrassland the
Nymphalidae were the most camnly found family comprised 39.3%
followed by Pieridae (24.21%). The family Nymphalidae had the highest
number of species in all of the three habitats, while Hesperidae had the least
number of species in the grassland and natural forest. Pieridae Hadsthe
number of spcies in the artificial forest.

Table 2: Butterfly Species and Abundance by Families at Different Habitats of
Menagesh&uba State during the year 2012 to 2014 Forest

Family Habitats

Grassland Natural forest Artificial forest

Specieg Abundance| Species| Abundance| SpeciegAbundance|
Papilionidae | 14.63 14.74 17.31 16.49 19.05 19.35
Peiridae 21.95 24.21 19.23 20.61 4.76 6.45
Lycaenidae | 14.63 13.68 11.54 9.14 9.52 7.53
Nymphalidae| 36.59 39.30 44.23 45.16 57.14 60.22
Hesperidae | 12.20 8.07 7.69 8.60 9.52 6.45
Total 41 285 52 558 21 93

4.1.5Butterfly Diversity Indices

The diversity indices of butterflies are presented in Table 3. In general,
the three sampling habitats showed high species richness, diversity, and high
evenness of distribution. The species richness index was the highest at the
natural forest and least at the artificial forest, which are 8.06 and 4.41,
respectively. The evenness indices of butterfly communities were similar;
0.97 in the natural forest, 9B in the artificial forest and 0.94 is in the
grassland habitat. The highest Shannon diversity index of butterfly
communities was at the natural forest, which was 3.83, while the lowest
diversity index was at the artificial forest habitat that was 2.82m$ s on 6 s
diversity index also indicated higher butterfly species diversity in the natural
forest followed by the grassland habitat and least butterfly species diversity
in the artificial forest.

Table 3 Butterfly Diversity Indices at Differertiabitats of Menagesh@uba State
Forest during the year 2012 to 2014

Species Si mp s o| Evenness| Species | Diversity
Habitats P diversity index | Pi e | ( richness | Shannon
number . ) ;
1-D index e index i nde
Grassland 41 0.88 0.94 7.07 3.50
Natural forest 52 0.96 0.97 8.06 3.83
Artificial forest 21 0.78 0.96 4.41 2.92
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4.1.6Dominancelndex

The dominance indices for various butterfly families at Menagesha
Suba State Forest are given in Table 4. The indices indicated that
Nymphalidae is the most dominant family (39.3) followed by Pieridae
(24.21) in the grassland. The dominant group in theirabforest was
Nymphalidae (45.16) followed by Pieridae (20.61) and Papilionidae (16.49).
In the artificial forest the dominant group was Nymphalidae (60.21)
followed by Papilionidae (19.35). The pooled data indicated that,
Nymphalidae was the most dorairt group followed by Pieridae.

Table 4: Butterfly Families Dominance Index in Various Habitats at Menagesha
Suba State Forest during the year 2012 to 2014

Family Habitats Pooled value
Grassland | Natural forest | Artificial forest
Papilionidae 14.74 16.49 19.35 16.24
Peiridae 24.21 20.61 6.45 20.3
Lycaenidae 13.68 9.14 7.53 10.36
Nymphalidae 39.3 45.16 60.21 44.87
Hesperidae 8.07 8.6 6.45 8.23

4.1.7Butterfly Species Compositional Simdrity betweenHabitats

The similarity indices for thelifferent habitats are shown in Table 5.
The level of similarity between each pair in terms of their species
composition was generally below 58%. The highest similarity (57.63%) was
observed between Grassland and Natural forest, followed by Natural forest
and artificial forest (40.38%); while the least similarity (26.53%) was
observed between Grassland and Artificial forest.

Table5:Jaccarddéds Coefficient
Forest during the year 2012 to 2014

|l nde-BubhaState t he

Grassland Natural forest Artificial forest
Grassland * 57.63 26.53
Natural forest * 40.38

Artificial forest

*

4.2 Butterfly Diversity at Different Habitats of Gullele Botanical
Garden

4.2.1Butterfly Species Composition of the Various Habitats

A total of 36 species and 386 individuals of butterflies belonging to 23
genera and 5 families were recorded frGullele Botanical Gardeduring
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the study period (Table 6Jhe total species, abundance and their proportion
in the various habitats are shown in Appendix 2B. The highest number of
species was found in the grassland followed by the natural forest while the
lowestbeing in the artificial forest.

The grassland hacé highest total number of individuals for all the
species, followed by the natural forest, while the artificial forest habitat had
the lowest individuals. The most abundant species in the grassland were
Eicochrysops messapugGuérinMéneville), Colias eleto (Berger) and
Danaus chrysippug(Li.). Eicochrysops messapy&uérinMéneville) had
the largest population with the highest number of individuals occurring in
the grassland. The grassland also supports the greater number of species.
Species that were ecorded only from the grassland habitat were
Eicochrysops messapugGuérinMéneville) Eretis mixta (Evans)
Euchrysops mauengjBethuneBakei) andCupidopsis jobategRiley).

The natural forest area was next to grassland habitat in both the number
of species as well as species abundances. The most abundant species in the
forest wereAcraea necodgHewitson) andPapilio echerioides(Trimen)
Anthene otacilia(Pagenstecherand Acraea sotikensigSharpe)are also
common species in this are®eudorix dinochares(GroseSmith) and
Papilio echerioides(Trimen) were species specific to the natural forest
habitat.

Artificial forest showed the least species diversity and abundance. The
most abundant species in this area wéypolimnasSalmacigRothschild &
Jordan) Bicyclus campugarsch)andEuchrysops albistriatéCapronnier)

In general, maximum abundance apecies richness within the habitats
was recorded in grassland followed by natural forest and artificial forest.

Table 6: Taxonomic Profile of Butterflies at Gullele Botanical Garden

Family Genera Species % species composition
Papilionidae 2 5 13.89
Peiridae 5 8 22.22
Lycaenidae 9 11 30.56
Nymphalidae 5 9 25
Hesperidae 2 3 8.33
Total 23 36

4.2.2Distribution of Butterflies Speciesand Abundance among Families
in Different Habitats

The distribution of butterfly species and abundance among butterfly
families in the various habitats are shown in Table 7. In terms of species,
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Lycaenidae constituted the highest percentage of species in the grassland
habitat followed by Pieridae an8llymphalidag 31%, 27% and 19%,
respectively. In the natural forest, thdymphalidae and Lycaenidae
accounted for the highest percentage (27% each) of spetdesed by
Papilionidae that i4.8%. Nymphalidaeand Lycaenidaealso accounted for

the highest perceage of species, which were 39% and 33%, respectively in
the artificial forest Hesperidae had the least number of species in all of the
three habitats.

In terms of abundancéycaenidae constituted the highest percentage of
individuals 34%)in the grassind habitat followed by Peiridg82%), while
PapilionidaeandHesperidae had the least number of individuals. Hesperidae
had also the least number ioflividuals in the natural forest and artificial
forest. In the natural forest, thBlymphalidaehad the Ighest percentage,
which was 29.62% of individual®llowed by Papilionidae (21.48%gnd
Lycaenidae (20.74%)Nymphalidae and Lycaenidae accounted for the
highest percentage of individuals that were 38% and 30%, respectively in the
artificial forest

Table 7:Butterfly Species and Abundance by Families at Different Habitats of
Gullele Botanical Garden during the year 2012 to 2014

Family Habitats

Grassland Natural forest Artificial forest
Specieg Abundance| Species/Abundance Specieq Abundance
Papilionidag 11.53 9.25 18.18 21.48 11.11 12.35
Peiridae | 26.92 32.09 15.38 17.03 16.67 19.10
Lycaenidae| 30.79 33.95 27.27 20.74 33.33 30.33
Nymphalidag 19.23 14.81 27.27 29.62 38.89 38.20
Hesperidag 11.53 9.87 9.09 11.11 0 0

Total 26 162 22 135 18 89

4.2.3Butterfly Diversity Indices

There was no significance difference among the habitats as the value P
> 0.05 (Appendix 6). The diversity indices of butterflies are presented in
Table 8. In general, the three sampling habitats showed high diversity of
butterflies and high evenness of tdisution. The evenness indices of
butterfly communities were similar; 0.98 in the natural forest, 0.97 in the
artificial forest and 0.94 in the grassland habitat which indicated more
evenness of species abundance in the natural forest followed by artifici
forest and grassland. The highest Shannon diversity index of butterfly
communities was at the grassland followed by the natural forest, while the
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lowest diversity index was at the artificial forest habitat. The species richness
index of butterfly commuities was the highest at the grassland and the least
at the artificial forest.

Simpsonds diversity index indicateé
the natural forest and grassland habitat and least butterfly species diversity in
the artificial fores

Table 8: Butterfly Diversity Indices in Different Habitats at Gullele Botanical
Garden during the year 2012 to august 2014

Shannon Evenness Species Si mp s q
. Specieg diversity Pielof>P diversity
Habitats . . richness .

number index index index index
H e 1-D

Grassland 26 3.09 0.94 491 0.96
Natural forest 22 3.02 0.98 4.28 0.96
Artificial forest 18 2.82 0.97 3.79 0.92

4.2.4Dominancelndex

The dominance index for various butterfly families at Guldganical
Garden is given in Table 9. The indices indicated that Lycaenidae is the most
dominant group (33.95) followed by Peiridae (32.1) in the grassland. The
dominant group in the natural forest was Nymphalidae (29.63) followed by
Papilionidae (21.48xnd Lycaenidae (20.74). In the artificial forest the
dominant group was Nymphalidae (38.2) followed by Lycaenidae (30.34).
The pooled data indicated that, Lycaenidae was the most dongreaum
followed by Nymphalidae.

Table 9: Butterfly Families Dominance Index in Various Habitats at Gullele
Botanical Garden during the year 2012 to 2014

Family Habitats Pooled value
Grassland | Natural forest | Artificial forest
Papilionidae 9.26 21.48 12.36 14.24
Pieridae 321 17.04 19.1 23.83
Lycaenidae 33.95 20.74 30.34 28.5
Nymphalidae 14.81 29.63 38.2 25.39
Hesperidae 9.88 11.11 0 8.03

4.2 5Butterfly Species Compositional Similarity between Habitats

The similarity index for the different habitats is shown in Table 10. The
similarity index demonstrated the differences and similarities between the
species composition recorded in three habitat types. The level of similarity
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between each pair in termstbkir species compit®n was generally below
41.18%. The highest variation (72.3%) was recorded between artificial forest
and grassland, followed by natural forest and artifitie¢st that was linked

at 62.0%6, while the least variation (58.82%) was amfed betwee
grassland and natural forest.

Tablel0:J accardoés Coefficient I ndex for the

Garden during the year 2012 to 2014

Grassland Natural forest Artificial forest
Grassland * 41.18 27.27
Natural forest * 37.93
Avrtificial forest *

4.3 Butterfly Diversity in different Seasonst Gullele Botanical Garden
4.3.1SeasonalChangesin the Total Number of Butterflies

The maximum species richness was recorded in autumn (31 species)
followed by summer with 28pecies and the minimum were in winter (18
species). Spring consist of 22 specie. Maximum abundance was noted in
autumn and summer. In autumn, October and November had peak number of
individuals of 53 and 49, respectively. During summer it was August that
had the maximum abundance of 49 individuals. The minimum abundance
was recorded in winter during the month of December, which composed of
18 individuals The population showed highest population sightings during
August to November and then, showed a grhdealine flom December
onwards (Figure 5).
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Fig 5: Number and abundance of butterfly species across months at gullele botanical
garden during the year 2012 to 2014
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4.3.2Distribution of Butterflies Speciesand Abundance amongFamilies
in Different Seasons

Butterfly species distribution among butterfly families across seasons is
shown in Figure 6. Family wise distribution of butterfly species revealed that
Lycaenidae had the highest species percentage composition in autumn (10)
and spring (8), whileNymphalidae constituted the highest percentage of
species during winter (6) and summer (8). Hesperidae had the least species
commposition in all of the seasons.

The seasonal population trend of various families of butterfly abundance
is presented in Figur@. In terms of abundance, Lycaenidae contained the
highest individuals in autumn followed by spring. Lycaenidae reached its
peak during autumn and they were present in all seasons in varyinf number.
Nymphalidae was nearly all were present though vary imbmau.
Nymphalidae had the highest individuals during autumn followed by
summer. Even though the Nymphalids were most common and adapted,
population count was low. Pieridae present in all seasons in significant
numbers the highest being in autumn and sunfoikawed by spring. The
population was low during winter. The population of Hesperidae was very
low and had the least abundance composition almost in all of the seasons.
Papilionidae was present in all of the seasons with maximum sighting
autumn follaved by winter.

m Papilionidae mPeiridae = Lycaenidae = Nymphalidae m Hesperidae
12 ~

—
=
1
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Autumn Winter Spring Summer

Seasons

Fig 6: Family-wise trend in species richness of butterflies across seasons at gullele
botanical garden during the year 2012 to 2014
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Fig 7: Overall population trend of various families of butterflies across seasons at
gullele botanical garden during the year 2012 to 2014

4.3.3SpeciesRichnessand Diversity Indices

There was a significance difference among seasons as (p < 0.05, F=
5.529 and df =3)Multiple comparisons of Tukey HSD test showed that
there was a significance difference between autumn and winter (P=0.020)
(Appendix 7). The diversity indices of butterflies are presented in Table 11.
Species richness showed maximum recorded in autur®) (&d minimum
in the winter (4.10), while it was (4.77) and (5.63) in spring and summer,
respectively. Comparison of the Shannon diversity index showed higher
diversity in autumn (3.396) followed by summer (3.216) and spring (2.968)
while winter showedhe lowest diversity index of 2.857.

The comparison of Shannon diversity index among five different
families showed Lycaenidae had high value in autumn and spring, while
Nymphalidae and Pieridae had high value during winter and summer,
respectively. Hespedae had the least diversity Shannon index in all
seasons. Hesperiids prefers autumn and Papilionidae had high index in
winter and least in spring (Table 12).

The dominance indices for various butterfly families are given in Table
13. The indices indicated that Lycaenidae is the dominant family in autumn
and spring, Nymphalidae in winter and Pieridae in summer. Papilionidae had
high dominance index in the winteiThe pooled data indicated that,
Lycaenidae is the most dominant family followed by Nymphalidae and
Pieridae.
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Table 11 Butterfly Diversity Indices across Seasons at GuBz&anical Garden

during the year 2012 to 2014

Species . Si mps Pi el _Species S_hann_on
Seasony ' per | Individuals diversity 1-D| EVENNess richness | diversity
index index index H
Autumn 31 141 0.972 0.978 6.06 3.396
Winter 18 63 0.956 0.988 4.10 2.857
Spring 22 81 0.955 0.960 4.77 2.968
Summe| 27 101 0.967 0.975 5.63 3.216
Tablel2Shannon I ndex (hé) of Various
Gullele Botanical Garden during the year 2012 to 2014
Family Seasons
Autumn Winter Spring Summer
Papilionidae 0.502 0.804 0.267 0.385
Pieridae 0.783 0.319 0.635 0.980
Lycaenidae 1.09 0.782 1.03 0.687
Nymphalidae 0.701 0.952 0.743 0.87
Hesperidae 0.32 0 0.293 0.294

Table 13 Dominance Index of Butterfly Families in various Seasons at Gullele

Botanical Garden during the year 2012 to 2014

Dominance index
Family Seasons
Autumn Winter Spring Summer | Pooled value

Papilionidae| 14.18 28.57 7.40 10.89 14.25

Peiridae 234 11.11 23.46 32.67 23.83
Lycaenidae| 31.91 26.98 33.33 20.79 28.5
Nymphalidag 21.28 33.33 25.93 25.74 25.39
Hesperidae 9.22 0 9.88 9.9 8.03

4.4 Butterfly Diversity in Various Seasonsat MenageshaSuba State

Forest

4.4.1SeasonalChangesin the Total Number of Butterflies

Butt

The maximum species richness was recorded in the autumn and spring
each contained 54 species particularly in the month of September and April
and the minimum was recorded in the summer during the month of July

which composed of 41 species and then followgdvinter with 48 species.

Maximum abundance was recorded in autumn and spring with the peak in
October 114 individuals and March 95 individuals, respectively. Minimum
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abundance was recorded in the month of July with 56 individuals during the
summer(Figure 8).
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Fig 8: Number and abundance of butterfly species across months at mersigfesha
state forest during the year 2012 to 2014

4.4.2Distribution of Butterflies Speciesand Abundance among Families
in Different Seasons

Butterfly species distribution amorigmilies across seasons is shown in
Figure 9. Family wise species distribution revealed that Lycaenidae had
similar number of species in all of the seasons with a slight peak in autumn
and spring and the least being in winter.

Nymphalidae constituted thaghest number of species during autumn
and spring. Papilionidae had the highest number of species in spring and
autumn while Pieridae had the highest in autumn and spring. Hesperidae had
the least species composition in all of the seasons.

The seasonal paojation trend of various families is presented in Figure

10. In terms of abundance, Nymphalidae contained the highest individuals in
autumn followed by spring. Pieridae reaches its peak during spring and they
were present in all seasons. Nymphalidae wasegmt in large number
throughout the year. Papilionidae and Lycaenidae had the highest individuals
during autumn. Hesperidae had the least abundance composition in all of the
seasons when compared to other families except in summer in which case
Papilionidae had th least number of individuals.
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Fig 9: Family-wise trend in species richness of butterflies across seasons at
menageshauba state forest during the year 2012 to 2014
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Fig 10: Overall population trend of various families of butterflies across seasons at
menageshauba state forest during the year 2012 to 2014

4.4.3SpecieRichnessand Diversity Indices

There was a significance difference among seasons as (p < 0.05, F=
14.714 and d£3). Multiple comparisons of Tukey HSD test showed that
there was a significance difference between autumn and winter (P=0.037)
and autumn and summer (p= 0.001). There was also a significance difference
between spring and summer (P= 0.011) (Appendix 8¢ diversity of
butterflies per season is presented in Table 14. Comparison of the Shannon
diversity index showed higher diversity in autumn, followed by spring,
winter and lastly summer. The evenness indices were high in all the seasons.
Spring and summehad the same evenness index. Species richness was
found to be higher in spring followed by autumn.

The comparison of Shannon diversity index (Table 15) among the five
different families showed Nymphalidae had high value and Hesperiidae had
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least diversity index in all seasons. Hesperids preferred autumn and
Papilionidae had high index in winter followed by autumn and the least

index in spring. Lycaenidae had high value in autumn while Pieridae had

high value during spring followed by summer. Both had #est index in

winter.

Table 14 Butterfly Diversity Indices across Seasons at Menag8sita State Forest

during the year 2012 to 2014

Species Pi el oy Species Shannnon

Seasong >P Individuals | Evenness indeX richness |Diversity index
number : A
e index Ho
Autumn 54 304 0.96 9.27 3.84
Winter 48 205 0.94 8.83 3.65
Spring 54 254 0.93 9.57 3.71
Summer| 41 173 0.93 7.76 3.47

Table 15:Shannon Diversity Index (H®&) of

at Menagesh&uba State Forest during the y2ai2 to 2014

Family Seasons
Autumn Winter Spring Summer
Papilionidae 0.669 0.811 0.529 0.324
Pieridae 0.652 0.609 0.983 0.801
Lycaenidae 0.416 0.366 0.369 0.405
Nymphalidae 1.697 1.695 1.612 1.556
Hesperidae 0.405 0.172 0.214 0.392

Table 16 Dominance Index Butterfly Families in various Seasons at Menagesha

Suba State Forest during the year 2012 to 2014

Family Dominance index
Seasons
Autumn | Winter | Spring | Summer Pooled value

Papilionidae 18.42 22.92 13.77 8.09 16.24

Pieridae 15.78 16.09 27.55 22.54 23.83
Lycaenidae 10.19 10.24 9.84 11.56 10.36
Nymphalidae 44.73 46.34 43.70 45.08 44.87
Hesperidae 10.85 11.68 5.11 12.71 8.22

\Y

The dominance indices for various butterfly families across seasons are
given in Table 16. The indices indicated that Nymphalidae was the dominant

family in all of the seasons. Lycaenidae had similar index almost in all

seasons with a slight dominant dgrisummer. Pieridae was the dominant
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family in the spring followed by summer. Papilionidae had high dominance
index in the winter followed by autumn. The pooled data indicated that,
Nymphalidae was the most domindamily followed by Pieridae.

4.5 Diversity of Butterflies at Different Altitudes of MenageshaSuba
State Forest

4.5.1SpecieRichnessand Abundance

A total of 46 species, belonging to five familiespmprising 423
individual werecollected from all altitudes of Menagesl&uba State Forest
Among the total species, 16 were exclusives (species that are found only in
one particular altitudinal site). Butterfly species richness and abundance
were highest in low elevation (25@B00 ma.s.l.) and lowest at high
altitudinal region (31048300 m a. s. |. and above 3300 m a. s. I.). The trend
of exclusive species was also coherent with the species richness (Table 17).

Table 18 showed the most dominant butterfly species at different
altitudes of the study sites. At elevation of 22ZZB00 m a. s. . (Site I)
appeared to support the greater number of species and individuals. The most
abundant species along this altitudinal sites weegilio constantinus,
Graphium leonidas, Graphium antheustaghium colonnaColotis agoye,
Deudorix dinocharesand Phalanta phalanthaThey made 36.6% of all
individuals found in the altitudinal site.

The most abundant species at altitude of 25800 m a. s. |. (site Il)
were Appias epaphiaCharaxes varanes, Nbthris sagala,Uranothauma
antinorii, Tirumala formosaand Mylothris agathina.They made 32.4% of
all individuals found in this altitude.

At altitude of 28083100 m a. s. I. (site Ill) the dominant species were
Papilio dardanus, Colias electdicochrysops messapus, Acraea necoda,
andCoeliades keithloanaking 46.3% of all indliduals found in the altitude.

Site IV, at altitude of 3108300 m a. s. |. showed the least species
diversity and abundance. The most abundant species in this altitudinal site
were Precis octaviaand Colias electp which accounted for 52.64% of all
individuals recorded at this altitude. The total number of speciesietsred
in this site was only five. The last altitudinal region, above 3300 m a. s. I.
with three species and four individuals could not be feasible to compare
among themselves to pick out the dominant species.

Table 19 presents the relative abundance hef butterflies in total
regardless of altitude in the study site. Only 16 species comprised 47% of the
population. The most dominant species W@aaphium colonnafollowed by
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Papilio dardanusand thenGraphium leonidas, Graphium antheus, Acraea
bonasiaandPhalanta phalantha.

Table 17: Species Richness, Abundance and Exclusive Species of Butterflies in
Different Altitudes of Menagesh@uba State Forest during the year 2012 to 2014

Altitudes(m) | Species richness| Species abundance| Exclusive species
22002500 35 194 11
25002800 30 139 4
28003100 16 67 1
31003300 5 19 0

Above 3300 3 4 0

Total 46 423 16

Table 18: The Most Dominant Butterfly Species (Relative Abundance, RA) at
different Altitude of Menagesh@uba State Forest during thear 2012 to 2014

22002500m RA | 25002800m | RA | 2800-3100m | RA |31003300m RA

Paplllq 412 Charaxes 6.47 Papilio 8.95 PreC|_s 26.32
constantinu varanes dardanus octavia
Grap_hlum 4.64 Appias epaphig 7.19| Colias electo| 8.95 Colias 26.32
leonidas electo
Graphium 4,12 Mylothris sagalg 5.04 Eicochrysops 11.94

antheus messapus

Graphium Uranothauma

colonna 5.67 antinorii 5.04|Acraea necod| 7.46

Colotis 5.15 Tirumala 4.32 Cogllades 8.95

agoye formosa keithloa

I_Deudorlx 6.18 Mylothns 432

dinochares agathina

Phalanta

phalantha 6.7

Total |36.6 324 46.3 52.64

Table 19: The Most Dominant Species (in total) that comprised about 47% Butterfly
at Menagesh&uba State Forest during the year 2012 to 2014

Species Family Relative Abundance
Papilio nireus Papilionidae 2.6
Papilio dardanus Papilionidae 3.5
Graphium leonidas Papilionidae 3.1
Graphium antheus Papilionidae 3.1
Graphium colonna Papilionidae 4.0
Colias electo Pieridae 2.6
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Mylothris sagala Pieridae 2.8
Mylothris rueppellii Pieridae 2.6
Deudorix dinochares Lycaenidae 2.8

Uranothauma antinorii Lycaenidae 2.8

Acraea bonasia Nymphalidae 3.1

Acraea johnstoni Nymphalidae 2.6

Acraea necoda Nymphalidae 2.8
Precis octavia Nymphalidae 2.6

Charaxescastor Nymphalidae 2.6

Phalanta phalantha Nymphalidae 3.1
Total 46.7

4.5.2Family-Wise Pattern

The recorded butterflies dflenageshé&uba State Forestt different
altitude represent five families (Table 20). Among these families,
Nymphalidae was the most dominant comprising maximum species (48%)
and abundance (44%) (Table Z8)lowed by papilinionidae, Pieridae and
Lycaenidae. This indicated that Nymphalida€lominated with highest
species and abundances inatltudes.Hesperids were the least in species
richness (4.35%) as well as abundance (4Adl) of the families showed
decline in species as well as abundance with adtitudpieridaepeaked a
little bit at site Il (Figure 11 A and B).

Table 20: Family-Wise Representation in Species Number and Abundance of
Butterflies at Menageshauba State Forest during the year 2012 to 2014

Family Species richness Abundance
Papilionidae 17 21
Peiridae 17 17
Lycaenidae 13 13
Nymphalidae 48 44
Hesperidae 4 4
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Fig 11A: Family-wise trend in species richness of butterflies in different elevation at
menageshauba state forest during the year 2012 to 2014
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Fig 11B: Family-wise trend in abundances of butterflies in different elevation at
menageshauba state forest duringet year 2012 to 2014

4.5.3Butterfly Diversity Indices

There was a significant difference as (P < 0.05, F= 4.749, df =4) in
diversity of butterfly communities among the altitudes of the foMattiple
comparisons of Tukey HSD test showed that there was a significance
difference between altitudes of 228800 m a. s. |. and 3108300 m a. s. I.
(P=0.024) and 220@500 m a. s. |. and above 3300 m (p= 0.013) (Appendix
9). The Shannon diversitynd species richness indices of butterflies across
different altitudinal sites are shown irable 21 Accordingly, the highest
value of species diversity (3.438) and species richness (6.454) were recorded
at altitude of 2202500 m a. s. |. In contrast, thewest diversity (1.038)
and species richness (1.442) were recorded at the highest altitude of above
3300 ma.s. |
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Table 21 Butterfly Diversity Indices at different Altitudes of Menageshizba State
Forest during the year 2012 to 2014

Altitudes(m)

Species richness inde

Pi el ouds

Shannon Diversity

R index E index H
220062500 6.454 0.966 3.438
25062800 5.877 0.977 3.324
28063100 3.567 0.973 2.698
31003300 1.358 0.967 1.557
Above 3300 1.442 0.944 1.038

4.5.4RangeSizeDistribution

Butterfly species showed narrow tolerance to elevation. Number of
species almost declined with increasing range size. Most of the butterflies
had narrow distribution range, about 34% species confined to a single range
site. Of the total 43 spes recorded, 16 species had less than 300 m range
observed at single elevation site. None of the butterfly species occurred all
along the gradient (Figure 12).

20
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number of species
=
1
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Altitudinal range(m)

900

Fig 12: Altitudinal range size distribution of butterflies of menageshba state
forest during the year 2012 to 2014

4.5.5SpeciesSimilarity

Butterfly species similarity results based on theaccar d 6 s

index indicated that thebutterfly species similarity was highest between
altitudes of 300-3300m and above 3300m (0.8hd between altitudes of
22002500m and 250@800m (0.585). This indicated that 60% of the

coe

butterfly species at 31608300m and above 3300m and 58.5% of the

butterfly species at 2202500m and 250@800m altitudes were similar. The
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lowest value of similarity index (0) was noted at altitudes of between-2200
2500m and 3103300m,22002500m and above 3300and 25062800m

and above 3300m. It indicated that the butterfly species at these altitudes
were completely differentT@gble 22).

Table22:Si mi |l arity in Butterfly Communitie
different Altitudes at Menagestuba State Fose during the year 2012 to 2014

Altitudes (m) | 22002500| 25002800 | 2800-3100 | 31003300 | Above3300
22002500 * 0.585 0.243 0 0
25002800 * 0.352 0.029 0
28003100 * 0.235 0.117
31003300 * 0.6

Above 3300 *

4.6 Ecological Indicator Role of Butterflies at MenageshaSuba State
Forest

4.6.1SpeciesRichnessand Abundance

A total of 43 species and 671 individuals of butterflies belonging to 21
genera and 5 families were recorded to study the ecological indicator role
from Menagesha Suba State Forest during the study peri§gecies
richness and abundance was higher in ribtural closed forest area and
lowest in the grass and agricultural land (Table 23). There was a significance
difference between different habitat types as P < 0.05. Multiple comparison
of LSD test showed that there were significance differences between th
natural forest and the other habitats as the P value < 0.05 (Appendix 10).

Table 23.Species Number and Abundance of Butterflies in various Habitat Types at
Menagesh&uba State Forest during the year 2012 to 2014

Habitat types Species number Abundance
Natural closed forest 33 290
Disturbed forest 28 108
Forest edge 21 93
Shrub andyrass 22 131
Grass and agricultural lan 13 49
Total 43 671

4.6.2Indicator Valuesof Butterfly Families in Five Habitat Types

To assess the ecological indicator role of butterfly families for different
habitat types, indicator values were calculated for each of the five families.
As shown in Table 24, almost all families had low indicator values (less than
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50%) in the five habitatypes. It was only Nymphalidae that had indicator
value greater than 50% in the natural closed forest that decreased with
increasing forest disturbance (from the natural forest to the agriaul
land).

No butterfly family could be used as eitalicabrs for habitats that are
divided into small scales of dishance (the five different habitat types).
Nymphalids are characteristic for the natural closed forest since had
indicator values greater than 50%, but less than 70%, so they can be only
used asletector taxa for the natural forest.

Table 24 Indicator Values (Percentage) of Butterfly Family in Five Habitat Types at
Menagesh&Buba State Forest during the year 2012 to 2014

Indicator values (%) in different habitat types
Families Natural Disturbed | Forest | Shrub & Grass and
closed forest| forest edge grass | agricultural land

Papilionidae 38.96 14.29 6.7 6.4 2.7

Pieridae 25.36 4.48 1.92 34 4.36
Lycaenidae 26.58 6.34 14.89 18.44 0.53
Nymphalidae 50.47 11.25 9.16 14.13 3.94
Hesperiidae 25.12 3.54 13.75 0 0

4.6.3Indicator Valuesof Butterfly Genera in Five Habitat Types

Not all the species found in a family may have the same habitat
preference and thus, the indicator value of the whole family is not high
enoughlndicator value of genus enables the researchers to identify indicator
taxa nore specific than family level.

Indicator value of butterfly genera (genera with indicator values greater
than 50%) in any of the five different habitat types is presented in Table 25.
In the shrub and grassland, the genera with indicator values greater than 70%
that can be used as eicwlicators for this habitat wasolias (Family
pieridae),which is the only genera that can be used as aindamator. The
genera with indicator values from-50%, which could be used as a detector
genus for the shrub and grass habitatslveggomyrinaand ypthima.

In the natural forest, four generaldymphalidaethat could be used as
detector genera of the natural forest wAmaeg Vanessa, Charaxes and
Tirumala. No butterfly genera that could be used as ecologichitator for
the natural forest.
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Table 25 Indicator Values (Percentage) of Butterfly Genera in Five Habitat Types at
Menagesh&uba State Forest during the year 2012 to 2014

Genus Indicator values (%) in different habitat types
Natural | Disturbed | Forest | Shrub & Grass &
closed fores| forest edge grass | agricultural land

Colias 1.38 0 0 70.83 10.41

Ypthima 1.30 0 1.69 58.97 9.3
Leptomyring 125 0 0 52.08 2.08

Acraea 55.43 9.78 19.02 0.5 0
Vanessa 66.4 1.36 0.68 0 0
Charaxes 62.25 8.65 1.30 0 0
Tirumala 53.35 3.64 2.42 0 0

4.6.4Indicator Valuesof Butterfly Speciesin Five Habitat Types

The indicator value of species is taxa that are used the most frequently
in identifying indicator species (Dufrene and Legendre, 1997). The todica
value at the species level is highly accuthtm genus and family level.

Indicator values of butterfly species in five different habitat types are
presented in Table 26. Frothe 43 species of butterflies observed in five
different habitatsmost of the species had indicator values of less thé# 50
Among the 43 species recorded along the five habitat types, there were only
eight species with indicator values of-80%. From these, three species
were in the natural foresTifumala formosaAcraea johnstonand Papilio
dardanu$, one species in thédisturbed forest Kicyclus vulgari¥, two
species in the forest edggrénothauma antinoriiand Acraea lycog, and
two species in the shrub and grass habitépthima simpliciaand
Leptomyrina boschi There were three species with indicator values greater
than 70% that can be used as ecological indicators; they @Gleaeaxes
phoebusandVanessa abyssinidar the naturalforestand Colias electdor
the shrub and grass habitat. In the grass and agriguland, all species had
indicator values less than 50%.

Table 26 Indicator Values (Percentage) of Butterfly Species in Five Habitat Types at
Menagesh&uba State Forest during the year 2012 to 2014

Indicator values (%) in different habitat types
Species Natural Disturbed | Forest| Shrub & Grass &
agricultural
closedforest| forest edge | grass
land
Charaxes phoebus 71.93 2.27 0 0 0
Vanessa abyssinica 71.14 2.42 0 0 0

Page |14



Tirumala formosa 56.25 3.18 2.12 2.12 0
Acraea johnstoni 51.07 5.07 7.61 0 0
Papilio dardanus 51.07 12.88 3.80 1.30 0
Bicyclus vulgaris 0 50.72 0 2.83 11.11
Uranothauma antinori 0 3.09 54.82 0 0
Acraea lycoa 8.25 2.12 51.87 0 0
Colias electo 1.42 0 0 70.83 10.42
Ypthima simplicia 0 0 2.78 57.46 11.00
Leptomyrina boschi 12.50 0 0 51.88 2.12

4.6.5Indicator Valuesof Butterfly Families in Three Habitat Types

Ecological indicator of butterflies was studied in thhebitat types at
large scale disturbance level. Indicator value of butterfly familiethriee
different habitat types is presented in Table 27. Butterfly families had the
highest indictor values in the habitat inside forests and the lowest in the
forest edge. As in the five habitat types, there is no butterfly family that can
be used as etogical indicator for any of the habitats since they have no
indicator values greater than 70% in all of the habitats. Families that had
indicator values from 5@0% werePapilionidae and Nymphalidaa the
habitat inside forests, and Pieridae in the habitat outside foPegitionidae
and Nymphalidasvere characteristic for the habitat inside forest and family
Pieridae for the habitat outside forests. Therefore, these butterfly families
had indicabr values from 5€/0% so; they are used as detector species of
these habitat typebut not as indicator species.

Table 27:Indicator Values (Percentage) of Butterfly families in three Habitat types
at Menagesh&uba State Forest during the year 2012 11420

Families Indicator values (%) in different habitat types
Inside forest Forest edge Outside forest
Papilionidae 59.4 14.59 9.4
Nymphalidae 55 16.27 21.15
Pieridae 32.69 3.0 51.51
Lycaenidae 36.52 18.76 23.24
Hesperiidae 23.68 17.36 0

4.6.6Indicator Valuesof Butterfly Genera in Three Habitat Types

Indicator values of some butterfly genera with aador values greater
than 50% in three different habitat types are presented in Table 28. In the
habitat inside forestyanessaand Charaxesin Nymphalidae had indicator
values greater than 70%. Two genera of Nymphalidaenala and Acraea
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had indicator values less than 70% and greater thanib®is habitatThe
other detector genera in the habitat inside forest Weyglio, Appiasand
Deuwdorix.

No butterfly genera that can be used as indicator as well as detector
species of the habitat in the forest edge. In the habitat outside forests, two
butterfly genera with indicator values less than 70% and greater than 50%
are Leptomyrina(Lycaenidae)and Ypthima(Nymphalidae). In this habitat,
the genu<olias(Pieridae)had indicator values greater than 70%, which can
be used as dicator species of the habitat.

Table 28 Indicator Values (Percentage) of Butterfly Genera in Three Habitat Types
atMenagesh&Buba State Forest during the year 2012 to 2014

Genera Indicator values (%) in different habitat types
Inside forest Forest edge Outside forest
Vanessa 77.81 1.06 0
Charaxes 71.55 2.34 0
Papilio 59.67 16.20 5.32
Tirumala 55.33 2.83 2.83
Appias 53.6 3.4 0
Deudorix 53.60 34 0
Acraea 52.35 26.81 0.78
Colias 2.12 0 72.62
Leptomyrina 16.67 0 55.33
Ypthima 221 2.86 52.43

4.6.7Indicator Valuesof Butterfly Speciesin Three Habitat Types

The butterfly species with indita values greater than 70% inside
forests belong to family Nymphalidae; they wafanessa abyssinicand
Charaxes phoebudable 29) There were seven species with indicator value
greater than 50% and less than 70% in the same habitat, whiclAerasa
necoda, Acraea johnstoni, Charaxes castand Tirumala formosa
(Nymphalidae), Appias epaphia (peiridae), Deudorix dinochares
(Lycaenidae)and Papilio dardanus(Papilionidae).There were two species
with indicator value greater than 50% and less than 708%eirforest edge
that were Acraea lycoa (Nymphalidae), andUranothauma antinorii
(Lycaenidae)There was only one speci€slias electan the Pieridae with
indicator values greater than 70% in the habitat outside forest. In the habitat
outside foests, wo species with indicator value less than 70% and greater
than 50% wereYpthima simplicia(Nymphalidae), and.eptomyrina boschi
(Lycaenidae)
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Table 29: Indicator Values (Percentage) of Butterfly Species in Three Habitat Types

at Menagesh&uba State Foredtring the year 2012 to 2014

Species Indicator values (%) in different habitat types
Inside forest Forest edge Outside forest
Vanessa abyssinica 83.33 0 0
Charaxes phoebus 73.77 1.88 0
Acraea necoda 67.00 0 0
Acraea johnstoni 60.36 9.00 0
Papilio dardanus 57.06 6.18 2.12
Tirumala formosa 55.33 2.83 2.83
Appias epaphia 53.60 3.40 0
Deudorix dinochares 53.60 3.40 0
Charaxes castor 50.00 0 0
Acraea lycoa 16.67 55.33 0
Uranothauma antinorii 3.09 54.82 0
Colias electo 212 0 72.62
Ypthima simplicia 0 0 67.00
Leptomyrina boschi 16.67 0 55.33

Page [r7




Chapter -5

Discussion

5.1 Diversity of Butterflies with Reference to Habitat Types at
MenageshaSuba State Foresand Gullele Botanical Garden

5.1.1Butterfly Diversity at Various Habitats

The present study might be the first documented reports for butterfly
fauna survey ilMenagesh&uba State Forest alllele Botanical Garden
during 20122014. The study had generated data on the butterfly diversity at
Menagesh&uba State Forest ar@ullele Botanical Garden. The diversity
indices for the natural forest, artificial forest and grasslandlextagesha
Suba State Forestere higher than in each of the habitat types at Gullele
Botanical Garden. The butterfly fauna at MenageShba State Forest
appeared to be more diverse than at Gullele Botanical Garden because of
logging activities, construction and other human interferences. It may be due
to increased construction and population pressure that Gullele Botanical
Garden showed least butterflyufea as compared to Menageshiba State
Forest because species composition and abundance are dependent upon
maintenance of natural habitat. The lowest diversity observed at Gullele
Botanical Garden may be also due to lack of habitat diversity and food
soukes in the site since it is a monoculture plantation, eucalyptus is the
dominant.

High diversity and evenness at both sites, in particular at Menagesha
Suba State Forest, was recorded in the natural forest habitat, which can be
due to stability and availdly of larval food. This result is in agreement
with that of Sreekumar and Balakrishnan (2001a) where the prevalence of
butterfly species at a particular habitat depends on a wide range of factors, of
which the availability food is the most important.

The lowest diversity index at the artificial forest habitats 2.92 for
Menagesh&uba State Forest and 2.82 for Gullele Botanical Garden was
due to the artificial forest habitats were highly exposed to fuel wood
collection that affected diversity. Particuigrat Gullele Botanical Garden
the intensive interference of both human and animal, and the absence of food
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plant diversity, mainly eucalyptus, were the reason for less diversity. The
grassland at Gullele Botanical Garden was high in species diver€i8) (3.
and richness (4.91) which might be due to the abundance of family
Lycaenidae in the habitat than other families that can adapt to varied climate
and feed on variety of larval food plants.

The highest species richness and diversity in the natural fareat
could be because of higher diversity of plant species, restriction of human
induced activities and fragment area. Because of the diverse nature of plant
species in the forests, insects are more attracted to plant species for the
foraging purpose thaould result in richness and abundance (FAO, 2001).

In general, butterfly species are found with the highest diversity in areas
containing large amount of host plants, and butterfly diversity at local or
regional scales are also closely related to thest plant density. Such an
intimate association between butterflies and their respective plants points
towards the nature of vegetation being an important factor in determining the
dependence and survival of a species in a particular habitat (ketiass
2003).

5.1.2Habitat Specificity

Habitat specificity of butterflies can be directly related to the availability
of food plants (Thomas, 1995). Each habitat has a specific set of
microenvironment suitable for a species. For example, species such as
Appias epaphiaPapilio demodocus, Deudar dinocharesand Charaxes
etheocleavere collected only in the natural forests and speciesdideas
electo, Ypthima simpliciand Eicochrysops messapugere recorded only
from the grassland habitats Menageshé&uba State Foresit Gullele
BotanicalGarden species likBapilio echerioidesand Deudorix dinochares
were recorded from the natural forest, species suckussma hecabe,
Colotis danae, Cupidopsis jobatesand Eicochrysops messapusere
recorded in the grassland habitats and species specitfie tartificial forest
were Graphium angolanuand Hypolimnas salmaciddowever, about 22%
of the species recorded BMtenagesh&suba State Foresind 14% of the
species at Gullele Botanical Garden were not habitat specific, i.e. they occur
in all of the hree habitats. Such general occurrence would help them to have
a wider distribution and to maintain larger population size.

5.1.3SpeciesSimilarity betweenHabitats

The level of species similarity between habitats was generally low at
both locations. The higlse similarity index which was 57.63 at Menagesha
Suba State Forest and 41.18 at Gullele Botanical Garden was recorded
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between grassland and natural forest habitats of both sites while, the least
similarity 26.53 and 27.27 was recorded between the hapbitassland and
artificial forest at both sites dflenagesh&uba State Forest ar@ullele
Botanical Garden, respectively. The low species similarity recorded between
habitats can be due to habitat specificity of butterflies for food plants. In
addition, hahliat fragmentation, ecosystem loss and separation account for
the low species similarity and are noticed as the main causes of the current
biodiversity problems (Sitet al, 2000). Debinskiand Holt (2000) also
observed that habitat fragmentation reduces area, changes ecological
processes and reduces connectivity. Pegira (1991) equally asserted that

the distribution of any species is restricted by the distribution of its habitat
andwithin that habitat the availability of food and other resources.

Local people searching for fuel wood had almost removed the grass
cover in the artificial forest. On the other hand, the natural forest was
relatively far from human activities that helpgda retain its grass cover.
Therefore, the grassland and natural forest habitats shared the same
vegetation (grass) and thus shared phytophagus insects like butterflies. This
can be the reason for the high similarity of species between grassland and
naturl forest habitats at MenagesBaba State Forest as well @sillele
Botanical Garden.

5.1.4Family Wise Distribution of Butterflies

In the butterfly diversity oMenagesh&uba State Forestut of the five
butterfly families recorded, Nymphalidae was richesterms of abundance
as well as species richness. It was the dominant family at the grassland,
natural forest and artificial forest habitats. It was also the second dominant
family at Gullele Botanical Garden next to Lycaenidae, even though it was
also thedominant family at the natural and artificial forest habitats of Gullele
Botanical Garden. The dominance of Nymphalidae can be due to the
polyphagous habit that helped them to live in all habitats (Sreekumar and
Balakrishanan, 2001b), whidomprised théarges family of butterflies.

The Pieridae were the second family in abundance and species richness
at Menagesh&Suba State Foresind the third dominant family at Gullele
Botanical Garden. Pieridae are sun lovers seen basking in sun with wings
partially open (Kehimkar, 2008). Study by Tiple and Khurad (2009) in the
Gir protected area indicated that Pierids were observed to be the most
common family in the dense forest vegetation. MenagSsitia State
Forest, which is a forest ecosystem with gaps wherbgbtirtan penetrate
easily, the abundance of Pieridae, was good. At the same time, Gullele

Page BO



Botanical Garden, which is an open type forest can attribute for the
dominance of Pieridae especially in the grassland habitat.

Family Lycaenidae known to adapt imars climates and feeding on a
variety of larval food plants (Kunte, 2001). This could be the reason for the
dominance of family Lycaenidae at Gullele Botanical Garden. However,
their species richness and abundance was comparatively low at Menagesha
Suba $ate Forest. Although low in species richness and abundance, the
moderate presence of Lycaenidae at Menag8sia State Forest can be
due to the presence of some species that were common in theueheas
Leptomyrina bosch(iStrand) andeudorix dinochees(GroseSmith).

Papilionidae were the dominant family next to Nymphalidae and
Pieridae because they prefer to tall trees providing moderate sunlight
(Mathews and Anto, 2007). This type of habitat is present at Menagesha
Suba State Forest where majogegtion is composed of large woody trees
such asluniperous procerandOlea Africana The same is true for Gullele
Botanical Garden where Papilionidae dominance was relatively high in the
artificial and natural forests rathétran in the grassland haliita

Family Hesperiidae, which was represented by only five species at
Menagesh&uba State Forest and three species at Gullele Botanical Garden
hence, low species richness and abundance. Their general flight period is
early morning hours at dawn and duskekimkar, 2008) where as the
present study was conducted during daytime and hence low abundance and
diversity of Hesperidae.

5.2 Butterfly Diversity Associatedwith Seasonalityat MenageshaSuba
State Forestand Gullele Botanical Garden

The butterflies of Menagesh@uba State Forest and Gullele Botanical
Garden showed distinct seasonality and defined seasonal peaks and
only the lesser proportion of the species being active throughout the year.
Seasonal preferences were also shows distimgdation of the proportional
abundance in various months or seasons. These differences of abundances
were due to wie-defined dry and wet seasons.

Species diversity was consistently highest during autumn season,
primarily due to a greater abundance péaes. The abundance of butterfly
families was also usually highest during autumn season. Therefore, in both
study areas, highest abundance was noted after the rainy season in autumn
and this may be related to an increase in young vegetation, flowering of
plants and the appropriate climatic conditions. Optimum light, temperature
and rainfall usually increase the vegetation and thereby directly favour their
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abundance. Hence, there is a direct correlation between abundance of
butterflies with flowering of @nts, intensity of light and larval host plant
(Kitaharaet al, 2000; Kunte, 2000; Hussadt al., 2011).

During winter season the declined of species diversity and abundance
are associated with habitat dryness and differences in microhabitat
conditionsin various seasons. The butterfly population showed a gradual
decline in numbers from December onwards with the onset of dry condition.
This dry period was least favourable to many butterflies, probably due to the
scarcity of vater, nectar and fresh foliag

In addition, at MenageshaSuba State Forest the diversity and species
richness indices were also high during spring and lowest during summer. It
seems likeseasonality was less in this study area than Gullele Botanical
Garden. This might be due to ridins periodically. However, there were
population peaks and troughs, because butterflies try to time the emergence
of their larvae with their food plants having fresh young leaVasrefore,
this variation of butterfly diversity in different seasons oadés that, the
abiotic factors such as rainfall, temperature and humidity played a vital role
in influencing the distribution and abundance of butterflies (Shubhalakshmi
and Chaturvedi, 1999; Hiét al, 2003).

5.3 Diversity of Butterflies at Different Altit udes of MenageshaSuba
State Forest

5.3.1SpeciedDiversity and Abundance

This part of the study reports the ecological study of butterflies at
various altitudinal sites in théMenagesh&Buba State ForestAbout 46
species of butterflies were recorded which weresathof the total butterfly
fauna of the area and reflects tragmtial of the study area in retaining and
conserving butterflies and contributing high diversity to the study area. The
wide variation in elevation in the forest and habitat disturbances might have
resulted in a variety of microhabitats and ecologicehes for the existence
of different species and enhancing diversity.

The data indicated that butterfly species richness, abundance and
exclusive species decreased with altitude. The maximum value was recorded
at altitude below 2800 m a.s.l. with abruptliee above this altitude. The
species richness and abundance of each of the five families recorded at
Menagesh&uba State Forest also decreased with increased altitude.
Negative correlation between species richness and elevation were reported
from Great Basin, USA (Fleishmaret al, 1998) and Spain (Sanchez
Rodriguez and Baz, 1995). Uniyal (2007) also made similar observation in a
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study in Himachal Pradesh, India. The decline trend might be due to decline
in temperature towards higher elevation. Mosthe trate of temperature
decline reported a9.62°C at every 100 m rise in elevation (Achastaal,

2011). This rate changes above 2400 m a.s1.8€ at every 100 m rise in
elevation (Chettret al, 2010). Butterfly needs certain level of temperature
for their activity and hence unable to cope up with the extreme climatic
conditions (Fleishmaset al, 1998). The continuous decrease in the number
of species and abundance with increasing altitude might caused by the
harshness of environmental conditiprevea reduction and dection in
resource diversity.

There were also differences in diversity of butterfly among the altitudes
of Menagesh&uba State Foresis indicated by the values of Shannon
Weinerl ndex (H®&) as wel LThaesvaleép 557 and r i
1.038 were lower at altitude of 31:G8300m and above 3300m as compared
to HO6 values at other altit uahdRso. Th
values that are the two important components in determiningatue of
diversity. It seems like that altitude 3100 may be the limit for butterfly
diversity. The relatively |l ow EG6 ar
greater than 3100m might be associated with plants that are most abundant at
this altitude. These plantr@ups may be able to serve as food or shelter to
less number of butterfly species at 3100 m altitude as comparea@rtb pl
groups at other altitudes.

The overall species diversity was higher at lower altitudes of Suba than
at higher altitudes. This resulbrcesponds with theory and practice since
previous works indicated that the diversity of insects or butterflies decreases
with increasing altitude (price, 1991; Sparretwval, 1994). The differences
in composition and patterns of abundance among assessbdaggest that,
the butterfly community is shaped by various factors such as food, breeding
habitat, competition among @xisting species, climate, vegetation and
disturbance level (Tokeshi, 1999; Willet al, 2000). The type and quantity
of resourcesas well as their distribution patterns, climatic conditions and
disturbance levels are the major factors that determine the community
structure of butterflies along elevation gradient (Foristeraal, 2010;
Levanoniet al, 2010). All these factors supg higher levels of species
diversity at low altitudes of Suba compared to higher altitudes.

5.3.2RangeSize Distribution

Narrow range size of most species reflects that butterflies are very
sensitive to changes in environmental parameters caused by changes in
elevation. The data showed that most of the species found at one elevation
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did not occur at other sites. There arports that the butterfly ranges are
affected by the global climate change and physiography (Parne¢san
1999; Foristeraet al, 2010; Levanonkt al., 2010). The cespecificity of
butterflies with climate and host plants for feeding and laying egd® ma
them unable to copgp with the changed habitats.

5.3.3SpeciesSimilarity

Butterfly species similarity was highest between altitudes of 3100
3300m and above 3300m (0.6) and, between altitudes ofZ=WIm and
2500-2800m (0.585). The species similarity waigh between two nearest
altitudinal sites. The similarities became decreased and finally completely
different as the altitudes far apart. The species similarity among altitudes
might be influenced by temperature, plant diversity, or by majority of the
plant species present at each altitude.

5.4 Ecologicallndicator of Butterflies at MenageshaSuba State Forest

Butterflies have been considered as one of the best taxa as potential
ecological indicators of ecological changes in tropical regions because of the
close links between diversity and health of their habitats (Spétze,
1997). Butterflies are providinthe best rapid indicators of habitat quality
and they are sensitive indicators of climatic change (VenkataRamana, 2010).
The result of this study showed that individual butterfly taxa can be used as
indicatorsof disturbance.

The indicator value metho@vealed relatively few indicator taxa for the
area, particularly for the natural forest and the shrub and grassland habitats.
There were differences in richness, and community composition between
habitat types and indicator species were found in the @tr studies
(Fuller et al, 1998; Howarcet al, 1998; Parmesaet al, 1999; Blair, 1999)
had demonstrated the utility of butterflias indicators of disturbance.

Although butterflies are sensitive to forest disturbance, there is no
butterfly family that can be used as ecological indicator to evaluate the
impact of distupance on the natural forest or any other habitats of the area.
Nymphalidae is the most characteristic family for the natural forest but not
all species of Nymphalidae live in the naluforest. Some of the species live
in the shrub and grasslandisturbed forest or other habitats. These species
made indicator values of Nymphalidae lower, but still greater than 50%.
Indicator values of other butterfly families are low in the natimadst.

At the genus level, single butterfly gen&Zalias was characteristic for
the shrub and grassland habjtatith greater than 70% indicator value, can
be used as etagical indicator but, no other butterfly genera that can be used
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as ecological inidator for the natural habitat or other habitats. At division of
three habitat types, the genGbaraxesand Vanessdor the habitat inside
forest and the genu€olias for the habitat outside the forest were
characteristic, with indicator values greatearth70%, can be used as
ecological indicators for these habitats.

At the species level, among 43 species recorded in the study, only three
species with indicator values greater than 70%, can be used as ecological
indicators, two of them for theatural forest and single species in the shrub
and grass, they wer€haraxes phoebus/anessa abyssinicand Colias
electorespectively These species were also ecological indicators at division
of three habitat typesCharaxesPhoebusand Vanessa abyssinicat the
habitat inside foresand Colias electoat the habitat outside forest with
indicator values greater than 70% can be used @sgcal indicators for
these habitats. Therefore, these indicator genera or species can be used to
assess the impact of disturbance as well as other human activities on the
study area. McKenziet al (1995) indicated that indicator species can be
used toassess ecosystem responses to environmental disturbance that are
often associatedith human land use.

Butterflies can fly from the natural forest to the disturbed forest or to
other habitats. It does not matter with many butterfly species whether they
live in the natural forest or in the disturbed forest. However, some species
are sensitive to the natural forest. These kinds of butterflies are good
indicators for the natural forest. Species that live in habitats outside forest
such as forest edge, shrubhdagrass, and agricultural lands are widely
distributed so that, they can live in a variety of habitat types, not
characteristic to any particular habitat type. These kinds of butterflies are not
indicators for habitats.

The finding of this research workas also on understanding the habitat
association of butterflies in relation to key habitat variables that define their
assemblage pattern. It was observed that species diversity of butterflies to be
quite high in the natural forest habitat. This studyo afgrovided a
background for identifying centers of species richness hnddance within
the Menagesh&uba State Forest areas and can provide a more scientific
basis by which to plan and manage a system of protected areas around these
centers inaccordance with the Convention on Biological Diversity (Glowka
et al, 1994; Williams, 1998). Nevertheless, two habitats stood out amongst
others pertaining to the cumulative abundance of butterfiiasral forest
and shrub and grassland area as thesehabitats were found to bae
repository of butterflies.
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Chapter - 6

Conclusions andRecommendations

6.1 Conclusions

Without biodiversity, particularly pollinators like butterflies, life on
earth would be difficult. Based on recent estimatés]iversity accounts for
between 319 billion and 33,000 billion USD per year in value. Biodiversity
encompasses all of the species, food chains and biological patterns in an
environmental system (Heywood and Watson, 1995; Wilson, 1997). The
concept of bidiversity has grown with the perception of its loss due to the
increasing human impact and mismanagement of the environment. Whether
on a local, regional or global scale, reduced biotic diversity is associated
with increased environmental stress and reducenvironmerdl
heterogeneity (Erwin, 1996).

The total number of collected specimens from the two different study
sites was 29 genera comprising 59 species belonging to five families at
Menagesh&uba State Foresand 23 genera comprising 36 species
belongng to five families from Gullele Botanical Garden. Kenagesha
Suba State ForesA large number of specimens were collected from the
natural forest and grassland habitats and least from the artificial forest
habitat at both study areabhis is probablydue to the destruction of host
plant in the artificibforest and human disturbance.

The species diversity atlenageshé&uba State Foresirea at each
habitat type, which enjoys some level of protection, was higher than in each
of the habitat types at Qale Botanical Garden. This underlines the
importance of site for butterfly species conservation and calls for better
protection and management. However, the low species similarity between
each pair of habitats indicates that habitat fragmentation and used
changes may increase b diversity.

The lowest butterfly diversity observed in the monoculture plantation of
GulleleBotanical Garden emphasizes the need for diverse plant communities
if diversity in butterfly communities to be achieved. In additBimdiversity
laws alone cannot create awareness and conserve butterflies. It is very
important to understand the relatibatween host plant and the butterflies to
prote¢ them as they have @volved.
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Butterfly exhibitsseasonal variatiom distribution of species at both
study areas. At autumn, the total number of species was more than spring,
summer or winter seasons. The diversity was also high in autumn. In
general, lhe seasonality became less extremeManageshs&uba State
Forest than Gullele Botanical garden and it was related to rainfhlbter
factors.

The presence of 46 species at various elevation sites suggests that
Menagesh&uba State Forest was likely b@ an important ecosystem. A
clear gradation in the species composition and diversity of butterflies along
the altitudes was quite evident. Abiotic factors such as altitude probably can
influence the physiology of species and govern their distributi@lifferent
altitudinal belts.

Butterflies have been identified as bieiticlicators for the species
richness monitoring system in an ecosystem. It is best to use indicator
species of the natural forest to monitor and assess the impact of disturbance
as wellas other human activity on the natural forest. However, the uses of
indicator species in assessing the forest status need to be based on the
individual abundance of indicator species in particular time and scales.
Individual abundance of different specigas different throughout the year
because butterflies fluctuate strongly diwee. For instance,Vanessa
abyssinica(Felder and Felder)iés from December to July whil€haraxes
phoebugFelder and Feldef)ies from September to April.

6.2 Recommendations

Based on the results ofha present study, the following
recommendations can be made.

1. Butterfly gardens are the gateways to protect the butterfly
populationand serve as an ecotourism cmRsitu conservation
enterprise. The gardens help in caring buttepthypulation and to
maintain the biodiversity in natural ecosystems. Therefore, it should
be established in the study areas

2. Monitoring programs that are based on gelews! identifications
would provide healthy results for practical applications of
butteflies as indicators. This information could be important for
identifying potential hotspots within the study areas, to evaluate the
changes over time and may therefore have considerable
conservation relevance.

3. Since people inhabit areas at low altitudesnservation of the
forests could be achieved through the involvement of the local
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community. Original remnant patches of forest and native
vegetation among agricultural fields can be retained in consultation
with various stakeholders and local communiteesd managed
without further loss of biodiversity. Thus, participatory forest
management allows the community to use forest products and
managing rights and hence helps to create a sense of ownership by
the community so that, the forests will not be harnBydprotecting

the vegetation and water resources of the area, varied sub habitats
of Menagesh&uba State Forest can suppagtsod diversity of
butterflies.

Since butterflies showed narrow tolerance to elevation and
vegetation change, conservation of tHebitats at landscape level

is importantfor conservation at MenagesBaiba State Forest. It is
clear that the conservation efforts targeted at one or two altitudes
would miss many species of conservation concern. Hence, the entire
gradient needs conseation attention for the preservation of rich
and umgue butterflies of Menagest®uba State Forest. Natural
habitat should not be lost; therefore, proper preventive measures
should be taken in order to conge the butterfly communities.

Similar surveys onarge scales are recommended to fully explore
the butterfly fauna of the two sites, as it is the least or no
documented about the diversity of butterflies of these study areas.
Family Hesperiidae should baudied in details in the future.

To be more ceatin about the significance of the indicator species
other studies should also be carried out. Further relational studies
are required to determine whether the sensitivities demonstrated by
the indicator reflect trends in related andalared taxa withinhe
habitat.
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