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Preface 

 

Butterfly diversity at Menagesha-Suba State forest and Gullele Botanical 

Garden, was investigated using sweep nets along transects in three types of 

habitats. A total of 936 butterflies belonging to 29 genera and five families at 

Menagesha-Suba State forest and 386 individuals belonging to 23 genera and 

five families at Gullele Botanical Garden were recorded in this study. There 

was a significance difference among habitats of Menagesha-Suba State 

forest as (F =3.793, df =2, P < 0.05) but there was no significance difference 

among the habitats of Gullele Botanical Garden 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 

Menagesha-Suba State forest was higher than Gullele Botanical Garden. 

There was a significance difference among seasons as (p < 0.05, F= 5.529 

and df =3) at Menagesha-Suba State forest as well as at Gullele Botanical 

Garden as (p < 0.05, F= 14.714 and df =3). Shannon diversity index showed 

higher diversity in autumn at both sites. Butterfly diversity were also studied 

at five elevation sites at Menagesha-Suba State forest and ten transect lines 

were established. There was a significant difference as (P < 0.05, F= 4.749, 

df =4) in diversity of butterfly communities among the altitudes. The values 

of Shannon Weiner-index H' indicated, the highest H' value at 2200-2500m 

(3.438) and the lowest at above 3300 m (1.038) altitude. The species 

richness was relatively highest at 2200- 2500m and lowest at 3100-3300 m 

altitude. The Jaccard's similarity Index indicated that the butterfly 

communities similarity was highest between altitudes of 3100-3300m and 

above 3300m (0.6), while the lowest value was noted at altitudes between 

2200-2500m and 3100-3300m, 2200-2500m and above 3300m, and 2500-

2800m and above 3300m (0). 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 Menagesha-Suba State Forest, the ecological indicator 

role of butterflies 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, with a length of 100 m 

for each transect. The results showed no butterfly family and genus which 

could be used as ecological indicator for the natural closed forest. 

Nevertheless, at the species level, three species, Charaxes phoebus, Vanessa 

abyssinica and Colias electo can be used as ecological indicators to assess 



 

 

the impact of disturbance on the natural closed forest as well as the habitat 

inside forest. In addition, the genus Charaxes and Vanessa for the habitat 

inside forest and the genus Colias for the habitats outside forest, and for the 

shrub and grassland could be used as eco-indicators. 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 the most species-rich, yet 

one of the least known, of all taxa of living organisms, a problem that is 

compounded by a scarcity of skilled entomologists (Anon, 2003). Although 

the number of described insect species is uncertain due to synonyms and lack 

of global list, most recognize 900,000-1,000,000 named morpho-species, 

representing 56% of all species known on Earth (Anon, 2003). Sensible 

estimates of the number of insects yet to be discovered range from 1 million 

to 30 million species (Erwin, 1991), although most predict around 2-8 

million more species (May, 1990; Gaston, 1991; Odegaard, 2000). 

Approximately 100,000 species of insects have been described from sub-

Saharan Africa, but there are very few overviews of the fauna as a whole 

(Miller and Rogo, 2001). It has been estimated that the African insects make 

up about 10-20% of the global insect species richness, (Gaston and Hudson, 

1994) and about 15% of new species descriptions come from Afro tropical 

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, Sphinx and Phalaena, with seven subgroups in Phalaena. 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 approximately 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 insects of 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 nocturnal. Although most butterfly species are tropical, the 

number of species is not distributing equally among tropical regions. Those 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1569450/#bib2
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1569450/#bib2
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1569450/#bib33
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1569450/#bib34
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1569450/#bib68
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1569450/#bib38
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1569450/#bib80
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areas closest to the equator have a greater number of species due to it 

encompasses the greatest geographical area and habitat types of 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 hosts, co-mimics in Batesian and 

Mullerian mimicry complexes, predators, and parasitoids. Müllerian 

mimicry is a natural phenomenon in which two or more poisonous species, 

that may or may not be closely related and share one or more 

common predators, have come to mimic each other's warning signals 

(Müller, 1879). Batesian mimicry is a form of mimicry typified by a 

situation where a harmless species has evolved to imitate the warning signals 

of a harmful species directed at a common predator (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 species (Panda 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 the number 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 ecological structures, 

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).  

Ethiopia is one of the worldôs richest biodiversity countries because of 

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 also one 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 other plants, animal 

and insects, the butterflies are also in danger due to deforestation for 

https://en.wikipedia.org/wiki/Species
https://en.wikipedia.org/wiki/Predator
https://en.wikipedia.org/wiki/Mimicry
https://en.wikipedia.org/wiki/Aposematism
https://en.wikipedia.org/wiki/Aposematism
https://en.wikipedia.org/wiki/Mimicry
https://en.wikipedia.org/wiki/Predator
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agricultural exploitation, timber and fuel wood, urbanization and other 

factors. Fortunately, Menagesha-Suba State Forest (MSF) and Gullele 

Botanical Garden (GBG) have been proclaimed by authorities as protected 

areas, thus actions have been taken in order to restore their habitat.  

Menagesha-Suba 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 ecological aspects of butterflies at the two sites 

such as species richness, abundance, habitat association and seasonal pattern 

should be studied regardless of the harmful or beneficial nature of butterflies 

for conservation purpose. Butterfly diversities in these study 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 Menagesha-Suba State Forest and in-situ 

conservation of Gullele Botanical Garden at different habitats and seasons. 

The study was also carried out to evaluate butterflies as ecological indicator 

as well as to investigate the change of butterfly community at different 

altitudes of Menagesha-Suba 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 scale, and 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. 

1.1.1 Diversity of Butterfly at Different Habitat Types 

As species are lost at an increasingly high 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 

conservation efforts can be related. Historically, little has been given to 

smaller animal taxa and, until very recently; surveys have focused on large 

mammals (Caro et al., 1998). Nonetheless, it is increasingly being 

recognized that smaller species like insects are important 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 community food chain (McGeoch, 1998; MacNally et al., 2004). For 

example, some tropical butterflies show changes in species composition in 

response to selective logging (Daily and Ehrlich, 1995; Hamer et al., 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 planning. In an effort to provide baseline information on 

butterfly diversity, this study was carried out on species richness, abundance 

and habitat association at Menagesha-Suba State Forest and Gullele 

Botanical Garden. Therefore, this study was conducted with a view to 

examine the diversity of butterfly population across the habitats.  

1.1.2 Seasonal Patterns in Butterfly Abundance and Species Diversity 

Butterflies offer good opportunities for studies on population and 

community ecology (Pollard, 1991). Many species of butterflies 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 Ethiopia. The study was started 

with a view to examine the dynamics of butterfly population across seasons.  

1.1.3 Diversity of Butterfly C ommunities at Different Altitudes  

Analyses of altitudinal changes can provide important information on 

diversity, abundance, and species composition of organisms as those aspects 

of the environment limiting the distribution of organisms. These are factors 

influencing the structure of communities. The altitude of their habitat (Price, 

1991) affects butterfly diversity. Nelson and Wydoski (2008) showed that 

the species composition of butterflies differed between different altitudes as 

well as habitats. Several studies have concluded that a decrease in species 

richness with elevation is a typical characteristic of many animals, including 

insects, with the exception of bees (Gauld, 1987) and tropical psocids 

(Turner and Broadhead, 1974). This study was aimed at investigating 

altitudinal variation in butterfly community at Menagesha-Suba State Forest. 

1.1.4  Butterflies as Indicator Taxa of Ecological Disturbance 

Menagesha-Suba State Forest communities have changed in 

composition and abundance over time due to forest succession, agricultural 
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intensification, weather conditions as well as habitat fragmentation and 

disturbance (Abate Zewdie, 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 changes in vegetation 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 (Collinge et al., 2003). Moreover, 

butterflies are observed 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 Menagesha-Suba State Forest.  

1.2 Objective of the Study 

General Objective 

To study the ecology of butterflies at Menagesha-Suba State Forest and 

Gullele Botanical Gardens with a view to establish the effect of habitat type, 

seasonality and altitude on their diversity parameters as well as assess their 

potential as ecological indicators. 

Specific objectives  

1. To describe the diversity of butterfly communities in habitat types 

at Gullele Botanical Garden and Menagesha-Suba State Forest. 

2. To describe the seasonal patterns of butterfly diversity at Gullele 

Botanical Garden and Menagesha-Suba State Forest. 

3. To investigate the change of butterfly community in different 

altitudes of Menagesha-Suba State Forest. 

4. To define butterflies as ecological indicators at Menagesha-Suba 

State Forest. 

1.3 Hypothesis 

Menagesha-Suba State Forest is 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 changing 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 be a diversity 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 the Study 

The results of this study are expected to provide baseline data 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 of people now and in the future.  
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Chapter - 2 

Literature Review 

 

 

2.1 Diversity of Butterflies 

2.1.1 Butterfly Species Richness 

Insects are the earthôs most diverse organisms, accounting for more than 

half of the described species of living things and three-quarters of all known 

animals, and it is estimated that more species 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 described 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 of Lepidoptera 

(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 (Africa 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 

Papilionidaes, 188 whites (Pieridaes), 1419 Nymphalidaes, 1700 

Lycaenidaes and 515 Hesperiidaes (Williams, 2007).  

Genera like Charaxes and Acraea from the family Nymphalidae, 

Colotis from the family Peiridae, and Papilio from Papilionidae are species 

rich genera in Africa. The subfamily Lipteninae is endemic to the 

Afrotropical zoogeographical region and the subfamily Miletinae, 

remarkably the genus Lachnocnema, are mostly African species. The 

subfamily Lipteninae, under the family Lycaenidae, consists of species rich 

http://en.wikipedia.org/wiki/Charaxes
http://en.wikipedia.org/wiki/Acraea_(genus)
http://en.wikipedia.org/wiki/Colotis
http://en.wikipedia.org/wiki/Papilio
http://en.wikipedia.org/wiki/Poritiinae
http://en.wikipedia.org/wiki/Endemic_species
http://en.wikipedia.org/wiki/Afrotropical_ecozone
http://en.wikipedia.org/wiki/Miletinae
http://en.wikipedia.org/wiki/Lachnocnema
http://en.wikipedia.org/wiki/Poritiinae
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genera such as Ornipholidotos, Liptenara, Baliochila, Hypophytala, 

Teriomima, Deloneura and Mimacraea. Euphaedra, Bebearia, Precis, 

Pseudacraea, Bicyclus and Euxanthe are endemic genera of Nymphalidae. 

Pseudopontia paradoxa (Felder) and Mylothris are endemic Pieridae 

species, while the endemic skippers include Sarangesa and 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, high temperature (low altitude and latitude) and 

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 Cameroun, 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 floristically 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 this rule is the Cape Floral Region, 

which has nearly 9,000 plant species, but a relatively depauperate butterfly 

fauna. 

The reason for this is that butterfly larvae mainly utilize the meagre sub-

tropical elements of this flora, indicating that the butterflies and the fynbos 

plants evolved separately (Williams, 2007; Willis and Morkel, 2007). 

In terms of altitudinal stratification, the diversity of butterfly species 

generally increases as altitude increases to about 1800 m a. s. l. and then the 

diversity of butterfly species decreases with rising elevation. Some species 

have a very restricted altitudinal range. For example, the species Dulcedo 

polita (Hewitson) is only found below 400 m a. s. l., while Rhetus 

dysonii (Saunders) is restricted to an altitude of about 1000-1500 m a. s. l. 

The Satyrine genera Pedaliodes, Lymanopoda, Eretris and Steroma are 

restricted to the cloud forest or grassland transition zone between about 

2800-3200 m a. s. l. A very small number of species like Dione Moneta 

(Hübner) and Hylephila phyleus (Eaton) are able to exist across the whole 

spectrum of altitudes and habitats from 0-3500 m a. s. l. However, the vast 

majority of tropical butterflies are found at altitudes from 0-1500 m a. s. l. 

(DeVries, 1988). 

http://en.wikipedia.org/wiki/Ornipholidotos
http://en.wikipedia.org/wiki/Liptenara
http://en.wikipedia.org/wiki/Baliochila
http://en.wikipedia.org/wiki/Hypophytala
http://en.wikipedia.org/wiki/Teriomima
http://en.wikipedia.org/wiki/Deloneura
http://en.wikipedia.org/wiki/Mimacraea
http://en.wikipedia.org/wiki/Euphaedra
http://en.wikipedia.org/wiki/Bebearia
http://en.wikipedia.org/wiki/Precis_(butterfly)
http://en.wikipedia.org/wiki/Pseudacraea
http://en.wikipedia.org/wiki/Bicyclus
http://en.wikipedia.org/wiki/Euxanthe
http://en.wikipedia.org/wiki/Pseudopontia_paradoxa
http://en.wikipedia.org/wiki/Rudolf_Felder
http://en.wikipedia.org/wiki/Mylothris
http://en.wikipedia.org/wiki/Sarangesa
http://en.wikipedia.org/wiki/Kedestes
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The great diversity of butterflies in the tropics is largely due to the 

extraordinary range of climatic conditions and the huge variety of different 

habitats, which include rainforests, cloud forests, heaths, grasslands, 

wetlands and deserts, each comprising of many sub-habitats. 

Together these create an enormous array of ecological niches in which 

species can exist and evolve. For example, in rainforest, some butterflies 

such as Doxocopa and Arcas live high in the tree tops, but most Satyrines 

and Ithomiines spend all their lives in the understorey level (Barua et al., 

2010). The hot climate and the evergreen nature of the foliage also contribute 

to the great diversity of butterflies in the tropics, which enable several 

generations to breed each year. This rapid rate of reproduction provides 

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 patterns, plant distributions and therefore butterfly 

distribution. 

2.1.2 Abundance of Butterflies 

Insect abundance is the distribution of individual species in the 

community. Insect abundance and distribution are regulated by several biotic 

and abiotic factors and their 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 distribution of insects. 

Furthermore, it is well documented that abiotic factors, 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 climate are complex involving all of 

the four stages of their life cycle and their food habit that indirectly govern 

their abundance (Hussain et al., 2011). Availability of food plant and larval 

host plants play a major role in diversity and abundance pattern (Southwood, 

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 usually increase 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 

(Choudhary et al., 2002). Hence, there is a direct correlation between the 
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abundance of butterflies with floral density, intensity of light and larval host 

plant (Kitahara et al., 2000; Hussain et al., 2011). When the winter season 

approach the decline in abundance can be due to a decrease in food 

availability and photoperiod. 

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 

months when 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, rainfall; humidity, availability of food 

resources, and the amount of vegetation cover (Anu et al., 2009; Tiple and 

Khurad, 2009). Phenology of host plants especially production of new leaves 

and flowers (Clarke and Warwick, 2001) is an important factor in population 

dynamics of herbivore insects. Host plant range also determines their 

population fluctuations across the seasons. However, Bashar et al. (2006) 

noticed that in case of host-specific butterfly species, plant phenology and 

species richness predicts the fluctuation 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 suddenly emerge in masses. The 

first to emerge are usually the Ithomiines, Morphos and Satyrines. The 

Riodinidae, Pieridae, Papilionidae, Melitaeinae, Apaturinae and Hesperiidae 

tend to follow a few weeks later, peaking in July. The Lycaenidae are 

usually the last to emerge (Walla, et 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 hatch. In a few 

butterfly species there are distinct wet and dry season forms. This is seasonal 

dimorphism. It is the condition 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 known as commodores 

(genus Precis). Precis octavia (Cramer), the gaudy commodore, shows the 

most extreme seasonal dimorphism of any butterfly, the summer form being 

predominantly red and the winter form predominantly blue (Williams, 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 tropical areas, especially in tropical rainforests. There 

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. Certain kinds 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 others haunt 

only pristine wild lands. 

Butterflies like a warm environment, sunny for up to six hours a day 

with minimal wind and an 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 cold 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 and species 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) reported the large aggregation of Danaids on plants and the 

aggregation of members of blue and glassy tigers on Crotalaria scabra 

(Gamble). Species like Idea malabarica (Moore) and Papilio budha 

(Westwood) were highly associated with evergreen forests (Sreekumar and 

Balakrishnan, 2001b). However, some researches do not support habitat 

association between herbivorous insects and plants. For example, Vane-

Wright (1978) found that some floristically diverse islands had small 

butterfly fauna. 

Some butterfly species have enormous geographic distributions, while 

others are exceedingly localized. For example, the painted lady, Vanessa 

cardui (F.), occurs throughout Africa, large parts of Europe and America, 

Asia and parts of Australia. At the other extreme, Orachrysops Niobe 

(Trimen), the Brenton blue, is found only near Knysna, in the Western Cape 

Province of South Africa (Williams, 1994). The main reason why the painted 

lady, Vanessa cardui (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 distribution. However, its larvae are associated with a 

specific species of Camponotus ant and Adult are ócolony-boundô, seldom 

venturing beyond the limits of the colonial boundaries (Williams, 1994). 

Species with a wide distribution should, however, not automatically be 

regarded as ócommonô, nor those with restricted distributions as órareô. 

Sometimes a species is widespread but rare; sometimes it is local but 

abundant (Marquis and Barker, 1994). 

2.4 Environmental Factors which 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 these, the abundance of larval food plants, 

conditions suitable for egg-laying, 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 (Pollard and 

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, but other factors such as light, access to 

undisturbed areas, proximity to other insects of the same species, are also 

useful. 

2.4.1 Weather and Climate  

Global climates warmed by approximately 0.5 oC during the 20th 

Century, and are predicted to continue warming by up to 5.8 oC this century 

(Houghton et al., 2001). For species to persist during rates of change 

unprecedented during the last millennium (Houghton et al., 2001), local 

populations must either adapt, disperse to new regions where they can 

function, or be replaced 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 meta-analyses, butterfly studies 

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 (Fox et al., 2007). Regular migrant 

butterflies, including the red admiral 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 species are sensitive and 

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 

(Foristera et al., 2010). 

Density-dependent 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 

agents of density-dependence. 

Density-independent 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 to regionally 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 to 1-2km for sedentary species and up to 

around 4km for more mobile species (Sutcliffe et al., 1997). Beyond this 

distance up to at least 200km, populations showed low, but decreasing levels 

of synchrony. 

At geographic margins, populations 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 importance 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 generation to generation. 

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 apparent. 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 

Gonepteryx rhamni (L.), Inachisio and Aglais urticae (L.) that overwinter 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 over-winter survival (Pullin, 

1987). In contrast, species like Aphantopus hyperantus (L.) and Pararge 

aegeria (L.), which breed in partially shaded habitats, tend to be more 

abundant in years following cool, moist summers. 

Conditions may affect particular butterfly populationsô directly through 

extremes such as flooding (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 butterflies are strongly related to the 

host plants they use (Dennis et al., 2004). In particular, a number of species 

are susceptible to drought effects on their food plants. 

Autecological studies of Maculinea arion (L.), Lysandra bellargus 

(Rottemburg), Aricia agestis (Dennis and Schiffermuller) and the ant 

Myrmica sabuleti (Meinert) indicate that although warm summers are 

generally beneficial, drought can catastrophically reduce population size. 

The summer generation of small Aglais urticae (L.) populations is more 

abundant when preceded by cool wet weather (Pollard et al., 1997). Because 

high water and nitrogen contents in its host plant Urtica dioica L. increase 

larval growth rate (Pullin, 1987). 

Temperature: As ectotherms, butterflies are predicted 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 as well as additional broods of bi-and multivoltine species 

such as Coenonympha pamphilus (L.), Aglais urticae (L.) and Parage 

aegeria (L.) (Shreeve et 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 dramatic effect on the environment in which 

warm, dry seasons are generally beneficial. Pollard (1988) noted in his study 

of butterflies that many species, such as Maniola jurtina (Thomson), Lycaen 

phalaeas (L.), Polyommatus Icarus (Rottemburg), Aricia agestis (Dennis 

and Schiffermuller) and Coenonyampha pamphilus (L.) may increase if 

summer temperature increases. However, Species such as Aricia hyperantus 

(Dennis and Schiffermuller) may not benefit from increased temperature, 

and indeed may decline in number, 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 of any butterfly 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 a sign 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., moisture, food (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, 

moisture, 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 nocturnal insects, as the insects must expend more 

energy in order to adapt to the lower nocturnal temperature (Huffaker 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 insects such 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 calories used 

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 body temperature is above 860 C. 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.  
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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 and ecology 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 (Hill et al., 2003). Barua et al. (2010) showed a strong correlation 

between rainfall and papilionidae abundances, thereby predicting the 

influence of rainfall on butterfly seasonality. The abundances of species such 

as Papilio demoleus (L.), Pachliopta aristolochiae (F.) and Graphium 

species showed a strong correlation with rainfall and were abundant all 

throughout the rainfall period in India. Troides aeacus (Felder and Felder), 

Troides Helena (L.) and Papilio helenus (L.) from the closed-forest 

and Graphium sarpedon (Li.) from the open-forests showed moderate 

seasonal trends with rainfall. 

Some species like Pachliopta hector (L.) and Papilio castor 

(Westwood) were strictly seasonal. Such fluctuation in seasonal trend could 

be attributed to synchrony with the phenology of food plants (Spitzer, 1983). 

2.4.2 Effect of habitat  

Butterflies are good indicators of habitat quality as they respond rapidly 

to modification of vegetation. Some butterflies of Africa such as 

Hamanumida daedalus (Fa.), Precis and Eurema are grassland or savannah 

specialists. Many of these have very large populations and a vast range.  

Many authors documented the influence of landscape patterns on 

butterfly community (Schneider et al., 2003; Summerville and Crist, 2003; 

Hoyle and James, 2005). Sparks (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 effect. Dover et 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 

(Ramesh et al., 2010). Habitat availability was also a determinant factor in 

expansion rates (Hill et 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 butterfly species has been affecting by the loss or agricultural 

improvement of semi-natural grasslands and forests. Ploughing, fertilizing 

http://en.wikipedia.org/wiki/Hamanumida_daedalus
http://en.wikipedia.org/wiki/Precis_(butterfly)
http://en.wikipedia.org/wiki/Eurema
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and cultivation has typically replaced flower-rich plants with vegetation 

dominated by a narrow range of grasses. There are also most notable threats 

from nutrient enrichment, succession and overgrazing and the impact of 

alien species (Thomas et al., 2001).  

Studies by Sparrow et al. (1994) showed that low disturbance levels 

have a positive effect on small-scale diversity and 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; Willott et al., 

2000; Fermon et al., 2001), indicating an increase in diversity and abundance 

of widespread, common butterfly species and a decline in restricted range 

species after disturbance. 

DeVries (1988) showed that differences in light from canopy to ground 

level maintain highly distinctive canopy and understory butterfly 

assemblages. The study found a greater similarity between the understory 

and canopy butterfly species in disturbed forest compared to undisturbed 

forest habitats. However, Hill et al. (2003) equally showed that the butterfly 

assemblage trapped at canopy level was more similar with those trapped in 

the understory of forest gaps than those in closed-canopy sites. These 

findings indicated that differences in microclimate, caused by opening the 

forest canopy, could make bias abundance and diversity 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 

ñarchitecturalò changes are likely to influence butterfly behaviour. 

Butterfly movement patterns are known to depend on host plant 

distribution and resource availability (Rajagopal et al., 2011), and habitat 

modification altering both of these is likely to cause different movement 

behaviour in butterflies. In general, areas with undisturbed vegetation and 

high floral diversity support large butterfly communities. 

2.4.3 Food 

Ross (1965) reported food as one of the most important factors 

influencing the distribution and abundance of insects. For many insect 

species, it is a factor that has been changed radically by manôs agriculture, 
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travel, and transportation. According to Wolda (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 hymenoptera increase 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 mature, the insects may depend 

entirely on the few new leaves available (Rockwood, 1974). Slight changes 

in leaf production especially during the off - season have a major effect on 

the demography of insects. Owen and Chanter (1972) noted the association 

of the larvae of Acraea lycola (Godart) on Poozotzia guineensis, abundant 

plant which disappears in the dry season, and only readily abundant towards 

the end of the wet season. As a result, A. lycola (Godart) is relatively 

common only at the end of the season, the time 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 species, such 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 

greatest difficulty. Still other species appear to be tide permanently to a 

single species of host (Ross, 1965). 

2.4.4 Altitude  

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 factors. Barua et al. (2010) indicated the forest species 

of Papilionidae preferred the higher elevations while the open-forest 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 (Uniyal, 2007). 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 density-dependent and density-independent processes.  

2.5 Bio-Indication  

2.5.1 What 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 (Landres et 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 or ecosystem (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 

organisms 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 to 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).  

2.5.2 Taxonomic 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 

and Hudson, 1994). More than half of these 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 of natural 
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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. Identifying and setting aside areas of high 

conservation interest can require a 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 of biological 

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 important tools 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 than others to guide area selection.  

Increasing the proportion of threatened, endemic, and range-restricted 

species in the indicator groups improves effectiveness of the selected area 

networks; in particular, it improves the effectiveness in representing other 

threatened and range-restricted species. Further, changes in the number of 

genera and families only marginally affect the performance 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 indicator groups, 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 information about the 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 measurements, has known statistical properties, and conveys 

useful information for environment decision making. 

Insects comprise more than half of all known species of organism and 

represent the majority of animal taxa. Estimates also predict that 75-90% of 

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 well-studied taxa and the 

need for reliable indicator species 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 environmental impacts on animals and plants is to use indicator 

species. Terrestrial invertebrates have received attention as bio-indicators 

because of their dominant biomass and diversity, sensitive to habitat 

structure and composition, and their significance function in the ecosystem 

(Disney, 1986; Rosenberg et al., 1986; Majer, 1989; Samways, 1993). 

Indicators have been used to assess ecosystem responses to environmental 

disturbance that are often associated with human land use (Noss, 1990; Mc 

Kenzie et al., 1995), and are also used as to assess rapidly the environmental 

status 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 condition. The 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, habitat loss, 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 sustained conservation 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 biodiversity can 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 Samways (1991) 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 give different 

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 bio-indicators, as they can be recognized in the canopy at night 

without having resort to any trapping or landscape disturbance (Samways, 

1994). 
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Various groups of invertebrates have been used in monitoring water 

quality and disturbance, the Ephemeroptera, Plecoptera, and Trichoptera 

being particularly sensitive (Giberson et al., 1991). The 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 ant Myrmica sabutlei (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 long-term data should be 

available on the population dynamics of the selected species. In addition, the 

eco-physiological 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 role of the selected 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 small taxon 

(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, insect mobility 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, 1984), and 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 understood 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 reproductive rate, 

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 are of 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 (Landres et al., 

1988). The author argued that, useful indicators of habitat 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 used to quantify the bioindicator value of a range of taxa is 

the indicator value method developed by Dufrêne and Legendre (1997). This 

method combines measurements of the degree of specificity of a species to a 

habitat type. The Indicator Value method has numerous advantages over 

other measures used for ecological bioindication (McGeoch and Chown, 

1998). For example, the Indicator Value is calculated independently for each 

species, and there are no restrictions on the way in which habitats are 

categorized (McGeoch 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 comparatively inflexible species-

specific trait, the fidelity and abundance of species in an assemblage may 

vary over time due to season and weather condition (Tauber et al., 1998) and 

disturbance-induced environmental changes (Steenkamp and Chown, 1996). 

The sensitivity of the Indicator Value to such changes will ultimately 

determine its usefulness for bioindication.  

2.5.3 Butterflies as ecological indicators  

Use of butterflies as indicators is possible because they need three types 

of vegetation populations for their survival and distribution. This distribution 

is highly related with the phenological stages of the plants. The three types 

of plant population categories are larval food plants, nectar plants, and shade 

plants. 

Butterflies use food plants as egg laying supports 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 those of 

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 few species 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 food-plants at the developmental stages, the 
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butterfly adults do more benefit to 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 nectar-sac of the flower shall have to be within the range of 

proboscis capacity of the butterflies. All nectar-producing plants are not 

equally chosen or visited as they are not adaptable to the capability of all the 

butterflies equally (Aduse-Poku, 2006). Butterflies seek nectar from many 

types of plants including ground covers, annuals, perennials, shrubs, 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 food plants 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 "biotic-indicators", researches resulted 

in the way that, any climatic change is first perceived in the biosphere by 

plants and then by plant-phenology, but it does not appear visible to humans 

unless or until any organic damage is seen visually at drastic level (Gutierrez 

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 the life cycle 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 ecosystem (Aduse-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 attributes, 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 are well-described, 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 well defined, and 
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they are abundant and diverse in many ecosystems. They are generally 

readily identifiable; they are sensitive to environmental changes in microsite 

and biotope characteristics. They are often highly plant specific for their 

growth development (Ehrlich and Raven, 1964) and sometimes have close 

plant-pollinator relationships. In 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 worldwide. Therefore, 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 butterfly species are 

restricted to specific microhabitats in relatively small areas of semi-natural 

habitat (Thomas, 1993; 1995). Subtle changes in these habitats may 

substantially diminish insect diversity, but may not significantly influence 

upon higher trophic levels 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 eco-indicators of forest 

disturbance because they are sensitive 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 insects, butterflies that 

are sensitive to habitat change are widely recognized as potentially valuable 

ecological indicators (Sparrow et al., 1994; Kerr et 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 of their 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 ecosystem structure (Pollard and Yates, 1993). 

Hamer et 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  

2.6.1 Butterfly -Plant Interacti on  

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 and has 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). 

Insect-plant 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 

egg-laying sites, and the plants that provide those resources (Panda and 

Khush, 1995). Butterflies interact with plants on the level of larval hosts, and 

in their adult phase as nectar consumers and pollinators. 

One way of butterflies-plant interaction is through defence mechanisms. 

Many plants contain alkaloids and other chemicals that make them 

distasteful or poisonous to foraging insects. These chemicals play an 

important role in plant defence (Kessler and Baldwin, 2001). Some insects, 

such as the heliconiine butterflies, have developed mechanisms to exploit 

these chemicals to their advantage. Adults 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 make them 

poisonous to birds that would prey upon them. 

Birds have learned to recognize the colour pattern of the heliconiine 

butterflies and avoid them. Certain Passifloraceae plants 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 circumvent the plantsô defences (Cooperband and Vinson, 2000). 

Lepidoptera sequesters plant secondary metabolites such as terpenes, 

phenols and many nitrogen-containing 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 pro-thoracic segment of the 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 chemical that the caterpillar 

needs. 
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An interesting case of interaction between host plants and herbivore 

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 ability to exploit hosts are tightly linked (Berenbaum 

&Zangerl, 1998). An example of genes involved in plant-insect interactions 

and insect physiology is the cytochrome P450-dependent monooxygenase. 

Studying Papilio polyxenes (F.) behavior, Scott and Wen (2001) 

demonstrated that this insect appears to have adapted to feeding on toxin-

containing host plants through a diversification of the P450s involved in 

detoxification and through its furanocoumarin-responsive regulatory 

cascades. 

Insect also interact with plants 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 aspect of plant- 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 cross-fertilizing the plants, while most pollinators including 

butterflies receive food in the form of pollen 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, textile-related fibers and medicinal product (McGregor, 

1976). Borror et al. (1992) indicated insects that 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 such as bees, many plants are depending on butterflies for 

pollination. At high-altitude, these relationships are particularly vulnerable 

as extreme environmental conditions limit the availability of both pollinators 

for plants and food sources for caterpillars (Lien and Yuan, 2003). The links 

of interdependence between plants and butterflies are therefore fundamental 

to understanding the functioning of fragile high-altitude 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 each other for 

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. 

2.6.2 Int 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 and lizards, 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, Chal-cidoidea, 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 true parasites, 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 

nests. 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 larvae sometimes eat the ant brood. 

2.7 Butterfly Biology 

Butterflies are invertebrate and cold-blooded 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 heads. Butterflies 

have a siphoning-sucking 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 canal, there are small muscles that control the coiling and uncoiling 
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of the proboscis. Their antennal tips are thickened and rounded. Butterfly 

wings are covered with overlapping rows of tiny scales, a characteristic 

butterflies share with their fellow lepidopterans, 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. Butterflies have complete metamorphosis. 

The caterpillar resembles 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 the 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 next life stage, 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 a slit in 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 butterflies 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 2-3 weeks to 2-3 months or more and in 

time each year when flight usually occurs. 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 flight each year 

because the two groups alternate with each other (Vane-Wright 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, every 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 year a species 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 

(Vane-Wright and Ackery, 1984). 

Adult butterflies are usually active only during the growing season when 

the day is sunny or warm. Because they are cold-blooded and active only 

during the day, use sunshine and/or hot air temperature to warm themselves 

and become active. At night 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 temperatures, drizzle, or 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 annual cycles 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 the area has a prolonged dry season. 

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 species 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 feed on many plants. Because of 

this adaptability, the generalist 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 plant families. The specialist 

species may eat only one host species in a region or even throughout the 

species entire range (Vane-Wright and Ackery, 1984). 

Adult butterflies also have feeding preferences. Adults tend not to be as 

picky about food as caterpillars but still show distinct eating patterns. Some 

feed mostly on flower nectar. Among these nectarous, some species prefer to 

visit one group of flowers, such as daisy-type blossoms, or one colour 
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spectrum, such as pink to purple blooms. Other rarely visit flowers but 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 

entire life cycle in a 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 much-localized area are sedentary. Even 

though they may exhibit a very active flight behavior, 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 is true migration, in which a species moves 

regularly each year between summer breeding areas and overwintering areas. 

An example is the Monarch butterfly, Papilio plexippus (L).  

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 ragged (Clench, 1996). 

Butterflies can only fly if their body temperature is above 86 0C. Flight 

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 of butterflies 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. Few can keep up 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 non-poisonous varieties. The fastest butterflies 

(some skippers) 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). The best 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 speed that they 

are quite difficult to follow with the eye (Clench, 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 great deal of 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 about in the 

gloaming to locate mates. 

Other groups that habitually fly 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 Rajahs (Charaxes spp.) and Nawabs (Polyura 

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 two groups, 

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. Nevertheless, 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 threatened. 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 bounds or hops, 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 plants grow. 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 the other 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 biodiversity. Throughout 

history, butterfly images have been used more frequently in decorative 

objects than most other living organisms. Items decorated with butterflies are 

often considered ornamental (Gagliardi, 2012). Apart from their aesthetic 

appeal, they are most efficient pollinators of flowering plants. They are also 

good indicators of the ecological quality of a habitat health because they are 

very sensitive to changes in microclimate and habitat (Kremen, 1992). 

Butterflies are frequently used as bio-indicators of ecosystem health and as 

surrogates for whole biodiversity (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 

(Davies et al., 2008). In turn, butterflies serve as food for tens of thousands 

of species of other animals that prey upon them. Their sudden disappearance 

would cause an almost unimaginable disruption of land life. Because of their 

phytophagous habits, they have also been looked upon as important tools for 

monitoring changes taking place in terrestrial habitats. Butterflies provide 

important ecological services for crops and native wild plant species in many 

ecosystems of the world (Davies et al., 2008), their conservation is essential 

to sustain the productivity of natural and agricultural landscapes. They help 

in production of food crops, seeds and fruits so essential for the survival 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 (Shah et al., 2001). Butterfly farming can 

generate income because many tourists visit the place to see these 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 channelization of riparian 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 butterfly taxonomists 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, 

Hesperiodea 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 Yellows), Nymphalidae 

(Brush-footed butterflies) and Lycaenidae (Blues). One useful framework for 

organizing butterfly taxonomic diversity is Ackeryôs (1984) synthesis of 

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, tail-like appendages on the hind wings of 

many species. Butterflies in this family have hairless eyes and short 

antennae. The forewing has eleven or twelve veins; 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 medium-sized, mostly medium sized, 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 6000-6500 species 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 of form, colour, 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 brush-footed 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, Ithomiinae, Danainae, Heliconiinae, 

Acraeinae, Charaxinae, Amathusiinae, Calinaginae, Tellervinae and 

Libytheinae. Some of the families have long been treated as separate families 

for example, Danaidae, Satyridae and Heliconiidae. 

Nymphalidae embrace a prodigious variety of forms and sizes. The 

forelegs are greatly reduced (hence ñbrush-footed butterfliesò) and covered 

with long brush-like hairs. These legs are useless for walking or perching but 

are used as sense organs. The face is broad, the eyes are not indented 

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 mimetic 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 (Sabir et al., 

2000). 

Family Hesperiidae (Skippers) 

Hesperiidae contains 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 medium-sized butterflies. The 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 seem 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 is large and separated from the rest of 

the body by a narrow, neck-like prothorax (Ackery, 1984). 
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2.11 Diversity Indices: Ways to Quantify Diversity  

Most studies that examine species diversity focus on quantifying species 

richness. Species richness is 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 straightforward measure and it is intuitive. 

Species diversity is 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 community. A diversity index is a mathematical 

measure of species diversity in a community. Diversity indices take into 

account both species richness and the relative abundance of each species to 

quantify how well species are represented within a community. It provides 

important information about rarity and commonness of species in a 

community. The ability to quantify diversity in this way is an important tool 

for biologists trying to understand community structure. 

Biologists use the mathematics of information theory to make precise 

calculations about diversity. The commonly used indices include species 

richness, Shannon-Weiner, Evenness, Simpsonôs Index and Jaccardôs 

Similarity diversity indices. These diversity indices include elements of 

richness and evenness in their calculations (Bruton and Balisky, 1992). 

These indices, along with indicator species, are commonly used for studies 

examine diversity (Thompson, 2006). 
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Chapter - 3 

Materials and Methods 

 

 

3.1 Description of the Study Areas 

The study was carried out at Menagesha-Suba State Forest and Gullele 

Botanical Garden in Central Ethiopia. Menagesha-Suba 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 

interference activities in the surrounding areas. 

3.1.1 Menagesha-Suba State Forest 

Location 

Menagesha-Suba State Forest, (9Á03ô00 N and 38Á33ô59 E), is found at 

immediate outskirt of Menagesha town, which is located 30 km North West 

of Addis Ababa and 7 km from Holeta town 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 

Sademo are bordering the forest to the west. It covers an area of 3,500 ha 

and its altitude ranges between 2200m to 3385 m a. s. l. (Lalisa Alemayehu, 

Herbert Hager & Michael Gruber (2009). The area around Menagesha-Suba 

State forest is intensively and traditionally used for livestock and crop 

production. It is one of the few remaining highland forest blocks in the 

Central plateau of Ethiopia. According to the forest office of Menagesha 

Suba (2001) record there were 12 peasant associations inhabiting by 21,010 

people surrounding the forest. 

It has a bimodal rainfall pattern with the main rainy season from mid-

June to September and a short rainy season between mid-March 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 from 9 °C to 22 °C. The 

hottest months are May and June, while the coldest months are December 

and January. 
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Vegetation and Ecology  

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 either Juniperus- 

Podocarpus forest or predominantly Podocarpus forest, both with an 

element of broad-leaved species. Recently, Abate Zewdie (2007) classified 

the vegetation of the forest into the following six clusters: Cuprussus 

lusitanica, Myrsine africana-Erica arborea, Myrsine africana-Olea europea, 

Olea europea-Sideroxylon gillettii , Dovyalis abyssinica-Allophyllus 

abyssinicus and Lantana trifolia-Juniperus procera. According to Amerga 

Ermias (2004) there are 97 plant species, of which 46 are woody plants, 

growing in the forest area. 

The vegetation varies with altitude, from high forest on the lower slopes 

to sub-afro-alpine vegetation at higher altitudes (Demel Teketay, 2001). The 

forests and woodlands occur on the better-drained 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, only about 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 

Menagesha-Suba State Forest has a diverse mammalian and avian fauna 

which includes baboons (Papiocynocephalus anubis), colobus monkeys 

(Colobus angolensis), bushbucks (Tragelaphus scriptus), bush pigs 

(Potamochoerus porcus), caracal (Caracal caracal), spotted hyena (Crocuta 

crocuta) and wildcat (Felix libyca) (Demel Teketay, 2001). The avianfauna 

includes Banded Barbet (Lybius undatus), Erckel's Francolin (Pternistis 

erckelii), Wattled Ibis (Bostrychia carunculata), White-collared Pigeon 

(Columba albitorques), Thick-billed Raven (Corvus crassirostris) among 

others (Tadesse Hailu, 2001). 

http://lib.colostate.edu/wildlife/results.php?q=%22Genus+species%3A+Potamochoerus+porcus%22&field=description
http://www.birdlife.org/datazone/species/factsheet/22681812
http://www.birdlife.org/datazone/species/factsheet/22678865
http://www.birdlife.org/datazone/species/factsheet/22678865
http://www.birdlife.org/datazone/species/factsheet/22697468
http://www.birdlife.org/datazone/species/factsheet/22690084
http://www.birdlife.org/datazone/species/factsheet/22690084
http://www.birdlife.org/datazone/species/factsheet/22706081
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Fig 1: The study area, menagesha-suba state forest 

Topography 

Menagesha-Suba State Forest is characterized by 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 trees. The forest is also characterized by 

several rivers that flow through much of the forest area including the Akaki 

River that runs through Addis Ababa. The Upper slopes of the forest consists 

of shallow, yellowish to reddish-brown and stony clay soil, while the lower 

slopes and mountain feet is occupied by heavy dark-red silt loam soil type 

(Zewdu Eshete, 2000; Eshetu Yirdaw, 2002). 

Conservation Issues 

Due to its close proximity to Addis Ababa, the forest has a long history 

of exploitation and reforestation. As early as the 15th century the forest was 

degraded and then replanted with Juniperus procera on the order of Emperor 

Zera Yacob. In the 1900s, large-scale removal of wood for fuel and 

construction was noted, following which strict protection was 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 is 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. The planted species are mainly Pinus 

radiata, Cupressus lusitanica, Juniperus procera, Podocarpus falcatus and 

Hagenia abyssinica. The first modern tree nursery for the country was set up 

in 1949 in Suba. 
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3.1.2 Gullele Botanical Garden 

Location 

Gullele Botanical Garden (GBG) is a newly established in-situ 

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 characteristics with adjacent part of Oromia 

National Regional state. The geographical co-ordinate 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 is co-managed 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 mountainous with a 

maximum elevation of 2,960 m a. s. l. 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 (Ensermu Kelbessa, 2005). 

Climate 

Based on the data collected from 2012-2014 by the National 

Meteorological Agency of Ethiopian (NMAE) from Intoto station, the mean 

annual temperature of the study area is about 13.9 °C. The hottest month is 

February with maximum temperature of 21.7 °C, and the coldest month is 

December with minimum temperatures of 8.5 °C. 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 from July and extends to 

September, but unexpected 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 covered by Eucalyptus globulus tree 

species, but the land closer to the river banks and inaccessible areas are 

covered by more than 250 plant species consisting of trees, shrubs, herbs, 

climbers, ferns and other plants. There are also some endemic and 

endangered plant species. Some of the dominant indigenous woody species 

in this study site are Juniperus procera, Hypericum revolution, Olinia 

rechetiana, Myrsine melanophleos, Myrsine africana and Erica araborea. 

The major threat to the garden is that Addis Ababa is a fast growing city 

with an increasing population of 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 in the Menagesha-Suba 

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 

Menagesha-Suba State Forest and Gullele Botanical Garden 

3.3.1 Selection of Sampling 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; Tayyab et al., 2006), described primarily on the dominant vegetation 

type of the study areas during different seasons. 

The study area at Menagesha-Suba State Forest was divided in to ten 

transects, each of 0.2 km lengths with ten quadrats (10 m x 10m) on each 

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 and grassland (Plates 4, 5 and 6). 

The Natural forest of Menagesha-Suba Sate Forest is dominated by 

Juniperus procera that 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, Sagertiathea, Casaurina spp., Schinnus molle, Cordia africana, 

Hagenia abyssinica, Iris germanica, Osyris quadripartita, Hyparrhenia spp., 

Cyndon spp., Rubus spp., Mytenus spp., Carduus pychocephalus (Friis, 

1995). Lobelia giberroa and Solanecio gigas dominate the sides of the 

valleys; the striking Scadoxus multiflorus carpets the forest floor. 

The artificial forests are mainly Euclaptus globules, Pinus radiata, 

Cupressus lusitanica, Juniperus procera, Podocarpus falcatus and Hagenia 

abyssinica. The grasslands are covered with some shrubs, short and tall 

grass. 

The study area at Gullele Botanical Garden was divided into twelve 

transects, starting at the edge of the road from the bottom (Sansuzi) to the 

upper (ñFitesha of Gojam-berò). The distance between two successive 

transects and plots were 500m and 300m, respectively. The numbers of 

quadrats were 60 (10m x 10m) which cover a total area of 0.6 hectares. The 

quadrats 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 type to collect butterfly samples. 

The natural forest: the dominant indigenous woody species in this site 

are Juniperus procera, Hypericum revolution, Olinia rechetiana, Myrsine 
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melanophleos, Myrsine africana and Erica araborea. The artificial forest is 

mostly covered by Eucalyptus globulus tree species and it is an open type 

forest. Long and short grasses cover the grasslands. 

3.3.2 Sampling Methods, Butterfly Collection and Identification  

All sampling were done once in a month for four days in each study 

areas. All quadrats were sampled within every hour between 10:00 and 14:00 

daily. According to Holl (1996) and Gardiner et 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 line in 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 approximately 1350 

and height between 0.5-2.00 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 and finally placed in paper envelop. 

To randomize for hourly and daily variations in sampling the following 

sampling programmed were set up. 

Habitat  
Sampling hours 

10-11 11-12 12-13 13-14 

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 collected butterflies were identified using binocular microscope and 

identification key at the species level with the help of available literatures 

such as Williams, (1969); Carcasson, (1975) and DôAbrera, (1997). Besides, 

books, different drawings of butterflies, datasheet, specimens of butterflies in 

Addis Ababa University museums were used as a means of identifications 

tools. When identifying and describing butterfly taxon, morphological 

characteristics were used to separate species. 

  

  

Plate 1: Natural forest at 

gullele botanical garden 
Plate 2: Artificial forest at 

gullele botanical garden 
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3.3.3 Data Analysis  

Measurement of Diversity 

The type of diversity used is Ŭ- diversity, which is the diversity of 

species within a habitat. The diversity index was calculated by using the 

Shannon-Wiener diversity index (Shannon and Wiener, 1949). 

Diversity index = H = ï × Pi In Pi 

Where Pi = S / N 

S = number of 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 each of the sites. 

Simpsonôs Index is expressed as: 

D =Ɇ= Ni (ni-1) 

N (N -1) 

Plate 3: Grass land at 

gullele botanical garden 
Plate 4: Natural forest at 

menagesha-suba state forest 

Plate 5: Artificial forest at 

menagesha-suba state forest 
Plate 6: Grassland at 

menagesha-suba state forest 
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Where 

N = Total number of individuals encountered. 

Ni = Number of individuals of ith species. 

The value of D ranges between zero and one.With this 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 give: Simpson's 

Index of Diversity 1-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 selected from a sample will belong to different species 

(Simpson, 1949). 

Measurement of Species 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.  

Margalefôs index was used as a simple measure of species richness 

(Magurran, 1988).  

Margalefôs Index R = (S ï 1) / In N 

S = Total number of species. 

N = Total number of individuals in the sample. 

In = Natural logarithm. 

Measurement of Evenness 

For calculating the evenness of species, the Pielouôs Evenness Index (e) 

was used (Pielou, 1969). 

e = H/In S. 

H = Shannon-Wiener diversity index. 

S = Total number of species in the sample. 

Dominance Index 

Patterns of relative abundance of species determine the dominance 

component of diversity. In this study, the relative dominance of each 

butterfly family in a habitat was determined by calculating the dominance 

index using the following formula: 
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Relative dominance = Ni x 100 

 N 

Where  

Ni = Number of butterflies in the 'i'th family. 

N = The total number of butterflies in all the families collected in each 

habitat. 

Jaccard's coefficient index 

Jaccard's coefficient index was 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. 

Jaccardôs index (C j) = j/(a +b-j) 

Where,  

j = The number of species present in both sites. 

a = The number of species present in site A. 

b = The number of species present in site B.  

The Jaccardôs Index is equal to zero for two sites that are completely 

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 one-way analysis of variance (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 Associated with Seasonality at Menagesha-Suba 

State Forest and Gullele Botanical Garden 

According to the Ethiopian calendar, for convenience of data 

interpretation, the year was divided into four seasons 

i) Winter:  December, January and February. 

ii)  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 in columns was made for each site. 
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3.4.1 Selection of Sampling Site, Sampling Method, Collection and 

Identification  

Selection of sampling site, sampling method, collection and 

identification were employed as described in sections 3.3.1. and 3.3.2. 

3.4.2 Data Analysis  

The data analyses were employed as described in sections 3.3.3. 

3.5 Study the Diversity of Butterflies at Different Altitudes of 

Menagesha-Suba State Forest 

3.5.1 Sampling Site 

A study on diversity of butterfly communities at different altitudes of 

Menagesha-Suba State Forest, Central Ethiopia, was conducted from 2012 to 

2014 using sweep net. Five elevations were selected namely 2200 ï 2500 

(Site I), 2500 ï 2800(Site II), 2800 ï 3100 (Site III), 3100 ï 3300 (Site IV), 

and above 3300 meter above sea level (Site V). There were some differences 

in terms of sign of illegal logging activities, land surface characters, tree 

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 150m2 per sampling point) were 

selected per altitude. Ten transect lines were established across the plot 

parallel to each other at 15m apart. 

3.5.2 Sampling Method, Collection and Identification  

Sampling method, collection and identification were employed as 

described in section 3.3.2. 

3.5.3 Data Analysis 

In this study species richness 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 recorded from only one particular altitude. 

The diversity of butterfly species across different altitudinal belts was 

calculated using Shannon index of diversity given by the equation,  

Hǋ =Ɇpi (Inpi), where, pi = ni/ N; 

Ni, is the number of individuals of ith species and 

N =Ɇni.  

ln = natural logarithm.  
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Margalefôs species richness was used to compare the species richness 

across different altitudes. This index was calculated using equation;  

R = (Sī1) In N, where S is the number of species. 

N is the number of individuals (Magurran, 1988). The variation in 

butterfly species richness and species diversity across the five-altitudinal 

sites was represented graphically. 

For calculating the evenness of species, the Pielouôs Evenness Index (e) 

was used (Pielou, 1969). 

e = H/In S 

H = Shannon-Wiener 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 formula: RA = n *100/N, 

Where, 

Ni = Number of i Individuals of ith species. 

N = Total number of 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 all intermediate altitudes 

between lowest and highest altitude (Brehm et al., 2007). The number of 

species was estimated at range size of every 300 m interval.  

Butterfly Species Similarity 

Jaccard's coefficient index was used to measure butterfly species 

compositional similarity between altitudes. The similarity of species 

compositions between altitudes were measured using the following formula. 

Jaccardôs index (C j) = j/(a +b-j) 

Where,  

j = The number of species present in both sites. 

a = The number of species present in site A. 

b = The number of species present in site B.  

The Jaccardôs Index is equal to zero for two sites that are completely 

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 one-way analysis of variance (ANOVA) and post hoc Tukey-

test. Microsoft excel were used to calculate the number of species and 

abundance in each elevations and to draw figures. 

3.6 Ecological Indicator Role of Butterflies at Menagesha-Suba State 

Forest 

3.6.1 Sampling Sites 

The five habitat types in the study area were natural closed forest 

(Site1), 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 can be summarized below.  

Natural closed forest: a closed forest with a variety of plant species with 

diameter from 10-50 cm, canopy height of 8-15 m. Disturbed forest: canopy 

height of 5-10 m with shrubs and small to medium trees. Forest edge: 

vegetation consists of small trees, shrub and grass. Shrub and grass: some 

shrubs with height of 20-50 cm and tall grass with height of 100-200 cm. 

Grass and agricultural land: short grass with height of 10-50 cm and 

agricultural plants. 

3.6.2 Sampling 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 other by 50 

m. The butterfly transect methodologies which were used, were developed 

by Pollard (1977), and Pollard et al. (1975) for monitoring changes in a 

butterfly population over time and studying differences in the butterfly 

communities of different habitat types. 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 programmed was the 

same as section 3.3.2. The recorder walked at a uniform pace and recorded 

butterflies seen within prescribed limits in an imaginary box about m x  m  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 the natural forest and three transects from the 
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disturbed forest), the habitat along forest edge (six transects), and the habitat 

outside forests (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 identification with the help field guides. Identification 

of butterflies also followed Carcasson, (1975) and DôAbrera, (1997).  

3.6.3 Data Calculation of Indicator Values of Butterflies 

The indicator values of butterflies were calculated for the five and three 

habitat types. A method used to quantify the indicator value of a range of 

taxa is the indicator value (IndVal) method developed by Dufrene and 

Legendre (1997). This method combines measurements of the degree of 

specificity of a species to an ecological state, for example a habitat type and 

its fidelity within that state (Dufrene and Legendre, 1997). High indicator 

values indicate a high degree of specificity and fidelity to a particular habitat 

(Van Rensburg et al., 1999). High fidelity of a species across sample sites is 

generally associated with large abundance of individuals (Brown, 1984; 

Gaston et al., 1997). Both these characteristics facilitate sampling and 

monitoring, which is an important requirement for a useful indicator 

(Kremen et 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 three habitat types. An indicator 

value for each species i in each group j of sites was calculated according to 

Dufrene and Legendre (1997) as:  

IndVal ij = Aij  x Bij  x 100, where 

IndVal - indicator value for species i in group j, 

A ij is specificity measure as: 

Aij = N individualsij /NindividualSi and where  

N individuals-individual number of species i in 6 transects of habitat j, 

N individuals-Total individual number of species i in 30 or 18 transects 

(each of the five or the three habitat type consists of six butterfly transects).  
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Bij is fidelity measure as:  

Bij = Nsitesij /Nsitesj and where 

N sitesij-number of transects of habitat j as species i present, 

N sites.-total number of transects (six butterfly transects) of that habitat. 

Percentage indicator value was measured for each species. Each species 

has a percentage indicator value with an associated measure of significance, 

with high and significant percentages designating good indicator species. 

Those species with significant indicator value of greater than 70% were 

regarded as characteristic indicator species for the habitat (McGeoch et al., 

2002). Species with indicator value from 50-70% were regarded as detector 

species (McGeoch, 1998).  

Therefore, these species were not characteristic species, as they did not 

have high indicator value of Ó 70% for any particular habitat. However, 

species meeting these criteria were regarded as sufficiently indicative to 

demonstrate an early shift in habitat. Simultaneously, these species were 

judged as sufficiently uncharacteristic to show potentially a marked increase 

in indicator value in the habitat type under disturbance conditions. 
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Chapter - 4 

Results 

 

 

4.1 Butterfly Diversity at Different Habitats of Menagesha-Suba State 

Forest 

4.1.1 Butterfly Composition  

Five butterfly families; Papilionidae, Pieridae, Lycaenidae, 

Nymphalidae and Hesperidae were recorded at Menagesha-Suba State Forest 

during the study period. These families phylogenetically break down in to 29 

genera and 59 species (Table 1). Nymphalidae had the highest number of 

species (26) and genera (11), which accounted for 44.07% of the total 

number of species recorded in the study area. Nymphalidae was followed by 

Pieridae, which contained 12 species and 6 genera accounting for 20.34% of 

the total number of species. The third largest family was Papilionidae with 

nine species in two genera accounting 15.25% of all the species recorded in 

the study area. Then, it was followed by family Lycaenidae with seven 

species and six genera, accounting for 11.86% of the species collected from 

Menagesha-Suba state Forest. Only five species belonging to four genera of 

the family Hesperidae were recorded accounting for 8.47% of the species 

recorded in the study (Table 1). 

4.1.2 Species Richness and Abundance 

A total of 59 species and 936 individuals of butterflies belonging to 29 

genera and 5 families were recorded from Menagesha-Suba State Forest 

during the study period. The total species, abundance and their proportion in 

the various habitats are shown in Appendix 2A. 

The most abundant species was Graphium colonna (Ward), which 

accounted for 2.56 % of all individuals recorded at Menagesha-Suba State 

Forest. The other abundant species were Graphium leonidas (F.), Charaxes 

castor (Cramer), and Bicyclus anynana (Butler) which comprised of 2.46% 

(each species), followed by Phalanta phalantha (Rothschild & Jordan), 

Appias epaphia (Butler), Papilio constantinus (Ward) and Papilio dardanus 

(Oberthür) which accounted for 2.24%, each of the species. The species 

represented by less than ten individuals were seven (5.95% of all 
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individuals), while most of the species (44 species) yielded 11-20 butterfly 

individuals which has 74.99% from all species recorded. Species represented 

by more than 20 individuals were eight (19.06% 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 habitat. A total 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: Taxonomic Profile of Butterflies at Menagesha-Suba State Forest 

Family Genera Species % species composition 

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  
 

4.1.3 Butterfly Species Abundance in 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 area were Charaxes 

etheocles (van Someren and Jackson), Deudorix dinochares (Grose-Smith), 

Precis coelestina (Dewitz), Vanessa abyssinica (Felder & Felder), Tirumala 

Formosa (Rothschild), Mylothris yulei (Ungemach), Appias Sabina (Felder 

& Felder), Appias epaphia (Butler), Papilio dardanus (Oberthür), Graphium 

colonna (Ward), Charaxes castor (Cramer), Charaxes varanes (Mabille), 

and Charaxes phoebus (Butler). 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 species and 93 butterflies. The most abundant species in the artificial 

forest habitats were Acraea bonasia (Eltringham), Graphium antheus 

(Cramer), Hypolimnas salmacis (Rothschild & Jordan), Appias epaphia 

(Butler), Bicyclus vulgaris (Butler) and Amauris niavius (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 species and 285 individuals. The most 
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abundant species in these habitats were Colias electo (Berger), Bicyclus 

anynana (Butler), Phalanta phalantha (Rothschild & Jordan), Colotis agoye 

(Marshall) and Ypthima simplicia (Butler) which accounted for 27.1% of all 

individuals encountered in the grassland 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 habitats was recorded in natural forest followed by 

grassland and artificial forest. 

 

Fig 3: Comparison of butterfly abundance recorded in three habitat types at 

menagesha-suba state forest and gullele botanical garden during the year 2012 to 

2014 

 

Fig 4: Comparison of butterfly species recorded in three habitat types at menagesha-

suba state forest and gullele botanical garden during the year 2012 to 2014 

4.1.4 Distribution of butterflies species and abundance among families 

in different habitats  

The distribution of butterfly species and abundance among families in 

various habitats is shown in Table 2. In terms of families, Nymphalidae 

constituted the highest percentage of individuals in the artificial forest 

(60.22%) followed by Papilionidae (19.35%). In the natural forest the 

Nymphalidae accounted for the highest percentage of recorded butterflies 
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(45.16%) followed by Peiridae (20.61%) While in the grassland the 

Nymphalidae were the most commonly 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 had the least 

number of species in the artificial forest. 

Table 2: Butterfly Species and Abundance by Families at Different Habitats of 

Menagesha-Suba State during the year 2012 to 2014 Forest 

Family Habitats 

 
Grassland Natural forest Artificial forest  

Species Abundance Species Abundance Species Abundance 

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 
 

4.1.5 Butterfly 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, 0.96 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 2.92. Simpsonôs 

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 Different Habitats of Menagesha-Suba State 

Forest during the year 2012 to 2014. 

Habitats 
Species 

number 

Simpsonôs 

diversity index 

1-D 

Evenness 

Pielouôs 

index e 

Species 

richness 

index 

Diversity 

Shannon 

index Hô 

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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4.1.6 Dominance Index 

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 the natural forest 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 dominant 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 
 

4.1.7 Butterfly Species Compositional Similarity between Habitats 

The similarity indices for the different 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. 

Table 5: Jaccardôs Coefficient Index for the Different Sites at Menagesha-Suba State 

Forest during the year 2012 to 2014 

 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  

4.2.1 Butterfly 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 from Gullele Botanical Garden during 
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the study period (Table 6). The 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 

lowest being in the artificial forest. 

The grassland had the 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 messapus (Guérin-Méneville), Colias electo (Berger) and 

Danaus chrysippus ((Li.) . Eicochrysops messapus (Guérin-Méneville) 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 recorded only from the grassland habitat were 

Eicochrysops messapus (Guérin-Méneville), Eretis mixta (Evans), 

Euchrysops mauensis (Bethune-Baker) and Cupidopsis jobates (Riley). 

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 were Acraea necoda (Hewitson) and Papilio echerioides (Trimen). 

Anthene otacilia (Pagenstecher) and Acraea sotikensis (Sharpe) are also 

common species in this area. Deudorix dinochares (Grose-Smith) 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 were Hypolimnas Salmacis (Rothschild & 

Jordan), Bicyclus campus (Karsch) and Euchrysops albistriata (Capronnier).  

In general, maximum abundance and species 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  
 

4.2.2 Distribution of Butterflies Species and 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, 

http://en.wikipedia.org/wiki/George_Thomas_Bethune-Baker
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Lycaenidae constituted the highest percentage of species in the grassland 

habitat followed by Pieridae and Nymphalidae, 31%, 27% and 19%, 

respectively. In the natural forest, the Nymphalidae and Lycaenidae 

accounted for the highest percentage (27% each) of species followed by 

Papilionidae that is 18%. Nymphalidae and Lycaenidae also accounted for 

the highest percentage 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 abundance, Lycaenidae constituted the highest percentage of 

individuals (34%) in the grassland habitat followed by Peiridae (32%), while 

Papilionidae and Hesperidae had the least number of individuals. Hesperidae 

had also the least number of individuals in the natural forest and artificial 

forest. In the natural forest, the Nymphalidae had the highest percentage, 

which was 29.62% of individuals followed by Papilionidae (21.48%) and 

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  

Species Abundance Species Abundance Species Abundance 

Papilionidae 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 

Nymphalidae 19.23 14.81 27.27 29.62 38.89 38.20 

Hesperidae 11.53 9.87 9.09 11.11 0 0 

Total 26 162 22 135 18 89 
 

4.2.3 Butterfly 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 distribution. 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 artificial 

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 communities was the highest at the grassland and the least 

at the artificial forest.  

Simpsonôs diversity index indicated higher butterfly species diversity in 

the natural forest and grassland habitat and least butterfly species diversity in 

the artificial forest. 

Table 8: Butterfly Diversity Indices in Different Habitats at Gullele Botanical 

Garden during the year 2012 to august 2014 

Habitats 
Species 

number 

Shannon 

diversity 

index 

H 

Evenness 

Pielouôs 

index 

e 

Species 

richness 

index 

Simpsonôs 

diversity 

index 

1-D 

Grassland 26 3.09 0.94 4.91 0.96 

Natural forest 22 3.02 0.98 4.28 0.96 

Artificial forest 18 2.82 0.97 3.79 0.92 
 

4.2.4 Dominance Index 

The dominance index for various butterfly families at Gullele Botanical 

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 (21.48) and 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 dominant group 

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 32.1 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 
 

4.2.5 Butterfly 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 terms of their species composition was generally below 

41.18%. The highest variation (72.3%) was recorded between artificial forest 

and grassland, followed by natural forest and artificial forest that was linked 

at 62.07%, while the least variation (58.82%) was recorded between 

grassland and natural forest. 

Table 10: Jaccardôs Coefficient Index for the Different Habitats at Gullele Botanical 

Garden during the year 2012 to 2014 

 Grassland Natural forest Artificial forest  

Grassland *  41.18 27.27 

Natural forest  *  37.93 

Artificial forest   *  
 

4.3 Butterfly Diversity in different Seasons at Gullele Botanical Garden  

4.3.1 Seasonal Changes in the Total Number of Butterflies 

The maximum species richness was recorded in autumn (31 species) 

followed by summer with 27 species 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 gradual decline from December 

onwards (Figure 5). 

 

Fig 5: Number and abundance of butterfly species across months at gullele botanical 

garden during the year 2012 to 2014 
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4.3.2 Distribution of Butterflies Species and Abundance among Families 

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), while Nymphalidae constituted the highest percentage of 

species during winter (6) and summer (8). Hesperidae had the least species 

composition in all of the seasons. 

The seasonal population trend of various families of butterfly abundance 

is presented in Figure 7. 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 in number. 

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 summer followed 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 sightings in 

autumn followed by winter. 

 

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 

4.3.3 Species Richness and 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 autumn (6.06) and 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 showed the 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. Hesperiidae 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 winter. The 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 Gullele Botanical Garden 

during the year 2012 to 2014 

Seasons 
Species 

number 
Individuals  

Simpsonôs 

diversity 1-D 

Pielouôs 

evenness 

index 

Species 

richness 

index 

Shannon 

diversity 

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 

Summer 27 101 0.967 0.975 5.63 3.216 
 

Table 12: Shannon Index (hô) of Various Butterfly Families across Seasons at 

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 

Family 

Dominance index 

Seasons 

Autumn Winter  Spring Summer Pooled value 

Papilionidae 14.18 28.57 7.40 10.89 14.25 

Peiridae 23.4 11.11 23.46 32.67 23.83 

Lycaenidae 31.91 26.98 33.33 20.79 28.5 

Nymphalidae 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 Seasons at Menagesha-Suba State 

Forest 

4.4.1 Seasonal Changes in the Total Number of Butterflies 

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 followed by winter 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). 

 

Fig 8: Number and abundance of butterfly species across months at menagesha-suba 

state forest during the year 2012 to 2014 

4.4.2 Distribution of Butterflies Species and Abundance among Families 

in Different Seasons  

Butterfly species distribution among families 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 the highest 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 population 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 was present 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 the least number of individuals. 
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Fig 9: Family-wise trend in species richness of butterflies across seasons at 

menagesha-suba state forest during the year 2012 to 2014 

 

Fig 10: Overall population trend of various families of butterflies across seasons at 

menagesha-suba state forest during the year 2012 to 2014 

4.4.3 Species Richness and Diversity Indices 

 There was a significance difference among seasons as (p < 0.05, F= 

14.714 and df =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). The 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 summer had 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 the least index in 

winter. 

Table 14: Butterfly Diversity Indices across Seasons at Menagesha-Suba State Forest 

during the year 2012 to 2014 

Seasons 
Species 

number 
Individuals  

Pielouôs 

Evenness index 

e 

Species 

richness 

index 

Shannnon 

Diversity index 

Hô 

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 (Hô) of various Butterfly Families across Seasons 

at Menagesha-Suba State Forest during the year 2012 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 
 

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 during summer. 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 dominant family followed by Pieridae. 

4.5 Diversity of Butterflies at Different Altitudes of Menagesha-Suba 

State Forest 

4.5.1 Species Richness and Abundance 

A total of 46 species, belonging to five families, comprising 423 

individual were collected from all altitudes of Menagesha- Suba 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 (2500-2800 m a.s.l.) and lowest at high 

altitudinal region (3100-3300 m a. s. l. and above 3300 m a. s. l.). 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 2200-2500 m a. s. l. (Site I) 

appeared to support the greater number of species and individuals. The most 

abundant species along this altitudinal sites were Papilio constantinus, 

Graphium leonidas, Graphium antheus, Graphium colonna, Colotis agoye, 

Deudorix dinochares and Phalanta phalantha. They made 36.6% of all 

individuals found in the altitudinal site.  

The most abundant species at altitude of 2500-2800 m a. s. l. (site II) 

were Appias epaphia, Charaxes varanes, Mylothris sagala, Uranothauma 

antinorii, Tirumala formosa and Mylothris agathina. They made 32.4% of 

all individuals found in this altitude.  

At altitude of 2800-3100 m a. s. l. (site III) the dominant species were 

Papilio dardanus, Colias electo, Eicochrysops messapus, Acraea necoda, 

and Coeliades keithloa making 46.3% of all individuals found in the altitude. 

Site IV, at altitude of 3100-3300 m a. s. l. showed the least species 

diversity and abundance. The most abundant species in this altitudinal site 

were Precis octavia and Colias electo, which accounted for 52.64% of all 

individuals recorded at this altitude. The total number of species encountered 

in this site was only five. The last altitudinal region, above 3300 m a. s. l. 

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 of the butterflies in total 

regardless of altitude in the study site. Only 16 species comprised 47% of the 

population. The most dominant species was Graphium colonna, followed by 
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Papilio dardanus and then Graphium leonidas, Graphium antheus, Acraea 

bonasia and Phalanta phalantha. 

Table 17: Species Richness, Abundance and Exclusive Species of Butterflies in 

Different Altitudes of Menagesha-Suba State Forest during the year 2012 to 2014 

Altitudes(m) Species richness Species abundance Exclusive species 

2200-2500 35 194 11 

2500-2800 30 139 4 

2800-3100 16 67 1 

3100-3300 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 Menagesha-Suba State Forest during the year 2012 to 2014.  

2200-2500m RA 2500-2800m RA 2800-3100m RA 3100-3300m RA 

Papilio 

constantinus 
4.12 

Charaxes 

varanes 
6.47 

Papilio 

dardanus 
8.95 

Precis 

octavia 
26.32 

Graphium 

leonidas 
4.64 Appias epaphia 7.19 Colias electo 8.95 

Colias 

electo 
26.32 

Graphium 

antheus 
4.12 Mylothris sagala 5.04 

Eicochrysops 

messapus 
11.94   

Graphium 

colonna 
5.67 

Uranothauma 

antinorii 
5.04 Acraea necoda 7.46   

Colotis 

agoye 
5.15 

Tirumala 

formosa 
4.32 

Coeliades 

keithloa 
8.95   

Deudorix 

dinochares 
6.18 

Mylothris 

agathina 
4.32     

Phalanta 

phalantha 
6.7       

Total 36.6  32.4  46.3  52.64 
 

Table 19: The Most Dominant Species (in total) that comprised about 47% Butterfly 

at Menagesha-Suba 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 



 

Page | 69 

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 

Charaxes castor Nymphalidae 2.6 

Phalanta phalantha Nymphalidae 3.1 

Total  46.7 
 

4.5.2 Family-Wise Pattern 

The recorded butterflies of Menagesha-Suba State Forest at different 

altitude represent five families (Table 20). Among these families, 

Nymphalidae was the most dominant comprising maximum species (48%) 

and abundance (44%) (Table 20) followed by papilinionidae, Pieridae and 

Lycaenidae. This indicated that Nymphalidae dominated with highest 

species and abundances in all altitudes. Hesperids were the least in species 

richness (4.35%) as well as abundance (4%). All of the families showed 

decline in species as well as abundance with altitude but pieridae peaked a 

little bit at site II (Figure 11 A and B).  

Table 20: Family-Wise Representation in Species Number and Abundance of 

Butterflies at Menagesha-Suba 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 

menagesha-suba state forest during the year 2012 to 2014 

 

Fig 11B: Family-wise trend in abundances of butterflies in different elevation at 

menagesha-suba state forest during the year 2012 to 2014 

4.5.3 Butterfly 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 forest. Multiple 

comparisons of Tukey HSD test showed that there was a significance 

difference between altitudes of 2200-2500 m a. s. l. and 3100- 3300 m a. s. l. 

(P=0.024) and 2200-2500 m a. s. l. and above 3300 m (p= 0.013) (Appendix 

9). The Shannon diversity and species richness indices of butterflies across 

different altitudinal sites are shown in Table 21. Accordingly, the highest 

value of species diversity (3.438) and species richness (6.454) were recorded 

at altitude of 2200-2500 m a. s. l. In contrast, the lowest diversity (1.038) 

and species richness (1.442) were recorded at the highest altitude of above 

3300 m a. s. l. 
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Table 21: Butterfly Diversity Indices at different Altitudes of Menagesha-Suba State 

Forest during the year 2012 to 2014. 

Altitudes(m) 
Species richness index 

R 

Pielouôs Evenness 

index E 

Shannon Diversity 

index H 

2200-2500 6.454 0.966 3.438 

2500-2800 5.877 0.977 3.324 

2800-3100 3.567 0.973 2.698 

3100-3300 1.358 0.967 1.557 

Above 3300 1.442 0.944 1.038 
 

4.5.4 Range Size Distribution  

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 species 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). 

 

Fig 12: Altitudinal range size distribution of butterflies of menagesha-suba state 

forest during the year 2012 to 2014 

4.5.5 Species Similarity  

Butterfly species similarity results based on the Jaccardôs coefficient 

index indicated that the butterfly species similarity was highest between 

altitudes of 3100-3300m and above 3300m (0.6) and between altitudes of 

2200-2500m and 2500-2800m (0.585). This indicated that 60% of the 

butterfly species at 3100-3300m and above 3300m and 58.5% of the 

butterfly species at 2200-2500m and 2500-2800m altitudes were similar. The 
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lowest value of similarity index (0) was noted at altitudes of between 2200-

2500m and 3100-3300m, 2200-2500m and above 3300m and 2500-2800m 

and above 3300m. It indicated that the butterfly species at these altitudes 

were completely different (Table 22). 

Table 22: Similarity in Butterfly Communities (Jaccardôs Coefficient Index) in 

different Altitudes at Menagesha-Suba State Forest during the year 2012 to 2014 

Altitudes (m) 2200-2500 2500-2800 2800-3100 3100-3300 Above3300 

2200-2500 *  0.585 0.243 0 0 

2500-2800  *  0.352 0.029 0 

2800-3100   *  0.235 0.117 

3100-3300    *  0.6 

Above 3300     *  
 

4.6 Ecological Indicator Role of Butterflies at Menagesha-Suba State 

Forest 

4.6.1 Species Richness and 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 period. Species 

richness and abundance was higher in the natural 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 the 

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 

Menagesha-Suba 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 and grass 22 131 

Grass and agricultural land 13 49 

Total 43 671 
 

4.6.2 Indicator Values of 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 habitat types. 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 agricultural 

land).  

No butterfly family could be used as eco-indicators for habitats that are 

divided into small scales of disturbance (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 as detector taxa for the natural forest. 

Table 24: Indicator Values (Percentage) of Butterfly Family in Five Habitat Types at 

Menagesha-Suba State Forest during the year 2012 to 2014 

Families 

Indicator values (%) in different habitat types 

Natural 

closed forest 

Disturbed 

forest 

Forest 

edge 

Shrub &  

grass 

Grass and 

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 
 

4.6.3 Indicator Values of 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 

enough. Indicator value of genus enables the researchers to identify indicator 

taxa more 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 eco-indicators for this habitat was colias (Family 

pieridae), which is the only genera that can be used as an eco-indicator. The 

genera with indicator values from 50-70%, which could be used as a detector 

genus for the shrub and grass habitats was Leptomyrina and ypthima. 

In the natural forest, four genera of Nymphalidae that could be used as 

detector genera of the natural forest were Acraea, Vanessa, Charaxes and 

Tirumala. No butterfly genera that could be used as ecological indicator for 

the natural forest. 
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Table 25: Indicator Values (Percentage) of Butterfly Genera in Five Habitat Types at 

Menagesha-Suba State Forest during the year 2012 to 2014 

Genus 

 

Indicator values (%) in different habitat types 

Natural 

closed forest 

Disturbed 

forest 

Forest 

edge 

Shrub &  

grass 

Grass & 

agricultural land  

Colias 1.38 0 0 70.83 10.41 

Ypthima 1.30 0 1.69 58.97 9.3 

Leptomyrina 12.5 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 
 

4.6.4 Indicator Values of Butterfly Species in 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 indicator 

value at the species level is highly accurate than genus and family level.  

Indicator values of butterfly species in five different habitat types are 

presented in Table 26. From the 43 species of butterflies observed in five 

different habitats, most of the species had indicator values of less than 50%. 

Among the 43 species recorded along the five habitat types, there were only 

eight species with indicator values of 50-70%. From these, three species 

were in the natural forest (Tirumala formosa, Acraea johnstoni and Papilio 

dardanus), one species in the disturbed forest (Bicyclus vulgaris), two 

species in the forest edge (Uranothauma antinorii and Acraea lycoa), and 

two species in the shrub and grass habitat (Ypthima simplicia and 

Leptomyrina boschi). There were three species with indicator values greater 

than 70% that can be used as ecological indicators; they were Charaxes 

phoebus and Vanessa abyssinica for the natural forest and Colias electo for 

the shrub and grass habitat. In the grass and agricultural land, all species had 

indicator values less than 50%.  

Table 26: Indicator Values (Percentage) of Butterfly Species in Five Habitat Types at 

Menagesha-Suba State Forest during the year 2012 to 2014 

Species 

Indicator values (%) in different habitat types 

Natural  

closed forest 

Disturbed 

forest 

Forest 

edge 

Shrub &  

grass 

Grass & 

agricultural 

land 

Charaxes phoebus 71.93 2.27 0 0 0 

Vanessa abyssinica 71.14 2.42 0 0 0 
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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 antinorii 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 
 

4.6.5 Indicator Values of Butterfly Families in Three Habitat Types 

Ecological indicator of butterflies was studied in three-habitat types at 

large scale disturbance level. Indicator value of butterfly families in three 

different habitat types is presented in Table 27. Butterfly families had the 

highest indicator 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 ecological 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 50-70% were Papilionidae and Nymphalidae in the 

habitat inside forests, and Pieridae in the habitat outside forests. Papilionidae 

and Nymphalidae were characteristic for the habitat inside forest and family 

Pieridae for the habitat outside forests. Therefore, these butterfly families 

had indicator values from 50-70% so; they are used as detector species of 

these habitat types, but not as indicator species. 

Table 27: Indicator Values (Percentage) of Butterfly families in three Habitat types 

at Menagesha-Suba State Forest during the year 2012 to 2014. 

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 
 

4.6.6 Indicator Values of Butterfly Genera in Three Habitat Types 

Indicator values of some butterfly genera with indicator values greater 

than 50% in three different habitat types are presented in Table 28. In the 

habitat inside forest, Vanessa and Charaxes in Nymphalidae had indicator 

values greater than 70%. Two genera of Nymphalidae Tirumala and Acraea 
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had indicator values less than 70% and greater than 50% in this habitat. The 

other detector genera in the habitat inside forest were Papilio, Appias and 

Deudorix. 

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 genus Colias (Pieridae) had indicator values greater than 70%, which can 

be used as indicator species of the habitat. 

Table 28: Indicator Values (Percentage) of Butterfly Genera in Three Habitat Types 

at Menagesha-Suba 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 3.4 0 

Acraea 52.35 26.81 0.78 

Colias 2.12 0 72.62 

Leptomyrina 16.67 0 55.33 

Ypthima 2.21 2.86 52.43 
 

4.6.7 Indicator Values of Butterfly Species in Three Habitat Types 

The butterfly species with indicator values greater than 70% inside 

forests belong to family Nymphalidae; they were Vanessa abyssinica and 

Charaxes phoebus (Table 29). There were seven species with indicator value 

greater than 50% and less than 70% in the same habitat, which were Acraea 

necoda, Acraea johnstoni, Charaxes castor and 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 70% in the forest edge 

that were Acraea lycoa (Nymphalidae), and Uranothauma antinorii 

(Lycaenidae). There was only one species Colias electo in the Pieridae with 

indicator values greater than 70% in the habitat outside forest. In the habitat 

outside forests, two species with indicator value less than 70% and greater 

than 50% were Ypthima simplicia (Nymphalidae), and Leptomyrina boschi 

(Lycaenidae). 
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Table 29: Indicator Values (Percentage) of Butterfly Species in Three Habitat Types 

at Menagesha-Suba State Forest during 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 2.12 0 72.62 

Ypthima simplicia 0 0 67.00 

Leptomyrina boschi 16.67 0 55.33 
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Chapter - 5 

Discussion 

 

 

5.1 Diversity of Butterflies with Reference to Habitat Types at 

Menagesha-Suba State Forest and Gullele Botanical Garden 

5.1.1 Butterfly Diversity at Various Habitats  

The present study might be the first documented reports for butterfly 

fauna survey in Menagesha-Suba State Forest and Gullele Botanical Garden 

during 2012-2014. The study had generated data on the butterfly diversity at 

Menagesha-Suba State Forest and Gullele Botanical Garden. The diversity 

indices for the natural forest, artificial forest and grassland at Menagesha-

Suba State Forest were higher than in each of the habitat types at Gullele 

Botanical Garden. The butterfly fauna at Menagesha-Suba 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 butterfly fauna as compared to Menagesha-Suba 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 

sources 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 availability 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 

Menagesha-Suba 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. Particularly, at 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 diversity (3.09) 

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 forest area 

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 that could 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 their host 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 (Krauss et al., 

2003). 

5.1.2 Habitat 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 epaphia, Papilio demodocus, Deudorix dinochares and Charaxes 

etheocles were collected only in the natural forests and species like Colias 

electo, Ypthima simplicia and Eicochrysops messapus were recorded only 

from the grassland habitats of Menagesha-Suba State Forest. At Gullele 

Botanical Garden species like Papilio echerioides and Deudorix dinochares 

were recorded from the natural forest, species such as Eurema hecabe, 

Colotis danae, Cupidopsis jobates and Eicochrysops messapus were 

recorded in the grassland habitats and species specific to the artificial forest 

were Graphium angolanus and Hypolimnas salmacis. However, about 22% 

of the species recorded at Menagesha-Suba State Forest and 14% of the 

species at Gullele Botanical Garden were not habitat specific, i.e. they occur 

in all of the three habitats. Such general occurrence would help them to have 

a wider distribution and to maintain larger population size.  

5.1.3 Species Similarity between Habitats 

The level of species similarity between habitats was generally low at 

both locations. The highest 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 habitats grassland and 

artificial forest at both sites of Menagesha-Suba State Forest and Gullele 

Botanical Garden, respectively. The low species similarity recorded between 

habitats can be due to habitat specificity of butterflies for food plants. In 

addition, habitat fragmentation, ecosystem loss and separation account for 

the low species similarity and are noticed as the main causes of the current 

biodiversity problems (Sih et al., 2000). Debinski and Holt (2000) also 

observed that habitat fragmentation reduces area, changes ecological 

processes and reduces connectivity. Perrins et al. (1991) equally asserted that 

the distribution of any species is restricted by the distribution of its habitat 

and within 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 helped it to 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 

natural forest habitats at Menagesha-Suba State Forest as well as Gullele 

Botanical Garden. 

5.1.4 Family Wise Distribution of Butterflies 

In the butterfly diversity of Menagesha-Suba State Forest, out of the five 

butterfly families recorded, Nymphalidae was richest in terms 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 the dominant 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), which comprised the largest family of butterflies. 

The Pieridae were the second family in abundance and species richness 

at Menagesha-Suba State Forest and 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. Menagesha-Suba State 

Forest, which is a forest ecosystem with gaps where sunlight can penetrate 

easily, the abundance of Pieridae, was good. At the same time, Gullele 
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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 various 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 State Forest. Although low in species richness and abundance, the 

moderate presence of Lycaenidae at Menagesha-Suba State Forest can be 

due to the presence of some species that were common in the area such as 

Leptomyrina boschi (Strand) and Deudorix dinochares (Grose-Smith).  

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 major vegetation is composed of large woody trees 

such as Juniperous procera and Olea Africana. The same is true for Gullele 

Botanical Garden where Papilionidae dominance was relatively high in the 

artificial and natural forests rather than in the grassland habitat.  

Family Hesperiidae, which was represented by only five species at 

Menagesha-Suba 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 dusk (Kehimkar, 2008) where as the 

present study was conducted during daytime and hence low abundance and 

diversity of Hesperidae.  

5.2 Butterfly Diversity Associated with Seasonality at Menagesha-Suba 

State Forest and Gullele Botanical Garden  

The butterflies of Menagesha-Suba State Forest and Gullele Botanical 

Garden showed distinct seasonality and well-defined seasonal peaks and 

only the lesser proportion of the species being active throughout the year. 

Seasonal preferences were also shows distinct variation of the proportional 

abundance in various months or seasons. These differences of abundances 

were due to well -defined dry and wet seasons. 

Species diversity was consistently highest during autumn season, 

primarily due to a greater abundance of species. 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 plants, intensity of light and larval host plant 

(Kitahara et al., 2000; Kunte, 2000; Hussain et al., 2011).  

During winter season the declined of species diversity and abundance 

are associated with habitat dryness and differences in microhabitat 

conditions in 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 water, nectar and fresh foliage. 

In addition, at Menagesha - Suba State Forest the diversity and species 

richness indices were also high during spring and lowest during summer. It 

seems like seasonality was less in this study area than Gullele Botanical 

Garden. This might be due to it rains 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 leaves. Therefore, 

this variation of butterfly diversity in different seasons indicates 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; Hill et al., 2003). 

5.3 Diversity of Butterflies at Different Altit udes of Menagesha-Suba 

State Forest  

5.3.1 Species Diversity and Abundance 

This part of the study reports the ecological study of butterflies at 

various altitudinal sites in the Menagesha-Suba State Forest. About 46 

species of butterflies were recorded which were sub-set of the total butterfly 

fauna of the area and reflects the potential 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 ecological niches 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 abrupt decline above this altitude. The 

species richness and abundance of each of the five families recorded at 

Menagesha-Suba State Forest also decreased with increased altitude. 

Negative correlation between species richness and elevation were reported 

from Great Basin, USA (Fleishman et 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. Mostly, the rate of temperature 

decline reported as -0.62 °C at every 100 m rise in elevation (Acharya et al., 

2011). This rate changes above 2400 m a.s.l.as -1 °C at every 100 m rise in 

elevation (Chettri et al., 2010). Butterfly needs certain level of temperature 

for their activity and hence unable to cope up with the extreme climatic 

conditions (Fleishman et al., 1998). The continuous decrease in the number 

of species and abundance with increasing altitude might caused by the 

harshness of environmental conditions, area reduction and reduction in 

resource diversity. 

There were also differences in diversity of butterfly among the altitudes 

of Menagesha-Suba State Forest as indicated by the values of Shannon 

Weiner-lndex (Hô) as well as species richness (Rô). The Hô values 1.557 and 

1.038 were lower at altitude of 3100-3300m and above 3300m as compared 

to Hô values at other altitudes. These two altitudes had also low Eô and Rô 

values that are the two important components in determining the value of 

diversity. It seems like that altitude 3100 may be the limit for butterfly 

diversity. The relatively low Eô and Rô of butterfly species at an altitude 

greater than 3100m might be associated with plants that are most abundant at 

this altitude. These plant groups may be able to serve as food or shelter to 

less number of butterfly species at 3100 m altitude as compared to plant 

groups at other altitudes. 

The overall species diversity was higher at lower altitudes of Suba than 

at higher altitudes. This result corresponds with theory and practice since 

previous works indicated that the diversity of insects or butterflies decreases 

with increasing altitude (price, 1991; Sparrow et al., 1994). The differences 

in composition and patterns of abundance among assemblages suggest that, 

the butterfly community is shaped by various factors such as food, breeding 

habitat, competition among co-existing species, climate, vegetation and 

disturbance level (Tokeshi, 1999; Willott et al., 2000). The type and quantity 

of resources as well as their distribution patterns, climatic conditions and 

disturbance levels are the major factors that determine the community 

structure of butterflies along elevation gradient (Foristera et al., 2010; 

Levanoni et al., 2010). All these factors support higher levels of species 

diversity at low altitudes of Suba compared to higher altitudes.  

5.3.2 Range Size 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 are reports that the butterfly ranges are 

affected by the global climate change and physiography (Parmesan et al., 

1999; Foristera et al., 2010; Levanoni et al., 2010). The co-specificity of 

butterflies with climate and host plants for feeding and laying eggs make 

them unable to cope up with the changed habitats.  

5.3.3 Species Similarity  

Butterfly species similarity was highest between altitudes of 3100-

3300m and above 3300m (0.6) and, between altitudes of 2200-2500m and 

2500-2800m (0.585). The species similarity was high 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 Ecological Indicator of Butterflies at Menagesha-Suba 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 (Spitzer et al., 

1997). Butterflies are providing the 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 

indicators of disturbance. 

The indicator value method revealed 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 area. Other studies 

(Fuller et al., 1998; Howard et al., 1998; Parmesan et al., 1999; Blair, 1999) 

had demonstrated the utility of butterflies as indicators of disturbance. 

Al though butterflies are sensitive to forest disturbance, there is no 

butterfly family that can be used as ecological indicator to evaluate the 

impact of disturbance 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 natural forest. Some of the species live 

in the shrub and grassland, disturbed 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 natural forest. 

At the genus level, single butterfly genera Colias was characteristic for 

the shrub and grassland habitat, with greater than 70% indicator value, can 

be used as ecological indicator but, no other butterfly genera that can be used 
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as ecological indicator for the natural habitat or other habitats. At division of 

three habitat types, the genus Charaxes and Vanessa for the habitat inside 

forest and the genus Colias for the habitat outside the forest were 

characteristic, with indicator values greater than 70%, 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 the natural forest and single species in the shrub 

and grass, they were Charaxes phoebus, Vanessa abyssinica and Colias 

electo respectively. These species were also ecological indicators at division 

of three habitat types. Charaxes Phoebus and Vanessa abyssinica at the 

habitat inside forest and Colias electo at the habitat outside forest with 

indicator values greater than 70% can be used as ecological 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. McKenzie et al. (1995) indicated that indicator species can be 

used to assess ecosystem responses to environmental disturbance that are 

often associated with 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, shrub and grass, 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 work was 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 study also provided a 

background for identifying centers of species richness and abundance within 

the Menagesha-Suba State Forest areas and can provide a more scientific 

basis by which to plan and manage a system of protected areas around these 

centers in accordance 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 butterflies, natural forest 

and shrub and grassland area as these two habitats were found to be the 

repository of butterflies. 
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Chapter - 6 

Conclusions and Recommendations 

 

 

6.1 Conclusions 

Without biodiversity, particularly pollinators like butterflies, life on 

earth would be difficult. Based on recent estimates, biodiversity 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 biodiversity 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 reduced environmental 

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 

Menagesha-Suba State Forest and 23 genera comprising 36 species 

belonging to five families from Gullele Botanical Garden. At Menagesha-

Suba State Forest, A large number of specimens were collected from the 

natural forest and grassland habitats and least from the artificial forest 

habitat at both study areas. This is probably due to the destruction of host 

plant in the artificial forest and human disturbance. 

The species diversity at Menagesha-Suba State Forest area at each 

habitat type, which enjoys some level of protection, was higher than in each 

of the habitat types at Gullele 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 land use 

changes may increase ɓ diversity. 

The lowest butterfly diversity observed in the monoculture plantation of 

Gullele Botanical Garden emphasizes the need for diverse plant communities 

if diversity in butterfly communities to be achieved. In addition, Biodiversity 

laws alone cannot create awareness and conserve butterflies. It is very 

important to understand the relation between host plant and the butterflies to 

protect them as they have co-evolved. 
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Butterfly exhibits seasonal variation in 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, the seasonality became less extreme at Menagesha-Suba State 

Forest than Gullele Botanical garden and it was related to rainfall and other 

factors. 

The presence of 46 species at various elevation sites suggests that 

Menagesha-Suba State Forest was likely to be 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 distribution in different 

altitudinal belts. 

Butterflies have been identified as biotic-indicators 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 well as 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 species was different throughout the year 

because butterflies fluctuate strongly overtime. For instance, Vanessa 

abyssinica (Felder and Felder) flies from December to July while, Charaxes 

phoebus (Felder and Felder) flies from September to April. 

6.2 Recommendations 

Based on the results of the present study, the following 

recommendations can be made. 

1. Butterfly gardens are the gateways to protect the butterfly 

populationand serve as an ecotourism cum in-situ conservation 

enterprise. The gardens help in caring butterfly population and to 

maintain the biodiversity in natural ecosystems. Therefore, it should 

be established in the study areas. 

2. Monitoring programs that are based on genus-level identifications 

would provide healthy results for practical applications of 

butterflies 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 altitudes, conservation of the 

forests could be achieved through the involvement of the local 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=seasonal+variation
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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 communities and 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 harmed. By protecting 

the vegetation and water resources of the area, varied sub habitats 

of Menagesha-Suba State Forest can supports good diversity of 

butterflies. 

4. Since butterflies showed narrow tolerance to elevation and 

vegetation change, conservation of their habitats at landscape level 

is important for conservation at Menagesha-Suba 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 conservation attention for the preservation of rich 

and unique butterflies of Menagesha-Suba State Forest. Natural 

habitat should not be lost; therefore, proper preventive measures 

should be taken in order to conserve the butterfly communities. 

5. Similar surveys on large 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 be studied in details in the future. 

6. To be more certain 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 and unrelated taxa within the 

habitat. 
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