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1.1 Insects 

Insects are the major components of the world‟s biodiversity. By virtue of their vast 

numbers of both species and individual, they are vital determinants of terrestrial 

ecological processes. Quantitatively, insects are important pointers for species-rich 

geographical areas. Qualitatively they are also important, whether the subjects of 

conservation themselves or as tools for identifying biotic areas with high endemism. 

They constitute about three-fourths of the total organisms present on earth (Pedigo, 

2002). Out of the 5.57–9.8 million estimated animals in the world, 4–8 million species 

are known to be insects (May, 1990; Hammond, 1995). Approximately, 0.1 million 

species of insects occur in India (Venkatesha, 2007). There are 200 million insects for 

every human, 40 million insects for every acre of land. In the Amazon, insect 

biomasses overweight all vertebrates at 4:1 ratio (Bhuyan & Dutta, 2007). Insects are 

so important to the continued working of the global ecosystems that, as long as the 

well-being of insects is safeguarded, the Earth should remain habitable for humans 

(Berenbaum, 1995).  Insects are divided into 30 Orders by Imms (1940) that are in 

turn broadly grouped into two major divisions: Apterygota and Pterygota. There are 

four major orders of insects namely: - (i) Lepidoptera (ii) Coleoptera (beetles) (iii) 

Hymenoptera (wasps, bees and ants) and (iv) Diptera (flies). The Lepidopteran 

includes butterflies and moths. The combined number of moths and butterflies as 

Order: Lepidoptera is second to largest Order: Coleoptera of class insecta. Following 

the evolution of flowering plants, moths and butterflies (Order: Lepidoptera) were 

among the last to arrive on the evolutionary scene around 160 million years ago. 

1.2. Lepidoptera 

Lepidoptera are among the most diversed and easily recognized organisms on the 

planet, with at least 1, 50,000 described species (Kristensen & Skalski, 1998). 
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Generally, they are characterized by the presence of scaled wings, elongate sucking 

mouthparts (proboscis), and complete (holometabolous) development where the larval 

stages are commonly referred to as "caterpillars".  Historically, species of Lepidoptera 

have proven invaluable model systems in the fields of development, genetics, 

molecular biology, physiology, evolution and ecology (Bates, 1861; Muller, 1879; 

Ford, 1964; Ehrlich & Raven, 1967; Kettlewell, 1973). Interest in Lepidoptera species 

as model systems stems from a number of biological characteristics that render this 

group amenable for study (Bolker, 1995). Lepidopterans are charismatic, due mainly 

to their striking variety of wing color patterns and larval morphologies. Many 

common species have large larvae, which facilitated early studies in development and 

disease, and these larvae are often relatively easy to rear in the laboratory. The 

economic impact of Lepidoptera on human society also has contributed to the 

development of lepidopteran model systems. Silk moths (Bombyx mori), for example, 

are among the few insects considered "domesticated" by humans because of the long 

tradition of sericulture in Asia. As a primarily phytophagous dade, many 

lepidopterans are economically important as major pests of agriculture and forestry.  

While most studies today have focused on charismatic indicators or flagship 

groups such as birds and mammals, attention is now expanding to a wider range of 

taxa (Barlow et al., 2007; Gardner et al., 2008). Insects make enormous contribution 

to both tropical diversity (Lewinsohn et al., 2005) and ecosystem functioning 

(Wilson, 1987), and moths are one of the group playing a central role in numerous 

ecosystem as prey, herbivores and pollinators (Jazen, 1987; Barlow & Woiwod, 

1989). Agro forestry and wild insect conservation are interdisciplinary, multi sector 

approaches of land use and its prime objective is to protect environment in order to 

maintain the natural integrity (Gill & Lal, 2002). Moths belong to Order: Lepidoptera. 
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They differ from butterflies by the absence of clubbed antennae and dull colouration 

than butterflies, they keep their wings parallel on the sitting substrate and mostly they 

fly by night.  

1.3. Wild silk moths 

Wild silk moths belonging to the Order Lepidoptera, family Saturniidae is the largest 

family of the super family Bombycoidea (Minet, 1994; Lemaire & Minet, 1998b). 

Saturniids, which include some of the largest and most conspicuous of all moths, have 

provided important model systems for studies of insect plant interactions and 

caterpillar ecology (Scriber, 1983; Johnson, 1999), developmental genetics 

(Goldsmith & Wilkins, 1995), and mediation of insect behavior by pheromones 

(Riddiford & Williams, 1971; Capinera, 1980; Baker & Vogt, 1988), among other 

subjects. They include such Lepidoptera as the giant silk moths, royal moths and 

emperor moths. They are large crepuscular flying moths without proboscis and minute 

palpi. Antenna is bipectinnated in both sexes, the branches long in male, longest at the 

middle and diminishing to base and apex. Legs are short, hairy and without spurs. 

Fore wing with vein 1b is forked at the base; 1c absent; the discocellulars (when 

present) emitted from vein 5, which is stalked with vein 6; veins 10 and 11 absent. 

Hind wing without a frenulum; a precostal vein slightly developed; the discocellulars 

emitted from vein 5, which is stalked with vein 6; one internal vein. Adults have a 

lifespan of approximately one week and have a wingspan of 3 to 15 centimeters (cm), 

relatively small heads, and densely hairy bodies. Larvae are usually very fleshy, with 

clumps of raised bristles. Caterpillars mostly feed on leaves of trees and shrubs; some 

cause severe damage. Pupa develops in silken cocoons. Wild silk moths are reared on 

wild trees but can also be raised and breed under complete human control. They 

complete their life cycle of four different metamorphosing phases, egg, larva, pupa 
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and adult (moths). Of this only larval stage is feeding period. The range of food 

selection of wild silk insect is wide. Their cocoons are bigger than those of the 

domesticated silkworm.  

Taxonomic position 

Kingdom  : Animalia 

Phylum  : Arthropoda   

Class  : Insecta 

 Order  : Lepidoptera  

Super family  : Bombycoidea  

Family  : Saturniidae. 

Lemaire & Minet (1998a) recognized 9 subfamilies within Saturniidae namely 

Oxyteninae, Cercophaninae, Arsenurinae, Ceratocampinae, Hemileucinae, Agliinae, 

Ludiinae, Salassinae and Saturniinae. The sub-family Saturniinae is geographically 

the most widespread and second most diverse sub-family of Saturniidae. Saturniinae 

(63 genera, 644spp.) contains both the largest saturniid species (e.g., the atlas moths; 

(Peigler, 1989) and those often used as experimental models. Within Saturniinae, five 

tribes are recognized (Oberprieler, 1997). 

 1. Saturniini  

2. Attacini  

3. Urotini 

4. Bunaeini  

5. Micragonini. 

 The two tribes namely Attacini and Saturniini plays very important role in 

producing good quality cocoons. Out of the five tribes, only two, the Attacini and the 

Saturniini are found in both the Old and the New Worlds. Approximately eighty 
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species and nine genera of attacines are recognized (Peigler, 1989; Oberprieler & 

Nassig, 1994) viz. Archaeoattacus, Attacus, Callosamia, Coscinocera, Epiphora, 

Eupackardia, Hyalophora, Rothschildia and Samia. Some or all of Saturniini are 

recognized as sister-group to Attacini (Peigler, 1989). The tribe Saturniini is further 

sub divided into following important sixteen genera (Oberprieler & Nassig, 1994) viz. 

Rhodinia, Actias, Saturnia, Loepa, Cricula, Lemaireia, Solus, Antheraea, Pararhodia, 

Antherina, Ceranchia, Opodiphthera, Syntherata, Copaxa, Argema and Graellsia. 

Among lepidopteran insects, silk moths are the best studied. Economically 

important silk producing insects of order Lepidoptera have been classified into two 

major groups namely mulberry and non-mulberry. They belong to two respective 

families‟ i.e Bombycidae and Saturniidae. Mulberry silk is mainly produced by the 

domesticated species B. mori, originated from B. mandarina (wild counterpart) by 

gene duplication and chromosomal fusion mechanism (Hwang et al., 1999a,b; Banno 

et al., 2004). The domesticated silkworm, B. mori, is a well-studied lepidopteran 

model system with rich repertoire of genetic information on mutations affecting 

morphology, development and behaviour. It is wide in distribution and is a major part 

of the sericulture industry. Recently completed genome sequence of B. mori (Mita et 

al., 2004; Xia et al., 2004) provides much needed molecular genetics resource for 

studying a broad range of biological problems (Nagaraju & Goldsmith, 2002). Non-

mulberry feeding sericigenous fauna belonging to the family Saturniidae are mostly 

wild silk moths. Unlike mulberry silks, non mulberry silks are more heterogeneous 

and have apparently originated in the Indo-Australian region of the Gondwana belt, or 

may have even wider distribution (Jolly et al., 1974). They are generally cultivated in 

India, China, Japan, Indonesia and Thailand for commercial purpose among which the 

Indian tropical tasar A. mylitta cocoons have the highest capacity of silk production 



6 

 

being the largest among all the other known non-mulberry silk producing insects 

(Akai, 2000). The non mulberry silks are tasar, muga, eri and fagaria, which are 

mainly produced by species of the Antheraea and Attacini tribes of the family 

Saturniidae. They all show variations in their phenotypic traits such as cocoon color 

and weight, silk ratio and host plant preference. The silk produced by these insects are 

specific to a particular geographical zone: temperate tasar is produced by A. pernyi, A. 

roylei and A. proylei, tropical tasar by A. mylitta, muga silk by A. assamensis, eri silk 

by Philosamia ricini, fagaria by A. atlas and shashe silk by Gonometa postica. 

Among saturniids the most well-known species are A. pernyi, A. roylei, A. proylei, A. 

mylitta, A. assamensis, A. yamamai and S. cynthia ricini. The wild silk moth, A. 

pernyi originated in southern China found its commercial use during Han and Wei 

dynasties.  A. roylei is distributed along the sub-Himalayan belt of India (Jolly et al., 

1981). A. proylei is a synthetic hybrid derived from the fertile hybrid of the A. roylei 

and A. pernyi (Nagaraju & Jolly, 1986). The Antheraea is the largest genus among the 

wild silk moths of the family Saturniidae used for silk production and contains more 

than 35 described species widely distributed throughout Asia. Out of nine species of 

Antheraea in India, only three are being exploited commercially viz. A. mylitta 

(Tropical tasar), A. assamensis (Muga culture) and A. proylei (fixed hybrid; oak 

Tasar). The unexploited Antheraea species, A. knyvetti, A. compta, A. frithi, A. helferi, 

A. sivalika and A. andamana can be very useful for race breeding programme to boost 

tasar production. Being charismatic, a large body of information is available on 

colourful and widespread species like muga (A. assamensis), eri (S. ricini), oak tasar 

(A. proylei) and mulberry silk (B. mori). However, very little information is available 

on ecologically and evolutionarily interesting groups like Antheraea, Actias, Attacus, 

Archaeoattacus, Cricula, Loepa, Samia, Sonthonnaxia. Until now, A. pernyi, A. 
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roylei, A. proylei, A. mylitta, A. assamensis and A. yamamai have been commercially 

used for silk production. Of these, Chinese oak silk moth A. pernyi is the best-known 

species. This species is commercially cultivated mainly in China, India, and Japan, 

and is used as a food source and for cosmetics (Liu et al., 2008).  

The Saturniid silk moths have variations in chromosome number from n = 15 

to n = 49 with an average chromosome number of the family n = 31. Rare cases of 

interspecific hybrids of Antheraea showing diverse chromosome number of n = 31 

and n = 49 are known to yield fertile and vigorous hybrids. According to Jolly et al. 

(1969), the interspecific hybrids generated using many other Antheraea species 

uncover interesting genetic relationships of the species involved. The holocentric 

nature of the chromosomes, presence of supernumerary chromosomes and 

chromosome numerical polymorphism in the species of A. roylei and fertility of the Fl 

interspecific hybrids of A. pernyi and A. roylei despite trivalent formation show that 

the chromosomal fission has probably played central role in the evolution of Saturniid 

silk moths (Puttaraju & Nagaraju, 1998). 

1.4. Importance of wild silk moths 

In the superfamily Bombycoidea of Lepidoptera, Saturniids have been important not 

only as sources of wild silk and/or human food in a number of cultures, but also as 

models for comparative studies of genetics, development, physiology, and ecology 

(Regier et al., 2008a). Mulberry silk is quite famous but wild silk are not very 

popular, although Chinese tasar (A. pernyi), Indian tasar (A. mylitta), eri silk (S. c. 

ricini), muga silk (A. assamensis) and tensan (A. yamamai) have long been used for 

characteristic silk textiles, forming a small segment of the market. It has been 

observed through research that wild silk possesses some physiological significance 

like controlling cholesterol in human body, antibacterial function and ultraviolet (UV) 
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absorption effect etc. These newly recognized properties may greatly increase the 

popularity and utilization of wild silk at global scenario as the world is facing 

problems related to global warming. The International Society for Wild Silk Moths 

(ISWSM), Japan has started research work on wild silk moths and silk. The society is 

established during 1980 and has used available technology to harness various means 

of wild silk utilization (Akai, 1998). The domesticated Bombyx silk has properties 

which affect cholesterol in human body, alcohol metabolism, senile dementia and 

diabetes. In wild silk produced under environmental conditions, these factors are 

expected to be present even more strongly than in Bombyx silk (Akai, 1998). The 

antibacterial functions of A. pernyi and eri silk are higher than that of B. mori. 

Similarly, the reduction of UV by A. pernyi is also superior. Products made from 

these silks are popularized for these special qualities. Such added values of wild silk 

will stimulate their increased utilization at national and international level. Recently, 

wild silk powder has been obtained (Akai, 1998). This powder too is expected to have 

health benefits and increase the demand for wild silk (Akai, 1998).  

Apart from silk, there are several other by-products from sericulture which can 

be utilized as commercial input in many fields. The foliage of mulberry is used as a 

fodder for cattle (FAO). Silkworm pupae were traditionally used as fertilizer, animal 

feed, food material and medicine in some countries, such as China, Japan, Korea, 

India and Thailand (Zhou et al., 1996; Mishra et al., 2003; Zhu, 2004). Human 

consumption of silkworm pupae has been practised in China (Cao et al., 1996) and 

India by many tribal communities (Nagaraju et al., 2002). Recently, silkworm pupae 

have been put in the list of “Novel food resources managed as common food” by 

Ministry of Health, People Republic of China (Zhu, 2004). The waste liquor 

containing sericin, which is yielded through process of the degumming of silk fiber, is 
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also regarded as another raw material for the production of sericin powder. Sericin 

powder is used in a variety of industries as a raw material in production of food, 

cosmetic, medicine and so forth (Gulrajani, 2008). Thus sericulture not only provides 

silk for fashionable clothing, it also offers several useful byproducts to the human 

society (FAO). 

1.5. Sericulture industrial scenario in Mizoram 

Being a forest based industry, sericulture in Mizoram play an important role in 

socioeconomic upliftment and forest conservation. At present, 4 species (muga, eri, 

tasar and mulberry) are commercially exploited in different districts of Mizoram with 

a raw silk production of 8 tonnes and approximately 7,000 families are directly 

engaged in sericulture activities during 2010-2011 (Anonymous, 2011). Mizoram is 

self sufficient in mulberry and eri seed production but has to depend on the 

neighboring states for muga and tasar seed production. While rearing of mulberry and 

eri silk worm is practised in different parts of the state, muga and tasar culture is new 

to the state. In recent years, Government of Mizoram has imparted sericulture training 

to farmers so as to create awareness about the concept of silk moth farming, the 

practice of which not only provides substantial economic gain to tribal people but also 

helps to conserve forests and regional biodiversity.  

1.6. Biodiversity of wild silk moths 

Seribiodiversity refers to the variability in sericiginous or silk producing insects and 

their host plants (Strivastava & Thangavelu, 2005). Non mulberry silk moths are wild 

or semi- domesticated charismatic fauna which produces lustrous silk and exhibit a 

great range of variation in life history from eggs to adults with characteristically 

different physiological, morphological and feeding parameters (Kakati & Chutia, 
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2009). Regier et al. (2008a) stated that the Saturniids which include some of the 

largest and most spectacular species of all Lepidoptera are univoltine to multivoltine 

depending upon the climatic conditions and are distributed in both temperate and 

tropical region. Lemaire & Minet (1998a) estimated that the Saturniidae or wild silk 

moths  contains about 1861 species of 162 genera and 9 subfamilies worldwide of 

which the Indian sub- continent extending from Himalayas to Sri Lanka may possess 

about 50 species (Nassig et al., 1996). Jolly et al. (1975) reported about 80 species 

occurring in Asia and Africa to produce wild silk of economic value. India is home to 

variety of silk secreting fauna which includes an amazing diversity of silk moths. This 

has enabled India to achieve the unique identity of being the only producer of all the 

five commercially traded varieties of natural silk, namely, mulberry, tasar, oak tasar, 

muga and eri, produced by silk moth species B. mori, A. mylitta, A. proylei, A. 

assamensis and S. c. ricini, respectively (Natesh, 2008). According to Singh & 

Suryanarayana (2005), India‟s wild silk moth biodiversity consists of 47 species, 15 

genera, 3 tribes and 2 sub-families of the family Saturniidae. The North-Eastern 

region of India makes ideal home for a number of wild sericigenous insects and is 

centre of wild silk culture including muga (A. assamensis), eri (S. ricini), oak tasar (A. 

proylei) and mulberry silk (B. mori) (Thangavelu, 2002). Singh & Chakrovorty (2006) 

enlisted 24 species of the family Saturniidae from Northeast India. However, there are 

many species in the forests of Northeast India that are yet to be explored (Natesh, 

2008). Gupta (2007) reported only one species of wild silk moth viz. S. cynthia from 

the state of Mizoram.  

1.7. Host plants  

Many sericigenous insects along with their food plants are endemic to North East 

region. Host food plants for wild silk worms are crucial factor for wild silk industry. 
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Food plants play a major role in sericulture because the leaves are the only dietary 

source converted into silk of high commercial value. The three major factors namely 

survival rate, silk production in terms of quality and quantity and fecundity depends 

on the selection of nutritive superior plant values. The local races of wild silk moths 

are rich reservoirs of many resistant genes. Study of the bioecology of wild silk worm 

is needed to protect the genetic resources and their ecologically diverse habitats 

(Alam, 2000; Unni et al., 2009). The range of genetic diversity observed among the 

strains of muga, eri and tasar silk worms affirms the potentiality of molecular 

techniques for identification and selection of distant parents for silkworm 

hybridization, high silk yield and rational utilization and conservation of wild silk 

moth resources (Unni et al., 2009). Also, the wild tasar ecoraces are very important 

for evolution and breeding of new silkworm strains with desired economic characters. 

Hence, preserving tasar food plant and insect is inevitable for sustainable utilization, 

besides exploiting market avenues to progress rural India (Thangavelu, 2002). The 

studies based on quantitative traits needs analysis to understand the genetic basis of 

their phenotypic variability (Rao et al., 2004a) to generate substantial information on 

the genetic diversity of these populations so as to develop appropriate strategy for its 

conservation in their natural habitat. However, the said approach requires the 

conserved tasar seri-biodiversity initially, as the insect conservation; investigative 

studies and sustainable utilization are interlinked. In order to preserve the natural 

biodiversity present among these populations, systematic attempts are required to 

conserve the wild seri biodiversity for ecological balance and for sustainable 

economic viability (Hansda et al., 2008; Ojha et al., 2009; Reddy et al., 2010). 

Shifting cultivation is the major cause of wastelands in Mizoram. This would have 

direct impact on food plants of different wild silk moths. Diversity of wild silk moths 
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needs to be conserved through well planned and sustainable use of natural resources. 

Proper eco-development measures and strategies for ecological restoration of 

degraded jhum fallows would be needed to ascertain the continued existence of the 

valuable entomofauna among other components of biodiversity (Kakati & Chutia, 

2009). In many parts of the developing world, people seek diversified sources of 

income, especially those that are sustainable and environmental friendly .Wild silk 

farming is a unique, ecologically friendly industry with a great potential for 

employment generation, artisanal development and export earnings (Kioko et al., 

1999). Due to current population growth, shifting cultivation and other disturbance 

gradients in Mizoram, pressure on the forest is growing because the forest plays an 

important role in satisfying the daily needs and income of local people. Wild silk 

farming is among the industries that might assist resource-poor farmers of this region 

to escape a vicious cycle of poverty, while providing an incentive for forest 

conservation (Kioko et al., 2000). In countries where rural communities depend on 

subsistence farming, wild silk moth cultivation can be a supplementary activity for 

income generation while simultaneously conserving biodiversity. 

1.8. Rationale of DNA barcoding 

Identification systems based on DNA have the potential to facilitate both the 

identification of known species and the discovery of new ones (Blaxter, 2003; Hebert 

et al., 2003a). DNA barcoding is based on the premise that sequence diversity within 

a short, standardized segment of the genome can provide a „„biological barcode‟‟ that 

enables identifications at the species level (Hebert et al., 2003b; Marshall, 2005). 

Earlier studies have shown that sequence diversity in a 648-bp region near the 5
'
 end 

of the cytochrome c oxidase I (COI) of mitochondrial gene can resolve 95% of the 

species in test assemblages of birds, fishes, and Lepidoptera (Hebert et al., 2003b, 
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2004). The few cases of taxonomic ambiguity were within a complex of 

morphologically similar species. However, prior studies have not evaluated the 

performance of DNA barcoding in settings where species richness is particularly high. 

The DNA barcoding technology has been developed keeping in concern the 

drawbacks and slow progress of morpho-taxonomy to characterize Earth‟s biota, 

which is facing its sixth mass extinction. The technological advancement of DNA 

barcoding over morpho-taxonomy to define a species can be justified under the 

following major heads: (Ghosh, 2012).  

(i) Lack of taxonomic expert globally: The experts in the field of morpho-taxonomy 

have drastically reduced and concentrated on few corners of the Earth however, 

biodiversity has its wing spread throughout. The above uneven expert/biodiversity 

distribution have led an uneven exploration of bioresources and many species in Earth 

are going towards extinction or are already extinct before they are even defined. 

(ii) Selection of morpho-character to define a species: Although species are defined 

as “group of individuals which are reproductively isolated from other such groups” 

we hardly have any knowledge with us regarding the causes of reproductive isolation 

other than a few biochemical factors. Under the above circumstances the morpho- 

taxonomist concentrates on few visible morphological characters to define a species 

although being unsure whether the morphological characters borne the appropriate 

species resolution ability. It is further seen that different groups of taxonomists 

undertake different characters to define a similar species. This leads to dilemma and it 

is often seen that individuals of a species which are distantly distributed are defined as 

different species due to ecotype variation. 

(iii) Problems with recently diverged or cryptic species: One of the major 

drawbacks of morpho-taxonomy in inventorying Earth‟s bioresources is its inability to 
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define cryptic species or a species which have recently diverged. Such organism has a 

very little visible morphological dissimilarity and cause problem even for taxonomic 

experts. 

1.9. Importance of Molecular phylogeny 

Biological diversity needs to be organized and catalogued i.e., classified.  This 

exercise of classifying biodiversity is of immense importance because we need to 

know what‟s out there and how they are related to each other to better understand the 

underlying biological processes that have generated them. This information in turn 

can be used to our benefit, such as, to develop cure to various diseases or to manage 

and control of various pests, and for efficient use of economically important species 

(domesticated plants and animals). Moreover this information is central for the 

management and conservation of our biological heritage. Thus it is very important to 

characterize the living world and determine their evolutionary relationships.  

A phylogeny is an evolutionary tree that shows how different species are 

related to each other. One of the fundamental applications of phylogenies is in 

classification. Phylogenies help to systematically classify organisms in an 

evolutionary framework and are less prone to errors and individual biases (Sidow & 

Thomas, 1994; Zhang et al., 2012). Thus phylogenies can be used to compare and 

contrast molecular systematics with morphology based classification. Phylogenies are 

important component in the field of historical biogeography (vicariance vs.  dispersal 

and phylogeography). Furthermore they are useful in studying species evolution 

(budding speciation, sympatric vs. allopatric) and in identifying cryptic species. The 

study of evolution of behavioural and morphological characters in a phylogenetic 

context (character evolution) is also an exciting application of phylogenetics. Gene 

evolution too can be studied in a phylogenetic framework (molecular evolution). 
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Phylogenies can be built using molecular data or morphological data but in recent 

times molecular data are increasingly being used. There are some major advantages 

with molecular data in that there are large number of characters, easy to code the data, 

high levels of variation, comparable across taxa for example insects vs. vertebrates, 

identical technique for data acquisition across taxa and is less prone to errors and 

individual biases but the disadvantage is that it is very expensive.  

  This does not mean that traditional morphology based taxonomy should be 

abandoned. Over 99% of the described species on the planet have been classified 

based on morphological characters. Thus morphology based taxonomy has played 

central role in our understanding of biology in general and biodiversity in particular.  

By and large morphology based classification schemes have also been quite useful in 

inferring evolutionary relationships. But on numerous occasions (both at lower and 

higher level taxonomy) there has been poor concordance between morphology based 

classification and phylogeny (example human-ape relationship). Thus morphological 

characters are ideal for species identification, description, and delimitation but 

morphology based taxonomy might not be a good estimate of evolutionary 

relationship.  Molecular data are better suited for inferring phylogenies. 

The mitochondrial deoxyribonucleic acid (mtDNA) of most animals is a self-

replicating, circular deoxyribonucleic acid (DNA) molecule 1420 kb in size, which 

encodes a conserved set of 37 mitochondrial genes (13 protein-coding genes [PCGs], 

22 transfer ribonucleic [tRNA] genes, and 2 ribosomal ribonucleic acid [rRNA] 

genes) (Wolstenholme, 1992). It also contains a control region, known as the AT-rich 

region in insect. The genome data have been used widely as an informative marker for 

insect phylogenetic and evolutionary studies (Nardi et al., 2003; Arunkumar et al., 

2006). The large amount of insect mitochondrial genome (mitogenome) data has been 
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used for deep level phylogenetic studies (Jiang et al., 2009; Zhou et al., 2009; Hu et 

al., 2010; Yin et al., 2010; Kim et al., 2011; Son & Kim, 2011). Some mitogenome 

sequences have been used for comparative genomics studies to investigate the 

nucleotide variation and evolutionary patterns between species, such as two Ostrinia 

species (Coates et al., 2005), three Nasonia species (Oliveira et al., 2008), 15 species 

of beetles (Pons et al., 2010), and members of the Drosophila melanogaster (Meigen) 

subgroup (Ballard, 2000b). The sequence variation of the complete mitogenomes 

within distinct D. simulans Sturtevant haplotypes of a single species also has been 

investigated (Ballard, 2000a). The complete mitogenome of the mulberry silkworm B. 

mori has been used to look for the selection evidence on mtDNA (Li et al., 2010a). 

Though mitochondrial sequence data have proved valuable in determining 

phylogenetic relationships, the choice of gene is also of great significance (Simon et 

al., 1994; Lunt et al., 1996). The size and structure of CO1 gene has been well 

conserved in the animal groups analyzed so far, a feature which makes it especially 

suitable for evolutionary studies (Lunt et al., 1996). In recent years, comparision of 

mtDNA sequences has been used for population genetics and phylogenetic studies in 

several dipterans of medical, veterinary and medical importance (Hall et al., 2001; 

Zehner et al., 2004; Cummings & Krafsur, 2005; Segura et al., 2006; Angella et al., 

2007). It has become apparent that other mitochondrial gene regions can also provide 

insights concerning deeper divergences, as shown by a study that employed 16S 

rDNA sequences to examine the affinities of major gastropod lineages (Thollesson, 

1999). Therefore the nucleotide sequence of the small subunit (12s) and large subunit 

(16s) ribosomal RNA (srRNA) are proving extremely valuable for probing 

phylogenetic relationships among distantly related taxa because many regions remain 

conserved or semi conserved over large periods of time. Woese (1987) has suggested 
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that the ribosomal RNAs may be the ultimate molecular clocks. There is a large body 

of evidence that suggest that the rate of evolution in general is relatively constant with 

time (Ayala, 1986; Wilson, 1987). Because the srRNA molecule is common to 

virtually all life forms, it becomes possible to test the clock for a single molecule 

across many phyla. The 16S rRNA gene, which encodes the mitochondrial large 

ribosomal subunit (mt LSU) in animals, has been employed extensively to explore 

phylogenetic relationships in arthropods at most phylogenetic levels (Flook & Rowell, 

1995), familial level (Black & Piesman, 1994) and at genus level and below (DeSalle 

et al., 1992; Bond et al., 2001). The wide range on utility of 16S at various taxonomic 

levels suggests that the differential rates of molecular evolution within 16S, due to 

varying functional constraints, greatly affect its phylogenetic utility. For DNA 

barcoding mtDNA markers are preferred over nuclear markers because: (i) mtDNA 

evolve much faster than nuclear DNA (ii) mtDNA follow maternal inheritance pattern 

(iii) Lack of recombination in mtDNA (iv) Multiple copies of mtDNA (v) Absence of 

introns in mtDNA (vi) Recovering is easier and cheaper in case of mtDNA. COI and 

16S rRNA are utilized for this studies because of their high evolutionary rate, COI 

possess a greater range of phylogenetic signal than any other protein gene, universal 

primers of COI are very robust enabling recovery of its 5
' 

end, hence used for 

phylogenetic studies as it is highly conserved between different species. 

1.10. AIMS AND OBJECTIVES 

Survey and report on wild silk moth diversity of Mizoram is very poor. No extensive 

survey had been carried out except for the pioneer survey by Gupta (2007) who 

reported only one species of wild silk moth namely S. cynthia from Mizoram. So far 

no work has been done on the molecular phylogenetic relationships of wild silk moths 

in Mizoram. Hence an attempt is made for the first time to conduct a detail survey of 
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wild silk moths in Mizoram to characterize, classify and document the status of these 

precious faunal species and to perform molecular phylogenetic analysis of wild silk 

moths. 

The following objectives were set forth for the present study: 

(i) To assess the diversity of wild silk moths and their host plants in Mizoram.  

(ii) To determine seasonal, altitudinal and monthly distribution of wild silk moths 

and determine their variation by statistical method. 

(iii) To perform molecular phylogenetic analysis using 16S rRNA and CO1 

mitochondrial markers. 
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2.1. Taxonomic studies of wild silk moths 

Reviews on taxonomic details of wild silk moths are provided by various workers. 

Taxonomic work of wild silk moth refers to Moore (1859, 1872, 1877); Hampson 

(1892); Seitz (1913); Tutt (1899-1990) and Sathe & Pandharbale (1999, 2004). 

Taxonomic account of Indian moths is very scanty in Indian subcontinent and oriental 

region. Taxonomy of Indian Saturniidae was provided by different workers such as 

Linnaeus (1758) and Fabricus (1793). Hampson (1892, 1976) made significant 

contribution on Indian moths in Fauna of British India, Moths-I under which he 

described twenty three families including the family Saturniidae. Under the family 

Saturniidae he described ten species of the genus Saturnia, seven species of the genus 

Attacus and Antheraea, three species of the genus Actias and Loepa and  two species 

of the genus Salassa and Cricula. Nayak et al. (1986a) reported the sex association in 

double cocoons of A. mylitta and Nayak et al. (1986b) for the first time classified the 

tasar cocoons on the basis of pupa, shell, peduncle and loop. No taxonomic work is 

reported in recent years on wild tasar moths except the work of Sathe (2007) and 

Kavane & Sathe (2009). Other taxonomic works related to genitalia of tasar silk 

moths refer to Zander (1903); Pierce (1909, 1914); Snodgrass (1935); Viette (1948); 

Jolly & Sen (1967) while Thangavelu (1992); Alam et al. (1993); Narasimhanna 

(1998), Akai (1998); Mohanty et al. (2000); Rao et al. (2002); Kirsur & Krishna Rao 

(2003); Rao et al. (2004b) studied the ecoraces of A. mylitta. Jolly (1976) reviewed 

taxonomic hybrids related to A. proylei. In the past, Hampson (1976), Arora & Gupta 

(1979), Sathe & Mulla (1999); Sathe & Thite (2004); Sathe et al. (2008) reported 

taxonomy of wild silk moths from India. Hampson (1976) and Sathe & Pandharbale 

(2008) reported the occurrence of seven species of genus Antheraea. However, 

according to recent report provided by Chinnaswamy (2001), there are nine species of 
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Antheraea in India. According to Sinha (1998) and Srivastava et al. (2003), about 

fourty four ecoraces of A. mylitta have been recognized out of which, eight are being 

exploited for commercial tasar silk production in India (Suryanarayana & Srivastava, 

2005). 

2.2. Diversity of wild silk moths  

2.2.1. Global status 

Biodiversity of moths have been scarcely attended at global scenario (Moore, 1877; 

Hampson, 1976). Watson (1911) studied the wild silk moths of the world with special 

references to the family Saturniidae. Nassig et al. (1996) reported 1200-1500 species 

of the family Saturniidae worldwide. Lampe (2010) also reported 1400 species of 

Saturniidae worldwide. Collins & Weast (1961) studied wild silk moths of United 

States. Tukes et al. (1996) reported seventy three species of wild silk moths belonging 

to seventeen genera and three sub-families namely Ceratocampinae, Hemileucinae 

and Saturniinae from North America. Racheli & Racheli (2005b, 2006a) reported a 

total of 321 Saturniidae taxa from Ecuador and provided an update inventory of 196 

Saturniidae on the total of 321 taxa (excluding Oxyteninae and Cercophaninae) 

recorded for Napo province, Ecuador. Rudolf & Lampe (1984) listed twenty two 

species of Saturniidae from Peninisular Malaysia. Nassig (1999-2002) listed twenty 

six species from the same region. Potter (1941) reported the Chinese moon moth 

Actias selene from Hongkong. Barlow (1982) provided an introduction to moths of 

South East Asia. Tharanga Aluthwattha (2013) reviewed four valid species of family 

Saturniidae viz. A. s. taprobanis, A. taprobanis, A. cingalesa and C. ceylonica from 

Sri Lanka. According to Peigler (1989) the genus Attacus Linnaeus is restricted to the 

Australasian region and comprises fourteen known species, of which eleven are 

insular endemics. Within the family Saturniidae, the genus Samia includes nineteen 
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closely related species from the eastern Palaearctic and Oriental regions (Peigler & 

Naumann, 2003). 

2.2.2. National status 

Fairly good numbers of references are on record about seri-biodiversity and their 

potential as a source of natural silk in Indian subcontinent (Arora & Gupta, 1979; 

Chinnaswamy, 2001; Thangavelu, 2002). Cotes (1891-1893) studied the wild silk 

insects of India and reported twenty nine species from India. Ten Saturniids are 

known to occur in Andaman Islands all of which were endemic to Andaman. Only six 

species of Saturniidae (described between 1877 and 1914) were known to occur in the 

Andaman Islands (Moore, 1877; Jordan, 1911; Peigler, 1989) until Brechlin & 

Kitching (2001) elevated A. (Antheraea) insularis from a subspecies of A. 

(Antheraea) frithi to a full species, and Brechlin (2002) described three new species 

viz. A. (Antheraea) meisteri, A. (Antheraeopsis) rudloffi and A. (Antheraea) cernyi 

from the Andaman Islands. Brechlin (2007) also reported Actias witty from Little 

Andaman. Jordan (1911) described a new Saturniidae moth viz. Loepa anther from 

Digboi, Assam. Arora & Gupta (1979) enlisted 40 species of wild silk moths from 

India alone. Thangavelu (1992) stated that there is a need for conservation of wild 

sericigenous insects of India and enlighten recent studies in Indian tasar and other 

wild silk moths. Species diversity in tasar silk moths, hammock formation and 

mortality of tasar silk moth along with some tribal belief has been reported by 

Mohanty (1995, 1997) and Mohanty & Behera (1996). Narasimhanna (1998) 

described biodiversity of wild silkworms in India. Of the total 19 species of eri (genus 

Samia) reported worldwide, only three species are reported from India, out of which 

two are from the northeast region viz. S. canningi, which is a wild species and S. 

ricini, a totally domesticated species (Peigler & Naumann, 2003). India also has 
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native populations of wild silk moths such as Theophila religiosa, B. mandarina, and 

A. compta. Sathe (2007) described twelve species of wild silk moth from Western 

Maharashtra namely two species of the genus Attacus i.e., A. atlas and A. edwardsii, 

two species from the genus Actias viz. A. indica and A. paphia and five species of the 

genus Antheraea viz. A. mylitta, A. cingalesa, A. knyvetti, A. andamana and A. helferi 

and S. anna, L. katinka and C. trifenestrata. Aland et al. (2011) reported five species 

of wild silk moth belonging to five genera viz. A. mylitta, A. selene, A. atlas, C. 

trifenestrata and L. katinka from Amba Reserve Forest of Kolhapur District of 

Maharashtra. Gogoi et al. (2014a) documented twelve species of wild silk moths 

belonging to eight genera from West Siang districts of Arunachal Pradesh. 

2.2.3. North East status 

 Seitz (1913) recorded nineteen species of wild sericigenous lepidopterans from the 

entire North Eastern India including Sikkim and Assam. Chowdhury (1983a) and 

Thangavelu (1991) without specifying the limits of survey recorded ten and nine 

sericigenous species respectively from the region. Sahu & Bindroo (2007) recorded 

nine species of wild silk moths in the North Eastern region of India and reported the 

need for its conservation. During their three years survey, Kakati & Chutia (2009) 

reported fourteen species of wild silk moths belonging to eight genera from the state 

of Nagaland and Devi et al. (2011) documented fourteen species belonging to six 

genera from the state of Manipur. Kalita & Karabi (2014) reported a total of eleven 

species of wild silk moths belonging to six genera from Assam and recently, 

Shangpliang & Hajong (2015) documented fourteen species of wild silk moths 

belonging to nine genera from Meghalaya. Literature review has shown that ten out of 

the thirteen species previously recorded by Gupta (2000) from Meghalaya have not 

been recorded by Shangpliang & Hajong (2015). While a few survey reports on wild 
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silk moths in the North-Eastern India are available (Thangavelu & Borah, 1986; 

Thangavelu et al., 1987; Bhattacharya & Teotia, 1998; Bhattacharya et al., 2004), the 

faunal diversity of Mizoram is poorly documented with few preliminary surveys. 

Gupta (2007) reported only one species of wild/ silk moth viz. S. cynthia from 

Mizoram. However, detailed information on sericigenous insects of Mizoram is 

generally lacking.  Hence an attempt is made for the first time to conduct a detail 

survey of wild sericigenous insects in Mizoram to characterize the overall diversity 

and distribution pattern and document the status of this precious faunal species in the 

region. 

2.3. Host plants of wild silk moths 

Wild silk moths are flagship species and are widely recognized as forest-based 

industry (Pollard & Yates, 1993).  Additionally, close association of wild silk moths 

and their food plants allow us to explore fundamental questions in evolution and 

ecology (Ehrlich & Raven, 1965). Kakati & Chutia (2009) reported the occurrence of 

primary and secondary host plants of wild silk moths viz. A. assamensis, A. roylei, A. 

proylei, A. selene, A. atlas, C. trifenestrata, S. canningi and S. ricini from Nagaland. 

Except for a few host plants which are site specific, most are found to be distributed 

throughout Nagaland. The presence of host plant of wild silk moths such as A. 

assamensis, A. frithi, A. knyvetti, A. selene, A. atlas, A. edwardsii and S. canningi 

were also reported from Manipur by Devi et al. (2011).  All the silk moths and their 

host plants reported by them are in the collection of Regional Tasar Research Station, 

Imphal.  Gogoi et al. (2014) also reported few host plants of wild silk moths like A. 

assamensis, A. frithi and S. canningi in the wild habitats from West Siang districts of 

Arunachal Pradesh. Recently Shangpliang & Hajong (2015) reported the occurrence 

of host plants of A. assamensis, S. ricini, S. canningi, Caligula simla and A. selene 
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from Meghalaya. Literature review revealed that the North Eastern region of India 

harbours more or less similar host plants of wild silk moths (Kakati & Chutia, 2009; 

Devi et al., 2011; Kalita & Karabi, 2014; Shangpliang & Hajong, 2015). However, 

slight variation may occur due to microclimatic variations, variation in forest pattern 

like tropical evergreen forest prevalent in Arunachal Pradesh and Assam, tropical 

moist deciduous forest distributed in strips along the foothills of the Himalayas (Joshi 

et al., 2006) and tropical wet evergreen forest in Mizoram (Pachuau, 2009). 

2.4. Molecular phylogeny 

The silk-producing insects have been classified on the basis of morphological clues 

such as follicular imprints on the chorine eggs, the arrangement of tubercular setae on 

the larvae, and karyotyping data (Jolly et al., 1969, 1970a; Sinha, 1998a). 

Classification and phylogenetic analysis of species on the basis of morphological 

attributes may be riddled with problems because morphological features may be 

variable with environment (Shouche & Patole, 2000). Molecular features provide an 

alternative. Till recently taxonomists have largely used morphological characters for 

identification and classification of wild silk moths (Thangavelu et al., 1987). Wild 

silk moths present in different regions of north-east India showed wide variations in 

morphological and quantitative characters such as absolute silk content, larval weight, 

cocoon weight, cocoon shell weight and silk ratio (Siddiqui et al., 2000). In order to 

preserve the natural biodiversity present among these populations attempts are being 

made to understand the genetic structure of each population. However no systematic 

studies were made to generate substantial information on the genetic diversity of these 

populations so as to develop appropriate strategy for its conservation at the natural 

habitat. 
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The advent of molecular biological techniques clearly showed the advantages 

of molecular markers over morphobiochemical markers to analyze population 

diversity. As the molecular markers are stable and environmentally independent, they 

are increasingly being preferred to phenotypic traits to detect genetic variation not 

only among populations but also between individuals within a population (Nagaraju 

& Goldsmith, 2002). A number of DNA marker systems such as simple sequence 

repeats (Prasad et al., 2005), random amplified polymorphic DNA (Liu et al., 2006; 

Cao et al., 2007; Neog et al., 2010), inter-simple sequence repeats (Kar et al., 2005; 

Pradeep et al., 2005; Vijayan et al., 2006; Yang et al., 2008), expressed sequence tag  

(Arunkumar et al., 2008), restriction fragment length polymorphism (Mahendran et 

al., 2005), fluorescent dye labeled inter-simple sequence repeats polymerase chain 

reaction (Nagaraju & Goldsmith, 2002), single nucleotide polymorphism (Cheng et 

al., 2004), amplified fragment length polymorphism (Reineke et al., 1998; Katiyar et 

al., 2000) and mitochondrial COI (Mahendran et al., 2006b; Liu et al., 2008, 2009, 

2010) have been used to study the population genetics of different silk worm insects. 

The phylogenetic relationships among members of Saturniidae and Bombycidae have 

earlier been studied but were limited to certain species on the basis of mitochondrial 

genes. Different molecular markers are available for characterization of genetic 

diversity of B. mori (Nagaraju & Goldsmith, 2002; Goldsmith et al., 2005; Reddy, 

2010), whereas very little attention has been focused on the genetic diversity of non-

mulberry silkworms. It is essential to develop a DNA marker system to study genetic 

diversity among all varieties of silk-worms (Prasad et al., 2002; Chatterjee & 

Tanushree, 2004). 

 With the advent of modern molecular tools and data analysis programs, 

taxonomists are increasingly using molecular data. DNA barcoding is one such 
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system that is designed to provide rapid and accurate species identification by using 

short standardized gene regions as internal species tags (Hebert et al., 2003c). 

Although this technique cannot replace traditional taxonomy, it can give precision, 

accuracy and speed to the species identification (Li et al., 2009).  Additionally it helps 

us to deal with the taxonomic ambiguity in the case of morphologically similar 

species. The sequence data generated during DNA barcoding of a species group can 

also be used to reconstruct species phylogenies. These phylogenies in turn can be used 

to address interesting evolutionary problems in the areas of host-plant co-evolution, 

character evolution, biogeography etc.  Many wild silk moth species have fragmented 

geographical distribution (Regier et al., 2008a). Data generated through DNA 

barcoding can give better insights into genetic interactions between these 

subpopulations. Thus DNA barcoding provides us with exiting new window to 

address questions in ecology, evolution and behaviour.  Such an integrated and 

interdisciplinary approach is crucial for long-term conservation of wild silk moth 

fauna of the region.  

Selection of a gene for phylogenetic analysis plays a pivotal role (Whitfield & 

Cameron, 1998). CO1 and 16S rRNA genes encoded by the mitochondrial genome 

are commonly used in molecular phylogenetic studies because they have conserved 

sequences whose evolutionary rate is appropriate to resolve phylogenetic relationships 

between small taxonomic units like genera or families (Brower, 1994; Canapa et al., 

2000; Han, 2000; Niehuis & Wagele, 2004). There are several reports on the utility of 

mitochondrial genes for inferring relationships among closely related species and 

species groups in butterflies (Davies & Bermingham, 2002; Blum et al., 2003). The 

phylogenetic relationships among members of Saturniidae and Bombycidae have 

earlier been investigated using several molecular markers such as the nuclear 



27 

 

elongation factor 1α (EF-1α), dopa decarboxylase (DDC), arylphorin, and single and 

concatenated sets of mitochondrial genes (16S rRNA and RFLP of mtDNA) although 

more species must be evaluated in order to obtain a more complete picture of the 

relationships among the silk moths mtDNA (Shimada et al., 1995; Friedlander et al., 

1998; Hwang et al., 1999a,b; Mahendran et al., 2005, 2006c; Hong et al., 2008). The 

previous analysis was limited to A. peryni, A. yamamai and A. atlas of Saturniidae and 

B. mori and B. mandarina of Bombycidae. Liu et al. (2012b) determines the complete 

mitochondrial genome (mitogenome) of the wild type of A. pernyi and compared for 

nucleotide variation with its domesticated type. The phylogenetic analysis, based on 

the complete mitogenome, strongly supports the placement within the superfamily 

Bombycoidea, which is consistent with the previous findings by morphological 

analysis (Kristensen & Skalski, 1998) and by molecular analysis based on some 

nuclear genes (Kawahara et al., 2009). The topology based on the Maximum 

Parsimony (MP) method is identical to that based on Neighbour Joining (NJ) method. 

The phylogenetic analysis of the two mulberry-consuming species, B. mori and B. 

mandarina, belonging to the Bombycidae and other five non mulberry-consuming 

wild silk moths, A.  pernyi domesticated, A. pernyi wild, A. yamamai, S. boisduvalii, 

and E. pyretorum, belonging to the Saturniidae, independently formed distinct groups, 

with the highest level of node support. In the phylogenetic tree, the wild type of A. 

pernyi is closely related to the domesticated type of A. pernyi, followed by A. 

yamamai, further confirming the identification of the wild type of A. pernyi based on 

morphology and DNA barcoding (Zhu et al., 2009). 

A comprehensive molecular study by Regier et al. (2002b) re-examined 

relationships within Saturniinae using two nuclear genes (EF-1α, DDC), sampling 

four of the five named tribes and using two other subfamilies as out groups. The 
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results strongly supported the contention of Oberprieler & Nassig (1994) and 

Oberprieler (1997), contra Lemaire & Minet (1998a), that the subfamily Ludiinae is 

phylogenetically subordinate within Saturniinae. The taxonomic classification of 

Saturniids has long been a challenge (Regier et al., 2008b). A recent molecular 

analysis of bombycoid relationships (Regier et al., 2008a) confirms the placement of 

Saturniidae in the Bombycoidea sensu stricto of Minet (1994) but does not securely 

establish their sister group therein. Regier et al. (2008b) estimated relationships across 

Saturniidae, sampling all nine subfamilies plus all five tribes of Saturniinae using four 

protein-coding nuclear gene regions (5625 bp total), namely CAD (the fusion protein 

carbamoylphosphate synthetase/aspartate transcarbamylase/dihydroorotase), DDC, 

period, and wingless. The data, analyzed by parsimony and likelihood, gave a strongly 

resolved phylogeny at all levels. The monophyly of Saturniidae itself is strongly 

supported with a bootstrap support of 98%. Relationships within subfamilies also are 

well resolved, for the most part. Subsequent phylogenetic work has focused mainly 

within individual genera, tribes or subfamilies, especially in Saturniinae (Peigler, 

1989, 1993; Oberprieler & Nassig, 1994; Balca zar-Lara & Wolfe, 1997; Oberprieler, 

1997; Peigler & Naumann, 2003; Regier et al., 2005). Friedlander et al. (1998) 

sampled all nine attacine genera by using two nuclear genes, EF-1α and DDC which 

provides concordant relationships within the giant silk moth tribe Attacini 

(Lepidoptera: Saturniidae). EF-1α and DDC agree in the placement of seven of nine 

genera, with placement of the other two not in strong conflicts. Combination of the 

gene sequences results in a nearly fully resolved tree that is consistent with EF-1α 

alone and agrees with morphology in five of eight groups. Conflict between 

molecules and morphology is confined to deeper-level relationships within Attacini, 

where node support for the molecular hypotheses, but not the morphological 
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hypotheses, is generally very strong. The molecular phylogeny supports a revision of 

attacine biogeography in that neither East Asian nor New World genera form 

monophyletic groups.  

Liu et al. (2012b) performed phylogentic analysis using fifteen mitochondrial 

genomes representing five superfamilies within the lepidopteran. The NJ analyses 

clustered A. selene, A.  pernyi and A. yamamai within the Bombycoidea superfamily; 

S. c. ricini, E. pyretorum and C. boisduvalii within Saturniidae; B. mori and B. 

mandarina, within Bombycidae, and Hyphantria cunea and H. armigera within 

Noctuoidea, which is the closest to Bombycoidea. The phylogenetic analyses of these 

super families support the traditional morphology-based classification (Kristensen & 

Skalski, 1998). 

Although the genetic relationships within Saturniidae have been performed 

(Friedlander et al., 1998; Hwang et al., 1999b; Regier et al., 2002b, 2008b; 

Mahendran et al., 2006b; Wu et al., 2009), information on phylogenetic relationships 

of these silk-producing species is yet limited. Chen et al. (2014) performed analysis 

based on two sequence datasets; amino acid sequences of thirteen PCGs and 

nucleotide sequences of thirteen PCGs plus two rRNAs with Maximum Likelihood 

(ML) method, a model-based evolutionary method. The optimal cladograms inferred 

by these two datasets are identical, which indicate the presence of two distinct groups: 

Saturniidae and Bombycidae, consistent with the morphological analysis and the 

previous works (Hwang et al., 1999a,b; Arunkumar et al., 2006; Mahendran et al., 

2006b; Kim et al., 2011). It is clear that A. atlas shares a close ancestry with Samia 

species (Peigler, 1989), with very strong support by ML analyses. Within Saturniidae, 

the study support the sister group relationship between Saturniini (A. pernyi, A. 

yamamai, C. boisduvalii, S. pyretorum, and A. selene) and Attacini (A. atlas, S. 
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cynthia, and S. ricini), with strong support (100% BP), which agree with the 

traditional morphological classification and recent molecular works (Peigler, 1989; 

Friedlander et al., 1998; Regier et al., 2002b; Mahendran et al., 2005, 2006a; Wu et 

al., 2009) but with a much higher support. 

For breeding or improving promising cultivars of a race of a silkworm, precise 

determination and discrimination of the genotypes are required. The most desirable or 

suitable silkworm race with disease tolerance or high yielding characteristics can be 

developed using molecular markers in selection and breeding (Unni et al., 2009; 

Reddy et al., 2010). The mitochondrial genes and genomes have been widely used as 

an informative molecular marker for diverse evolutionary studies of animals, 

including phylogenetics and population genetics (Li et al., 2010). To date, the 

complete or near-complete mitogenome have been sequenced from 120 insect species 

(http://www.ncbi.nlm.nih.gov). Within the order Lepidoptera, only thirteen complete 

or near-complete mitogenomes were sequenced (Yukuhiro et al., 2002; Coates et al., 

2005; Lee et al., 2006; Cameron & Whiting, 2008; Hong et al., 2008, 2009; Kim et 

al., 2008; Liu et al., 2008; Pan et al., 2008; Salvato et al., 2008; Yang et al., 2008) 

and the covered taxon-sampling is extremely poor and limited to six superfamiles 

among the 45–48 known, and to nine families of the recognized 120. Newly added 

insect mitogenomes can provide further insight into our understanding of insect 

mitogenomes diversity and their evolutionary history. Mitochondrial gene markers 

(COI and 16S rRNA) developed during the last two decades have been successfully 

and largely utilized for taxonomic and systematic classification as well as phylogenic 

or genetic diversity studies of wild silk insects. Survey on literature failed to uncover 

any detailed record on molecular characterization of wild silk moths based on mtDNA 

markers (Liu et al., 2008). Hence, an attempt is made for the first time to characterize 
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the wild silk moths collected from different localities of Mizoram using mtDNA 

markers. 
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3.1 Survey and sample collection 

An extensive survey was carried throughout Mizoram from 2011-2014 to collect wild 

silk moths and their host plants. Natural habitats and undisturbed forests of eight 

districts were surveyed for wild silk moths and their host plants. During the survey 

period, officials of the State and Central Sericulture departments as well as other 

private rearers were interviewed for information on presence/absence of wild silk 

moths, preferred host plants and attempts at rearing the moths. Data were collected 

using visual observation and opportunistic collection method (Sutherland, 1996). As 

silk moths are attracted towards light sources, the collection was done near the lamp 

posts/street lights in various sites lying in the ecodevelopment area. Wild silk moths 

were also collected with the help of sweep net and light trap (Intachat et al., 2001). As 

widely recognized by lepidopterists, many trap designs are not particularly suitable 

for use in tropical conditions, primarily because they are too small to cope with the 

enormous catches that are so frequently encountered (Barlow, 1982). For this study a 

light trap was designed based on principles of standard traps. A white sheet was hung 

between two vertical poles and the light source placed in such a way that the whole 

sheet was brightly illuminated. Wild silk moths that come to light were hand sampled 

and photographs were taken. The specimens were stretched, spread, pinned and 

labeled before identification, put in butter paper envelopes inside an airtight plastic 

container with cholorcresol as an antifungal agent. The legs were taken from the 

adult, put in 1.5 ml Eppendorf tube with 70% alcohol and and put in refrigerator for 

further molecular analysis. Light traps are the most widely used and most efficient 

method used to survey nocturnal insects especially moths at population and 

community levels (Young, 2005). Although light traps provide an excellent method of 
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gathering standardized and comparable data, there are many factors that influence the 

abundance and composition of light trap catches. 

3.2. Identification 

Identification of the wild silk moths and their host plants was done with the help of 

identification keys, standard reference books, and available literature (Hampson, 

1976; Arora & Gupta, 1979; Nassig et al., 1996; Peigler & Naumann, 2003), by 

comparing with the reference collection available at Zoological Survey of India and 

specialists on the subject from Zoological Survey of India and Botanical survey of 

India, Shillong. Vouchers of the collected specimens are maintained in the 

Department of Zoology, Mizoram University, Aizawl. 

3.3. Study area 

Mizoram lies in the North Eastern part of India, between 21
°
 56

´
N-24

° 
31

´
N latitudes 

and 92
°
 16

´
 E-93

°
 26 

´
E longitudes. The North-East India is the centre of attention as 

an area of global importance due to its rich biodiversity and is included under two 

biodiversity hotspot areas, Eastern Himalaya and Indo-Myanmar. Mizoram, situated 

in the southernmost part of North-East India represents an important part of the Indo-

Myanmar biodiversity hotspot (Pachuau, 2009; Anonymous, 2012).  Sandwiched 

between Bangladesh and Myanmar, its location is of strategic significance 

geographically and politically, and shares a total common international boundary of 

about 585 kilometers (km) with these two countries. Mizoram is bounded on the north 

by Cachar districts of Assam and the state of Manipur; on the east and south by Chin 

Hills of Myanmar; on the west by Chitagong Hill tracts of Bangladesh and the state of 

Tripura. It has a total geographical area of 21,087 square kilometer (sq.km) and its 

maximum dimension – north to south is 285 km, and east to west is 115 km. The 

elevation ranges from 21 m at Tlabung to 2,157 m at Phawngpui above mean sea 
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level. The geomorphology of Mizoram is dominated by a series of parallel hill ranges, 

generally running from north to south, increasing in elevation from west to east. The 

numerous rivers, governed by the hill ranges flow either from north to south, or vice 

versa, often following a tortuous course. This creates a complex drainage pattern with 

several parallel rivers flowing in opposite directions (Pachuau, 1994; Singh, 1996). 

The hill ranges can be classified into the ridge and valley province (altitudinal range 

of 40-1550 m), occupying most of the state and the mountainous terrain province 

(altitudinal range of 400-2157 m), restricted to an eastern longitudinal strip adjoining 

Myanmar (Pachuau, 1994; Singh, 1996). The slopes range from straight (10º-15º) to, 

very steep (>40º) (Singh, 1996). Flat lands cover only 2.4% of the geographical area. 

In addition, many of the ranges bounding river valleys along the eastern side are low 

in elevation (100-500 m above sea level), having gentle slopes, with small stretches of 

flat land along either side of the river (Pawar, 1999). 

Despite its tropical location, Mizoram enjoys a moderate climate. This is 

mainly due to its high elevation. It is neither very hot nor too cold throughout the 

year. The region falls under the direct influence of the south- west monsoon with an 

annual average rainfall of 250 cm. As such the region receives an adequate amount of 

rainfall. The climate is humid tropical, characterized by short winter, long summer 

with heavy rainfall. The hottest months are May, June and July. Thereafter the onset 

on monsoon brings down the temperature. The temperature continues to fall with the 

break of the monsoon rains, and is minimized in December and January.  

Normally three different seasons are observed in Mizoram (Pachuau, 2009). 

a) The Cold or winter season: The winter season starts from November and lasts till 

February.
 
Temperature ranges between 8

°
 C and 24

°
 C during this season. This season 
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receives a very less rainfall from north-east, generally known as retreating monsoon. 

During  this  season  morning  mists  are  very  common  in  most  valleys. 

b) The Warm or spring season: The warm season begins from March and lasts till 

first part of May and merges with raining season and is characterized by a bright 

sunshine and a clear blue sky. The temperature fluctuated between 19
°
C to 32

°
C. 

Maximum insulations are received during this period due to the clear blue sky. This 

season is the hottest season in Mizoram. 

c) The rainy or summer season: This is the longest season holding out for nearly six 

months from second half of May to late October. This season starts with violent 

storms which swept the state from south west through Bay of Bengal, marking the 

beginning of monsoon rains. Rainfall is heavy during May to September and about 

40% of the annual rainfall is received during July and August. 

The soils of Mizoram are dominated mainly by loose sedimentary formations. 

They are generally young, immature and sandy (Pachuau, 2009). Soil texture varies 

from sandy loam and clayey loam to clay, generally mature but leached owing to 

steep gradient and heavy rainfall. Mizoram has an abundant growth of vegetation. Out 

of the total geographical area (21, 087 sq.km) as much as 15,935 sq.km is covered by 

vegetation which accounts for about 75% of the area of the state. The type of 

vegetation which thrives in Mizoram ranges from Tropical trees to Sub- tropical trees.  
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3.4. Diversity study 

The altitudinal range in Mizoram was divided into five categories with an interval of 

300 m, 0-300 m, 300-600 m, 600-900 m, 900-1200 m and 1200-1500 m above sea 

level (asl). Five different sites were selected for each altitudinal range (Table 1). 

Extensive survey has been carried out in all the selected sites covering all the total 

eight districts of the state (Figure 1). 

Species diversity was evaluated for each altitudinal range by using Shannon’s 

diversity index and Simpson’s index and dominance was calculated using Berger 

Parker index. For the data analysis Biodiversity Pro software (McAleece et al., 1997) 

was used. Jaccard Similarity index was computed to indicate the range of similarity 

among the species along the elevation gradients (Jaccard, 1912).  

Shannon index 

Shannon Index combines the number of species within a site with the relative 

abundance of each species (Shannon, 1948; Magurran, 1988; Krebs, 1989; Odum, 

1997). 

H’ = –∑pi In pi 

Where, H’ = Shannon index of diversity,   

             pi = the proportion of important value of the ith species 

                         pi = ni / N, ni is the important value index of ith species and           

   N is the important value index of all the species. 

Shannon's equitability (J) can be calculated by dividing H by Hmax                  

Hmax = lnS. 
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Simpson index 

 D= ∑n(n-1)/N(N-1) 

Where,  N = the total number of organisms of a particular species 

    N =   the total number of organisms of all species  

As D increases, diversity decreases. Simpson’s index is therefore usually 

expressed as 1-D or 1/D. 

Berger-Parker index 

The Berger-Parker index, d, is a simple dominance measure. It expresses the 

proportional abundance of the most abundant species. 

 d = Nmax/N 

Where, Nmax = the number of individuals in the most abundant species.  

Jaccard Similarity index 

The Jaccard similarity index takes into account the presence or absence of a species. 

This index is given by:  

SJ = a/ (a + b + c) 

 Where,  SJ = Jaccard similarity coefficient,   

  a = number of species common to (shared by) sites, 

  b = number of species unique to the first site, and 

  c = number of species unique to the second site.  
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Table 1 Sampling sites with their respective districts and co-ordinates. 

 

 

 

 

 

Elevation 

(m) 
Surveyed sites Coordinates Districts 

0-300  

Teirei   23
o
 41’ 26.14" N 92

o
 27’08.95" E  Mamit  

Bilkhawthlir   24
o
 20’ 14.24" N 92

o 
43’00.45" E Kolasib  

Sihmui   23
o
 48’ 02.92" N 92

o
 38’22.65" E  Aizawl  

Dapchhuah   23
o
 46’ 21.40" N 92

o
 31’10.83" E Mamit  

Sairang   23
o
 48’ 32.21" N 92

o
 39’22.17" E Aizawl  

300-600  

Thingdawl   24
o
 10’ 13.55" N 92

o
 42’ 27.37" E  Kolasib  

Lengpui   23
o
 50’ 18.66" N 92

o
 37’ 15.67" E  Aizawl  

Lengte   23
o
 46’ 19.21" N 92

o
 35’ 58.93" E  Aizawl  

Rengtekawn   24
o
 14’ 39.70" N 92

o
 41’ 25.12" E Kolasib  

Thenzawl   23
o
 16’  54.90" N 92

o
46’ 25.28" E   Lunglei  

600-900  

Kolasib   24
o
 13’ 30.48" N 92

o
40’ 41.57" E  Kolasib  

Lawngtlai   23
o
 31’ 53.98" N 92

o
 53’ 44.90" E  Lawngtlai  

MZU  23
o
 44’ 62.91" N 92

o
 39’ 59.69" E  Aizawl  

Mamit   23
o
 55’ 42.31" N 92

o
 29’ 25.89" E  Mamit  

Aibawk   23
o
 33’ 28.66" N 92

o
 42’ 18.70" E  Aizawl  

900-1200  

Saiha   22
o
 29’ 27.11" N 92

o
59’  16.40" E  Saiha  

Thingfal   22
o
 37’ 09.48" N 92

o
 52’ 18.80" E  Lawngtlai  

Lunglei   22
o
 54’ 28.00" N 92

o
 45’ 29.82" E  Lunglei  

Reiek   23
o
 41’ 53.28" N 92

o
 38’ 17.14" E  Aizawl  

Bukpui   23
o
 21’ 30.72" N 92

o
 50’ 40.11" E  Serchhip  

1200-1500  

Hmuifang   23
o
 27’ 04.07" N 92

o 
45’ 19.41" E  Aizawl  

North Vanlaiphai   23
o
 07’ 52.96" N 93

o
 03’ 44.82" E  Serchhip  

Tuipang   22
o
 18’ 54.48" N 93

o
 01’ 34.61" E  Saiha  

Champhai   23
o
 28’ 40.77" N 93

o
 19’ 31.22" E Champhai  

Khawzawl   23
o
 31’ 30.48" N 93

o
 11’ 14.97" E Champhai  
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Figure 1 Map of Mizoram showing surveyed sites. 
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3.5. Extraction of DNA  

DNA was extracted from the leg of wild silk moths which were stored in 70% alcohol 

at 4 °C prior to extraction, using a protocol modified from Zimmermann et al. (2000). 

The leg was washed with distilled water, dried and macerated with the help of scissor 

in 1.5 ml Eppendorf tube, the tissues were homogenized with pestle and 250 µl of 

extraction buffer (50 mM Tris HCl, 25 mM NaCl, 25 mM EDTA, 0.1% SDS) was 

added. To this, 2 µl of proteinase K (18ug/ml) was then added and mixed gently and 

incubated in an oven at 56 °C for 1½ h. Equal volume of phenol/chloroform (250 µl) 

was then added to supernatant and mixed thoroughly until the solution is homogenous 

and was then centrifuged at 13,000 rpm for 5 min (Eppendorf Centrifuge  5418 R). 

Supernatant was carefully taken out and collected in a new Eppendorf tube. Absolute 

ice cold 100% ethanol (450 µl) was added to the supernatant and then mixed gently 

by inverting the tube several times and then kept in ‒20 °C for at least 30 min or 

overnight. The tube was then centrifuged at 13,000 rpm for 5 min at 4 °C. Ethanol 

was poured off without dislodging the pellet; room temperature 70% ethanol (200 µl) 

was then added to pellets, flash spin at 6000 rpm for 1 min. Ethanol was poured off 

and the pellet was dried in an oven at 60 °C for 15-20 min. Distilled water/1xTAE 

buffer (20 µl) was then added to the tube; the pellet was re-suspended by gently 

flicking the tube and was stored at ‒20 °C for further use. The DNA concentration 

was determined by spectrophotometric analysis (Spectromax M2e Moleclar Device). 

3.6. Amplification of 16S rRNA Gene 

PCR was carried out with a 383 bp region of 16S rRNA gene described in Hwang et 

al. (1999a,b). The primer used for the amplification of the 383 bp fragment of 16S 

rRNA gene was forward 5′-GTGCAA AGGTAGCATAATCA-3′ and reverse 5′- 

TGTCCTGATCCAACATC GAG-3′. PCR reaction was performed in a total reaction 
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volume of 25 μl containing 1X amplification buffer, 2.5 mM MgCl2, 0.25 mM dNTP, 

0.2 pM each primer, 0.8 BSA and 5U Taq DNA polymerase (hi media). The 

temperature profile for the amplification was: 5 min at 95°C for initial, followed by 

30 cycles of 30s at 95°C for denaturation, 40s for annealing at 43°-50°C, elongation 

for 30s at 72°C and a final extension for 6 min at 72°C. The PCR products were 

resolved by electrophoresis in 1.5 % agarose gel and documented using gel 

documentation system (Gel doc G: BOX). 

3.7. Amplification of CO1 gene 

PCR was carried out with universal primers following Hebert et al. (2003a,c) using 

thermal cycler (eppendorf vapo. protect). The primer used for amplification of 750 bp 

region of CO1 gene was forward LCO 5’ TAA TAC GAC TCA CTA TAG GGG 

GTC AAC AAA TCA TAA AGA TAT TGG 3’ and reverse HCO 5’ ATT AAC CCT 

CAC TAA AGT AAA CTT CAG GGT GAC CAA AAA ATC A 3’. PCR reaction 

was carried out in a total reaction volume of 25 μl containing 1X amplification buffer, 

2.5 mM MgCl2, 0.25 mM dNTP, 0.2 pM each primer, 0.8 BSA and 5U Taq DNA 

polymerase (hi media). The temperature profile for the amplification was: 5 min at 

95°C for initial denaturation followed by 30 cycles of 30s at 95°C for denaturation, 

40s for annealing at 48°-56°C, elongation for 30s at 72°C and a final extension for 6 

min at 72°C. The PCR products were resolved by electrophoresis in 1.5% agarose gel 

and documented using gel documentation system (Gel doc G: BOX). 

3.8. Sequencing and alignment of 16S rRNA and CO1 genes 

The PCR products of fourteen 16S rRNA and thirteen CO1 genes were sequenced 

using Sanger’s di-deoxy method and sequencing reactions were carried out in one 

direction on a sequencer (Scigenome, Cochin). All the sequences were checked for 
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contaminations using BLAST. The reverse strand sequence was reverse 

complemented and was overlapped with the forward strand sequence to get the 

maximum length. Sequences were aligned and checked using Pairwise Sequence 

Alignment (EMBOSS-water, EBI) and FinchTV version 1.4.0 (Patterson et al., 2004-

2006) with subsequent manual adjustments. All the protein coding sequences of CO1 

genes were translated into amino acids and their ORFs checked [Sequence 

Manipulation Suite (Bioinformatics.org) and ORF Finder (NCBI)]. Both the CO1 

and16S sequences were deposited in the GenBank (www.ncbi.nlm.nih.gov/blast) for 

further use in the reconstruction of phylogenetic relationships among wild silk moths.  

3.9. MEGA analysis of 16S rRNA and CO1 

Phylogenetic and molecular evolutionary analyses were conducted using MEGA 

version6 (Tamura et al., 2013). The sequences of CO1 and 16S rRNA from each 

species were aligned separately using MUSCLE (Edgar & Robert, 2004) with default 

settings. Relationships between individual taxa were assessed by ML method with 

nucleotides distances (p-distance), transition/transversion rate ratios, nucleotide 

diversity and Tajima’s test of neutrality (D). The p-distance is the proportion (p) of 

nucleotide sites at which two sequences being compared are different. It is obtained 

by dividing the number of nucleotide differences by the total number of nucleotides 

compared considering the proportion of nucleotide sites that are different (Nei & 

Kumar, 2000). The Tajima’s test of neutrality (Tajima, 1989), compares the number 

of segregating sites per site with the nucleotide diversity. (A site is considered 

segregating if, in a comparison of m sequences, there are two or more nucleotides at 

that site; nucleotide diversity is defined as the average number of nucleotide 

differences per site between two sequences). For Tajima’s test of neutrality (D), m = 

number of sequences, S = Number of segregating sites, ps = S/m, Θ = ps/a1, π = 
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nucleotide diversity (Nei & Kumar, 2000). The frequency of nonsynonymous 

substitution (Ka) and synonymous substitution (Ks) (Nei & Gojobori, 1986) was 

calculated to investigate the substitution rates in the protein-coding locus of CO1 

gene. According to the most common mode of selection (Hughes, 1999), a Ka/Ks 

ratio of 1 is assumed to indicate neutrality, Ka/Ks˃  1 is a signature of positive 

selection at the amino acid level, and Ka/Ks ˂ 1 is indicative of purifying selection. 

Mean evolutionary rate for CO1 gene were estimated under the General Time 

Reversible model (+G) (Nei & Kumar, 2000). These rates are scaled such that the 

average evolutionary rate across all sites is 1. This means that sites showing a rate < 1 

are evolving slower than average and those with a rate > 1 are evolving faster than 

average.  A discrete Gamma (+G) distribution was used to model evolutionary rate 

differences among sites (5 categories). 

3.10. Phylogenetic analysis 

The two genes (CO1 and 16S rRNA) were analyzed separately because different 

genes may experience different evolutionary pathway. MP trees were produced using 

PAUP* (Swofford, 2002). Analysis consisted of heuristic searches with Tree bisection 

reconnection (TBR) branch swapping and 100 random sequence addition replicates. 

Starting tree(s) was obtained via stepwise addition using random stepwise addition of 

taxa and the number of trees held at each step during stepwise addition equals 1. Gaps 

were also treated as missing characters. All characters were equally weighted. Multi 

trees options were in effect. Steepest descent option was not in effect. Topological 

constraints were not enforced. Multiple state taxa were interpreted as uncertain and 

the branches were collapsed (creating polytomies) if the maximum length was zero. 

The internal stability of the inferred MP trees was measured by bootstrapping using 
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100 replications (Felsenstein, 1985). The bootstrap values >50% were regarded as 

strongly supported. 

 ML analysis was performed with RaxML (Silvestro & Michalak, 2012). 

Phylip file was generated for RaxML analysis using ALTER Alignment 

Transformation Environment (Glez-Peña et al., 2010). Before undertaking likelihood-

model-based phylogenetic searches, the most appropriate substitution model for ML 

analysis was determined by using jModelTest version 0.1.1 for both gene sequences 

(Posada & Crandall, 1998; Guindon & Gascuel, 2003). The best-fit ML score was 

chosen using the Akaike Information Criterion (AIC) (Akaike, 1974), since this 

reduced the number of unnecessary parameters which contributed little to describing 

the data by penalizing more complex models (Clary & Wolstenholme, 1985b; 

Burnham & Anderson, 2002; Nylander et al., 2004). For ML analysis the bootstrap 

was set at 500 and the model was set at GTR+G+I. Phylogenetic confidence in the 

nodes recovered from ML was estimated by bootstrapping (Felsenstein, 1985), 

analyzing 1000 pseudo replicates of data sets. Rate of heterogeneity was expressed 

using gamma distribution with the shape parameter. Insertions, deletions and missing 

data were completely excluded and the sequences were analyzed in favour of the 

outgroup selection. B. mori was considered as an out group.   

Bayesian inference (BI) analysis was carried out using MrBayes v3.1.2 

(Ronquist & Huelsenbeck, 2003) under the following conditions: 1,000,000 

generation and a burn-in step of the first 10,000. Bayesian posterior probabilities for 

the clades were obtained using Metropolis-coupled Markov chain Monte Carlo 

(MCMC) analysis as implemented in MrBayes. Trees were sampled every 100 

generations until the final average standard deviation of the split frequencies fell 

below 0.01 or until the analysis reached the previously set generations i.e. 1 million 
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for CO1 and 16S rRNA. Convergence, Effective Sample Size (ESS) values, and burn-

in were assessed with Tracer v1.5 (Rambaut & Drummond). The confidence values of 

the BI tree are expressed as the Bayesian posterior probabilities in percent (BPP). 

3.11. Statistical analysis 

Kruskal Wallis test was employed to determine the differing levels of distribution 

patterns of wild silk moths with respect to changes in season, elevation and monthly 

variation. The significant differing levels indicated by Kruskal Wallis test were 

subjected to pair –wise variation using Mann Whitney U test. 

Spearman’s Rank Correlation Coefficient was performed to determine whether 

the number of wild silk moth species observed correlate with the changes in elevation. 

Statistical significance at p< 0.05 was considered. Statistical tests were done using 

SPSS ver 16.0. 
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4.1. Systematic account of wild silk moths  

 Keys to the genera: 

1. Hind wing with anal angle produced into a long tail……....…………… Actias 

2. Hind wing with anal angle not produced into a long tail 

I. The cells of both wings open…………………..………….  Attacus 

3. Viens 5&6 of both wings given off  far from base 

I. Fore wing with costa incurved near base, excurved towards apex; 

the outer margin highly excised……...................…….... Antheraea 

II. Fore wing with costa evenly curved; outer margin less excised. 

(a) Fore wing with apex rounded 

(i)  Tibiae naked……………………….……....... Saturnia 

       (ii) Tibiae hairy…………….…………….….……..  Loepa 

 (b) Fore wing with apex acute……………..…..…....…. Salassa 

4. Viens 5 & 6 of both wings given off much nearer the base……...…...… Cricula 

 

Actias Leach, 1815 

Fore wing with the apex produced and acute. Hind wing with the anal angle produced 

into a long tail, veins 2, 3, 4 being curved and running to the tip of the tail. 

Actias maenas Doubleday, 1847 Figure 2 A&B. 

Pale yellow in colour; the collar pink; the thorax and abdomen blotched with pink 

above. A broad pinkish antemedial band with waved edges enclosing a yellow spot; 

the lunule and ochreous mark in the form of a crescent, two waved pinkish postmedial 

diffused lines, hind wing with the antemedial band narrower than on fore wing; a 

waved postmedial line; the tail longer, broader, and all pink except the spatulate end. 

Female without the pink blotches on thorax and abdomen; wings without the broad 
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pink markings; fore wing with a nearly erect antemedial line; a waved postmedial 

line; both wings with a marginal pink line; tail broad and only pink at middle. 

Actias rhodopneuma Roeber, 1925 Figure 2C. 

Head, thorax, and abdomen white, palpi pink, prothorax with a dark pink band; legs 

pink. Fore wing parrot green with broad pink patch; the lunule and ochreous mark in 

the form of a crescent; narrow pinkish antemedial band; hind wing with boarder 

pinkish antemedial band, the tail longer, broader, and all pink except the spatulate 

end.  

Actias selene (Hubner, 1807) Figure 2 D&E. 

Head, thorax and abdomen white, palpi pink, prothorax with a dark pink band; legs 

pink. Fore wing very pale green, white at base; a round ochreous spot with pinkish 

centre. Hind wing similar to the fore wing; the central portion of the tail pinkish. The 

outer margin of female less excised and waved; the yellow markings less developed; 

the antemedial line of fore wing nearer the base, and that on hind wing absent the tail 

less pink. 

Antheraea Hubner, 1818 

Fore wing with the costa incurved near base, excurved towards apex, which is 

rounded; outer margin highly excised. Hind wing rounded; cell of both wings closed 

Antheraea assamensis Helfer, 1837 Figure 3 A&B. 

Male ochreous brown to dark chestnut-brown in colour; the ocellus of the fore wing 

entirely yellow-brown. Hind wing with the inner part of the ocellus dark, the outer 

part yellow-brown; the post medial line not waved nor so much curved, nor joining 

the antemedial line. The submarginal line of both wings grey in female. 
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Antheraea frithi Moore, 1859 Figure 3 C&D. 

Colour brown or pink suffused with yellow in male; a yellow patch in cell of fore 

wing, and a larger patch on costa before apex; two postmedial highly lunulate lines; 

the ocelli as in paphia. Underside with the antemedial line waved. Female brownish in 

colour. 

Antheraea helferi Moore, 1859 Figure 3 E. 

Black blotch on the upper side of the ocellus of the hind wing, continued as a line 

round the outer edge in male; a conspicuous waved dark postmedial line which is 

curved inwards round the ocellus joining the antemedial line below the costa; the 

hyaline centres of the ocelli are almost or quite absent on both wings; the colour 

varies from pinkish to ochreous. Underside with the antemedial line straight. Female 

yellowish, with the postmedial line of the hind wing but slightly waved. 

Antheraea mylitta (Drury, 1773) Figure 3 F. 

Female bright yellowish fawn, Large rounded ocelii with prominent hyaline centres, 

the hyaline and ocellated spots usually larger than in male. Postmedial line of 

forewing straight but slightly waved in hind wing. The form mylitta is the most 

yellow. 

Antheraea knyvetti Hampson, 1982 Figure 3 G.  

Reddish or olive yellow in colour; the costal fascia of fore wing only extending along 

two-thirds of the costa; the ocelli small, each hyaline spot usually with a dark lunule 

on its inner edge; the marginal line yellow; the submarginal line of hind wing further 

from the margin.  

Archaeoattacus Watson, 1914 

Fore wing postmedial is concave; the outer margin excised. Hind wing rounded. Cell 

of both wings open. 
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Archaeoattacus edwardsii White, 1859 Figure 4 A&B. 

Differs from atlas in the legs being fringed with white; the thorax and abdomen 

darker; Fore wing much darker, the antemedial line inwardly black, outwardly white; 

the triangular hyaline spot edged with yellow-brown, and not touching the postmedial 

line; no hyaline streak; a prominent waved white line between it and the black spot at 

end of the crimped membrane. Hind wing with similar differences from atlas; the 

black spots on the marginal band much larger. 

Attacus (Linneaus, 1766) 

Fore wing with the apex produced and rounded; the outer margin excised. Hind wing 

rounded. Cell of both wings open 

Attacus atlas (Linnaeus, 1758) Figure 4 C&D. 

Head, thorax and abdomen red-brown; legs brown. Fore wing with the costa brown; a 

large triangular hyaline spot at end of cell with a black edge; one or two hyaline 

streaks above it; a dark red streak below vein 8; a yellow-brown marginal band with a 

highly waved black line on it. Hind wing similar to fore wing; the antemedial line 

nearly straight; no streak above the hyaline triangular mark; the postmedial line 

angled towards inner margin but not curved. 

Cricula Walker, 1855 

Fore wing with the costa evenly arched; apex rather acute; outer margin highly 

excised; veins 5 and 6 given off from the subcostal much nearer the base. Hind wing 

rounded; veins 5 and 6 given off from the subcostal towards the base. 

Cricula trifenestrata Helfer, 1837 Figure 5 A&B. 

Male brown, ochreous, yellowish or reddish in colour. Fore wing with a waved 

antemedial dark line; a small hyaline spot beyond the end of the cell, with one or two 
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others above it, the upper one generally represented by a dark spot. Hind wing with 

the oblique line continued to the inner margin before the middle; a hyaline spot 

beyond the cell; a submarginal waved line. Female generally redder; three large 

irregularly shaped hyaline spots beyond the cell of the fore wing, often with one or 

two small ones inside them.  

Loepa Moore, 1858 

The outer margin but slightly excised. Hind wing rounded. Tarsi thickly clothed with 

hair. 

Loepa katinka Westwood, 1848 Figure 5 C. 

Bright chrome-yellow. Fore wing with the costa grey, a large rounded or oval ocellus 

at end of cell, which is pinkish brown; a highly waved post- medial dark line; double 

submarginal lines, the inner line pinkish, the outer grey and terminating in a black 

spot between veins 7 and 8, above which is a pinkish patch on the costa, edged 

exteriorly with white and pink; Hind wing differs from the fore wing in the first line 

being further from the base, narrow, and dark; the subcostal patch and spot absent.  

Loepa sikkima Moore, 1865 Figure 5 D. 

Differs from L. katinka in the underside of hind wing with pink and white apical 

patch. 

Salassa Moore, 1859  

Fore wing with the apex acute; outer margin nearly evenly curved. Hind wing and 

neuration as in Saturnia. Tarsi naked. 

Salassa lemaii Le Moult, 1933 Figure 5 E. 

Head, thorax and abdomen olive green, large rounded or oval ocellus at end of cell 

which is olive green in colour, post medial dark line, white antemedial curved line, a 
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grey apical patch. Hind wing similar to fore wing, hyaline spot beyond the cell 

surrounded by an ocellus which is ringed black white and orange exteriorly; a broad 

grey submarginal band, with waved outer edge; marginal area olive green. 

Salassa megastica Swinhoe, 1984 Figure 5 F. 

Head, thorax and abdomen brick-red. Fore wing brick red; white antemedial curved 

line; large rounded or oval ocellus at end of cell which is bright green in colour with 

black and white patch, a grey apical patch. Hind wing similar to fore wing with white 

antemedial curved line; a hyaline spot beyond the cell surrounded by an ocellus, 

bright green with black and white patch; a broad grey submarginal band, with waved 

outer edge; marginal area brick red. 

Samia Hubner, 1819 

Striking display of pink, brown and olive tone in the adult. 

Samia canningi Hutton, 1860 Figure 7 A&B. 

Collar and metathorax fringed with white. Paired dorsal and longitudinal white 

segmental streaks appear from the third segment to the extremity. Two lateral and two 

ventral white lines appear on the abdomen.Wings yellowish brown. Fore wing with a 

white antemedial line, outwardly apaque from the costa to vein 2, this then bent back 

to the base of the inner margin. A narrow lunule on the discocellulars, inwardly 

fuscous, outwardly yellow. A post medial fuscous, white, pink and pinkish white band 

generally curved and angled at the lunule. A white and dark ocellated mark in the 

apical area, with a waved white line from it to costa. Marginal line gray, sub-marginal 

area white. Hind wing similar, the antemedial line oblique and not angled. 
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Saturnia Schrank, 1802 

Fore wing with the costa evenly arched; the apex rounded; the outer margin but 

slightly excised. Hind wing rounded. Tarsi naked. 

Saturnia thibeta Westwood, 1853 Figure 7 C&D. 

Fore wing grey, irrorated with brown scales; a dark brown patch at base of inner 

margin; a narrow hyaline streak at end of cell surrounded by pinkish, grey, and 

crimson lines; three highly dentate postmedial lines bent inwards below the ocellus at 

vein 2; a black triangular patch on the costa before the apex, which is pale buff; two 

submarginal waved black lines. Hind wing similar without the dark patch and crimson 

band at base; an antemedial curved line; the ocellus round with a narrow fawn ring. 

4.2. Diversity and distribution 

During the present study, a total of seventeen species of wild silk moths belonging to 

nine genera and two sub families namely Saturniinae and Salassinae were collected 

from different parts of Mizoram (Table 3; Figure 2-6). This constitutes 36.17% and 

70.83 % of the silk entomofauna of India and North East India respectively. The 

group comprises three species of Actias viz. A. selene, A. maenas and A. 

rhodopneuma, five species of Antheraea including A. assamensis, A. mylitta, A. frithi, 

A. helferi and A. knyvetti, two species of Loepa including L. katinka and L. sikkima, 

two species of Salassa viz. S. lemaii and S. megastica, and a single species of A. atlas, 

A. edwardsii, S. canningi, C. trifenestrata and S. thibeta. Of these occurrence was 

dominated by S.canningi represented by eighty five specimen followed by A. maenas 

(56 Nos.), A. selene (49 Nos.), A. atlas (33 Nos.), A. assamensis (20 Nos.), A. 

edwardsii (16 Nos.), A. frithi (14 Nos.), L. katinka (13 Nos.), A. mylitta (11 Nos.), L. 

sikkima (8 Nos.), C. trifenestrata and S. lemaii (6 Nos.), A. helferi (5 Nos.), S. 

megastica (3 Nos.), S. thibeta (2 Nos.) and the remaining two species viz. A. knyvetti 
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and A. rhodopneuma were represented by  a single specimen only. A. atlas (wing span 

of ~250.0 mm) is the biggest while C. trifenestrata (wingspan of ~75.0 mm) is the 

smallest of all the collected wild silk moths. Wild silk moths were encountered almost 

round the year although majority of them were collected during summer season. S. 

canningi and A. maenas, the two most dominant species among the group have their 

peak occurrence during summer season. Of the seventeen species of wild silk moths 

collected during the study period, A. maenas was the only wild silk moth encountered 

all round the year.  
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Figure 2 Wild silk moths of Mizoram. A. Actias maenas (♀); B. Actias maenas (♂);   

C. Actias rhodopneuma; D. Actias selene (♀); E. Actias selene (♂). 
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Figure 3 Wild silk moths of Mizoram. A. Antheraea assamensis (♀); B. Antheraea 

assamensis (♂); C. Antheraea frithi (♀); D. Antheraea frithi (♂); E. Antheraea helferi 

(♂); F. Antheraea mylitta (♀); G. Antheraea knyvetti. 
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Figure 4 Wild silk moths of Mizoram. A. Archaeoattacus edwardsii (♀);                     

B.  Archaeoattacus edwardsii (♂); C. Attacus atlas (♂); D. Attacus atlas (♀). 



57 

 

 

Figure 5 Wild silk moths of Mizoram. A. Cricula trifenestrata (♀); B. Cricula 

trifenestrata (♂); C. Loepa katinka; D. Loepa sikkima; E. Salassa lemaii;  F. Salassa 

megastica. 
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Figure 6 Wild silk moths of Mizoram. A. Samia canningi (♀); B. Samia canningi 

(♂);   C. Saturnia thibeta (♀); D. Saturnia thibeta (♂). 
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Table 2 Distribution of wild silk moths in Mizoram. 

Sl. No. Scientific name Collection sites District 

1. Actias maenas 

MZU Campus, Chawnpui, PUC Campus 

Serkawn 

Venglai 

Aizawl 

Lunglei 

Kolasib 

2. Actias selene 

Hmuifang, Bawngkawn, Durtlang, Reiek, Ramthar, MZU Campus 

Dampa, Charkawn 

N. Vanlaiphai 

Serkawn 

Council Veng 

Aizawl 

Mamit 

Serchhip 

Lunglei 

Lawngtlai 

3. Actias rhodopneuma N. Vanlaiphai Serchhip 

4. Antheraea assamensis 

Hmuifang, MZU Campus, PUC Campus, Durtlang 

Hmar Veng 

Khawzawl 

N. Vanlaiphai 

Serkawn 

Aizawl 

Kolasib 

Champhai 

Serchhip 

Lunglei 

5. Antheraea mylitta 

MZU Campus 

Kolasib 

Mamit 

Thingfal 

Aizawl 

Kolasib 

Mamit 

Lawngtlai 

6. Antheraea frithi 
Zarkawt, MZU Campus 

Charkawn 

Aizawl 

Mamit 

7. Antheraea helferi MZU Campus, Hmuifang Aizawl 

8. Antheraea knyvetti Serkawn Lunglei 

9. Archaeoattacus edwardsii 

MZU Campus, Mission Veng, Hmuifang, Thingsulthliah 

Dampa, Charkawn 

Bukpui, N.Vanlaiphai 

Aizawl 

Mamit 

Serchhip 
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Thingfal 

College Veng 

Lawngtlai 

Saiha 

10. Attacus atlas 

MZU Campus, College Veng, Mission Veng, PUC Campus 

Venglai 

Kahrawt 

N.Vanlaiphai 

Tlangkawn 

Thingfal 

Aizawl 

Kolasib 

Champhai 

Serchhip 

Saiha 

Lawngtlai 

11. Cricula trifenestrata 
MZU Campus, Chhinga Veng, Hmuifang 

Council Veng 

Aizawl 

Lawngtlai 

12. Loepa katinka 

MZU Campus, Hmuifang, Durtlang 

N.Vanlaiphai 

Chandmari 

Thingfal 

Aizawl 

Serchhip 

Lunglei 

Lawngtlai 

13. Loepa sikkima 

Hmuifang, Sihmui 

Council Veng 

Serkawn 

Aizawl 

Lawngtlai 

Lunglei 

14. Samia canningi 

Bawngkawn, MZU Campus, Babutlang, College Veng, Chhinga Veng, Mission Veng, 

Aibawk, Hmuifang, Reiek 

Bukpui 

Serkawn 

Council Veng, Thingfal 

Aizawl 

 

Serchhip 

Lunglei 

Lawngtlai 

15. Salassa lemaii Electric Veng, Hmuifang Aizawl 

16. Salassa megastica Hmuifang, Zarkawt Aizawl 

17. Saturnia thibeta 
Tuipang 

Hmuifang 

Saiha 

Aizawl 
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4.2.1. Seasonal variation of wild silk moth 

Kruskal-Wallis test revealed that there was significant variation on the distribution 

pattern of different species of wild silk moth with respect to season (χ
2
 = 39.262, df = 

2 and p <0.05). The significant variation revealed by Kruskal Wallis test when further 

subjected to Mann Whitney U test for pair wise comparison showed that wild silk 

moth were most abundant in summer and least abundant during winter season (Table 

4). Fifteen species belonging to eight genera viz. A. assamensis, A. helferi, A. mylitta, 

A. knyvetti, A. frithi, A. maenas, A. rhodopneuma, A. selene, L. sikkima, L. katinka, A. 

edwardsii, A. atlas, C. trifenestrata, S. canningi and S. lemaii were found during the 

summer season and four species belonging to four genera viz. S. megastica, S. lemaii, 

S. thibeta and A. maenas were encountered during the winter season. Spring season 

harbouring eight species belonging to four genera constitutes intermediate level of 

species richness that was much lower than summer but somewhat greater than winter 

(Figure 7). Maximum numbers of individuals were encountered during the summer 

season (Figure 8). 

Table 3 Mann-Whitney U test for the pair-wise comparison of wild silk moths in 

different seasons. 

Seasons  U P 

Winter / spring 1.500 <0.05* 

Winter / summer 0.00 <0.05* 

Spring / summer 0.00 <0.05* 

U= Mann-Whitney value; p= probability level 
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 Figure 7 Species-wise distribution of wild silk moths in different seasons. 

 

 

 Figure 8 Seasonal distributions in the number of wild silk moths.  
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4.2.2. Distribution pattern of wild silk moths in different elevation range. 

Kruskal-Wallis test revealed that there was significant variation on the distribution 

pattern of wild silk moth in different ranges of elevation throughout the study sites 

(χ
2
= 63.016, df = 4: p = 0.001 (p <0.05*). Of the total seventeen species of wild silk 

moth collected during the study period, only three species viz. A. selene, A. edwardsii 

and S. canningi was found to be distributed in all the altitudinal range i.e upto 1500 m 

asl. A. maenas and A. mylitta  was found within 300-1200 m asl, A. assamensis and A. 

atlas within 300-1500 m asl, A. frithi within 600-1200 m asl, A. helferi, C. 

trifenestrata and L. katinka within 600-1500 m asl, and L. sikkima upto 1500 m asl 

excluding 300-600 m asl. 

With increase in elevation, there is an increase in the number of species of 

wild silk moths although there is a decrease beyond 1200 m asl (Figure 9). The 

species diversity was highest in altitudinal range 900-1200 m asl where fourteen 

species belonging to eight genera were encountered, but according to Shannon H’s 

result, the diversity was found to be highest  in the altitudinal range 1200-1500 m asl  

(0.957) which harbours thirteen species  belonging to nine genera. Simpson’s result is 

also congruent with Shannon H’s with a diversity that was highest in altitudinal range 

1200-1500 m asl (7.44). The lowest species diversity was within altitudinal range 0-

300 m asl, where four species belonging to four genera were collected. This is in 

accordance with Shannon H’s and Simpson’s results (0.556 and 5 for Shannon and 

Simpson’s respectively). Elevation ranging from 600-900 m asl harbours the highest 

number of individual (Figure 10). Altitudinal range 0-300 m asl and 900-1200 m asl 

showed similar Berger-Parker dominance percentage of 40. The Berger-Parker 

dominance percentage for 300-600 m, 600-900 m and 1200-1500 m asl were 27.778, 

28.966 and 29.851 respectively (Table 4).  
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Table 4 Diversity indices and Berger Parker Dominance of wild silk moths in 5 altitudinal range. 

Elevation 

range (m)  

Shannon H' 

Log Base 10 

Shannon J'  Simpsons 

Diversity (D)  

Simpsons 

Diversity (1/D)  

Berger-Parker 

Dominance (d) 

Berger-Parker 

Dominance (1/d) 

Berger-Parker 

Dominance (d%) 

0-300  0.556 0.923 0.222 4.500 0.40 2.50 40 

300-600  0.757 0.896 0.178 5.625 0.278 3.60 27.778 

600-900  0.868 0.804 0.178 5.622 0.290 3.452 28.966 

900-1200  0.876 0.764 0.197 5.074 0.400 2.50 40 

1200-1500 0.957 0.859 0.134 7.444 0.299 3.35 29.851 
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 Figure 9 Species-wise distributional pattern of wild silk moths in different 

elevational range. 

 

 

 

 

Figure 10 Wild silk moths distribution and altitudinal range. 
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4.2.2.1. Correlation between abundance and elevation:- 

Spearman’s Rank Correlation Coefficient revealed that there was no significant 

correlation between elevation and abundance of A. maenas, A. rhodopneuma, A. 

assamensis, A. helferi, A. frithi, A. mylitta, A. knyvetti, A. atlas, A. edwardsii, C. 

trifenestrata, L. sikkima, S. canningi and S. thibeta i.e. increase in elevation does not 

leads to increase in abundance of these wild silk moth (Table 5). However, out of the 

seventeen species of wild silk moth, significant positive correlation between 

abundance and elevation was observed in A. selene, L. katinka, S. lemaii and S. 

megastica i.e. their abundance increase with increase in elevation (Figure 11). 

4.2.2.2. Similarity profiles 

Jaccard Similarity Index analysis revealed that altitudinal range 0-300 m and 1200-

1500 m asl has the lowest similar species with only three species shared between them 

viz. A. edwardsii, L. sikkima and S. canning (Table 6). Altitudinal range 600-900 m 

and 900-1200 m asl has the highest similar species with eleven species shared 

between them viz. A. maenas, A. selene, A. assamensis, A. frithi, A. mylitta, A. atlas, 

A. edwardsii, L. sikkima, L. katinka and S. canningi (Figure 12). 
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Table 5 Spearman’s correlation (rs) between elevation and abundance of different 

wild silk moth. 

Species Spearman’s correlation(rs) Probability (p) 

Actias maenas  -0.103 0.870 

Actias selene 0.975 0.005* 

Actias rhodopneuma  0.707 0.812 

Antheraea assamensis 0.671 0.215 

Antheraea frithi  0.224 0.718 

Antheraea helferi  0.671 0.215 

Antheraea mylitta  -0.103 0.870 

Antheraea knyvetti 0.354 0.559 

Archaeoattacus edwardsii 0.70 0.188  

Attacus atlas 0.50 0.391 

Cricula trifenestrata 0.564 0.322 

Loepa sikkima 0.872 0.054 

Loepa katinka 0.949 0.182 

Saturnia thibeta 0.707 0.014*  

Samia canningi  0.30 0.624 

Salassa lemaii  0.894 0.041*  

Salassa megastica  0.894 0.041*  

 

 

Table 6 Jaccard similarity index in 5 altitudinal range. 

      Elevation sites         Jaccard Similarity index  

a/b  0.375 

a/c  0.333 

a/d  0.285 

a/e 0.230 

b/c 0.583 

b/d 0.500 

b/e  0.266 

c/d 0.730 

c/e 0.450 

d/e 0.529 

 

a=0-300 m; b=300-600 m; c=600-900 m; d=900-1200 m; e=1200-1500 m asl. 
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 Figure 11 Positive Spearsman Correlation between abundance and elevation. 

 

 

 Figure 12 Similarity profiles of wild silk moth in 5 altitudinal range. 
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4.2.2.3. Rank Abundance plot 

Different species of wild silk moths when ranked according to their abundance, the 

rank abundance curve for 600-900 m and 900-1200 m asl showed the steepest curve 

indicating assemblages with high dominance. Altitudinal range 0-300 m asl showed a 

shallower slope signifying highest evenness indicating that most of the species are 

equally abundant in this range (Figure 13). 

4.2.3. Monthly variation of wild silk moth  

Kruskal-Wallis test revealed that there was significant variation on the distribution of 

wild silk moths in different months (χ2=131.321, df=11, p=0.001*). The highest 

observation was recorded in the month of August (N=73) followed by July (N=64) 

and September (N=51) and the lowest observation was recorded in the month of 

January (N=1) followed by March (N=3) (Figure 14).  

The statistical analysis revealed that nine out of the seventeen species of wild 

silk moths were aggregated and the remaining eight species were found to be 

randomly distributed throughout Mizoram. This comprises 52.94 % and 47.05 % of 

the total wild silk moth collected during the study period. The aggregated species 

included A. maenas, A. selene, A. assamensis, A. frithi, A. mylitta, A. atlas, L. katinka, 

S. canningi and S. lemaii (Table 7). 
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Figure 13 Species rank abundance plot for five altitudinal ranges. 

 

 

 

Figure 14 Monthly distributional pattern in the number of different wild silk moths. 
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Table 7 Distribution profiles of wild silk moths in Mizoram. 

Species Variance Mean Chi-sq d.f. Probability Aggregation 

Actias maenas 260.7 11.2 93.1071 4 0 Aggregated 

Actias selene 40.2 9.80 16.4082 4 0.00268 Aggregated 

Actias rhodopneuma 0.20 0.20 4 4 0.406832 Random 

Antheraea assamensis 16.5 4 16.5 4 0.002577 Aggregated 

Antheraea frithi 22.7 2.80 32.4286 4 3.20E-06 Aggregated 

Antheraea helferi 2 1 8 4 0.090374 Random 

Antheraea mylitta 8.7 2.20 15.8182 4 0.003444 Aggregated 

Antheraea knyvetti 0.20 0.20 4 4 0.406832 Random 

Archaeoattacus edwardsii 3.20 3.20 4 4 0.406832 Random 

Attacus atlas 24.3 6.60 14.7273 4 0.005475 Aggregated 

Cricula trifenestrata 1.70 1.20 5.6667 4 0.224221 Random 

Loepa sikkima 1.30 1.60 3.25 4 0.519147 Random 

Loepa katinka 8.30 2.60 12.7692 4 0.012544 Aggregated 

Samia canningi 304 17 71.5294 4 0 Aggregated 

Salassa lemaii 4.70 1.20 15.6667 4 0.003673 Aggregated 

Salassa megastica 0.80 0.60 5.3333 4 0.253764 Random 

Saturnia thibeta 0.20 0.20 4 4 0.406832 Random 
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4.3. Diversity of host plants of wild silk moths 

The present study revealed and documented for the first time, the host plants of 

different wild silk moths found in Mizoram (Figure 15-17). Wild silk moths are 

polyphagus, feeding on different food plants. Except for a few host plants which are 

site specific most of them are found to be distributed throughout Mizoram (Table 8).   

4.3.1. Systematic account of host plants of wild silk moths 

A brief description of host plants of wild silk moth is given below. The abbreviation 

(M) is used for the local name in Mizo (Lalramnghinglova, 2003; Sawmliana, 2009, 

2013). 

Alnus nepalensis Family: Betulaceae. Local name: Hriangpui (M) 

A middle-size to large deciduous tree, light pinkish brown. It grows in moist shady 

places and is a strong light demander. Seed time: January – Febuary. 

Betula alnoides Family: Betulaceae. Local name: Hriang (M) 

A moderate sized to large deciduous tree; bark greyish-brown, silvery, papery; bark 

lenticellate, peeling off horizontally in somewhat narrow rolls. It can tolerate 

moderate shade. Flower & Fruit: March and Febuary. 

Cinnamomum cassia Family: Lauraceae. Local name: Thak-thing (M) 

An evergreen aromatic tree, upto 18 m tall, with smooth grayish bark. Leaves red 

when young. The dried bark and buds are used as a spice. 

Curcuma longa Family: Zingiberaceae. Local name: Ai-eng (M) 

A perennial herb with bright-yellow tuberous rhizomes. The young flowers are eaten 

as vegetables. Flower & Fruit: August to September; June-July. 
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Table 8 Host plants of wild silk moths found in Mizoram. 

Sl. 

No. 

Scientific name Host plant Family Local name Distribution 

1. Actias maenas Schima wallichii Theaceae Khiang Throughout 

  Rhus semialata Anacardeaceae Khawmhma  Found between 700- 1800 m 

  Evodia flaxinifolia Rutaceae Ching-it-suak Found between 900-1500 m 

2. Actias selene Betula alnoides Betulaceae Hriang Found between 900- 1500 m 

  Prunus cerasoides Rosaceae Tlaizawng Champhai, S. Khawbung, Hnahlan, Phuaibuang 

  Alnus nepalensis Betulaceae Hriangpui Found above 900 m 

3. Actias rhodopneuma Eucalyptus sp. Myrtaceae  Throughout 

  Litsea polyantha  Lauraceae Nauthak Ascending to about 1200 m 

  Glochidion sphaerogynum Euphorbiaceae Dawn-dung Hualtu, Saitual etc.   

4. Antheraea assamensis Litsea cubeba  Lauraceae Ser-nam  Throughout 

  Ziziphus mauritiana  Rhamnaceae Bo-rai Ascending to about 1500 m 

  Percia bombycina Lauraceae Bul Throughout 

  Terminalia arjuna  Combretaceae Char-kungmam Below 1000 m 

  Terminalia crenulata  Combretaceae Tual- ram Thenzawl, Mamit , Thenhlum, Kawrthah 

5. Antheraea mylitta Lagerstroemia speciosa  Lythraceae Thlado  Ascending upto 1200 m 

  Syzigium cumini  Myrtaceae Lenhmui Ascending to about 1500 m 

  Terminalia chebula Combretaceae Re-raw Ascending to about 1500 m 

6. Antheraea frithi Lithocarpus dealbata Fagaceae Fah Sesawng, Darlawn, Chhingchhip, Tlungvel, Rawpui         

  Quercus serrata Fagaceae Sa-saw-thing Champhai, Hnahlan etc. 

7. Antheraea helferi Quercus sp. Fagaceae  Throughout 

  Betula alnoides Betulaceae Hriang Found between 900- 1500 m 

8. Antheraea knyvetti Prunus cerasoides Rosaceae Tlaizawng Champhai, S. Khawbung, Hnahlan, Phuaibuang 

  Quercus sp. Fagaceae  Champhai, Phawngpui, Khuangleng, Hnahlan etc 
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9. Archaeoattacus edwardsii Psygium guajava Myrtaceae Kawlthei Ascending to about 1200 m 

  Maesa indica  Myrsinaceae Ar- ngeng  Ascending to about 1800 m 

  Evodia flaxinifolia  Rutaceae Ching-it-suak  Found between 900-1500 m 

  Litsea polyantha  Lauraceae Nauthak Ascending to about 1200 m 

10. Attacus atlas Cinnamomum cassia Lauraceae Thakthing Found between 1200-1600 m 

  Curcuma longa Zingiberaceae Ai-eng Ascending to about 1500 m 

  Elettaria cardamomum Zingiberaceae A-lai-chi Found between 600-1500 m 

  Persea Americana Lauraceae Butter thei Found upto1300 m 

  Litsea cubeba  Lauraceae Ser–nam Throughout 

  Mangifera indica Anacardiaceae Theihai Throughout 

11. Cricula trifenestrata Percia bombycina Lauraceae Bul Throughout     

  Betula alnoides Betulaceae Hriang Found between 900-1500 m 

  Psidium guajava Myrtaceae Kawlthei Throughout 

12. Loepa katinka  Dillenia pentagyna Dilleniaceae Kaihzawl Keifang, Maite, etc. 

13. Loepa sikkima Dillenia pentagyna Dilleniaceae Kaihzawl Keifang, Maite, etc. 

  Ricinus communis   Euphorbiaceae Mu–trih  Found below 1000 m 

  Manihot esculenta  Euphorbiaceae Pangbal  Throughout 

  Glochidion sphaerogynum  Euphorbiaceae Dawn-dung Found upto 1400 m 

14. Samia canningi Litsea cubeba  Lauraceae Ser–nam  Throughout 

  Psidium guajava  Myrtaceae Kawl-thei  Throughout 

  Evodia flaxinifolia  Rutaceae Ching-it-suak  Found between 900-1500 m 

  Duanbanga sonneritoides  Sonneratiaceae Zuang  Found below 900 m 

  Heteropanax fragrans Araliaceae Changkhen Found upto 1100 m 

  Zanthoxylum rhetsa Rutaceae Ching-it Found below 1000 m 

15. Salassa lemaii Prunus cerasoides Rosaceae Tlaizawng Champhai, S.Khawbung, Hnahlan, Phuaibuang 

16. Salassa megastica Prunus cerasoides Rosaceae Tlaizawng Champhai, S.Khawbung, Hnahlan, Phuaibuang 

17. Saturnia thibeta Lyonia ovalifolia Ericaceae Tlang- ham Found between 900-1500 m 
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Dillenia pentagyna Family: Dilleniaceae. Local name: Kaih-zawl (M) 

A middle-sized deciduous tree with very large leaves. It is a light demander and fire 

resistant. Growth moderately fast. Flower & Fruit: April-May; June-July. 

Duanbanga sonneritoides Family: Sonneratiaceae. Local name: Zuang (M) 

A tall evergreen tree. Leaves 12-30 x 5-12 cm, opposite, oblong to ovate-lanceolate; 

base cordate; apex shortly acuminate, entire; lateral nerves 20-26 pairs. Flowers 

creamy-white, in compound terminal corymbose. Capsule ovoid-globose. Flower & 

Fruit: March-October. 

Evodia flaxinifolia Family: Rutaceae. Local name: Ching-it-suak (M) 

Small to middle sized evergreen tree, strong smelling of caraway when bruised. 

Found in altitude ranging from 1,000-1,500 m. The plant is having medicinal 

properties. 

Elettaria cardamomum Family: Zingiberaceae. Local name: A-lai-chi (M) 

A perennial herb. The seeds are used as spice and medicine. 

Glochidion sphaerogynum Family: Euphorbiaceae. Local name: Dawn-dung (M) 

A shrub; branches silky pubescent. Leaves alternate 8-20 x 2.0-5.5 cm, elliptic or 

narrow lanceolate, acuminate, cuneate at base, entire, pubescent beneath. Flowers 

greenish yellow, in axillary clustered umbels. Fruits black, ellipsoid. Flower & Fruit: 

February-June. 

Heteropanax fragrans Family: Araliaceae Local name: Changkhen (M) 

Small soft wooded deciduous trees. Found in altitude upto 1,100 m. 

Litsea monopetala Family: Lauraceae. Local name: Nauthak (M) 

A middle-sized evergreen tree. Leaves 9-20 x 5.0-10.5 cm, broadly elliptic, ovate or 

obovate, acute or rounded at apex, entire, tomentose beneath. Flowers greenish 
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yellow, axillary in umbellate silky heads. Fruits ovoid. Flower & Fruit: May- 

November. 

Litsea citrata Family: Lauraceae. Local name: Sernam (M) 

A small evergreen tree, aromatic; bark grey, warty, thin. Leaves somewhat 

inequilateral, 7-15 x 2-4 cm, lanceolate or narrow ovate-lanceolate, caudate-

acuminate, membranous, bright 105 green above, glaucous beneath. Flowers in 

capitate umbels solitary or in corymbs. Fruits 0.6-8 cm across. Flower: November- 

February. Fruit: June- July. 

Lyonia ovalifolia Family: Ericaceae. Local name: Tlang-ham (M) 

A small deciduous tree with thick brown bark. Wood light reddish brown, soft. 

Lagerstroemia speciosa Family: Lythraceae. Local name: Thlado (M) 

A medium to large deciduous tree. Leaves 3.5-8 x 9-15 cm, elliptic or elliptic-

lanceolate, rounded at base, acuminate at apex, glabrous; lateral nerves 10-12. 

Flowers showy, mauve coloured, in large terminal peduncles. Capsule sub-globose. 

Flower & Fruit: May- March (Next year). 

Lithocarpus dealbata Family: Fagaceae Local name: Fah (M) 

Small to middle-sized evergreen trees. 

Mangifera indica Family: Anacardeaceae. Local name: Theihai (M) 

An evergreen tree; branches spreading. Leaves 9-28 x 2.2-8.0 cm, oblong-lanceolate, 

acuminate or acute, coriaceous, margins undulate. Flowers creamy, in terminal 

panicles. Drupes ovoid. Flower & Fruit: March-June. 

Maesa indica Family: Myrsinaceae. Local name: Ar-ngeng (M) 

Shrub. Leaves ca 5-17 x 2.0-5.5 cm elliptic oblong, ovate-lanceolate or elliptic 

lanceolate, acute or acuminate, dentate with distinct teeth. Flowers white, ca 0.3 cm 

long pedicelled in simple or compound, nearly sessile axillary racemes. Calyx lobes 5, 
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obtuse, slightly pubescent. Corolla lobes 5. Stamens 5. Berries ca 0.3 in dia. Flower & 

Fruit: Febuary-November. 

Manihot esculenta Familiy: Euphorbiaceae Local name: Pangbal (M) 

Herbaceous shrub with palmately 5-6 lobed leaves. Cultivated. 

Prunus cerasoides Family: Rosaceae. Local name: Tlai-zawng (M) 

A moderate sized deciduous tree. Wood red, scented, moderately hard and durable. 

Flower & Fruit: January; May-March. 

Persea americana Family: Lauraceae. Local name: Butter-thei (M) 

A middle-sized evergreen tree. It grows best on deep well drained soil and bears fruit 

from the 4
th

 or 5
th

 year onwards. Fruit: December-March. 

Psidium guajava Family: Myrtaceae. Local name: Kawlthei (M) 

Small tree, young branchlet quadriangular. Leaves opposite, ca 5.5-15.5x 3.6-8.2 cm, 

elliptic oblong, entire, acute or obtuse. Flowers white, 1-2 in axillary peduncles. 

Calyx urceolate. Petals free. Berries globose, ovoid or pyriform, fleshy. Seeds many 

in sweet pulp. Flower & Fruit: April-November. 

Quercus serrata Family: Fagaceae. Local name: Sa-saw-thing (M) 

A moderate-sized or large deciduous tree with sharply serrated leaves. Wood dark 

greyish-brown and hard. It is a moderate light demander and fast growing tree. Flower 

& Fruit: A; July; November-January. 

Ricinus communis Family: Euphorbiaceae. Local name: Mutrih (M) 

Small to large evergreen shrub. Leaves alternate, long petiolate, 6-11 lobed; lobes 

ovate lanceolate, acuminate, serrate. Flowers pale yellowish, monoecious, in terminal, 

pyramidal, leaf- opposed panicles. Male flowers ca 1 cm long; tepals ca 0.5 cm long, 

ovate-lanceolate, glandular; stamens many in branched fascicles. Female tepals ca 0.8 

cm long.Capsules 3-lobed, echinate. Flower & Fruit: Major part of the year. 
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Rhus semialata Family: Anacardeaceae. Local name: Khawmhma (M) 

A small tree, deciduous, young parts and inflorescence covered with brownish-grey 

pubescent; bark ashy-grey, warty. Leaves imparipinnate; leaflets 4-6 pairs, 2-7 x 5-15 

cm, and opposite, dentate, triangular or elliptic-ovate, acuminate, sharply serrate; base 

oblique or rounded. Flowers numerous, greenish-white, in large terminal pyramidal 

peduncles. Fruits subglobose or orbicular, compressed, reddish-brown when ripe. 

Flower: August- September Fruit: November-March. 

Schima wallichii Family: Theaceae. Local name: Khiang (M) 

A medium to large sized tree; young parts yellowish-red. Leaves 6-15 x 4-6 cm, 

elliptic lanceolate, cuneate at base, acute at apex, entire, glabrous above, pubescent 

beneath; lateral nerves 8-20 pairs. Flowers axillary, white. Capsules globose. Flower: 

April-May Fruit: November-March. 

Syzygium cumini Family: Myrtaceae. Local name: Hmui-pui/ Lenhmui (M) 

Middle to large evergreen tree; bark grey. Leaves 5-15 x 2.5-7.5 cm, oblong-elliptic to 

ovate, acuminate or acute, narrowed at base, glabrous. Flowers greenish white, in 

lateral or terminal trichotomous panicled. Berries 1-2 cm in diameter, oblong, purple 

black. Flower & Fruit: March-July. 

Terminalia chebula Family: Combretaceae. Local name: Re-raw (M) 

A middle-sized deciduous tree with ellipsoid or obovoid 5 ribbed fruits. Wood 

brownish grey, very hard, durable. 

Terminalia arjuna Family: Combretaceae. Local name: Char-kung-mam (M) 

A deciduous tree. Leaves sub-opposite, 7.5-14.5 x 3-9 cm, oblong, coriaceous with 2 

glands at base, obtuse or rounded at apex. Flowers yellowish-white, in pedulous, 

axillary and terminal spikes; bracteolates linear. Fruits ovoid or oblong, fibrous, 

woody 5-winged. Flower: March-May Fruit: August-February. 
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Terminalia tomentosa Family: Combretaceae. Local name: Tual ram (M) 

Moderate size or large deciduous tree. Found in altitude ranging upto 1,200 m. 

Zizyphus mauritiana Family: Rhamnaceae. Local name: Borai (M) 

Armed shrub or small trees; branches tomentose. Leaves ca 3-6 x 2.0-3.5 cm, ovate 

oblong or suborbicular, acute or obtuse, entire or crenate, tomentose beneath, 3 nerved 

at base; stipules modified into spin. Flowers greenish yellow in axillary fascicled 

cymes. Calyx glabrous within. Petals clawed. Disk 10 lobed. Drupes ca1-2 cm in 

diameter, globose or ellipsoid, orange- red when ripe. Flower and fruit: October to 

Febuary. 

Zanthoxylum rhetsa Family: Rutaceae Local name: Ching-it (M) 

Aromatic evergreen tree armed with prickles.  

 

 

 

 

 

 



80 

 

 

Figure 15 Host plants of wild silk moth. A. Betula alnoides; B. Duanbanga 

sonneritoides; C. Evodia flaxinifolia; D. Glochidion sphaerogynum; E. Lagerstroemia 

speciosa; F. Litsea cubeba.  
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Figure 16 Host plants of wild silk moth. A. Maesa indica; B. Mangifera indica;          

C. Manihot esculenta; D. Percia bombycina; E. Persea americana F. Prunus 

cerasoides. 
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Figure 17 Host plants of wild silk moth.  A. Psidium guajava; B. Quercus serrata; C. 

Rhus semialata; D. Schima wallichii; E. Ziziphus mauritiana; F. Unidentified host 

plant of Saturnia thibeta.  
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4.4. Amplification of 16S rRNA and CO1 gene. 

16S rRNA primers amplified approximately 393 bp long fragment of the 

mitochondrial genome for fourteen species out of the total seventeen species of 

Saturniidae identified from Mizoram (Figure 18). CO1 primers amplified 

approximately 750 bp long fragment of the mitochondrial genome for thirteen species 

out of the total seventeen species of Saturniidae identified for the present study 

(Figure 19). DNA could not be extracted from the remaining identified species due to 

insufficiency of the sample. The sequences generated for the present study were 

submitted and published in GenBank (http://www.ncbi.nlm.nih.gov/genbank), the 

voucher name and accession numbers are given (Table 9).  

4.5. MEGA analysis of 16S rRNA 

The genetic distance using 16S rRNA data between fourteen species of wild silk 

moths of Mizoram was generated (Table 10). Analyses were conducted using 

Maximum Composite Likelihood model (Tamura et al., 2004). The analysis revealed 

a maximum genetic distance (p-distance) value of 0.201 between A. maenas and C. 

trifenestrata and the lowest p-distance was found between A. frithi and A. mylitta at 

0.007.  
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Figure 18 Gel electrophoresis representation of 16S gene under study; Lane 1: 100 bp 

ladder; Lane 6-8: 16S gene of wild silk moths. 

 

   

Figure 19 Gel electrophoresis representation of CO1 gene under study; Lane 2: 100bp 

ladder; Lane 5-8: CO1 gene of wild silk moths. 
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Table 9 Voucher name and GenBank accession no. of CO1 and 16S rRNA of wild silk moths of Mizoram. 

         Species name         CO1  16S rRNA 

 

Voucher 

Name 

Accession No Voucher 

Name 

Accession No. 

Actias maenas MZUWSM2 KC968958 MZUWSM2 KF164819 

Actias selene MZUWSM11 KC968960 MZUWSM11 KF164822 

Antheraea assamensis MZUWSM1 KC968963 MZUWSM1 KF164816 

Antheraea mylitta MZUWSM3 KC968964 MZUWSM3 KF164820 

Antheraea frithi MZUWSM5 KC968959 MZUWSM5 KF164817 

Antheraea helferi MZUWSM10 KF164826 MZUWSM10 KF164818 

Archaeoattacus edwardsii   MZUWSM6 KF164821 

Attacus atlas MZUWSM14 KC968962 MZUWSM14 KF164815 

Cricula trifenestrata   MZUWSM12 KF164824 

Loepa katinka MZUWSM7 KF164828 MZUWSM7 KR872399 

Loepa sikkima MZUWSM8 KR872402   

Samia canningi MZUWSM15 KC953840 MZUWSM15 KR872400 

Salassa lemaii MZUWSM9 KC968961 MZUWSM9 KF164823 

Salassa megastica MZUWSM13 KF164825 MZUWSM13 KF164814 

Saturnia thibeta MZUWSM16 KR872403 MZUWSM16 KR872401 
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 Table 10 Estimates of evolutionary divergences based on 16S rRNA. 

Species name p- distance 

Loepa katinka                           

Samia canningi 0.130                         

Saturnia thibeta 0.093 0.155                       

Salassa megastica 0.151 0.168 0.142                     

Antheraea assamensis 0.101 0.121 0.112 0.130                   

Antheraea frithi 0.129 0.149 0.120 0.147 0.100                 

Antheraea helferi 0.147 0.142 0.125 0.125 0.093 0.077               

Attacus atlas 0.142 0.100 0.121 0.117 0.100 0.128 0.113             

Actias maenas 0.167 0.166 0.172 0.175 0.137 0.180 0.172 0.145           

Antheraea mylitta 0.129 0.149 0.120 0.143 0.100 0.007 0.070 0.128 0.180         

Archaeoattacus edwardsii 0.134 0.081 0.129 0.138 0.096 0.120 0.121 0.088 0.154 0.120       

Actias selene 0.109 0.113 0.097 0.147 0.089 0.120 0.109 0.097 0.125 0.120 0.093     

Salassa lemaii 0.148 0.155 0.130 0.041 0.113 0.126 0.094 0.109 0.154 0.118 0.125 0.118   

Cricula trifenestrata 0.147 0.137 0.143 0.175 0.143 0.147 0.148 0.156 0.201 0.147 0.148 0.130 0.171 
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The Maximum likelihood estimate of transitional substitution matrix between 

A/G = 6.21 T/C = 1.75, C/T = 13.07 and G/A = 22.58 (Table 11). The estimated 

Transition/Transversion bias (R) is 0.40. Substitution pattern and rates were estimated 

under the General Time Reversible model (Nei & Kumar, 2000). A discrete Gamma 

distribution was used to model evolutionary rate differences among sites (5 

categories, [+G]). The estimated value of the shape parameter for the discrete Gamma 

Distribution is 0.2641. The average percentage nucleotide composition among wild 

silk moths for 16S rRNA is A = 42.50%, T/U = 40.41%, C = 5.40%, and G = 11.69%.  

 

Table 11 Maximum Likelihood Estimate of Substitution Matrix for 16S rRNA. 

 

A T/U C G 

     A - 15.83 1.23 6.21 

    T/U 16.65 - 1.75 2.66 

     C 9.66 13.07 - 0.82 

     G 22.58 9.18 0.38 - 

 

Each entry is the probability of substitution (r) from one base (row) to another 

base (column). Rates of different transitional substitutions are shown in bold and 

those of transversional substitutions are shown in italics.  
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Table 12 Tajima’s relative test for 16S rRNA. 

M S ps T P D 

3 108 0.356436 0.112082 0.113807 0.68751 

S=Segregating sites; P= Nucleotide diversity; ps = S/m; D= Tajima’s test statistic. 

According to Tajima’s test of neutrality, the number of segregating sites was 

108, the nucleotide diversity within the sequence was 0.113807, the Tajima test 

statistic (D) for fourteen sequences of 16S rRNA was 0.068751, and the value for ps 

and Θ are 0.356436 and 0.112082 respectively (Table 12). 

4.6. Mega analysis of CO1 gene 

The genetic distance using CO1 data between thirteen species of Saturniidae of 

Mizoram was generated (Table 13). Analyses were conducted using Maximum 

Composite Likelihood model (Tamura et al., 2004). The analysis revealed a 

maximum genetic distance (p-distance) value of 0.193 between S. lemaii and L. 

sikkima and the lowest p-distance was found between A.  frithi and A. mylitta at 0.003. 

 The Maximum likelihood estimate of transitional substitution matrix between 

A/G = 14.07, T/C = 3.57, C/T = 7.15 and G/A = 30.69 (Table 14). The estimated 

Transition/Transversion bias (R) is 0.97. Substitution pattern and rates were estimated 

under the General Time Reversible model (+G) (Nei & Kumar, 2000). A discrete 

Gamma distribution was used to model evolutionary rate differences among sites (5 

categories, [+G]). The estimated value of the shape parameter for the discrete Gamma 

Distribution is 0.2004. The average percentage nucleotide composition among wild 

silk moths for CO1 are A = 38.50 %, T/U = 29.24 %, C = 14.61 %, and G = 17.65 %. 

For estimating ML values, a tree topology was automatically computed. The 

maximum Log likelihood for this computation was -3118.652. The analysis involved 
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thirteen nucleotide sequences. All positions containing gaps and missing data were 

eliminated. There were a total of 615 positions in the final dataset. Evolutionary 

analyses were conducted in MEGA6 (Tamura et al., 2013).  
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Table 13 Estimates of evolutionary divergences between sequences based on CO1. 

Salassa megastica                         

Antheraea helferi 0.155                       

Loepa katinka 0.183 0.176                     

Samia canningi 0.153 0.140 0.172                   

Loepa sikkima 0.183 0.184 0.123 0.176                 

Saturnia thibeta 0.136 0.126 0.152 0.129 0.162               

Antheraea mylitta 0.122 0.088 0.147 0.113 0.173 0.114             

Attacus atlas 0.169 0.168 0.179 0.119 0.187 0.144 0.147           

Actias selene 0.155 0.148 0.156 0.136 0.170 0.125 0.130 0.128         

Antheraea frithi 0.122 0.091 0.147 0.117 0.173 0.110 0.003 0.146 0.134       

Salassa lemaii 0.102 0.156 0.184 0.163 0.193 0.147 0.142 0.175 0.150 0.142     

Actias maenas 0.140 0.137 0.149 0.136 0.171 0.121 0.122 0.139 0.096 0.126 0.137   

Antheraea assamensis 0.138 0.123 0.136 0.124 0.155 0.136 0.079 0.146 0.130 0.083 0.158 0.118 
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Table 14 Maximum Likelihood Estimate of Substitution Matrix for CO1. 

 

A T C G 

A - 13.70 0.39 14.07 

T 18.03 - 3.57 4.04 

C 1.02 7.15 - 0.33 

G 30.69 6.69 0.27 - 

     
Each entry is the probability of substitution (r) from one base (row) to another 

base (column). Rates of different transitional substitutions are shown in bold and 

those of transversional substitutions are shown in italics.  

 

Table 15 Tajima’s relative test for CO1. 

M S ps T P D 

3 199 0.323577 0.104272 0.123848 0.861919 

S=Segregating sites; P= Nucleotide diversity; ps = S/m; D= Tajima’s test statistic. 

According to Tajima’s test of neutrality, the number of segregating sites was 

199, the nucleotide diversity within the sequences was 0.123848 and the Tajima test 

statistic (D) for thirteen  CO1 sequences was 0.861919, the value for ps and Θ are 

0.323577 and 0.104272 respectively  (Table15). 

The Ka/Ks ratio for all the thirteen CO1 sequences is lower than 1 indicating 

that they are under purifying selection. The variance of the difference was computed 

using the analytical method. Analyses were conducted using the Nei-Gojobori method 

(Nei & Gojobori, 1986). All positions containing gaps and missing data were 
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eliminated. There were a total of 188 positions in the final dataset (Table 16). 

Evolutionary analyses were conducted in MEGA6 (Tamura et al., 2013). 

Mean (relative) evolutionary rate for CO1 gene were estimated under the 

General Time Reversible model (+G) (Nei & Kumar, 2000). The analysis shows that 

out of the 629 sites, 159 sites are shown to have a rate greater than 1 and thus evolve 

faster than the average (table not shown). The ML estimate of the gamma shape 

parameter is 0.2004. The maximum Log likelihood for this computation was -

3118.652. The analysis involved 13 nucleotide sequences. Codon positions included 

were 1st+2nd+3rd+Noncoding. All positions containing gaps and missing data were 

eliminated. There were a total of 615 positions in the final dataset. Evolutionary 

analyses were conducted in MEGA6 (Tamura et al., 2013).  
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Table 16 Codon-based Test of Neutrality for CO1.  

Salassa megastica                         

Antheraea helferi 0.000                       

Loepa katinka 0.000 0.000                     

Samia canningi 0.000 0.000 0.000                   

Loepa sikkima 0.000 0.000 0.000 0.000                 

Saturnia thibeta 0.000 0.000 0.000 0.000 0.000               

Antheraea mylitta 0.000 0.000 0.000 0.000 0.000 0.005             

Attacus atlas 0.000 0.000 0.000 0.000 0.000 0.000 0.001           

Actias selene 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000         

Antheraea frithi 0.000 0.000 0.000 0.001 0.000 0.004 0.159 0.001 0.002       

Salassa lemaii 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000     

Actias maenas 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000   

Antheraea assamensis 0.001 0.000 0.000 0.000 0.000 0.004 0.003 0.000 0.003 0.005 0.000 0.006 
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4.7. Phylogenetic analysis of 16S rRNA and CO1 

The jModel Test result showed the AIC best fitting model as GTR+G for both 16S 

and CO1 sequences, with negative log likelihood value of 3587.5278 and 2982.5562 

for 16S and CO1 respectively. However, GTR+G+1 model with negative log 

likelihood value of 3587.5281 and 2982.5562 for 16S rRNA and CO1 was used for 

the present analysis as  the AIC value was almost similar to GTR+G model and the 

tree topology based on GTR+G+I model gives better resolution for 16S rRNA and 

CO1 gene sequences. 

 Parsimony analysis for 16S rRNA included a total of 299 characters, all 

characters were of type unord and were equal weighted, 187 characters were constant, 

38 variable characters are parsimony-uninformative and number of parsimony-

informative characters was 74, gaps were treated as missing. Parsimony analysis for 

CO1 included a total of 661 characters; all the characters are of type unord and were 

equal weighted. Of the 661 characters, 445 characters are constant, 63 variable 

characters are parsimony-uninformative and the number of parsimony-informative 

characters was 153 (Table 17). 

Table 17 Comparision of 16S rRNA and CO1 used in Maximum Parsimony. 

Sl. 

No 

 16S rRNA CO1 

1. Total characters 299 661 

2. Conserved sites 187 445 

3. Variable sites 38 63 

4. Parsimony-informative sites 74 153 
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Note: Parsmony informative site = A site is parsimony informative if it contains two 

types of nucleotides (or amino acids), and two of them occur with a minmum 

frequency of two. 

Bayesian analysis for 16S rRNA was set at 1 million generations. The 

effective sample size (ESS) was 1549.725 and the -lnL score was ‒1429.568. The 

split frequency for 16S rRNA was 0.001. The first 10000 trees were considered as the 

burn-in phase and discarded. 

Bayesian analysis for CO1 was set at 1 million generations. The ESS was 

27132.216 and the -lnL score was -3820.401. The split frequency for CO1 was 0.005. 

The first 10000 trees were considered as the burn-in phase and discarded. 

4.7.1. Phylogenetic analysis of 16S rRNA   

For 16S rRNA analysis, fourteen species of wild silk moths belonging to two sub-

families Saturniinae and Salassinae were analysed. In MP analysis with 100 bootstrap 

pseudoreplicates (Figure 20), S. lemaii and S. megastica belonging to sub family 

Salassinae were recovered as monophyletic with more than 98% bootstrap support but 

remained nested within Antheraea clade of sub family Saturniinae. Of the four 

Antheraea species included in the analysis, three species except A. assamensis, were 

recovered as monophyletic with bootstrap support of more than 50%. The analysis 

also included three Attacine genera, two of which viz. S. canningi and A. edwardsii, 

were recovered as monophyletic with more than 50% bootstrap support. S. thibeta and 

L. katinka, representatives of genus Saturnia and Loepa claded together with a 

bootstrap support of more than 50%. 
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Figure 20 Consensus tree of Maximum Parsimony based on 16S rRNA. 

 

 



97 

 

In ML analysis (Figure 21), two distinct clades were observed, the first clade 

included A. edwardsii, S. canningi and A. atlas, and the second clade included C. 

trifenestrata, two species of Actias viz. A. maenas and A. selene, genus Antheraea 

with four species viz. A. assamensis, A. mylitta, A. frithi and A. helferi, genus Salassa 

with S. megastica and S. lemaii, and S. thibeta and L. katinka. The first clade belongs 

to Attacini tribe of the sub family Saturniinae and the second clade except Salassa 

belongs to Saturniini tribe of the sub family Saturniinae. A. edwardsii and S. canningi 

were recovered as monophyletic with a strong bootstrap support of more than 80%.  

A. atlas, the remaining Attacini tribe included in the analysis formed a sister clade 

with the other Attacines with a bootstrap support of 50%. C. trifenestrata, the only 

Cricula genus included in the analysis occupy the basal position of the Saturniini 

clade with low bootstrap support. The tree then formed three groups; the first group 

consisted of two species of Actias. The second group consisted of four species of 

Antheraea along with two species of Salassa and the third group consisted of S. 

thibeta and L. katinka. A. maenas and A. selene claded together representing the first 

group but the bootstrap support is very low with only 39%. The second group 

consisting of four species of Antheraea was recovered as monophyletic with A. 

assamensis occupying the basal position of the Antheraea group. While A. mylitta, A. 

frithi and A. helferi showed significant bootstrap support of 59% and above, A. 

assamensis showed low bootstrap support of 15% only. S. megastica and S. lemaii 

both belonging to the sub family Salasiinae were recovered as monophyletic with a 

strong bootstrap support of 99%. They remained nested within the Saturniini clade 

and formed a sister with the Antheraea group. In the third group, S. thibeta claded 

together with L. katinka with a bootstrap support of less than 50%. 
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Figure 21 Phylogenetic tree based on Maximum Likelihood analysis of 16S. 
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In Bayesian inference analysis of 16S rRNA (Figure 22), C. trifenestrata 

occupy the basal position of the tree. Of the three Attacini genera included in the 

analysis, S. canningi and A. edwardsii were recovered as monophyletic with strong 

posterior probability (PP) support value of 100%. A. atlas, the remaining Attacine 

nested at the base of the Saturniini clade with a PP support value of 50%. The tree 

then formed two clades, the first clade consisted of A. selene and A. maenas with 50% 

PP support value and the second clade included six species belonging to  Saturniini 

tribe of sub family Saturniinae and two species of genus Salassa belonging to sub 

family Salasiinae. The six Saturniini species included A. assamensis, A. frithi, A. 

mylitta and A. heferi of genus Antheraea and S. thibeta and L. katinka. The four 

species of Antheraea included in the analysis were recovered as monophyletic with A. 

assamensis occupying the basal position of the Antheraea group. While A. assamensis 

shared 50% PP support with the other Antheraea species, the remaining Antheraea 

viz. A. frithi, A. mylitta and A. helferi showed PP support value of 100%. S. lemaii and 

S. megastica, the two representatives of the sub family Salassinae occupy the crown 

of the Antheraea cluster and were recovered as monophyletic with 100% PP support 

value. S. thibeta claded together with L. katinka with 100% PP support value.  
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Figure 22 Bayesian probability estimates of phylogeny based on 16S rRNA data. 
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4.7.2. Phylogenetic analysis of CO1  

For CO1 analysis, thirteen species of wild silk moths belonging to two sub-families 

Saturniinae and Salassinae were analysed. In MP analysis with 100 bootstrap pseudo 

replicates (Figure 23), the two representatives of Salassa viz. S. lemaii and S. 

megastica were recovered as monophyletic with 100% bootstrap support. Loepa and 

Actias each with two species were also recovered as monophyletic with bootstrap 

support of 98% and 66.8%. S. canningi and A. atlas both belonging to Attacini tribe 

of sub family Saturniinae were also recovered as monophyletic with strong bootstrap 

support of more than 80%.  Of the four Antheraea species included in the analysis, A. 

mylitta and A. frithi were recovered as monophyletic with 100% bootstrap support. 

In ML analysis (Figure 24), two major clades were observed within 

Saturniidae. One included A. atlas and S. canningi and the other clade included S. 

thibeta, genus Antheraea consisting of four species viz. A. assamensis, A. helferi, A. 

mylitta, A. frithi, genus Loepa with two species L. sikkima and L. katinka, genus 

Actias with A. selene and A. maenas and genus Salassa with S. megastica and S. 

lemaii.  A. atlas and S. canningi belonging to Attacini tribe of sub family Saturniinae 

were recovered as monophyletic with a bootstrap support of more than 50%. The 

remaining species except S. megastica and S. lemaii belongs to the Saturniini tribe of 

sub family Saturniinae. S. thibeta, the only representative of genus Saturnia occupies 

the basal position of the Saturniini clade. The tree then form three clades, the first 

clade consisted of four species of Antheraea, the second clade consisted of two 

species of genus Loepa and the third clade consisted of two species each of genus 

Actias and Salassa. The two representatives of Loepa, L. sikkima and L. katinka were 

recovered as monophyletic with bootstrap support of 99%. The genus Antheraea with 
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Figure 23 Consensus tree of Maximum Parsimony based on CO1 data. 

 



103 

 

 

Figure 24 Phylogenetic tree based on Maximum Likelihood analysis of CO1. 
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four species was also recovered as monophyletic with bootstrap support of 67% and 

above. A. assamensis occupied the basal position of the group. The two Actias viz. A. 

selene and A. maenas were also recovered as monophyletic with bootstrap support of 

more than 50%. The two representatives of Salassa, S. megastica and S. lemaii both 

belonging to sub family Salassinae nested within the Saturniini clade and were 

recovered as monophyletic with 100% bootstrap support. They formed sister clade 

with the two Actias species with very low bootstrap support value. 

In Bayesian inference analysis (Figure 25), two major clades were observed. 

One clade included S. canningi and A. atlas and the other clade included the genus 

Actias with two species A. selene and A. maenas, S. thibeta, genus Antheraea with 

four species A. assamensis, A. frithi, A. mylitta and A. helferi, Loepa with two species 

L. katinka and  L. sikkima and genus Salassa with S. megastica and S. lemaii. The 

genus Samia and Attacus belongs to Attacini tribe of the sub family Saturniinae and 

were recovered as monophyletic with 100% PP support values. The remaining genus 

except Salassa belongs to Saturniini tribe of the sub family Saturniinae. The genus 

Antheraea with four species and the genus Actias, Loepa and Salassa, each with two 

species were recovered as monophyletic with 100% PP support values. S. lemaii and 

S. megastica both belonging to the sub family Salasiinae formed a sister clade with 

the two Loepa species of sub family Saturniinae with 50% PP support value. S. 

thibeta, the only representative of the genus Saturnia included in the analysis nested 

with the Antheraea, Loepa and Salassa clades with 50% PP support value. 

 



105 

 

 

Figure 25 Bayesian probability estimates of phylogeny based on CO1 data. 
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5.1. Diversity of wild silk moths 

Gupta (2007) reported the occurrence of S. cynthia from Seling and Chhiahtlang, the 

only wild silk moth reported from Mizoram. The present study for the first time 

reported the occurrence of seventeen species of wild silk moths belonging to nine 

genera. The possible reason for the high record of wild silk moth in the present study 

against the report of Gupta (2007) could be attributed to the extensive coverage of the 

sampling areas and difference in sampling methods. It is known that moth catches are 

significantly influenced by the type of trap, sampling mode (manual vs. automatic), 

time of day, season and duration of sampling (Thomas & Thomas, 1994; Axamacher 

& Fiedler, 2004; Summerville & Crist, 2005; Beck & Chey, 2007). Catch size and 

composition are also determined by the light source employed and its spectral 

composition (Leinonnen et al., 1998; Fayle et al., 2007). In addition to the type of trap 

and equipment, a range of abiotic factors affect the efficiency of light traps, such as 

temperature, rainfall, moonlight and cloud cover (Holyoak et al., 1997; Yela & 

Holyoak, 1997; Beck et al., 2011).  The possible reason for not recording S. cynthia, 

the only wild silk moth reported earlier from Mizoram by Gupta (2007) could be due 

to habitat loss, clearing of forest due to shifting cultivation, increasing urbanization, 

lack of awareness about wild silk worms and their host plants among the local farmers 

which are likely to result in local extinction of few species. Habitat loss is widely 

regarded as the single greatest threat to diversity of terrestrial plants and animals 

worldwide seriously effecting the distribution of wild silk moths and other wildlife in 

the area (Fahrig, 2001). However, the report on the occurrence of S. cynthia by Gupta 

(2007) may need further reconfirmation with available specimen since the present 

survey recorded maximum number of S. canningi while it failed to record the 

occurrence of S. cynthia. During the present study, A. atlas with a wingspan of ~250.0 
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mm was found to be the largest and C. trifenestrata with a wingspan of ~75.0 mm 

was found to be the smallest among the collected wild silk moth. This is in 

accordance with the observation of Kakati & Chutia (2009), Gogoi et al. (2014b) and 

Shangpliang & Hajong (2015) made from Nagaland, Arunachal Pradesh and 

Meghalaya respectively. Occurrence of maximum number of S. canningi (85 Nos.) 

could be due to the availability of large number of primary and secondary host plants 

throughout the study sites. Maximum numbers of individual as well as species were 

encountered during the summer/rainy season which is in accordance with the study of 

Gogoi et al. (2014) and Shangpliang et al. (2015) on the diversity of wild silk moths 

in Arunachal Pradesh and Meghalaya. This may be attributed to the longer duration of 

the summer season which hold out for nearly six months from second half of May to 

late October accompanied by the appearance of fresher newer leaves during the 

summer season. It may also be due to the favourable temperature, rainfall and 

humidity for the growth and development of the wild silk moths. Of the total fifteen 

species of wild silk moths encountered during the summer season, six species viz. A. 

helferi, A. knyvetti, A. edwardsii, A. rhodopneuma, C. trifenestrata and S. canningi 

were found only during the summer season. Similar observation was reported by 

Gogoi et al. (2014) from Arunachal Pradesh where S. canningi and A. edwardsii were 

encountered during summer season only. The remaining nine out of the fifteen species 

were also encountered during spring and winter seasons. In the present study, L. 

katinka was encountered during spring and summer season, C. trifenestrata during 

summer season and S. thibeta during the winter season whereas Gogoi et al. (2014) 

reported the occurrence of L. katinka, C. trifenestrata and S. thibeta during the month 

of November, January and September respectively. In the present study, A. maenas 

was the only wild silk moth encountered all round the year but it was encountered 



108 

 

only during the month of August by Gogoi et al. (2014) from Arunachal Pradesh. 

Winter constitute the least abundant season for wild silk moth. This may be attributed 

to the unfavourable climatic conditions during which wild silk moth undergoes 

diapause to escape extreme winter period. Of the total four species found during the 

winter season, S. megastica and S. thibeta were found only in winter season and the 

remaining two species A. maenas and S. lemaii were also found during summer 

season during the study period. S. lemaii and S. megastica belonging to sub family 

Salassinae reported in the present study is the only Salassinae species reported so far 

from the North Eastern region of India.  

Of the seventeen species of wild silk moth recorded during the present study, 

significant positive correlation between abundance and elevation was observed in A. 

selene, L. katinka, S. lemaii and S. megastica. Nine out of the seventeen species were 

found to be aggregated and the remaining eight species were found to be randomly 

distributed throughout Mizoram. This could be attributed to the distributional pattern 

of host plant of wild silk moth throughout the study sites (Table 9). Different species 

of wild silk moths when ranked according to their abundance, the rank abundance 

curve for 600-900 m and 900-1200 m asl showed the steepest curve indicating 

assemblages with high dominance. This is due to the large difference in the number of 

individuals belonging to a particular species which ranges from 2-42 and 1-28 

respectively in both the altitudinal range. Contrary to this, altitudinal range 0-300 m 

asl showed a shallower slope signifying highest evenness indicating that most of the 

species are equally abundant in this range. Here the difference in the number of 

individuals belonging to a particular species ranges from 1-4 only. Although 

altitudinal range 900-1200 m asl harbours the highest number of species, the diversity 

was found to be highest in the altitudinal range 1200-1500 m asl in Shannon H’s 
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result. Simpson’s result is also congruent with Shannon H’s with a diversity that was 

highest in altitudinal range 1200-1500 m asl. This is due to the uneven distribution of 

species in altitudinal range 900-1200 m asl as compared to altitudinal range 1200-

1500 m asl which harbours thirteen species. Shannon index takes into account the 

degree of evenness in species abundances and Simpsons index is heavily weighted 

towards the most abundant species in the sample, while being less sensitive to species 

richness. May (1975) has shown that once the number of species exceeds ten, the 

underlying species abundance distribution is important in determining whether the 

index has a high or low value. Altitudinal range 0-300 m asl (0.556) harbouring four 

species was found to be the least diverse area. This is incongruent with the work of  

Ignatov et al. (2011) on the distribution of Sphingid Moths along an elevation 

gradient in the Andes-Amazon Region of Southeastern Peru where the Lowland 

Amazon located at 300 m asl constitute intermediate species diversity and upper 

Amazon located at 600 m asl constitutes the highest species diversity. During the 

present study, the highest number of individuals (145 Nos.) was found in the 

altitudinal range 600-900 m asl. This could be due to the availability of large number 

of host plants for different species of wild silk moth. Differences in abundance require 

careful interpretation however, particularly since light-trapping depends strongly on 

patterns of moth activity and other external factors (Butler et al., 1999; Fiedler & 

Schulze, 2004), including seasonal differences in moth diversity and abundance 

(Summerville & Crist, 2003) and variability in collection conditions (Gotelli & 

Colwell, 2001). During the study period, a single specimen of A. rhodopneuma and 

two specimens of  S. thibeta and S. megastica were found only in high altitudinal 

range above 1200 m asl and a single specimen of A. knyvetti was found only in 

altitudinal range between 900-1200 m asl. There is a possibility that these species 
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were sampled only at a single locality/elevational range because they are rare, rather 

than because they only occur at a single locality/elevational range. S. lemaii was 

found both in altitudinal ranges 900-1200 m and 1200-1500 m asl. A. selene, A. 

edwardsii and S. canningi were the common species in all the surveyed sites. 

Altitudinal patterns in insect taxonomic diversity may be apparent on a range of 

spatial scales (Gaston & Williams, 1996). At the finest scale the number of insect 

species associated with a particular plant species may decline with rising altitude. 

Altitude affects not only the species richness but also the species composition of 

insect communities (Whittaker, 1952). Species richness may peak at the highest, 

lowest or mid altitude or display no trend, depending on the community studied and 

location. However, Chinnaswamy (2001) reported that the existence/distribution of 

wild silk moths depends on the availability of leaves of food plants. Moreover, 

Summervile & Crist (2003) reported that although canopy cover and basal area of 

trees and lianas were identified as important factors, it is more likely that differences 

in moth assemblages are primarily determined by the distribution of host-plant 

resources than differences in physical vegetation structure. Most moths are 

herbivorous as larvae and many are noted for their pronounced host-specificity 

(Holloway et al., 1992). Plant diversity or the presence of particular plant species is 

therefore critical, both for the emergence of adults and for egg-laying but 

investigating the relationship between the moth community structure and plant 

diversity is hindered by the very limited knowledge of resource use by individual 

moth species (Brehm et al., 2003). Although it is still an early stage to correlate the 

known natural history of wild silk moth species to better explain the diversity and 

distribution patterns documented in this study, some preliminary comments can be 

made. So long the food plants are available, elevation does not seem to play major 
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role in the diversity and distributional pattern of wild silk moths as diversity studies of 

wild silk moths in other region reported similar species to be distributed in different 

altitudinal range (Kakati & Chutia, 2009; Aland et al., 2011; Devi et al., 2011).  A. 

knyvetti encountered only in altitudinal range between 900-1200 m asl in the present 

study was found in Manipur at 65 m asl and A. selene found throughout Mizoram and 

Nagaland was encountered only above 1000 m asl in Manipur. Mechanisms 

determining altitudinal variation in species richness are poorly understood. Some 

observed altitudinal patterns may result in part from mutualistic interactions among 

species (Olmstead & Wood, 1990). It is, therefore, unsurprising, given the complex 

interplay of determining factors, that there is little consistency in the altitudinal trends 

in species richness recorded for different insect communities. Mc Coy (1990) 

summarizes the wide variety of responses of species richness to altitude, with 

different taxa showing contrasting increasing or decreasing trends or no trend at all. 

Other taxa exhibit peak richness at intermediate elevations. These mid-altitude peaks 

in species richness are thought to result as artifacts of short-term sampling or from 

disturbance at lower altitudes (Wolda, 1987; Mc Coy, 1990). Similarly, peaks at high 

altitude may reflect more effective sampling of a seasonally compressed community 

(Whittaker, 1952). Because forest structure variables were intercorrelated, it is 

difficult to identify the most important factor determining the observed variation in 

community structure and composition. 

5.2. Diversity of host plants  

The present study for the first time reported the occurrence of different host plants of 

wild silk moths in Mizoram. The availability of food plants for non-mulberry 

silkworm has tremendous importance in the enhancement of non mulberry silk. Of the 

seventeen species of wild silk moth reported from Mizoram, maximum number of 
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host plants was reported for S. canningi, the most dominant species among the 

collected wild silk moth. Nine different larval food plants belonging to seven 

angiospermic families viz. Ricinus communis, Manihot esulenta, Glochidion 

sphaerogynum, L.cubeba, Psidium guajava, Evodia flaxinifolia, Duanbanga 

sonneritoides, Heteropanax fragans and Zanthoxylum rhetsa were reported for Samia 

canningi. Shangpliang & Hajong (2015), Kalita & Karabi (2014) and Kakati & Chutia 

(2009) also reported maximum number of host plants for S. canningi from 

Meghalaya, Assam and Nagaland respectively. A single host plant is reported for A. 

maenas, the second most dominant species (56 Nos.) among the wild silk moth 

collected during the study period (Table 9). This may be due to the availability of 

large number of Schima wallichi, the specific host plant of A. maenas throughout 

Mizoram. Since wild silk moths are polyphagus, there is a possibility that A. maenas 

may also feed on other host plants which require further study. A single specimen of 

A. rhodopneuma was collected without confirmation of its host plants. The host plants 

reported in the present study was furnished by Richard. S. Peigler (pers coms), 

University of Texas. The identification for the host plant of Saturnia thibeta is 

underway. 

The ever increasing urbanization and lopping of forest have led to gene 

erosion of many species of non-mulberry flora (Sinha, 1998a). Therefore, suitable 

strategy needs to be adopted for the conservation of these sericultural flora and fauna 

in order to maintain bio-diversity and to continue the age-old tradition of non-

mulberry sericulture. According to New Forest Policy (1952) the area under forests 

should be 33.3% of the country's total land area. Forest serves as a means of 

livelihood for the tribals and in the absence of any alternative forest based 

employment, the forest which have protective role in balancing the environment is 
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bound to shrink at a faster rate (Sinha, 1998a). Nonmulberry sericulture is one of the 

most important alternative means of livelihood of 10% tribal population of India. 

Therefore, wild sericulture can save forests and simultaneously improve the socio-

economic status of tribal and helps to promote suitable use of forest and safeguards 

their genetic resources.  

5.3. Phylogeny of 16S rRNA and CO1 

The genetic distances (p-distance) were different for both 16S rRNA and CO1 gene. 

The genetic distance for 16S rRNA gene was found to be highest between A. maenas 

and C. trifenestrata at 0.201. For CO1, the highest genetic distance was observed 

between S. lemaii and L. sikkima at 0.193. The lowest genetic distance for both 16S 

rRNAand CO1 analysis was observed between A. frithi and A. mylitta at 0.007 and 

0.003 respectively. Both the 16S rRNA and CO1 sequences showed strong bias 

towards higher AT content typical of mitochondrial genes, as is the case in other 

insects (Clary & Wolstenholme, 1985a; Yu et al., 1999). In comparision with 16S 

rRNA, CO1 shows less AT bias and possessed lower variability. The 

transition/transversion bias was higher in CO1 sequences than 16S rRNA sequences 

indicating lower genetic divergence in CO1 sequences than in 16S rRNA sequences 

of wild silk moths. 

 The Codon-based Test of Neutrality between the thirteen CO1 sequences 

showed a Ka/Ks ratio of less than 1 indicating that they are under purifying selection. 

A similar observation was made by Liu et al. (2012b) where the overall Ka/Ks ratio of 

thirteen PCGs between the wild and domesticated type of A. pernyi mitogenome 

showed a value of less than 1 (Ka/Ks = 0.0640) indicating that the PCGs within the A. 

pernyi mitogenome are under purifying selection, and these PCGs may reflect 
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different purifying selection pressure. However, in B. mori, a strong signal of positive 

selection was discovered in the gene cytochrome b (Li et al., 2010a). 

The taxonomic classification of Saturniids has long been a challenge (Regier 

et al., 2008a). The placement of Saturniidae into the Bombycoidea has been 

confirmed by a recent molecular work of bombycoid relationships (Regier et al., 

2008b). Although the genetic relationships within Saturniidae have been performed 

(Friedlander et al., 1998; Hwang et al., 1999a; Regier et al., 2002a; Mahendran et al., 

2006c; Wu et al., 2009), information on phylogenetic relationships of these silk-

producing species is yet limited.  The current analyses is based on two mitochondrial 

gene markers 16S rRNA and CO1.  

The tree topology based on ML of 16S and ML and Bayesian analysis of CO1 

data support monophyly of the attacine genera where three out of the total nine genera 

were analyzed for 16S and the CO1 analysis includes two out of the total nine attacine 

genera. This is in accordance with the work of Peigler (1989) where inter-generic 

relationships have been assessed using morphology and by Friedlander et al. (1998), 

using combined analysis of two nuclear genes EF-Iα and DDC sequences (2291 nt) 

for fifteen species representing all nine genera, plus six species of Saturniini as 

outgroups. All multiply sampled genera were strongly recovered with a bootstrap 

support of 100%. Similar observations were also made by Regier et al. (2002a) using 

EF-Iα and DDC sequences where monophyly of Attacini is again strongly 

corroborated with a bootstrap support of 100%. However, in the present analysis, the 

16S tree topology based on Bayesian analysis does not support monophyly of attacine 

genera where A. atlas nested at the base of the Saturniini clade thus rendering Attacini 

tribe non-monophyletic. A. assamensis occupies the basal position of the four 

Antheraea species included in the ML and Bayesian analysis of both 16S rRNA and 
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CO1. This is in accordance with the work of Mahendran et al. (2006c) on 

phylogenetic studies of ten silk producing insects of Saturniidae using Internal 

Transcribe Spacer DNA1 (ITS1) where the tree topology in both the ML and MP 

approaches yielded a similar tree that supported the ancestral position of the A. 

assamensis within the Antheraea cluster. The tasar silk producing A. mylitta formed a 

distinct clade with neighbouring oak silk producing A. frithi with significant bootstrap 

value of 98% and above for both the 16S and CO1 generated trees. Similar 

observation was made by Mahendran et al. (2006a) using ITS1. The Saturniinae clade 

however, included two species of Salassa belonging to sub family Salasiinae. This 

may be due to inclusion of fewer representatives of sub family Salasiinae in the 

present analysis. 

Monophyly and composition are especially uncertain for the largest tribe, 

Saturniini, originally defined by Bouvier (1936). Several postulates of paraphyly for 

Saturniini have been offered. In the present study, the Bayesian tree topology of 16S 

does not support monophyly of Saturniini tribe where five out of the total sixteen 

genera were analyzed (4 species of Antheraea, 2 of Actias and 1 each of Loepa, 

Cricula and Saturnia). This is inconsistent with the work of Regier et al. (2002a) 

where a monophyletic Saturniini was recovered using two nuclear genes EF-1α and 

DDC by ML analysis under both the (optimal) GTR+G+I and GTR-ssr models, but 

with low bootstrap support (17%). Under parsimony, however, Saturniini are not 

monophyletic. An earlier molecular study by Shimada et al. (1995), using only 468 

nucleotides of the arylphorin gene in a sparse taxon sample - 4 genera of Saturniini (2 

species of Antheraea, 2 of Actias, 2 of Saturnia, and I of Rhodillia), one genus of 

Attacini (2 species of Samia) and outgroups from Bombycidae and Sphingidae – also 

failed to find strong evidence on monophyly of Saturniini. However, Regier et al. 
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(2008b) re-examined relationships within Saturniinae using four protein coding 

nuclear genes (5625 bp total) namely CAD, DDC, period and wingless and recovered 

monophyletic Saturniini based on parsimony and likelihood with strong bootstrap 

support and deeper divergence therein. However in the present analysis, Bayesian tree 

topology of CO1 and the ML tree topology of both CO1 and 16S support monophyly 

of Saturniini. In the present analysis, overall intergeneric relationships within 

Saturniini particularly at deeper levels are less strongly supported than those in 

Attacini. Similar observation was reported by Regier et al. (2002b). Regier et al. 

(2002a) also strongly corroborate a close relationship between Attacini and Saturniini 

of sub family Saturniinae relative to the other tribes sampled (BP = 89%). 

The status of the two representatives of Salassa, S. lemaii and S. megastica of 

sub family Salasiinae, is not properly resolved. Both the species nested within the 

Saturniini tribes forming sister clade with the Antheraea genus with a support value of 

50% for both ML and Bayesian analysis of 16S rRNA. The two species of Salassa 

also nested within the Saturniini clade for CO1 analysis, but in ML analysis, it formed 

sister clade with genus Actias with low bootstrap support of only 12%. In Bayesian 

analysis, it formed a sister clade with the two Loepa species with PP support value of 

50%. This is inconsistent with the study conducted by Regier et al. (2008b) using four 

protein-coding nuclear gene regions (5625 bp total), namely CAD, DDC, period and 

wingless where sub family Salasiinae form a sister clade to Saturniinae sub family. 

The status of C. trifenestrata, the only representative of Cricula genus included in the 

analysis is also not clear. In Bayesian analysis for 16S, it occupied the basal position 

of the tree and in ML analysis it occupied the basal position of Saturniini clade with a 

low bootstrap support. However C. trifenestrata was not included in CO1 data 

analysis due to lack of DNA sample. 
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The position of S. thibeta, the only representative of the genus Saturnia is also 

not properly resolved. It formed a clade with L. katinka for both ML and Bayesian 

analysis of 16S with bootstrap support of 46% and 100% respectively.  In ML 

analysis of CO1, it occupy the basal position of the Saturniini clade with a low 

bootstrap support of less than 50%  and in Bayesian analysis, S. thibeta occupy the 

basal position of Saturniini clade excluding two Actias species with a bootstrap 

support of 50%.  
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 A total of seventeen species of wild silk moths belonging to nine genera and two 

sub families namely Saturniinae and Salassinae were collected from different parts 

of Mizoram.  

 This constitutes 36.17% and 70.83 % of the silk entomofauna of India and North 

East India respectively. This high record of wild silk moth in the present study 

seems encouraging enough as previous preliminary survey reported only one 

species i.e S. cynthia from Mizoram (Gupta, 2007).  

 Of this occurrence was dominated by S. canningi represented by eighty five 

specimens. This could be due to the availability of large number of primary and 

secondary host plants throughout the study sites.  

 Maximum numbers of individual as well as species were encountered during the 

summer/rainy season with highest number of individual recorded during the 

month of August followed by July. 

 Significant positive correlation between abundance and elevation was observed in 

four species out of the seventeen species recorded during the present study. Nine 

species had an aggregated distribution and the remaining eight species were found 

to be randomly distributed throughout Mizoram. 

 The highest number of individual (145 Nos.) was found in the altitudinal range 

600-900 m asl and altitudinal range 1200-1500 m, the highest zone of elevation 

range in the study harbours the highest number of species. 

 The differences in moth assemblages and distribution are primarily determined by 

the distribution of host-plant resources than differences in physical vegetation 

structure.  
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 As far as geographical area of the study region and number of species of wild silk 

moths recorded during the present study are considered and compared, it reflected 

the diversity and richness of wild silk moths in Mizoram. 

 For CO1 analysis, the present study included thirteen species of wild silk moth 

belonging to two sub families, Saturniinae and Salassinae. The 16S analysis 

included fourteen species belonging to two sub families, Saturniinae and 

Salasiinae. 

 In comparision with 16S rRNA, CO1 showed less AT bias and possessed lower 

variability. The transition/transversion bias was higher in CO1 sequences than 16S 

rRNA sequences indicating lower genetic divergence in CO1 sequences than in 

16S rRNA sequences of Saturniidae.   

 The present study recovered the monophyly of Attacini tribe with one exception. 

The ML analysis of 16S and CO1 and Bayesian analysis of CO1 recovered the 

monophyly of Attaciini tribe of sub family Saturniinae. 

 However, the Bayesian analysis of 16S failed to recover the monophyly of 

Attaciini tribe where Attacus atlas belonging to Attacini tribe nested at the base of 

Saturniini tribe thus rendering Attacini non monophyletic. 

 Monophyly of the much uncertain Saturniini tribe of sub family Saturniinae is also 

resolved for the most part. The ML analysis of both 16S and CO1 gene and 

Bayesian analysis of CO1 gene recovered the monophyly of Saturniini.  

 However, the Bayesian analysis of 16S failed to recover the monophyly of 

Saturniini tribe where Cricula trifenestrata occupied basal position to the other 

thirteen species included for the analysis. 

 In the present analysis, S. megastica and S. lemaii belonging to sub family 

Salasiinae instead of forming separate clade, nested within sub-family Saturniinae 
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in both ML and Bayesian tree topology of CO1 and 16S. This may be due to 

inclusion of fewer representative of sub family Salasiinae. 

 Comparison of recovered topologies for both CO1 and 16S rRNA gene in our 

analysis revealed that CO1 is better than 16S for resolving phylogeny of wild silk 

moths.  

 The present analysis also showed that ML method is better in comparison to 

parsimony and Bayesian method for both CO1 and 16S in resolving relationships 

within wild silk moths.  

 Being the first scientific research on the molecular phylogeny of wild silk moths 

in Mizoram, the phylogenetic status of wild silk moths has been established based 

on 16S rRNA and CO1 marker. This enabled us to have a better insight to their 

genetic diversity, classification and study of evolutionary relationship. 

 For obtaining more complete picture of the phylogenetic relationship of wild silk 

moth, sequencing of additional mitochondrial and nuclear markers, comparision 

with morphological characters and evaluation of more number of taxa is required.  
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