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CHAPTER ONE
1 GENERAL INTRODUCTION

1.1  Background information

Sericulture is the process of rearing silk-producing insects in captivity or collecting
their silk in the field for human use, mainly leading to the production of fabrics
(Peigler, 1993). In the world, there are about 400-500 species of silk-producing
moths, out of which 8-9 are known to produce silk of commercial value (Dingle et al.,
2005). Natural silk is broadly classified as mulberry or domesticated silk from
Bombyx mori L. (Lepidoptera: Bombycidae), which produces 95-99 % of the silk
under commercial use in the world today (Scoble, 1995; Raina, 2000, 2004; Dingle et
al., 2005; Raina ef al., 2007), and non-mulberry silk (Gongyin and Cui, 1996; Kioké-

et al., 1999a,b, 2000a,b, 2007; Veldtman et al., 2007a,b; Fening et al., 2008a,b).

The domesticated silkmoth, B. mori originated from its wild counterpart, Bombyx
mandarina-moore by gene duplication and chromosomal fusion mechanism
(Botlagunta er al., 2006). Tropical and temperate tasar, eri, Muga and Anaphe
(Mbahin et al., 2008) are the principal non-mulberry silk; and the others include
fagara, Coan, mussel, spider and Gonometa silk (Kioko ef al., 1999a,b, 2000a,b,
2007; Ngoka et al., 2008; Fening et al., 2008a,b). Wild silkmoths or non-mulberry
silkmoths are generally those that are not reared in captivity. Instead, native people
collect cocoons from wild populations of the moths. In some cases, some rearing is
done, often outdoors with little or no protection of the larvae (Jolly et al., 1979;

Peigler, 1993; Dingle e al., 2005; Rai, 2005; Kioko et al., 1999a, b, 2000a, b, 2007).






without the variability and interdependence of the biodiversity resources, mankind
will perish and therefore there is need to conserve them. The current policies and
policy instrument on biodiversity conservation are in support of community-based
initiatives, since these forest adjacent communities are the people that utilise the
biological resources and their destruction due to over-exploitation, or conservation as
a result of positive and sustainable utilisation rest upon the community (Salehe, 2005;

Fening et al., 2008a).

The Mwingi forest reserves serve as major sources of fuel wood and poles for rural
and urban markets in Mwingi. They protect and cool the soil, directly affecting soil
fertility and productivity. They also act as store of carbon and are therefore relevant to
dealing with climate change. They harbour significant biodiversity resources within a
complex of thorn tree (4cacia, Commiphora) woodland communities (Kigomo, 2001;
Abeele et al., 2005; Fening et al., 2008a). Recently, Mwingi valleys and hills were re-
cognised as an Important Bird Area (IBA), joining 60 other such sites in Kenya
(Mulwa et al., 2007). Mwingi District shows a very high prevalence of poverty, which
is estimated at 60 per cent with the poor residing in the driest divisions in the district
namely Tseikuru, Kyuso, Ngomeni, Nguni and Nuu Divisions (Mwingi District
Development Plan, 2002). The introduction of wild silkmoth farming will help
alleviate poverty among the rural farming communities adjacent to these forests and
also encourage the positive utilisation and conservation of the moths as well as their
host plants species and this will help salvage the rapidly disappearing forest (Raina,

2000, 2004; Fening ef al., 2008a).



1.2  Problem statement

The real threat to the African flora and fauna is the rapid population growth, which
has led to increased demand for agricultural land and fuel wood (Oberprieler, 1995;
Kioko et al., 2000a; McGeoch, 2002; Salehe, 2005; Veldtman, 2005). The current
dependence on primary production, largely in agriculture to sustain demands. for food
and income generation to improve the people’s living standards is limited and has
largely contributed to the rapid dwindling of the continent’s rich biodiversity
(Oberprieler, 1995; Kioko et al., 1999b, 2000a; Raina and Kioko, 2000; Rahab, 2005;
Salehe, 2005). This has also resulted in most farmers having little income (Khamala,
1984; Mkanda, 1992). The population of wild silkmoths in Africa is declining due to
deforestation, which robs them of their food plants and the over coﬁsmnption of
silkmoth larvae, which are favoured by some local communities for food (Ashiru,
1988; Munthali and Munghogho, 1992; Peigler, 1994; Oberprieler, 1995; Kioko et al.,

1999b; Raina and Kioko, 2000; McGeoch, 2000, 2002; Veldtman, 2005).

Much global attention has been focused on the destruction of tropical rainforest and
its consequences, but less attention has been given to the tropical and sub-tropical dry
forests and woodlands in Kenya, such as those in Mwingi. Yet these habitats have
been degraded and are disappearing as fast or faster, and their loss is likely to have a
more severe impact on people living nearby (Kigomo, 2001; Abeele et al., 2005;
Fening et al., 2008a). Also in Kenya, wild silkmoth habitats and natural ecosystems
such as Kakamega, Arabuko Sokoke and Mwingi forests have suffered severe
encroachment as a result of the growing human population and the demand for

agricultural land (Kioko et al., 1999b; Rahab, 2005).






development and export earnings. With the rich diversity of wild silkmoths recorded
in Africa, wild silk farming has the potential to integrate conservation and economic

development (Kioko et al., 1999b, 2000a; Raina, 2000; Raina et al., 2000).

In East Africa like elsewhere in the world, there is an increasing concern for
biodiversity and its sustainable utilisation and conservation. Since some solution lies
in introducing economic incentives that integrate conservation with the economic
development of the people, a need exists to document some of the biological
resources that can be utilised as models for both conservation and income generation.
The introduction of wild silk farming in East Africa and Kenya in particular may offer
an important economic incentive to farmers, not only for monetary gains from the sale
of wild silk, but the enterprise will also enhance the conservation of the wild silkmoth

species and their host plant species.

For successful utilisation of these species of wild silkmoths, further studies on the
abundance, spatial distribution, biology, ecology and population dynamics on various
host plant species in relation to the prevailing climatic conditions are needed. It is also
important to identify the parasitoids, predators and other natural enemies of these silk
moths so that their regulatory effects can be deliberately reduced (Kioko et al., 1999a,
2000a; Raina and Kioko, 2000; Alam et al., 2060, McGeoch, 2002; Ngoka, 2003;

Veldtman et al., 2002; Raina, 2004; Fening et al., 2008b).

Mwingi area has low potential for conventional agriculture, and the local populations
augment their agro-pastoralist income from the forest and woodland resources

(Kigomo, 2001). Thus, wild silkmoth conservation and utilisation as an income-
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natural abundance of oaks, and has favourably impacted the national economy of
India. Several oak species in the foothills and mountains are used as host plants, the
commonest being Quercus lanuginosa D. Don. In China, studies are underway to
develop uses and markets for by-products of tussah sericulture in medicine, health
foods, cosmetics, and for biocontrol, this last being the use of eggs of the moth for

mass-rearing of Trichogramma parasitoids to combat forest pests (Peigler, 1993).

The Japanese oak silk moth is called Antheraea yamamai (Guérin-Méneville)
(Saturnidae). The name comes from the Japanese yama, meaning forests or
mountains, and mayu meaning cocoon, thus roughly translating to wild silkmoths.
Today the common name in Japan is tensan. The cocoons are green or yellow,
depending on how much light the spinning larvae were exposed to, but after
degumming the silk is pure white like most varieties of mulberry silk. The higher cost
of labour and much greater demand than supply has allowed this oak silk to command
exorbitantly high prices in Japan. Additionally, the silk has great cultural and
ritualistic significance. Items produced include small tablecloths, neckties, obis
(belts), cloths for Buddhist altars, and family crests in frames (Peigler, 1993; Nayak,
1999).

2.1.3 Fagara silk

Probably the most beautiful of all wild silkmoths is the ailanthus silkmoth, commonly
called the cynthia moth, Samia cynthia (Drury) (Saturniidae). This insect is a native of
China, where its cocoons have been used for centuries to produce cloth, sometimes
called fagara silk, and the practice continues today to a small degree. The cynthia

moth feeds on tree-of-heaven, Ailanthus altissima (Miller) Swingle (Simaroubaceae).
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The cynthia moth, with compact gray cocoons, was introduced widely in the 1800s in
hopes of founding sericulture industries; it still persists as feral populations in Paris,
Vienna, northern Italy, and the northeastern United States, but is extinct or nearly so

in the locales in Spain, Germany, and Canada (Peigler, 1993).

Attacus atlas (L.) (Saturniidae), known as the atlas moth, is widely distributed in
southeastern Asia and belongs to the genus containing the largest moths in the world.
The silk is called in various localities fagara, tagore, or ailanthus silk. In Assam the
moth is called kotkari muga. The large cocoons contain a considerable amount of
brown silk, but it is not reelable. It must be made into floss-silk and spun silk yarn,
forms that are spun into thread-like cotton. It is likely that A. atlas has had occasional
significance in certain southeastern Asian coimtries through the centuries, but

minimal usage of silk from this species occurs today (Peigler, 1993).

2.14 Erisilk

The domesticated eri silkmoth, Samia ricini (Boisduval), is closely related to the
cynthia moth, and is used on a larger scale in the Brahmaputra Valley of India, both
historically and in the present day. The eri silkworms are usually raised on the big
palmate leaves of castor oil plants, Ricinus communis L. (Euphorbiaceae). This moth
has been domesticated for centuries in India, China, and Japan, and in the last two
centuries in Cuba, Uruguay, Egypt, France, and Italy. Larvae are raised in open pans
like larvae of the mulberry silkmoth, and this domesticated form also cannot exist on
its own in a wild state. It has large, puffy cocoons, reflecting a long history of
artificial selection, that come in snow white and brick red forms. Fabrics obtained

from eri silkmoths are very durable. This wild silkmoth is regarded as the most
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silkmoths passed through the dry seasons in the pupal stage that is enclosed in a tough
silk cocoon, and moth emergence and consequent egg laying and the sprouting of new
leaves from the host plants (4cacia spp.) had a unique synchronization (Kioko, 1998;

Ngoka, 2003; Ngoka et al., 2008).

Eggs of G. postica are oval in shape with a major axis of 2.321 + 0.007 mm and a
minor axis of 2.074 + 0.008 mm (Kioko et al., 1999a). At oviposition, the eggs are
white or brownish and attached to the substrate with a brown gummy substance.
There is a yearly bimodal oviposition pattern by the moth in the field, with
oviposition by first generation moths observed in March to April and the second
generation in October to Novémber. The eggs are laid in clusters with a mean of 17.3
+ 14.3 to 34.1 + 15.5 eggs and various substrates (upper and lower leaf surfaces, stem
and netsleeve) are accepted for oviposition. The egg hatch within 11.3 + 0.1 days into

first instar larva (Kioko, 1998; Ngoka, 2003).

There are six instar larval stages. The first three are gregarious and thereafter become
solitary. They have a mixture of white, brown and black hairs with much longer hairs
on the lateral sides and are equipped with irritant spines, more prominent in the older
instars, Larvae from the first generation of moths are found in the field in March,
April and May, whereas those of the second generation are observed in the field in
October, November and December. The mean larval period from first instar to onset
of spinning at the end of the sixth instar period is 53.5 + 6.2 days (Kioko, 1998;

Ngoka, 2003).
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in the Asia-Pacific region (Orchard and Maslin, 2005). The current classification of

Acacia recognises the genus as comprising three subgenera, namely:

1) Subgenus Acacia: about 160 species which are widely distributed in Africa (73
species), the Americas (about 60 species), Asia (36 species) and Australia (9
species). The Australian species are mostly confined to the tropical north of the
continent, only 4. farnesiana extends southwards through more arid areas but it is

not likely that this species is a true native of Australia.

2) Subgenus Aculeiferum: 231 species that are also widely distributed in the
Americas (125 species), Africa (69 species), Asia (43 species) and Australia (2

species). The Australian species are confined to northern Queensland.

3) Subgenus Phyllodineae. 960 species which are largely confined to Australia
(less than 20 species occur outside the continent where they extend eastwards to
some islands of the Pacific, north to the Philippines and west to Madagascar)

(Maslin ef al., 2003; Orchard and Maslin, 2003).

On 16 July 2005, the Nomenclature Section of the XVII International Botanical
Congress in Vienna voted to accept a recommendation to conserve the name Acacia
with an Australian type. Until formal proposals to split Acacia have been published
the generic names for species and infraspecific remain the same, i.e. they will still be
called Acacia. Once the split begins, however, the generic names will likely be the
following: Acacia for species ascribed to the present subgenus Phyllodineae;
Vachellia for species ascribed to the present subgenus Acacia; Senegalia for most

species ascribed to the present subgenus Aculeiferum. The common name Acacias
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population dynamics their action resembles that of predators more than that of true

parasites.

Parasitoids include a vast number of species of the so-called parasitic Hymenoptera,
the Strepsiptera, and a few of the Diptera, primarily in the family Tachinidae. Others
include Coleoptera, Lepidoptera, Trichoptera, and Neuroptera. The parasitic
Hymenoptera traditionally embraces the superfamilies Ichneumonoidea,
Chalcidoidea, and Cynipoidea. Of these superfamilies, the Ichneumonoidea
constitutes one of the leading groups, both in numbers and effectiveness. The
dominant families of this branch of the Hymenoptera Parasitica are the
Ichneumonidae and Braconidae, both of which attack a wide range of host species
(Clausen, 1940; Doutt, 1959; Vinson, 1975; Pennacchio and Strand, 2006). The
family Braconidae contains more than 15,000 valid species (Quick and van
Achterberg, 1990). Recent estimates suggest that 10 % to 20 % of all insects may be

parasitoid wasps (Godfray, 1994; Quicke, 1997; Whitfield, 2003).
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2.10 Insect parasitoids of Gonometa spp.

Table 2.3, summaries the different species of parasitoids that attack Gonometa spp.
from South and East Africa.

Table 2.3: List of known parasitoids species of Gonometa spp. from South and
East Africa
Order Stadium
Family - Species attacked Host species
Diptera
Tachinidae Pimelimyia semitestacea "' larva 2 G. postica !,
(Villeneuve) G. rufobrunnea **
(syn. Sturmia semitestacea Vill.)
Tachina convergens ® ?
(Wiedemann) G .postica’
[syn. Sturmia convergens Wiedemann &
Sturmia dilabida Villeneuve (Curran)]
Carcelia evolans * (Wiedemann) (syn. ?
Zenillia evolans (Wiedemann) - Gonometa sp.’ (either G.
postica or G. rufobrunnea).
Palexorista gilvoides (Curran) ® (syn. Sturmia  larva **
gilvoides Curran *) G. podocarpi **
Palexorista sp.1 ¥ larva’? G postica, G. rufobrunnea
? Palexorista sp. * 1! larva G. postica, Gonometa sp.’
? Tachinidae sp. ' ?
Hymenoptera
Braconidae ? Disophrys sp. ! larva G. postica, G. rufobrunnea
Meteorus trilineatus (Cameron) * larva * G. podocarpi
Ichneumonidae  Pimpla mahalensis (Gribodo) * larva®  G. podocarpi
Pimpla sp."! larva'! G postica'
Goryphus sp."! larval!  G. postica"
Chalcididae Brachymeria sp. 1 **! larva G. postica, G. rufobrunnea
Brachymeria sp. 2 *** larva 2 G. rufobrunnea
Brachymeria sp.! larva!’ G postica"
Kriechbaumerella sp. ' larva G. postica, G. rufobrunnea
Hockeria sp. * larva’  G. rufobrunnea
Eurytomidae Eurytoma transvaalensis (Cameron) 12 larvae;
hyper G. postica, G. rufobrunnea
Eurytoma tolidepepra Delvare u pars. ? Disophrys
G. postica"
Perilampidae Perilampus sp. ' hyper
pars. P. semitestacea
Eulophidae Pediobius anastati (Crawford) 2512 egg? G. postica 0 G. rufobrunnea

2
, Gonomela sp.
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Table 2.3: continued

Order Life Host species
Family Species , stage
attacked

Hymenoptera

Eupelmidae Anastatus bifasciatus (Fonscolombe) * egg’ G. fasciata*
Anastatus sp. 1> egg > G. rufobrunnea®
Anastatus sp. 2 >* egg>*® G podocarpi **
Mesocomys pulchriceps (Cameron) > egg® G. postica™ %%,

G. rufobrunnea’
Gonometa sp. >
Tineobius gonometae (Ferriere) > larva
G. postica 10, G.
rufobrunnea®

The above table was adopted from Veldtman et al., 2004a and modified with some
additions of parasitoids from East Africa (Kenya). The numbers (in superscript)
denote the information sources which are as follows:

(1) Veldtman et al., 2004a; (2) Hartland-Rowe, 1992; (3) Austara, 1971; (4) Okelo,
1972; (5) Kioko, 1998; (6) Scholtz & Holm, 1985; (7) Crosskey, 1984; (8) Peigler,
1994; (9) Cuthbertson & Munro, 1941; (10) Records from the Biosystematics division
of the Plant Protection Research Institute, Agricultural Research Council, South
Africa; (11) Fening et al., 2008b. (12) Ngoka, 2003. Similar numbers of asterisks
indicate that unidentified species are of the same genus, region and have the same

host species and may be thus the same species; hyper pars. = hyperparasitoid.

2.11 Life cycle of parasitoids
Insect parasitoids have a much-specialised life cycle that includes an immature stage
that develops on or within a single insect host, ultimately killing that host. The life

cycle begins when an adult female insect parasitoid lays her eggs on or in the body of
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the real and current threats to their existence (Raina and Kioko, 2000). This can be
done by including these silkmoths in live butterfly house displays both at home and
abroad. There are many people and firms interested in observing live silkmoths. The
prices paid for live pupae range from US $ 1-8, depending on the species. Selling
pupae will bring immediate benefits to the community farming and harvesting the silk
moths. It will also provide a chance to farm silkmoth species, which do not spin silk
cocoons but are the majority of species in Africa (Raina and Kioko, 2000) or those
who spin silk cocoons of low quality; i.e. small, loosely spun cocoons (Kioko, 1998;

Kioko et al., 2000a).

Wild silkmoths can be used as ecological indicators of environmental change
(Oberprieler, 1995; Kioko, 1998). This is because they often have a restricted
distribution and food plant range. The decline in numbers of a silkmoth species in an
area may be the first sign of degradation of the environment, whether by pollution,
denudation of the natural vegetation, invasion of alien plants or other causes.
Similarly, an increase in numbers may also be a signal of change in the environment
for example the introduction of a palatable exotic species or an increase of the natural
food plants. Before the wild silkmoth species in East Africa can be used to identify
areas and ecosystems in need of conservation, and also to monitor such areas for
possible decline and change in terms of species composition, detailed bioecological
studies must be undertaken. Once thorough knowledge is gained on their life cycles
and distribution, then these species will play a role in the future formulation of

research and conservation strategies in this region (Kioko, 1998).
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Figure 3.2:  Study sites in Mwingi District of Eastern province of Kenya.
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change and field sampling is unviable without understanding the underlying spatial
distribution (Taylor, 1984) which must be taken into consideration to achieve
sustainable harvesting of G. postica cocoons in the wild. However, understanding the
spatial distribution of wild silkmoths in indigenous and mixed indigenous forests is
one of the several challenges faced by wild silk production in many African producer
countries, especially East Africa (Mbahin et al., 2008). Therefore, there is need for
more precise information on the spatial distribution of wild silkmoth species to assist
in developing management plans for their conservation and sustainable utilisation for

income generation (Veldtman et al., 2007a; Mbahin ef al., 2008).

| Unfortunately, the data on the spatial distribution of wild éilkmoths and their host
plants in Africa is inadequate for making management decisions (Veldtman et al.,
2007; Fening et al., 2008a; Mbahin et al., 2008; Ngoka et al., 2008). Veldtman et al.
(2007) is currently the only available quantitative description on spatial distribution of
G. postica pupae in north-central South Africa and southeastern Botswana. However,
the bioclimatic conditions in the eastern Africa region and by extension the diversity
of host plants of G. postica differ markedly from southern Africa, and it would be
expected that differences might exist in distribution of larvae and pupae. This study,
therefore, was initiated to investigate the spatial distribution of G. postica larvae,
pupae (enclosed in silken cocoons) and their host and non-host plant species in
Kenya. This information would be crucial for commercial production of G. postica
cocoons and would contribute to developing management plans for sustainable

harvesting and utilisation of cocoons of this wild silkmoth species in the East African

region.
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1984: Southhood & Henderson, 2000; Okolle et al., 2006; Mbahin et al., 2008). A
distribution in which p equals o” (i.e. o’/ u = 1) is considered random (equidispersion)
population, and if o® > 1 (i.e. o> / p > 1), there is aggregation (overdispersion or
clumping) and if o> < g (i.e. >/ p < 1) there is a uniform (regular or underdispersed)
distribution. The variance-to-mean ratio was tested for departure from randomness
with a Chi-square () test: ¥* (n - 1df) = 6* (n - 1)/p, where n and p are the sample
size and sample mean respectively (Southhood & Henderson; 2000; Okolle er al.,

2006).

4.0 Results

43.1. Spatial distribution of G. postica host Qnd non-host plant species

The list of host and non-host plants sampled in this study is as shown in Table 4.1.
Both host and non-host plants of G. postica were either randomly distributed or
clumped from both the Imba and Mumoni forests. In Imba, the spatial distribution of
A. tortilis, A. nilotica and A. elatior was clumped while that of the non-host plants
was random (Table 4.2). 4. nilotica and A. brevispica were clumped in Mumoni,
whereas A. tortilis, A. mellifera and the non-host plants were randomly distributed
(Table 4.2). In order of decreasing clumping intensity, the host plants in the Imba
forest were A. elatior > A. tortilis > A. nilotica, and in Mumoni forest, 4. nilotica > A.
brevispica. Generally, the degree of clumping of host plants was denser in Imba than

in Mumoni forest. Furthermore, the degree of randomness of the non-host plants was

higher in Imba than Mumoni forest.
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a variety of behaviours and microhabitat choices, and subsequently variations in
distribution (Price, 1997; Veldtman et al., 2007a). As observed in this study, the
clumping of G. postica larvae on the host plants and the random distribution of pupae
are attributable to the fact that most of these larvae discriminate in selecting a
preferred site on the host tree for feeding and resting, but do not discriminate in
choosing a pupating site. This may also explain the wandering behaviour of the final
instar larvae of G. postica, which mostly leave the host trees to pupate on the nearby
non-host trees resulting in fewer larvae pupating on their host plants. This is likely to
be a way of escaping their natural enemies (Fening et al., 2008b). A recent study by
Fening et al. (2008a) in the same locality revealed that the non-host plants harboured
significantly more pupae than the host plants in these two forests. Moreover, when -
host plants have high larval densities, pupating on the same host plant will decrease
the effectiveness of cocoon crypsis as an anti-predator defence (Brower, 1958;

Veldtman et al., 2007a).

The current observation that G. postica pupal distribution is random among trees
agrees with earlier study by Veldtman et al. (2007a) in South Africa and Botswana,
which revealed that pupal abundance of Gonometa rufobrunnea Aurivillius
(Lepidoptera: Lasiocampidae) and G. postica were generally spatially random among
all trees, but they also found that certain trees contribute significantly to the formation
of clumps of pupal abundance. Thus, they found that G. rufobrunnea pupae were
mostly clumped on non-host plants whereas G. postica pupae were often clumped on

the host plants (Veldtman et al., 2007a).
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The information obtained on light trapping would be essential in monitoring G.

postica adult moth population and their seasonality.

5.2  Materials and methods

5.2.1 Study sites

The developmental period of G. postica larvae on three different food plants was
studied in the vicinity of Imba (0° 50’ S, 38° 22° E) and Mumoni (0° 32’ S, 38° 0’ E)
forests of Mwingi District of eastern Kenya during the long (March-May) and short
rainy (October-December) seasons in 2007. The Imba forest was selected subsequent
to an earlier survey on the diversity of silkmoths in which 4. elatior was found to be
an important host plant of G. postica in this area (Kioko, 1998). Similarly, Mumoni
forest harbours significant biodiversity resources within a complex of thomn trees,

including Acacia species (Fening et al., 2008a).

5.2.2. Gonometa postica initial population stock

The initial population of G. postica was set up from healthy pupae in cocoons
collected from host food plants in the study areas in the short rainy season of 2006.
The cocoons were enclosed in 2 x 2 x 2 m net sleeve cage for the moths to emerge.
Enclosed in the cage was a short-trimmed Acacia plant to provide a point of
attachment for the emerging moths. The cocoons were attached with strings to the tree
branches for the moths to emerge freely. This set-up was placed under a shady tree

outdoor.
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Table 5.1 Oviposition patterns of G. postica females in Imba and
Mumoni forests of Mwingi

Site Mean number of eggs laid per female + SE
Generation 1 Generation 11 df, ¢, P values
Imba 373.44+28.86 aA 241.20+20.36 bA 41, 3.860, 0.0004
Mumoni 321.44+31.96 aA 191.09 £ 17.95 bA 37, 3.813, 0.0005
df, ¢, P values 32,1.211,0.2348 46, 1.833, 0.0732

Mean total number of egg clusters laid per female + SE

Imba 22.22+2.08 aA 13.56 £ 1.09 bA 41, 3.969, 0.0003
Mumoni 1525+1.92aB 1026+ 1.27 bB 37, 2.263, 0.0296
df, ¢, P values 32, 2.440, 0.0204 46, 1.982, 0.0534

Mean number of egg clusters laid per day + SE
Imba 4.52+040 aA 3.62+£0.26 aA 41, 1.950, 0.0581
Mumoni 3.57+043 aA 2.79+£0.29 aB 37, 1.555, 0.1285
df, ¢, P values 32,1.617,0.1158 46,2.101, 0.0412

Mean number of eggs laid per cluster + SE
Imba 17.42+0.70 aB 17.75 £ 0.66 aA 688, -0.344, 0.7307
Mumoni 21.15+1.03aA 18.73 £ 1.15aA 455, 1.576,0.1158
df, ¢, P values 587,-3.114,0.0019 556, -0.798, 0.4254

Mean egg laying period (days) + SE
Imba 5.11+ 047 aA 3.88+0.27 bA 41, 2.427,0.0197
Mumoni 4.25+0.36 aA 343+£031aA 37,1.718, 0.0942
df, ¢, P values 32,1.426,0.1634 46, 1.100, 0.2771

i Mean peak oviposition day + SE

Imba 6.12+0.59 aA 4.76 £0.30 bA 40, 2.258, 0.0295
Mumoni 6.81 £0.74 aA 3.87+0.28 bB 37, 4.229, 0.0001
df, ¢, P values 31,-0.742, 0.4638 46, 2.189, 0.0337

Mean total number of eggs laid on peak oviposition day + SE
Imba 164.71 £25.56 aA 112.08 £9.43 bA 40, 2.203, 0.0334
Mumoni 159.69+22.11 aA 113.22 £ 1038 bA 37,2.094, 0.0431
df, ¢, P values 31, 0.148, 0.8836 46, -0.081, 0.9355

Mean pumber of eggs fertilised (%) + SE

Imba 64.54+4.31 aA 50.25+5.16 bA 28, 2.099, 0.0450
Mumoni 64.94 + 6.65 aA 58.12+ 592 aA 28, 1.270, 0.2146
df, 7, P values 30, -0.422, 0.6758 27, -1.067, 0.2953

Mean egg hatching period (days) + SE
Imba 11.05+£0.29 aA 1125+ 0.31aA 32, -0.462, 0.6470
Mumoni 10.50+0.27 bA 12.00+ 0.45 aA 29, -2.928, 0.0066
df, ¢, P values 32, 1.694, 0.1724 29, -1.394, 0.1739

Means within a column followed by the same capital and within a row followed by the same
lower case letter (s) are not significantly different. (P <0.05, ¢ test).
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Table 5.3 Mean developmental period (+ SE) of G. postica larvae reared on different food plants, in Imba and Mumoni forests of

Mwingi District, long (March-May) and short (October-December) rainy seasons 2007.

Host plant species Imba Mumoni

Long rainy season Short rainy season Long rainy season Short rainy season
Larval period (days)
A. tortilis 72.18 £2.56 aA 63.86 £ 0.95 bA 54.67 £0.32 bB 58.67 £ 0.85 aB
A. nilotica 64.26 £0.64aB 63.14 £ 0.86 aA 58.00 + 0.47 bA 63.83 £ 0.54 aA
A. elatior 60.38 + 1.30 aC 58.59 +0.87 aB - -

2 2 1 1
df

14.48 10.52 25.22 27.35
F

0.0001 0.0001 0.0001 0.0001
P
Mean field conditions*
Temperature (°C) 3048+ 049a 30.39+1.64a 28.87+1.19a 29.77£1.10a
Relative humidity (%) 40.21+235a 4988 +6.72a 41.75+8.03 a 53.50+3.26a
Rainfall (mm) 1.07+0.11b 1.76 £0.02 a 2.63+0.60a 3.59+0.60a

- = Species was absent. Means within a column followed by the same capital letter (SNK test) and within a row and forest followed by the
same lower case letter (¢ test) are not significantly different at P = 0. 05. * Mean daily temperature, humidity, and rainfail.
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Table 5.6 Abundance of adult G. postica moths based on light traps
recordings in Imba and Mumoni forests of Mwingi, during two

rainy seasons in 2006 and 2007
Date of trapping Imba
No. of males No. of females Total Sex ratio (female/total)
24-10-06 1 0 1 0.00
26-10-06 2 1 3 0.33
30-10-06 2 0 2 0.00
03-11-06 1 2 3 0.67
Subtotal 6 3 9 0.33
02-04-07 0 0.00
09-04-07 13 3 16 0.19
16-04-07 22 1 23 0.04
23-04-07 2 0 2 0.00
Subtotal 40 4 44 0.09
31-10-07 1 0 1 0.00
06-11-07 1 0 1 0.00
Subtotal 2 0 2 0.00
Total 48 7 55 0.13
Mumoni

01-04-07 0 1 1 1.00
05-04-07 2 0 2 0.00
13-04-07 2 1 3 0.33
Total 4 2 6 0.33

Grand total 52 g 61 0.15
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Similarly, female and male cocoons from A. nilotica were significantly heavier,
longer and wider during the short than the long rainy season in Imba, respectively (df
=72, t=-6.363, P < 0.0001; df= 60, t = -8.816, P < 0.0001; df = 72, t = -9.616, P <
0.0001 and df = 173, t =-16.711, P < 0.0001; df = 173, t = -16.370, P < 0.0001; df =

173, t=-8.756, P < 0.0001).

However, in the Mumoni forest, the long rainy season yielded significantly heavier,
longer and wider female and male cocoons reared on A. tortilis than those in the short
rainy season, respectively (Tables 6.1 and 6.2) (df = 52, t = 6.188, P < 0.0001; df =
52, t=28.497, P <0.0001; df = 52, t = 8.601, P < 0.0001 and df = 63, t =3.402, P =
0.0012; df =49, t = 15.765, P < 0.0001). Generally, in Mumoni, male cocoons during
both seasons and females during the long season only, reared on A. fortilis were
significantly heavier, longer and wider than those reared on 4. nilotica (Tables 6.1
and 6.2); however, during the short season, female cocoons from A. nilotica were

significantly heavier and longer than those reared on A. tortilis (Table 6.1).






Table 6.2:  Mean (+ SE) weight, length and width of male G. postica cocoons reared on different food plants in Imba and Mumoni
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forests, long (March-May) and short (October-December) rainy seasons of 2007.

Host plant species Imba Mumoni

- Long rains season Short rains season Long rains season Short rains season
Mean weight of cocoon (g)
A. elatior 2.50+£0.13bA 3.75 £ 0.06aA - ¥
A. tortilis 1.64 £ 0.06bB 2.86 £0.05aC 3.14£0.01aA 2.87 £0.07bA
A. nilotica 2.30 + 0.05bA 3.22 +0.30aB 2.68 £ 0.04aB 2.73 £ 0.05aA
df 2 2 1 1
F 18.65 87.01 143.24 2.79
F 0.0001 0.0001 0.0001 0.0996
Mean length of cocoon (cm)
A. elatior 4.03 + 0.04aA 4.11 £0.03aA - -
A. tortilis 3.28 £0.04bC 3.97 £0.03aB 4.19+0.01aA 3.72 £ 0.02bA
A. nilotica 3.58 £ 0.03bB 4.15£0.02aA 3.63£0.01aB 3.65 £0.02aB
df 2 2 1 1
F 87.46 14.14 514.07 4.79
B 0.0001 0.0001 0.0001 0.0321
Mean width of cocoon (cm)
A. elatior 1.71 £ 0.03bA 1.79 £ 0.02aA - -
A. tortilis 1.44 £ 0.01bB 1.58 £0.01aC 1.73 £0.01aA 1.70 £0.01aA
A. nilotica 1.47+£0.01bB 1.63+0.01aB 1.52+0.01aB 1.53+0.01aB
df 2 2 1 1
F 54.50 55.99 229.38 92.87
P 0.0001 0.0001 0.0001 0.0001

- = Host plant species was absent. Means within a column followed by the same capital letter (SNK test) and within a row and forest followed
by the same lower case letter (¢ test) are not significantly different at P = 0. 05
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Acacia elatior was recorded only in Imba forest, whereas 4. mellifera and A. brevispica were recorded only in Mumoni (Table 7.1 and Figure

7.1).

Table 7.1:  Host plant density of G. postica in Imba and Mumoni forests of Mwingi District Kenya during the long rainy season in
2006.

Tree density = SE
Host species  Imba (Area sampled = 3204.60 m” + 623.89 m*) Mumoni (Area sampled = 2049.07 m* 150.99 m")

A. tortilis 42.67 £ 3.71bA 61.67 £ 0.88aA
A. nilotica 26.33 +2.73aB 20.33 £ 1.20aB
A. elatior 31.00 £ 4.58AB -

A. mellifera - 11.00+2.31C
A. brevispica - _ 10.50 = 0.50C

- = species was absent.
Means within a column followed by the same capital and within a row followed by the same lower case letter (s) are not significantly different. (P

= 0.05, SNK).
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of the silkworm by Palexorista sp. was significantly higher (df= 1, 2 =9, P < 0.005)
for the first generation than the second generation in Imba. In the Mumoni forest,
parasitism rate of Goryphus sp. on G. postica was significantly higher (df = 2, v =

7.20, P < 0.05) than that of Brachymeria sp. for the second generation.

Parasitism rate of G. postica by Palexorista sp. was significantly higher (df =3, * =
8.775, P < 0.05) on A. tortilis than on the non-host plants for the second generation
cocoons in Imba (Table 8.2). In the Imba forest, parasitism rate of G. postica by
Palexorista sp. was significantly higher (df = 1, ¥* = 9, P < 0.005) for the first
generation than the second generation for the cocoons collected from all host and non-
hést plants. In Mumoni, the parasitoid, Palexorista sp. was only obtained from
cocoons collected from A. tortilis and was similar for both generations (df =1, % =3,

P> 0.05).

For the first generation cocoons in Imba forest, parasitism rate of G. postica by
Goryphus sp. was significantly higher (df = 2, y’= 7.20, P<0.05) on 4. tortilis than on
A. elatior (Table 8.3). In the Imba forest, parasitism of the second generation cocoons
of G. postica by Goryphus sp. was significantly higher (df = 2, * = 7.20, P < 0.05) on

A. tortilis than on A. nilotica.
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Table 8.1:  Mean (+ SE) percentage parasitism of G. postica larvae in Imba and Mumoni forest of Mwingi by different
parasitoids, first and second generations, corresponding to the long and short rainy seasons, 2006.

Order Species Mean parasitism* (%) +SE
Family Imba forest Mumoni forest
First generation Second generation First generation _ Second generation

Diptera

Tachinidae Palexorista sp. 32.65+548aA 8.37+0.88bA 4.17+1.15aA 1.80 £0.32 bAB
Pimelimyia 0.00 £0.00 2.53+0.66 AB 0.00 £0.00 0.00 +0.00
semitestacea

Hymenoptera

Ichneumonidae  Goryphus sp. 2.96+0.14 aB 433 £0.85aAB 2.15+£0.63 aA 7.50 £ 1.86 aA
Pimpla (Apechtis) sp. 0.00 £ 0.00 0.27+0.06 B 0.00 +0.00 0.00 +0.00

Eurytomidae Eurytoma 0.00 +£0.00 1.48+0.16 AB 0.00 £ 0.00 0.00 +0.00
tolidepepra

Chalcididae Brachymeria nr. 0.00 £ 0.00 0.00+0.00 0.00 £ 0.00 049+0.14B
Albicrus

* Mean parasitism (%) was calculated from cocoons collected from all three sites and all host plants in Imba and Mumoni forests of
Mwingi.

Means within a column followed by the same capital letter (Kruskal-Wallis test) and within a row and forest followed by the same
lower case letter (Mann-Whitney test) are not significant at P = 0. 05.
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smaller Pieris rapae L. and those wasps that emerged from P. brassicae were larger

than their counterparts that emerged from P. rapae.

Also, the nutritional demands of gregarious parasitoids, where many individuals may
compete for the available resources in a single host, are greater than those of a single
individual of a solitary parasitoid (Jeffrey, 2000). This observation further explains
why these gregarious parasitoids may prefer a female host, which is significantly
larger than the male host as observed in the study, as density dependent intraspecific

competition for resources is less in the larger host.

Similarly, the sex ratio of Goryphus sp. being female-biased for female cocoons of G.
postica, which was attacked by Goryphus sp. and vice versa for male cocoons, also
demonstrated that the development of female parasitoids may require more food
resources (both quantity and quality). Therefore, the parasitoid selectively laid its
eggs depending upon the sex of the host. Research by Jane and Barbosa (1981) in
Massachusetts, USA reported that female-biased sex ratio occurred in progeny from
female red oak gypsy moth, Lymantria dispar L., while all other sex ratios were male-

biased.

The deformation in the shape of G. postica cocoons which were attacked by
Palexorista sp. could have been due to enzymatic breakdown of the affected portion
of the cocoon for the larvae to embed themselves in the cocoon wall upon pupation.
Veldtman et al., (2004a) also acknowledges this view on their work on the parasitoids

of G. postica in Southemn Africa.
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the present study, E. tolidepepra was recorded as the second most important larval
hymenopteran parasitoid of G. postica found in the Imba forest after Goryphus sp.
The results have established that E. folidepepra is probably a facultative
hyperparasitoid of Goryphus sp. as it can as well emerge as a primary parasitoid of G.
postica larvae. Therefore, there is need to further investigate the interaction between
E. tolidepepra and Goryphus sp. so as to explore the potential of using E. folidepepra
to control Goryphus sp. in the field, bearing in mind that it is also a primary parasitoid
of G. postica larvae and thus might make it unsuccessful. Similar study by Veldtman
et al., (2004a) in South Africa identified E. tramsvaalensis as a facultative
hyperparasitoid of Disophrys sp., as it also emerged as a primary parasitoid of G.

postica species.

This study has also demonstrated a case of multiparasitism, where several Pimpla sp.
successfully emerged from a G. postica female cocoon, which upon dissection had the
remains of adult Goryphus sp., but it was unsuccessful to emerge from the same host
cocoon. Peigler (1994) supported this idea, as he defines multiparasitism as the case
where more than one species of parasitoid lives within a host, but one always wins
out, as adults of two parasitoids of different species are never produced in a single

host individual.

A study by Okelo (1972) on the life history of G. podocarpi Aurivillius in East Africa
revealed that Pimpla mahalensis Gribodo parasitised the larva of G. podocarpi
The Pimpla sp. identified in this study was koinobiont as it attacked the larval stage of

G. postica and was gregarious.
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sex ratio of the moths canght in the light trap was in favour of males. This is because
the males are more active fliers due to their lighter weight and are attracted to the light

trap. On the contrary, the females have limited flying ability and as a result only a few

of them were light-trapped.

The present study has established that the development of G. postica larvae in the
wild is not directly affected by the larval food plants, but may be affected by the
seasons and sites. However, the effect of host food plant is seen when larvae are
reared in semi-captivity. The principal reason might be the effect of host plant quality
and suitability for feeding by silkworm larvae, though the prevailing climate may also
be involved. For semi-captive breeding of the G. postica silkmoth, 4. elatior is
recommended in Imba forest. This is because it produces cocoons of the highest
quality with the shortest larval development period. Also, it maintains green leaves
throughout the rearing season. However, both 4. tortilis and A. nilotica are

recommended for semi-captive rearing of the silkmoth in Mumoni forest, where 4.

elatior is absent.

The initial phase in biodiversity surveys is estimating diversity at one point in time
and location. The second phase is estimating diversity at the same location at more
than one time period in order to draw inferences about change (Wilson et al., 1996;
Gaines et al., 1999). The present study provides baseline information necessary for
future monitoring of G. postica population dynamics and host plant distributions, at
several spatial and temporal scales, in the Imba and Mumoni forests of Mwingi. Such
information will be used in the development of sound sustainable management plans

aimed at conserving the wild silkmoth and its host species in these woodlands.
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