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DEFINITION OF FABRIC TERMS AND TYPES

Cleanness defectsThese are categorized into three general grosyser major defects;
major defects and minor defects. Defects are: Wwadtg, bad casting, split ends and large

loop.

Denier: The measure denier expresses the size of siladhrA denier is the weight of 450m

length of silk thread divided into 0.05 g units.

Hand spinning wheel Is a spinning apparatus that is operated manuaily hand to drive the

wheel and other to feed cocoons.

Raw silk: Silk fiber as it comes from the cocoon and isezed with a protective layer called

silk gum or sericin. The silk gum is dull and stiff

Raw silk classification Raw silk is divided into three categories accagdio their sizes:*1
category (18 denier and below)'“Zategory (19-33 denier) and ategory (34 denier and

above) A. pandaraw silk belongs to theé%category.

Silk reeling: Is the process by which a number of cocoon filaimeare reeled together to

produce a single thread.

Spun silk: consists of several fibers of silk spun into parthreads. It is often made from the

broken cocoons from which moths have emerged.

Warp: the set of strands or fibers that are placedtfengse in the loom.
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ABSTRACT

The superiority of silk as a textile fibre has beeagognized from time immemorial, the
luxurious look; sleek feel and lustre of silk fabdre unquestionably inimitable. The demand
for silk is constantly increasing in the world meirland this provides excellent opportunities
for any producer country to diversify and optim&ey source of production. African countries
that enjoy congenital climate for rearing wild silaiths have great scope and opportunity to
promote sericulture. Studies were carried out du#ii05-2007 on the ecology and economic
potential of wild silkmothAnaphe panddBoisduval) which occurs in the Kakamega Forest,
western Kenya. Silkworms feed dridelia micrantha(hochst). Egg clusters were present
from mid-October to mid-May; silkworms appear frddecember to September; pupae are
present from mid-April to January and adults odecam early October to April. Eggs hatch
after 40 to 55 days depending of the temperatuegel$ larval instars occur with a growth
prodigious from 3 mg at®linstar to more than 3,000 mg at tH® idstar. The duration of
larval development depends on temperature and daings 83 to 118 days. The duration of
the pupal stage ranged from 107 to 178 days depgrah the brood. Pupal and adult sex
ratios are not even. A moth life span ranged froto 4 days. The factor that contributes most
to egg mortality appears to be egg parasitism,iartde Kakamega Forest, eggs were mainly
parasitized by two chalcidsielenomis gowaeyGrahan andPleurotropis telenomid.ima.
Eggs in the mixed indigenous forests (forest wiltigenous and exotic species) seemed to be
more affected than those of the indigenous fofesg¢t with indigenous species only), and the
infection rate was also significantly different @ 0.0025 < 0.05) between the mixed
indigenous and indigenous forests. Higher mortaiitie was observed from thé' 1o 4"
instar, but a highly significant difference was ebv&d between the unprotected and the

protected silkworms. Nevertheless, the lowest nliorteate was observed from thd' %o 7"
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instars. High mortality rate of silkworms was oh&at in the mixed indigenous forest
compared to the indigenous forest. The surviva odiserved during the larval developmental
period was significantly higher for the protectesbrt for the unprotected silkworms.
Protection with net sleeves seemed to minimize itfteantaneous risk and effectively
increased the survival of the silkworm. The tadhifly Exorista cardinalisFabr and the
ichneumon wasiCryptus leucopygu&ranenhorst were found to be parasitoids at thella
stage A. pandacocoon nests were found to be infested by varifjpteran and hymenopteran
parasitoids. Geographical information systems (G8) Poisson distribution revealed that
distribution of the host plar®. micrantha cocoon nests and egg-clusters were not uniformly
distributed in the indigenous and mixed indigenfowssts. A bamboo structure was found on
A. pandafine structure filament, and this structure is releteristic and unique as compared
with all other cocoon filaments of lepidopterandots. By processing. pandacocoon nests
into silk shirts, the net income was multiplied twe four times. Therefore, wild silkmoth
farming could be a supplementary activity carried loy farmers for income generation while

at the same time conserving biodiversity.



CHAPTER ONE

1 GENERAL INTRODUCTION

1.1 Background

Non-mulberry sericulture is universally known aseft or wild sericulture. Silkmoths
existing in wild conditions are known as wild silkths. In Kenya according to Kioket

al. (1999a), wild silkmoth habitats and natural estsyns, such as the Kakamega Forest
have suffered severe encroachment as a resuleajrwing human population and the
demand for agricultural land. According to Kamugist al. (1997), the population
density in Kakamega District varied from 336 to @ f#eople per Khin 1997 with an
average density of 452 people. This region induldege areas of uninhabited forest,
thus it may be considered as one of the most dempsglulated regions in Kenya. The
rate of growth for the decade before 1989 for tis&ridt was over 3% per annum and was
2.9% during the previous decades (Haupt, 2000 kel (1994) reported an average of
600 people per kfmranging from 300-870 people per Knin 1991, the population of
the thirteen sub-locations adjacent to the foreas 55,594 people, with an average

density of 713 per Kf(Blackett (1994).

Due to the continually growing population size, firessure on the forest is increasing,
because for the local people, the forest playsngroitant role in satisfying their daily
needs and income generation: firewood (Plate: hdyse building material, medicinal
plants (Plate: 1.2), charcoal burning (Plate: &r8) butterfly collection (Kokwaro, 1988;

KIFCON, 1994).



Plate 1.3: Charcoal burning in Kakamega Forest




However, despite all these forest resources, Wed#tenya remains one of the poorest
Provinces in Kenya with a high level of rural pdyeof 60% (Daily Nation, 2005; The

Standard, 2005).

Wild silk production is an eco-friendly, agro-baseehture with a great potential for
environmental amelioration, employment generatamisan’s development and export
earnings (Kiokeet al, 2000). The highest diversity of the African wdidkmoths is in the
family LasiocampidaeAn earlier survey on the diversity of wild silknhgtin East Africa
recorded about 33 species in 17 genera of thislyafidioko et al, 2000). Despite this
high diversity, only a few of these species havefaobeen utilized for wild silk

production in East Africa.

In Kakamega Forest (Plate 1.4), five species ofl wilkmoths namel)Anaphepanda
Boisduval,Pachmeta contraridValk, Lechriolepsis pulchraur., Mimopacha brykiAur.
andEpiphora vacunaVestw were identified by Kioket al. (1999a) and recommended
for wild silk production.A. panda(Boisduval) showed the most potential since it had
huge silk-nest (Plate 2.3) that is communally welatsg 20-105 silkworms larvae. A
ground survey by Kioket al (1999a) confirmed the availability of the wildksvorm
host plantBridelia micrantha(Hochst) (Plate 2.5). A case study on the distrdvuof B.
micranthag one of the host’s plants feed on by larva@& opandashowed that it had been
recorded in 103 localities in Kenya and was widgistributed in East Africa (Kioket

al., 1999a). A questionnaire distributed to localagkrs near the Kakamega Forest (the

only remaining equatorial rain forest in Kenya)p@sded positively to the potential of



initiating local wild silk production activities aan extra source of income. In the
Musembe community living adjacent to the for&tmicranthawas found in 84% of the
farms and 98% of the people confirmed their interegursuing wild sericulture (Kioko

et al, 1999a).

The Anaphespecies are widely distributed in the intertropicegions of continental
Africa such as Nigeria, Uganda, Kenya, Cameroomgdoand Togo. The important
species used in the production Ahaphesilk are A. infracta Walsingham,A. venata
Butler, A. pandaBoisduval,A. reticulata Walker, A. carteri Walsingham A. moloneyi
Druce andA. ambriziaButler. The closely related speciépanaphe carterivalsingham

andEpanaphgHypsoides)uilleti Joan are exploited in Cameroon (Jatyal, 1979).

The Anapheare polyphagous moths. Out of the twenty-two @irtihost plants so far
recorded, Albizzia fastigiata Sterculia tragacanthaS. setigera S. rhinopetala S
oblongg Cordia milleni Tamarindus indiicusand Zizyphus mucronatare found in
Nigeria; B. micrantha Cynometra alexandrand Triumfetta macrophyllan Uganda;Z.
jujuba andA. fastigiatain Cameroon and Congo.

Cynometa millenandB. micranthaare the most preferred host plantsfynoloneyiand

A. infracta, and A. venetarespectively. Because in nature the food plantéssanattered
over a large areaB. micrantha which flourishes in virtually all tropical climiat
conditions with very little attention can be raidedm seed or seedlings or better from
cuttings which propagate very rapidly and be refadyuse as a host plants far panda

in about a year (Jollgt al, 1979; Gowdey, 1953)



Anaphesilkmoths, in the family Thaumetopoeidae compssegeral species within the
African continent. There are a number of recordAmdphesilk having been utilized for
exportation in several parts of Africa (Ashiru, 89&owdey, 1953). In Ugandenaphe
silk was one of the country’s exports between 19905 (Ashiru, 1986). However, there
are some constraints facing the productionAsfaphe silk. These include lack of
sufficient silkmoth populations in the wild, lack @cal know-how on silk farming
practices and rearing techniques and insufficiemvkedge on the ecology &. panda
(Kioko et al, 1999a). Hence, this study was undertaken tooexpihe biology and

economic potential of wild silkmotA. pandain the Kakamega Forest of western Kenya.

1.2 Importance of Kakamega Forest

Kakamega Forest (Plates: 1.4 and 2.6) is bio-ggbigally important as it is situated at
the edge of several regional vegetation zonesipparts several Guineo-Congolian plant
species at their eastern most African distributiont, and White (1983) classified it as a
transitional rain forest. The natural vegetatiotrapical rainforest (KIFCON, 1994) and
as a consequence, the rainforest spectrum is thst™® dominant vegetation class. There
are over 150 documented species of woody treesp8€@ies of dicotyledonous herbs, 80
species of monocotyledonous herbs, and a furthesp@2ies of ferns totalling to about
380 identified species of vascular plants (KIFCQI994; Mutangatet al, 1992).B.
micrantha(Hochst) (Plate 2.5) the host plant Af pandais found there (Kiokeet al,
1999a). Kakamega Forest has a diverse fauna erlilathigh degree of endemism and
rarity, and it is estimated that 10% to 20% of thana in general may be endemic

(KIFCON, 1994).



Plate 1.4: A view of buffer zone in Kakamega Forest

Plate 1.5: Species of bird and primate found Kalgarfeorest




Kakamega Forest has a high diversity of insects iansl particularly known for its
butterfly diversity that is estimated to be aboQ04pecies (Emmel and Warren, 1993;
Larsen, 1991; Karanja and Chege, 1985). In 198@p@2ies of butterflies were recorded
in the Kakamega Forest (Angwin, 1980; Clifton, 1983 which, 5 species were
Papilionidae, 8 Pieridae and 64 Nymphalidae.

In 1991 a total of 219 butterfly species were rdedr during 18 — 16" August
expedition (Emmel and Warren, 1993) comprising obpécies of Papilionidae, 28
species of Pieridae and 115 species of Nymphal{@aeanja and Chege, 1985). In
addition, there are over 350 species of birds (Banand Njoroge, 1999) that reside in
the forest, and several primate species (Plate dré&)also present. Opportunities for
scientific studies are abundant in Kakamega Faedtare of crucial importance for the

conservation of this unique ecosystem.

1.3 Statement of the problem

In order to propose an alternative strategy thHaganto account the interactions between
the diversity of resources and the subsistence spesmveral studies on wild silkmoths
have been carried out at the International Cerithesect Physiology and Ecology (icipe)
Nairobi, Kenya. Similar studies are required footlwer wild silkmoth A. panda that is
economically viable. Unfortunately, the populatiah wild silkmoths in Africa is
declining due to over-consumption of silkmoth layvavhich are favored by some
communities for food (Rainaet al, 2000; Kioko, 1999a; 2000; Ashiru, 1988b;
Oberprieler, 1994; Munthali and Mughogho, 1992)rtlikermore, the reduction in the

species composition and natural population demsityild silkmoths may also be due to



changes in the ecosystem, climate and depletioth@fplants caused by extensive
deforestation. The rapidly increasing human poputatiensity has also created pressure
on land use, resulting in human colonization of fiwestland for human dwelling and
cultivation which has greatly changes in the biatmmponents (fauna and flora). The
other reasons for depletion of these wild silkmothay be their restricted level of
distribution due to the narrow range of preferfedd plants, low survival rate and
increasing attack by natural enemies (parasitesjgbors and diseases) (Raeiaal,

2000).

However, the demand for silk is constantly incregsn the world market (Table 1.1)
providing excellent opportunities for any produceuntry to diversify and optimize any
source of production. There is a steady growthlkncensumption both in producing and
consuming countries. Silk consumption in Japan,AJ&hd Europe, the three major silk
consuming countries together, have contributed @b0&6 of raw silk product in the

world.

Judging from the consumption trends, silk demargtaesving annually by about 3 to 5%.
However, despite the growth in demand and prodogctioe contribution of silk to the
world textile fibres is only about 0.2%, and thimiation has remained unaltered since the
last three decades. Because of insufficient praolugh the wild, lack of research and
development, local know how on silk farming praeticand rearing technology,
parasitism and predation aspecfs, pandawhich has great potential for wild silk

production is unexploited.



Table 1.1: Trends in world silk consumption (inries)

Country 1982 1995-1996 1997-1998
Japan 20700 22350 13925
India 3500 15082 16445
China 7500 10000 12000
S. Korea 800 2047 2272
Europe 4530 16015 13363
US.A 5500 24499 23421
Rest of world 10970 13653 11739
Stock variation - 2555 2796
Total 53500 106201 95961

Source: ITC Silk Review 1997

Despite their economic importance for rural housghlittle research has been carried
out on these silkmoths. Hence, the current reseaashundertaken to provide insight on
the population dynamics and economic potentialAofpanda It is hoped that this

knowledge will be useful for sustainable productodrwild Anaphe silk in areas adjacent

to the Kakamega Forest.

1.4 Justification

The prospect for development of silk industry irriéd is very bright. Sericulture is a
labor-intensive agro-based undertaking, which casvige employment to millions of
people living in rural areas. African countries case it as a venture for generating
income and employment for rural households. Thddvoend in silk production (Table

1.2) and consumption are also quite favourable.
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The investment requirements are low and the gestgiriod to generate income is very
short. The demand is increasing and the produationajor silk-producing countries is
gradually diminishing due to various reasons suchdaversification, affluence and high
cost of labor (Raje, 1999). Hence, African coustribat enjoy congenital climate for
cultivation of mulberry and rearing wild silkmoti&ve great scope and opportunity to
promote sericulture. However, efforts to introdacel promote sericulture in the African
continent have not been very successful and agéeddvith many problems namely, lack
of research and development support and suitallastructure, low awareness of the
potential returns of silkworm farming and inexpede with sericultural techniques

(Raina, 2000; 2004).

Table 1.2: Trends in world raw silk production (umbes all types) in tonnes

Country 1998 1999 2000 2001 2002 2003 2004 (P) €&Stsa)y

China 57500 56956 61648 64567 68600 94600 102560 81.65
India 15544 15214 15857 17351 16319 15742 16500 13.14
Brazil 1821 1554 1389 1485 1607 1563 1512 1.2
Thailand 900 1000 955 1510 1510 1500 1420 1.13
Uzbekistan 1500 923 1100 1260 1260 950 950 0.76
Vietnam 862 780 780 2035 2200 750 750 0.6
Japan 1080 650 557 431 394 287 263 0.21
Korea S. 210 200 165 157 154 150 150 0.12
Others 1572 1250 1952 1692 3814 1500 1500 1.19
Total 80989 78530 84403 90488 95858 117042 125605 100

Source: ISC- 2005; P: Provisional
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Research findings by Kioket al. working in Kakamega Forest (1999a) have shown that
A. pandacocoons have good characteristics for wild sidoiction. However, there are
some constraints facing the productionAafaphesilk. These include lack of sufficient
population in the wild, lack of know how of silk rfaing practices and rearing
techniques, predators and parasites. To help aurie ©of these problems, the current
study undertook to investigate the different fagtaffecting the population dynamics of
A. panda.The study also focused on the mass productigh pandacocoon nests and it

profitability in the Kakamega Forest.

Moreover, the introduction of wild silk productidn Kakamega Forest may offer an
important economic benefit to households in th&rait. Silk production enterprise will
also enhance conservation of the wild silkmoth, pandaand their habitats for silk
production. The final goal will enhance the conaéinn and utilization of a biodiversity

resource.

The global silk demand is growing annually by ab8uto 5%. With this trend in
production and consumption, silk will never be #ale in larger quantities and
international supplies will remain limited in fugyrunless new production bases are
created and nurtured. This world market scenarie tr@mown open a very good
opportunity for the African countries to rapidlycrease their silk production. All these
developments have indicated that the availabilifysik in the world market has

continued to be in limited quantity for a long time
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According to Jollyet al (1979), it would be necessary to expand the waold-mulberry
silk production globally by 20,000 metric tons ovien years. Some of the leading
mulberry silk producing countries appear to hawehed saturation point-attribute due to
the acute scarcity of labor and the increasing obgiroduction. There is therefore an
opportunity for the developing countries like Kenymanda, Madagascar and Cameroon
to contribute in the production of raw silk annydibr the developed world market and
especially since the high quality of the wild skilks drawn the attention of silk users

(Jolly et al, 1979).

Tropical forests are being altered and destroyed abpid rate, yet the impact on
biodiversity and ecosystem services are only beginto be understood (Daily, 1997;
Lawton and May, 1995). Kenyan forests are disappgat a rate of 167 ha per year and
Kakamega Forest specifically is disappearing aata of 245 ha per year (Emmerton,
1991). This forest in particular is at a risk sirices considered a “high potential” land
area, which is particularly desirable for convemsiato human uses. The Kakamega
region of western Kenya remains one of the mosulad@d rural areas in the world with
268 people per square kilometre (Wass, 1995). Tdss lof butterfly habitats is
responsible for the decline and extinction of mapgcies (Mattoni, 1990). Heightened
environmental awareness, population reduction, @ogision of alternative livelihoods
to the forest adjacent communities would removesguree from the forest resources and

provide the opportunity for the preservation of thieest biodiversity.
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1.5 Hypotheses

a. Biotic and abiotic factors strongly influenée pandapopulation dynamics.

b. There is a significant difference in the survivater of the protected and
unprotected silkworms with net sleeves.

c. Mass production of. pandacocoons is economically profitable for communities

living adjacent to the Kakamega Forest.

1.6  Objectives

1.6.1 General objective

To study the ecology and economic potential of wildmothA. pandain the Kakamega

Forest.

1.6.2 Specific objectives

a. To study the biology and identify biotic and alofiactors that contributes
significantly to the variation oA. pandapopulation in the wild.

b. To study the effect of protecting early developmaéstages oA. pandawith net
sleeves on its population growth.

c. To assess the economic profitabilityAfpandasilk farming for the communities

lives around Kakamega Forest.
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CHAPTER TWO

2 LITERATURE REVIEW

21 Historical perspective of wild silkmoths

The history of silk is as long as that of civilimat itself. From its origin in China in about
2,200 B.C, the silk industry has had an adventuromsrse of evolution, becoming
established with time in many parts of the worldadition credits His-ling-shi, the 14
year old bride of the China Emperor Huang Ti, wdiscovery of the potential of the
cocoon and the invention of the first silk reel.i@hsuccessfully guarded the secret until
AD 300, when Japan and later India, penetratedé¢laeecy (Robert De Gregorio, 1997).
The superiority of silk as a textile fibre has be&eoognized from time immemorial, the
luxurious look; sleek feel and lustre of silk fabrare unquestionably inimitable.
References in the Old Testament (The Bible, 19%#l)cate that silk was known in
biblical times in western Asia, from which it waspumably known to the Greek Islands
of the Aegean Sea. When Darius lll, king of Persiarendered to Alexander the Great,
he was clothed in such silken splendour that Aldearwas completely overshadowed
and demanded as spoils the equivalent of US $7omiilh silk. Caravans carried silk on
camelbacks from the heart of Asia to DamascusaSye marketplace where East and
West met. Silk became a valuable commodity in WBteece and Rome. The Roman
statesman and general Gaius Julius Caesar regdtsitketo his exclusive use, the purple
Roman stripes and his favoured officials. Despits testriction, the use of silk in Rome
spread in the paroxysm era. Until AD 550 all silew&n in Europe was derived from

Asiatic sources. About that time, the Roman empdratinian | sent two Nestorian
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monks to China, where due to the risk on theirdjvihey stole mulberry seeds and
silkworm eggs, and brought them to Byzantium (Rolber Gregorio, 1997). Thus, the
Chinese and Persian silk monopolies ended. By #leahd 13 centuries, Italy become
the silk centre of the west, but atM@entury France challenged Italy’s leadership ded t
silk looms were established in the Lyons area fithiat time until today (Robert De

Gregorio, 1997).

The “Golden age” of the wild silkworm industry wdsring the years 30 of the Meiji era

(1897). In those days, about fifty-two percenthsd seven hundred farmers in the district
of Ariake (China) reared wild silkworms in theiekils, which occupied an area of about
3,000 ha. Wild silkworms’ industry production wasimated at about 8,500,000 cocoons

(Nakajima, 1980).

According to Rainat al, (1999), the natural silk is broadly classifietbitwo types: silk

of plant and animal origin. The natural silk of marigin is obtained from silk cotton
tree and floss-silk tree. The natural silk of ardiovégin is broadly of two types: mulberry
and non-mulberry. Mulberry silkmoth is a domesgchtype, whereas non-mulberry is
universally known as “wild type”, which is also fodh in semi-domesticated form.
Further, the non-mulberry variety of silk is cldesl as insect and non-insect type. Insect
type of silk is named as Eri, Muga, Anaphe, Fag@mgn and Tasar. The non-insect silk
is named as mussel and spider silk and is obtainesh mollusca and spider,
respectively. The insect type of silk is again sifesd as commercial and non-

commercial. Eri, Muga, Anaphe, Fagara, Coan an@fTase commercial type of insect
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silk; whereas non-commercial type of silk is ob&infrom the weaver ants and green
lacewing fly. The generdasar, Eri, Muga and Anapheare the principal non-mulberry
silk producers in the tropical or temperate regi@ihers includé-agara Coan Mussel,

Spider andsonometgJolly et al, 1979).

In the earlier days of the last century, an entagist in Uganda (Gowdey, 1953)
estimated, apparently on the evidence of local miasien, that in the whole of Africa,
Anaphemoth produced about two million kilograms of neatsually. According to
Pinhey (1975), larvae of Thaumetopoeidae stay ooatisly together, often moving on
trees or on the ground in columns. When fully-growhrey form a community cocoon,
which is strongly welded together with silk. Othengrely sew leaves together with silk

to form their loose shelter.

2.2 Non — mulberry sericulture in sub-Saharan Afria

According to Beneet al (1976), nearly 10 million hectares of the worltfspical forest

is destroyed every year. The annual rate of fdosst in Africa has now reached 0.7%.
The consumption of fuelwood doubled in the lasty&@rs of the 20 century and

continues to rise at an annual rate of 0.5% (Cldyr2005). There is a danger that the
short term benefit may override disadvantages, aglhe regarding the indigenous
populations of forest. Non-mulberry sericulture dwla great promise for the world
forestry as a supplementary activity (Joly al, 1975). It can help arrest forest

destruction, because, it permits gainful utilizatad its vast natural wealth.
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There are a number of records Afaphesilk having been utilised in several parts of
Africa and even in Ugandanaphesilk was one of Uganda’s exports between 1910-
1945 period (Mugenyi and Semakula, 1998). In Nmesilk weaving was practised
before the colonial era and the early explorersidoindigenous people weaving silk and

cotton (Ashiru,1975a).

In Africa, most of the wild silkmoths belong to Batiidae, Lasiocampidae, and
Thaumetopoeidae families. The potential of the @& indigenous silkmoth species for
wild silk production has been documented in Ugafikdeto, 2000; Akai and Nagashima,
1999; Akai, 1999; Akaet al, 1997; Iseki, 1985; Gowdey, 1953), Nigeria (Astii©75a,
b; 1986; 1988a, b; 1991), Kenya (Mbaleihal, 2008; Ngokeet al, 2008; Rainat al,
1999; 2000; 2007; Raina, 2000; 2004; Ngoka, 2008kdet al, 1999a, b; 2000; Kioko,
1998), Botswana (Hartland-Rowe, 1992), ZimbabweiK@bénhere, 1992), Cameroon
(Gérin, 1957; Malzy and Par, 1955), Madagascar §Raanantosoat al, 2006; Peigler,
1993), Angola (Rougeot, 1962) and South Africa {Malnet al, 2004; 2002); Van den

berg, 1990; Delporet al, 2006.

The quality of the African species of silkmothsgisod; they give strong silk of high
commercial value (Raina, 2004; Schultze, 1914).d0as ofGonometasp. have been
reported to occur on the African savanna whereakarfeed on the mopane tree,
Colophospermum mopan&irk ex j. Leo (Caesalpiniaceag a resiniferous tree
(Hartland-Rowe, 1992). Cocoons are collected infiblel and they give silk of a soft

texture and of beige color (Peigler, 1993). A stigyHartland-Rowe (1992) indicated
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that in Botswana, collection and processing of #ilk can offer a viable source of
employment and income to people living in the g#a. In Zimbabwe, Chikwenhere
(1992) reported that from 1986 to 1987, rural fasilcollected 430 tons of the wild
silkmoth cocoons and this became a source of emm@ay in the rural area&onometa
larvae also have urticating spines and are fouedifig onAcaciaspecies such aA.
hockii and A. mearnsiiand podo trees in East Africa (Ngoka al, 2008) and orA.
tortilis, A. nilotica, A. elatior,and A. mellifera(Ngoka, 2003). In the Arabuko Sokoke
forest the larvae of the wild silkmotiArgema mimosaefeed on Shweinfurthii,
Sclerocarya birrea, Ozoroa insignidNgoka et al, 2008). Akaiet al. (1997) detected
needle like bristles 2 — 3 mm along all over theaom, and their role is to offer
protection against enemies such as birds and e#regbratesAnaphesilk of southern
and central Africa is produced by silkworms of tipenusAnaphe which includeA.
moloneyiDruce,A. pandaBoisduval,A. reticulata Walker, A. ambriziaButler, A. carteri
walsingham, A. venata Butler and A. infracta Walsingham. They spin cocoons in
communes, all enclosed by a thin layer of silk. dldcibes in Nigeria collect them from
the forest and spin the fluff into a raw silk thetsoft and fairly lustrous (Ashiru, 1986).

The fabric is elastic and stronger than that ofrthutberry silk (Jollyet al, 1979).

The large Thaumetopoeidae family is compose@haumetopoegarocessioneadubner,
T. apologeticaStrand A. reticulata Walker,A. panda(Boisduval), andpanaphe clarilla
Aurivillius moths (Pinhey, 1975). According the samauthor, Thaumetopoeidae
silkmoths show highly gregarious community habi&aftes 2.1 & 2.2). About nine

species are known in southern and central AfriagleB (1878) was one of the pioneers
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to observe and descri®aphesp. This species is better known for its socio-ecaio
importance. The order Lepidoptera to which the wsitkmoths A panda belong
contains a large number of edible species (Ashi@&8b). These moths have large fleshy
larvae, which are highly nutritious. Oliveied al. (1976) reported that one hundred grams
of caterpillars would provide 76% of the individisadlaily protein requirement and more
than 100% of the daily requirements of many of wliamins and minerals. Larvae are
eaten by peasant farmers in Nigeria (Ene, 1963¢iGg| 1942) and contain substantial
guantities of crude protein and mineral elementhsas iron, phosphorus, calcium and
magnesium (Ashiru, 1986). Cocoons (Plate 2.3), kogesheath are used to produce silk

which is woven to produce silk in Nigeria (Ashifi986; Ene, 1965).

2.3 Wild silkmoths in Kenya

There are over 60 wild silkmoth species in Easicaffand their high potential has not
been utilized (Raina, 2000; 2004; Kioko 1998). Diesthis richness and abundance, only
a few of these species have so far been utilizedvild silk production in East Africa.
Studies by Kioko (1998) showed th@bnometasp. occurred in Mwingi District and
Sultan Hamud in Makueni District; the host plantnly Acacia elaitor and Acacia
senegal According to Ngoka (2003§;0nometasp was also found to occur in Kamaguti
in Uasin Gishu District; the host plants being thdigenousAcacia hockiiand exotic
wattle tree Acacia mearns)i The chorion structuref Argema mimosagioko et al,
1999b), developmental cycle @onometa posticdNgoka et al, 2008), and spatial
distribution of the silk cocoon nests and egg-dtsof the silkmottA. pandaand its host

plantB. micranthain the Kakamega Forest (Mbalehal, 2008) has been studied.
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Plate 2.3A. pandadry cocoon nests
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2.3.1 Population dynamics ofA. panda

Although A. pandaegg clusters (Plate 2.4) can contain from 2000@ &ggs (Gowdey,
1953), or 250 to 350 eggs (JoHyal., 1979), the population of wild silkmoth fluctuate
This is because there are many mortality factossaak throughout the life cycle, all of
them varying in time and space. Some of these faet@ biotic (parasites and predators)
and may also include bacterial and viral diseasesvell as the availability of food
(Hartland-Rowe, 1992). The other factors are abiatid these are mostly climatic and
include temperature, humidity, precipitation andather. According to Hartland-Rowe
(1992), climatic factors play an important rolerggulating the population density of
many species of silkmoth. This not only regulatestiming of the moth emergence; the
induction and termination of diapause but they atswe great indirect impact by
regulating the timing of the availability of fooHowever, the impact of parasitoids and
predators on the larval stage is often far moresigevthan that of climatic factors.
Although loss ofAnaphelarvae due to diseases is negligible (Jatyal, 1979), the
silkworm has been reported to suffer from musca&diRolet and Par, 1948), and is
attacked by the tachinid flfgxorista cardinalisFabr and the ichneumon waspxryptus
leucopygusGranenhorst (Jollgt al, (1979). These two larval parasitoids are resipéans
for 30-35 % of the larval mortality. According tolly et al (1979), the egg is also
parasitized by two chalcidsT¢lenomis gowaeyiGrahan andPleurotropis telenomis
Lima). Generally,Anapheis vulnerable to many parasitoids and predatariy(&t al,

1979; Gowdey, 1953). Among the predators, birdseawonsiderable mortality.
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2.3.2 Economic potential ofAnaphe culture

In Africa, during the last three decades, there lbeen a decrease in the production of
traditional export crops, as well as the unsustde@xploitation of indigenous forests
and agricultural land. Among the many activitieattmight assist the poor to escape their
vicious cycle of poverty, are the raising of beed ailkworms referred to as of apiculture
and sericulture respectively (Raina, 2000; 2004in&at al, 1999). In East Africa
biodiversity surveys in the indigenous forests ¢ate that there are at least 60 identified
different silkmoth species in the wild. Preservisgd utilising these silkmoths for the
production of silk fibres would generate income ttoe resource-poor farmer, as well as
conserve the threatened natural forests (Kiekal, 2000). In countries where rural
communities depend on subsistence farming, wilknskh farming can be a
supplementary activity for income generation whdée the same time conserving

biodiversity.

According to Jollyet al. (1979), by applying the available knowledge artich§j in the
crucial gaps with well-focused research, a larggease in raw silk production can be
realized in a number of countries where global pié of non-mulberry sericulture
exists. As long as humans desire for silk garmeatginues, the demand for sericulture
activity remains. Silk is the “queen” of textileachthe naturally produced animal fiber.
The silk industry is having increased demand thatlnal production can satisfy, hence,
the necessity of seeding. This involves the reléasbe nature of moths that have been

reared in captivity and the release of cocoonsgolac the net-sleeves.
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Plate 2.5A. pandahost planB. micrantha(Hochst)

Plate 2.6: A view of Kakamega Forest western Kenya
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Unfortunately, Anaphe silkmoth is univoltine (Akerele, 1970; Gowdey, BY5and

undergoes diapauses at the pupal stage.

One hectare of plantation can accommodate aboQ0ants oB. micranthawith 3.0

x 1.5 m spacing with a possible yield of 25-27 mediwns of leaves. According to Joky
al. (1979) this is enough to sustain 6,500-7,000 giaggs to produce 700-800 kg of
cocoons, equivalent to 340-360 kg of unprocesdkdAti only Ksh 200 per kg of cocoon

nests, a farmer can raise KSh 140,000 per yean&RaD00).
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CHAPTER THREE

3 GENERAL MATERIALS AND METHODS

3.1  Study area
This research was carried out in two-study siteseda Ikuywa (indigenous forest) and

Isecheno (mixed indigenous forests) within KakamEgeest (Fig. 3.1 and Appendix 1)

(Kakamega forest, 2000).
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Fig. 3.1: Map of Kakamega Forest showing field gtsite
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Research work was aimed at investigating the egadogl economic potential of the wild
silkmoth A. panda(Boisduval). The Kakamega Forest is located in Kadga and Vihiga
Districts of Western Kenya (Appendix: 1). The fdremong the north-eastern edge of
Lake Victoria Basin extends between Latitudéd0’ and 0 21’ North and 34 47’ and
34° 58’ Longitude East. The entire Kakamega Foreseroan area of approximately 265
Km? (Muriuki and Tsingalia, 1990)

Its terrain varies greatly with altitude, and rasmdpetween 1520-1680 meters above sea
level (Kokwaro, 1988). The forest was first gazgths a trust land in 1993, although two
small Nature reserves, Yala and Isecheno Foreslirtgt about 700 ha had been
established within the Forest Reserve in 1967 urtdermanagement of the Kenya
Forestry Department (KIFCON, 1994). From 1986, lyedr000 ha of the northern
portion of the forest, Buyangu or the Kakamega sioNational Reserve, along with the
adjacent 471 ha comprising Kisere Forest, were d@tlynexcised and placed under the
management of the Kenya Wildlife Service (K W She$e two blocks consist almost
entirely of the indigenous forests (KIFCON, 199%lutangahet al, (1992) recorded the
Buyangu block (K.F.N.R) as having the highest wleasity of all the Kakamega Forest
plots. The Kakamega Forest complex lies mostlyh® west of the Kakamega Town
about 40 km north of Lake Victoria. It comprisesrex@l separate blocks of forest:
Kakamega (13,878.2 ha), Bunyala (825.6 ha), Mal@22.8 ha), Kabiri (3,691.3 ha),
Lirhanda hill (52.7 ha), Kisere (471.4 ha), Yalaer (289.5 ha), Isecheno (415 ha),
Ikuywa (380 ha) and Buyangu (3,997.5 ha). The enkekamega Forest area has
relatively flat to gently undulating topography ept for a few steep hills like the

Buyangu to the north and the Lirhanda to the soliththe east, it is bound by the Nandi
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Escarpment, which rises up to 2,200 meters abozdesel. The terrain is undulating,

with often steep-sided river valleys.

The main vegetation in the Kakamega Forest is oa@st vegetation type. There are also
a variety of other habitats including indigenousegis, colonising forests, disturbed

forests and areas of planted forests, glades aedne forests (Mutangadt al, (1992).

Kakamega Forest is classified as a tropical ragdpsituated in a fairly wet area of
Kenya with an average annual rainfall of 2,025 niimfnerton, 1991). However, it has
been reported that the average annual rainfall meagecreasing due to the deforestation
(Kokwaro, 1988). Zimmerman (1972) had recorded &/®800 mm annual rainfall during

1963, indicating that, the has been substantiatitions from year to year.

3.2 Biology ofA. panda

3.2.1 The adult stage

Anaphe pandaopulation for the experiments were set up byeotithg live A. panda
cocoon nests which were used to start the initiee8ling stock. Fresh healthy cocoons
selected for moth’s emergence were divided in twaugs. The ¥ group was placed in
well-ventilated insect rearing cage (2m x 2m x 2mjhe field (Plate 3.1), and thé“2
group was dispatched in the net-sleeves (1.5 x125m) attached to the host plait
micranthain the field (Plate 3.2). The two groups of cocowmsts were observed until

moth emergence (Plate 3.3).
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Plate 3.1A. pandacocoon nests in the insect rearing cage
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Plate 3.2A. pandacocoon nests in the net sleeveByimicrantha

Plate 3.3A. pandasilkmoth emerge from cocoon nests
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The following data were recorded: wing expanse, s#io, life span, and general
behavior of the first day emerged moths. Sex ratas calculated and recorded by

placing a single cocoon nest in a small net-sl¢é0em x 40cm x 30cm) in the field.

To obtain data on fecundity and mating time ofrsitkhs, 10 pairs of virgin silkmoths
were put together for observation in the net-sleevmsuring (60 x 40 x 30 cm) and
attached on the host plaBt micrantha(Plate 3.4). After copulation in the net sleeve, t
egg laying period and egg fecundity (total egg patithin) were observed and recorded.
Fecundity represents the number of eggs depositedtpe mature eggs present in the

oviduct after death (Southwood, 1968; Klomp, 1966).

3.2.2 Egg stage

In the field, a protective shell of the egg clusteais observed and color of the egg
recorded. The number of perforations by parasitoiishe cover shell of egg clusters
was counted. The average diameter and weight ah@m egg cluster were determined.
The number of eggs in an egg-cluster was countad freshly laid eggs obtained from
the female moths in the net sleeve. The total nurobeggs produced (fecundity) by a
random sample of female moths was determined bgitoauthe number of egg laid and
those encounter after dissection. The incubatioiogevas determined from freshly laid
eggs obtained from the female moths in the newslaad the exact period of incubation

was recorded.
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Plate 3.6: Rain gauge for recording rainfall
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3.2.3 Larval stage

The numbers of larval instars were counted and thedy colors were described. The
duration of the larval development in the field anfluctuating weather conditions was
observed through the rearing of one hundred aratye{d@80) cohorts of more than three
hundred larvae each 8f pandaon theB. micranthahost plant until they spun cocoons.
Each sample oB. micranthawas having two experimental areas: one with astestve
measuring 1.5 x 1.5 x 2 m for one cohort of lareae another unprotected area for
another cohort of larvae. Determination of the nambf instars was done by direct
observation of cast exuviae of the larvae (Pla®. I his is a method that was used by
Ashiru (1988a) and Schmiet al. (1977).

A recording digital hygrothermometer (Plate 3.5)sweed to record daily maximum;
minimum temperatures and relative humidity. Raingga(Plate 3.6) was also used for

recording the rainfall data.

3.2.4 Pupal stage

The pupa is obtect (has all its appendages encagdst the body) and enclosed in a
cocoon nest in the field. The wall of this celsmmetimes reinforced by the use of other
materials spun together with silk threads. The ayemumber of pupae per cocoon nest
were counted and recorded by dissecting cocoos (ektte 3.7). Electronic balance was
used to determine the average weight of the cocmst. To determine pupal period,

marked cocoon nests were kept in enclosed netedeaeasuring (60cm x 40cm x
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30cm) till moth emergence. The pupal period wasmeihed by marking cocoon nests at

the date of spinning and observing them until thiee dhe moths emerged.

3.3 Parasitism and predation aspects

In order to develop a sustainable and ecologicasnpaoduction oA. pandacocoons, it
would be necessary to identify, evaluate and compfa@ impact of natural enemies on
the developmental stages. pandasilkworms are usually reared in the fields whéreyt
are exposed to unfavourable natural conditions @aglbirds, insects, pathogens and
severe weather. Mortality factors of larval stageéseach instar were determined by
rearing 180 cohorts (ninety-four protected and &igix unprotected) each consisting of
more than three hundred larvae on the host planin@ of the surviving larvae in each
host plant were made after each moult. The natmaiies of egg, larva and adult stages
were also determined by visual observations twieeek on the host plaB. micrantha
The natural enemies of pupal stage were recordeabbgrving, collecting and checking
the cocoons in the field. Exposed eggs collectenhfthe field were kept in the tubes for
eventual emergence of egg parasitoids and theitifaation was made at the ICIPE

biosystematics’ unit and the National Museum of y&n

3.3.1 Survival analysis of silkworm’s

Survival analysis was used for the protected ammtaiacted larval stages &f pandaon

B. micranthaduring the rainy and dry seasons.
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Plate 3.7: OpeA. pandacocoon nest

Plate 3.90bservation of cast exuviae A. pandi silkkworms after moultin
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The numbers of individuals that entered a particige in each generation were
determined from the successive samples of the ptpok. The incidence rate or
instantaneous risk represents the theoretical pitilyafor a larva to die at a particular
instar. The incidence rate that is the number akdsed larvae during a specific instar
and period in the specified population was compatedutlined by Clavest al. (2004)
and Statacorp (2004). The maximume-likelihood prédpoal hazards models were
estimated (Lin and Wei, 1989; Muller and Wang, 1,9G4tierrezet al, 2001). The Cox
proportional hazard model was used to find out hudependents variables like habitats,
protection, brood years affected positively or niegdy the hazard (Cox and Oakes,
1984; Cox, 1972).

One hundred and eighty (180) cohortsdofpandasilkworms which completed the seven
larval stages on the host pldhtmicranthawere investigated during the survival analysis
study. The unprotected cohort of larvae which dissped or the cohort who died before
the end of the experiment were investigated but there not included in the analysis.
Counts of the surviving larvae on each host plaatenmade and recorded after each

moult.

3.3.2 Histopathological parameters

Random sample of larvae were observed with ligltrosicope and analysis of abnormal
microscopic changes in the silk gland structursilkivorm were made. Infected larvae
were sampled and preserved in glass vial (7.5 x@pwith Bouin’s fixation (Gretchen,

1962) (Plate 3.8). Freezing method (Gretchen, 1968 used to make a block for the
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dissection of the parasitized larvae. Tissues Virera the posterior, middle and anterior
silk gland sections. Fibroin is secreted in thet@adsr section and transferred by
peristalsis to middle section, which acts as arvese Here it is stored as a viscous
aqueous solution until required for spinning. Thaanty of the sericin is created within
the walls of the middle section. Microtome was ugmdblock cutting and stained with
different stains (Giemsa stain or Fuchsin basi@ht.microscope was used to observe

tissues and silk gland slides.

3.4  Spatial distribution of B. micrantha, cocoon nests and egg-cluster

Information is required on spatial distributionwafd populations to assist in developing
management plans for conservation and their swdibEn utilisation for income
generation. The distribution &. pandasilkmoth egg-clusters, cocoons nests and the
host plantsB. micranthawas assessed in two different habitats (indigerfotesst and
mixed indigenous forest) using the procedures medliby Mbahinet al. (2008). The
analytical procedure to determine the distributbrfiorest insects within a tree has been
also outlined by Morris (1955). The “basic popudatirefers to a population with respect
to a basic unit, which will permit conversion ofethresults to absolute population
numbers. Embree (1965) considered the only commmoinai measurement for basic
populations to be the whole tree in the populatignamics study of winter moth. There
are different methods to assess population nunmberthe various stages (Southwood,

1968; Klomp, 1966).
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3.5 Economic profitability of A. panda sericulture

Sericulture is a new industry being developed imic&f The technologies will enable
small landholders to increase their economic welht) through self-reliance (Raired

al., 2000). The profitability on any enterprise i ey to its success and to this end, the
evaluation of the sustainability of the productdddbe addressed. The evaluation study
included: production system, socio-economic prefileesource endowments and
technological needs of the rural farmer. The nebmne gained by the household, by
selling cocoon nests, or process the cocoon nestan silk, silk cloth, or silk shirts was
determined. The net added-value was calculateadt kvel of the processing and the

cost structure plus optimal profit calculated.

3.6  Data analysis

T-test and 3-ways analysis of variance (ANOVA) (SA903) were used to compare
between the mean biological parameters of the tlWeakb: “Isecheno block (mixed
indigenous forest) and Ikuywa block (indigenousefty”. Chi-squarexf) was used to
compare between the expected and observed numirmoicrantha cocoon nests and
egg-clusters in the two blocks. ArcView GIS 3.2 (@a°, 2002) software was used to
map georeference data. Isecheno and Ikuywa trassdeice plots were mapped using a
computer Surface Mapping System Surfer 6.0 (Sust@r 1995).2Sigmat plot 2000
(SPSS, 2000) software was used to draw all thehgrapox proportional hazard model
was used to analyze larvae survivor data (Cox aakle§ 1984; Cox, 1972). Test of

equality of survivor functions was done with Logikatest (Lacatos and Lan, 1992,
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Hsieh, 1999). The Newman-Keuls test (Miller, 1984th unequal sample sizes was used
for multiple comparisons test between experimemsitds. Correlation and multiple
regression analysis using the maximume-likelihoodopprtional hazards models
(Statacorp, 2004) were used to analyze factors dnatlargely responsible for the
observed changes in population. Poisson distribylixale, 1989) and negative binomial
distribution (Anscombe, 1948) were used to caleutandom occurrences. The degree of
significance was indicated conventionally as follow

*: Significant (P < 0.05)

**: Highly significant (P < 0.001)

"S Non significant (P > 0.05)
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CHAPTER FOUR

4 BIOLOGY OF WILD SILKMOTH ANAPHE PANDA (BOISDUVAL)

4.1 Introduction

Anaphe panda(Boisduval) (Lepidoptera: Thaumetopoeidae) likéheot lepidoptera
undergoes complete metamorphosis (change in formringlu post-embryonic
development) consisting of four distinct stages @elgmegg or ovum (the embryonic
stage), the caterpillar (larva) or silkworm (thenpipal feeding and growing stage), the
chrysalis stage or pupa (a dormant transition $tage the adult or imago (the principal
dispersal and reproductive stage). Hence, thisaresevas undertaken in the Kakamega
Forest to study the biology and life history stagé#. panda whose larval stage feeds

on B. micrantha(Hochst) (Euphorbiaceae).

4.1.1 Egg or ovum

Eggs ofA. pandaare usually laid in clusters (Plate 4.2). The flen@ings tightly to the
underside of the leaf of the food plant and stautsbing the tip of her abdomen to
construct a covering layer using the golden brovairshfound on her abdominal
extremity. The egg laying continues for 10-12 hodise female moth usually glues her
egg cluster to the back of the foliage of the fptaht B. micrantha The mass of eggs is
protected by the golden brown hairs, which comenftbe anal segments of the female.
By turning circular abdominal contractions on tmeshly laid eggs, the female moth

removes these golden brown hairs from her analctering the eggs. The freshly laid
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eggs are soft and creamy white and covered witlrpliph brown secretion that cements
the eggs to one another and to the surface ofetlifeoin to which the eggs are fastened.
When fresh, this substance is soft, and becomeksvilaen dry. Moths start laying eggs

from mid-November until mid-May and egg hatchinganpleted in July.

4.1.2 The caterpillar (larva) or silkworm

When tiny silkkworms (Plate 4.20E) 8f pandafirst emerge from the eggs, they eat their
eggshell and thereafter begin to feed on the Hasit B. micrantha At first, they prefer
the underside of the leaf (Plate 4.3). As they griwy migrate to other leaves but all the
1% instar (stage) larvae feed exclusively on the wide of B. micrantha.The early
instars relish tender leaves, and the advancedstagfer medium to mature leaves. The
rate of feeding is minimal before and after the in¢ecdyse) (Plate 3.9), but reaches its
peak between these two periods. Silkworms haveasuitcylindrical bodies. They are
green from 1 to 3% instar and grow dense white hair froffité 7" instar. The silkworms
(Plate 4.20F) have rounded, hardened head capsateshe chewing mandibles. They
feed in groups during their larval period. Theyddeom the margin to the centre of the
leaf, but they never eat the midrib. The youngevda rest on the leaf, while the older
ones attach themselves on the barkBoimicrantha They move in a line (Plate 2.1)
following a thread of silk laid down by the frontost silkworm (captain). For protection
from enemies like ants and spiders, all the feedi#ad surfaces and resting areas are
preminary coated with silk. As they feed, they ootg their exoskeleton and to provide
room for further growth, they undergo six moultsdgses). Each time they moult the old

exoskeleton cracks along the back and the catmrpilawls out. The newly formed
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exoskeleton, which lies beneath the old one stestelmd hardens soon after the old one

is shed.

4.1.3 The chrysalis or pupa

When silkworms reach the mature size, they seekoteqited place where they can
pupate. Silkworms spins together a tight cocooatéP4.20G) of silk, which it secretes
from modified salivary glands and spins using anseret located below the mandible.
Plant material may be used for support when spgtie cocoon. In the cocoon nest,
when the caterpillar is ready to pupate, it moahsg last time into the virtually inactive
stage called the pupa (Plate 4 Ahaphepupa is obtect (has all its appendages encased
against the body) and the exoskeleton is shiny bisiw Beneath the exoskeleton,
substantial biochemical and anatomical changesrpesuarval features are replaced by
adult structures such as antennae, proboscis, wamgssex organs. The pupal shape is
cylindrical with the cephalic end rounded. Male @ephave the genital opening
ventromedially on the six abdominal segments. Tdratgl aperture of the female pupa is

present ventromedially on the anterior margindhefftfth and six abdominal segments.

4.1.4 The adult or imago

The emerging moth (Plate 4.1a, b) breaks througlptipal exoskeleton and drags itself

out.
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Plate 4.3: 1 instarA. pandasilkworms feeding on underside Bf micranthaleaf
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The cocoon oA\. pandahas a trap door (Plate 4.4) that pops open whemithth pushes
against it. Before emergence, the moth secretesl@urtess brown fluid that helps
moisten the exit channel. Once out of the cocdoa,moth crawls onto it or some other
support and begins to pump blood into the veinthefwrinkled wings. Expansion and
hardening of the wings may take an hour or morer afhich the moth takes flight to
seek a mate. Males usually perform courtship belhaand secrete pheromones to make
the female receptive for mating. Pheromones maselsected from wings, abdomen, and
legs, and distributed by means of tufts of spdwl-scales on those regions.

If the female is receptive to the male, she pertmiits to clasp the tip of her abdomen
with the flaplike valves of his genitalia. The aedgus (penis) is inserted through her
ostium bursae and into the ductus bursae and dopulmay last several hours (Plate
4.6), after which the two moths part. The femadatstlaying eggs (Plate 4.8) as soon as

they decouple.

Information on sex ratio is also required for cdmition of life table (Pottinger and
LeRoux, 1971) as well as in the development of pettan models and in the analysis of
generation survival (Morris, 1963). As pointed byt Miller (1963), the sex ratio of an
insect may refer to the various developmental staDéferential mortality can result in
the change of the sex ratio. The sex ratio of tliehnis of primary importance in the

determination of the population size and its paétmor increase (Zwolfer, 1934).
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Plate 4.5A. pandasilkmoth pupae

Plate 4.6A. pandamating activity
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4.2 Materials and methods

The initial population for the experiment was spthy collecting frestA. pandacocoon
nests to initiate the breeding stock. The colleétegdandacocoon nests were enclosed in
2 X 2 X 2 m net-sleeves cages in the field (Plalg¢ 8nd 1.5 x 1.5 x 2 m net-sleeves
attached orB. micrantha(Plate 3.2). The two groups were observed ungl mioths

emerged.

The wing span was determined by measuring with iealliper the maximum distance

between the tips of the forewing and hind wing rafjgreading the moths. This was the
measurement from the apex of the forewing or himyvand its attachment to the thorax.
The length and the width of forewing and hind wirlige length of antenna and the
diameter of head capsule of moths emerging frombtleeding cages were measured.

This experiment was repeated similarly in the cqosat years (2005-2007).

The sex ratio of the breeding populations was ¢afed fromA. pandasilkmoth rear
from the breeding cages and net sleeves in bottk&ldndigenous forest (Ikuywa block)

and the mixed indigenous forest (Isecheno block).

A survey was carried out each year during the dassn (November-February) up to the
rainy season (March-May) which was the period @f mhoth’s emergence. Sex ratio of
oneAnaphecocoon nest was made by placing a random samplesioigle cocoon nest in
the net sleeve measuring (60cm x 40cm x 30cm) @adhed onB. micrantha (Plate

4.7).
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Plate 4.9: Weighing oA. pandaegg-cluster
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A chi-square °) test of proportion “with Yate’s correction for mtinuity; (Zar, 2005;

David, 1995; Dyke, 1995; Yates, 1934)” was perfadnoa the recorded sex ratio to find
out if the sample data (silkmoth) came from a papoh having a 1:1 ratio of male to
female. The Yates correction is routinely used wthendegree of freedom (DF) is equal

to 1 and it is not applicable when DF>1.

To determine female productivity , pairs of freshlyerged female and male moths were
isolated from the net sleeve and enclosed in thallsnet sleeve (60 x 40 x 30 cm)
attached orB. micrantha(Plate 3.4) for mating and oviposition. One huxdaad-three
(103) replications “Isecheno block: (54) and Ikuyack (49)” of the paired moths were
used in three years. The total number of eggs lgycagster laid in the net-sleeve were

recorded. The life span of both male and femaléhsatas also recorded for comparison.

Fecundity is a measure of the total egg produdi8wuthwood, 1968), and according to
Klomp (1966), fecundity represents the number a@fsegviposited plus the mature eggs
present in the oviducts after death of the femake.determine the fecundity of the

females, oviducts of sixty-six dead females endasehe small net sleeve (60 x 40 x 30
cm) were dissected during the study and the tatadber of mature eggs was counted
and added to those of the egg cluster. The totabeu of eggs produced by a female was
determined by adding the number of eggs of the obggter to mature eggs obtained
through dissection of the dead female. The deadlEsnwere preserved in 70% alcohol

for at most a month before dissection under a rape.
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For egg size, one hundred eggs obtained from omelrad A. panda moths were
measured using a stereomicroscope with an oculamometer. The mean length of the
major and minor egg axis were compared using aisabfsvariance (Proc anova, SAS
Institute, 2003). A Vernier calliper was used toedmine the average length and width of
eighty-three freshly laid egg clusters. The weighthe eggs together with golden brown
hairs was determined by electronic balance (Pl&te #he mean of the weight was were
compared between the two blocks of the forest ugirgStudent-Newman-Keuls (SNK)
procedure (SAS Institute, 2003). The micropyle (tpening that admits the sperm that
fertilizes the egg nucleus), and aeropyles (mi@pgcholes in the shell which allow gas
exchange between the developing embryo and the sptmeoe) were examined and

photographed using a scanning electron microscipa JSM-T 330 A).

One hundred and ninety five egg-clusters laid dd@hate 4.8) were marked to determine
the exact incubation period. Daily observationshatching were made after thirty-five
days. Egg clusters were also divided into two beddiccording to the season: dry season
from mid-October to February (earlier brood) anthysseason from March to mid-May
(later brood). Daily temperatures and relative rditpi were recorded by a digital

hygrothermometer (Plate 3.5).

The larval period was determined during the thresry period by following one hundred
and eighty (180) cohorts @&f. pandasilkworms onB. micranthauntil they span cocoon.
The rearing was done by protecting the entire lestage of ninety-four (94) cohorts with

net sleeves (Plate 4.10), and unprotected anoitjietyesix (86) cohorts (Plate 4.11).
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Plate 4.12: Marked. pandacocoon nest kept in the enclosed net slegve
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The number of instars was determined by visual mbsen of exuviae (Plate 3.9)

(Ashiru, 1988a; Schmidit al, 1977).

Younger silkworms rest about two days on the laaf] older ones (from three to four
days) attach themselves on the barlBomicranthabefore moulting (Plate 2.2). Hence,
observations were made daily around 10h 00 amctardef the larvae had cast their skin
(exuviae) (Plate 3.9). The total number of obsemexlilts was used to determine the
number of intars. These replicates were also usetentify the possible mortality factors

during the larval stage.

To determine the quantity of leaves eaten by dke/erm, the number of silkworms that
hatched was counted and recorded at the end ofiesteln with the help of a binocular
lens and tally counter. The number of midribs (dreae feed from margin to the centre
of leaves and they never eat the midrib) were mdiand removed after every four days
from 1% to 4" instar, and also after every two days frothts 7" instar. Knowing the
average weight dB. micranthaleaves, the numbers of leaves eaten during thariasd
the number of larvae at the end of the instar; ttean consumption per larva was

calculated and recorded.

The average length of feeding and resting periothbtar was investigated by following
in two years (2006 — 2007) twenty five cohorts itkveorms. At each instar, the feeding

and resting periods were recorded.
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Plate 4.13: Length measurement of fenfal@andapupa with Vernier calliper

Plate 4.14: Weighing sample of m#lepandapupa using balance

Plate 4.15: Weighing sample of fem&lepandapupa using balance
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To determine the pupal period, spinning dates Ofddtoon nests were noted and kept in
enclosed net sleeve (60 x 40 x 30 cm) in the figltdl moths emerged (Plate 4.12). The
length and width of male and female pupae randmaiypled from the two blocks was
determined by a Vernier calliper (Plate 4.13). Weeght of male (Plate 3.14) and female
pupae were also obtained (Plate 4.15) by use dlectronic balance, Mettler PJ 360

DeltaRang®.

The sex ratio of the pupae was also investigatattijtated) by dissecting a randomly
sampled cocoon nests from the two blocks at thalmtpge (Plate 4.5). A chi squagd)(

test of proportion “with Yate’s continuity correeti; (Zar, 2005; David, 1995; Dyke,
1995; Yates, 1934)” was also performed on the obthisex ratio to know if the sample
data (pupae) came from a population having a 1id cf male to female at the pupal

stage.

The time of emergence of moths was readily detexthioy direct observation and also
by the marked pupae kept in the net sleeve attachd&l micrantha(Plate 4.12) in the

field.

The Kolmogorov-Smirnov test procedure for discretata (Smirnov, 1939a, b;
Kolmogorov, 1933) was used to test the null hypsithéhat each tree crown levelskf
micrantha(lower, middle and upper) are equally desirableAbpandamoth for resting.
A total of sixty-nine moths were used for assesgjogdness of fit of the observed and

expected cumulative frequency distribution.
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4.3 Results

4.3.1 Adult

The moth emergence commences at dusk and in tlyee@aning. The wings of the moth
are creamy white (Plate 4.1a, b). The forewingthasbroad bands in the middle joining
at posterior margin to form a V and two sub paldénds from the outer arm of the V to
the lateral margin. The lateral margins of botlefand hind wings are bordered with dark
brown bands, less pronounced in the hind wings. dit@dominal segments are marked
with rings of golden brown hairs. The posteriorrertity of the body of the female is

covered with golden brown hairs.

4.3.1.1 Wing span; length of fore, hind wingsral antennae, and diameter of head

capsule

The mean wingspan of forewing and hind wing, theamiength of forewing, hind wing
and antennae, and the mean diameter of head cagsAlug@andaare summarize in table
4.1. There was a highly significant difference (®.801) between all the variable for
both male and female (Table 4.1). Repartition bgrgeand type of forests (indigenous
and mixed indigenous forest) and sex are summarngzeboth tables 4.3 and 4.4.
Significant difference was observed between the $ewes and through out the three

years, and also between the two forests habitatsl€$ 4.3 and 4.4).
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Table 4.1: Mean (£SE) wing span of fore and hindgsi (cm); length of fore, hind wing

and antennae (cm), and diameter of head capsulg ¢ panda

Variables Males (n=2701) Females (n=3088)
Forewing span (cm) 2.347+0.216 3.019+0.251**
Hind wing span (cm) 1.789+0.262 2.176+0.208**
Forewing width (cm) 1.137+£0.106 1.448+0.138**
Hind wing width (cm) 1.142+0.167 1.623+0.163**
Length of antennae (cm) 0.865+0.06 0.8+£0.07**
Diameter of the head (mm) 0.451+0.071 0.562+0.064**

**: Highly significant difference between males aietnales; n: Number of moths

4.3.1.2 Adult sex ratio

During the three years study period, the proportainmale to female moths was
determined from the samplings which were carrietdimthe indigenous (lkuywa block)
and mixed indigenous (Isecheno block) forests. rAfierforming thex® —test on the sex
ratio, the obtained value was compared to thecafitvalue % 1= 7.879). Values
above 7.879 indicated that the sex ratios devisiguificantly from the unit (1) and this
indicated that sample data did not come from a |adjoumn having 1:1 ratio of male to
female (Table 4.2). If the obtained sampling vatubelow 7.879, the sample data comes
from a population having 1:1 ratio of male to femdField observation showed that sex
ratio of moth’s changed daily, but the pattern imeegence at the beginning of the moth
emergence period (November-December) was very ainidr both sexes with male
moths being the majority. However, during the Igteriod of the moth’'s emergence

(March-April), the sex ratio changed from the mddeninance to the female dominance.
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Table 4.2: Adult sex ratios @&. pandafrom the indigenous and mixed indigenous forests

in Kakamega (years 2005 - 2007)

Isecheno block (mixed indigenous forest) Ikuywa block (indigenous forest)
=< Observed Sex Expected Observed Sex Expected
% moths ratio Sex ratio X2 moths ratio Sex ratio X2
m f m f m:f m f m f m:f

2005 238 526 1. 221 11 107.812 391 407 1. 1.04 1:1 0.282*
2006 442 424 1: 0959 1.1 0.334* 611 645 1: 1.055 11 0.867*
2007 391 492 1: 1258 11 11.32%° 628 594 1. 0946 1:1 0.891*

* Moth sampling coming from a population having tatio of male to female, m: male, f: female
"S*Moth sampling not coming from a population having ratio of male to female.

Nevertheless, the general trend of emergence rewshasgnchronized for both sexes
throughout the emergence period. During the threarsy sampling period in the
indigenous forest, the sex ratio did not deviagmi§icantly from the unit (one), whereas
in the mixed indigenous forest, sex ratio deviaseghificantly from the unit (one) in

2005 and 2007.

The moth adult sex ratio changed throughout themsealhe sex ratio of moths changed
daily, but the pattern of emergence at the begmointhe season was very similar for
both sexes. However, when male moths were the iagirthe end of moth emergence,
the sex ratio changed from male dominance to fechaheinance; but the general trend of
emergence remained synchronized for both sexeaghout the emergence period. The
sex ratio for a random single cocoon nest did eeiate significantly from the unit if it

came from the indigenous forest.
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Table 4.3: Mean (xSE) of fore and hind wings expafis cm), length of fore and hind wings (in cm)neéle and femal@. panda

from different types of forests (indigenous and esixndigenous) and years in Kakamega

Isecheno blockmixed indigenous forest)

Ikuywa block(indigenous forest)

=<
% Sex n Fw span Fw width Hw span Hw width Sex n F\ahsp  FW width Hw span Hw width
N m 238 2.307+0.144 1.10740.114 1.671+0.347 1.3648%.1 m 391 2.448+0.248 1.170+0.111 1.774+0.331 1.8849
§ f 526 2.968+0.260 1.429+0.104 2.2+0.213 1.613+0.201f 407 2.971+0.346 1.441+0.121 2.204+0.171 1.61769.
N m 442 2.319+0.233 1.131+0.116 1.804+0.278 1.45#.18m 611 2.331+0.219 1.133+0.112 1.841+0.217 1.42&D
§ f 424 2.956+0.284 1.424+0.186 2.176+0.230 1.62429.1 f 645 3.090+0.174 1.146+0.115 2.155+0.181 1.63780
N m 391 2.326+0.184 1.1574+0.095 1.765+0.210 1.457¥D.2 m 628 2.349+0.214 1.124+0.093 1.797+0.234 1.00&7
8, f 492 3.052+0.199 1.462+0.112 2.183+0.211 1.628®.1 f 594 3.04+244 1.457+0.179 2.154+0.243 1.61440.1

Fw: Fore wing, Hw: Hind wing, m: Male, f: Female;Mumber of males or females moths

Table 4.4: Mean (£SE) length of antennae (in cng) diameter of head (in mm) of male and femR&le@andafrom different types

of forests (indigenous and mixed indigenous) aradty/eé Kakamega

Isecheno blockmixed indigenous forest)

Ikuywa block(indigenous forest)

<
% Sex N Antenna Head capsule Sex n Antenna Headleapsu
N m 238 0.857+0.065 0.436+0.063 m 391 0.865+0.049 616-4.078
§ f 526 0.823+0.067 0.555+0.072 f 407 0.783+0.076 5849.072
N m 442 0.877+0.043 0.442+0.070 m 611 0.847+0.077 53*@.070
§ f 424 0.792+0.064 0.58+0.05 f 645 0.813+0.062 0186359
N m 391 0.878+0.052 0.452+0.059 m 628 0.868+0.058 54x@.080
§ f 492 0.8+0.080 0.555+0.069 f 594 0.786+0.069 056664

m: Male, f: Female; n: Number of males or femaleghm
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4.3.1.3 Oviposition

In the Kakamega Forest, the egg-laying perioddopandalasted approximately seven
months (from mid-October to mid-May). Coupling $tar soon after emergence and
lasted 12 to 24 hours in the net sleeves (Plafe At® male moth fluttered its wings and
approached the female, which raised its abdomitadmity. As soon as they decoupled,
the female started laying eggs. The female cluglgtlii to the underside of the leaf Bf
micrantha and started rubbing the tip of the abdomen (P48 and constructed a
covering layer by means of the golden brown hairst® abdominal extremity. The eggs
were then laid in clusters. The number of eggsniregg cluster ranged from 318 to 461
in the mixed indigenous forest and from 347 to GD4he indigenous forest. The mean

number of eggs in the egg cluster by year is sunzein table 4.5.

Table 4.5: Mean number (x SE) &f pandaeggs by egg cluster from indigenous and

mixed indigenous forests in Kakamega (years 20H)7).

< Isecheno block (mixed indigenous forest) Ikuywa block (indigenous forest) ot
5 n Means number of egg n Means number of egg
2005 11 392.909+45.150 11 485+75.750 *x
2006 18 395.167+40.736 16 485.313+89.901 *x
2007 25 399.88+33.169 22 486.182+80.885 o

**: Highly significant difference between the tworésts; n: Number of egg clusters

Highly significant difference (P < 0.001) was foubdtween the indigenous and the
mixed indigenous forest, whereas by years in theedaabitat no significant difference (P

> 0.05) was found.
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4.3.1.4 Fecundity

The unlaid eggs ranged from 135 to 236 (mean 282834) in the mixed indigenous

forest, whereas in the indigenous forest it rarfgeih 5 to 106 (mean 64.12+36.54). The
mean number of unlaid eggs (after dissection) wgsifecantly higher in the mixed

indigenous forest. In the indigenous forest howetlee mean number of laid eggs was
significantly higher (Table 4.6). The same trendswéserved during the three years of
the study period and no significant difference fduretween years. These also was,
highly significant difference was found between thean average of laying eggs and
those obtained by dissection in the indigenousthrdmixed indigenous forests (Table

4.6).

Table 4.6: Total mean numbetSE) of eggs by egg clusters; mean mature eggsaryov

for both the indigenous and mixed indigenous fearesKakamega

< Isecheno block (mixed indigenous forest) Ikuywa block (indigenous forest) tost
% n Egg cluster Eggs in ovary n Egg cluster Eggsvery
2005 7 370.43+38.89 208.43+16.81 7 528.57+36.45 292880 *
2006 11 380.73+£37.24 200£29.27 11 532.27+64.04 56820 *x
2007 15 396+30.96 197.93+26.39 15 500.87+83.25 B38.57 *

ns: No significant difference between the averagié two habitats; n: Number of egg clusters

4.3.1.5 Adult longevity

Moths undertook short flights during the daytimeaa®sult of disturbance, mostly due to
heat of the sun. Highly significant difference Wwasnd between male and female moths

life span in both habitats (Table 4.7). Nevertbglenoth’s life span seems to be longer
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in the indigenous forest. By year, significant eifnce was found to exist between males
in the mixed indigenous forest, whereas no sigaificdifference was found to exist

between females.

Table 4.7: Adult life span (in days) & pandafrom indigenous and mixed indigenous

forests in Kakamega (years 2005 - 2007)

< Isecheno block (mixed indigenous forest) Ikuywa block (indigenous forest)

% n Male n Female t-test n Male n Female t-test
2005 51 4.545+1.036 51 5.182+0.982 ** 50 5+0.943 6825+0.639  **
2006 65 3.88+1.013 51 5.091+0.701 ** 60 5.25+1.20964 6.25+1.032  **
2007 71 4.323+1.043 56 5+0.632 *x 57 5.235+1.251 7®333+0.701 **

**: Highly significant difference between males aieanales; n: Number of males or females moths

4.3.2 Egg

4.3.2.1 A. pandaegg size

The eggs are small (Plate 4.16a) and are usuabodial and isodiametric (Table 4.8).
No significant differences in egg size were foundekist between the two forests and
also between the three years. However, a highhifstgnt difference was found between
the major and the minor axis in the two habitatd @o significant difference was
observed between years (Table 4.8). The surfatkeokgg is not smooth (Plate 4.16b)
and the micropyle (Plates: 4.17a, b) was surrourigegetal-shaped cell prints (Plates
4.17a, b). The surface of the egg revealed an ddgerhnumerous knobs between which
small aeropyles (Plates 4.17a, b and 4.18) wereepte The knobs on the egg surface

were large in size and approximately round in shape
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Plate 4.18: Cell prints surrounding micropyle opgnof A. pandaegg
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Table 4.8:A. pandaegg size mean length (mm) in the indigenous anednindigenous

forests in Kakamega

< Isecheno block (mixed indigenous forest) Ikuywa block (indigenous forest) tost
3 n Major axis (mm)  Minor axis (mm) n  Major axis (mm) Minor axis (mm)
2005 15 0.957+0.014 0.61+0.008 15 0.963+0.007 0]0is2) ns
2006 15 0.961+0.003 0.6+0.009 15 0.963+0.008 0.610:0 ns
2007 20 0.959+0.005 0.62+0.006 20 0.961+0.003 Q0BD ns

ns: Non significant difference between the two $tsg: Number of egg

4.3.2.2 A. panda egg cluster size and weight

The eggs ofA. pandawere laid in clusters on the back foliage of thesthplantB.
micrantha Females started laying eggs from mid-October ith May. Eggs found oiB.
micranthaafter June were parasitized. The length, widthwaeiht of the egg cluster are

summarized in table 4.9.

Table 4.9:/A. pandaegg cluster length (cm), width (cm) and weightig)he indigenous

and mixed indigenous forests in Kakamega

< Isecheno block (mixed indigenous forest) Ikuywa block (indigenous forest)

[}

3 n Length Width Weight n Length Width Weight
2005 9 1.71+0.21 0.58+0.08 0.21+0.06 11  1.79#06.22.63+0.11° 0.25+0.06°

2006 15 1.64+0.16 0.58+0.09 0.22+0.04 15 1.66%0.20.61+0.14 0.25+0.07
2007 16 1.66+0.34 0.64+0.15 0.26+0.08 17 1.814#0.19.71+0.09° 0.29+0.0%4

ns: Non significant difference between egg clusterables of the two habitats; n: Number of eggEts
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No significant difference was observed betweenl¢ngth, width and the weight of the
egg clusters within the two habitats. Length, widtid weight did not vary significantly

between the years.

4.3.2.3 Incubation period ofA. panda egg

As hatching progressed, it became obvious that eftise same egg cluster do not all
hatch simultaneously and that hatching can exteret two days (Table 4.10). The
incubation period ranged from 40 to 45 days dutirey ' brood (dry season), and from

45 to 55 days during thd%brood (rainy season).

Table 4.10: Mean (£SE) incubation period in daysAo pandain the indigenous and

mixed indigenous forests in Kakamega

Isecheno block (mixed indigenous forest) Ikuywa block (indigenous forest)
§ 1°' Brood 2" Brood 1°' Brood 2" Brood
? n Incubation N Incubation n Incubation n Incubation
2005 12 41.75+1.82 8 49.88+3.91** 13 41.69+1.65 10 49.9+3.57**
2006 17 42.82+1.91 18 50.78+3.69** 16 42.19+1.97 1549.87+3.58**
2007 16 42.13+1.86 18 50.39+3.15** 18 41.83+1.79 1750.77+3.54**

n: Number of egg clusters, **: Highly significanfférence between the two broods

In the same habitat, highly significant differengas found between theé'brood (dry
season) and the"2brood (rainy season), whereas no significant difiee was found

between the two habitats (indigenous and mixedygmbus forests).
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Furthermore no significant difference was foundwssn the incubation periods in the
same habitat within years. A highly and negativeradation coefficient (r = - 0.951) was

found between the mean daily temperature and théation period (Fig. 4.1).
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Fig. 4.1: Duration of egg stage Af pandain the Kakamega Forest

4.3.3 Silkworm development

The direct observation of cast exuviae by larveare® through the entire larval stage
showed that six moults occurred from egg hatclh¢otime the silkworms pupated, hence

seven instars. The seventh instar took betweer6&8s for the %t brood (eggs hatched
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in the dry season) and 112-118 days for thebgod (those hatched in the rainy season).
From the egg hatches, young silkworms followed iodis growth from 3 mg to more
than 3,000 mg (Plate 4.20: E and F). The developamherelocity of the sampled

silkworms is shown on fig. 4.2.

y= 0001760.0841)(

Weight (g) of caterpillar

98
Age (days) of caterpillar

Fig. 4.2: Developmental velocity &. pandasilkworms in the Kakamega Forest

In the field, under fluctuating conditions, thesfiand seventh instars took the longest
while the second and third instars took the shotiese to complete the development
(Appendix: 2). The duration of the various feediagral instars seems to be lengthened

(delayed) by low temperatures (rainy season), whigh temperatures (dry season)
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shortenened (accelerate) the duration of larvalelbgwnent (Table 4.12). The total

developmental larval period by brood before moglimshown in table 4. 11.

Table 4. 11: Mean# SE) total developmental larval period (days); meaight (g) and

length (mm) for # instarA. pandasilkworms in the indigenous and mixed indigenous

forests in Kakamega

Isecheno (mixed indigenous forest) Ikywa (indigenous forest)

0 o
s § Period Weight Length . . Length
> m n Period (days) Weight (g)

(days) (@) (mm) (mm)
o 1 17 8553+3.39 3.05+0.13 51.16+2.6 19 85.16+%.353.09+0.1° 51.53+1.8%
o
G 2@ 11 115#3.32 2.99+0.17 49.95+2.94 13 115.46+3.23.08+0.11° 50+1.86°
o 18 18 85.33+3.05 3.02+0.14 49.53+4.98 15 85.2748.012.98+0.15° 49.69+3"
o
8 2™ 15 115.07+3.20 2.96+0.16 49.65+2.8 12 115.33#8.53.01+1.46° 50.22+2.4%
o 1 16 86+3.8 2.9+0.14 48.85+2.17 17 85.41+862 2.97+0.15° 49.75+2.6%
o
Q 2™ 13 115£2.97 2.9+0.9 48.09+1.52 14 116.07+%.832.97+0.18 50.24+3.16*

Brood: % Dry season,®- Rainy season, n: Number of egg clusters, nseBifice not significant between
variables of the two habitats, *: Difference sigeait between variables of the two habitats.

In the same habitat, a highly significant differereas found between thé brood (dry
season) and "2 brood (rainy season) of the larval period, whereas significant
difference was found between the two habitats gedous and mixed indigenous
forests). Furthermore, no significant differenceswaund between the weight and the
length of the T brood and % brood in the same habitat. By year, there wadgrofcant

difference between the period, weight and lengspeetively.

A simple positive linear correlation coefficientr0.9657) was found between the mean

length and the mean weight. This positive correfaimplies that for an increase of the
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length, the weight also increases in the same WMagre was a linear association between
the magnitudes of the two variables. The relatigndetween the age and the length of

the sampled silkworms is also shown in fig. 4.3lsimple linear regression.

53 «

43 o

33 o
y=0.673x - 12.94

23 o

Lenght (mm) of caterpillar

13 o

18 38 58 78 98
Age (days) of caterpillar

Fig. 4.3:A. pandasilkworm’s length as a function of age in the Kalema Forest

From hatching to maturity, a single silkworm consahmearly 45 g to 51g and 40 g to 45
g of foliage for the T and 29 brood respectively. The average leaf consumptjoimstar
is summarized in a Appendix: 3 and the total corion by brood by year is shown in

table 4.12.
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Table 4.12: Average (x SE) leaf consumption (g) &wmtdl feeding time (days) oA.

pandasilkworms in the Kakamega Forest

Isecheno (mixed indigenous forest) Ikuywa (indigenous forest)

% é Feeding Leaf Resting Feeding Leaf Resting

> g n period (days) consumption period n period (days) consumption period

9) (days) 9) (days)

o 1 3 71.67+0.58** 48.67+2.52* 19.3#0.6 4 70.5+1.29**48.75+1.71* 21+1.6°
§ 2" 4  93.75x0.96 43.5+1.29 20+0'8 3  93.33%#1.53 44+1 22+1
o 1 2 71+1.41* 445+0.5% 19.5#0.7* 3 70.67+1.53* 444% 19.7+0.6*
§ 2" 3 94+1 43+2.65 21.3x0.6 3 94.33+1.15 43.33+1.53 £122

n: Number of cohorts, ns: Difference not significéetween broods, *: Difference significant between
broods, **: Difference highly significant betweerobds.

In the same habitat, highly significant differengas found between the'brood (dry
season) and the"2brood (rainy season) of the total feeding periodhereas no
significant difference was found between the twditads (indigenous and mixed
indigenous forests). Furthermore, no significaffedence in leaf consumption was found
in 2007 between the®1brood and ? brood in the same habitat concerning leaf
consumption. Furthermore, no significant differemeceaesting time was found between
the F' brood and %' brood in the same and between the habitats in ,200@reas
significant difference was observed in 2007. At #md of the seven instars, larvae
wandered away from where they had been feeding comdtructed their cocoons.
Unprotected silkworms travelled between 5 to 25reseto select suitable sites for their
nest cocoon construction.

The total feeding and resting periods in days lsyandid not vary significantly by year

as show in table 4.13. However, significant differe was observed between the instars.
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Table 4.13: Average (+ SE) total feeding and rgstime (days) ofA. pandasilkworms

instars in the Kakamega Forest

2006 (n = 14) 2007 (n = 11)
Instars
Feeding periods Resting periods Feeding periods tiriggseriods

1 16.4+1.6 2.8+0.4 16.8+1.8 2.9+0.5
2" 9.1+1.5 2.40.5 8.7+1.6 2.2+0.4
3 8.4+1.3 2.6x0.4 8.5+1 2.6£0.5
4" 8.9+0.5 2.4+0.5 9.1+0.5 2.4+0.4
5 9.5+1.3 3.5+0.8 9.5+1.3 3.5+0.5
6" 11.9+2.9 4.9+0.9 12.2+3.5 5.1+0.8
™ 18.1+3.8 2.1+0.3 18.7+4 2+0.3

n: Number of cohorts

By year, no significant difference was observedveen the feeding periods (P = 0.398 >
0.05), and also between the two resting time (P38® > 0.05). The data showed that

silkworms spent approximately 80% of their life déey and 20% resting and moulting.

4.3.4 Pupa

4.3.4.1 Pupal period

The pupal period for the larvae which spun betwaeril and July (' brood) ranged
between 158 - 178 days, and 107 - 138 days foetldsch spun between August and
October (2% brood). Three months old'brood silkworm’s larvae were found alive in

the open cocoon nest (Plate 4.19).
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Table 4.14: Mean (x SE) pupal period (dayspopandain the Kakamega Forest

< Brood Isecheno (mixed indigenous forest) Ikuywa (indigenous forest)
3 N Pupal period (days) n Pupal period (days)
2005 1° 6 167.5+7.52** 9 167+7.7**
2" 7 122.14+10.49 8 126.25+11.88
1t 10 168+6.06** 8 168+7.86**
2008 2" 9 123.33+12.94 6 121.5+5.24
15t 9 166.67+5.43** 8 169+8.33**
2007 2" 9 122.33+10.69 11 124.64+11.94

n: Number of cocoon nests, **: Difference highlgrsficant between the two broods

In the same habitat, highly significant differenngoupal period was found between the
1% brood (dry season) and"2brood pupae (rainy season), whereas there was no
significant difference between the two habitatgli@@nous and mixed indigenous forests)
(Table 4.14). Furthermore, there was no significhfierence between the three years of

observation.

4.3.4.2 Pupal length and width

The mean length and width of male and female pinose the two locations ranged from
1.8 to 2.7 (mean 2.11+0.17) cm and 0.6 to 1 (me@B+0.07) cm for males’ length and
width respectively; whereas, that of the female gaupanged from 2.1 to 3.1 (mean
2.4+0.15) and 0.6 to 1.3 (mean 0.82+0.08) cm far temales’ length and width
respectively. Highly significant differences (P 001) where found between the lengths
and also the widths of the two sexes. The weiglhefmale ranged from 0.23 to 0.9 g

(mean 0.5+0.14) whereas that of the female pupagerhfrom 0.27 to 1.16 g (mean
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0.73+0.19) g. There were also significant diffexesn between the weights of the two
sexes. Fluctuation by year and by forest habitachvis summarized in table 4.15 shows

that there was no significant difference betweenttiree years of observation and also

between the two broods.

Table 4.15: Mean (xSE) weight (g), length (cm) andth (cm) ofA. pandapupae in the

Kakamega Forest

) < Isecheno (mixed indigenous forest) Ikuywa (indigenous forest)

§ & n Weigh (g) Length (cm) Width(cm) n Weigh (g) Léimgcm) Width (cm)
o M 42 0.52+0.15** 2.11+0.15** 0.731#0.06** 36 0.524@* 2.12+0.2**  0.74+0.07**
§ f 38 0.76+0.21 2.37+0.12 0.82+0.06 37 0.740.17 20424 0.84+0.09
o M 49 0.51+0.15** 2.16+0.15** 0.75+£0.08** 61 0.5240** 2.08+0.16** 0.74+0.08**
§ f 40 0.71+0.19 2.41+0.17 0.81+0.09 54 0.71+0.19 Q.27 0.82+0.09
o M 62 0.47+0.14* 2.1+0.16** 0.72+0.06** 78 0.5£0.%5 2.09+0.18** 0.73+0.07**
§ f 47 0.74+0.19 2.42+0.16 0.82+0.08 68 0.73x0.19 Q@15 0.83+0.07

n: Number ofA. pandapupae; **: Difference highly significant betwedrettwo pupae sex

4.3.4.3 Pupal sex ratio

Pupae which were sampled from the two forest hisbiteere sexed and the results are
summarized in table 4.16. All the values)@f—test (with Yate’s continuity correction)
obtained on the sex ratio of the pupa were lesbléTal.16) compared to the critical
value .0 1 = 3.841). These results indicate that the sex sadim not deviate
significantly from the unit (that means: the sampigae data come from a population

having 1:1 ratio of male to female).
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Table 4.16: Pupae sex ratiosAf pandafrom indigenous and mixed indigenous forests

in Kakamega (years 2005 - 2007)

Isecheno block (mixed indigenous forest) Ikuywa block (indigenous forest)
=< Observed Sexratio  Expected Observed Sexratio  Expected
% Pupae Sex ratio X2 Pupae Sex ratio X2
m f m f m:f m f m f m:f
2005 42 38 1. 0905 11 0.213* 36 37 1. 103 11 020*
2006 49 40 1: 0.816 11 0.921* 61 54 1: 0.885 11 A30*
2007 62 47 1. 0.758 11 2.073* 78 68 1. 0.872 11 .69P*

*: Pupae sampling coming from a population havirigratio of male to female, m: male, f: female

4.3.5 Life cycle ofA. panda in the Kakamega Forest

Life stages ofA. pandasilkmoth are summarized in fig. 4.20. Moths arani@ in the
forest from October to April (Fig. 4.4). They ocanrpeak numbers in late November to
late February. Egg clusters can be seen from midi@c to early mid-May and larvae
from early December to late September. Pupae asept in the field from mid-April to
January, but new pupae are found in the forest fmadrApril. February and March are
the best months to harvest dry cocoon nests wittinmal damage to fresh cocoons when

moths have not emerged.



71

Plate 4.19: Three months old life silkworms sinpmsing in the cocoon nest

Apr. | May | June| July| Aug.| Sep.| Oct.| Nov.| Dec.

Cycle/month Jan.
Moths
Eggs
1sl
2nd
3rd
Larval an
Instar =
6th
7th
i (T T T T T]

Fig. 4.4: Time of occurrence of the various stagfeA. pandasilkmoth in the Kakamega

Forest (2005-2007).
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4.3.6 A. panda behaviour in the Kakamega Forest

A. pandamoths preferred lower and middle crown levelsrésting (Table 4.17). Under
the hypothesis that moths equally prefer the ttmee crown levels (lower, middle, and
upper); and the two distributions (observed fregieshand expected frequencies) are the
same, a test statistic was calculated. In the Kgbnov-Smirnov test, the largest
difference between the cumulative observed and aggdefrequencies (gy is the test
statistic. Hence ghx= maximum |g = 10 and the critical value is:{g) 0.05369= 9. The
Kolmogorov-Smirnov test rejected the hypothesishat 5% significance level because
dmax Calculated = 10 > g table = (¢hay 0.05,369= 9. It therefore can be concluded that
pandamoths did not equally prefer the three tree créewels (lower, middle, and upper)

for resting.

Table 4.17:A. pandamoth distribution in the three crowns level of hgdant B.

micranthain the Kakamega Forest

Bridelia micranthatree crown levels
Frequencies Total
Lower Middle Upper

Observed frequencies 22 34 13 69
Expected frequencies 23 23 23 69
Cumulative observed frequencies 22 56 69
Cumulative expected frequencies 23 46 69

Difference between cumulative observed & expected.f 1 10 0
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107-178
days

Plate 4.20A. pandasilkmoth life stages: (A) Adult male; (B) Adultifeale;
(C) Mating; (D) Egg cluster; (E) Egg hatching'(bstar silkworms); (F) %
instar silkworm orBridelia; (G) Cocoon nest; (H) Pupae inside a cocoon nést

o

-
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4.4 Discussion

4.4.1 Adult

The mean values of fore and hind wing expansegtherof antennae and head capsules
of male and female moths differed for different gextions in the same and between
blocks of forests (Tables 4.2 and 4.3). Those wiffees were however not significant in
both forests. There were highly significant diffeces (P < 0.001) between the means of
the forewing expanse and the length of femalesraalgs. Mean forewing expanse and
length of females were larger than that of the siatéighly significant differences (P <
0.001) were also observed between the means dfitidlewing expanse and length; the
mean length of antennae and the head diametemudlés and males. Mean forewing
expanse and length of females were larger thanathtite males. The size of male and

female seemed to be one of the explanations aliffe¥ences.

In the current study, it was found that the adek satio differed significantly in the two
different habitats (indigenous forest and mixedigadous forests). In the indigenous
forest during the three years, there was an equalkaio between males and females
whereas in the mixed indigenous forest, this wasthm® case. This observation suggests
that there were some factors which were responétrl@ higher male mortality oA.
pandapupae in the mixed indigenous forest. Contrarhi® study’s observation, Jolly et
al. (1979) observed a ratio of male to female moftf&2for A. venataln the Kakamega

Forest, females oAA. pandamoth occurred in predominantly higher numbers. The
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relative shortage of males at the end of the seeaonpose a problem of effective mating

and fertilization of the eggs.

There was no significant difference in the longgwat A. pandamales and females (P =
0.324 > 0.05) for the different generations. Bhg tifference between the two forest
blocks was highly significant (P < 0.001). Gensral moth seemed to have a higher life
span in the indigenous forest compared to thath@fixed indigenous forest. There was
also a highly significant difference between theglevity of the two sexes in both forest
blocks (P < 0.001). Female perhaps lives longeabse she must lay the maximum
number of eggs before dying. Longevity seems tordated to temperature because
moths may live longer during colder spells. Obseoves made during this study
confirmed earlier findings by Jolly et. (1979) who found that an adéihaphelived for

nearly a week.

4.4.2 EQg

The female started laying eggs just after mating taese findings are similar to those
reported by Ashiru (1975a). The egg laying contthéier half a day to one and a half
days. Jollyet al. (1979) observed egg laying from 8 to 20 hours Aoaphesp. and
Ashiru (1975a) recorded a whole day #r venataegg laying behavior. The mating
activity for A. pandalasts around twelve hours contrary to Jadlyal. (1979) who
reported a mating activity of 5 to 24 hours for faene species. Depending on the health
of the female, the number of eggs laid may varyfjast a few to over hundred (Covell,

1984). In this study, observations showed that @ggter content was from 350 to 539
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eggs, contrary to Jolly el. (1979) and Kioko eal. (1999a) who noted a cluster of 250-
350 and 250-300 eggs respectively. The number gob qEer cluster did not vary
significantly (p > 0.05) for different generatiois the same habitat (block of forest).
Nevertheless, there was a highly significant défere (p < 0.001) between the
indigenous and the mixed indigenous forests. Atpasirend in the mean number of
eggs was observed from generation to generatitimimixed indigenous forest whereas
in the indigenous forest, the trend was constamt ®bservation may suggest that due to
conservation, there is a certain amelioration aredugion of the macro and microclimate
of the mixed indigenous forest towards the indigenforest equilibrium. During heavy
rains, no egg laying took place and a possibleagmgilon is that the cement gluing the
eggs onto the substrate does not stick on wetesfa his glue furthermore does not dry
under wet conditions and the eventual result istéausterisation of egg clusters during
heavy rains. The female seems to know instinctivétich host plant to lay her eggs on,

probably sensing chemical substances characteoistiat plant.

An average of 64.12+36.54 unlaid eggs were obtaedéer dissecting females in the
indigenous forest, whereas this average was 200834 in the mixed indigenous
forest. Therefore, a highly significant differencethe unlaid number of eggs was found
between the two-forest habitats. However, there m@significant difference between
egg averages in the two forests. This finding shthas the number of unlaid eggs in the
indigenous forest was much less (by about a thindh that in the mixed indigenous
forest. According to Morris and Fulton (1970), ditnces in food quality can have an

effect on fecundity.
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The findings obtained from this study confirmedlieareports by Jollet al. (1979) who
observed thaAnaphesp. eggs are discoidal and isodiametric, measx@g x 0.62 mm.
Morphological analyses of th&napheeggshell indicated that the specialised area for
sperm entry is distributed at the anterior poleaegKioko et al. (1999b) made similar
observations oArgema mimosaandGonometap. eggshell, and Regiet al (1980) on

the eggshell of the domesticated silkmBtimbyx mori

The duration of egg stage depends on the prevailingatic conditions. These findings
confirm an earlier survey by Jolgt al. (1979) who reported that: the embryonic period
may last a month or more (45 days) depending upertlimatic conditions. The fact that
there was no significant difference between the tvabitats means that temperature
strongly influences the incubation period and iki€onfirmed by the high correlation
coefficient between the mean temperature and irmrbgeriod. Furthermore, the
negative sign of correlation coefficient means tmatinverse relationship exists between
the mean daily temperature and the incubation getitence, increase in temperature

decreases the incubation period.

4.4.3 Silkworm development

The time between hatching from the egg and conguleti larval stages varies. It may
depend upon the availability of food, a favourablenate and other factors. Covell,
(1984) made similar observation. The total (longéstval period ofA. pandais about
120 days (Table 4.11); this finding differs withetii40 days reported by Jolét al,

(1979) for theA. venatatotal larval period. The general relationship betwethe
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developmental velocity, expressed in terms of weggit the number of days tends to be
non-linear and it appears to be exponential. Smmidservation was made by
(Wigglesworth, 1965). From these experiments, fegps that the duration of the larval
instars is dependent upon temperature; higher teanpes (dry season) causing
shortening and lower temperatures (rainy seasaspmpging the developmental period.
This agrees with observations of a similar natusdenby both Geertsema (1975) and
Chapman (1969). The high correlation coefficiertingen weight and length has shown
the measure of intensity of association between tthe variables. According to
Wigglesworth (1965), temperatures and nutritionlmh@so have an effect on the number

of larval instars.

The mean foliage consumption by a singlepandasilkworm fluctuates between 43 g —
49 g of leaves according to the season. Howevisrntkan is less compared to 300 g of
foliage consumed by another non-mulberry sAk mylittg (Jolly et al, 1979).
Notwithstanding this small average of foliage canption per larvaA. panda(because

of the high population per cohort) remains a datoli, and a pest in the case of shortage
of B. micranthaleaves. A case was reported from Cameroon (G&8&5H7) where after a
shortage of leaves on the host and alternativegiast,A. venatasilkworms migrated to
the cola-nut tree, and finally invaded and devouwreaps (corn). It is apparent that the

sixth and seventh instars are mainly responsibiléhio defoliation (Appendix: 3).
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4.4.4 Pupa

A delay in emergence of moths was observed fordthierood of silkworm. A pupa was
recorded extending its diapause over five to sibatm® This explains the significant
difference in records between the two broods. Aduiths emerge from thebrood
after 168 days and from thé2brood after 122 days. This indicates that the dte
development of the pupae differs and it is mosbabdy influenced by intrinsic factors.
Van den Berg (1971) investigating dh cytherea clarkmade a similar conclusion that
pupae formed during the later (warmer) season wafeleeto catch up in development with
those formed earlier in the colder seas@maphesilkworm is univoltime (Akerele, 1970;

Gowdey, 1953) and undergoes diapause at the piagg. s

More male pupae occurred in the two habitats froe tandom samplings. The data
shows that the proportion of male to that of thmdée pupae is not approximately equal
and that any fluctuations probably even out over years. The differences in the sex
ratio between the pupa and adult stages have Ibeestigated by a number of authors
(Miller, 1963); Stern and Smith, 1960). In the Eneisstudy, proportion of male pupae
was predominant perhaps because the sample papukze was not high. Geertsema
and Giliomee (1972) investigating dludaurelia cytheredFabr.) found a pupal sex ratio

not significantly different from 1:1 ratio; with aample population size above one
thousand. In the light of this observation, it seemdvisable to collect annual samples
numbering above one thousand, if accurate detetionsaof the pupal sex ratio are to be

determined.



80

4.4.5 A. panda behaviour

A. pandaprefer middle and lower tree crown levels. Perhbpsause of the larger
amount of foliage being available there for ovipiosi, larvae feeding or for protecting
themselves against predators. Most moths have tegemted to mate during the night
hours (Engelmann, 1970), but in Kakamega Foregbandawere observed many times
in the net sleeve mating in daylight like otherrdal species such a®ncopeltus
fasciatus(Caldwell and Dingle, 1965) arducilia sericata(Cousin, 1929) which mate
nearly any time during the daylight or the carpemtegm mothPrionoxystus robiniae
(Solomon and Morris, 1966) which also mate in hrigaylight. These observations
suggest that, daylight is essential for courtsimphese species. This phenomenon is
probably more widespread than is presently knowhraay he occurring in a number of
species from different orders. A variety of stimmanging from acoustical, olfactory, and
visual to mechanoreceptory, are employed by varspeies, and play a decisive role in
the determination of a further courtship behavibrether sex; the sensory input will
affect the response of the recipient animal. HoweVarther work onA. panda
oviposition will be required to understand the whohechanism. According to Covell
(1984), males are attracted to females of theircisgeby both visual and chemical
stimuli. Females usually secrete a pheromone im¢odir from special glands located
toward the tip of the abdomen, which can be expedediill. Males up to several miles
away in large species may detect this pheromonk special sense organs on their

antennae, and they fly upwind toward its source.
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To develop wild silkmoth farming, the biology andel history information is very
important. By understanding the life cycle, the cgpe and its’ host plants can be

conserved and the community can be helped toaiiilifor income generation.
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CHAPTER FIVE
5 INFLUENCE OF BIOTIC AND ABIOTIC FACTORS ON THE LI FE

HISTORY OF SILKMOTH ANAPHE PANDA (BOISDUVAL)

51 Introduction

An important issue in the studies on population aigits is how biotic and abiotic
factors determine population size. It is import@nidentify biotic factors such as natural
enemies so that their regulatory effects can béegtely reduced. It is important also to
know why a forest insect likA. pandaperiodically develops high populations in certain
well-defined stand types of forest and not in athdihe factors affecting this species in
any one place are of two types: those that caustatwvely constant mortality from year
to year and contribute little to population vamati and those that cause a variable,
though perhaps much smaller mortality and appedbetdargely responsible for the
observed changes in population (Morris, 1957). ddeo to develop a sustainable and
ecological mass production system Af pandacocoons, it was necessary to identify,
evaluate and compare the impact of natural eneornethe developmental stagés
panda In Asia; parasitoids that have been reported ttack wild sericulture are
chalcidoid wasps attacking caterpillars (Peigl®89; Thangavelet al, 1988; Jollyet
al., 1979) and in Africa by Veltmaet al. (2004) and Van den Berg (1990; 1974; 1970).
A study carried out in U.S.A by Coffelt and Schu(i®92, 1993) revealed that new

parasitoids records of wild silkmoth species stiait identification.
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In this study, the population dynamics of immatlaneral stage ofA. pandapopulations
were investigated with the aim of determining tla¢erof losses at each instar when
larvae were protected and unprotected and alsesiegethe effect of biotic and abiotic
factors that regulate the population. Accordingady et al. (1979), the loss oA. panda
silkworm due to diseases is negligible. The silkwsthave been reported to suffer only
from muscardine (Rolet and Par, 1948). Howevely #re vulnerable to many parasites

and predators.

5.2 Materials and methods

In the two sampling sites (mixed indigenous andgedous forests), a recording digital
hygrothermometer (Plate 3.5) was used to recorty damperatures (maximum and
minimum) and Relative humidity. A rain gauge (PI&té) was also used for recording

the rainfall data.

Eggs ofA. pandamoths collected from the field were kept in tubmsd regular weekly
inspections of the collected eggs were undertakehaay egg parasitoids that emerged
were collected and identified at the biosystematiog at ICIPE. All parasites were
preserved with 70% alcohol and stored in smallgylaals with relevant data for eventual
reference. Presence of egg parasitoids in the feaklalso checked by visual observation
in the field. Each parasitoid was mounted on aliummnstubs with silver suspension,
sputter coated with gold and examined and photdg@pusing a scanning electron

microscope (Joel JSM-T 330 A). The rate of egg giasan was monitored by following
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217 egg clusters in the field during the study gebriand t-test was used for comparison
between broods, forest habitats and years.

The mortality rate and the survival rate of thevdain the protected net sleeve and those
unprotected was analysed by following up for thyears, two hundred and twenty-one
(221) cohorts of silkworms right from the beginnioigthe experiment. Only one hundred
and eighty (180) cohorts &f. pandasilkworm larvae oB. micranthaspun cocoons. The
rearing was done by protecting and changing the ranches during the entire larval
stages of one hundred and five (105) cohorts wéh steeves, and one hundred and
sixteen (116) unprotected. Only cohorts which catga all the seven larval instars with
some survivors (180) that were considered for amalyAny cohort without survivors at
the end of the experiment was sampled but was oosider for analysis. During
sampling, two egg clusters laid by the silkmoth aaddomly selected on each one
hundred and fifty (150B. micranthatree randomly selected with a canopy of 10 cubic
feet were left to hatch. No more than two egg €lustere left byB. micranthatree and
independent to its geographical position. Two haddand twenty-one egg clusters (221)
hatched from the selected three hundred trees. Bachicranthasampling tree was
divided into two experimental areas: one with asieeéve measuring 1.5 x 1.5 x 2 m for
one cohort of larvae and another unprotected dr@&a micranthatree for another cohort
of larvae. Area or branches were chosen randomiynntion of the availability of food
(leaves). The entire larval period of ninety-fo@4) larval cohorts raised in the net
sleeves (Plate 4.4), and another eighty-six (8Gjods raised in the unprotected set up
(Plate 4.5). Close observation on the possibleesaasmortality twice a week and counts

of the surviving silkworms in each experimentalthygant were made during the time the
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larvae were just resting before each moult. Thegrgage of dead larvae (mortality rate)

by instars was calculated as follows:

. Shi ~ Shn
Mortality rate=———x100

With: Sin = Number of surviving silkworms at the beginningtbg instar ands i, =
Number of surviving silkworms at the end of thetams

The incidence rate or instantaneous risk to didésboundary of the expression below
whenAt - 0.

Probability for a particular silkworm to die betweent and t + At (instar)
At

The “force of mortality” (incidence rate) at eacistar was also be calculated as follows:

. D er
Incidence rate = —"%x100

exp

With: D per = Number of dead silkworms in the specific instad & ex, = Number of
surviving silkworms exposed to risk in this specifistar.

A 3-way analysis of variance (ANOVA) (SAS Instityd2003) was performed to
determine whether significant interaction effectiseed between the dependant and
independent variables (number of silkworms pupatingeach cohort): treatment
(protected/unprotected); forest (indigenous/mixedhrood (272" and vyears
(2005/2006/2007). The maximum-likelihood propordbhazards models were estimated
and were used to identify which factors (forestitebhatching period, protection by net
sleeve, brood and years) positively or negativéfigcted the incidence rate (Cox, 1972;
Cox and Oakes, 1984; Statacorp, 2004; Cleted, 2004). A hazard ratio equalling one

is taken to be the benchmark: if the hazard ratibigher than one, the factor affects the
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hazard positively; if the hazard ratio is less toae, the factor contributes negatively to
the hazard. Test of equality of survivor functiomss done with Log-rank test (Lakatos

and Law, 1992; Muller and Wang, 1994; Hsieh, 1999).

Two-sample sizes of twenty (20) fresh cocoon ndstseach site were collected
randomly from the field each year and kept in treebing cage under field conditions to
determine the emergence of parasites and parasitaltinsects and other arthropods

within the vicinity of the cocoon nests were obsekvcollected and identified.

Pathological signs observed on sick larvae werepawed with those given by Hendey

al. (1967) and Tripconey (1970). To check for bactearad fungal infection, the larvae

were observed under a light microscope and histopagical changes in the silk gland

tissues noted and recorded. Infected larvae wen@lsa and preserved in glass vials (7.5
x 2.5 cm) with Bouin’s fixation (Gretchen, 1962hd freezing method (Gretchen, 1962)
was used to make blocks for dissecting silk glasfdsarasitized larvae. Microtome was
used for block cutting and stained with varioustdiaical stains (Giemsa stain or

Fuchsin basic).

53 Results

5.3.1 Climatic change factors

The present work recorded the monthly rainfall d@nel number of rainy days in the

experimental site at Isecheno (mixed indigenousshyrand Ikuywa (indigenous forest)
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in the Kakamega Forest. The rainfall was bimoddde Tlong rains" were in March
through June, with the "short rains" occurring inglist and November (Fig. 5.1, and
5.2). From 2004 to 2007, the annual rainfall flaced from 1809 to 2658.7 mm in the
mixed indigenous forest (Isecheno) (Apendix: 5ah)d from 1886.4 to 2246.6 mm in the
indigenous forest (Ikuywa) (Appendix: 6.1). The edti months of the year were
December, January and February (Fig. 5.1, and Bt&.mean rainfall for three years is
represented in fig. 5.1 and fig 5.2 for mixed iratigus and indigenous forest
respectively.

The number of rainy days by year fluctuated betwk®h— 219 days, and between 207 —
209 days in the mixed indigenous (Isecheno) andgémbus (Ikuywa) forests
respectively (Appendix: 5.1 and 6.1).

In the mixed indigenous forest (Isecheno), the mmamnthly temperature ranged from
15.5 C to 36.8'C (Appendix: 5.2), whereas at Ikuywa (indigenouse$t), the mean
monthly temperature ranged from 16.5 — 3&&Fig. 5.2). (Appendix: 6.2). The mean
temperature for the three years study is repredentdig. 5.1 and fig 5.2 for mixed
indigenous and indigenous forest respectively.

The mean monthly humidity ranged from 45.4 — 86.2n%he mixed indigenous forest
(Isecheno) (Appendix: 5.2), whereas in the indigenfmrest (Ikuywa) the mean monthly
maximum humidity ranged from 35.6 — 80.9 % (Appendi.2). The mean humidity for
the three years study is represented in fig. 5d fam 5.2 for mixed indigenous and

indigenous forest respectively.
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5.3.2 Egg parasitoids

In the Kakamega Forest two chalcidglenomis gowaeyPlate 5.1a, b) andleurotropis
telenomis(Plate 5.2a, b) were recorded frofn pandaeggs. The photograph using a
scanning electron microscope (SEM) also showedlantified parasitoid (Plate 5.3a, b)
that can be considered as a third parasitoid afig&. pandaegg in the Kakamega
Forest. This newA. panda egg parasitoid still awaits identification fromipe
Biosystematics’ Unit. The main generation of pamds started emerging from the first

brood of eggs around December.

Table 5.1: Percentage of un-hatched egg clustessreéd in the mixed indigenous and

indigenous forests of Kakamega.

_ Ikuywa (indigenous forest) Isecheno (mixed indigenous forest)
()
@ 2006 2007 2006 2007
©
2 1% brood 2"™brood 1%brood 2"brood 1%brood 2"brood 1% brood 2" brood
]

(n=25) (n=20) (n=33) (n=35) (n=17) (n=21) (n=30) (n=36)
Un-

5 3 6 3 8 6 14

hatch
% 8 25 9.1 17.1 17.7 38.1 20 38.9

n: Number of sampled. pandaegg clusters

These parasitoids probably concentrated on the kgdsduring the 2 brood (rainy
season). This could be one explaination of the pgtentage of un-hatched egg clusters
from the 2 brood compared to thé'brood (Table 5.1). The parasitism rate &fi&ood
eggs was significantly higher (P < 0.001) than tbatthe f' brood. It also was

significantly different (P = 0.003 < 0.05) betweabe two forest habitats.
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Plate 5.3a, b: SEM of un-identifiédl pandaegg parasitoid collected from Kakamega Forest
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However, between the two years there was no sogmifidifference (P = 0.503 > 0.05).
Furthermore, the number of perforations on the @ggter protective shell (Plates 5.6
and 5.7) was easily observed and this also gavedacation on the quality of eggs and
the outcome in terms of the numbers of hatchinge@pe head capsule Bf telenomis
(Plate 5.4a), the thorax (Plate 5.4b) and the stlagice (Plate 5.5a, b) were also
observed. The latter is probably the one respamdiin the damages observed An

pandaegg clusters in the field.

Plate 5.5a, b: SEM of principal sting devicefofpandaegg parasitoidR. telenomi}
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5.3.3 Silkworms

5.3.3.1 Silkworm parasitoids

During the investigations and especially during thmy season, many silkworms were
dying with body hanging down and others fell doviteradeath. The tachinid flgxorista
cardinalis and the ichneumon wagpryptus leucopygusvere observed flying around
silkworms. Parasitized host larvae that stoppedlifgeand fell to the ground were
frequently attacked by ants, which also attackedparasitoid pupae. Parasitoid attacks
were confined to the sixth and seventh instai. gfandasilkworms.

During the survival rate studies, the fifth, sixdaseventhA. pandalarval instars were
attacked by un-identified parasitoid (Plate 5.8).rble was not clear, but it appeared that

it was consuming of the cast exuviae after moulting

5.3.3.2 Silkworm predators

In the Kakamega Forest, spiders and formicid a&asnponotus sgcarpenter ants) were
observed in the present study preyingAorpandasilkworms especially from®ito 2"
instars. Birds posed a great threat & t8 4" instars of the unprotected. panda
silkworms. The birds identified included: gallifoes (Quails) from Phasianidae family,
and ciconiniformes (Ibis) from Threskiornithidaemidy. It was observed thaf. panda
silkworms developed protective white hairs durihg #" instar stage in addition to a
coating with silk to all feeding leaf and restingeas and the silkworms camouflage
colour that almost resembles the bark of their Iptestits and this served as a protective

mechanism against the natural enemies.
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Plate 5.8: Un-identified parasitoid Af pandasilkworms
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5.3.3.3 Silkworm diseases

Silkworms which succumbed to the disease causedirbges or bacteria were easily
noticed as the disease concerned characteristipatiguced flaccidity and internal

liquefaction. Sick silkworms frequently remained branches and fell off when dead.
Most silkworms that died hanged down from the bhascor on the tree stems by their
prolegs. Most silkworms which were attacked by tdisease exhibited abnormal
behaviour (eg. they did not eat with others). Fesdly fifth, sixth and seventh instar
silkworms which had not completed their feedingystavere observed moving far down
the tree bypassing the available food. Sick silkm®when touched frequently vomited a
thick yellow to brown liquid, which was not the easith healthy silkworms. Silkworms

succumbed to this disease when in their fifth, lsbdnd seventh instars. Silkworms
mostly succumbed in the middle phase of their paldr instar, or stopped feeding. Most

silkworms of the second brood died from the disedghis type during the rainy season.

5.3.3.4 Mortality of silkworms

The mortality rate was investigated for the pragdcand un-protected silkworms at each
instar during this study. In the mixed indigenooiett, the mortality rate ranged from 1.2
to 97.1 per cent with means of 35+16.6 and froma @8.1 per cent with means of 6.6x5
per cent for un-protected and protected silkworraspectively. In the case of the
indigenous forest, it was from 1.3 to 72.1 per cemih means of 30+£15.4 and from 0 to
26.3 per cent with means of 5.9t4.4 per cent fag tin-protected and protected

silkworms respectively. However, for both experitsenhigher mortality rate was
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recorded for younger larvae®(1o 4" instars) whereas the lowest rate was recorded for
the older silkworm (8 to 7" instars (Appendix 7). As regards the brood, thtatity

rate ranged from O to 63.3 per cent with means7af#14.3 and from 0 to 97.1 per cent
with means of 23.7+21.2 per cent for th® dnd 29 silkworms broods respectively
(Appendix 7). The mean mortality rate observed &grg is summarized in table 5.2.
Highly significant difference (P = < 0.001) was oeted between the protected and un-
protected silkworms. Mortality rate was howevemsigantly higher (P = 0.023 < 0.05)

in the mixed indigenous forest compared to thegedous forest. Furthermore, there was
a highly significant difference (P < 0.001) betweka ' and 2° brood mortality rate in

the mixed indigenous forest.

Table 5.2: The mean (xSE) mortality rate (%)Aofpandasilkworms in the Kakamega

Forest.
< Isecheno (Mixed indigenous forest) Ikuywa (indigenous forest)
® Brood Protection
5 Cohort (n) Mortality rate (%) Cohort (n) Mortalitate (%)
1= 0 (no) 63 31.6+£10.7 70 20.2+9.6
o 1 (yes) 56 8.7+6.4 63 5.1+4
o
K ond 0 (no) 42 38.7+17.2 49 44.2+18.3
1 (yes) 35 7.4+6.5 42 5.615
e 0 (no) 63 29.9+14.8 56 26.2+11.9
N 1 (yes) 63 5.5+4.5 49 5.445
o
S ond 0 (no) 56 43.8+19.6 42 32.6£19.5
1 (yes) 49 6.5+5.1 42 6+4.3
1= 0 (no) 56 30.8+13.3 63 27.319.1
N 1 (yes) 56 5.9+3.1 56 5.3+2.7
o
3 ond 0 (no) 49 37.5+19.5 49 36+12.2
1 (yes) 42 6.6+4 49 8.3+4.5

Protection=0: Un-protected silkworms; ProtectionBiotected silkworms
N.B: (n) Each of 180 cohorts is replicate 7 timad aach replication represents one instar
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Comparing by years show that, the mortality rates Wwaghly significant (P = 0.0007 <
0.001) between 2005 and 2006, and also was signifi® = 0.03 < 0.05) between years
2005-2007, whereas between years 2006-2007, tferadite was not significant (P =

0.051 > 0.05).

5.3.4 Pupal parasitoids

During the study period, 25% (81/323) A&f pandacocoon nests were moderately
infested by various dipteran and hymenopteran pgamds (Plate 5.10), compared to
healthy pupae (Plate 5.9). However, wasps appetrelde a true pupal parasitoids
because from July they were easily recorded onctie®on nests with their ovipositor
inside the cocoon (Plate 5.11). September wasdeddao be the month when there was a

high population of wasps in the field.

It was also observed that moths emerged with whsps the fresh cocoon nests which
were kept in the breeding cage (Plate 3.1). Walgms eanerged from the collected and
stored cocoon nests which were waiting to be tanséd into raw silk. Wasp larvae
were observed in some cocoon nests when carryihgarapling during the pupae sex
ratio experiment. Formicidae ants were also obskegang in and out the cocoon nest
using holes made by parasitoids on the shell oictde®mon nest especially in the mixed

indigenous forest.
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Plate 5.9: HealthyA. pandamale and female pupae

Plate 5.10A. pandacocoon nest infested by parasitoid

Plate 5.11: Wasp parasitoid on thepandacocoon nest

S
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5.3.5 Adults predators

The A. pandamoth life span ranged from 4-7 days. Several ggecf birds, mammals,
spiders and insects were recorded praingandaadult moth. It was not easy to have
reliable estimations of mortalities of adult motteused by these predators. The birds
identified included: galliformes (Quails) from Pragdae family, and ciconiniformes
(Ibis) from Threskiornithidae family. They were @boged preying on both adult moths
and silkworms. Black and red ants were found tadieve predators of young silkworms.
Cats were seen preying @n pandaadult moths oi8. micranthaaccording to Musembe
villagers. Pigs and chickens were also seen feedingleadA. pandalarvae that fell

down from the host plants.

5.3.6 Abiotic factors

5.3.6.1 Egg stage

Bad weather like heavy rain (rain with wind andl$tarm) were responsible for the lost
of many egg clusters. Generally, it destroyed tluégative shell (golden brown hairs) of
the egg cluster and the purplish brown secretiah temented the eggs to one another

and to the surface of the leaf on which the eggdaposited.

5.3.6.2 Silkworm stage

In the farms, homestead and along the path sideasymohorts of silkworms were

burned or crushed by people those who thoughtth®et were harmful. This happened
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when silkworms went down to the bottomEf micranthahost plant before moulting or
when they formed a long line to cross the roadrduthe larval movement and colony
establishment.

Food depletion was noted to be a mortality causgllofvorms. A canopy of 5 cubic feet
could support one cohort of up to 300 silkwormaniire than two cohorts of silkworms
were found on the same host plaBt fnicranthd, many of them died of starvation,
especially the smaller ones that had emerged frereygs at a later stage'{®rood).
Bigger silkworms, usually the sixth and seventhtars were able to leave defoliated
young B. micranthahost plants and find another host plant. Smallstans usually did
not move away from the host tree but dispersedinvithe tree itself. Mortality was

probably hastened by the combined action of the predators and diseases.

Disturbances also were noted to be a mortalityeafisilkworms. Silkworms, especially
the smaller instars had a tendency to drop usiegsilk thread onto the ground when
disturbed. These younger silkworms were not abletiarn to the tree and perished either

from food depletion, food deterioration, heat, antspider attacks.

5.3.7 Survival rate analysis

5.3.7.1 Egg survival
The factor that contributed most to the egg madxtalppeared to be egg parasitism. The
survival rate of the egg stage was not very stahiticularly in the mixed indigenous

forest. Parasitism had a significant effect in detaing annual changes in the egg
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density. The general incidence rate of larvae gmsineous risk for an egg cluster not to
hatch) in the Kakamega Forest was 18%. This inceemte fluctuated significantly

according to the habitat and the brood (Table 5.3).

Table 5.3: Instantaneous risk or incidence rate ¢(¥%A. pandaegg clusters in the

Kakamega Forest.

< Isecheno (mixed indigenous forest) Ikuywa (indigenous forest)
@ Broods

5 n Incidence rate (%) n Incidence rate (%)
N 1 20 15 27 7.4

S 2" 29 27.6 25 20

o 1° 36 16.7 36 8.3

o

S 2" 50 28 41 14.6

n: Number ofA. pandaegg clusters at risk

The probability (instantaneous risk) for an eggtduto be completely parasitized ranged
from 15 to 28 per cent and from 7.4 to 20 per aemthe mixed indigenous forest and the
indigenous forest respectively (Table 5.3). A lygkignificant difference (P < 0.001)
was found between the survivor functions in the habitats (Log-rank test for equality
of survivor functions). The instantaneous risk wasimal in the indigenous forest
compared to the mixed indigenous forest. High mstacous risk was observed for the
silkworms which hatched during the rainy seasdf k2ood) compared to those of the
dry season lbrood). There was a highly significant differer{ffe< 0.001) between the

survivor functions of the®iand 29 brood survivor silkworms.



101

5.3.7.2  Silkworm survival

No significant interaction effect was observed lesw protection and forest (F = 0.24; df
= 3, 176; P = 0.6237), protection and brood (F 342.df = 3, 176; P = 0.1276),
protection and three years of study period (F 40d) = 5, 174; P = 0.9944). Also no
significant interaction effect was observed betwieast and brood (F = 0.1; df = 3, 176;
P = 0.7568), and between forest habitat and ydars 0.54; df = 5,174; P = 0.5816).
Between protection, forest and brood (F = 0.94=df, 172; P = 0.4398) and between
protection, forest, brood and years (F = 0.77; &3z 156; P = 0.7294) no significant
interaction effect was observed. However, a pasitelationship was observed between
protection and forest and also between brood aadsy@vhereas negative relationships
were observed between protection and brood, proteand years, forest and brood, and

between forest and years.

In this investigation, when silkworms were protelténe survivor function was above the
non protected one (Fig. 5.3) and the instantanewksfunction was below the un-
protected one (Fig.5.4). Silkworm population destinmost rapidly during the larval
period. Only 6068 silkworms survived from a hatchpopulation of 104,210 when they
were not protected by net sleeve (Fig. 5.4), whed@645 silkworms survived from a
138,951 hatching silkworms when they were protectetl 7 instar stage (Fig. 5.4).
The direct effect on the survival of the generatiwas demonstrated by the increase
numbers of successive populations. There was dyhsgimificant difference (P < 0.001)

between the protected and the un-protected silkwoffiable 5.4). The incidence rate
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(instantaneous risk for a silkkworm to die) of thietpcted and the unprotected silkworms

by instar is summarized in table 5.4 and Appen8lix:

Table 5.4: Instantaneous risk or incidence rate (¥bo)protected and unprotected

silkworms by instars in the Kakamega Forest

Isecheno (mixed indigenous forest) Ikuywa (indigenous forest)

E Unprotected Protected Unprotected Protected
y (%) " (%) " (%) " (%)

1% 15198 24.3 12447 10.2 17213 22.4 13124 8.2
2" 10065 11.2 10702 3.7 11838 9.9 11778 34
39 6971 6.7 9818 24 8711 6 10708 1.7
4" 5081 4.5 8786 1.1 6683 4.2 10083 1.1
5" 3852 3.2 8277 0.6 5217 3 9506 0.7
6" 3083 2.3 7951 0.4 4230 2.2 9126 04
7™ 2557 1.9 7757 0.4 3511 1.7 8888 0.4

n: Number of silkworms at risk

The probability (instantaneous risk) for a silkwotondie varied from 0.3 to 28.1 per cent
and from 0.3 to 27.6 per cent in the mixed indigenéorest and the indigenous forest
respectively (Appendix 8). The survivor functionsasignificantly higher (P < 0.001) in

the indigenous forest compared to the mixed indigsrforest. In the mixed indigenous
forest, the instantaneous risk for unprotectedasilins ranged from 1.5 to 28.1 per cent
whereas for the protected silkworms, it ranged fl@@1 to 12.6 per cent (Appendix 8).

Nevertheless, in the indigenous forest, variaticargged from 1.3 to 27.6 per cent and
from 0.3 to 11.4 per cent for the unprotected drel grotected silkworms respectively

(Appendix 8). In the same habitat, a highly sigmfit difference in variation (P < 0.001)
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was recorded between the survivor functions (Fig8) 6f the protected (a long dash line)
and the unprotected (solid line) silkworms cohd?®totection with net sleeves also
minimized the instantaneous risk (Fig. 5.4). Instarous risk for silkworms to die also
decreased when they were developing. Protectiactfely increased the survival rate
of silkworms (Fig. 5.3). There was also a highlgnsiicant difference (P < 0.001)

between the survivor functions froni'to 7" instars both for the protected and the
unprotected silkworms. There was a highly signiftcdifference (P < 0.001) between the
survivor functions of silkworms in the indigenousdain the mixed indigenous forest

(Appendix 9.1).

The instantaneous risk was minimized in the indigesnforest compared to the mixed
indigenous forest (Appendix 9.2). There was a lighistantaneous risk for the
silkworms which hatched during the rainy seasdfi k2ood) compared to those of the
dry season (lbrood) (Appendix 10.2). There was also a highiyndicant difference (P

< 0.001) between the survivor functions of tfieahd 29 brood (Appendix 10.1).

In addition, there was a significant difference<{®.05) between the incidence rate in
2005, 2006 and 2007, whereas no significant diffeegP > 0.05) was observed between

2006 and 2007 in the two habitats (indigenous amxednndigenous forests).

The Cox proportional hazard ratio ranged from @®1.34, but the factor for the year

(0.96) seemed to be around the benchmark (Tabje 5.5
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Table 5.5: Cox proportional hazard ratio (+ SE)ofpandasilkworms in the Kakamega

Forest.

Factors examined Cox hazard ratio Effect on instaenus risk
Protection by net sleeve 0.21+0.003 Negatively
Indigenous and mixed indigenous forests 0.85+0.01 egdtlvely
Brood (£'and 2°) 1.34+0.016 Positively
Years (2005, 2006, 2007) 0.96+0.007 Negatively

The brood factor positively affected the inciderme#e, whereas other factors namely
protection and forest habitats negatively affedtesl incidence rate. However, the year

factor (hazard ratio is equal to 0.96) had no $iggmt effect on the hazard.

A highly significant difference was observed betweble survivor rate of protected
silkworms and those unprotectedf£ 15.8; P < 0.000), and also between the indigenous

and mixed indigenous forest’€ 36.6; P < 0.000) (Table 5.6).

Table 5.6:A. pandasilkworm’s cohorts failing to survive in the ingdigous and mixed

indigenous forests in Kakamega

Isecheno (mixed indigenous forest) Ikywa (indigenous forest)
Cohort of silkworms
Protected Unprotected Protected Unprotected  Total
Survive and spun cocoon 38 15 76 51 180
Fail to survive 10 23 2 6 41

Total 48 38 78 57 221
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5.3.7.3 Pupal survival

Parasitoids did not appear to play a major roleeiducing pupal numbers. Diseases
sometimes claimed pupae, especially when the laitvake pupated were diseased. No

incidence of pupal predation was observed duriegriiestigation.

5.3.8 Histopathological changes in the tissue sitkand

Light microscope was not able to establish a ctkiierence between the tissue of sick
and healthy silkworms; and also no clear differeameee observed between the silk gland

of sick and healthy silkworms.

54 Discussion

5.4.1 Climatic change factors

Between 2005 and 2007, mean monthly temperatugecafrom 16.1 — 39.& but the

diurnal temperature ranged between a minimum of T1.and a maximum of 28.%.

This is in conformity with the reports by Muriuknd Tsingalia (1990) and Kokwaro
(1988). The mean monthly humidity ranged from 4581.4 % in the mixed indigenous
forest (Isecheno) whereas the mean monthly maxitmumidity ranged from 36.4 — 74.5
% in the indigenous forest (Ikuywa). These findimgseal more about environmental
conditions in the Kakamega Forest namely: fine heatwith temperature of about27
C, and a relative humidity (RH) below 53 % which ynhave contributed to the

maximum A. pandamoth emergence and the breaking of pupal diapaldesse are



probably some external factors which may have @rfaed the live history of the moth.
Ngoka, (2003) also found that the prevailing cliematff an area had impact on the
development of the wild silkmoth.

The protection of fifth, sixth and seventh instékvgorms with the net sleeve was found
to be unnecessary, inappropriate and uneconomezduse mortality factors acting at
those levels are mainly diseases and abiotic fadike weather and human activities.
The indigenous forest habitat seemed to be morldeifor the development .
panda silkworms, compared to the mixed indigenous for@ste difference could be
attributed to less disturbance and micro climatthefindigenous forest.

Protection and environmental micro climate (hunyidiemperature and rainfall) were
found to negatively influence the silkworm’s indi@ameous risk. Some\. panda
poikilothermic organisms, the moths life historgtiaity, distribution and abundance are
influenced by temperature (Hidt al, 1999; Dennis, 1993). Generally, increased light
and environmental heterogeneity usually lead tapgdraccumulation of species (Brown
and Hutchings, 1997). The adult is the only ongesia the life cycle and the abundance
of adults could depend on factors operating onetligs larval or pupal stages of the life
cycle (Pollard and Yates, 1993) and these fact@yg be related to weather in different
ways. Pollard and Yates (1985) found that tempegadnd rainfall are likely to influence
the survival of butterflies directly and indirecttiirough the effects on plant growth,

disease, predation or other factors.
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5.4.2 Egg parasitoids and egg survival

Eggs in the mixed indigenous forests seem to haes lmore affected by the weather
and parasitoids than those of the indigenous for@stl the infection rate was also
significantly different (P = 0.0025 < 0.05) betwe#me mixed indigenous and the
indigenous forests. The differences could be aittieith to the presence of other insects in
the indigenous forest which can efficiently conttbé population dynamics of th&.
pandaparasitoidP. telenomisThose insects which regulate egg parasitoids sdémbe
less efficient in the mixed indigenous forest comegato the indigenous forest. It also
seemed that the time taken By telenomigo oviposit in different broods oA. panda
eggs varied considerably. Nevertheless, furtheestigation will be required to know
more about the life cycle and the mode of ovipositf thisA. pandaparasitoid. Eggs
seem to face many challenges in the mixed indigeforest and this explains why egg
survival was highly variable between the indigenausl the mixed indigenous forests.
This finding concurs well with Jollgt al. (1979) who reported that. gowaeyiand P.

telenomisare both egg parasitoids Ahaphespecies.

5.4.3 Silkworms natural enemies

Two of the threéA. pandasilkworm parasitoids which were observed have breported
in the literature (Jollyet al, 1979). The tachinid flyExorista cardinalisand the
ichneumonid wasgCryptus leucopygusvere found to be parasitoids of the silkworm
developmental stage. This finding concurs well wiile report by Jollyet al. (1979).

According to Geertsema (1975) larvae are oftengiégad when moulting. During this



time, larvae remain quiescent and this probablylifates oviposition by the parasitoid.
According to Rolet and Par (1948), thaaphesilkworm has been reported to suffer only
from muscardine. However, in this study, it was monfirm on whether the sick
silkworms that died, hanging down from the brancbe®n the tree stems died from
muscardine or other diseases. Further investigatiare required to determine the
particular type of diseases risk (viral, bacteoiafungal) and identify the causative agent.
Furthermore, it has been noted that silkworms wkiestcumb to the diseases caused by
viruses or bacteria are easily noticed becausesitie silkworms characteristically
produce flaccidity and internal liquefaction asatése by Tripconey (1970). Predation of
younger silkworms of. pandaand diseases of the older instars were factorshwiiade
the largest contribution to the silkworm’s mortalitMore losses of fifth, sixth and
seventh instars oA. pandasilkworms seemed to be due to diseases and alféatiors
but not to predators. The mortality rate fluctuated years probably due to climatic

factors. Indigenous forests seem to be a good@mwient for the silkworms.

5.4.4 Silkworms survival analysis

Mortality factors exerted a heavy toll on silkwomambers. Protection of silkworms with
net sleeves seemed to minimize the instantanesksamnd effectively increased the
survival. The instantaneous risk of silkworms te Incidence rate) was high for larvae
hatching during the rainy seasor(®rood) compared to the®Irood (larvae hatch

during the dry season). The differences could kebated to predators and also to

diseases due to the harsh climatic conditions duhe rainy season.
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No significant interaction was found between protecand forest, protection and brood,
forest and brood, and protection and forest anddrt appears from this result that the
effect of these independent variables were indegreinfibr each other. Higher mortality
rate was observed from th& to 4" instar silkworms, but a highly significant diffexee
was observed between the unprotected and the pdtEavae. Nevertheless, the lowest
mortality rate was observed from thB % 7" instar, and also a significant difference was
observed between the unprotected and the protsdiedorms. These findings suggest
that the use of net-sleeve for protection caninédid to the young silkworms from first
to fourth instar. This approach presents many adgs: the fifth, sixth and seventh
instar of A. pandasilkworms are the principal feeding and growinggsts and it is
important for a silkworm to be free and have fobklis also reduces work for the farmers
because at those stages with the celerity of leavasumption, net sleeve should be
opened after three days to allow silkworms to migr® other branches and then net
sleeves can be put on those branches. Few neesleall also be needed because one
net can be used for more than one cohort, andstleisonomically viable for the adoption
of this technology. This approach is also good $okworm’s welfare in terms of
movement and colony establishment because the iuant quality of silk is strongly
correlated to food quality and quantity reported\goka (2008).

The findings suggest that the rate of survival @ end larval stages largely determine

the population sizes, hence the quantity of haeeksilk cocoon nests.
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5.4.5 Pupal parasitoids

A. pandacocoon nests were found to be infested by vartpieran and hymenopteran
parasitoids and this confirms to earlier observetiby Kioko et al. (1999a). In the
cocoon nest, %7 instar silkworms were attacked by hymenopteranpwparasitoids.
Marsh (1937) suggested that a few Ichneumonid wappsialize on pre-pupal larvae,
being attracted by the smell of the freshly spiin Sihey insert their ovipositors through
the partially spun cocoons and lay eggs in thepogal larvae. Such Ichneumonid
parasitoids have only a narrow window of opportymtwhich to locate and oviposit on
the spinning larvae as once the cocoon has hardémedvipositor of the parasitoid
cannot penetrate it. Further observations neecetodoried out to confirm the stage at
which the pupal parasitoids attack their host. Wik help in developing a protective
mechanism for the silkworms, hence the qualityilklf @coon nests. The attack of the
pupa of wild sericulture by parasitoids of chacitlwiasps has been reported by (Peigler,
1989; Thangavelet al, 1988; Jollyet al, 1979). Furthermore *brood (larvae hatched
during dry season) cocoon nests seem to be biggsizé than those of thé“2rood
(larvae hatched during rainy season). The presehagany diseases, particularly in the

rainy season can be one of the explanations.
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CHAPTER SIX
6 SPATIAL DISTRIBUTION OF COCOON NESTS AND EGG-CLUS TERS
OF THE SILKMOTH ANAPHE PANDA (BOISDUVAL) AND ITS HOST PLANT

BRIDELIA MICRANTHA (HOCHST) IN THE KAKAMEGA FOREST

6.1 Introduction

Four different types of vegetation are found in Kekamega Forest: forest with only
indigenous species (indigenous forest); mixed iadays forest (mixed forest with both
indigenous and exotic species); hardwood plantafforest with exotic hard wood
species only) and softwood plantation (forest watkotic soft species only). Exotic
species are mainly Pines, Black Wattle &wtalyptus These alien species are preferred
because they have been promoted as trees thatenfater and therefore give quicker
return on investment. Ikuywa block (380 ha) is pid¢gl indigenous forest (Plate: 6.1)
whereas Isecheno block (415 ha) is a mixed indigeforest (Plate: 6.2).

The insight on spatial distribution of wild silkniat in the indigenous forest and mixed
indigenous forest is one of the several challerfigeisig wild silk production in Western
Kenya. Furthermore, information is required on spalistribution of species to assist in
developing management plans for conservation amd thustainable utilisation for
income generation. The use of new technology likeggaphical information system
(GIS) becomes necessary to analyse environmentaigels with the aim to develop

recommendations for a sustainable biodiversity rgameent.
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Plate 6.2: Mixed indigenous forest (Isecheno block)
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This chapter aims to answer the three followingstjoes:

a. Can we identify any forest wide distributional gatts ofA. pandasilkmoth egg-
clusters, cocoons nests and the host pRnisicranth&

b. How areA. pandasilkmoth egg-clusters, cocoons nests and the piasits B.
micrantha distributed in different habitats (indigenous fsreand mixed
indigenous forests)?

c. Are A. panda silkmoth egg-clusters, cocoons nests and the ptsits B.

micrantharare in the Kakamega Forest?

According to Watt (1968), information on the distriion of life stages of insects is
required for population dynamics studies. For eXankmowledge on egg distribution
also allows greater precision in the location of®g the minimum time (Pottinger &
LeRoux, 1971). Furthermore, unbiased estimatesopulations can only be obtained

when distribution of the developmental stages sathid known (Morris, 1955).

Zar (2005) reported that random distribution ofemlt§/animals in the space is one in
which each portion of the space has the same pilapabf containing an object.
Consequently, the occurrence of an object in anstiqggo of the space in no way
influences the occurrence of any other objectsniy @ortion of space. Rejection of the
hypothesis of randomness (equidispersion) maytrésuh one of the two situations: the
population distribution may be underdispersed oerdispersed. A Poisson distribution
has a meanu equal to the variance?). A distribution in which the meam) equals the

variance ¢2) is equidispersion (random) distribution as®f. = 1. When the variance?)
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is greater than the meap)(there is overdispersion ard/u > 1; if variance ¢?) is
smaller than the meam)(there is underdispersion as@/u < 1. These two last cases
might be an indicator that the Poisson’s propeartgan (1) equals variancest) may be
violated, and then the negative binomial distribtivhich is applicable to a wide range
of biological data involving counts of organismsunits of space might be necessary to
fit the Poisson distribution (David, 1995; LudwigdaReynolds, 1988; Ross and Preece,
1985; Pielou, 1977; Geertsema, 1975; Klomp, 1966&ier¢, 1955; Morris, 1954; Bliss

and Fisher, 1953).

6.2 Materials and methods

Plots were chosen randomly in each block and ab®% of the total area of each block
was sampled. Sixty-five plots of 5,000 each were chosen in Ikuywa block (Plate 6.3)
and seventy-one of the same dimensions in Isech&gik (Plate 6.4). Sampling was

carried out from February to April 2006. This periwvas chosen because there is high
abundance oA. pandaegg-clusters in the field, each egg-cluster comntgi between

250-560 eggs.

6.2.1 Spatial distribution of A. panda host plant B. micrantha (Hoecht)

In each plot, allA. pandahost plantB. micrantha(Hochst) above 0.50 meter high were
identified, checked and recorded using a globalitipogng system (GPS). A tape

measure was used for determine the height.
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Plate 6.3: Transect sample plots in Ikuywa blooki@enous forest)

Plate 6.4: Transect sample plots in Isecheno himiked indigenous fore:




6.2.2 Spatial distribution of A. panda cocoon nests

Cocoon nests were checked not only onBhenicranthahost plant but also in several
other places, such as the stones, cavities, holdsax trees in each plot. The cocoons
were also counted and their geographical point roszb using a global positioning

system (GPS).

6.2.3 Spatial distribution of A. panda egg-clusters

In each plot, egg-clusters were checked on thedivairown of theB. micranthatree
using a Binocular (Spectron 7*50 Multi-coated opti3 M/1000 M) for the trees above
2.5 meters high. For the talld3t micrantha the part of crown level over 6 meters high
was not checked for egg clusters. The crown wasiqusly divided into three equal
levels designated as lower (L), middle (M) and ug(tB respectively. Egg-clusters were
identified, counted and recorded using GPS in frdinal directions; viz North, South,

East and West at the three crown levels of themano

6.2.4 Flight range

The flight range: height average of the silkmotlg-etuster have laid above the ground

level was determined with a measuring tape and-deco
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6.2.5 Data analysis
With the assumption of homogeneous conditions & ttho blocks of the Kakamega
Forest, the Poisson distribution which is a impartdest in describing random

occurrences was used to calculate the expectederumhiplots withB. micranthatrees,

cocoon nests and egg-clusters. The following foamwhs usedp(x): K where P (X)

X!

is the probability of X occurrences in a unit obfpandy is the populations mean number

2
in a unit of plot. Chi-square®): - :Z(Observed(frequencyexr) ected frequefiqyas used to
expected frequendy

compare the observed and the expected number tf plbereB. micranthatrees,
cocoon nests and egg-clusters occurred.

The data were tested against the Poisson disuib(bale, 1989) to determine whether
B. micrantha cocoon nests and egg-clustersAof pandawere randomly distributed in
the indigenous and mixed indigenous forests. Tleeted and expected frequencies of
the number oB. micrantha A. pandacocoon nests and egg-clusters per 5,08t
obtained from the two blocks of forest were incogted into the negative binomial
distribution (Gates and Ethridge, 1972; Anscomi&#48). The observed and expected
frequencies were compared kY and frequencies with small expectations (<5) were
pooled as suggested by Bliss & Fisher (1953) andhfam (1954). The degrees of
freedom werek-2 (k being the number of categories of the expecteduéecies
remaining after such pooling) (Zar, 2005). ArcVi&iS 3.2 software (1999) and Surfer
6.0 (1995) were used to map geo-reference datestl[$AS Institude, 2003) was used to
compare between the sampled data of Isecheno (midgenous forest) and that of

Ikuywa (indigenous forest).



6.3 Results

6.3.1 Mean numbers oB. micrantha, A. panda cocoon nests and egg clusters in the

two blocks

The mean number &. pandahost plantB. micranthg, cocoon nests and egg-clusters in
Isecheno (mixed indigenous forest) and lkuywa ¢edous forest) blocks are
summarized in table 6.1. Differences were highgngicant between the number Bf
micranthaand egg-clusters by block, and also there wer@fgignt differences between

the numbers of cocoon nests between the two blocks.

Table 6.1: Mean (x SE) number Bf micrantha cocoon nests and egg-clusters per plot

by block

Plots B. micrantha Anaphecocoon  Anapheegg-cluster
Blocks (n=2)

n Mean n Mean n Mean n

Isecheno (mixed indigenous) 71 7.28+2.96* 517 990+ 1.01* 70 1.37+£1.07* 97
Ikuywa (indigenous forest) 65 5.89+2.16 383  L3M20 85 1.82+1.27 118

**: Highly significant difference between blocks €P0.001). *; Significant difference between blog¢les<
0.05)

6.3.2 Spatial distribution of B. micrantha in the two blocks

The mean number &. micranthaper plot was significantly lower (P < 0.001) irujkva

block (5.89) than in Isecheno block (7.28) (TahtE) 6The variance was 8.75 and 4.66 in
Isecheno and Ikuywa blocks respectively (Table.6lBg values of 1.20 and 0.79 for the
ratio of variance to the mean were obtained focHhseo and Ikuywa blocks respectively

(Table 6.2). These values indicate that the obsefigures (Table 6.3) were more
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variable than that expected from a Poisson didiohuFrom this table it can be seen that

the discrepancies between the observed and thetexpieequencies differ considerably.

Table 6.2: Ratio of the variance to the meaB.aficrantha cocoon nests and egg-

clusters by block

B. micrantha Anaphecocoon nest Anapheegg-cluster
Blocks (n=2)
Variance 62) Mean (1) o2/ o2 M o2/l 62 u o2/l
Isecheno 8.75 7.28 12 101 0.99 1.02 1.15 1.37 4 0.8
Ikuywa 4.66 5.89 079 144 131 110 1.62 1.82 0.89

Values for the ratio of the variance to the meaawsdd thatB. micranthawere not
randomly distributed throughout the two block. micranthawas found in all the
sample plots in both blocks. The minimum numbeioréed per plot was 3 and 5 in
Isecheno and Ikuywa blocks respectively (Table.6[B summed values obtained for
Isecheno blockyf = 6.607:3%.s o= 16.919; P = 0.68) and Ikuywa block & 10.101;
xzo_og,, ;= 14.069; P = 0.18) indicated that the negativeotmial distribution agreed with
the observed frequency Bf micranthanumbers (Table 6.3).

Consequently, spatial distribution Bf micranthaat a mean densities of 4.32 to 10.24
and 3.72 to 8.05 trees per 5,000anthe Isecheno and Ikuywa blocks respectivelyl@a
6.1) is non-random but overdispersed (contigiousjhie mixed indigenous forest and

underdispersed in the indigenous forest (Fig. 6.1).
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Table 6.3: Observed and theoretical (Poisson Higion) frequencies dB. micranthain

plots in two blocks

Number of Number of plots at Isecheno block Number of plots at Ikuywa block
Bridelia per
plot Observed * Expected T X Observed ¥  Expected t X
0 0 0.049 0.049 0 0.179 0.179
1 0 0.356 0.356 0 1.057 1.057
2 0 1.295 1.295 5 3.115 1.141
3 5 3.143 1.097 3 6.118 1.589
4 8 5.722 0.907 7 9.013 0.449
5 9 8.334 0.053 14 10.621 1.075
6 12 10.114 0.352 11 10.430 0.031
7 8 10.521 0.604 14 8.780 3.104
8 7 9.576 0.693 4 6.467 0.941
9 6 7.748 0.394 3 4.234
10 5 5.642 0.073 2 2.495
11 3 3.735 1 1.336 0534
12 3 2.266 1 1.155
13 2 1.269 0735 - - -
14" 3 1.229 - - -
Total 71 71 6.607 65 65 10.101

¥: Numbers of plots observed by survey t: Expentedber of plots by Poisson distribution.

6.3.3 Spatial distribution of A. panda cocoon nests in the two blocks

Frequencies of in the number of cocoon nests aidafirom the various plots at Isecheno
and lkuywa blocks are given in table 6.3. The measoon nests per plot was
significantly higher (P < 0.05) in Ikuywa (1.31)aihin Isecheno (0.99) (Table 6.1). More
plots without cocoon nests were recorded at Isext{@f.44% (28/71) than in Ikuywa

(21.54% (14/65) (Table 6.4). Furthermore, plotdwntore than five cocoons were 3.08%

at Ikuywa whereas 0% was recorded at Isecheno.
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Geographical distribution of A. panda host plant B. micrantha in the Kakamega forest
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Geographical distribution of A. panda cocoons nest in the Kakamega forest
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The variance of cocoon nests was 1.01 and 1.44séchkeno and lkuywa blocks
respectively (Table 6.2). The values of 1.02 aridfar the ratio of variance to the mean
were obtained for Isecheno and lkuywa blocks respyg (Table 6.2). The values for
the ratio of the variance to the mean showed fhapandacocoon nests were not
randomly distributed throughout the two blocks. Buenmed,? values wereyf = 0.598;
YPoos 1= 3.841; P = 0.44) ang( = 10.122:x%0s2 = 5.991; P = 0.01) for Isecheno and
Ikuywa blocks respectively (table 6.4). This indesathat the observed discrepancies
between the observed and the expected frequenti¢secheno block did not differ
significantly while in the Ikuywa block; many plol&d less cocoon nests than expected.
This clumping is unlikely to have resulted fromamdom scattering of the cocoon nests
in Ikuywa block. Hence, the spatial distribution Ahaphe cocoon nests, at mean
densities of 0 to 2 and 0.11 to 2.51 cocoon nests5®00 rf in the mixed indigenous
and indigenous forests respectively (Table 6.1) was random but overdispersed

(aggregated) (Fig. 6.2).

6.3.4 Spatial distribution of A. panda egg-cluster in the two blocks

The frequencies of the number Af pandaegg-clusters obtained for the various plots at
Isecheno and Ikuywa are given in table 6.4. TheageA. pandaegg-clusteper plot of
5,000 nf was significantly lower (P < 0.05) in the Isechdsiock (1.37) than in the
Ikuywa block (1.82) (Table 6.1). More plots withoedg-clusters were recorded at the
Isecheno block (23.94%) than at the lkuywa block 92%) (Table 6.4). Furthermore,
plots with more than four egg-clusters were noteobsd at both Ikuywa and Isecheno

blocks.
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.Table 6.4: Observed and expected frequenciés pandacocoons nests and egg-clusters in plots in thebtacks

Number Number of plots at Isecheno block (mix¢rtligenous forest) Number of plots at Ikuywa blockiidigenous forest)
cocoons &
ego- Cocoons Egg-cluster Cocoons Egg-cluster
clusters/plot Observed  Expected x? Observed  Expected x? Observed  Expected x? Observed  Expected x?
0 28 26.490 0.086 17 18.110 0.068 14 17.579 0729 1 1 10.580 0.017
1 23 26.117 0.372 24 24.742 0.022 33 22.988 4361 8 1 19.207 0.076
2 14 12.874 0.098 19 16.901 0.261 9 15.030 2.419 16 17.434 0.118
3 5 4.231 9 7.697 0.221 4 6.552 0.994 12 10.550 0.199
4 1 1.043 0.042 2 2.629 2.142 8 4.788
5° 0 0.245 0 0.920 0.676 2 0.709 1.619 0 2.439 0.083
Total 71 71 0.598 71 71 1.248 65 65 10.122 65 65 493.

Table 6.5: Distribution oA. pandaegg-cluster at various geographic locations deiint tree crown levels in the two blocks

Localization of egg-

Isecheno block (mixethdigenous forest)

Ikuywa block {ndigenous forest)

clusters & crown North- South- North- South- North- South- North- South-
eastern eastern western western eastern eastern western western
8 4
Upper 3 2 2 1 (8.25%) 2 1 1 0 (3.39%)
. 37 45
Midle 15 11 5 6 (38.14%) 15 11 9 10 (38.14%)
52 69
Lower 21 11 12 8 (53.61%) 39 10 12 8 (58.47%)
Total 39 24 19 15 97 56 22 22 18 118
(40.21%) (24.74%) (19.59%) (15.46%) (47.46%) (18.64%) (18.64%) (15.25%)
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Values for the ratio of the variance to the meaowsdd thatA. pandaegg-clusters were
not randomly distributed throughout the two blockae summed/® values weresf =
1.248;%%0s. 1= 5.991; P = 0.54) angA = 0.493:x%.0s2 = 5.991; P = 0.96) for Isecheno
and lkuywa block respectively (Table 6.4). Thisioaded that the spatial distribution of
A. pandaegg-cluster, at mean densities of 0.3 to 2.440ab8 to 3.09 eggs per 5,000 m
respectively at Isecheno and Ikuywa blocks (Tablg @ere not randomA. pandaegg-

clusters in those two blocks were underdispersid @=3).

6.3.5 A. panda egg-clusters localization in two blocks

Highly significant differences in the numbers ofyegusters between crown levels were
detected in both blocks. More egg-clusters wekdaithe lower and middle crown levels
than at the upper crown level (Table 6.5) of theopsy. Less number of egg-clusters was
recorded at the upper level (8.25%) in Isechenackoland 3.39% in Ikuywa block,
whereas more egg-clusters were laid at the loweel |€53.61%) and 58.47% for
Isecheno and lkuywa blocks respectively (Table.®®)nificant difference was observed
between the lower and middle crown levels and alhigignificant difference was
recorded between the lower and upper crown leWtse egg-clusters were distributed
in the North and South-eastern 64.95% (40.21% ahd426) and 66.1% (47.46% and
18.64%) directions of the crown levels as comparmedhe North and South-western
35.05% (19.59% and 15.46%) and 33.89% (18.64% &rizb%) directions for Isecheno
and lkuywa blocks respectively (Table 6.5). No gigant differences in the distribution
of egg-cluster by geographical directions were tblbetween the indigenous forest

(Ikuywa block) and the mixed indigenous forest ¢iseno block).
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6.3.6 A. panda flight range in Isecheno and Ikuywa blocks

The lowest and the highest measurements of thiet flajnge were 1.2 - 5.3 m and 1.11 -
3.57 m for Isecheno and lkuywa blocks respectiv@lfie difference between the
minimum and the maximum values obtained for Iseohemd Ikuywa blocks were 4.1 m
and 2.46 m respectively. The mean flight rangedgecheno block was 2.06+0.89 m and

for the Ikuywa block was 1.81+0.59 m and they wagmificantly different.

6.4 Discussion

6.4.1 Spatial distribution of B. micrantha in the two blocks

This study focused on the spatial distributiorAopandahost plantB. micranthacocoon
nests and egg-clusters. Geographical informatiostesy and Poisson distribution
revealed that distribution d@. micranthaat mean densities of 4.32 to 10.24 and 3.73 to
8.05 trees per 5,000°mat Isecheno and Ikuywa blocks respectively wasmodom. The
spatial distribution ofB. micranthawas overdispersed (clustered) at Isecheno block
(mixed indigenous forest) and underdispersed apwiublock (indigenous forest). This
confirms the insufficient populations &. micranthain the wild and also supports the
fact that the population of wild silkmoths in Afads declining due to the deforestation

(Kioko et al, 1999a; Oberprieler, 1994; Munthali and Mughogt@92; Ashiru, 1988b).



6.4.2 Spatial distribution of A. panda cocoon nest and egg cluster in the two blocks

Similarly, the spatial distribution of cocoon neatamean densities of O to 2 cocoon nests
at Isecheno block and 0.11 to 2.51 cocoon nesksipiva per 5,000 mwas not-random.
Cocoon nests in those two blocks were overdispefsedtagious). Cocoon nests and
egg-clusters were not also uniformly distributedtime mixed indigenous (Isecheno
block) and the indigenous (lkuywa block) foredds.micrantha cocoon nests and egg-
clusters were recorded at different densities eitldigenous and the mixed indigenous
forests. These findings confirmed the earlier sytwe Kioko et al (1999a) who reported
that B. micrantha was abundantly distributed in western Kenya andbo 8df the
community members had these trees in varying nusnheaheir land. All the respondents
confirmed to have seed. pandasilkworms and cocoon nests, and 16% had seen egg-
clusters. Therefore, the introduction of wild gilfoduction in the Kakamega Forest may
offer important economic incentives to farmers iestern Kenya to actively participate
in conservation. In the Kakamega Forest, more th2d400 hectares are suitable for
starting a silkworm host plant plantation. Thisdazan be utilized for the cultivation of
B. micrantha(12 ha from Isecheno block and 7 ha from Ikuywack) and the remaining
from others blocks. According to Gowdey (1983)micranthafrom cuttings grows fast
and is ready for silkworm feeding in one-year paridhe current study also revealed
that, A. pandahost plant B. micranthd, cocoon nests and egg-clusters were not
randomly distributed in the Kakamega Forest butewarerdispersed or underdispersed

according to the type of forest (indigenous or rdikeligenous forest).
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6.4.3 A. panda egg-clusters localization in two blocks

Knowledge on egg distribution allows greater pnecisin the location of eggs using
minimum time (Pottinger & LeRoux, 1971). Fewer egjgsters were laid at the upper
crown level of the tree canopy. However, more elggters were laid at the lower and
middle crown levels perhaps because of the lang@uat of foliage being available there
for oviposition and larval feeding. Geertsema (1)9ifade similar observations in the
Vyeboom and Kluitjieskraal plantation in Cape-tovilnappears from this study thAt

pandatends to distribute its egg-clusters uniformly othee lower and middle crowns of

B. micranthawith a preference to eastern location of the trees

From the result of this study, we strongly recomdchémat (i) indigenous forests should
be managed in a sustainable way, (ii) left alonevith a small amount of assistance
through seeding and or the introduction of primadigenous species, even the degraded
indigenous forests will regenerate and sustain sedmas and (iii) GIS data can be of
tremendous importance for conservation, managemadt long-term monitoring of

biodiversity.



CHAPTER SEVEN
7 ECONOMIC POTENTIAL OF WILD SERICULTURE: A CASE OF

ANAPHE PANDA (BOISDUVAL) SILKWORM

7.1 Introduction

Since thousands of years ago, silk has been tehsas much as diamonds and peatrls.
This because it has its unique aroma that no materfiere can achieve. People all over
the world enjoy wearing silk, which is a proteibrg produced by the silkworm. Silk

enjoys immense interest and attraction to the pudiid has certain unique properties to
offer; its chemical composition is close to thathofman skin and could be one of the
healthiest things to wear (Raieaal, 1999). There are 18 amino acids in silk, of which
glycine, alamine, serine and tyrosine are key carapts. These amino acids make silk a

natural moisturizer, which is readily absorbed ithte skin.

Wild silk constitutes about 10% of the total silktput in the world, but has a strong local
and international demand (Raina, 2000; 2004). ldeorto meet this demand, it is
consequently important for the producers of silkctame up with products of topmost
quality. In addition, for the success of this iitve there is need to focus on the silk
production process and the product quality. Thedpecton of raw silk fibre from

cocoons is a crucial middle stage in the silk indudn this regard analysis and testing of
raw silk is essential for the production of qualgyk fibre. To assure accuracy and

replicability, textile testing should be carriedtander carefully controlled conditions;
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testing equipment must conform to specificatiortatdshed in testing methodology, and
fabric specimen must be of uniform size (Raina,4300

The profitability of any enterprise is the key te successA. pandasericulture practices
were used as economic case studies to determinfadtoes influencing production and
marketing, which in turn, influence economic pralfifity. To turn a profit from a
commodity in the long term, money must be sperthenshort term. This research also
investigated the profitability of a commercial sfkoduction system for farmers living

adjacent to the forest as an additional incomecsour

Wild silkmoth farming has its importance on socaeomic and ecological front. The
scope of wild silkmoth farming includes creationemhployment opportunity for people,
perennial and assured income with nominal investmeanservation of the sail,

ecosystem, forest and biodiversity.

Sericulture is one of the most labour intensivevdes in the world. It involves long
chains of interdependent operations that provideonme for many people in both
agriculture and industry. The basic stages of ghte include host plant cultivation,
leaf collection, silkworm rearing and cocoon regliikvery stage requires specific skills,
large labour inputs and some investment. In additeach stage induces concurrent

services and processing sub sector activities.
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In Africa a recent survey indicated that commonbpgms in implementing sericulture
technologies include: unclear goals, lack of tebbay input, lack of training, lack of

managerial autonomy and accountability, and fir@rmnstraints (Raina, 1998).

Wild silkworms produce silk with different cocoonlainent sizes, microstructure, and
chemical composition (Katet al, 1997; 1999b). The fine structure of cocoon fignts
from various lepidopteran insects can be classiiied two type’s namely porous and
compact filaments (Akai, 1988; Akat al, 1988). The former contains numerous tubular
structures in all the filaments, but the latter hassuch structuréd. yamamaj A. pernyij,

A. mylitta, and all other Saturniidae insects spin the porfdasnent, B. mori, B.
mandaring and all other orders except Saturniidae spin ¢benpact (Akai and
Nagashima, 1999).

A study by Akai and Nagashima (1999), and HirosBDOQ) revealed several
characteristics of the cocoon filaments frém infracta, A. venata, and A. moloneyi
cocoon nests, but there is no information on thectiral characteristics of the cocoon
filaments from other African wild silkmoths liké&. panda Degumming, structural

properties, and quality control of cocoon filamestre studied.

7.2 Materials and methods

To observe the internal structure of tAe pandacocoon nest, a cross section of the
cocoon nest was cut with the help of scalpel biglate 7.1). Dry field cocoon nests of
A. pandawere collected in the Kakamega Forest and evaluatth respect to cocoon

weight, size, and the number of small inner cocq®fate 7.2).



Plate 7.3a, LA. pandi silk thread bobbins (aA. pandi silk fabric (b)
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This species oAnaphewhich produces silk fibre of high quality has beeported in the
Kakamega Forest (Mbahet al, 2008; Kiokoet al, 1999a; 2000). Three hundred and

twenty three (323A\. pandacocoon nests were evaluated in three years.

To illustrate silk fibore and carry out fabric ansily, the quality of raw silk and fabric
produced byA. pandasilkworms were evaluated (Plates 7.3a, b). Theaodilament
from the connective silk shell (css), the very gmdtt of the cocoon nest was observed
and photographed with a scanning electron micras¢8gEM) (Joel JISM-T 330 A), and
the fine structure was observed. The silk shelt@atage was calculated as follows:

Weightof thecocoonshell ,
Weightof thewholecocoon

Silk shell percentage= 100

7.2.1 Degumming technology

The cocoons were first immersed in warm water toaee foreign particles and then
degummed by the method shown in table 7.1. Alkadioleition (NaCOs) (Hirao, 1998)
and other methods (Raina, 2004; Katoal, 1999a; Ashiru, 1975b) can also be used.
After degumming, the cocoons were washed with warater at about 40 °C and
extracted with ethanol for 5 days before using thasnsamples for analyzing the

structural characteristics. These treated samplebewefereed as wild silk in this study.
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Table 7.1: Degumming method Af pandacocoon nests

Process Anaphemiddle-layer Anapheouter + inside-layer

Pre-treatment 95 - 98°C (hot water) 95 - 98°C (hater)

NaCOs (49g/1); 3 — 4hr; 98 - 100°C
NaCOs (3g/l); 4 — 5hr; 98 - 100°C 49/

Degumming (repeat)
Na,CO; (39g/l); 4 — 5hr; 98 - 100°C
Finishing Hot water washing Hot water washing

Na,COs: Sodium carbonate anhydrous (aqueous solution)

7.2.2 SEM micrographs

The surface structure was observed and photographid a scanning electron

microscope (Joel JISM-T 330 A) with a magnificatairl00 times.

7.2.3 Winding breaks

The samples (Plate 7.3a) skeins were fitted oreantiinding frame/reel (Appendix: 11.1)
and the end attached to a bobbin. Winding wasezhiout at an average speed of 165

meters/min for 20 minutes. The number of breaksdhaurred were recorded.

7.2.4 Tenacity and elongation

A sizing reel of 1125 m in circumference (400 renmns equal to 450 m) and a constant
speed of 300 revolutions per minute are used tpgoeethe test sample. A serigraph
(Appendix: 11.2) with a constant rate of extengiGRE) — speed (15 cm per min) was

used to test the tenacity and elongation of thesiduw
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7.2.5 Cleanliness and neatness testing

Cleanliness imperfections are classified as sumgomudefects, major defects and minor
defects. Each defect carries penalty points andlifherence of the total penalty point
from 100 gives the test result. The kind and ckassvhich each defect belongs was
determined by comparing it with the standard phi@pls for cleanliness defects.
Neatness value was estimated in percentages. FoOnol50 percent the estimate was
made to the nearest 5 percent, while below 50 pertee estimate was made to the
nearest 10 percent.

Inspection for both tests was done in dark roommfra position of 0.5 meters (2 feet)

directly in front of the inspection panels.

7.2.6 Breaking load and elongation

Fabric samples (350 mm by 60 mm) were preparede(Rl8b), five samples with warp
yarns running in the direction of stress and thieet with the stress in the filling
direction.

The serigraph tension was equal to 1+0.25% of thbegble breaking load. The average
breaking time should be 20+3 seconds accordingetoy Bureau Standard (KS08 — 119,
1981). Breaking strength in each direction was wated by dividing the sum of

observed values of breaking load in Newton (N)H®/itumber of observations.
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7.2.7 Tear resistance

Five samples warp-wise and the other five weft-wisre prepared. The sample was
clamped onto an Elmendorf tearing tester and tmelygem raised to the starting point
and the pointer set against its stop. A slit apjpnaxely 20 mm was started on the sample
specimen leaving 43.0+0.15 mm of fabric to be torn.

The pendulum stop was depressed, releasing theljpemdThe stop was held till the tear
was completed and the pendulum caught on its rewing by the hand without
disturbing the position of the pointer

Average force in N was thus calculated as follows:

N = kg* 981

7.2.8 Moisture Absorption

Moisture absorption was measured by the followireghad. The wild silk samples were
held for 3 days in desiccators containing solutiafissulphuric acid and water the
concentrations of which were adjusted to give 3%%% and 100% RH and weighed.
The dry weight of the samples, air-dried to a camistveight was also measured and the

per cent moisture absorption calculated.

7.2.9 Classification of A. panda cocoon filament

In cocoon classification, the mark for grading otcon filament length (m) and grading
mark of cocoon reelability percent were added te gine final grade: A (over 90), B (88-

89), C (86-87), D (84-85), E (below 83). Raw sik divided into three categories



according to their sizes®'tategory: 18 denier and below* 2ategory: 19-33 denier and
3 category 34 denier and abovee. pandaraw silk (70 denier and above) belong to the
3 category. The grade is expressed in the followairtter in all categories of raw silk in

|.S.A standard method: 4A, 3A, 2A, A and B (Yongenand Tee, 1999).

7.2.10 Profitability of A. panda sericulture venture

In this case study, two hectares (5 acres) of laitial 1,350B. micranthatrees spacing
(4m x 4m) was simulated using data observed irfigh@. The net income gained by the
household, when cocoon nests were sold, or progesgaw silk, silk cloth, or silk shirts
were calculated. The net added-value was calcukte@ch level of processing and the
cost structure plus optimal profit were also cadtedl.

Statistical comparison according to the changeseaons and the years was analysed
using chi-squarexg), and the degree of significance was determingd the help of

Fisher's exact test (Statacorp, 2004).

7.3 Results

7.3.1 Structure and characteristic ofA. panda silk cocoon nest

Seventh instar larvae éf. pandaspin a compact silk filament and make a large rsg&t.
The cross section of the nest revealed an intestraicture composed of a thick

connective silk shell and numerous individual co(Fig. 7.1).
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Fig. 7.1:A: The cross section (A. pand: silk nest; B: small nes
Css: connective silk shell; Ohl: outer hard layés): middle soft layer;
Ihl: inner hard layer; Ic: individual cocoon.

Plate 7.4: The middle soft layer Af pandacocoon nest with many leaflets of silk (arrov

=~
N—r




The connective silk shell is made up of three layan outer hard layer (ohl) which was
moderately soft, a middle soft layer (msl) whichsweery soft, and inner hard layer (ihl)
which was a hide-like hard part of the cocoon (Fit). The middle soft layer has many

leaves (Plate 7.4).

The T brood (silkworms hatch in dry season) cocoon nes&med to be heavier and
bigger than those of thé%brood (silkworms hatch in rainy season) (Table.7There
was a highly significant difference (P < 0.001)vibetn the weights of cocoons coming
from the £'and 29 brood, and also between the numbers of inner e@cooming form

1%'and 2° brood of silkworms (Table 7.2).

Table 7.2: Means (xSE) weight and sizédopandacocoon nests in the Kakamega

Forest
) Cocoon length  Cocoon width Number inner
Years Brood n Cocoon weight (g)
(cm) (cm) cocoon

N 1° 22 60.541+46.42** 12.23+4 5% 9.27+2.4* 233.3+15#1
§ 2" 32 24.05+18.25 8.42+2.8 7.81+2.7 59.9+33.1
N 1° 62 69.83+46.43** 14.59+14.2** 10.04+3.4* 27611714
§ 2" 46 30.28+23.01 8.77+£3.7 8.71+3.9 63.91£38.9
N 1° 86 67.75+45.07** 13.95+12.5** 10.6145.1** 269.9+3P**
§ 2" 75 23.34+17.44 8.91+4 7.8613 62.1£36.6

n: Number of sampling.. pandacocoon nests; **: Highly significant differencetmeen broods;
*: Significant difference between broods

The shell ratio varied from 0.27 to 0.50 and itctluated year to year. No significant

difference (P > 0.05) was observed in the sheil fagtween theland 39 brood of the
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year 2005, whereas in 2006 and 2007 highly sigmificdifferences (P < 0.001) were

observed between the two broods (Table 7.3).

Table 7.3: Comparison &. pandacocoon weight (g), cocoon shell weight (g) andishe

ratio (%) in Kakamega Forest

Years Brood N Cocoon weight (g) Cocoon shell we{ght Shell ratio (%)
NS 1 22 60.5+46.4** 22.5+6.1* 37.1+217
§ 2" 32 24.1+18.3 9.1+4.6 37.6+11
NS 1° 62 69.8+46.4** 28.3+11.2** 40.6+13.2*
§ 2" 46 30.3+23.0 15.245.1 50.3+10.6
N 1 86 67.8+45.1** 24.1+8.3* 35.5+11.1*
§ 2™ 75 23.3+17.4 6.4+2.4 27.348

n: Number of samplind. pandacocoon nests; **: Highly significant differencetmeen broods;
"> No significant difference between broods

7.3.2 Structural properties ofA. panda cocoon filament

An examination of the silk cocoons revealed #hapandacocoons could be spun, were
not reelable and gave a firm golden brown silkdilgPlate 7.3a). Each cocoon filament
had the appearance of a bamboo pole with a steutke bamboo joint that and be easily

seem under SEM (Plate 7.5).

7.3.2.1  Surface structure oA. panda filament

Anaphesilk, from the structure revealed by SEM microdragemed to have relatively

fine fibres. The size (thickness) of the cocoomefibas estimated from the SEM
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b

Plate 7.7a, b: SE of A. pand: brin showing a smooth surface with shallow groofeesows
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micrograph is about 20n. The surface oA. pandasilk seemed to be smooth (Plate 7.6)

with some shallowing grooves (Plate 7.7a, b).

7.3.2.2  Winding break counts oA. panda filament

A. pandaraw silk winding breaks varied from a minimum of®maximum of 16 counts
according to the sampled bobbins. This study shawatsilkworm strains have varying
characteristics in their spinning of silk threagirding errors (by spinners) also become

evident during this test.

7.3.2.3 Tenacity and elongation percentagesAf panda silk

Tenacity ofA. pandasilk thread was 116.68 (12,958.88gms) and the elongation was
9.29mm (8.25%) which are within the ISA standar88kworm strains having the

highest elongation count had the least windingks'@and vice versa.

7.3.2.4 Cleanliness and neatness percentageg gbanda silk cloth

The mean cleanliness and neatness of samplingandasilk strain is summarized in

table 7.4.

Table 7.4: Mean cleanliness (%) and neatness (%) pandasilk

Mean cleanliness (%) Mean neatness (%)

A. pandasilk fabric
34 10
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A. pandasilk failed these two tests because it has a lsmpoth therefore not even and

smooth.

7.3.2.5 Fabric breaking load and elongation @&. panda silk

The average breaking load for a common warp yarA. gfandais summarized in table

7.5, and it was above the required mean.

Table 7.5: Breaking load &. pandasilk

Warp
A. Pandasilk strain

Force (N) Elongation (mm)

A. pandasilk 124.02 9.29

7.3.2.6 Tearing strength ofA. panda silk

The mean tearing strength of a sampling common warp of A. pandais summarized

in table 7.6, and was also above the required mean

Table 7.6: Tearing strength (£SD) Af pandasilk

Mean tearing strength (xSD)

Warp

A. pandastrain 392.00+2.842
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7.3.2.7 Moisture absorption ofA. panda silk

The moisture absorption of middle-layer, outer amgide-layer is summarized in table

7.7.

Table 7.7: Moisture absorption of degumnfegandasilk

Moisture absorption (%)
Preserved humidity

100% 75% 30%
A. panda(middle layer) 32.8 13.0 6.7
A. panda(outer & inside layer) 321 12.6 6.8

The outer and inner silk layers 8f pandashowed slightly lower moisture absorption
under high humidity conditions than the middle rmmer layers. There was no significant

difference under lower humidity between the middieer and the outer plus inside layer.

7.3.2.8 Classification of the commoA. panda raw silk (34 denier and coarser)

The major items to be considered when classifyihgAo pandaraw silk (above 70

denier) are summarized in table 7.8, and the resdtabove the mean required.

Table 7.8: Classification &&. pandaraw silk

o Winding Average neatness ) Elongation  Tenacity
Major item Cleanliness (%)
(breaks) (%) (%) @

A. pandasilk Class 3 (A) B B Class 2 (B) Class 1
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7.3.3 Wild sericulture venture

Wild silkmoth farming can be a supplementary atfivior income generation while
conserving biodiversity where rural communities elggh on subsistence farming. Before
rearing starts, the rearing site and the surrogndnmea should be cleared of weeds and
bushes to reduce shelter for pests and predatbesnlimber of host plam. micrantha
must be at least 625 plants for one hectare (28&spof land at 4m x 4m interval.
Planting can be done by cuttings or young tree fnomsery in the beginning of the rainy
season in March (it is highly recommended to bevgrbvy cutting). Theoretically, and
according to Jolhet al. (1979), one hectare of plantation can accommoaladeit 2,200
plants ofB. micranthawith 3.0 x 1.5 m spacing with a possible yield26f27 metric tons
of leaves, and this is enough to sustain 6,50007/8f@ eggs to produce 700-800 kg of
cocoons, equivalent to 340-360 kg of unprocesskd \8lasp and ant nests should be
removed from the existing host plants. Natural ip&ks, such as neem, should be
sprinkled around the based of host trees to preattatk by ants and other arthropods.
From mid-April to August freslA. pandacocoon nests can be picked in the bush for seed
and placed of8. micranthatrees in the farm. Moths emerge around Octobete raad
females lay egg clusters of 350-400 eggs on averguaroximately 75% of egg clusters
survive to the incubation period (incidence rate@d cluster 25%). To protect the young
larvae from predators and parasites, fine net seare required (Raina, 2000). One
hectare plot containing 62B. micranthatrees (with a canopy 10 cubic feet) should
produce at least 1,750 cocoon nests (field observat Kakamega Forest showed that
one cohort of 350 silkworms complete all the lanvestars on ond. micranthawith a

canopy of 3.5 cubic feet). In February-March siicaons could be harvested from the
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farms (Table 7.9) and spun with manual hand looon Yalue addition) or sent to the

factory: Kakamega Silk & Honey marketplace (Plat&a).

Table 7.9: Calendar of activities for farmingAfpandain the Kakamega Forest

Months Activity
January-February Clearing field for maintenance
February-March Harvesting
August- September Clearing field and preparationast plants
October-February Moth emergence and egg production
December-July Rearing

7.3.4 Profitability of wild silk venture

7.3.4.1 Selling oA. panda cocoon nests

One tree with a canopy of 10 cubic feet could suppe to 350 silkworms. Two hectares
of land of one thousand three hundred and fiftggréof 10 cubic feet) each may at least
yield a total of 3,500 cocoons (the mean weighAm&phedry cocoon nest is 58 g). The
farmer can harvest at least 203 kg of Anaphecocoon nests from two hectares of land
per year. The value of a kg of cocoon nest is USh&hice 203 kg worth in total US
$1,015 for one cycle per year. The estimated vafuene A. pandacocoon nest is US
$0.29, and by year in the Kakamega Forest onlygltesilkmoth crop can be produced,
which yields an income of US $1,015/2 hectareslydaconsidered this as a family
enterprise using a family land of 5 persons, tle@ine based on field data, and labour

cost is shown in table 7.10.



Table 7.10: Calculated income in US dollars basedhe data of a year (labour cost

included)

Expenditure (A) Income (B)

Items Cost Items Revenue

Maintenance of 2ha of 1,250 host plant 10 20 Sale of cocoon nest3a03kg@US 1,015
days@US $2/day $5)
Nets for early instars rearing*0.5m/cohort for 595
3,500@0.17
Labour for rearing 55
Training 30
Total 700 1,015

*: net sleeve can be reused in the second yeaoseasfor two broods
Netincome= (total B —total A) =1,015-700=US $315
The household now get $315 extra income per yeaebing dry cocoon nests ($63 per

member of the household per year).

7.3.4.2 Selling oA. panda raw silk (spun silk)

The household can decide to process the wild cooash into raw silk (spun silk) by
buying one manual spinning wheel machines (Pla@b)7.To produce 1 kg oAnaphe
raw silk, 2,190 g (2.19 kg) oAnaphecocoon nests are required. In one year, a two
hectare plot of land with 203 kg @haphecocoon nests will yield 92.8 kg of raw silk
(spun silk). The estimated selling price of ravk &l US $30/kg (Rainat al, 2007). The

value added by the household is shown in table. 7.11
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Table 7.11: Value added (US $) by transformingabeoon nest to raw silk (spun silk)

Expenditure (A) Income (B)
Items Cost ltems Revenue
One manual spinning wheel (US $50@1) 50 Sale ofsitn(92.8kg@US$30) 2,784
cooking pot 50
Chemicals, fire wood, water and electricity 50
Labour (US $5@40 days) 200
Total 350 2,784

Netincome= Total income(B) — Total expenditures(A) = 2,784-350=US $2,434

The net amount of money they could gained by thesébold after processing the cocoon
nest to raw silk is:

Net addedrevenue= Incomeraw silk — Incomecocoonnest= 2,434-315=US $2,119

The household now get $2,119 extra income per lpggrocessing dry cocoon nests to

raw silk (spun silk). This translate into, $424 panember of the household per year.

7.3.4.3 Selling oA. panda silk cloth

Instead of selling raw silk (spun silk), the housldhcan decide to process it into silk
cloth by buying one manual hand loom for weavirlg sloth (Plate 7.9). The standard
width of cloth is 44 inches (112 cm), and to praeldcmeter of standardinaphecloth,
229 g (0.229 kg) oAnaphethread silk (spun silk) or 7 bobbins Ahaphethread will be

required.
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Plate 7.9: Handloom for wild silk cloth weaving

Plate 7.10: Electrical Singer tailoring machine gk shirt and scarf making
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The 92.8 kg of raw silk (spun silk) can fabrica@beh of silk cloth. The estimated selling
price of Anaphesilk cloth (Plate 7.11) is US $15/meter. The vakmded on the

household revenue is shown in table 7.12.

Table 7.12: Value added (US $) by transforming séllw(spun silk) to silk cloth

Expenditure (A) Income (B)
ltems Cost ltems Revenue
Manual hand loom weaving silk cloth 1,000 Sale of silk cloth405 m@US$15) 6,075
Accessories 50
Labour (US $10@60 days) 600
Electricity 50
Total 1,700 6,075

Netincome= Total income(B) — Total expenditures(A) = 6,075-1700=US $4,375

The net amount of money that can be gained by tlusédhold after processing the raw
silk to silk cloth is:

Net addedrevenue= Incomesilk cloth — Incomeraw silk = 4,375—-2,434=US $1,941

The household now get $1,041 extra income per lygarocessing raw silk (spun silk)

to silk cloth. This translate into, $388 per a memdx the household per year.

7.3.4.4  Selling oA. panda silk shirts.

If for example instead of selling the cloth, theukehold chooses to process it into shirts

using one electrical Singer tailoring machine whiels 35 stitches (Plate 7.10).
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Plate 7.11: Wild silkmotiA. pandasilk cloth

Plate 7.12: Others African silk cloths and threads
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If 405 meters oAnaphesilk cloth is converted to silk shirts, it can gi¥75 shirts and the
estimated selling price of aAnaphesilk shirt is US $50. The value added on the

household revenue is shown in table 7.13.

Table 7.13: Value added (US $) by transforming sitith to silk shirt

Expenditure (A) Income (B)
ltems Cost ltems Revenue
Electrical Singer tailoring machine ~ 800  Sale of silk shirtsl(5@US$50) 8,750
Tailoring accessories 250
Labour (US $15@10 days) 150
Electricity 100
Total 1,300 8,750

Netincome= Total income(B) — Total expenditures(A) = 8,750-1,300=US $7,450

The net amount of money they could gain by the ébaokl after processing the silk cloth
to silk shirts is:

Net addedrevenue= Incomesilk shirts— Incomesilk cloth = 7,450—- 4,375=US $3075
The household now get $3,073 extra income per Bgaprocessing silk cloth to silk
shirts. Hence, $615 per the member of the housgteid/ear. By processing. panda
cocoon nests (203 kg) to silk shirts, the net ine@re multiplied twenty four times (Fig.

7.2).
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Fig.7.2: Evolution of net income when processing R of A. pandacocoon nests

7.4 Discussions

7.4.1 Structure and characteristic ofA. panda cocoon nest

The dissection ofA. pandacocoon nest has shown that the fine structureocban
filament is compact and this finding concurs wellhwfindings by Akai and Nagashima
(1999) who reported a similar structure workingfofinfracta Evaluation of dry cocoon
nests revealed thaf'brood of A. pandacocoon nest seemed to be bigger than e 2
brood. There was a highly significant differencéwsen the cocoon nests frort and
2" brood. The prevalence of predators and diseas@sgdine rainy season could offer
one explanation. Cocoon size or volume is a ctititeracteristic when evaluating raw

silk materials and the size of the cocoon differsoading to rearing season (Yong-woo
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and Tee, 1999). The most significant commercialuieaof cocoons is weight. Cocoons
are sold in the marketplace based on weight asitltiex signals the approximate
guantity of raw silk that can be spun. The weiglittloe silk shell is the most
consequential factor as this measure gives a feremathe yield of raw silk yield. An
outer hard layer (ohl) and an inner hard layer) (ilére observed in this study. This
observation concurs with the findings by Yong-wow a'ee (1999) who reported that
low humidity during the mounting period makes thecaon layer soft, while high
humidity makes it hard. Being the only remaininmrforest in Kenya, Kakamega Forest
is highly humid. A hard shell typically reduces led®lity (during the cocoon spinning
process), while a soft-shell may increase raw ddlfects. In short, moderate humidity is
preferred for good quality cocoons, and accordingYobng-woo and Tee (1999),
temperature near 25 and relative humidity around 65% for silkwormsaistrategy to
improve Bombyx moroverall cocoon quality (higher silk content, longéament, better
reelability and lower percentage of defective co)oThis study has shown that mean
temperature in the Kakamega Forest fluctuates arahbis benchmark (26), whereas

the mean relative humidity seems to deviate sigaifily from the benchmark (65%).

7.4.2 Structural properties ofA. panda cocoon filament

A bamboo like structure was found on tAe pandafine filament of A. panda This
finding concurs well with results by Akai and Nalmsa (1999) who reported a similar
structure in the filament d&. infrata Consequently, from this finding it can be stigeth
that, the fine structure of the filament of Alhaphespecies have a bamboo like structure.

Akai and Nagashima (1999) concluded that thisaharacteristic and completely unique
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structure found inAnaphe and doesn’'t occur in other lepidopteran insects.the
literature, there is no published information or thamboo joint structure in cocoon
filaments of insects. Furthermore, according to iAkad Nagashima (1999), such
structures are created during the cocoon filamethe silk gland and it is speculated that
these structures are traces of the rhythmical mewerof liquid silk, which reflects the
spinning behavior and speed. The properties obilkefibre determine the performance
of the fabric produced from it (Down, 1999). Thier& size ofA. pandasilk was about 20
um and according to Komatsu (1980), wild silk fibsd®w large variation in fibre size

because of wide variation in cocoon size.

7.4.3 Processing and quality control of. panda raw silk

Quality control is not just about making judgmennhcerning the quality of a product,
but also to enable the producer to take the negessaps to improve the quality of the
product throughout the manufacturing process. iSikk natural fabric and for this reason,
some irregularities do occuA. pandaraw silk winding breaks occurred mostly during
spinning. Due to uneven nature of the yarn, the fameas were not very strong and
probably caused the breaks. The tenacity of th@nstvas within the ISA standards,
because according to Lee (1999), the elongationepéaige of raw silk must comprise
between 18-23% of its original length. The cleagdi®m and neatness tests were only
suitable for reeled silk. The spun silk was boundail these two tests because it was
hand spun and therefore not even and smooth. Téeeuness is taken as a defect and
according to Aruga (1994) the observed defectionsttise two parameters can be

attributed to the technique applied in the cooland reeling of cocoons. The strength of
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the fibre structure is commonly regarded as theroin of quality. One cannot overlook
the production processes that silk undergoes. Danmagy have occurred during the
manufacturing process and hence had an effect esttength either by weakening or
strengthening the fibre and fabric ultimately. EYi®©56) reported that, the production
processes are important factors that may affectstrength of the textile. The mean
tearing strength of the warp observed was withen IBA standards. Becauge panda

cloth was hand spun its denier was above 70. Teenidals used for the degumming
process may have had an affect a the strengtredilihfibre and consequently the fabric
tearing strength. The change in any physical ptg@erd chemical composition of textile
material will nearly always result in a change tiresgth. In this study it is significant to
note that, the results of the tests carried outeweithin the international standard

requirements.

7.4.4 Profitability of wild silk venture

Farmers could gain eight times by choosing to gsa®coon nest to raw silk; fourteen
times by transforming raw silk to cloth, and tweribgr time by making shirts (final
product) sale in the market. In this venture, fasyeuld acquire sericulture technology
and this could provide extensive employment oppoties to women and youth in the
village. Large scale wild silk cocoon productiomdae a lucrative activity if efforts are
made by farmers to establish manual reeling cemtréise areas where the cocoons are
produced. The profitability of wild sericulture strongly linked to the number of post-
cocoon harvest processing units. With adequataingiand transfer of information,

small-holders and poor farming communities can ua#te sericulture as an agro-based



cottage industry. ICIPE is promoting this endeavoyr introducing wild silkworm
farming to rural farmers. Advances and applicatiansthe complete sericulture
technology, which range from silkworm egg-reariagilk cloth production, will provide
extensive employment opportunities and substaim@me generation to resource-poor

farmers.

A wise management of the natural resources andepriaom husbandry training to the
farmers can conserve the habitat of the threatsikohoth species and their utilisation
for silk production can generate additional revefarehe household. In countries where
rural communities depend on subsistence farmindgd wilkmoth farming can be a
supplementary activity for income generation wiatehe same time helping to conserve
biodiversity. Silk farming as a business must degrated at the local level. It must be
taken as far up the value chain as possible (frammihg, to fibre processing, spinning,
weaving, textile production and finished products)ensure that enough income is
generated to substantially alleviate poverty amibiegrural poor. Hand woven textiles in
particular lend themselves to the design elementsnaque to Africa. By targeting the
high end market and producing quality original hémaimed pieces in silk with designs

inspired by the spirit of Africa, much value candusided to wild silk.

Wherever wild silk is produced, it is usually iatvely small quantities, and as a result
it is unique in its own right. Right for the beging, Africa must accept that it will never

be able to compete with silk originating from Asiherefore, Africa needs to produce
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products that are uniquely African, with new ideasl designs and consequently distinct

from the Asian silks.



CHAPTER EIGHT
8 GENERAL DISCUSSIONS, CONCLUSIONS AND

RECOMMENDATIONS

8.1 General discussions

There was a steady increase in variabilityAofpandasilkworm from the first to the
seventh instars. Klomp (1966) ascribed the incr@asariability to the following causes:
some partly genetic, attributable to sex as welg@setic differences within the sexes;
others partly environmental. For instance, facwwrgch induce a variable number of
larval instars are differences in microhabitatsligenous and mixed indigenous forests).
Morris and Fulton (1970) also attributed to geneatigcergence or a response to the
environmental conditions. Harsh environmental cbods, such as winter, may curtail
the embryos or larval growth and development focestain period. This period of
arrested growth, which can occur at any developatestage, is called diapause.

Development resumes when more favourable envirotaheanditions return.

According to Van den Berg (1968), sex ratio’s otea for pupae of some Saturniidae
family can be identical for adults. The pupa setioralso differs from that of the
emerging adults. In this study, males were domirédrgupa stage whereas females are
slightly dominant at the adult stage in the mixedigenous forest, but there was a ratio
50:50 in the indigenous forest. Similar conclusiarese reported by Morris and Fulton
(1970) working onHyphantria cunean Canadaand Mors (1942) in South Africa for

Lymantria monachaThey observed that in the case of larval and Ipstpges of the two
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insects, a slight excess of males occurred butwhs subsequently offset by a slightly
higher mortality of male pupae during diapauseultesy in an even 50:50 sex ratio for
this moth. Differential mortality therefore reswten the change of the sex ratio (Miller,

1963).

Differences in the sex ratio between the pupal ahdt stages oA. pandawere also
investigated by Miller (1963). Stern and Smith (@P6oncluded that polyhedrosis virus
and other factors were responsible for a largerafenmortality of Colias philodice
eurythemepupae because of the slower rate of developmeieinadles. In the case 6f
panda it seems to be the inverse and further studiesnaeded to determine what is

responsible for the high mortality of male pupae.

It would also be important to work out the undertyigenetic and endocrinological
control mechanisms, which govern the biology of treious Anaphe populations.

Because molting involves the activation of cerebralurosecretory cell and the
prothoracic glands before metamorphosis, the carptiata presumably are inactivated.
Abiotic factors apparently or probably may affectsynchronize these events in many

individuals.

As regards of predation, birds were observed te pothreat t&\. pandasilkworms and
this finding concurs well with observations repdrtey Jollyet al. (1979). Nevertheless,
birds were not the only key mortality factors besmsilkworm’s mortality was also

associated with Formicidae ants and spiders. Ards Wwere observed predating &n
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pandalarvae have also been reported as predators ley mdkearchers in wild silkmoth
(Ngoka, 2003), and in tsetse fly predation (Rogerd Randolph, 1984; Carpenter, 1920;
Fiske, 1920).

Higher mortality rates were observed for young aar(from ' to 4" instars), while
lower mortalities rate were observed for older dar\(3" to 7" instars). This finding
suggests that net sleeves should only be usedotegpryoung larvae (from*1to 4"
instars); the fifth, sixth and seventh instars whéce the principal feeding and growing
stages of the silkworms should be left free becaih®y do not need net sleeves
protection. This approach can make the technologially acceptable and economically
viable for farmers. According to Gowdey (1953) ttagdinal points iPAnaphesilkworm

rearing are sufficient food, ample shade and minmnalisturbance.

Pleurotropis telenomisvas found in this study to be one of the majorpandaegg
parasitoid. This finding suggests that this pacégitan have negative effect on silkworm
farming. However, whereveA. pandasilkworms become a pest by controlling the
number of hatchind\. pandaeggs. There is therefore need to carry out funtesearch
work to determine the biology and life historyRftelenomisand its effect oi\. panda

population in the field.

The mortality rate observed during the developmigoeaiod of A. pandasilkworms in
this investigation was significantly higher in thmprotected silkworms than in the
protected silkworms. The highest mortality rate wesorded on unprotected silkworms

reared in the mixed indigenous forest, whereadavest mortality rate was recorded in
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the indigenous forest on the protected silkworntssTs an indication that net sleeves
acted as mechanical barriers to natural enemiesciedly from F' to 4" instars.
Silkworm mortality was not significant in most casehen net sleeves were removed
during the § to 7" instars between the protected and unprotectedrtsofihe impact of
net sleeves as a protective device could be ugectigkly as a mechanical barrier from
(1% to 4" instar silkworms. By protecting the earlier ldniastars (' to 4", the
population is enhanced but other challenges renilire. challenge here is how egg
clusters could be protected from egg parasitoids lmw 5" to 6" instars silkworms

could be protected from bacterial, fungal and/caluliseases.

Parasitoids from Tachinidae and Ichneumonidae familvere observed surroundiAg
pandapupae. It is therefore possible that the way thpasasitoids act could be fatalAo
pandamoth population. Probably they lay their eggs oimahe silkworms. After some
weeks, silkworms of these parasitoids start feedind killing the silkworm’s larvae.
Parasitism was also observed @Ganometa spand Hartland-Rove (1992) proposed that
parasitoids laid eggs in or on larvae and lateradalt parasitoids emerged from the
cocoons. Marsh (1937) suggested that a few Ichneithwasps specialize on pre-pupal
larvae, being attracted by the smell of the freskyn silk. The pupal parasitoids
obtaining the current study leave unanswered quests to whether they laid eggs on
larvae or pitched to lay eggs on freshly spun cacoests. Therefore, further work is

required to explain this process.
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The fact that the indigenous forest environment wasre suitable forA. panda
silkworms, the establishment ofBa micranthaplantation for the rearing o&k. panda
silkworms, farmers should mixed with other indigesdree species and not with exotic

trees species.

The spatial distribution of cocoon nests and eggstelrs of the silk moti\. panda
provided usefull information on one of the treasuref the Kakamega Forest.
Unfortunately, many factors hindered the growtlwadtl sericulture in this region. These
included insufficient populations in the wild, lack well-researched and applicable
information and poor extension services. Sericaltextension concerning wild silk
farming would be more successful and better sustiaihmore information is built upon
and the villages’ interest also incorporated. Etingafarmers on rearing techniques and
in conservation of biodiversity would ultimatelystét in the improvement of wild silk
production as a supplementary income generatingitgctOne way can be to educate
local villagers adjacent to the Kakamega Foregherimportance of silkmoth population
build up, the economic viability of wild sericulauirand its potential to generate
supplementary income for resource-poor farmersjaedieforestation and conserve wild
silkmoth species diversity. However, it should als® noted that farmers are free to
follow the advice of extension or to ignore it. Bhextension would only achieve its goal
if it also meets the interests of farmers (Van &am and Hawkins, 1998). This study
recommends utilization of Geographical Informati@ystem (GIS) for long term

monitoring of biodiversity.
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Based on SEM observations Mhaphe pandaocoon filaments, it can be concluded that
the bamboo joint structure is characteristic andusnas compared with all other known
cocoon filaments of lepidopteran insects. Suchfdat characteristics &naphespecies
are believed by Akai and Nagashima (1999) to pmwadunique textile nature at the
commercial level. Further studies are needed terohehe why and how such a structure

is probably created during the silk formation ie gilk gland.

8.2 Conclusions

Africa has an advantage of being able to introcdwme types of silk to the World market.
Kenya has an incredible pool of art, craft, histand culture that can draw from and
work into African creations. Africa has the excgiropportunity of being able to

introduce completely new forms of wild silk and guats to the world market. There is a
need to create new products, which will attract mestomers. This calls for exploration

of new avenues of how wild silk can be utilized.

Designers around the word are always looking fav aed interesting fabrics. Wild silk
offers them the opportunity to be able to experimeith new and interesting natural
materials. Every body is aware of the ever-growmgve in the developed World
towards “organic” products and natural fibres. Eherneed to capitalize on this. There is
also need to educate the designers and consuméns benefits that come with using or
wearing wild silk. Producers should combine protutiunder one regional banner and
cooperative market. Silk producers like many othegh value agricultural product

producers can benefit from cooperative marketirgeffectively compete in the special
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market, the quality of all materials, from threamsthe completed product must be

consistently excellent. Thus, there must be quabytrol.

8.3 Recommendations

In the Kakamega forest, thee pandafemale moth seemed to know instinctively which
host plant to lay her eggs olB.(micranthg, probably sensing chemical substances
characteristic of that plant. However, further woidn what chemical attract the moth
only onB. micranthaand also what repulse them from other trees (pushpull studies).
For the mass production é&f pandacocoon nests, we strongly recommend the using of
B. micrantha during the reforestation campaign of the 12,086tdres of buffer zone in
the Kakamega forest.

To enhance the quality of cocoon nests, furtheeofadions need to be carried out to
confirm the stage at which the pupal parasitoidachttheir host. This will help in

developing a protective mechanism for the silkwoanpre-pupal stages

To achieve this noble task, there is a need fdalsotation between the private business
sector and the scientific community to overcometléoécks in the production of silk
threads. The quality, quantity, and price of reedded spun silk will be major factors in
attracting producers, artisans, weavers and othkelsolders in the silk industry. Despite
the various problems facing silk industry, it ergagnmense interest and attraction to the
public. Furthermore, silk has certain unique praperto offer; its chemical composition
is close to that of human skin and could be onthefhealthiest things to wear (Raiia

al., 1999).
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APPENDICES

Appendix 1: Position of Kakamega Forest in Kenya
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Appendix 2: Mean (£ SE) period (days) spent at each stage; and mean wei (g)
and length (mm) of A. panda silkworms in the indigenous and mixed indigenous
forests in Kakamega

Isecheno (mixed indigenous forest)

Ikywa (indigenous forest)

2 5 3
£ 2§ Peiod weignt (@) ena Pl weight @) O
1% 17 18.5%0.94 0.007+0.002 3.62+0.35 19 18.11+1.240090.001 3.62+0.3
o 2" 11 21.8120.6 0.009+0.002 3.69+0.34 13 21.15+0.69007:0.001 3.46+0.28
1% 17 9.0620.75 0.017+0.002 5.8+0.6 19 9+0.88 0.01838. 5.58+0.65
z° 2" 11 11.91+0.54 0.016x0.003 5.94+0.69 13 11.92+0.64014%0.002 5.23%0.29
1% 17 9.35:0.93 0.032+0.006 7.88+0.64 19 9.58+0.84 3&:0.006 8.76+0.59
3¢ 2 11 12.73#0.47 0.032+0.006 8.26+0.41 13 12.92+0.4903%0.007 8.59+0.56
N 1% 17 9.41+0.94 0.072+0.036 17.8+0.49 19 9.53+1.07 9Mt0.105 16.7+1.99
§ 4" 2 11 14.42+0.98 0.067+0.11 18.2#0.45 13 15.54+0.88074%0.009 17.4+0.91
1® 17 10.71#0.85 0.186%0.13 19.740.9 19 10.21+1.23 O™R.02 20.8+1.34
5" 2" 11 1591+1.58 0.197+0.03 20.1+1.42 13 16.23+1.17 23%£0.23 22.2+1.36
1% 17 10.24+1.25 0.906+0.07 36.9+2.35 19 10.74+1.19013+0.077 39.8+1.35
6" 2™ 11 15.64+0.67 0.854%0.01 37.6x0.48 13 16+0.71 Coom7 38+2.52
1% 17 18.18+0.64  3.050.13 51.1+2.59 19 18+1.05 3.09088 51.5+1.82
& 2 11 22.18+0.87 2.99+0.17  49.9+2.94 13 21.69+0.95 82At0.112  50+1.86
1% 18 18.22+#1.22 0.007+0.002 3.74+0.23 15 17.93+1.0300%:0.001 3.65+0.24
o 2" 15 21.67+0.62 0.007+0.001 3.35+0.35 12 21.5+0.9 080.002 3.43%0.38
1° 18 9.11#0.76 0.017+0.002 5.89+0.75 15 9.07+0.59 1T#0.002 5.81+0.68
z° 2 15 12+0.76 0.015+0.003 5.4+0.58 12 12+0.6 0.0163D.0 5.96+0.58
1° 18 9.22+0.88 0.037+0.005 9.09+0.46 15 9.87+0.64 3@%0.005 9.2+0.28
3 2 15 12.73%0.7 0.034+0.001 8.87+0.58 12 12.83+0.94038:0.006  9+0.425
NS 1% 18 9.56+1.04 0.073+0.001 16.8+41.94 15 9.53+1.13 6MtD.232 16.9+1.6
§ 4" 2 15 15.33#1.18 0.069+0.011 16.1#¥1.51 12 15.5%0.8 7%0.009 16.4+1.68
1% 18 10.44+0.78 0.203+0.023 20.3+1.74 15 10.27+1.1 2380.022 21.9+1.28
5" 2" 15 1573x1.28 0.208+0.029 20.8+1.82 12 15.92+1.31.2+@026 20.1+1.62
1° 18 10.78+1.17 0.966x0.097 38.4+2.56 15 10.87+1.19.942+0.09 37.343
6" 2" 15 1573x0.96 0.966x0.098 37.8#3.11 12 15.83+0.8496Z%0.085 38.7+2.26
1% 18 18+0.84 3.022+0.144 49.5+4.98 15 17.73+0.88 &0715 49.7+3
7 2 15 21.87+0.92 2.965+0.158 49.7#2.8 12 21.75%0.87014t0.146 50.2+2.44
N 1% 16 19.13+0.89 0.009+0.001 3.68+0.26 17 18.35+1.3200®:0.002 3.61+0.37
S, 0 2% 13 21.62+0.65 0.008+0.002 3.5+0.35 14 21.57+0.76009%0.001 3.72+0.28
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2nd

Srd

4th

Sth

61h

7th

16
13
16
13
16
13
16
13
16
13
16
13

9.13+0.81
12.08+0.28

9.44+0.89
12.92+0.28
9.56+1.26
15.46+0.88

10.25+1

15.92+1.38
10.25+1.39
15.46+0.97
18.25+0.77
21.54+1.05

0.016+0.003
0.015+0.003
0.033+0.006
0.035+0.008
0.096+0.11
0.071+0.01
0.204+0.02
0.23+0.023
0.931+0.08
0.968+0.1
2.904+0.136
2.898+0.094

5.82+0.56
5.59+0.75
8.83+0.4
8.85+0.58
16.1+1.72
16.9+1.58
20.4+1.45
21.9+1.55
38+2.4
39.1+2.45
48.9+2.17
48.1+1.52

17
14
17
14
17
14
17
14
17
14
17
14

9.12+0.7 T™01003
11.93+0.830171+0.003
9.59+0.94 ®0305
12.79+0.8 031+0.006
9.59+1.06 107008
15.5+0.85 0&t0.118
10.35+1.06 (tR0I24
16.43+1.02202+0.023
10.29+1.26  (t03W3
16.07+0.73 7%40.089
18.12+0.86972+0.148
21.79+1.05974+0.176

6.14+0.7
6.12+0.73
8.8+0.56
9.05+0.48
15.7+1.84
16.8+1.41
20.4+1.58

20.4+1.6
38.0+2.35
38.8+1.89
49.8+2.62
50.2+3.16

Brood: T Dry season (earlier)"2 Rainy season (later), n: Number of hatches egstets
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Appendix 3: Average leaf consumption (g) and totaleeding time (days) ofA. panda

silkworms in the Kakamega Forest

Isecheno (mixed indigenous forest)

Ikuywa (indigenous forest)

2]
g % B8 Leaf Total feeding Leaf Total feeding
k7 o n n
> E ) consumption (g) time (days) consumption (g) time (days)
« 1 3 0.83+0.04 15.33+0.58 4 0.83+0.03 15+0.82
1
2" 4 0.74+0.02 17.75+0.96 3 0.75+0.02 17.67+1.15
y 1 3 0.97+0.05 8.33+0.58 4 0.98+0.03 7.75+0.96
2
2" 4 0.87+0.03 10.25+0.96 3 0.88+0.02 10.33+1.54
y 1 3 1.27+0.07 7+0.01 4 1.2740.04 7.5+0.58
3
2" 4 1.13+0.03 9.25+0.01 3 1.1440.03 9.67+0.58
o " 1* 3 1.85+0.01 8.67+0.58 4 1.85+0.07 8.5+0.58
o 4
o 2" 4 1.66+0.05 9.25+0.5 3 1.67+0.04 9+0.01
g 1 3 4.82+0.25 8.33+0.58 4 4.83+0.17 8.25+0.5
2" 4 4.31+0.13 10.75+£0.5 3 4.36+0.01 10.67+0.58
" 1 3 14.11+0.73 9+0.01 4 14.14+0.5 9.25+0.5
6
2" 4 12.62+0.37 14.75+0.96 3 12.76+0.29 14.33+1.53
" ¥ 3 24.82+1.28 15+0.01 4 24.86+0.87 14.25+0.96
7
2" 4 22.19+0.66 21.754£0.96 3 22.24+0.51 21.67+1.15
o ¥ 2 0.76+0.01 15+1.41 3 0.75+0.02 15.33+0.58
1
2" 3 0.73+0.04 18+1 3 0.74+0.03 18.33+1.15
. ¥ 2 0.89+0.01 8+1.41 3 0.88+0.02 7+0.01
2
2" 3 0.86+0.05 10+1 3 0.87+0.03 9.67+1.15
50 ¥ 2 1.16+0.02 7.5+0.7 3 1.14+0.03 7.67+0.58
A 1.12+0.07 9+1 3 1.13+0.04 9.330.58
o " ¥ 2 1.69+0.03 9.5+0.7 3 1.67+0.04 8.67+0.58
o 4
N 2 3 1.6310.1 9.33+0.58 3 1.65+0.06 9+0.01
" ¥ 2 4.41+0.07 8+1.41 3 4.36+0.01 8.67+0.58
5
2 3 4.26+0.26 10.67+0.58 3 4.29+0.15 10.33+0.58
" ¥ 2 12.91+0.21 8.5+0.71 3 12.76+0.29 8.67+0.58
6
2 3 12.47+0.77 15+1 3 12.57+0.44 15.33+1.15
" ¥ 2 22.7+0.36 14.540.71 3 22.44+0.51 14.67+0.58
7
2 3 21.93+1.35 22+1 3 22.1+0.78 22.331£1.15

Brood: 1: Earlier (dry season); 2: Later (rainysw@g; n: Number of cohorts
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Appendix 4: Length (cm), width (cm) and weigh (g) © A. panda pupae in the
Kakamega Forest

Isecheno (mixed indigenous forest)

Ikuywa (indigenous forest)

§ E 3  Weigh  Length  Width Weigh  Length  Width
@) (cm) (cm) @) (cm) (cm)
« M 22 053:017 2141017 0741006 19 054009 182 0730.07
o f 18 0731021 2.37:0.11 0.82:0.05 25 0.71:0.17 320414 0.840.01
S 2% m 20 051:0.14 208:0.12 0724007 17 0.49:0.15 45021 0.7420.06
f 20 0.79%0.21 2.37:0.13 0.82#0.06 12 0.66:0.16 *A.26 0.83%0.06
M 22 048:013 2143014 074007 29 053:0.11 680016 0.73:008
o f 14 0.67:0.2 2442017 0.81:0.09 24 071017 20421 0.830.12
S 2% m 27 055:015 2.18:0.16 0.75:0.09 32 0.51+0.13 +@I5 0.7410.06
f 26 074%0.18 2.39:0.16 0.8:0.09 30 07202 2.440 0.82:0.06
M 26 0476017 2093016 0724006 36 051:0.14 6806 0.73:006
o f 15 0.72:0.2 2432014 0.83:0.06 35 071019 20393 0.830.07
8 2% m 36 047:012 2.11:017 0724007 42 0.49:0.16 1sD119 0.73:0.07
f 32 0.75:0.18 2.41:0.17 0.82+0.08 33 0.75:0.18 +@.47 0.82:0.07

Brood: 1: Earlier (dry season); 2: Later (rainys®g. Sex: m: male; f: female; n: Number of pupa
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Appendix 5.1: Monthly rainfall (mm) and number of rainy days by year (2004-2007)
in the mixed indigenous forest (Isecheno block)

Month 2004t 2005% 20061t 2007%
ontns Rainfall Days Rainfall Days Rainfall Days Rainfall Days
Januar 104.¢ 11 100.¢ 1C 56 5 18.t 5
Februar 69.4 8 75.€ 7 54 6 18 7
Marck 95.¢ 13 225.¢ 16 345k 16 91.t 6
April 320.¢ 24 169.7 17 297 19 197 12
May 167.2 20 34:& 22 337.t 22 115 16
June 158.¢ 27 146.t 19 329t 19 27¢ 15
July 76.1 20 117 2C 97.t 15 12¢ 12
Augus 236.¢ 27 363.t 23 199.2 18 227.2 2C
Septembe 212 22 247 13 181.t 15 206.< 17
Octobe 133.¢ 20 134.¢ 13 91.t 11 109.7 12
Novembe 127.¢ 14 59 6 466.t 28 112 7
Decembe 106.¢ 13 13 4 20¢ 22 4 1
Total 1808.¢ 21¢ 1996.: 167 2658.7 19€ 1498.: 13C

T Source: KEEPE Source: Our survey

Appendix 5.2: Mean monthly temperature: Temp. C) and relative humidity: RH
(%) (2005-2007) in the mixed indigenous forest (Iséeno block)

2005 2006 2007
Month Temp. RH Temp. RH Temp. RH
d n d n d n d n d n d n

Januar 35.4 19.7 48.¢ 55.€ 39.6 22 50.z 57.z 25.6 19.¢ 62 59.¢
Februar 32.t 23.1 45.< 54.: 28 22¢ 48 55 29.4 221 54.1 55
Marck 26.2 24.¢ 62z 60.1 27.t 224 64.t 62.¢ 28.f 22.t 50.Z 53.:

April 26.1 224 725 77.z 27.5 19.C 75 78.& 27.2 221 59.1 55.t
May 277 19.4 76.¢ 79.z 29.t 20.¢ 84.c 86.z 27.71 19.& 66.5 64.c
Jung 25.z 20.t 774 781 26.c 19.¢ 76.£4 77.01 25.€ 19.4 79.1 81z
July 27.z 17.c 72.€¢ 681 29 17.7 70.4 69.7 28.: 18.z 69.1 68.7

Augus 27.1 15.¢ 74: 78.¢ 26.f 23.t 68.€ 66.1 26.c 22.£ 71l.€ 68.2
Septembe 25.£ 15.8 75.€ 77.¢ 26.¢ 235t 67.2 63.4 25.7 22t 74.t 69.
Octobe 27.¢ 16.1 71z 81.< 27.7 23.4 61.¢ 61.1 26.1 20.c 62.1 61
Novembe 29.¢ 17.¢4 65.& 73 25t 24¢ 68.1 68.¢ 264 202 601 634
Decembe 32.« 19.f 53.7 65.& 25 20.€6 69.¢ 68.: 283 245 66.7 70.2

Temp.: Temperature; RH: Relative humidity; d: dayet n: night time
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Appendix 6.1: Monthly rainfall (mm) and number of rainy days by year (2004-2007)
in the indigenous forest (Ikuywa block)

Month 2004t 2005% 20061 2007%

onths Rainfall Days Rainfall Days Rainfall Days: Rainfall Days
Januar 110.7 8 139.F 13 66.€ 7 54.¢ 6
Februar 60.4 9 72.€ 5 40.7% 9 76.1 1C
Marck 123.¢ 9 157.¢ 17 230.7 17 96 1C
April 357 27 160.¢ 15 264.: 24 189.t 13
May 169.2 22 326.] 28 259.¢ 26 268.t 18
June 208.7 23 130.2 21 237.2 17 267.2 15
July 94.1 16 121.7 18 136.° 19 127.¢ 17
Augus 277 . 24 377.¢ 29 199.2 18 252.7 22
Septembe 209.] 19 181.] 18 179.5 15 18¢ 16
Octobe 143.2 16 19¢ 22 91.t 11 114 13
Novembe 124.¢ 15 49.¢ 11 423.¢ 29 132 8
Decembe 10¢& 13 18 8 117 15 7 2
Total 1986.¢ 201 1933.; 205 2246.¢ 207 176¢ 15C

T Source: BIOTA-Est Africa / KARI; £ Source: Ounseay

Appendix 6.2: Mean monthly temperature: Temp. C) and relative humidity: RH
(%) (2005-2007) in the indigenous forest (Ikuywa loick)

2005 2006 2007
Months Temp. RH Temp. RH Temp. RH
d n d n d n d n d n d n

January 329 226 358412 352 234 364 399 231 228 699 82
February 315 218 37.139.7 338 233 39.7 426 232 236 714 815
March 33.7 211 601698 326 204 60.1 698 231 239 705 73

April 304 225 64.7 70.2 292 233 653 721 229 234 737 809
May 276 231 703719 256 23 719 721 234 23 734 80

June 262 221 725706 256 231 745 703 243 226 73.7 69.6
July 253 237 722655 256 243 725 674 255 241 703 66.8

August 251 165 716632 265 238 686 66.7 252 211 693 65.2
September 248 17 70.1 63.7 26 227 651 613 244 202 67.7 625
October 26.7 17.7 68.762.6 277 234 616 611 265 199 63.2 60.6
November 30.1 17.8 54.355.9 238 232 638 644 255 226 583 617
December 35.2 20.2 405389 213 251 716 782 271 233 674 713

Temp.: Temperature; RH: Relative humidity; d: dayet n: night time
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Appendix 7: A. panda silkworm’s mortality rate (%) by instars from prot ected and
unprotected experiments in the indigenous and mixedndigenous forests in
Kakamega (2005-2007).

Years Instars Brood Protect"“'lseCheno (mixed indigenous forest) Ikuywa (indigenous forest)

Cohort (n) Losses (%) Cohort (n) Losses (%)
1t 0 9 41.247.9 10 35.245.1
1% 1 8 16+3.8 9 10.8+4.5
ond 0 6 63.7+20.5 7 61.3+10.5
1 5 17.4+6.1 6 14.8+2
18 0 9 40.3+10.3 10 26+4.8
ond 1 8 13.245.1 9 8.3+4.4
ond 0 6 46.9+16.6 7 53.6+13.6
1 5 11.9+2.2 6 10.3+2.5
1t 0 9 34.9+8.5 10 20.946.1
3 1 8 12.615 9 4.1+1.8
ond 0 6 41.849.5 7 49.4+16.7
1 5 9.3+7.7 6 4.6+3.1
1t 0 9 31.8+7.4 10 17.9+7.5
N 4 1 8 8.1+5 9 4.6+2.3
S ond 0 6 38.4+8.7 7 45.8+18
1 5 3.6+1.7 6 2.5+1.4
18 0 9 26.4+8.3 10 15.9+7.1
gh 1 8 3+2.5 9 2.9+1.7
ond 0 6 30.249.5 7 37.3+18.3
1 5 2.8+1.7 6 2.3+0.7
1t 0 9 24.247.6 10 13.246.2
gh 1 8 2.842.3 9 2.3+1.5
ond 0 6 26.8+7.8 7 31.9+15.7
1 5 3.2+1.7 6 2.3+1.4
1t 0 9 22+8.5 10 12+5.3
i 1 8 2.942.2 9 2.6+1.6
ond 0 6 23.615.4 7 30.3+15.7
1 5 3.4+1.2 6 2.5+1.6
18 0 9 46+13.3 8 35.6+11.4
1 1 9 13.7+4 7 9.5+8.1
ond 0 8 65.6+19.7 6 43.9+21.5
1 7 15+4.8 6 11.446.7
1t 0 9 40.4+11 8 33.3+10.4
ond 1 9 7.3+3.7 7 6.9+5.5
ond 0 8 53.8+12.8 6 41.1424.7
1 7 7+2.7 6 9.5+3.3
1t 0 9 31.1+13.9 8 30.3+11.8
S 3¢ 1 9 5.8+3 7 8.4+6.4
S ond 0 8 49.2+16.3 6 36.3+17.7
1 7 9.4+3.8 6 6.1+3.1
18 0 9 29+10.5 8 24.1+10.3
4 1 9 3.5+1.6 7 4+1.5
ond 0 8 44.8+17.3 6 33.6+20.8
1 7 4.9+4 6 5.2+1.6
1t 0 9 24.6+13.2 8 22.9+10.8
gh 1 9 3.6+1.2 7 2.8+1.8
ond 0 8 34.7413.2 6 24.8+16.4
1 7 3.3+1.2 6 3.4+1.3
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21+11.1
2.1+1.2
27.9£115
2.6+1.6
17.3£9.2
2.1+1
30.5+17.5
3.2+1
41.2+14.1
8.6%£3.6
51.8+25.2
10.3+3.7
34.8+10.8
6.6+3
49.5+26.5
11.1+5.5
34.9+13.7
8.4+2.9
38.7+11.2
7.7£2.3
26.1+12.6
5.1+3.4
31.8+14.5
5.2+2.7
28.2+13.3
4.3+0.7
32.7+17.6
3.8+0.8
23.1+9.4
3.7+¥1.5
30.3+14.4
3.8+1.4
27.5%¥13.6
4+0.9
2815
4.3+0.7

NN oNygO0O~Nygy0Oo~Ng0o~Ng0o~NNPOo~Nu0o0PnmNowo o ~N®

20.9+9.4
2.5%1.7
24.1+15.6
3.2+1.2
16+8.8
3.5%1.2
24.7+17.3
3.1+1.6
37.2+6.8
6.6+2
47.8+12
11.8+3.5
28.6%7.6
6.5+3.4
38+11.7
12.4+5.4
24.7+6.8
5.4+3.2
38.945.3
9.2+3.7
29.1+6.2
6.1+2.5
33.9+8.2
8.9+5.5
25%11.4
4.9+1.6
32.6+15.2
54+1.1
24+9.5
3.9+2.8
30.1+13.2
5.1+2.5
22.3£8.2
3.4%£1.6
30.6%£11.5
4.9+1.1

Brood: 1= Egg hatch in dry season, 2= Egg hatchiimy season; Protected: 0= Larvae instar not ptede

by net sleeve, 1= Larvae instar protected by restva.
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Appendix 8: Incidence rate (%) ofA. panda silkworms in the Kakamega Forest

Years Instars

Isecheno (mixed indigenous forest)

Ikuywa (indigenous forest)

Brood n Unprotected n Protected n Unprotected n teleted
1t 1 3745 22.6 2914 12.2 4025 20.4 3362 8.9
2" 1762 28.1 1030 12.6 2794 27.6 1689 11.4
ond 1 2635 11.1 2461 5.2 2870 8.5 2963 3.4
2" 1024 12.3 854 4.9 1686 12.9 1423 4.2
g 1% 1835 6.7 2155 3.2 2221 4.9 2666 1.3
2ne 675 7.7 741 25 1073 8.1 1235 1.4
N 4 1 1352 4.7 1869 1.7 1805 3.4 2554 1
2 2ne 466 5.4 652 0.8 715 5.6 1160 0.6
gh 1 1010 3.2 1652 0.5 1505 2.4 2422 0.5
2ne 324 3.7 627 0.5 489 3.8 1127 0.4
gh 1 805 2.5 1603 0.4 1271 1.7 2342 0.3
2" 246 2.8 611 0.5 362 2.8 1099 0.3
- 1 651 2 1566 0.3 1108 1.3 2292 0.3
2" 193 2.3 593 0.4 285 2.3 1079 0.3
1t 1 2983 23.4 2689 10.6 2613 20.1 1985 6.4
2" 2352 27.6 2011 11.2 1957 23.1 1644 8.6
ond 1 2025 10.8 2252 2.9 1923 9.4 1820 2.4
2ne 1407 125 1662 3.1 1336 10.5 1474 3.9
3 1 1392 5.9 2104 1.8 1453 5.8 1739 1.9
2ne 913 7.7 1573 25 958 6.4 1319 1.8
N 4 1 1097 4.4 1937 0.8 1107 3.6 1606 1
S 2ne 620 5.3 1394 1 711 4.3 1231 1.2
gh 1 825 2.9 1877 0.7 910 2.6 1518 0.4
2" 432 3.4 1323 0.6 539 2.6 1151 0.6
gh 1 671 2 1784 0.3 767 2.1 1477 0.3
2" 348 2.3 1272 0.4 451 1.9 1112 0.5
- 1 562 1.5 1753 0.3 634 1.3 1466 0.4
2ne 289 2 1253 0.4 387 15 1071 0.4
18 1 2715 21.7 2485 6.7 3731 20.9 2657 55
2ne 1638 25 1318 8.3 2093 24.6 1787 9.3
ond 1 1907 9.8 2268 2.6 2662 9.2 2494 25
2ne 1067 11.7 1205 4.4 1355 10.8 1604 4.7
3 1 1436 6.3 2180 2.2 2023 5.6 2341 1.4
2" 720 7 1065 2.2 983 7.2 1408 2.5
N 4 1 1040 3.6 1965 1 1645 4.6 2247 1.2
S 2" 506 4.3 969 1.1 700 5 1285 1.7
gh 1 864 2.9 1886 0.8 1256 3.4 2124 0.9
2" 397 3.4 912 0.7 519 3.9 1164 1
gih 1% 703 2.1 1802 0.6 992 2.7 1997 0.5
2ne 310 25 879 0.5 387 3 1099 0.7
h 1 613 2 1737 0.6 795 21 1933 0.4
2ne 249 2 855 0.6 302 2.6 1047 0.6

n: Number of silkworms at risk
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Appendix 9.1: Survivor function of A. panda silkworms by habitat in Kakamega

Kaplan-Meier survival estimates, by habitat
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Appendix 9.2: Risk function of A. panda silkworms by habitat in Kakamega

Nelson-Aalen cumulative hazard estimates, by hiabita
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Appendix 10.1: Survivor function of A. panda silkworms by brood in Kakamega

Kaplan-Meier survival estimates, by brood
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Appendix 10.2: Risk functionof A. panda silkworms by brood in Kakamega

Nelson-Aalen cumulative hazard estimates, by brood
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Appendix 11: Winding frame reel and serigraph for enacity and elongation
measuremement

AP 11.2: A serigraph for tenacity and elongatiorasuwement
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