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ABSTRACT

In June 2017, farmers in central and northern Tanzania reported the occurrence of what they
called an unusual insect with a human-like facial appearance that they referred to as
“Kidudu-mtu.” The reports prompted the need to assess the identity and occurrence of the
insect in Tanzania. This research was conducted between March and August 2018 in Iringa,
Morogoro, Shinyanga, Geita and Arusha regions. A total of 89 people in the study regions
were purposely interviewed to determine their knowledge, perceptions and reactions
towards the insect. Insect samples were collected and submitted to the Tropical Pesticide
Research Institute (TPRI) for preliminary identification and toxicity test. Molecular
identification was done at the Nelson Mandela African Institution of Science and
Technology (NM-AIST) laboratory. The insect’s predatory activity against the papaya
mealybug (Paracoccus marginatus Williams and Granara de Willink) was assessed at
Tanzania Agricultural Research Institute (TARI) Tengeru. The insect was preliminarily
identified as a member of the genus Spalgis present in three regions on papaya and cassava
plants. The majority (92.1%) of the respondents perceived the insect as poisonous. In the
toxicity tests, no death or toxic signs were displayed by the mice and no significant
differences (P>0.05) were observed between the control and treated mice during
hematological, biochemical and histopathological examination results except increase in
liver weight which was considered non-adverse based on available protocol. The molecular
analysis revealed 99% similarity with Spalgis lemolea lemolea (Druce) commonly known as
Apefly. Under laboratory conditions, the insect completed its life cycle within 23 days with
4 larval instars. The female laid an average of 68 eggs in groups of 2 to 7 at different sites
after 4-5 days of emergence. The predatory activity studies showed the consumption of
mealybugs by the Apefly increased as the insect developed. The average number of
mealybug eggs, nymphs and adults consumed by a single Apefly larva was 1983 + 117, 123
+ 6 and 80 £ 9 individuals, respectively. Further studies to asses biological processes
associated with an increase in liver weight on mice and determine predatory potential of

Apefly under field conditions are recommended.
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CHAPTER ONE
INTRODUCTION
1.1  Background of the problem

In June 2017, reports of unusual insect with a human-like facial appearance that they referred
to as “Kidudu-mtu spread all over Tanzania and created fear that it was poisonous if
consumed with vegetables. Preliminary morphological identification of the insect indicated
that it was of the genus Spalgis. Following that, this study was designed specifically to

review and generate information with regard to the insect in Tanzania.

The genus Spalgis belongs to the subfamily Miletinae, (Lycaenidae family) which includes
small butterflies that are commonly known as harvesters and woolly legs (Scott, 1992;
Monotypy, 2017). The genus Spalgis was established by Frederic Moore in 1879 (Hewitson
et al., 1879) and has several species including S. epeus Westwood, S. baiongus Cantlie and

Norman, S. Takanamii.

Eliot, S. asmus Parsons, S. jacksoni Stempffer, S. lemolea Druce, S. pilos Druce and S.
tintinga Boisduval. These species are distributed in Australia, Asia and Afro-tropic zones
(Ackery, 1990; Kumar, 2013). Two of these species; S. epius (Indian Apefly; native in India)
and S. lemolea (African Apefly), native in Africa (Nigeria), are known to possess a unique
feature in their pupa stage as they resemble the face of a monkey hence the name “Apefly”
(Ackery, 1990). Indian Apefly consists of two sub-species which include S. epeus
epeus Westwood, (Oriental Apefly) and S. epeus nubilus Moore and Nicobar which inhabits
rainforest and humid deciduous forests at elevations between about 100-500 m (Saji, 2017).
Of the members of the genus Spalgis, S. lemolea lemolea Druce has been reported in Senegal,
Gambia, Guinea-Bissau, Guinea, Liberia, Ivory Coast, Ghana, Togo, Nigeria, Cameroon,
Gabon to Ethiopia, Democratic Republic of the Congo, Uganda, Kenya, Malawi, Zambia,
northern Zimbabwe, Botswana and Tanzania (Ackery, 1990). The S. lemolea pilos Druce, is
commonly found in Senegal, Gambia, Guinea-Bissau, Guinea, Liberia, Ivory Coast, Ghana,
Togo, Nigeria and Cameroon (D'Abrera, 1980; Lohman & Samarita, 2009). In Tanzania,
Spalgis sp. has been reported to be associated with forests, dense savanna and thick riverine
bush (Peterson, 2014). However, the available information did not provide full identity of the

the Spalgis species in Tanzania. It was thus urgently important to identify the species of the



insect present and to assess peoples’ knowledge, perceptions and reactions towards this insect

in Tanzania.

Members of the genus Spalgis involves aphytophagous butterflies that are extremely rare and
several endangered (Pierce, 1995). They represent carnivorous butterflies feeding exclusively
on various species of Coccidae and Pseudococcidae families (Dinesh & Venkatesha, 2011)
including mealybug species, most of which are common pests of economically-important
crops (Browning, 1992; Franco et al., 2001; Venkatesha, 2011). However, the literarute
indicates no research has been done on the characteristics and potential of Spalgis spp in
management of mealybugs in Africa. It was based on this knowledge gap also that this study
was undertaken to assess the occurrence, studies on morphology, life cycle and development

stages as well as its biological control potential against the papaya mealybug in Tanzania.
1.2 Statement of the problem

Insect predators have the potential for biocontrol against a range of insect pests that attack
crops of high economic and nutritional importance worldwide (Colmenarez, et al., 2020).
However, little farmers’ understanding of which insect predators to use for pest control can
be deleterious to their conservation. For instance, In June 2017, news broke across Tanzania
of what people thought to be a‘deadly’ insect that had an ape-like and or human-like facial
appearance commonly and often referred in Kiswahili to as “kidudu mtu” or human insect.
Based on the described morphology, it was obvious that the insect was of the genus Spalgis
(Peterson, 2014). The insect caused unrest in the general public and it was said to cause death
upon consumption of its host plants (Athumani, 2017; BongoStars, 2017; Brown, 2017,
Choke, 2017; MCLDigital, 2017). The anxiety caused thereof, lead to people ceasing the
consumption of affected vegetables. While the terrorizing news quickly spread through social
media, the public enquired to know more about the ‘kidudu mtu.” Owing to the fact that little
information exists on this ape-like facial appearing insect, it was vital to conduct research to

generate information about it in Tanzania.
1.3  Rationale of the study

The obvious pre-identification of the ‘Kidudu mtu’ (Peterson, 2014) prompted insights
towards need for confirmation of identity and the role of the genus Spalgis on managing

some insect pests that it feeds on including ant-tended Hemiptera such as the Homoptera,



which include different species of mealybugs (Homoptera: Pseudococcidae) (Browning,

1992).

14

141

Objectives

General objective

The general objective was to study the biology, predatory activity and peoples’ perceptions

on Apefly (Spalgis Spp.) and generating information useful for the conservation of the insect

in Tanzania.
1.4.2 Specific objectives
(i) To determine identity, occurrence and peoples’ perceptions on the reported unusual
insect with a human-like facial appearance commonly referred to as “Kidudu-mtu.
(i) To assess the diversity of the reported unusual insect with a human-like facial
appearance “Kidudu-mtu ” in five agro-ecological zones of Tanzania.
(iii) To study morphology, life cycle and developmental stages of the unusual insect with a
human-like facial appearance “Kidudu-mtu” in Tanzania.
(iv) To examine the predatory activity of the unusual insect with a human-like facial
appearance “Kidudu-mtu ” against the papaya mealybug (P. marginatus).
(v) To determine the toxicity status of the unusual insect with a human-like facial
appearance “Kidudu-mtu” on mice.
1.5  Research questions
(i)  What is the identity and occurrence of the reported unusual insect with a human-like
facial appearance?
(i)  What is the existing knowledge and perception of people towards the Apefly?
(ili) How diverse is the insect in different agro-ecological zones in Tanzania?
(iv) What is the morphology, life cycle and developmental stages of the Apefly in

Tanzania?



(v) How is the predatory activity of the insect on the papaya mealybug (P. marginatus)?
(vi) Is the reported insect poisonous if consumed?
1.6 Significance of the study

The findings of the study contribute to the understanding of the basis of beliefs, attitudes,
indigenous knowledge and practices attached to insects particularly to the current with a
human-like face that has been identified in this study as Apefly. The analysis of Apefly’s
genetic diversity across five agro-ecological zones in Tanzania contributes to the existing
body of knowledge on Tanzania butterflies and the ecosystem in general. The toxicity test
conducted in this study settles the wrong perception attached to the insect and therefore, this
study gives confirmation that Apefly is non-poisonous when consumed and does not have
any negative health implications. The results of the biology and predatory activity of Apefly
provides preliminary information necessary in utilizing the biological control capacity hold

by Apefly over the mealybugs.
1.7 Delineation of the study

Since the inception of the study, it was realized that while there was a social need to
understand the Apefly which was already causing public tension, literature on the same was
insufficient. It was therefore important to conduct extensive literature review to achour the
design of the study. As a result of lack of literature on the Apefly, the ffect of the changing
climate on the availity of the Apefly was unknown. The distribution and factors affecting the
abundance were unknown. In this regard, the study had to focus on the occurrence and not the
abundance of the sample. Fewer samples obtained from study sites could not support the
conclusion about inter and intra generic evolutionary divergence. The study focused, instead,
on genetic diversity of the sample collected. While it was true that farmers were desperate to
understand the Apefly, there was a need to ensure they provide reliable information. In view
of this, study selected areas which were reported to have the prevalence of the Apefly. In
obtaining information from farmers with regard to their perception of the Apefly and their

farming practices, semi-structured questionnaire was used to keep the interview focused.



CHAPTER TWO
LITERATURE REVIEW
2.1  People’s perceptions and practices towards insect species

Insects form 99% of approximately 10 million animal species on Earth (Johnson, 2003).
Despite many essential and beneficial ecological services offered by insects, there is a general
trend for humans to perceive insects negatively (Kellert, 1993; Bjerke et al., 1998; Bjerke &
Thrane, 2003; Bjerke & @stdahl, 2004; Prokop et al., 2010; Prokop et al., 2010 and Wagler,
2010). While some societies look at insects with the feelings of hatred, anxiety, fear,
avoidance and ignorance (Kellert, 1993), others hold special beliefs and respect towards
insects (Santos & Antonini, 2008 and Khan, 2013 ).

In Tanzania, farmers were reported to perceive Apefly (Spalgis spp) negatively, considering
it deadly when the insect or its host plant is consumed (Athumani, 2017; Brown, 2017:
Choke, 2017 and MCL Digital, 2017). Although the taxonomic and morphological
information of the insect has been reported by Kroon (1978), Larsen (2005), Williams (2015)
and Kaliszewska et al. (2015), further information on the biology, chemistry and ecology of
the insect has not been reported. Such lack of research and knowledge dissemination places
the Apefly not only at considerable risk, but it also brings down its potential use in biological
pest control as supported by Anthes et al. (2008) and Celik et al. (2015).

Studies reveal a complex interaction of factors behind negative perceptions towards insects
involving social, cultural, biological, morphological and physiological attributes such as
colour, shape and size (Barua et al., 2012; Wagler & Wagler, 2012 and Lemelin, 2013).
Benteley (1991) highlights inadequate knowledge (ignorance of insects) as a cause of lack of
appreciation for beneficial organisms resulting in overreaction to some insects such as the use
of pesticides. Such a practice is reported to cause increased yield loss as a result of the
suppression of the activity of natural enemies (Heong et al., 1994; Heong & Escalada, 1997).
Such destruction of natural enemies interferes biodiversity conservation efforts as supported
by Balmford et al. (2002), Kawahara and Pyle (2013), Sodhi et al. (2004) and Snaddon et al.
(2008).

Bentley (1991) reports that, adequate knowledge of the role played by insects is crucial for
conservation efforts as people rarely protect that which they do not know. A step-wise



process of learning gaps in farmers has been suggested as an important step in biodiversity
conservation, these include; (a) Learn gaps in farmers' knowledge (b) Transform gaps into
research problems (c) Communicate results to farmers (d) Farmers integrate and adapt
information into knowledge and practices (Bentley & Andrews, 1996).

Empirical information regarding existing perceptions, knowledge and reactions towards
Apefly in Tanzania has however not been reported. Understanding the prevailing state of
knowledge and peoples’ reaction towards the insect is of paramount importance to allow for
appropriate interventions. This study adopts the stages by Bentley and Andrews (1996) in

understanding the knowledge gap on Apefly in Tanzania.
2.2  Butterfly toxins

Some insects produce or acquire biochemicals from the food they consume or through
contact with insecticides and herbicides (Longley & Sotherton, 1997 and Koehler, 1999).
Studies have shown that some butterflies are considered toxic or repulsive to predators due to
the presence of cardiac glycosides sequestered from their larval food plants (Mebs et al.,
2005). For example, the monarch butterfly (Danaus plexippus) also represents a classic case
of acquired defense, where caterpillars not only tolerate but also sequester cardenolides from
their milkweed host plants (Asclepias spp., Apocynaceae) and transfer these toxins to the
butterfly stage for their own defense against predators and parasites (Brower et al., 1968;
Glendinning & Brower, 1990; Stenberg et al., 2012). Cardenolides (cardiac glycosides) are
highly potent plant toxins that specifically inhibit Nap/Kp-ATPase, an essential animal cation
transporter (Terness, 2001). It has not been established yet, whether Apefly contains
endotoxin substances assimilated through interactions with their preys (i.e. phytotoxins from
plants the preys feed on). Knowledge of Apefly chemistry is a critical step towards effective

conservation and utilization of its potential.

2.3  Towards Conservation of Apefly (Spalgis lemolea. Druce) for managing Papaya
Mealybug (Paracoccus marginatus Williams and Granara de Willink) in Sub

Saharan Africa

The genus Spalgis (Order Lepidoptera, Family Lycaenidae, Subfamily Miletinae) includes
insects commonly called “harvesters” and “woolly legs” (Kaliszewska et al., 2015). The
order Lepidoptera has about 160 000 described species and it is estimated to be the third in

size among the largest groups of living things after beetles (Order Coleoptera) and flowering
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plants (Kristen et al., 2007). Members of the genus Spalgis live among their prey and often
coexist with ant mutualists of the Order Hemiptera (Pierce, 1995). This genus has several
species that include S. epius Westwood, S. baiongus Cantlie and Norman, S. takanamii Eliot,
S. asmus Parsons, S. jacksoni Stempffer, S. lemolea Druce, S. pilos Druce and S. tintinga
Boisduval, which are distributed in Australia, Asia and Afro-tropical zones (Kumar, 2013).
Some members of the genus Spalgis are known to possess a unique feature in their pupa stage
as they resemble the face of a monkey, which has given them the name “Apefly” (Ackery,
1990). The monkey-faced appearance of some lycaenid pupae has been associated with
defence but the mechanism is not clearly understood (Balduf, 1939). Other authors hold the
resemblance between the pupae and the head of a monkey to be only accidental because of

the size and taxonomic differences between the two (Hinton, 1974).

More than 99% of Lepidoptera species are phytophagous (feed on plants only) (Cottrell,
1984; Dinesh & Venkatesha, 2016 and Kumar, 2013). Uniquely, the subfamily Miletinae
(Lycaenidae) is exclusively aphytophagous (feeding on animals) (Kaliszewska et al., 2015;
Lohman & Samarita, 2009). Most of the aphytophagous butterflies are extremely rare and
several are endangered, possibly due to climate change (Brahmaprakash et al., 2017; Pierce et
al., 2002 and Wynhoff, 1998). Spalgis spp, in particular, are one of the rare butterfly species,
which represent a carnivorous butterfly feeding exclusively on species of the Coccidae and
Pseudococcidae family (Dinesh & Venkatesha, 2011 and Lohman & Samarita, 2009). This
includes different Mealybug species such as Paracoccus marginatus a common pest
attacking economically important plant species worldwide (Saengyot & Burikam, 2012;
Shajla, Vijayalakshmi & Tintumol, 2014 and Venkatesha & Dinesh, 2011).

Studies on an Indian Apefly species have indicated that the butterfly can be used for bio-
control against Mealybugs (Saengyot & Burikam, 2012; Venkatesha & Dinesh, 2011). The
newly hatched larvae of S. epius while still inside the ovisac of Mealybug have been reported
to be capable of consuming eggs (Tanwar et al., 2010). Investigation of the daily
consumption of papaya Mealy bug by the larvae showed that the third instar of S. epius has
the ability to consume large quantities of prey compared to other larval stages (Kumar et al.,
2006 and Lohman & Samarita, 2009). However, little is known as to how the African Apefly
does interact with its prey, its biology, ecology and possible application for biological control
(Leuschner & Nwanze, 1977). This review specifically focused on the potential of the

African Apefly for biological control against papaya mealybug populations in sub-Saharan



Africa (Tanga, 2013). With this study, the aim was to raise awareness of this species’
potential in the management of a serious pest species and to enhance the conservation and

utilization of the butterfly.
2.3.1 Distribution of Spalgis species

Members of the genus Spalgis are distributed along the tropical zones of Africa, Asia and
Australia (Inayoshi, 2019; Sikkim, 2004 and Williams, 2008) (Table 1).

Table 1: Global distribution of members of genus Spalgis based on reviewed literature
(n = 84). (+) = Presence (-) = no information

. Location
SN Species ABCDTETEGCHIT J KL M N References
1 S. lemolea + + + - - - - - - - - - - (Clench, 1965; T. Larsen,

2005; Pennington et al.,
1978; Williams, 2015)

2 S. Jackson + + + - - - - - - - - - - (Williams, 2015)
3 S. tinting T - - (Druce, 1875)
4 S. epius - - - -+ 4+ + + + + + 4+ + - (Hinton, 1974; Inayoshi,

2019; Kumar, 2013;
Kumar et al., 2006;
Padhye et al., 2012;
Parsons, 1999;
Prabakaran et al., 2014)

5 S. sgnata R T - - (Myers et al., 2000)
6 S.baongus - - - - + - - - - - - - - - (Parsons, 1999)
7 S. asmus R T - +  (Parsons, 1999)
8 S. takanami - - - - - + - - - - - - - - (Myers et al., 2000;

Parsons, 1999; Savela,
2014)

A=East Africa B=West Africa C=Central Africa D=Madagascar E=Southern India F= Philippines G=
Bangladesh H= Indonesia I1=Malaysia J= China K= Vietnam L=Thailand M=Sri Lanka N=Papua New
Guinea.

Scott (1974) reported that the warmer weather and bright sunlight in the tropics favour
mating and egg-laying activities of this butterfly. The main areas in the tropics where Spalgis
spp are found include the Australasian Ecozone (New Guinea) and Afro-tropic Ecozone,
which cover sub-Saharan Africa, Madagascar and other offshore islands (Inayoshi, 2019).

2.3.2 Life stages

Similar to other butterflies and moths, Apeflies have four life stages: the egg, larva, pupa, and
adult (Fig 1).



Figure 1: Life stages of Apefly spp: =Egges b= Larva c= Pupa (d) Adult. Images by
ICAR-National Bureau of Agricultural Insect Resources (2013)

The Indian Apefly completes its life cycle within an average of 29 days, with four larval
instars. The mean incubation period of eggs was reported to be 3.9 days and the duration of
development of larval stages, pre-pupa and pupa to be 9.4, 0.9 and 9.5 days respectively
(Dinesh et al., 2010). The larva instars differ by size mobility and feeding habits while the
pupa is a non-feeding stage (Dinesh & Venkatesha, 2011). The S. epius was noted to have
high mortality rate at lower temperatures of about 16 °C and at higher temperatures of about
32 °C and the highest fecundity rate is at 28 °C (Jothi et al, 2014; Kumar et al., 2006). The
African Spalgis sp has not been biologically characterized.

2.3.3 Papaya mealybug
Q) Origin and distribution of papaya mealybugs

The papaya mealybug Paracoccus marginatus is native to Mexico and Central America
where it is not considered as a pest (Tanwar et al., 2010). It spread to the Caribbean and
South America in the 1990s (Miller et al., 1999) to Pacific Islands, Bangladesh, Cambodia,
Philippines, Thailand and western Africa (Muniappan et al., 2009). In Africa, the papaya
Mealybug was observed in Ghana in 2010 and then spread to Benin, Nigeria, Togo, Gabon,
Tanzania and Kenya (Muniappan et al., 2009) where it is an invasive insect pest species

causing a serious economic loss in infested crops.

The most destructive stage of P. marginatus is the adult, which sucks the fluid of the plant
and weakens it (Krishnan et al., 2016 and Miller et al., 1999). Paracoccus marginatus
secretes a sugary wax, which attracts ants to form mutual associations (Krishnan et al., 2016).
The ants spread this sugary content allowing the growth of some fungal microbes with a
sooty mould appearance, which impairs the photosynthetic efficiency of the affected plants

and causes large crop losses to farmers (Schneider & Lapolla, 2011). The extreme infestation



not only contaminates the yield but also leads to the destruction of the entire plant (Krishnan

et al., 2016).

2.8.4 Host range of papaya mealybug

The papaya mealybug is a polyphagous pest in over 55 plant species from 25 families of

some of the most economically important crops and weed hosts worldwide (Bendov, 2008;
Mccomie, 2000; Meyerdirk & Kauffman, 2001; Miller & Miller, 2002 and Walker et al.,

2006) (Table 2).

Table 2: Common hosts of Papaya mealybug based on studies found during our

literature review

Host Category Botanical Name Common Reference
Name
Cultivar Capsicum annuum Capsicum (Ahmed, Al-Helal, Khanon, & Bulbul, 2011; Macharia et
peppers al., 2017; Sakthivel et al., 2012; Tanwar et al., 2010;

Walker et al., 2006)

Cajanus cajan L. Redgram (Bendov, 2008; Krishnan et al., 2016; Meyerdirk et
al.,2004; Miller & Miller, 2002; Sakthivel et al., 2012;
Tanwar et al., 2010)

Carica papaya L. Papaya (Macharia et al., 2017; Mccomie, 2000; Meyerdirk et al.,
2004; Miller & Miller, 2002; Sakthivel et al., 2012)

Ceiba pentandra Silk cotton (Mccomie, 2000; Meyerdirk et al., 2004; Miller & Miller,

(L.) Gaertn. 2002; Sakthivel et al., 2012; Tanwar et al., 2010; Walker
et al., 2006)

Citrus paradise Grapefruit (Ben-dov, 2008; Mccomie, 2000; Meyerdirk et al., 2004;.
Miller & Miller, 2002; Sakthivel et al., 2012; Tanwar et
al., 2010; Walker et al., 2006)

Gossypium Cotton (Lohman & Samarita, 2009; Mccomie, 2000; Meyerdirk et

hirsutum L al., 2004; Tanwar et al., 2010; Walker et al., 2006)

Hibiscus rosa Shoe flower  (Mccomie, 2000; Meyerdirk et al., 2004; Tanwar et al.,

sinensis L. 2010; Walker et al., 2006)

Jatropha curcus Jatropha (Chellappan et al., 2016; Mccomie, 2000; Meyerdirk et al.,

L. 2004; Miller & Miller, 2002; Tanwar et al., 2010; Cham et
al. 2011)

Mangifera indica Mango (Ben-dov, 2008; Macharia et al., 2017; Mccomie, 2000;
Meyerdirk et al., 2004; Miller & Miller, 2002; Sakthivel et
al., 2012; Tanga, 2013)

Manihot Sweet potato  (Bendov, 2008; Cham, Davis, Obeng, & Owu, 2011;

esculenta Crantz

Morus alba L. Mulberry
Nerium oleander Oleander
Persea Avocado
Americana
Pisum sativum Pea
Plumeria sp. Frangipanj
Prunus avium Cherry
Psidium guajava Guava
L.
Punicum granatum Pomegranate
Lycopersicon Tomato

Mccomie, 2000; Meyerdirk et al., 2004; Miller & Miller,
2002; Sakthivel et al., 2012; Tanwar et al., 2010)
(Krishnan et al., 2016; Mccomie, 2000; Meyerdirk et al.,
2004; Sakthivel et al., 2012; Tanwar et al., 2010)
(Ben-dov, 2008; Krishnan et al., 2016; Mccomie, 2000;
Meyerdirk et al., 2004; Miller & Miller, 2002; Tanwar et
al., 2010)

(Mccomie, 2000; Meyerdirk et al., 2004; Tanwar et al.,
2010)

(Chellappan et al., 2016; Krishnan et al., 2016; Sakthivel
et al., 2012)

(Cham et al., 2011; Mccomie, 2000; Meyerdirk et al.,
2004)

(Krishnan et al., 2016)

(Ben-dov, 2008; Krishnan et al., 2016; Macharia et al.,
2017; Mccomie, 2000; Meyerdirk et al., 2004; Miller &
Miller, 2002)

(Krishnan et al., 2016; Mccomie, 2000; Meyerdirk et al.,
2004; Tanwar et al., 2010)

(Ahmed et al., 2011; Krishnan et al., 2016; Mccomie,
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Host Category Botanical Name Common Reference

Name
esculentum Mill 2000; Meyerdirk et al., 2004; Miller & Miller, 2002;
Tanwar et al., 2010)
Solanaum torvum Turkey (Krishnan et al., 2016; Meyerdirk et al., 2004; Tanwar et
Sw berry al., 2010)
Solanum melongena Eggplant (Ben-dov, 2008; Krishnan et al., 2016; Macharia et al.,
L. 2017; Mccomie, 2000; Meyerdirk et al., 2004; Miller &
Miller, 2002)
Tectona grandis L. Teak (Ben-dov, 2008; Krishnan et al., 2016; Mccomie, 2000;
Meyerdirk et al., 2004; Miller & Miller, 2002; Tanwar et
al., 2010)
Weeds Abutilon indicum L Country (Cham et al., 2011; Krishnan et al., 2016; Miller & Miller,
mallow 2002; Tanwar et al., 2010; Walker et al., 2006)
Achyranthus aspera Latjira (Krishnan et al., 2016; Tanwar et al., 2010; Walker et al.,
L 2006)
Canthium inerme Kuntze (Krishnan et al., 2016; Tanwar et al., 2010)
(L.f.) Turkey-
berry
Cleome viscosa L. Wild (Chellappan et al., 2016; Krishnan et al., 2016; Mccomie,
mustard 2000; Tanwar et al., 2010; Walker et al., 2006)
Commelina Chandvel (Krishnan et al., 2016; Tanwar et al., 2010; Walker et al.,
benghalensis L. 2006)
Convolvulus arvens Chandvel (Krishnan et al., 2016; Tanwar et al., 2010; Walker et al.,
L. 2006)
Euphorbia hirta L. Asthma (Krishnan et al., 2016; Tanwar et al., 2010)
plant
Leucas aspera Dronapushpi  (Krishnan et al., 2016; Miller & Miller, 2002; Tanwar et
(Wild) al., 2010)
Ocimum sanctum L. Tulas (Krishnan et al., 2016; Tanwar et al., 2010)
Parthenium Congress (Chellappan et al., 2016; Krishnan et al., 2016; Mccomie,
hysterophorus L grass 2000; Tanwar et al., 2010)]
Phyllanthus niruri L Hazardani (Krishnan et al., 2016; Tanwar et al., 2010)
Trianthema Pig weed (Krishnan et al., 2016; Tanwar et al., 2010)
Portulacastrum L
Tridax Procumbens Ghamra (Krishnan et al., 2016; Miller & Miller, 2002; Tanwar et
L al., 2010; Selvaraju & Sakthivel, 2012)

The papaya mealybug infests a wide variety of crop and weed species (Table 2) where it is
able to survive and lead to severe losses of both food and cash crops. Since most of the
control methods in use have not been successful (Tanwar et al., 2010) and they are costly to
ordinary farmers this raises the need for further research on sustainable solutions to reduce

the losses.
2.3.5 Infestation level and yield loss

It has been observed that farmers can incur mean yield loss of up to 91% due to papaya
mealybug infestations (Macharia et al., 2017). The pest attacks and damages various parts of
the host plant including the leaves, stems, flowers and fruits (Sharma & Pati, 2013). The
infested plants usually have a thick white wax and soot mould covering part or all the plant
parts and usually with other associated effects including deformed fruits and fruit abortion

(Tanwar et al., 2010). Heavy infestation by the pest on papaya occurs along the veins and the
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midribs of the older leaves and all areas of the tender leaves and fruits (Tanwar et al., 2010).

Severely affected older leaves turn yellow and dry up (Meyerdirk et al., 2004).

Table 3: The pest status of papaya mealybugs in some Sub-Saharan African countries

Country Presence Yield loss (%) Infestation level Author

Kenya + 91 High Macharia et al. (2017)
Tanzania + NA High IITA (2015)

Ghana + 65 - Hintenou (2015)
Cameroon + NA High Fand and Suroshe (2015)
Benin + NA High Goergen et al. (2014)
Gabon + Not quantified High Goergen et al. (2014)
Nigeria + Not quantified High Nébié et al. (2016)

+ = Present, NA = not assessed

The leaf damage is through curling, crinkling, twisting and general leaf distortion, reduced
leaf size and surface area. The stem and shoot damage are manifested through shoots and
young stem distortion and malformation, arrested growth at the shoot terminals leading to
shortened internodes and rotting at the shoot tip (Meyerdirk et al., 2004 and Tanwar et al.,
2010). Infested flowers are distorted and fail to open, and when they open, petals become
twisted or malformed or show various types of blemishes, premature flowers drop resulting in
poor fruit sets, fruits shrivel and drop (Sharma & Pati, 2013). The yield losses in most sub-
Saharan African countries have not been quantified, although infestation has been reported
and thus this calls for effective and sustainable intervention to effectively manage the pest
(Table 3).

2.3.6 Preference for biological pest management methods for papaya mealybug

Management of Papaya Mealybug has not been very successful due to the species’ high
reproduction rate, protection by ants and a wide host range (Rasheed et al., 2014). From our
reviewed literature, authors identified different methods and the frequency of their
recommendation is as shown in Fig. 2. Literature search revealed that the most recommended
method for managing Papaya mealybug is the use of biological control in about 70% of the
literature sources. The preference for biological control methods has been due to the belief
that they are economically viable and environmentally friendly compared to the common

synthetic chemical control approach and that they can be species-specific, only targeting the
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papaya Mealybug (Macharia et al., 2017; Sakthivel et al., 2012 and Thangamalar et al.,
2010). The method is also considered a long-term solution to the mealybug infestation
problem as the pest and predators are self-perpetuating. The predator is able to persist even
when the mealybug population is low, thus keeping the pest populations below economic
injury levels (Mani et al., 2012 and Suresh et al., 2010).

Different natural enemies of the papaya mealybugs are commercially available including
mealybug destroyer (Cryptolaemus montrouzieri), ladybird beetles, lacewings and hoverflies,
all with a potential impact on Mealybug populations (Macharia et al., 2017; Tanwar et al.,
2010 and Walker et al., 2006). In addition to predators, several parasitoids have been tried
and confirmed to have the ability to attack papaya Mealybug in 95 to 100% of the cases
(Walker et al., 2006). In some countries such as the USA, parasitoids such as Acerophagus
papaya, Anagyrus loecki, Anagyrus californicus, Pseudleptomastix mexicana and
Pseudaphycus spp are used for biological control of papaya mealybug (Meyerdirk &
Kauffman, 2001; Meyerdirk et al., 2004 and NoYes & Schauff, 2003). In other countries
including India, the Lepidopteran predator S. epius is a well-known representative of
carnivorous butterflies feeding on various species of Mealybugs (Chatterjee & Halder, 2017;
Franco, Zada & Mendel, 2009; Lohman & Samarita, 2009; Rich, 2008 and Tanwar et al.,
2010). This highlights the possibility of using the African Spalgis species in biological

control although studies must be conducted to substantiate their efficacy against mealybugs.

Surprisingly, a chemical option to suppress the mealybug was supported by only 16% of
authors, though it is the most common method used by farmers (Krishnan et al., 2016;
Sakthivel et al., 2012 and Sharma & Pati, 2013). The commonly used chemicals are
profenophos 50 EC (2 mL/L), chlorpyriphos 20 EC (2 mL/L), buprofezin 25 EC (2 mL/L),
dimethoate 30 EC (2 mL/L), acephate, carbaryl, cypermethrin, diazinon, malathion and white
mineral oils (Macharia et al., 2017 and Walker et al., 2006).

Although the chemical method had the second-highest literature support, it had been reported
to be unable to control papaya mealybugs to below an economically-significant level (Walker
et al., 2006). This necessitates the application of twice the usual dose in treating the pest due
to the thick waxy coat on the mealy bug’s body cottony sacs and their tendency to hide inside
damaged leaves and buds (Krishnan et al., 2016; Sakthivel et al., 2012 and Tanwar et al.,
2010). As a result, this makes chemical control methods only partially effective and requires

multiple applications, leading to the problems of insecticide resistance, effects on non-target
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organisms including the natural enemies and micro-organisms as well as pollution to the
environment (Sakthivel et al., 2012; Jalali et al., 2016). Furthermore, excessive pesticides can
cause both short- and long-term effects on human health (Charles, 1996; Horrigan et al.,
2002).

16% m Biological control

E Traditional/Cultural
& Mechanical
13%

70% m Chemical

mlegal

Figure 2: Papaya mealybug management methods and support frequency by authors
cited in this review

2.3.7 Efficacy of biological control through Apeflies

Using the Indian Apefly S. epius as a model system, five larvae of this species showed the
potential of consuming a mean number of 4117+ 553 eggs, 281 *+ 45 nymphs and 77+ 16
adults of papaya mealybug under laboratory conditions (Dinesh & Venkatesha, 2011) as
reported in Fig 3.
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Figure 3: Efficacy of Spalgis epius in the management of different life stages of
mealybugs according to studies by Dinesh and Venkatesha (2011)
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Figure 4: Publications between years 1989-2018 in support of Spalgis epius, Spalgis
lemolea and genus Spalgis respectively in biological control of papaya
mealybugs

Adult S. epius lay eggs on the mealybug masses and the newly hatched larvae remain inside
the mealybug ovisac to consume the eggs of the Mealybugs (Tanwar et al., 2010). As this
happens the population of mealybug is restrained to their minimum levels in favour of the
crops (Dinesh & Venkatesha, 2011). Due to this biological ability, out of 84 publications
reviewed several authors have recommended members of the genus Spalgis in biological
control programs against papaya mealybug and Spalgis epius is the most studied, particularly
in India (Fig. 4 a, b and c).

Studies report the existence of the African Apefly (S. lemolea) (Bennett & Greathead, 1978)
but there is no indication of how the species can be used for the management of mealybugs.
This calls for further research to understand how African Apefly could be used in African
countries as a biological control agent. The model is hereby proposed in studying the African
Spalgis to aid stepwise research and utilization of the same in managing papaya mealybug in
Sub Saharan Africa (Fig. 5).
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Figure 5: Proposed stepwise study and research model for S. lemolea in Sub Saharan
Africa

This literature review investigated members of genus Spalgis, focusing on distribution,
diversity, chemistry and the possibility of applying them as biological control agents on
mealybugs in Sub-Saharan Africa. Successful application of the Indian S. epius for biological
control of papaya mealybug has been described and the possibility of applying the African
Apefly (S. lemolea) in biological control of papaya Mealybug in Africa have been
highlighted. Inadequate information on S. lemolea’s predatory ability and a possibility of its

integration in biological control of mealybug species calls for further studies.

16



CHAPTER THREE
MATERIALS AND METHODS
3.1  Study area

The survey of the occurrence, host range and farmers' perceptions on what they referred to as
unusual insect that was then identified as Apefly (Nassari et al., 2020) was conducted in five
regions of Tanzania namely Shinyanga, Morogoro, Geita, Arusha and Iringa from March to
October 2018 (Fig. 6). Four sites were purposefully selected from each district following

previous reports of Apefly emergence through news channels.
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Figure 6: Map of Tanzania indicating the sites where the study was carried out

The sites were Mvomero district, Iringa district, Geita district, Meru district and Shinyanga
district as shown in Table 4 below. For areas where records were lacking, the selection was

based on mealybug infestations and/or the presence of crops prone to mealybug infestation.
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Table 4: GPS points for the study sites

District Latitude Longitude
Arumeru 06°30° 310°S 037°33° 541’E
06°08° 397°S 037°35” 519°E
06°08* 337°S 037°35” 490’E
06°30° 260°S 037°34° 163’E
Iringa 07°31° 428°S 035°28° 508’E
07°37° 268’S 035°37’ 208’E
07°38” 325’S 035°36’ 072’E
07°46” 471°S 035°41° 349°E
Geita 02°43° 187°S 031°50° 599°E
02°43” 186°S 031°50” 596’E
0244’ 196°S 031°56* 460’E
02°53'614°S 032°13' 529°E
Arumeru 03°24° 312°S 036°48° 515’E
0320’ 585’S 037°18 590’E
0323’ 451°S 03647 511’E
03°20° 315°S 033°46’° 303’E
Shinyanga 03°40° 516°S 033°24° 550’E
03°37'523’S 033°50" 499’E
03°54° 107°S 033°13” 334’E
03°48’ 365°S 033°20° 400’E

3.2  Assessment of Apefly occurrence

A total of 20 farms (four farms per district) with reports of the occurrence of the ‘kidudu mtu”
were randomly visited. Geographical information such as latitude, altitude and longitude
were collected in each location. In each visited farm, numbers of insect pupa were collected
from four randomly selected host plants. As pupas were mainly found in association with
papaya mealybug, the infestation levels of papaya mealybug were quantified as *** = High
(> 10 colonies per infected tissue), ** moderate (five to ten colonies per infected leaf), *=low
(1-4 colonies per infected tissue) and - = no infestation. Information on the history of
pesticide use was collected as well. Pupal were collected by handpicking them off a plant part
(mainly leaves) and placing them in plastic containers (dimensions 4 x 15 x 21 c¢cm), covered
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with a fine screen from which the adult could not escape upon emergence. In total, 17 insect

pupas were collected.

The collected pupas were carried in different containers and labeled basing on-site and host
plants. The samples were transported to the Tanzania Agriculture Research Institute Tengeru
Centre, Arusha Tanzania. The specimens were kept in glass insect cages 30 x 30 x 30 cm
with two fine mesh sides at 27-29 °C and adult emergence was recorded. Emerged adults
were provided with 10% honey diluted in water-soaked in cotton wool for feeding (Dinesh et
al., 2010). The specimens were sent to the Tropical Pesticide Research Institute (TPRI) for
identification to the genus level. The Representative specimens were deposited in the insect
specimen box at the National Insects Collection Reference Center (NICRC), Arusha,

Tanzania.
3.3 Knowledge Survey

A survey of the existing knowledge, perceptions, and reactions of farmers in Tanzania with
respect to Apefly was carried out between January and September 2018. A total of 100 key
informants (20 respondents from each district) were purposefully selected for interviews.
Trained enumerators administered semi-structured questionnaires after pre-testing the
questionnaire for its validity among households in the selected areas and to familiarize the
enumerator with the questionnaires as well as the handling of the survey. The information
collected included: Participant’s socio-economic profiles and people’s knowledge, perception
and reaction towards the African Apefly. Respondents were interviewed in the Swahili
language. The questionnaires were discussed during face-to-face interviews and non-verbal

communications were noted.

3.4 Molecular identification and diversity of Apefly species available in Tanzania

3.4.1 Primer design

Primers targeting ribosomal ribonucleic acid (rRNA) were designed using Primer3 software
available for free on the internet using sequences from gene bank accessions KP215790.1 and
KP215813.1, KP215790.1 and KP215813.1, KP215816.1 and KP215791.1, KP215816.1 and
KP215791.1, and KP216182.1 and KP216184.1. In total five primers sets were designed, and
primer sequences were sent to Ingaba biotechnical industries (pty) Ltd (Pretoria). The

resultant primers were tested using deoxyribonucleic acid (DNA) samples of insects collected
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from different locations in Tanzania using a conventional Polymerase Chain Reaction (PCR)
(C1000 touch, thermal cycler, Bio-rad, Singapore). Of the tested primers, one set of primers
i.e. P2F-5"CGGCGTGCACTTCTCTCTTA3’ and P2R-
5’"GCCCGAAACAGAATCATCGC3’ was selected due to its ability to amplify the target

region of the insect.
3.4.2 DNA extraction and PCR reactions

The adult Apefly (Spalgis spp) that emerged from pupa were homogenized by using a bead
raptor followed by total genomic DNA extraction using Quick-DNA tissue/insect Mini-prep
kit (Zymo Research Corp) following the manufacturer’s instructions. The DNA purity and
concentration were assessed by Nanodrop lite spectrophotometer (Thermo fisher scientific).
The target gene was amplified by PCR with the following composition for each single
reaction tube; 12.5 pl of 2 x OneTaq master mixes with standard buffer (New England
Biolabs, UK), 0.5 pl of forward and reverse primers and 9.5 ul of nuclease-free water to
bring the total reaction volume to 25 pl. The PCR conditions were set as follows; initial
denaturation at 94 °C for 30 sec followed by 30 cycles of 94 °C for 30 sec, 58 °C for 45 sec
and 68 °C for 60 sec and a final extension at 68 °C for 5 min. Gel electrophoresis was used to

confirm the presence of the expected band size.
3.4.3 Sequencing analysis and species identity

The PCR amplicons were purified and sequenced by Ingaba biotechnical industries (pty) Ltd
(Pretoria). The 16s rRNA sequences were obtained as forward and reverse sequences. PreGap
4 (V. 1.6-r) was used to evaluate the quality of the sequences and gene editing was conducted
in Gap 4 (V. 11.2-r).
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Figure 7: Processing the forward and reverse gene sequences in the software Gap4

In Gap4, the sequences were first opened in the contig selector (Fig. 7 a), and then viewed
and edited in the contig editor (Fig. 7 b) to eliminate gene ambiguity with the help of DNA
chromatograms and confidence levels displayed simultaneously in the trace display window
(Fig. 8) and by checking the base allocations on the forward and reverse sequences. The
extreme ends of the sequences where base allocation ambiguity could not be corrected were
trimmed off in Gap4 during gene-editing and the editing process continued until a mismatch
of 0.00% was obtained between the forward and the reverse sequences. This was followed by
joining the forward and reverse sequences on the contig editor to generate the consensus
sequences per strain as portrayed in Fig. 8. The obtained consensus sequences for all the 10
Apefly strains are provided in Appendix 1.
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Figure 8: Generation of consensus sequences by joining the forward and reverse gene
sequences

The Megabalst program of the Basic Local Alignment Search Tool (BLAST) (V. 9.2.0)
(Zhang, Schwartz, Wagner & Miller, 2000) was used to obtain the Apefly species identities at
the National Centre for Bioinformatics (NCBI) Genbank server
(www.ncbi.nlm.nih.gov/BLAST). The identification decisions were made based on sequence

similarity of over 99%.
3.4.4 Phylogenetics

Phylogenetics was conducted using the Molecular Evolutionary Genetics Analysis (MEGA)
X (V. 10.0.5) (Kumar, Stecher, Li, Knyaz & Tamura, 2018). The process of multiple aligning
the gene sequences of the 10 S. lemolea lemolea isolates is displayed in Fig. 10 both before
(Fig. 9 a) and after (Fig. 9 b) the gene alignment in MEGAX.

To evaluate the relationship between S. lemolea lemolea species and related genera and
species in the NCBI gene bank, using the sequence of one of the S. lemolea lemolea isolates
(STR10), a search was conducted on the blastin suite of the NCBI gene bank and the search

was optimized for highly similar sequences.
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Figure 9: Processing gene sequences in the MEGA software during the phylogenetic
analyses of the 10 Splagis lemolea lemolea 16S rRNA sequences
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Figure 10: Processing gene sequences in the MEGA software during the phylogenetic
analyses of evolutionary relationships between Spalgis lemolea lemolea
STR10 and related gene sequences in the NCBI genebank

From the results obtained, the search was filtered to include only sequences with similarity
above 91%. A total of 22 gene sequences were obtained in this manner. The sequences were
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downloaded in FASTA formats and aligned with the gene sequence of S. lemolea lemolea
STR10 on MEGAX software. Figure 10 displays the gene sequences of S. lemolea lemolea
STR10 and the 22 related gene sequences on the alignment explorer of MEGAX. The blank
spaces demonstrate areas of DNA base similarities.

3.5  The life cycle and developmental stages of the Apefly
3.5.1 Lab rearing of the prey —papaya mealybugs

Papaya mealybug eggs, nymphs and adults were initially collected by using a camel hairbrush
from an infested pawpaw plant (C. papaya) in the Pawpaw field of Tengeru Horticultural
Research Institute in Arusha, Tanzania. Adopting the Technology for Production of Natural
Enemies (Singh, 1994) the mealybugs were reared in the laboratory at the temperature of 25
- 27 °C in a relative humidity (RH) of 55-65% on potted sprouted Irish potatoes (Solanum
tuberosum). For constant availability of the prey, fresh potato sprouts were infested with

mealybugs whenever required.
3.5.2 Laboratory rearing of the predator - Apefly

The Apefly (S. lemolea lemolea) larvae were reared in the laboratory on potato plants (S.
tuberosum) infested with P. marginatus following the method described by (Dinesh et al.,
2010) with minor modifications. The predator larvae completed their development on the
mealybug-infested potato plants. The emerged adults of Apefly were allowed to mate and
fresh mealybug-infested potato plants were provided for egg oviposition in the same cage.
The eggs laid in the mass of mealybugs on potato leaves were carefully separated and kept
individually in Petri dishes on a filter paper. The newly emerged larvae from these eggs were
maintained in the same Petri dishes and provided with egg masses and nymphs of mealybug
as food until they reached the pre-pupa stage. A few larvae from each instar were stored in
70% alcohol for morphometric purposes (Saengyot & Burikam, 2012).

3.5.3 Evaluation of the morphology and life cycle of Apefly

The moulting of larvae was confirmed by examining the Petri dishes daily for exuvial. We
recorded for the developmental period from egg to adult (in days) and the
number of larval instars in a life cycle, were recorded. The size of the egg, each larval instar,

pre-pupa, pupa and adult Apefly were measured with an optical microscope (Optika B-350 —
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Italy) (Nasari et al., 2020). The external morphologies of each stage were also studied
including observation of colour, measurement of body and wing size. Observations of the
eclosion timing, larval feeding habits, as well as the mating and egg-laying behaviours of the
adults were recorded. The duration of the pre-oviposition and oviposition periods was also

documented.

3.6  The predatory and biological control potential of the Apefly against the papaya

mealybug

The study assessed the potential of the Apefly (S. lemolea lemolea) as a papaya mealybug
predator by quantifying the prey consumption and preference in the laboratory at 25-27 °C,
under a 55-65% RH and 12 h L:12 h D photoperiod. This method, though slitely modified,
was proposed by Dinesh et al. (2010). The daily and stage-wise consumptions were used as
measures and were employed to determine the predatory potential of the Apefly on the

papaya mealybugs (P. marginatus) under laboratory conditions.

S. lemolea
lemolea larva

Larva excretes S. Lemolea

Left over prey adults lemolea pupa

Figure 11: Apefly (Spalgis lemolea lemolea) larvae feeding on mealybugs (Paracoccus
margnatus) during the laboratory experiment on its biological control
potential

To determine the daily consumption of mealybugs by the Apefly, the study assessed the daily
prey consumption by the Apefly from hatching to pupation. The Apefly eggs laid on the
mealybug masses were collected with a fine camel hairbrush and kept individually in Petri
dishes (5 cm diameter) on filter papers to hatch. This experiment was replicated five times

adapting the methodology by Saengyot and Burikam (2012).
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In each replicate, the newly emerged larvae from the eggs were maintained in the same Petri
dish and provided with a daily egg masses (up to 500), nymphs (200-250) and adults (100-
150) of mealybugs as food until they reached the pre-pupa stage. Before providing the prey
stages, the eggs, nymphs and adults of mealybugs were counted using a stereo zoom
microscope. Based on preliminary observations, the prey stages were offered to the Apefly
larva daily in pre-determined quantities to ensure that the available prey exceeded the amount

that the predator could consume in a day.

The number of eggs, nymphs and adults of prey consumed by the Apefly larvae was recorded
at 24 h intervals by counting the number of leftover preys in the Petri dishes in each life stage
category. The larval excretes and leftover prey stages (Fig. 11) were removed daily and the
predators were fed with fresh prey stages. The collected data was used to determine the

number of preys consumed during each instar.
3.7  Toxicity of Apefly meal on mice
3.7.1 Collection and preparation of Apefly meal

Pupa Apefly were collected from papaya plants in an organic garden located at Tengeru in
Arusha Tanzania (S 0324°31.2” and E 03648°51.5”).

Identification of the African Apefly up to the genus level was done at the TPRI and the
specimens were deposited at the NICRC, Arusha, Tanzania. Molecular identification of the
collected samples was carried out at the Nelson Mandela African Institution of Science and
Technology, Arusha, Tanzania, and the samples were confirmed to be African Apefly (S.
lemolea lemolea). The collected samples were pulverized into fine particles. The preparation

of Apefly is as summarized in Fig. 12.
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Figure 12: The preparation and handling of Apefly meal (a) Apefly pupa (b) Grinding
of Apefly pupa (c) Apefly powder (d) A mouse feeding on 100% Apefly
powder

3.7.2 The experimental animals

Female Swiss albino mice 8-10 weeks old, with mean weight 27.12 + 0.54 were randomly
obtained from the Plant Protection Department of the TPRI. The selection of female mice
was based on their sensitivity to the toxic effects of chemicals than males (OECD, 1992). An
experiment was conducted to determine mice’s daily food consumption rates prior to the
experiment and their 24 h Apefly meal intake was obtained as a difference in weight between
the food put into the cage and that remaining after 24 h following the method described by
Moran (2003). The mice were weighed and marked and randomly allocated to specific
experimental groups. The mice were fed with broiler mash and clean drinking water for five
days prior to treatment to acclimatize to the laboratory conditions and the experimental
conditions were 25-30 °C and 40-60% RH and 12 h light/dark. The mice that participated in
the acute toxicity test were continually provided with feeds and water adequately even after

termination of the experiment.
3.7.3 Ethical consideration

An ethical clearance with notification number KNCHRECO0006 was given by the Northern
Zone Health Research Ethics Sub-Committee (KNCHREC) of the National Institute for
Medical Research (NIMR) in Tanzania.
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3.7.4 Acute toxicity study

A total of nine healthy female albino mice were involved in the acute toxicity test following
the guidelines of the Organization of Economic Cooperation and Development (OECD)
(2008). The mice were kept in wire mesh cages 39 x 17.5 x 17.5 cm, one mouse per cage and
were provided with wood shavings as bedding. Since no toxicity test of the Apefly was done
before, mice were randomly allocated into three groups of three mice each, where one group
was control and two treatment groups. The control group received normal food (broiler mash)
without Apefly while the second group received 50% Apefly meal plus 50% broiler mash and
the third group 100% Apefly meal. All mice were fasted for four hours before being exposed
to the treatments. After administration of the doses the mice were individually examined in
the first 30 min, and after 1 h, 4 h, 12 h; 24 h over a period of 14 days. All symptoms of
toxicity and recovery were noted; observations included changes in skin and fur, eyes,
respiratory activity and behaviour pattern. Furthermore, attention was directed to
observations of tremors, convulsions, salivation, diarrhoea, lethargy, sleep, coma and
mortality. The principles and criteria summarized in the Humane Endpoints Guidance
Document (Demers et al., 2006) were taken into consideration. Individual data was recorded
in tabular form, and numerical results for the control and treated groups were compared to

determine any health implications of Apefly consumption by the mice.
3.7.5 Sub-acute toxicity tests

The sub-acute toxicity test was carried out following OECD number 407. A total of 20
female albino mice were randomly allocated into seven cages of three mice each. The mice
were starved for four h and their weights were determined before treatment. Apefly meal was
given at 0%, 50%, 75% and 100% daily for 28 days. The mice were carefully observed in the
first 30 min, and after 1 h, 4 h, 12 h and 24 h over a period of 28 days. Their body weights
were determined after every 7 days and symptoms of toxicity such as changes in the skin, fur,
and eyes, respiratory activities and behaviour patterns were noted. Further attention was
directed to observations of tremors, convulsions, salivation, diarrhoea, lethargy, sleep, coma

and mortality.
3.7.6 Haematological and biochemical examination

On the 28™ day, all mice were individually weighed and subjected to chloroform anaesthesia.

Blood samples were collected from each of them by cardiac puncture into two types of tubes,
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with and without the anti-coagulant substance: ethylenediaminetetraacetic acid (EDTA).
Haematological parameters including; white blood cell (WBC), red blood cell (RBC), mean
cell volume (MCV), mean cell haemoglobin (MCH), mean cell haemoglobin concentration
(MCHC) and haemoglobin concentration (Hb) were determined using the blood samples in
the EDTA tubes by an automatic haematology analyzer. The blood samples contained in the
tubes without EDTA were centrifuged at 4000 rpm for 10 min and the obtained serum
subjected to biochemical and liver function analysis for parameters such as alkaline
phosphate (ALP), Creatinine (cr), Alanine aminotransferase (ALT) and Aspartate
aminotransferase (AST). After blood collection, all mice were sacrificed and dissected and
their organs such as spleen, liver, kidney and heart were collected. The organs were cross-
examined, and comparisons made between the control and treated mice groups. The organs
were then weighed and preserved in 10% neutral buffered formalin for histopathological

examination.
3.7.7 Histopathological analysis

The internal organs such as spleen, heart, kidney and liver, were prepared for histopathology
assessments. Three replicates of the liver, kidney and spleen sections of 5 um per treatment
were cut and processed by rapid manual tissue processing as described in Culling (1974). The
processed sections were stained with hematoxylin and eosin (H & E) and cover-slipped
following pre-described methodologies (Culling, 1974). The slides were then observed under
a light microscope and photomicrographs captured for documentation.

3.8  Data analyses

Knowledge survey data were summarized, frequencies and percentages were calculated using
the Statistical Package for Social Science (SPSS) version 20. For each question, the
percentage of farmers who gave similar responses was calculated for each site. Chi-square
was conducted to assess the association of responses with their location. The level of
significance was set at P = 0.05. One-way analysis of variance (ANOVA) with posthoc tests
were conducted to test if there was any significant difference in the weight of mice that
received different concentrations of Apefly during acute and sub-acute toxicity tests. Toxicity
data such as body and organ weight, haematological and biochemical parameters were
analyzed using measures of central tendency (Mean & SD). To determine if there were

differences between sexes, an independent-samples t-test was used to compare the mean body
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weight and the wingspan of the Apefly at P = 0.05. Descriptive statistics were used to
compare the developmental stages of the Apefly as well as daily prey consumption by

considering measures of central tendency.
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CHAPTER FOUR
RESULTS AND DISCUSSIONS
4.1  Results
4.1.1 The occurrence and host range of Apefly in Tanzania

Pupa Apefly was present in 10 out of 20 visited sites especially in sites and hosts that were
heavily infested by papaya mealybug. Out of 17-pupa Apefly collected, 10 emerged to adults
(Table 5). Pupation was noted to occur outside the mealybug colony, under the leaves and

fruits and other plant areas where there are fewer chances of interaction with other insects.

Table 5: Apefly occurrence, host plants and pesticide use in the study sites

Districts Study Sites Pupa Adult Host Pesticide MIL
collected emergence  Plant use

Mvomero Mvomero 2 1 Cassava X il
Sungaji 2 1 Cassava X ikl
Muhonda 1 0 Cassava X *
Diangoya 0 0 Cassava X -

Iringa llolo 0 0 Cassava X *
Luganga 0 0 Cassava X -
Kiwele 0 0 Cassava X *x
Matondo 0 0 Papaya / -

Geita Busanda 3 2 Papaya X falalel
Butundwe 1 1 Cassava X falaied
Kasamwa 0 0 Cassava X -
Kalangalala 2 1 Cassava X **

Meru Imbaseni 1 0 Papaya X *
Ngongongare 0 0 Papaya X -
Nambala 3 2 Cassava X **
Leganga 2 2 Papaya X faleed

Shinyanga Tinde 0 0 Papaya X -
Malasa 0 0 Papaya X -
Nganganurwa 0 0 Papaya / -
Shabuluba 0 0 Papaya / -

x = No pesticide applied and /= pesticide applied, MIL= mealybug infestation level; *** =
High (> 10 colonies per infected tissue), ** moderate (5-10 colonies per infected leaf), * =
low (1-4 colonies per infected tissue) and - = no infestation

Apefly pupa was available on plant species mainly in association with mealybug on host
plants. In proportion, the highest Apefly collection was on cassava (Manihot esculenta)

compared with papaya (C. papaya).
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4.1.2 Survey of the knowledge, perception and reactions towards the Apefly
Q) Socio-economic profiles

Table 6 summarizes the social-economic profiles of the participants (N=100). Most of the
respondents (60%) were males and a majority (54%) of them were aged between 41-60 years
while 72% had professional training from either colleges or universities. About 52% of them

were leaders at village and ward levels.

Table 6: The socio-economic profile of the participants

Characteristics N %
Sex
Male 60 60.0
Female 40 40.0
Age (Years)
21-40 35 35.0
41-60 54 54.0
>61 11 11.0
Education
No Professional training 28 28.0
College 54 54.0
University 18 18.0
Occupation
Community leader/elders 29 29.0
Ward/Village staff 52 52.0
District staff 17 17.0
Regional staff 2 2.00

(i) Survey results

Out of the 100 participants, 89 were included in the analysis of knowledge and Table 7
summarizes the knowledge assessment responses. Among the respondents, only 38.2%
reported having encountered a living Apefly while 61.8% had heard of the insect. A majority
(79.8%) of them reported having known the insect between 2010-2018 for the first time, with
the highest frequency in 2017 while a few (9%) had known the insect since the 1990s and
1980s.
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Table 7: Assessment of the existing knowledge, perceptions and reactions of people

about the Apefly
Characteristics N Percentage (%)
How did you know?
Encountered the insect 34 38.20
Heard about the insect 55 61.81
When?
2010-2018 71 79.82
2000-2009 10 11.20
Before 2000 8 9.04
In your farm?
Yes 13 14.60
No 76 85.43
In which season?
Wet season 5 5.62
Dry season 84 94.41
Interaction with other insects?
Yes 61 68.50
No 4 451
I don’t know 24 27.02
Apefly useful in Agriculture?
Yes 3 3.41
No 2 2.22
I don’t know 84 94.41
Heard any sick/dead of Apefly?
Yes 81 91.03
No 8 9.03
Source of information?
Experts 3 3.44
Media 74 83.12
Farmers 12 13.53
Is Apefly poisonous?
No 7 7.91
Yes 82 92.12
Any Intervention?
Yes 12 13.53
No 77 86.54
How do you deal with Apefly?
Chemical spray 6 6.72
Biological 4 451
Avoidance 79 88.80
Farmers affected by Apefly?
Yes 54 60.72
No 35 39.34
How was your first reaction?
No reaction 10 11.22
Scared 79 88.85

The media was the main source of information about the Apefly 83.1% of the respondents
(n=89). Most respondents (68.5%) had knowledge of other insects that are associated with the

Apefly, describing them as “white waxy insects” and “sticky insects”, meaning mealybugs.
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However, 94.4% did not know the relationship between the mentioned insects and the

Apefly.

Table 8: Knowledge, perception and reactions in association with the studied districts

Districts n (%)

How did you know?
| saw
| heard
When?
2010-2018
2000-2009
Before 2000
In your farm?
Yes
No
Interaction with other insects?
Yes
No
I don’t know
In which season?
Wet season
Dry season
Is Apefly useful?
Yes
No
I don’t know
Heard of a sick/dead of Apefly?
Yes
No
Source of information?
Experts
Media
Farmers
No information
Is Apefly poisonous?
No
I don’t know
Farmers affected by Apefly
Yes
No
Interventions
Yes
No
How do you deal with Apefly?
Chemical spray
Biological
Avoidance

Meru

7 (35)
13 (65)

18 (90)
1(5)
1(5)

2 (10)
18 (90)

15 (75)
4 (20)
1(5)

4 (20)
16 (80)

1(5)
19 (95)

20 (100)

18 (_90)
2 (10)

1(5)
19 (95)

2 (10)
18 (90)

1(5)
19 (95)

20 (100)

Geita

9 (45)
11 (55)

16 (80)
4 (20)

2 (10)
18 (90)

20 (100)

20 (100)
1(5)
19 (95)

19 (95)
1(5)
3 (15)

12 (60)
4 (20)
1(5)

2 (10)
18 (90)

20 (100)
3 (15)
17 (85)
3(15)

17 (_85)

Mvomero Shinyanga
11 (61.1) 5 (23.8)
7(38.9) 16 (76.2)
11 (61.1) 20 (95.2)
6 (33.3) -

1(5.6) 1(4.8)

9 (50) -

9 (50) 21 (100)

14 (77.8) 8 (38.1)

4_(22.2) 1_3 (61.9)

1-8 (100) 2-1 (100)

1(5.6) -

- 1(4.8)

17 (94.4) 20 (95.2)
16 (88.9) 16 (76.2)
2 (11.1) 5(23.8)
14 (7_7.8) 20 (9;5.2)
2 (11.1) 1(4.8)
2 (11.1) -

1(5.6) 2(9.5)
17 (94.4) 19 (90.5)
6 (33.3) 7(33.3)
12 (66.7) 14 (66.7)
8 (44.4) -
10 (55.6) 20 (100)
3 (16.7) -
4(222) -

11 (61) 20 (100)

Iringa

2 (20)
8 (80)

6 (60)
3 (30)
1(10)
10 (100)
4 (40)
6 (60)
1 (10)
9 (90)
1 (10)
9 (90)

10 (100)
10 (iOO)
1 (10)
9 (90)
10 (iOO)

10 (iOO)

11 (i00)

x2 (p-value)
7.401(0.114)

18.550(0.002) *

18.422(<.001) *

37.171(<.001) *

8.162(0.012) *

6.020(0.755)

6.989(0.069)

14.162(0.048) *

1.148(1.000)

49.554(<0.001) *

16.262(<0.001) *

37.378(<0.001) *

*P<0.05, x2 — Chi-square value (Fisher Exact)

When respondents were asked about their opinion on potential dangers of the Apefly to

human health, 92.1 of them said that the Apefly is dangerous based on what they heard

through media (83.1%) and other sources (16.9%). When asked about their emotional

reactions towards the insect, 88.8% reported that the insect was scarily and cause anxiety.

About 86.5% were not satisfied with the intervention made by experts to address the anxiety

when the insect availability was at its peak. Generally, a majority of the participants



perceived the insect negatively mainly due to its unusual appearance and the spreading news
about its toxicity. The findings were similar across the districts indicating that the insect was
generally perceived negatively regardless of the location. Despite the existence of negative
perception towards Apefly, 88.8% of the surveyed respondents did not aggressively deal with
Apefly but rather avoided them. The avoidance was described as abstinence from vegetables
associated with Apefly for a period of about 3-5 months, especially in most pronounced
areas. This reportedly reduced vegetable consumption by about 60.7% which caused high
losses to vegetable farmers, especially in Geita (Table 8). The responses of the participants on
the knowledge, perceptions and reactions were associated with respective districts in a

bivariate analysis as cross-tabulation (P < 0.05). The findings are summarized in Table 8.

4.1.3 Molecular identification of the Apefly samples
Q) PCR-based identification of the collected Apefly samples

The PCR using P2F/P2R amplified the target gene and produced a product of about 225 bp
(Fig 13).

[_300
200
100

50

Figure 13: Electrophoresis of PCR samples of rRNA Apefly genes from representative
host plants

1 =S. lemolea lemolea (Papaya) from Geita, 2 = S. lemolea lemolea (Cassava) from Geita, 3
= S. lemolea lemolea (Papaya) from Meru, 4 = S. lemolea lemolea (Cassava) from Meru, 5 =
S. lemolea lemolea (Cassava) from Mvomero.

Sequencing of the PCR amplicons and comparison of the resulting sequences with the NCBI
collections indicated the Apefly samples collected from different locations in Tanzania were
99% similar to S. lemolea lemolea of Gene Bank accession numbers KP215813.1 and
KP215790.1. Table 9 displays the Apefly species identities of the 10 insect samples aster
sequencing and analysis if the 16S rRNA genes. All the 10 Apefly isolates were identified as

S. lemolea lemolea.
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Table 9: Identity of genes on the NCBI website (blastin-nucleotide suite for somewhat
similar sequences on the nucleotide collection database)

Strain Closest match from Query Query Evalue % Accession
identity Nucleotide suite length cover Identity no

1  S.lemolea Spalgis lemolea lemolea 330 100% 2e-166 100%  KP215813.1
lemolea MCZ: AJG-07-N803

2  S.lemolea Spalgis lemolea lemolea 329 100% 3e-164 99.7%  KP215813.1
lemolea MCZ: AJG-07-N803

3 S.lemolea Spalgis lemolea lemolea 329 100% le-162 99.39% KP215813.1
lemolea MCZ: AJG-07-N803

4  S.lemolea Spalgis lemolea lemolea 330 100% 9e-165 99.70% KP215813.1
lemolea MCZ: AJG-07-N803

5 S.lemolea Spalgis lemolea lemolea 330 100% 2e-166 100%  KP215813.1
lemolea MCZ: AJG-07-N803

6 S.lemolea Spalgis lemolea lemolea 329 100% le-162 99.39% KP215813.1
lemolea MCZ: AJG-07-N803

7  S.lemolea Spalgis lemolea lemolea 329 100% le-163 99.70% KP215813.1
lemolea MCZ: AJG-07-N803

8 S.lemolea Spalgis lemolea lemolea 331 100% 2e-161 99.10% KP215813.1
lemolea MCZ: AJG-07-N803

9 S.lemolea Spalgis lemolea lemolea 329 100% 4e-163 99.39% KP215813.1
lemolea MCZ: AJG-07-N803

10 S.lemolea Spalgis lemolea lemolea 330 100% 2e-166  100.00% KP215813.1
lemolea MCZ: AJG-07-N803

(i) Phylogenetics
Genetic diversity of the S. lemolea lemolea gene sequences

The phylogenetic analyses of the identified Apefly isolates in this study were conducted
based on the estimates of genetic divergence between the respective sequences. The numbers
of base differences per site from between the different sequences as calculated using the p-
distance method are shown in Table 10. The analysis involved 10 nucleotide sequences
corresponding to the 10 Apefly isolates which were studied. All ambiguous positions were
removed for each sequence pair (pairwise deletion option) and there was a total of 348

positions in the final dataset.
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Table 10: Estimates of genetic divergences between the 10 gene sequences of S. lemolea
lemolea

Spalgis_lemolea_10

Spalgis_lemolea 9  0.535

Spalgis_lemolea_8 0.000 0.532

Spalgis_lemolea_ 7 0.000 0.534 0.000

Spalgis_lemolea_ 6  0.003 0.534 0.000 0.000

Spalgis_lemolea 5 0.000 0.535 0.000 0.000 0.003

Spalgis_lemolea_4  0.003 0.535 0.000 0.000 0.000 0.003

Spalgis_lemolea_ 3  0.003 0.535 0.000 0.000 0.000 0.003 0.000
Spalgis_lemolea_ 2  0.003 0.534 0.000 0.000 0.000 0.003 0.000 0.000
Spalgis_lemolea_1  0.000 0.535 0.000 0.000 0.003 0.000 0.003 0.003 0.003

A Genetic relationship of the 10 Apefly species that were studied is displayed in Fig. 14.

63— Spalgis lemolea 5

B Spalgis lemolea 1

B3

Spalgis lemolea 10

47 Spalgis lemolea 7

Spalgis lemolea 9

43 —— Spalgis lemolea 8

Spalgis lemolea 6

Spalgis lemolea 2

an —— Spalgis lemolea 4

43 —— Spalgis lemolea 3

Figure 14: Genetic relationships of the 10 Apefly taxa collected from different areas in
Tanzania
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Table 11: Estimates of genetic divergences between sequences of Spalgis lemolea lemolea STR10 and related sequences in the NCBI

database
Splagis_lemolea_lemolea_KP215813
Splagis_lemolea_lemolea_KP2157590 0.000
Spalgis_lemolea_lemolea_STR10 0.000 0.000
Spalgis_epius_epius_KP215816 0.053 0.053 0.046
Spalgis_epius_epius_KP215731 0.061 0.0861 0.046 0.005
Logania_regina_regina_KP215790 0.052 0.050 0.073 0.057 0.064
Loania_marmorata_damis_KP215819 0.056 0.056 0.076 0.059 0.068 0.006
Feniseca_tarquinius_KP215789 0.062 0.061 0.073 0.065 0.074 0.035 0.031
Feniseca_tarquinius_KP215760 0.062 0.059 0.073 0.064 0.074 0033 0.030 0.000
Allotnis_borneensis_KP215810 0.057 0.057 0.067 0.060 0.067 0.018 0.020 0.034 0.034
Allotinus_unicolor_unicolor_KP215767 0.055 0.055 0.0v6 0.060 0.070 0.016 0.019 0.036 0.036 0.018 .
Allotinus_subsrigous_substrigous_KP215776 0.061 0.061 0.080 0066 0074 0020 0.024 0036 0036 0.016 0.013
Allotinus_sp._DJL-2015_KP215824 0.054 0.054 0076 0058 0068 0014 0018 0035 0.034 0017 0.001 0.012
Allotinus_samarensis_russelli_KP215825 0.051 0.051 0.070 0.056 0.065 0.012 0.015 0.032 0.032 0.014 0.004 0.012 0.003
Allotinus_punctatus_panctatus_KP215815 0.056 0.056 0.064 0.061 0.067 0.018 0.020 0.034 0.034 0003 0.018 0013 0.017 0.015
Allotinus_portunus_pyxus_KP215765 0.05% 0057 0.073 0.065 0.071 0021 0.023 0.038 0.036 0.005 0.022 0.018 0.021 0.018 0.004
Allotinus_nivalis_nivalis_ KP215807 0.062 0059 0.073 0.064 0.074 0033 0.030 0.000 0.000 0.034 0.036 0.036 0.034 0.032 0.034 0.036
Allotinus_leogorgon_leogorgon_KP215770 0.058 0.058 0.0v6 0.062 0.070 0.016 0.020 0.038 0.038 0.019 0.003 0.013 0.001 0.004 0.019 0.023 0.038
Allotinus_horsifieldi_permagnus_KP215771 0.056 0.056 0.0v6 0.061 0.068 0015 0.019 0037 0.037 0018 0.001 0012 0.000 0.003 0.018 0.022 0.037 0.001
Allotinus_drumila_aphthonius_KP215757 0.059 0.059 0.0v3 0.053 0068 0016 0.020 0.036 0.035 0017 0.013 0.0177 0.012 0.009 0.017 0022 0035 0.013 0.012
Allotinus_davisis_KP215762 0.060 0.060 0.083 0.066 0076 0017 0.020 0.033 0.033 0018 0.013 0.007 0.011 0011 0.016 0.020 0033 0.013 0.012 0.017
Allotinus_corbeti KP215778 0.055 0.055 0.07v6 0.05%3 0070 0016 0.019 0036 0.035 0018 0.000 0013 0.001 0004 0018 0.022 0035 0003 0001 0.013 0.012
Allotinus_apries_apries_KP215762.1 0.058 0.058 0.080 0.063 0.073 0018 0.022 0.039 0.039 0021 0.003 0016 0.004 0.007 0.021 0.025 0.039 0.005 0.004 0.076 0.016 0.003
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The evolutionary history was inferred using the Neighbor-Joining (NJ) method (Saitou &
Nei, 1987). The bootstrap consensus tree inferred from 1000 replicates is taken to represent
the evolutionary history of the taxa analyzed (Felsenstein, 1985). Branches corresponding to
partitions reproduced in less than 50% bootstrap replicates are collapsed. The percentage of
replicate trees in which the associated taxa clustered together in the bootstrap test (1000
replicates) are shown next to the branches (Felsenstein, 1985). The evolutionary distances
were computed using the p-distance method (Nei & Kumar, 2000) and are in the units of the
number of base differences per site. This analysis involved 10 nucleotide sequences. All
ambiguous positions were removed for each sequence pair (pairwise deletion option). There
was a total of 348 positions in the final dataset. Evolutionary analyses were conducted in
MEGA X (Kumar et al., 2018).

Evolutionary relationships between Spalgis lemolea lemolea STR10 gene sequence and

related gene sequences in the NCBI genebank

The numbers of base differences per site from between sequences are shown in Table 9 for
Splagis lemolea lemolea STR10 and related gene sequences in the NCBI genebank (>91%
similarity). A phylogenetic diagram was developed to illustrate the evolutionary relationships
among the 10 S. lemolea lemolea isolates and the related gene sequences in the NCBI
genebank (Fig. 14). The identified S. lemolea lemolea strains used in the phylogenetic
analysis were all closely related to other S. lemolea lemolea strains in the genebank and

closely related to two S. epius epius strains in the genebank.

The evolutionary analyses were conducted in MEGAX and the evolutionary history was
inferred using the NJ method. The bootstrap consensus tree inferred from 1000 replicates is
taken to represent the evolutionary history of the taxa analyzed (Felsenstein, 1985). Branches
corresponding to partitions reproduced in less than 50% bootstrap replicates are collapsed.
The percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test (1000 replicates) are shown next to the branches (Felsenstein, 1985). The
evolutionary distances were computed using the p-distance method (Nei & Kumar, 2000) and
are in the units of the number of base differences per site. This analysis involved 32
nucleotide sequences. All ambiguous positions were removed for each sequence pair

(pairwise deletion option). There was a total of 946 positions in the final dataset.
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Figure 15: Genetic relationships of 10 Splagis lemolea lemolea sequences and 22 related
taxa in the NCBI gene bank

4.1.4 Life cycle and developmental stages of the Apefly
0] The morphology and life cycle of the Apefly (S. lemolea lemolea)
Eggs

The eggs of the Apefly were laid singly interspersed in small groups of 2-8 eggs, with many
short flights in between different spots (Fig 16). The eggs were disc-shaped, flat on both sides
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with depressions on the tops. The eggs were creamy in color, with a mean diameter of 0.51 +
0.02 mm.

Figure 16: Eggs of the Apefly (S. lemolea lemolea) laid on potato leaves infested with
mealybug colonies

Larvae

There were four larval instars of the Apefly (Fig. 17). The 1% larval instar was inactive,
residing in the mealybug colony and made a feeding chamber in mealybug egg masses. It also
fed on small mealybug nymphs when the eggs were not available. After moulting, the 2"
instar larvae moved out of its egg chamber for feeding and its body was covered with
mealybug wax and mealybug eggs attached to it. The 3™ and 4" instar larva instars crawled
while feeding and ate all mealybug stages. The length and width of the 4 larval instars are
displayed in Table 10. The freshly-eclosed larva was creamy in colour with dark-brown setae
(Fig. 17 b).

Figure 17: Larval instars of the Apefly (S. lemolea lemolea)
(a) Larval instars before molting (b) Freshly enclosed larval instars. Photographs by author

The freshly-eclosed 4™ larval instar had much shorter setae compared to the previous stages,
with a pale-brown segmented body. All larva instars had a hard dark-brown hairy cuticle
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covered with thick waxy coating before molting (Fig. 13 a) as a result of its close association

with the mealybugs.
Pre-Pupa and Pupa

The pre-pupa larva stopped eating, shrunk and its setae disappeared (Fig. 18 a). It then moved
away from the mealybug colony and firmly attached itself to the leaf or stem of the host plant
and produced a small amount of silk for attachment to the plant. The pupa was light brown on
the dorso-lateral side and whitish on the ventral side. However, the color darkened gradually
as development progressed. The dorsal side of the pupa resembled the face of a monkey (Fig.

18 b). The pupa showed clear spots of eyes, nose, and cheeks on the dorsal side.

Figure 18: The pupa stages of the Apefly (S. lemolea lemolea)

(a) Pre-pupa and (b) Pupa of the Apefly

Adults

The adults Apefly had whitish-grey wings with thin black stripes on the inner side of the
wings (Fig. 19 b, ¢, h and i) and bold black stripes on the outer edges of the forewings (Fig.
19 f and g). There were no significant colour differences between male and female adults
(Fig. 19 a). The abdomen of the male was slender (Fig. 19 d) but broader in females
compared, the former with an ovipositor for egg-laying (Fig. 19 e). Observation of the pre-
mating behaviours revealed a prolonged physical contact whereby the females pushed

underneath the males to mate (Fig. 19 a).
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Figure 19: Adult male and female Apefly (S. lemolea lemolea)

(a) Adult female of Apefly laying eggs, (b, c) Male Apefly, (d) Female Apefly, (e) Left
forewing, (f) Right forewing, (g) Left hind wing and (h) Right hind wing

(i)  The body lengths and developmental periods of the Apefly

The 1% and the last larval instars measured 1.9 + 0.17 mm and 10.24 + 0.23 mm in length
respectively and 0.64 £ 0.03 mm and 6.08 + 0.61 mm in width respectively (Table 12). The
mean body length of the male and female adults was 10.10 £ 0.43 mm and 11.03 £ 0.84 mm
respectively, and the average wingspan was 27.15 + 0.65 mm for males and 29.76 + 1.01 mm

for females.

Table 12: Body length measurements (mm) of the larva, pre-pupa and pupa of Spalgis
lemolea lemolea

Stage of Length (mm) Width
development (mm)
Mean + SD Range Median Mean+SD  Range Median
Larva 1% Instar 1.90 +0.17 1.60-2.20 1.90 0.64+0.03 0.58-0.72 0.63
2" Instar  3.26 +0.18 2.80-3.61 3.31 161+0.11 1.40-1.81 1.62

3 Instar 5.77+0.21 5.20-6.20 5.82 3.67+0.28  3.00-4.35 3.59
4™ Instar 10.24+£0.23  9.70-10.70 10.3 6.08+0.61 5.30-7.40 5.78
Pre-pupa 7.41+0.22 6.82-7.8.01 7.42 459+0.34 4.00-5.30 451
Pupa 6.73 +0.22 6.21-7.20 6.71 3.94+0.06 3.82-4.02 3.92

There was a significant difference in body length (t = -4.384, P < 0.001) and in wingspan (t =
-9.684, P < 0.001) between the male and female (Table 13). The female laid an average of 68
eggs after 4-5 days of eclosion, whereby 2 - 7 eggs were laid in a group at different spots.
The duration of each developmental stage of the Apefly was determined under laboratory
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conditions with the temperature at 25-27 °C, under 55-65% RH and 12 h L: 12 h D
photoperiod.

Table 13: Body length measurements (mm) of the adult S. lemolea lemolea

Body length (mm) Mean + SD Wingspan (mm) Mean + SD
Male 10.10 £ 0.43 Male 27.15+0.65
Female 11.03+0.84 Female 29.76 £ 1.01
[t (38) =-4.384, P <0.001 t (38) =-9.684, P <0.001] n=25

The duration of each developmental stage of the Apefly was determined under laboratory
conditions with the temperature ranging between 25 to 27 °C, RH ranging between 55-65%
and photoperiod of 12 h L: 12 hr D. The mean duration of development of the eggs, larva
instars, pre-pupa and pupa were 3.66, 10, 0.95 and 9.48 days respectively as presented in
Table 14. The life span of the Apefly from egg to adult emergence was 23.5 days.

Table 14: Duration of developmental stages of the Apefly (S. lemolea lemolea) reared on
mealybugs (P. marginatus) under laboratory condition

Stage of development Duration (days)
Mean = SD Range Median
Egg 3.66 £0.41 3.11-4.53 3.60
Larva 1% Instar 2.27 +0.62 1.50-3.91 2.21
2" Instar 2.06 £0.29 1.72-2.60 2.01
3 Instar 2.01 +£0.29 1.61-2.52 1.91
4" Instar 3.31+051 2.40-4.21 3.30
Pre-pupa 0.95+0.16 0.71-1.60 0.91
Pupa 9.48 £1.19 8.01-12.11 9.01

4.1.5 The predatory activity of the Apefly on the papaya mealybug

The Apefly (S. lemolea lemolea) with 4 larval instars completed their developmental stages in
10 days in the laboratory. The freshly hatched 1% instar larvae consumed a mean of 77.4 + 6.5
mealybug eggs on the 1% day and consumption increased as development progressed. The
highest consumption of the mealybug eggs (311.2 + 20.3) was reached on the 9™ day but
decreased to 288.8 + 19.5 on the 10" day (Fig. 20).

The consumption of nymphs of the mealybugs by a newly hatched Apefly on the 1% day was
1.20 £ 0.4 nymphs, increasing as development progressed. The maximum number of nymph
consumption (24.6 + 1.1), was reached on the 9" day but decreased to 20.8 + 1.1 on the 10"

day. When mealybug adults were provided as prey, the consumption by a newly- hatched
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Apefly larva was 0.21 + 0.4 adults on the 1 day but increased thereafter to 16.6 + 1.8 adults
on the 9™ day and then decreased to 14.80 + 2.8 on the 10" day (Table 15).

Table 15: The daily consumption of mealybug (P. marginatus) stages by Apefly (S.
lemolea lemolea) larvae

Days Eggs Nymph Adult
Mean + SD Range Mean £ SD Range Mean £ SD Range

1 774+£6.5 69 - 85 1.20+£0.45 1-2 0.21+£0.45 0-1
2 98.8 £ 6.61 92 -108 221+1.10 1-3 1.01+0.71 0-2
3 119 +5.57 112 -126 401+0.71 3-5 240+ 0.55 2-3
4 146.1+ 6.6 139 - 152 6.61+1.14 5-8 4.61 +0.89 4-6
5 176.2 £9.96 159 — 182 10.63+1.14 9-12 6.42 £1.34 5-8
6 213.2 £ 26.29 183 - 255 1461+ 1.14 13-16 8.81 +1.30 7-10
7 249.4 £ 29.31 211-291 17.42 +1.52 16 - 20 11.42 +0.89 10-12
8 302.6 £ 28.04 262 — 335 21.01 +£1.58 19-23 13.80+ 1.31 12-15
9 311.2 £20.28 287 — 342 2460+ 1.14 23-26 16.61 + 1.82 15-19
10 288.8 £ 19.51 262 - 311 20.81+1.10 1922 14.80 + 2.77 12-19
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Figure 20: Daily consumption of mealybugs (P. marginatus) by Apefly (S. lemolea
lemolea) larvae under laboratory condition

On average, a single Apefly larva consumed 1982.6 + 117 eggs, 123 £+ 5.8 nymphs and 80 +

8.5 adults of mealybugs during its entire larval development period. The consumption of prey

increased as the development of the Apefly progressed (Fig. 21).

The consumption of mealybugs by the Apefly larval instars differed in the mean number of

the prey eggs, nymphs and adults consumed across different instars. The 1% instar larvae of

the Apefly were almost sedentary, while the 2", 3" and 4" instar larvae crawled while
feeding (Fig. 17).
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Figure 21: Stage-wise consumption of mealybugs (P. marginatus) by Apefly (S. lemolea
lemolea) larvae in different instars under laboratory conditions

4.1.6 Toxicity of Apefly meal on mice
Q) Acute toxicity tests
Behavioural observations

Acute toxicity test of the Apefly meal on albino mice revealed that the behaviour of treated
and control groups in the first 30 min, and after 4 h, 24 h and daily up to the 14™ day did not
show any visible signs of acute toxicity. There was no decrease in weight or abnormal growth
resulting from the consumption of the Apefly meal even at a 100% dose. Detailed

observations are presented in Table 16.

Table 16: Behavioural observations of a cute toxicity study of the Apefly meal on mice

Control Treatment 1 Treatment 2
Observation (0% Apefly (50% Apefly meal)  (100% Apefly meal)
meal)
Changes in skin and fur Null Null Null
Eyes Normal Normal Normal
Respiratory activity Normal Normal Normal
Tremors Not observed Not observed Not observed
Convulsion Not occurred Not occurred Not occurred
Salivation Normal Normal Normal
Drowsiness Not occurred Not occurred Not occurred
Comma Not occurred Not occurred Not occurred

Death

Not occurred

Not occurred

Not occurred




Bodyweight changes

One-way ANOVA and post-hoc tests were conducted to assess for significant differences in
the weight of mice at different concentrations of the Apefly meal. The findings showed
significant differences (p = 0.030) in mice weight at day 0 but no significant differences (p =
0.149) were noted at day 14 (Table 17). The results generally revealed a gradual increase in

the weight of mice for both control and treated groups.

Table 17: Bodyweight (g) of the control and mice treated with Apefly meal in the acute

toxicity test
Control Treatment 1 Treatment 2 P-value
Weight (g) (0% Apefly  (50% Apefly meal)  (75% Apefly meal)
meal)
Day 0 29.77+£0.25 30.20 + 0.66 31.20 + 0.66 0.130
Day14 33.23+0.68 33.60+1.21 31.83+1.01 0.149

Values are an average of three mice fed with the Apefly diet, expressed as mean £SEM
(i)  Sub-acute toxicity tests
Behavioural observation

The results of the sub-acute toxicity study of the Apefly meal on mice showed that there were
no signs of toxicity in mice of both control and treated groups even at 100% Apefly
consumption. All animals were normal throughout the study period and they all survived until

the end of the 28™ day of experimentation.
Haematological parameters

The results of the sub-acute toxicity study of the Apefly meal on mice showed that there were
no signs of toxicity in mice from both control and treated groups even at 100% Apefly meal
concentrations. All animals were normal throughout the study period and all survived until
the 28" day of experimentation. The values of all haematological parameters remained within
normal limits as summarized in Table 18. The results of haematological parameters of the
control and treated mice showed no significant differences (P > 0.05) in all haematological

parameters after 28 days of treatment with the Apefly meal.
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Table 18: Hematological values of control and mice treated with Apefly meal in the sub-
acute toxicity test

Control Treatment 1 Treatment 2 Treatment 3
Parameters (0% Apefly) (50% Apefly) (75% Apefly)  (100% P-value
Apefl
WBC M/mm3 481 +0.22 454 +0.68 4,62 +0.18 4.87 iy0.57 0.474
LYM % 80.8 +1.31 82.2+3.77 85.8 +7.09 80.4 +3.21 0.233
RBC M/mm3 5.3+2.03 572 +2.64 4,16 +0.57 4.37+051 0.440
MCV (pg) 32.16 +£9.49 36.82 +11.26 32.66 + 7.83 41.1 +£18.59 0.650
MCH (pg) 31+1.67 31.46 +2.01 31.26 + 0.67 30.08 + 2.38 0.639
MCHC (g/dlI) 325+0.38 32.62 +0.68 33.12+2.35 31.96+1.43 0.652
Hb (g/dl) 14.1 £1.58 1294 +1.11 13.7£2.37 13.18 +1.38 0.699

Values are expressed as mean + SEM, WBC=White blood cell, RBC= Red blood cell, MCV=
Mean Corpuscular Volume, MCH= Mean corpuscular hemoglobin, MCHC= Mean
corpuscular hemoglobin concentration, Hb= Hemoglobin

Body and organ weight changes

The results showed a gradual increase in the bodyweight of mice from day 0 to 28. There was
no significant difference (P > 0.05) in the means between the control and treatment groups as
can be seen in Table 18. Similarly, the organ weights relative to body weights of the mice did
not show any significant differences in weight changes of organs such as spleen, kidney and
heart between the control and mice treated with the Apefly meal at all doses except for the
liver which however did not show any toxicity signs when subjected to histopathological
examinations (Table 19 and 20). The average percentage increase of the relative liver weight
with reference to the control was 24.61%. Using a flow-chart diagram showing a decision
tree for adverse versus non-adverse effects induced by compounds which increase liver
weight, the increase in liver weights of mice treated with Apefly meal seem to be non-adverse
(Hall et al., 2012).

Table 19: Bodyweight (g) of the control and mice fed on Apefly diet in the sub-acute

toxicity test
Weight (g)  Control Treatment 1 Treatment 2 Treatment 3 P-
(0% (50% Apefly meal) (75% Apefly meal) (100% Apefly meal) value
Apefly
meal)
Day 0 2712 + 27.92 +0.62 27.76 = 0.64 27.92 +0.62 0.158
0.54
Day14 33.66 + 33.32+1.22 33.72+£1.80 3240+ 1.07 0.369
0.87
Day28 42.20 £ 40.72 £2.22 41.68 + 3.36 38.88 £ 2.36 0.187
1.38

Values are an average of five mice fed with the Apefly diet, expressed as mean £ SEM
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Table 20: Average organ weight values of control and mice treated with Apefly
measured during sub-acute toxicity study

Control Treatment 1 Treatment 2 Treatment 3
Organ (0% Apefly (50% Apefly (75% Apefly (100% Apefly P-value
meal) meal) meal) meal)
Spleen 0.21+£0.01 0.18 £ 0.02 0.18 +0.11 0.16 £ 0.03 0.807
Liver 1.96 £0.01 1.97 £0.01 1.99£0.03 1.97 £0.02 0.001
Kidney 0.57 £0.01 0.56 £0.01 0.57 £ 0.02 0.55+0.01 0.281
Heart 0.17£0.01 0.17+0.01 0.34£0.38 0.17£0.01 0.425

Values are an average of five mice fed with the Apefly diet expressed as mean + SEM

Table 21: Relative organ weight of control and mice treated with Apefly meal in the
sub-acute toxicity tests

Control
0,

Organ (0% Treatment 1 Treatment 2 Treatment 3 P_value

Apefly (50% Apefly meal) (75% Apefly meal) (100% Apefly meal)

meal)

Spleen  0.46 £ 0.01 0.44+0.04 041+0.2 0.42 £0.05 0.859
Liver 3.94+0.11 4.86 £0.24 479 £0.32 5.08 +0.27 <0.001
Kidney 1.35+0.03 1.38 £ 0.05 1.36 £ 0.07 1.43+0.07 0.174
Heart 0.41+0.01 0.43+0.01 0.77+£0.78 0.43+0.01 0.422

Values are an average of five mice fed with the Apefly diet expressed as mean £SEM

Biochemical examinations

The results of the kidney and liver function tests revealed no significant differences (P >
0.05) for both concentrations in alkaline phosphate, creatinine and liver hepatic enzymes AST
and ALT (Table 22). Consumption of the Apefly meal was found to maintain the biochemical

parameters within reasonable limits.

Table 22: Biochemical parameters of control and mice treated with Apefly during sub-
acute toxicity test

Control
Parameters (0% Treatment 1 Treatment 2 Treatment 3 P-
Apefly  (50% Apefly meal) (75% Apefly meal) (100% Apefly meal) value
meal)
Ap 64.80 + 65.40 +2.70 64.8+£0.84 64.2 +£1.10 0.727
1.30
Cr 0.88 £ 0.98+0.24 0.80 £0.05 0.86 £0.17 0.373
0.12
AST 22.84 + 18.26 £ 3.04 23.18 +11.04 23.00 +4.48 0.562
3.00
ALT 21.24 + 18.68 £ 1.17 19.52 £1.53 18.86 £ 1.31 0.120
2.57

Values are an average of five mice fed with the Apefly diet expressed as mean £ SEM
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Histopathological examinations

Microscopic examination of the main internal organs of animals such as liver, kidney, spleen,
and heart also revealed no differences between the control and treated groups of mice even
after administration of 100% Apefly meal for 28 days. The photomicrographs of some organs

are displayed in Fig. 22 and 23.
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Figure 22: Photomicrographs of the renal cortex

(@) Control, (b) 50% Apefly meal, (c) 75% Apefly meal and (d) 100% Apefly meal) and renal medulla (e) Control, (f) 50% Apefly meal, (g)
75% Apefly meal and (h) 100% Apefly meal. The renal cortex of both controls and treated groups showed normal glomeruli (arrowheads) with
mild congestion (arrows). Congestion was also seen in medulla of controls and treated groups (Magnification 10x)
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Figure 23: Representative photomicrographs of the liver section

(i = Control, j = 50% Apefly meal, k = 75% Apefly meal and | = 100% Apefly meal) and heart section (m = Control, n = 50% Apefly meal, o0 =
75% Apefly meal and p = 100% Apefly meal. The liver and cardiac muscles of both controls and treated groups have similar microscopic
morphologies that appear to be normal. Distention of sinusoidal and deranged cytoplasm observed in tissue sections of the liver is considered to
be artifactual

52



4.2  Discussions
4.2.1 Occurrence and host range of the S. lemolea lemolea in Tanzania

The survey carried out in five regions of Tanzania revealed that S. lemolea lemolea is present
and is associated with mealybug species that harbour different host plants. This association is
similar to S. epius in India, as reported by Dinesh and Venkatesha (2014). The availability of
S. lemolea lemolea was affected by pesticide use, climatic factors and abundance of its prey
(mealybugs) as in S. epius by Lohman and Sumarita (2009), Dinesh (2010), Dinesh and
Venkatesha (2011) and, Saengyot and Burikam (2012). In the surveyed areas, the availability
of S. lemolea lemolea is greatly influenced by the presence of mealybug (Dinesh &
Venkatesha, 2026) which is again determined by availability of most preferred host plants
such as Manihot esculeta and Carica papaya (Mccomie, 2000; Meyerdirk et al., 2004;
Krishnan et al., 2016; Macharia et al., 2017). Splagis lemolea lemolea olea was only reported
in forests and highlands such as Usambara mountains, Uluguru mountains, Nguru mountains
and Pugu hills (Kielland, 1990). However, in this study, S. lemolea lemolea has been found

present in various cultivated crops infested with different mealybugs in the low lands.

Two of the five regions Shinyanga and Iringa exhibited low mealybug infestation which as a
result led to unavailability of S. lemolea lemolea. Such observation is associated not only
with the use of pesticides as observed but also weather conditions particularly temperature
and rainfall are reported as important factors for the development of mealybugs (Hemiptera-
Pseudococcidae) (Amarasekare et al., 2008). This study revealed that S. lemolea lemolea was
available during the dry season due to the availability of mealybugs as supported by Tanwar
et al. (2010) and, Kanagaraj and Kathirvelu (2018). The results of the present study therefore,
suggest proper pest management methods, those which deals with the pest without destroying
the natural enemies. This calls for the development of a sound integrated pest management
strategy that includes other biological agents such as other predators of mealybug and

entomopathogenic fungi.
4.2.2 Knowledge, perceptions and reactions towards the Apefly in Tanzania

The results revealed a lack of knowledge of this insect due to inadequate information. This
can be attributed to the lack of research and the “uncommonness” of the Apefly, which was
reported by a majority of respondents in the field. However, this “uncommonness” was not

always the case, since the Apefly samples were collected from 65% of the respondents’
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fields, revealing their ignorance of the presence of this insect in their fields. The respondents’
attention was centered on the pupal Apefly which has a monkey-face appearance, but none of
them showed awareness of the pre-and post-pupal life stages of the Apefly. The respondents
identified cassava and papaya as the plant species that harbored S. lemolea lemolea. Although
the host plants differed slightly in different localities, the common factor for all of them was
the mealybug infestation. None of the respondents was aware of the predatory nature of S.

lemolea lemolea larvae and their potential in pest control.

Most respondents falsely believed that the S. lemolea lemolea pupal stage is poisonous. Their
primary source of information was the media and fellow farmers in their localities. However,
the negative attitude towards the insect had no supportive evidence from the respondents and
could only be linked to its strange appearance, as supported by Wagler and Wagler (2012).
The spreading information was noted to have significantly impacted the farmers’ perceptions
and decision-making, creating anxiety, especially in remote areas where vegetables are
consumed daily. However, it was observed that, despite the negative attitude towards the
Apefly, no aggressive response towards the insect had been reported. For example, about
88.8% of the respondents avoided the consumption of vegetables associated with the Apefly,
as supported by Curtis and Mannheimer (2005).

4.2.3 Molecular identification, diversity and phylogenetics of the Apefly in Tanzania

The collected Apefly samples were identified using their 16S rRNA genes. The results of this
study confirmed that all the 10 analyzed samples resembled the species S. lemole lemolea
(99-100%). Studies on the evolutionary divergences among these 10 Apefly sequences
showed that there was a close evolutionary relationship among STR 1, 10 and 7 and the rest
of the Apefly sequences were more closely related to STR6. Nevertheless, all 10 Apefly
sequences originated from the same root, indicating their common ancestry. Confirmation of

the species is important as it allows further studies on the known species.

The analysis of inter and intrageneric pairwise distances (p-distances) revealed that the
genetic distances between the Apefly species were similar in magnitude. In comparison to
related genera and species of butterflies in the NCBI genebank, S. lemolea lemolea was
closely related to S. epius. However, there were several distant relatives such as Allotinus
rivalis rivalis, Feniseca tarquinius, Logarnia marmorata and several other Allonitus species.

The monophyletic Allotinus and Logania clade are reported to have initially been in Africa
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but migrated out about 30 million years ago while S. lemolea lemolea dispersed back into
Africa from Asia about 20 million years ago (Kaliszewska et al., 2015). The closely related
Feniseca lineage dispersed into North America from Asia around the same time (Zachos et
al., 2001).

4.2.4 Morphology, life cycle and developmental stages of the Apefly

The eggs of S. lemolea lemolea was creamy in colour, disc-shaped, flat on both sides with
depressions on the tops and bottom flattened with a depression on the top showing greater
similarity with predatory lycaenid S. epius (Dinesh et al., 2010) and Feniseca tarquinius
(Hall, Minno & Butler, 2007) as well as several other phytophagous lycaenids, Paralucia
pyrodiscus lucida Crosby (Braby, 1990), Rapala takasagonis Matsumura (Hsu et al., 2005),
and Lampides boeticus L. (Vijayachander & Arivudainambi, 2007).

The larvae underwent four larval instars, pre-pupa and pupa stages to reach the adult stage as
reported in carnivorous lycaenid butterflies F. tarquinius and S. epius by Hall et al. (2007)
and Dinesh and Venkatesha (2011) respectively and other phytophagous lycaenids like R.
takasagonis Matsumura (Hsu et al., 2005) and L. boeticus L. (Vijayachander &
Arivudainambi, 2007). The 1% instar larva of S. lemolea lemolea was whitish colour, and
mostly stationary while other instars were mobile and covered with white wax which
camouflaged them with the mealybugs (Lamborn, 1914), and as reported in other species
such as S. substrigata (Snell) in the Philippines (Smith, 1914) and S. epius (Dinesh et al.,
2010; Saengyot & Burikam, 2012 and Venkatesha & Dinesh, 2011), F. tarquinius (Hall et al.,
2007). The sizes of the four larval instars of S. lemolea lemolea are comparatively similar to
those reported for other species of lycaenids such as S. epius (Dinesh et al., 2010), P.
pyrodiscusblucida (Braby, 1990) and Lycaeides Melissa samuelis Nabokov (Herms et al.,
1996).

0] Body lengths and developmental periods of the Apefly

The mean total larval period in S. lemolea lemolea was 10 days, whereas in a predatory S.
epius in India it was 9.4 days (Dinesh et al., 2010) and 11.9 days in phytophagous lycaenid L.
boeticus (Vijayachander & Arivudainambi, 2007). It is reported that aphytophagous lycaenid
larvae spend less time in the larval stage as compared to the phytophagous lycaenids (Banno,
1990; Clark, 1926). The monkey-faced pupa was similar to that of S. epius (Dinesh &
Venkatesha, 2011; A. Dinesh et al., 2010) and that of F. tarquinius (Hall et al., 2007). It is
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reported that the monkey-faced appearance of some lycaenid pupae is for self-defense
(Balduf, 1939). The male and female butterflies emerged randomly from the pupae of the
same age in the laboratory. The external morphology of S. lemolea lemolea adult was similar
to that of S. epius (Dinesh et al., 2010) except for the colour patterns. The intermittent flight
and egg-laying patterns demonstrated by S. lemolea lemolea have also been reported in C.
xami (Cordero et al., 2000). The average duration of S. lemolea lemolea adult was 9 to 13
days from emergence. The observed pre-mating behaviour included prolonged antenna
contact and physical contact whereby the females pushed underneath the males to mate as
supported by Myers (1972). Oviposition by the adult females was witnessed near the
mealybug colonies and the eggs of S. lemolea lemolea were creamy in colour, disk-shaped
and both the top and bottom flattened with a depression on top as reported in predatory
lycaenid S. epius (Dinesh & Venkatesha, 2011), Feniseca tarquinius (Hall et al., 2007) as
well as several other phytophagous lycaenids, Paralucia pyrodiscus lucida Cros by Braby
(1990), Rapala takasagonis Matsumura (Hsu et al., 2005), and Lampides boeticus L.
(Vijayachander & Arivudainambi, 2007).

The larvae of the Apefly underwent 4 instars, prepupa and pupa stage to reach the adult stage
as reported in carnivorous lycaenid butterflies F. tarquinius and S. epius (Dinesh et al., 2010;
Hall et al., 2007) respectively and other phytophagous lycaenids R. takasagonis Matsumura
(Hsu et al., 2005) and L. boeticus L. (Vijayachander & Arivudainambi, 2007). The sizes of
the four larval instars of the Apefly are comparatively similar to those reported in other
species of lycaenids such as S. epius (Dinesh et al., 2010), P. pyrodiscusblucida (Braby,
1990) and Lycaeides Melissa samuelis Nabokov (Herms et al., 1996). The first instar larva of
S. lemolea lemolea was whitish in colour, and mostly stationary while other instars were
mobile covered with white waxy which camouflaged them with the mealybugs as supported
by Lamborn (1914) and as reported in other species such as S. substrigata (Snell) in the
Philippines (Smith, 1914) and S. epius (Dinesh & Venkatesha, 2011; Dinesh et al., 2010;
Saengyot & Burikam, 2012), F. tarquinius (Hall et al., 2007).

4.2.5 The predatory potential of the Apefly against the papaya mealybug

The 1% instar mostly fed on the mealybug eggs, while the 2" instar fed on the eggs and young
nymphs. The 3" and 4" instars fed intensively on all stages. However, all four larva instars of
S. lemolea lemolea consumed higher numbers of eggs than the nymphs and adults of P.
marginatus due to the size of eggs, which are very small compared to the nymph and adult
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stages of P. marginatus as reported in the predation of Planococcus citri (Risso) by S. epius
(Dinesh et al., 2010), M. hirsutus by C. montrouzieri (Mani, 1995). The daily and instar-wise
prey consumption of P. marginatus by S. lemolea lemolea increased as development
progressed as also reported with S. epius on M. hirsutus (Dinesh & Venkatesha, 2011; Mani,
1995). The consumption of mealybug eggs was higher than other stages as reported by
Saengyot and Burikam (2012) for S. epius, a phenomenon that can be associated with the
inability of the prey to escape from the S. lemolea lemolea larvae. On average, a single S.
lemolea lemolea larva consumed 1982.6 + 117 eggs, 123 + 5.8 nymphs and 80 + 8.5 adults of
P. marginatus during its entire larval development period, which is high compared with the
findings on S. epius by Saengyot and Burikam (2012) which shows that the total number of
prey consumed during the larval instars by the five larvae were 4115.75 + 553.28 eggs,
281.25 * 45.08 nymphs and 77.50 £ 16.52 adults. These preliminary findings suggest that S.
lemolea lemolea can be an effective biological control agent of P. marginatus however, it
calls for further study that will use available standards and advanced statistics to reach into
conclusion. Literature shows that Apefly larvae feed on mealybug species (Lohman &
Samarita, 2009; Dinesh et al., 2010; Venkatesha & Dinesh, 2011; Saengyot & Burikam, 2012
and Dinesh & Venkatesha, 2014).

The first instar mostly fed on eggs of mealybugs, while the second instar fed on the eggs and
young nymphs of the mealybug. The third and fourth instars fed intensively in all stages;
however, all four larval instars of the Apefly consumed more eggs than nymphs and adults.
This could be due to the size of eggs, which are very small compared with the nymph and
adult stages of P. marginatus as reported in the predation of Planococcus citri (Risso) by S.
epius (Dinesh et al., 2010), M. hirsutus by C. montrouzieri (Mani et al., 1987). The daily and
instar-wise prey consumption of P. marginatus by S. lemolea lemolea increased as they
progressed in development as reported with S. epius on M. hirsutus (Mani et al., 1987;
Venkatesha & Dinesh, 2011). On average, a single Apefly larva consumed 1982.6 + 117
eggs, 123 £ 5.8 nymphs and 80 + 8.5 adults of mealybugs during its entire larva development

period.

The mean total larval period in S. lemolea lemolea was ten days, whereas in a predatory S.
epius in India it was 9.4 days (Dinesh et al., 2010) and 11.9 days in phytophagous lycaenid L.
boeticus (Vijayachander & Arivudainambi, 2007). The aphytophagous lycaenid larvae spend
less time in the larval stage as compared to phytophagous lycaenids (Banno, 1990; Clark,
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1926). The monkey-faced pupa was similar to that of S. epius (Dinesh & Venkatesha, 2011
and Dinesh et al., 2010) and that of F. Tarquinius (Hall et al., 2007). It is reported that the
monkey-faced appearance of some lycaenid pupae is for self-defence (Balduf, 1939). The
male and female butterflies emerged randomly from the pupae of the same age in the
laboratory. The external morphology of the Apefly adult was similar to that of S. epius
(Dinesh et al., 2010) except colour patterns. The adults were active between 11:00 to 15.00 h
when it was warm with bright sunlight, which are necessary conditions for mating and egg-
laying. Similar conditions were reported in a predatory S. epius by Dinesh et al. (2010). The
intermittent flight and egg-laying pattern demonstrated by the Apefly has also been published
by Cordero et al. (2000).

4.2.6 Toxicity of Apefly meal on mice

Several arthropods are poisonous, and their toxins arouse complex and sometimes fatal
manifestations in human beings (Haddad et al., 2015). They produce toxins for defence when
touched, pressed or crushed while others inject venom by using a specialized apparatus.
Literature shows that insects can acquire bio-chemicals from the food they consume or
through contact with insecticides and herbicides (Longley & Sotherton, 1997). For instance,
some lepidopterans such as monarch butterflies (Danaus plesippus) accumulate certain
poisons called cardiac glycosides from their host plants (Schreiner & Nafus, 1997). This
study evaluated the in vivo effects of the Apefly on mice upon ingestion to determine whether
it contains endotoxins assimilated by interacting with their prey i.e. phytotoxins from plants

the preys feed on.

Investigations of the weight of the mice on consumption of the Apefly did not indicate any
change in body weight as compared to the control mice even at 100% Apefly meal
concentration. The relative liver weight of the mice treated with apefly meal, however,
increased by an average of 24.61% as compared to the control mice. The result provides
evidence that Apefly consumption had no effect on the body weight and therefore as reported
by Teo et al. (2002) the consumption did not affect the growth of the mice. The increase in
liver weight upon exposure to different Apefly meal doses is considered as an indication of
biological response (Ajagbonna et al., 1999). Toxicological reports suggest that an increase
in relative liver weight up to 50% is usually considered adaptive provided that it is not
associated with other signs of liver toxicity (European Society of Toxicological Pathology,

2012). Other studies argue that isolated liver weight increase of up to 20% is only adverse if
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it is accompanied by histopathological changes or clinical-chemistry changes (Hall et al.,
2012). Similarly, an increase in relative (to body weight) liver weights in rats and mice <
15% without further effects observed at (histo) pathology cannot be considered adverse
(Palazzi et al., 2016). In some studies, slight increase in liver weight is recorded in controls
and is considered part of normal biological variation. Using a flow-chart diagram showing a
decision tree for adverse versus non-adverse effects induced by compounds which increase
liver weight, the increase in liver weights of mice treated with Apefly meal in this study
seems to be non-adverse since it is not accompanied by any biochemical, hematological or

histopathological clinical-chemistry changes.

Blood analysis was done to determine the physiological and pathological status in the
haematological system. Parameters such as RBC, WBC, LYM and Hb were screened to
investigate if the normal ranges of these parameters were altered from the intake of Apefly
meal. Studies have revealed that the normal ranges of these parameters can be altered by the
intake of toxic substances (Ajagbonna et al., 1999). The results from this study showed that
acute and sub-acute ingestion of the Apefly meal did not cause any change in these
haematological parameters for both the control and treated mice. Similarly, ingestion of toxic
substances is manifested in the alteration of biochemical parameters that are sensitive
indicators of metabolic defects (Reddy et al., 2013). In this study, parameters such as ALP,
Creatinine, and liver hepatic enzymes AST and ALT showed no significant deviations from
the normal ranges in both control and treatment groups, suggesting that Apefly had no effects
on the liver function of the mice. Examination of internal organs such as the liver, lungs,
hearts, and kidneys showed no organ abnormalities between normal and treatment groups.
Similarly, the organ weights were compared to diagnose whether they were exposed to
injuries or infections (Shah et al., 2011). The results showed that the differences in weights of
internal organs were not statistically significant in both the control and treated groups of
mice. These findings inform the general public about the non-toxic nature of Apefly, bringing

the fear of Apefly and economic loss related to it to an end.
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
51 Conclusion

This study reports the occurrence of S. lemolea lemolea and provides detailed information on
the biology, predatory activity and people’s perception towards S. lemolea lemolea. The
findings of the present study show that S. lemolea lemolea is present in different agro-
ecological zones of Tanzania living in close association with diverse species of mealybug.
Furthermore, the study reveals that S. lemolea lemolea incidences were high where mealybug
infestations were high indicating prey-predator relationship, and this is essential information
to consider in the design of an IPM strategy for mealybugs. Despite this assurance, the insect
‘is at risk of exposure to pesticides due tonegative perceptions caused by insufficient
knowledge of the insect. The negative perceptions were fueled by the appearance of the pupal

and lack of adequate information about the insect from agricultural extension officers.

The preliminary study of predatory activity of S. lemolea lemolea has shown that, larva
preyed on all stages of P. marginatus, demonstrating the ability to reduce the pest population.
This information can be utilized to develop S. lemolea lemolea as an effective biocontrol
agent of mealybugs in Tanzania and Africa. Furthermore, non-adverse nature of the Apefly
revealed by this study avails the possibility for conservation and utilization of the potential it
holds.

5.2 Recommendations

Information of non-adverse effects of Apefly that has been generated here is hereby provided
and recommended in solving the fear that exists against the Apefly identified in Tanzania.
Nevertheless, further study is recommended to understand the causes of the increase in liver
weight of the mice upon exposure to different Apefly meal doses. Also, further research is
recommended on the efficacy of Spalgis species identified in Tanzania in suppressing
mealybug populations under field conditions while comparing it with available standards by
using advanced statistics. There is a need to create an understanding of the biology and
ecology of Spalgis lemolea’s prey to generate more information on its interaction with prey
for successful utilization in biological control programs. The community is hereby urged to
protect and conserve the identified Spalgis species due to its potential role in pest control.
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APPENDICES

Appendix 1: The consensus sequences of the studied 10 S. lemolea lemolea strains

Splagis lemolea lemolea STR1
CGGCGTGCACTTCTCTCTTAGTAATGCATCGCGACCCGTTCGGGGTCGGTCTAAG
CGCCGTCCGGGAGTCCGACGGTGGACGCTTCACGGCGTCACGTCGTCGAACCGT
GACCGGTTGCCGGCCGGCCGTTGCGGACGGTAACAATGATAGAAATCGAATACG
CTTCGAAGCGAACCGCGCACGCGTTCAACGCGTCCGGCCCGACGCAAGCTGACC
GTCGGTGTCGATTTCCTGCCTATGTGCGGACGTCGGCTCGACGTCGCTGTCGTCT
AGCTGCCGTGCAGTCTCGGACTGTGCGCGTCTCTGTCTGCGATGATTCTGTTTCGG
GC

Splagis lemolea lemolea STR2
CGGCGTGCACTTCTCTCTTAGTAATGCATCGCGACCCGTTCGGGGTCGGTCTAAG
CGCCGTCCGGGAGTCCGACGGTGGACGCTTCACGGCGTCACGTCGTCGAACCGT
GACCGGTTGCCGGCCGGCCGTTGCGGACGGTAACAATGATAGAAATCGAATACG
CTTCGAAGCGAACCGCGCACGCGTTCAACGCGTCCGGCCCGACGCAAGCTGACC
GTCGGTGTCGATTTCCTGCCTATGTGCGGACGTCGGCTCGACGTCGCTGTCGTCT
AGCTGCCGTGCAGTCTCGGACTGTGCGCGTCTCTGTCTGCGATGATTCGGTTTCG
GG

Splagis lemolea lemolea STR3
CGGCGTGCACTCTCTCTTAGTAATGCATCGCGACCCGTTCGGGGTCGGTCTAAGC
GCCGTCCGGGAGTCCGACGGTGGACGCTTCACGGCGTCACGTCGTCGAACCGTG
ACCGGTTGCCGGCCGGCCGTTGCGGACGGTAACAATGATAGAAATCGAATACGC
TTCGAAGCGAACCGCGCACGCGTTCAACGCGTCCGGCCCGACGCAAGCTGACCG
TCGGTGTCGATTTCCTGCCTATGTGCGGACGTCGGCTCGACGTCGCTGTCGTCTA
GCTGCCGTGCAGTCTCGGACTGTGCGCGTCTCTGTCTGCGATGATTCGGTTTCGG
GC
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Splagis lemolea lemolea STR4
CGGCGTGCACTTCTCTCTTAGTAATGCATCGCGACCCGTTCGGGGTCGGTCTAAG
CGCCGTCCGGGAGTCCGACGGTGGACGCTTCACGGCGTCACGTCGTCGAACCGT
GACCGGTTGCCGGCCGGCCGTTGCGGACGGTAACAATGATAGAAATCGAATACG
CTTCGAAGCGAACCGCGCACGCGTTCAACGCGTCCGGCCCGACGCAAGCTGACC
GTCGGTGTCGATTTCCTGCCTATGTGCGGACGTCGGCTCGACGTCGCTGTCGTCT
AGCTGCCGTGCAGTCTCGGACTGTGCGCGTCTCTGTCTGCGATGATTCGGTTTCG
GGC

Splagis lemolea lemolea STR5
CGGCGTGCACTTCTCTCTTAGTAATGCATCGCGACCCGTTCGGGGTCGGTCTAAG
CGCCGTCCGGGAGTCCGACGGTGGACGCTTCACGGCGTCACGTCGTCGAACCGT
GACCGGTTGCCGGCCGGCCGTTGCGGACGGTAACAATGATAGAAATCGAATACG
CTTCGAAGCGAACCGCGCACGCGTTCAACGCGTCCGGCCCGACGCAAGCTGACC
GTCGGTGTCGATTTCCTGCCTATGTGCGGACGTCGGCTCGACGTCGCTGTCGTCT
AGCTGCCGTGCAGTCTCGGACTGTGCGCGTCTCTGTCTGCGATGATTCTGTTTCGG
GC

Splagis lemolea lemolea STR6
CGGCGTGCACTTCTCTCTTAGTAATGCATCGCGACCCGTTCGGGGTCGGTCTAAG
CGCCGTCCGGGAGTCCGACGGTGGACGCTTCACGGCGTCACGTCGTCGAACCGT
GACCGGTTGCCGGCCGGCCGTTGCGGACGGTAACAATGATAGAAATCGAATACG
CTTCGAAGCGAACCGCGCACGCGTTCAACGCGTCCGGCCGACGCAAGCTGACCG
TCGGTGTCGATTTCCTGCCTATGTGCGGACGTCGGCTCGACGTCGCTGTCGTCTA
GCTGCCGTGCAGTCTCGGACTGTGCGCGTCTCTGTCTGCGATGATTCGGTTTCGG
GC

Splagis lemolea lemolea STR7

CGGCGTGCACTTCTCTCTTAGTAATGCATCGCGACCCGTTCGGGGTCGGTCTAAG
CGCCGTCCGGGAGTCCGACGGTGGACGCTTCACGGCGTCACGTCGTCGAACCGT
GACCGGTTGCCGGCCGGCCGTTGCGGACGGTAACAATGATAGAAATCGAATACG
CTTCGAAGCGAACCGCGCACGCGTTCAACGCGTCCGGCCCGACGCAAGCTGACC
GTCGGTGTCGATTTCCTGCCTATGTGCGGACGTCGGCTCGACGTCGCTGTCGTCT
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AGCTGCCGTGCAGTCTCGGACTGTGCGCGTCTCTGTCTGCGATGATTCGTTTCGG
GC

Splagis lemolea lemolea STR8
CGGCGTGCACTTCTCTCTTAGTAATGCATCGCGGGACCCGTTCGGGGTCGGTCTA
AGCGCCGTCCGGGAGTCCGACGGTGGACGCTTCACGGCGTCACGTCGTCGAACC
GTGACCGGTTGCCGGCCGGCCGTTGCGGACGGTAACAATGATAGAAATCGAATA
CGCTTCGAAGCGAACCGCGCACGCGTTCAACGCGTCCGGCCCGACGCAAGCTGA
CCGTCGGTGTCGATTTCCTGCCTATGTGCGGACGTCGGCTCGACGTCGCTGTCGT
CTAGCTGCCGTGCAGTCTCGGACTGTGCGCGTCTCTGTCTGCGATGATTCGTTTCG
GGC

Splagis lemolea lemolea STR9
CCCGAAACCGAATCATCGCAGACAGAGACGCGCACAGTCCGAGACTGCACGGCA
GCTAGACGACAGCGACGTCGAGCCGACGTCCGCACATAGGCAGGAAATCGACAC
CGACGGTCAGCTTGCGTCGGGCCGGACGCGTTGAACGCGTGCGCGGTTCGCTTCG
AAGCGTATTCGATTTCTATCATTGTTACCGTCCGCAACGGCCGGCCGGCAACCGG
TCACGGTTCGACGACGTGACGCCGTGAAGCGTCCACCGTCGGACTCCCGGACGG
CGCTTAGACCGACCCCGAACGGGTCGCGATGCATTACTAAGAGAGAAGGGCACG
CCG

Splagis lemolea lemolea STR10
CGGCGTGCACTTCTCTCTTAGTAATGCATCGCGACCCGTTCGGGGTCGGTCTAAG
CGCCGTCCGGGAGTCCGACGGTGGACGCTTCACGGCGTCACGTCGTCGAACCGT
GACCGGTTGCCGGCCGGCCGTTGCGGACGGTAACAATGATAGAAATCGAATACG
CTTCGAAGCGAACCGCGCACGCGTTCAACGCGTCCGGCCCGACGCAAGCTGACC
GTCGGTGTCGATTTCCTGCCTATGTGCGGACGTCGGCTCGACGTCGCTGTCGTCT
AGCTGCCGTGCAGTCTCGGACTGTGCGCGTCTCTGTCTGCGATGATTCTGTTTCGG
GC
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Appendix 4: Interview guide

INTERVIEW GUIDE FOR FARMERS AND OTHER MEMBERS OF THE
COMMUNITY

Assessment of the existing knowledge, attitude and practices regarding Apefly by the local

Communities in five Agro-Ecological zones

SECTION A- Background Information

S/N | Demographic Information Fill/Tick where appropriate
1 Region
2 District
3 Ward
4 Village/Street
5 Age 20-30 ()
31-40( )
41-50 ()
51-60 ( )
60>( )
6 Sex
7 Highest level of Education attained Never went to school ()
Class seven ( )
Form four ( )
Formsix ( )
College (non-degree) ()
Bachelor degree and above ()
8 Occupation

SECTION B-Knowledge, Attitude and

Practices towards Apefly

10 | Are you familiar with Apefly?

Yes( )
No( )

11 How did you came to know the Apefly

| have seenit ()
I heard from other people/media ()

11 | When did you hear/see it for the first time

Year-

12 How often do you see/hear about Apefly

Frequently ()
Rarely ()

13 If frequently, please specify how often

All year round ()
Twice a year ()
Other (please specify)

14 | If rarely please approximate the time interval

Once in five years ()
Onceintenyears ( )
Unpredictable time interval ()

15 Have you ever seen one in your farm? Yes( )
No( )
16 In which category of crops do you/people Cereals ()

find it most?

Roots and tubers ()
Fruits and vegetables ()

17 Please specify the crop types

18 Does the Apefly by any means affect the
crops named above?

Yes( )
No( )
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I don’t know ()

19 If Yes please explain how
20 Do you find/hear that Apefly live closely Yes( )
with other insects? No( )
I don’t know ()
21 If Yes please name/describe the insects living
closely with Apefly
22 | What methods do you/other people use in Chemicals ( )
managing/controlling Apefly? Mechanical/Cultural ()
Biological ()
None ()
Other ( please specify)
23 If chemicals or cultural/mechanical or
biological control, please specify the types of
chemicals or cultural methods or biological
control agents in use.
24 In which season of the year do you hear/see | All year round ()
them most Rain season ()
Dry season ()
I don’t know ()
25 If you selected rainy or dry season, please January ( )February( ) March (
specify the months )April( )May (- )June () July ( )
August () September () October (
)November () December ()
26 How was your first reaction when you saw Normal ()
/heard of Apefly for the first time? Surprised ()
Terrified ()
Other (please specify)
27 Please explain the reason for the above
answer
28 Have you ever heard that Apefly is dangerous | Yes ()
to human health? No( )
29 | When did you hear such information Year-
29 From which source of information? Health experts ()
Media( )
Government leaders ()
Farmers( )
Other members of the society ()
30 Do you know anybody who fall sick/died Yes( )
because of Apefly? No( )
31 | What happened? Consumed Apefly contained in
vegetables ()
Consumed only a plant/vegetable
which hosted Apelfy ()
Touched Apefly ()
I don’t know ()
29 | What is your opinion, do you also think that | Yes ( )
Apefly can be harmful to human health? No( )

I am not sure ()
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30

Please clarify your answer above

31 Did the information about Apefly affected Yes( )
farmers anyhow? No( )
32 If yes please explain how?
33 Has there been any explanation from experts | Yes ()
as to what Apefly is and if it is harmful to No( )
human health? I don’t know ()
34 | If Yes please explain
35 Do you know if Apefly is important Yes( )
/useful in agriculture? No( )
36 If Yes please specify how
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