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ABSTRACT 

 The present study was aimed to evaluate the effect of pre-dispersal seed 

predators on the reproductive potential of Calotropis procera. The study was 

conducted in five districts viz; Lahore, Kasur, Faisalabad, Sheikhupura, and 

Gujranwala of the Punjab Province, Pakistan. There were seven sites in Lahore and 

one each in the rest of the districts. During the study, 28 insects were found to be 

associated with Calotropis procera, out of these, seven were pollinators, thirteen 

casual visitors, and five being generalized herbivores while three were specialized 

herbivores. The specialized herbivores included one stem borer (Niphona grisea) and 

two pre-dispersal seed predators (Paramecops farinosus and Dacus persicus). 

Paramecops farinosus and D. persicus were prioritized for detailed studies on their 

life histories, incidence, seasonal damage potential, and current and future distribution 

predictions. The developmental duration (oviposition to adult) of P. farinosus was 

59.9 ± 0.82 days. A single female, in its life span, oviposits 5.4 ± 0.32 times and laid 

32.9 eggs, and from these eggs, 25.1 adults emerged and added to the progeny. The 

generation time ranged between 40-49 days with an average 42.1 ± 0.4 days. Newly 

emerged single female of D. persicus in her life oviposits 4.5 ± 0.26 times and laid 

81.6 eggs, from these eggs total 66.1 adults were added to the progeny.  Both insects 

had a relatively short generation period with at least two generations per year in 

Lahore, Pakistan. Due to their high intrinsic reproductive potential, both P. farinosus 

and D. persicus build their populations in the field quickly. The highest number of P. 

farinosus adults‟ plant
-1

 was 11.3 ± 4.6 in the peak of the summer season (July-

August) while a minimum (1.98 ± 0.2) was recorded in the winter season (December). 

On the other hand, the highest number of D. persicus adults plant
-1

 (17.5 ± 8.8) was 

recorded in late summer (September-October) while the lowest number plant
-1 

was 4.1 
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± 2.1 in the winter season (December). As the populations of P. farinosus and D. 

persicus build up in the field, they started to infest and damage the fruits, thereby 

declining the reproductive potential of C. procera. Infestation percentage (%) of P. 

farinosus was maximum in mid-summer season (Jun-July) and of D. persicus it was 

in late summer season (September-October). During the peak infestation stage, there 

were up to 24 % and 74 % fruits showing up to 100 % seed damaged by P. farinosus 

and D. persicus, respectively. The average length of P. farinosus and D. persicus 

infested fruits was 31 % (4.03 ± 0.61 cm) and 32 % (3.98 ± 0.22 cm) smaller as 

compared to healthy fruits (5.9 ± 0.16 cm) (P < 0.05). Similarly, the average fresh 

mass of P. farinosus and D. persicus infested fruits was up to 24 % (18.8 ± 2.62 g) 

and 58 % (10.3 ± 1.21 g) less compared to the fresh mass of healthy fruits (24.8 ± 

1.06 g; P < 0.05), respectively. To predict the distribution of P. farinosus and D. 

persicus under current and future climate change (+ 3 
o
C) scenarios, CLIMEX 

modeling program was used. Based on a CLIMEX model for the current climate, all 

hotter and drier parts of Asia, Africa, South America and Australia are predicted to be 

suitable for the D. persicus. It was predicted that a climate change (+ 3 
o
C) scenario 

will be more suitable for D. persicus for its distribution. The model predicts that at 

present, central and northern parts of Pakistan, southern and eastern parts of India, and 

almost all parts of Sri Lanka are suitable for P. farinosus. Similarly, the central parts 

of Africa and America and the eastern coastline of Australia are suitable for P. 

farinosus.  However, a contraction in the suitability of P. farinosus was observed for 

the climate change scenario as compared to the current suitability. 

Keywords: Invasive species, biological control, pre-dispersal seed predators, damage 

potential, CLIMEX modeling  
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showing fibrous internal mass with no seeds, epicarp, and mesocarp is 

thin and fruit have some internal tissues (a) and D. persicus after the 

larvae have emerged out, all internal parts are consumed making it 

very light and puffy (b)       111 

 

Plate 6.5 Leaves of C. procera damaged by different herbivores. A large number 

of aphid (Aphis narri) sucking the sap from the C. procera leaves (a), 

defoliation by painted grasshopper (Poekelocerus pictus)   113 
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Chapter 1 

GENERAL INTRODUCTION 

 

A twig of Calotropis procera with its conspicuous inflorescence [Iqbal avenue site, Lahore] 
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1.1 INTRODUCTION 

Invasive plant species are those plants that are introduced to new areas that are 

considered outside their native range, and these species cause economic and 

environmental damage to introduced areas (Thompson et al. 1995). According to the 

Invasive Species Advisory Committee (2006), the term invasive species is applied to 

those species which cause or likely to cause economic or environmental problems 

directly or indirectly to man or other life. According to the International Union of 

Conservation of Nature (IUCN 1999), invasive species refer to those species which 

become dominant in natural or semi-natural habitats and become a threat to the local 

biological diversity.  

The invasive plant species sometimes may occupy even whole of an 

ecosystem of a region by replacing the native vegetation, for example, yellow 

starthistle (Centaurea solstitalis L.) invasion in California. This invasive plant now 

covers an area of 8 million ha of a previously productive grassland (DeLong 2002; 

Pejchar and Mooney 2009). In the USA alone, about 5,000 established invasive plant 

species have displaced much of native natural flora (David et al. 2005). 

A great effort has been devoted by the land managers, researchers, and 

policymakers towards the management of invasive plant species (Levine et al. 2003; 

Dukes and Mooney 2004). A range of control strategies such as physical, cultural, 

chemical, and biological control have been suggested to manage invasive species. 

Physical control includes hand pulling, bulldozing, grubbing, and mowing, depending 

upon the invaded area and dominance and life form of the invasive species (Sheley et 

al. 1998; Benefield et al. 1999; Di Tomaso 2000 a). Although physical methods are 

effective in some situations, they do have certain limitations, and it may not be 

economically feasible to employ this strategy for large-scale control of invasive plant 
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species (Sheley et al. 1998). Similarly, synthetic chemicals are very effective, but they 

cannot be used on a broad-scale due to their economic and environmental concerns. 

Further, these methods require regular periodic applications and hence are expensive 

for large scale control of invasive species (DiTomaso 2000 b). Biological control, on 

the other hand, is considered to be a natural and comparatively less expensive 

approach for the management of invasive plant species. Biological control refers to 

the use of living organisms (insect, fungi, bacteria, etc.) to control some problematic 

pests (Flint et al. 1988).  

Two major types of biological control strategies, classical and inundated 

biological control, are well known. In the former, biological control agents are first 

searched in their native ranges and later brought into the quarantine of the introduced 

country for host-specificity testing. If found host specific and safe, these agents are 

released in introduced range after necessary approvals (Mahr and Ridgway 1993). 

Inundated biological control, on the other hand, refers to the release of natural 

enemies in large numbers to reduce the population of a problematic organism in a 

short time without the aim of permanent establishment (Ridgway and Vinson 1977).  

For biological control of weeds, natural enemies (insects, pathogens, etc.) that 

feed on different plant parts (stem, leaves, root, and seeds) and thus compromise the 

overall fitness of the invasive plants, are preferred. Around the world, more than 

2,136 biological control agents have been released against 224 invasive plant species 

(Winston et al. 2014). The success of a biological control agent in the introduced 

ranges is dependent on the similarities of climatic conditions in its native and 

introduced ranges (McClay and Hughes 1995; Hoelmer and Kirk 2005). The aim of 

classical biological control is not to eradicate the targeted plant species but to inflict 

enough biological stress that leads to a decrease in its abundance in the plant 
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community to a level that it does not cause economic losses (Wilson and McCaffrey 

1999).  

Calotropis procera (Aiton) W. T. Aiton (Apocynaceae) is commonly known 

as, milkweed, rubber bush, calotrope, and sodom apple (Liogier 1995; Parrotta 2001). 

In Arabic, it is commonly known as „Ushar‟ or „Oshar‟ (Akhtar et al. 1992; Orwa et 

al. 2009) while in India and Pakistan it is commonly known as aak (Sudan 2013). It is 

a perennial tall shrub or small tree widely distributed across many parts of the world. 

The native range of this plant includes South Asia (India, Pakistan, Afghanistan, and 

Nepal), north Africa (Egypt), and Middle East (Iran, Saudi Arabia, Qatar, etc.) (Irvine 

1961; Ali and Ali 1989; Parsons and Cuthbertson 2001; Lottermoser 2011).  

In Pakistan, this plant is widely distributed in different parts of the country 

including the Provinces Punjab, Sindh, Baluchistan, Azad Jammu and Kashmir, and 

Khyber Pakhtunkhwa. It grows in various habitats such as deserts, saline areas, along 

the roadsides, and canal banks. It has been found growing abundantly in disturbed 

lands including abandoned farmlands and housing development sites.  

Calotropis procera is commonly found in areas where there is comparatively 

low moisture and nutrient contents for example, in the arid or semi-arid regions of the 

world (Sharma et al. 2012; Akhtar et al. 1992; El-Midnay 2014; Hassan et al. 2015). 

This plant grows well in areas that receive annual precipitation in the range of 150-

1000 mm with optimum temperatures between 20-30
o
C (CABI 2005). Calotropis 

procera due to high resistance towards drought and other environmental stress can 

easily grow and becomes a dominant plant species occupying the wastelands at large 

scale (Lorenzi and Matos 2002). Owing to its wide adaptability and some aggressive 

nature, this plant is considered as a weed even in its native range. For example, in 
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Egypt, this plant displays a prolific growth rate and competition effects on native 

vegetation in different habitats (Farhat et al. 2015; Galal 2015). 

Calotropis procera was introduced from Africa or Asia to other parts of the 

world (e.g Australia and Brazil) where it has now become an aggressive alien invasive 

plant species. In Australia, C. procera prefers open habitat particularly overgrazed 

grasslands with poor soil cover providing a little competition from grasses. In 

Western Australia and Northern Territory, the weed has been declared as a noxious 

invasive weed (Csurhes and Edwards 1998) and an emerging weed in Queensland 

(Campbell et al. 2013). Csurhes and Edwards (1998) reported its invasiveness in 

tropical regions and Northern parts of Australia. The plant has the potential to invade 

coastal dunes and rangeland pastures. Calotropis procera has been declared as an 

invasive species in different ecosystems of Brazil (Kissmann and Groth 1992; 

Brandao 1995). Calotropis procera has invaded Brazilian natural ecosystems, 

Cattinga, and Cerrado, where it has altered the local plant community structure and 

productivity (Brandao 1995; Lorenzi and Matos 2002).  

Besides its invasiveness, the weed is also reported to be toxic to humans and 

animals if consumed (Tomar et al. 1970; Pasricha and Kanwar 1978). Staples and 

Herbst (2005) reported that the latex contains a compound called calotropin, which 

affects the heart activity, and causes blistering and irritation on human skin if touched. 

Several control strategies have been used or proposed to manage this invasive 

plant around the world. Calotropis procera can be controlled physically by pulling the 

small plants by hands or mechanically with the help of bulldozers (Parsons and 

Cuthbertson 2001). Campbell et al. (2015) described the successful chemical control 

of this invasive plant using different herbicides such as Glyphosphate 570g/L, 

Imazapyr 150g/L, Metsulfuron 150g/L, etc.  
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The biological control has been suggested as a comparatively safe and 

sustainable strategy for the management of invasive plants around the world. Several 

promising natural enemies of C. procera have already been reported in its native 

range, thus exploring the effectiveness of these natural enemies in its native range has 

been proposed in different studies (Dhileepan 2014). In a desktop analysis based on 

field surveys, Dhileepan (2014) described 65 insect species associated with C. 

procera in its native range, out of these, three pre-dispersal seed predators i.e. 

Paramecops farinosus Wied (aak weevil.), Dacus persicus Hendel (aak fruit fly) and 

Dacus longistylus Wied (Sodom apple fruit fly) were prioritized based on literature 

review. Likewise, several fungal pathogens, such as Ascochyta tripolitana Sacc and 

Trotter have been reported to cause disease in C. procera, and it may potentially be 

exploited for biological control of this plant (Ellison and Barreto 2004; Galal et al. 

2015). 

The above-mentioned pre-dispersal seed predators (P. farinosus and D. 

persicus) of C. procera are naturally present in Pakistan. Since these insects have co-

evolved along with its host plant thus, they can potentially be released into the 

introduced range after their effectiveness, suitability, and host-specificity testing. 

Different software or computer programs have been in use for matching the climatic 

suitability of the biological control agents. Some popular packages used are CLIMEX 

(Sutherst et al. 2007), BIOCLIM (Busby 1991), GARP (Adjemian et al. 2006), and 

MAXENT (Phillips et al. 2006). Here, in this study, we intend to use CLIMEX to 

predict the current and future suitability of P. farinosus and D. persicus. 

1.2 SCOPE OF STUDY 

The present study is designed to catalog insects associated with C. proera and 

to study the effectiveness of two pre-dispersal seed predators (P. farinosus and D. 
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persicus) in reducing the reproductive potential of C. procera in Punjab, Pakistan. 

Thus, the specific aims of the present study are: 

 To survey and identify the different kinds of insects associated with C. 

procera and to explore their dependence on C. procera (general visitors, 

pollinators, generalized herbivores, or specialized herbivores) in different 

districts of Punjab, Pakistan. This study will help in the prioritization of agents 

for further study (Chapter 3)  

  To determine the life cycle and life tables of P. farinosus and D. persicus in 

the field, this study will help in understanding the dependence (from egg to 

adult) of these insects on C. procera and how quickly their populations may 

build under field conditions (Chapter 4 and 5) 

  To assess the damage potential of pre-dispersal seed predators (P. farinosus 

and D. persicus) on invasive C. procera during the growing season. This part 

of the research will be important to assess the potential success of these agents 

as biological control agent based on their damage potential (Chapter 6) 

  To predict the potential establishment of P. farinosus and D. persicus outside 

of their native ranges, for instance in Australia, etc. Using CLIMEX modelling 

program suitability of both the agents will be determined under current and 

climate change (+ 3 
o
C) (Chapter 7) 
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2.1 SYSTEMATIC POSITION AND TAXONOMIC HISTORY 

  „Calotropis‟ word originated from the Greek meaning „beautiful‟ and „keel 

boat‟ refer to the shape of its floral parts (corona) of the plant. The species name 

„procera‟ is derived from the Latin word „wax‟ and „in favour of‟ due to the waxy 

outer surface of the plant body (Parsons and Cuthbertson 2001). Systematically, 

Calotropis procera is placed as under:  

Kingdom:  Plantae 

Sub-kingdom:   Tracheobionta (Vascular plants) 

Super Division:  Spermatophyta (Seed plants) 

Division:  Magnoliophyta (Flowering plants) 

Class:    Magnoliopsida (Dicotyledons) 

Subclass:   Asteridae 

Order:    Gentianales 

Family:  Apocynaceae (Milkweed family) 

Genus:   Calotropis 

Species  procera 

Brown (1810) first described the genus Calotropis in a reprint of Brown 

(1811) without listing any species of the genus. Later, Asclepias gigantea L. and A. 

procera Ait. were declared two species of Calotropis by Aiton (1811). Three species 

of Calotropis genus have been identified worldwide (Ali 1980) viz; C. acia Buch-

Ham which is found in Eastern Himalayas, Nepal, throughout Eastern India, 

Bangladesh, and native to East Africa, (Seidemann 2005), C. gigantea (L.) R. Brown, 

is also native to Asia found in Southern China, Sri Lanka, Nepal, and India (Bingtao 

1811) and C. procera extend from India to the Middle East and Tropical and sub-

Tropical Africa (Rahman and Wilcock 1991). Calotropis procera is represented by 
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two subspecies viz; C. procera sub species procera and C. procera sub species 

hamiltonii. Calotropis procera hamiltonii is found in Pakistan and India (Ali 1980). 

2.2 GLOBAL DISTRIBUTION 

Calotropis procera has a worldwide distribution representing 62 countries in 

its native and an-other 22 countries in its exotic ranges (Table 2.1; Figure 2.1). 

Table 2.1  Reports of C. procera in its native and introduced ranges around 

the globe 

Range Country 

Native 

 

South Asia: Afghanistan, Nepal, Thailand (USDA-ARS 

2003), Pakistan (Shinwari et al. 1988). Bangladesh, Bhutan, 

Sri Lanka (PIER 2002), India (Sastry and Kavathekar 1990) 

East and Southeast Asia: Cambodia, Taiwan (PIER 2002), 

China (Missouri Botanical Garden 2003), Vietnam (USDA-

ARS 2003). 

Middle East: Iran (USDA-ARS 2003), Iraq, Syria (World 

Agroforestry Centre 2003), Israel, Myanmar, Saudi Arabia, 

Yemen (USDA-ARS 2003). 

East Africa: Ethiopia, Uganda, Tanzania, Kenya, Somalia 

(USDA-ARS 2003). 

North Africa: Egypt (USDA-ARS 2003), Libya (Leonard and 

Boulus 1997). 

Exotic/Introduced 

 

North America: Mexico (World Agroforestry Centre 2003), USA 

(PIER 2002). 

Central America and Caribbean: Anguilla (Broome et al. 2007), 

Aruba (PIER 2002), Barbados, Cuba, Dominica, Guatemala, 

Honduras, Jamaica, Panama (World Agroforestry Centre 2003). 

South America: Argentina, Ecuador, Guyana, Peru, Venezuela 

(World Agroforestry Centre 2003). Brazil (Brandao 1995). 

Oceania: American Samoa (PIER 2002). Australia (Forster 1998), 

Australian Northern Territory (PIER 2002), New South Wales, 

Queensland, Western Australia (Parson and Cuthbertson 1992). 

http://www.cabi.org/isc/datasheet/16848#19920656332
http://www.cabi.org/isc/datasheet/16848#20057051322
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Figure 2.1 Some records of C. procera occurrence around the world. 

[Source:www.cabi.org/isc/datasheet/16848] 

2.3 BIOLOGY AND ECOLOGY  

Calotropis procera is a perennial tall shrub or small tree that generally grows 

in dry habitats with annual rainfall from 150-1000 mm but sometimes in excessively 

drained areas with annual precipitation up to 2000 mm with an elevation of 1000 m 

asl (Sastry and Kavathekar 1990). The stem of the plant is branched at the base having 

a soft texture reaching up to the height of 2-6 m with an average diameter of 0.2 m 

(Little et al. 1974; Orwa et al. 2009) and crown diameter may reach up to 6.9 m 

(Brandes 2005). The young stem is dark green, having a smooth texture with whitish 

hair. The mature stem is light brown with deep fissures (Boulos 2000; Parson and 

Cuthbertson 2001). The leaves arrangement is generally oppositely superposed with a 

variable angle of attachment with a stem (Plate 2.1 a and b). The leaf shape varies 

from oblong to ovate. Leaves are glabrous in appearance due to the presence of a 

thick waxy layer on both sides of the leaf. Leaf tips also show variations from acute to 

round (Murti et al. 2010; Sharma et al. 2012; Chandrawat and Sharma 2015). Roots of 

the C. procera forms large tubers (Grace et al. 2006), going up to 3-4 m deep with 

woody lateral branches, capable of regenerating shoots when the plant is aerially cut 
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(Orwa et al. 2009). The outer surface of the root is corky and rough while the inner 

part is smooth and spongy (Alikhan and Khanum 2005; Chandrawat and Sharma 

2015). 

      

Plate 2.1 Habitat and different growth stages of C. procera. Two young 

plants growing in a grassland (a) A mature plant growing along a 

canal bank (b) 

 

In native ranges C. procera flowers for six months (spring and summer 

season) (Little et al. 1974; Chandrawat and Sharma 2015) to round the year f (El-

Ghani 1997. Flowering in exotic ranges of C. procera has been reported to occur 

around the year (Soberhino et al. 2013). Flowers are produced in clusters, terminal or 

auxiliary, each cluster has 3-15 flowers. The peduncle is 20-55 mm long whereas each 

pedicle ranges from 15-25 mm in length (Parson and Cuthbertson, 2001). Flowers are 

pentamerous, petals white with purple tips with central corona (Kleinschmidt and 

Jhonson 1997; Parson and Cuthbertson 2001; Sharma et al. 2011) (Plate 2.2). 

a b 
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Plate 2.2  A twig of a mature plant of C. procera showing terminal inflorescence. 

Inset shows a close up of a flower  

  The plant is a cross-pollinator and many insects including bees, butterflies, 

moths, ants, and fruit flies help in pollination. However, two insects viz; carpenter 

bees Xylocopa pubescens Spinola and Xylocopa fenestrate Fabricius, are considered 

to visit most often in India (Table 2.2). These two insects have also been reported as 

the potential pollinators of the C. procera sub-sp. Hamiltonii in Pakistan (Ali and Ali 

1989). 
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Table 2.2 Some common pollinator insects of C. procera 

Insects Family & Order Reference(s) 

Xylocopa pubescens Spinola. Apidae; Hymenoptera Ali and Ali (1989) 

Xylocopa fenestrate Fabricius Apidae; Hymenoptera Ali and Ali (1989) 

Apis florea Fabricius  Apidae; Hymenoptera Ali and Ali (1989) 

Danaus chrysippus Linn. Nymphalidae; 

Lepidoptera 

Chamuah et al. (2015) 

Poekilocerus pictus Fabricius Pyrgomorphidae; 

Orthoptera 

Chamuah et al. (2015) 

Abidma refula Fabricius Cercopidae; Homoptera Chamuah et al. (2015) 

Lygaeus millitaris Fabricius Lygaeidae; Hemiptera Chamuah et al. (2015) 

Spilostethus hospe Stal. Lygaeidae; Hemiptera Chamuah et al. (2015) 

2.4 SEED BIOLOGY  

Fruit formation in C. procera predominantly occurs during the summer season 

(Farhat et al. 2015; Eisikowitch 1986). Sobrinho et al. (2013) observed flowering and 

fruiting patterns round the year in an invaded area in Brazil. In Caatinga and Restinga 

ecosystems of Brazil, the number of seeds per fruit has been found in the range of 160 

to 400 (Leal et al. 2013) (Plate 2.3). The average weight of the seeds is 0.01g or 

100,000 seeds per kg (Francis 2002). Seeds are dispersed through the air, as the seeds 

have silky long hairs that make them light and help them in dispersal (Campbell et al. 

2015; Chandrawat and Sharma 2015) (Plate 2.3).  

The germination of seeds is affected by several environmental factors such as 

temperature, salinity, day, and night length. Francis, (2002) studied seed germination 

biology of C. procera in potting mix and noted that it took 7-64 days for the 

germination of seeds. Seed germination is inhibited at the temperature above 35
o
C 

and salinity more than 2000 mg L
-1 

(Galal et al. 2015). Moreover, 97 % light intensity 

was observed optimum for seeds germination (Leal et al. 2013). The seeds remained 
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viable for about two years if climatic conditions such as rainfall, temperature are 

favourable (Bebawi et al. 2015). Francis (2002) reported the life of plants may take up 

to 12 years.  

  

Plate 2.3 A twig of C. procera showing mature fruit pods (a), an open pod of C. 

procera and dispersal of seeds by air (b) 

2.5 POLYMORPHISM IN CALOTROPIS PROCERA 

The existence of morphologically distinct forms (polymorphism) in C. procera 

is well reported. Polymorphism in different plant organs such as leaf, branching 

pattern, phyllotaxis, and floral parts has been reported in C. procera (El-Kheir 2007) 

(Plate 2.4). Polymorphism in plant parts for example (flowers colour), is remarkable 

in its native range (Forster 1998) as compared to the invaded area (Campbell et al. 

2015).  Recently genetic diversity in different populations of C. procera in its native 

(Pakistan, Iran, and Saudi Arabia) as well as in exotic ranges (Australia) was studied 

by Shabbir (2016). Most probably the genetic polymorphism is due to the high cross-

pollination behaviour of the plant (Orwa et al. 2009). Random Amplification of 

Polymorphic DNA (RAPD) of C. procera collected from different parts of Egypt, 

revealed a high degree (95 %) of polymorphism in the genotype of C. procera, 

(Ahmed et al. 2014). This polymorphism helps the plant to thrive and invade in 

different geographical areas, beyond native ranges (El-Kheir 2007).  

a b 
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Plate 2.4 Polymorphism in different structures of C. procera, variations in 

phyllotaxis opposite superposed (a & b), differences in shape and tips 

of the leaves, from acute to obtuse (c), morphological differences in 

the shape of fruits, boat-shaped in the right side (d) 
 

2.6 NATURAL ENEMIES 

A range of natural enemies (arthropods/pathogens) have been reported by 

different workers throughout in the native range of C. procera, some of the agents are 

simple pollinators while others are herbivores, feeding on leaves, stem, flowers, fruits, 

and seeds. Dhileepan (2014) reported 65 insects and 5 species of mites on C. procera, 

of these insects, more commonly observed insects species were; P. pictus Fabricius 

(Painted grasshopper), Empussa sp. (mentis), Microtermes obesi Holmegren (termite), 

Spilostethus pandurus Scopoli (ground bug), Aphis nerii Boyer de Fonscolombe 

(yellow nymphs), Cheilomenes sexmaculata Fabricius (ladybird), Paramecops 

farinosus Wiedemann (aak weevil), D. persicus Hendel, D. longistylis Wiedemann 

(fruit flies), Danaus chrysippus Linnaeus (African Monarch, Apis spp. (honeybee), 

a b 

c d 
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Xylocopa sp. (black bee), Camponotus sp. (ants), Cepaea hortensis Muller (white-

lipped snail), Crematogaster sp. (small aunt) and  Thomisus sp. (spider). Microtermes 

obesi (termite) feeds on roots and stem, Spilostethus pandurus (ground bug) depends 

on decaying fruits, Poekilocerus pictus feed on leaves, flowers and tender parts of the 

stem while other insects are generalized pollinators of C. procera (Chamuah et al. 

2015). Paramecops farinosus, Dacus persicus, and D. longistylis have been 

considered as specialized pre-dispersal seed predators of C. procera. They feed on 

developing seeds of C. procera and reduce the reproductive potential of the plant 

(Dhileepan 2014; Sharma and Amritphale 2008).   

2.7 ECONOMIC IMPORTANCE  

Calotropis procera plant parts (root, stem, leaf, flowers, and latex) are used in 

traditional medicine to treat a range of ailments in different parts of the world. 

Moronkola et al. (2011) documented the use of different parts of the plant in curing 

diarrhoea, skin diseases, and wounds. The latex of the plant when mixed with sheep 

milk is used for the treatment of joints ache (Meena et al. 2011). Similarly, the bark of 

roots and stem when dried and powdered, mixed with the black pepper, is used as an 

effective antidote against snake bite (Singh and Panday 1998). The leaf extract of the 

plant has been proved to be useful against HIV as well as against other bacterial 

infections (Mohanraj et al. 2010). Calotropis procera is also reported to treat many 

other ailments such as toothache, asthma, leprosy, jaundice, and ulcer in different 

parts of the world (Chandrawat and Sharma 2015). Several other uses of this plant 

have been documented. The leaves and tender stem of the plant are used as fodder in 

different parts of the world, for example, in Brazil (Madruga et al. 2008), Australia, 

(Meadly 1971; Radunz et al. 1884) and Egypt (El-Midany 2014). The woody main 

stem and branches are used as firewood in different native countries like India, 
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Pakistan, etc. (Erdman and Erdman 1981). Begum et al. (2013) reported that the 

extract of different parts of the plant body has bio pesticidal properties. The extracts 

of the stem bark have been proved to be useful in the treatment of the Dermatophytes 

infecting keratinized tissue in skin and nail regions (Kuta 2008). The plant has been 

used to improve soil water content, helps in binding soil particles, and is used as a 

bio-indicator of SO2 pollution in the air (Orwa et al. 2009). Latex of the plant in dilute 

form has been proved to be useful in controlling the infectivity of cucumber mosaic 

virus (Hemaida and Abdel-Razeq 2002). 

2.8 PROBLEMS CAUSED 

2.8.1 Toxicity in humans and animals 

 If by chance, the eyes or any other body part, encounters the latex of this plant, 

congestion of eyes, skin dermatitis may result in sensitive people (Tomar et al. 1970; 

Pasricha and Kanwar 1978). The severe inflammatory effect of the latex in rat‟s skin 

has been reported (Reylon et al. 1983; Singh et al. 2000). Other problems of eyes (for 

example, visual, conjunctival congestion, and corneal oedema) have been reported 

due to the mild exposure of the latex from the C. procera (Samar et al. 2009). 

The toxic effects of the latex from C. procera on fish have also been 

documented (Ajibade and Omitoyin 2011). These authors studied the change in 

behaviour of fishes as well as haemorrhage, male sterility, necrosis of brain white 

matter, liver degeneration, and other histological damages. Generally, goats and sheep 

avoid grazing C. procera, if sometimes unintentionally they ingest the plant, this may 

lead to adverse digestive problems and even death in some animals (Grace 2006). El-

Badwi and Bakhiet (2010) studied the toxic effects of the plant in pregnant and non-

pregnant goats in Khartum, Sudan, wherein they reported that a mild dose in pregnant 

goats was sufficient to cause death whereas the non-pregnant goats developed severe 
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health problems in 30 days of administration of the latex. Leaves of C. procera caused 

tachycardia and transitory cardiac arrhythmias along with ascites, pulmonary oedema, 

haemorrhage in the liver, and ulcer on kidney and abomasum have also been reported 

in sheep when given a dose of 60 g/ kg for 10 days (Lima et al. 2010). 

2.8.2 Invasion in introduced ranges 

When farmlands are converted into residential areas, this results in soil 

disturbances where invasive plants such as C. procera invade (Vincke et al. 2010). 

Once established, the plant is difficult to be killed even if the whole of the plant is cut 

from the base, its root system is capable of producing new shoots with much more 

aggressive growth (Grace 2006; Boutraa 2010; Boutraa and Akhkha 2010; Tezara et 

al. 2011). It can easily invade an area and replaces the existing plant communities 

rapidly. Hodgson et al. (1999) addressed different traits that enable the plant to 

become invasive. These traits include both morphological (Loret et al. 2005; Oliveira 

et al. 2009; Boutraa 2010) and eco-physiological such as photosynthetic efficiency 

and water stress tolerance and usage of Nitrogen (Tezara et al. 2011). 

2.8.2.1 Australia 

 Calotropis procera was introduced to Australia in about 1900 (Parson and 

Cuthbertson 2001) and is restricted to the Northern Territory, northern Queensland, 

and northeastern border areas of Western Australia. It has formed thick vegetation 

along the rivers, roadsides, abandoned cultivated areas, and has reduced the quality of 

the grazing area (Grace 2006). Its seeds spread through water and air (Campbell et al. 

2015). In Northern Territory plant flowers in the summer season only while in 

Queensland round the year flowers and fruits are available, (Moodley et al. 2015). 

Several native Hymenopterans including some wasps (Evans 1996; Tryjanowski et al. 
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2010) that are active during the hot and dry season are responsible for the pollination 

of the C. procera in Australia (Campbell et al. 2015). 

In Australia, C. procera has become an invasive plant within a relatively short 

period (within the last 25 to 50 years), (Campbell et al. 2015) (Plate 2.5). Due to its 

high reproductive potential, C. procera has become a high-risk plant in Australia. 

According to the DAF Weed Risk Assessment system, C. procera received a score of 

28, while tolerance limits according to the same system are 7 (Campbell et al. 2015). 

At present, an area of 102,600 km
2
 has been covered by C. procera and in the future 

(2035), an area of 163,600 km
2
 is projected to be invaded by the C. procera 

(Campbell et al. 2015; Menge et al. 2016). The spread of the plant from continent to 

continent was certainly by man but for spread from region to region, winds played a 

key role (Nathan et al. 2002). MaxEnt modelling software has been used to predict the 

future distribution of C. procera in Australia. According to the model, the suitability 

of C. procera would likely increase in many parts of the Northern Territory, and the 

neighbouring states up to 6.22-7.53 % (Wilson et al. 2011; Menge et al. 2016). 

 
 

Plate 2.5 A thick C. procera stand in the Barkly tableland region of the 

Northern Territory, Australia [Source: Campbell et al. 2015] 
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2.8.2.2 Brazil 

 Calotropis procera was introduced to Brazil as an ornamental plant (Kissmann 

and Groth 1992; Andrade et al. 2008). The plant has established itself along the 

roadsides and natural ecosystems such as scrublands (Caatinga) and Savannah 

(Cerrado) (Brandao 1995). The southern mountainous ecosystem, Caatinga has 

experienced some worst invasion by C. procera (Silvia et al. 2009). The ever-

increasing level of Aluminium and other heavy metals in the soils of these areas along 

with excessive mining lead to the degradation of the upper fertile soil as well as 

natural ecosystems facilitating the invasion of C. procera, (Jacobi et al. 2007). 

Flowering is exhibited by the plant round the year in Brazil, a divergence from 

the phenological pattern of C. procera in its native range, was observed by Sobrinho 

at al. (2013). Mares (1999) discussed the similarity in desert climatic factors like 

rainfall, temperature, humidity, etc. of Brazil with those areas in the native range from 

where C. procera was introduced from. After the invasion in different ecosystems of 

Brazil, C. procera proved to be problematic for the pastures and roadsides (Brandao 

1995; Ellison and Barreto 2004). 

2.9 MANAGEMENT 

Different strategies are proposed to manage invasive plants that depend on the 

scale and situation of the invasion in a given area. In the following sections, 

management strategies used to control C. procera and their effectiveness will be 

reviewed. 

2.9.1 Physical control 

Grazing management by managing the grazing pressure of cattle could be 

effective in the invaded pastures, especially during fruiting and seed production 

season, so that it may decrease seed dispersal by animals and seeds may not be buried 
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by the activities of cattle. Allowing the livestock to move on to the weed-infested 

areas during vegetative and flowering stages, so that maximum damage to flowers and 

shoots may be caused (Campbell et al. 2015; Plate 2.6). Pasture management has also 

been brought into practice for the control of C. procera in Australia. There was a 

significant reduction in the fresh mass of the C. procera when there was competition 

from the grass Astrebla pectinata (Lindl.) F. Muell. ex Benth. (Campbell et al. 2013). 

The spread of C. procera could be minimized by following hygiene and sanitation 

principles of transport and movement into a non-infested area from an infested area 

(Campbell et al. 2015). 

 

Plate 2.6 A stand of C. procera in Australia showing severe browsing by cattle 

[Source: (Campbell et al. 2015)] 

Galal et al. (2015) described the impacts of high temperature, salinity, and 

time of dehiscence on the germination of seeds of C. procera which may help in 

reducing the number of plants in an area. Uprooting the plant has also been suggested 

to control the C. procera at a small-scale population (Wilcox 2004).  
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2.9.2 Chemical control 

In situations where an invasive plant species has spread over a large area, it is 

almost impossible to exclude it physically, chemical control is one of the effective and 

widely used methods to manage invasive weeds in such situations. Repeated spray of 

picloram and 2, 4 D amine at a seedling stage has proved to be effective in controlling 

C. procera. Herbicides such as Metsuluron-methyl and Imazapyr have been registered 

and permitted to control the weed, by the Australian Pesticide and Veterinary 

Medicines Authority (APVMA) (Vitelli et al. 2008). Use of Tebuthiuron, Hexazinone, 

minopyralid/fluroxypyr, Glyphosate, Triclopyr, Tricoplyr/picloram, etc. on cut stumps 

of the C. procera has also been applied on small and medium-sized plants showing 30 

% to 100 % death of the plants (Campbell et al. 2015). However, Brandao (1995) 

reported that chemical control proved to be costly and is required periodically due to 

the high regeneration abilities of C. procera. Moreover, there are also strict 

regulations in the use of chemicals and some chemicals are banned for their usage like 

methyl bromide, etc. To manage invasive plant species in such scenarios, biological 

methods are effective and sustainable (Whippmans and Lumsden 2001). 

2.9.3 Biological control 

Plant pathogens: Ellison and Barreto (2004) described Ascochyta tripolitana 

Sacc. and Trotter (Coleomycetes), Gloeosporium calotropidis Pat. and Har. 

(Coleomycete), Napicladium calotropidis Morstatt (Hyphomycete), and Phoma 

calotropidis Speg. (Coleomycete) as potential fungal agents to control C. procera. 

Priya et al. (2010) reported a phytoplasma disease on C. gigantea in India. Wilkinson 

et al. (2005) reported Passalora calotropidis (Ellis and Everh.) U. Braun, causing leaf 

spot disease on C. procera, resulting in yellowing and abscission of leaves causing 

dieback of the plant in Australia. 
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Coevolved pre-dispersal seed predators: The natural enemies that attack seeds 

are generally considered effective biocontrol agents since they directly reduce the 

reproductive potential of the target host plant (Harris 1998). Natural enemies evolve 

with their host species hence they have common climatic requirements with their host. 

In Pakistan, two pre-dispersal seed predators (fruit fly, D. persicus and a weevil, P. 

farinosus) are considered effective natural enemies of C. procera. Frosi et al. (2013) 

described both insect species to be host-specific that complete their life cycle on C. 

procera.  

Paramecops farinosus: Paramecops farinosus (Coleoptera: Curculionidae) (Plate 2.7 

a) commonly known as akk weevil is a host specialized species (Sharma and 

Amritphale 2007). The adult P. farinosus is 8-10 mm in length with cryptic nature and 

considered a monophagous herbivore (Maxwell 1909; Stebbing 1914). Paramecops 

farinosus is distributed form Jammu and Kashmir, India and Bengal (Sudan 2008). 

The adult P. farinosus feeds on the leaves and flowers of C. procera while its larvae 

feed and develop on fruits of C. procera. The developing larvae of the P. farinosus 

feed on endosperm of young seeds of the host plant and later silky fibrous material to 

form cocoons (Sharma and Amritphale 2007; Sudan 2008) (Plate 2.7 b). Dhileepan 

(2014) indicated the likelihood of P. farinosus as a potential candidate for its testing 

as a classical biological control of C. procera in the invaded range. Sudan et al. 

(2013) studied bionomics of P. farinosus as a pest of C. procera in the Jammu 

division of Kashmir and found its dependence on the host plant. In Pakistan little is 

documented about the status, seasonal population dynamics, and damage potential of 

P. farinosus. 
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Plate 2.7 An adult of P. farinosus and its feeding damage on young flowering 

buds of C. procera (a), Comparison of a healthy (right) and fruit 

infested by P. farinosus (b, left) 

 

Dacus persicus: Dacus persicus (Diptera: Tephritidae) (Plat 2.8 a) is commonly 

known as aak fruit fly. Its larvae feed on the developing seeds and other contents of 

the fruits of C. procera (Plate 2.8 b). In India, the life cycle of D. persicus was 

described by Parihar (1984). However, from Pakistan, there is no information 

available on the life history, impacts, and bionomics of D. persicus on C. procera. 

Different physical and chemical cues are responsible for the attraction of female fruit 

flies towards the fruits and stimulation of oviposition (Fitt 1986) but little information 

is available on the interaction of fruit flies and host plants (Drew et al. 1998).  

Among physicochemical characters of the fruit e.g. shape, colour and odour 

are of prime importance in attracting the females (Henneman and Papaj 1999). The 

texture of the fruit surface, the toughness of pericarp, as well as pre-existing 

oviposition hole on the fruit, also determines the behaviour of the female fruit fly for 

oviposition (Bateman 1972; Drew and Romig 2000). The influence of fruit traits of 

two morphs of C. procera (soft fruit morph and hard fruit morph), on the infestation 

of D. persicus was documented by Sharma and Amritphale (2008). They found that 

hard fruit morph offers a physical obstacle in the process of fruit piercing by the fruit 

fly as compared to the soft fruit morph of C. procera. 

b 

9mm 

a 
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Plate 2.8 Dacus persicus visiting flowers of C. procera, one on right is a typical 

adult female with an obvious ovipositor (a) A fruit of C. procera 

infested by D. persicus showing the destruction of epicarp, mesocarp, 

and endocarp with no even signs of seeds (b) 

2.10 CLIMEX MODELLING 

 The prediction of suitability and the successful establishment of biological 

control agents can be made by matching the climate of the native and introduced 

ranges (Robertson et al. 2008). Different computer-based programs such as BIOCLIM 

(Busby 1991), GARP (Adjemian et al. 2006), MAXENT (Phillips et al. 2006), and 

CLIMEX (Sutherst et al. 2007) have been used to predict the climatic suitability of 

biological control agents and their host plants. CLIMEX (Sutherst et al. 2007) is an 

important modelling tool that enables the user to estimate the geographical 

distribution of a plant species with respect to climate. For instance, Dhileepan and 

Senaratne (2009) used CLIMEX programme to predict the future distribution of 

Zygograma bicolorata Pallister (a biological control agent of Parthenium 

hysterophorus) in South Asia. Similarly, McConnachie et al. (2011) predicted the 

future distribution of the invasive weed, P. hysterophorous in sub-Saharan countries 

of Africa. 

  

b 

7mm 

a 
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2.11 CONCLUSIONS 

 From the literature reviewed it can be concluded that C. procera has now 

global distribution and it has created severe problems like disturbing natural 

ecosystems and reducing the productivity of postures, in some of its introduced ranges 

like Australia and Brazil, etc. In its introduced ranges, though different physical and 

chemical methods have been suggested by different researchers to reduce the 

populations of C. procera due to their limitations including certain human health 

issues they cannot work 100 %. Under these circumstances‟ identification and release 

of biological control agents like P. farinosus and D. persicus may be focused for 

further study and released to control the invasive C. procera in its introduced ranges 

like Australia and Brazil. Thus, the present study was planned on the following 

objectives: 

1) To explore different types of insects associated with C. procera in different 

districts of Punjab, Pakistan, and to prioritize pre-dispersal seed predators for 

further study based on their specialized nature 

2) To study life cycles and life tables of P. farinosus and D. persicus under field 

conditions 

3) To determine the seed damage potential of P. farinosus and D. persicus at a 

population level of C. procera 

4)  To determine the potential distribution around the globe of P. farinosus and 

D. persicus under current and future climate change (+ 3 
o 
C) scenarios      
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Chapter 3 

INSECTS ASSOCIATED WITH CALOTROPIS PROCERA 

    
 

    
 

    
Some insects associated with C. procera in Lahore, Pakistan. 
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3.1 INTRODUCTION 

 Insects play a vital role in the functioning of ecosystems, for instance, many 

plants depend on them for pollination, as herbivores they play a key role in regulating 

plant populations and help in soil nutrient recycling are to name a few. As predators 

or parasites of other organisms, insects regulate the populations of their host 

organisms and maintain a balance in the ecosystem. In this way, communities get 

strengthened and stable by a balanced utilization of natural resources in an ecosystem 

(Ridgway and Vinson 1976).  

Several insect species are inhabiting soil where they act as natural ploughers 

which turn over soils even more than earthworms and aerate the soil, leading to 

increased water retention capacity and tilth of the soils (White 2006). As scavengers, 

some flies and beetles consume the dead bodies that may easily be decomposed by 

bacteria and fungi. In this way, they help in the recycling of nutrients in an ecosystem 

(Metcalf et al. 2016). 

Many plants depend on insects for pollination, and thus for their ultimate 

survival. Plants attract insect pollinators through their odour, colour, and most 

importantly food reward (Meyer 2007). Pollinating insects visit flowers for the sake 

of food in the form of sweet nectar and in return they carry pollen and transfer them 

from one flower to another. This type of symbiotic relationship evolved and advanced 

during the evolution of species (Borah et al. 2015). 

Calotropis procera is a cross-pollinating plant, and several insect species, both 

from its native and introduced ranges, are reported as its potential pollinators. The 

flowers of C. procera are produced in clusters (approx. 3-15 flowers per cluster), 

pedicellate, complete, pentamerous, and hermaphrodite. The anthers are fused with 

stigma to form a 5-angled disc called gynostegium (Plate 3.1). The gynoecium is 
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bicarpellary, apocarpous at the base but syncarpous at the apex with pentagonal 

corona having five laterally compressed lobes and a cleft outside (Ali and Ali 1988; 

Parson and Cuthbertson 2001; Sharma et al. 2011). A coherent mass of pollen grains 

is produced in the pollinia which are attached with each stigmatic angle through an 

adhesive glandular disc (Swarupanandan et al. 1996) (Plate 3.1).  

 
 

Plate 3.1 A typical flower of C. procera. (po) pollinium, (c) corona, (al) 

androecial lobe, (a) androecium, (p) petal. The inset image shows 

enlarged pollinia coming out of the disc. 
 

Calotropis procera depends on its specialized pollinators for the extraction 

and transfer of pollinia from one flower to another. It requires the service of those 

insects that bear stiff hooks or bristles to which pollinia may get stick and fall on the 

stigmatic chamber of another flower. Nectars play a vital role in the attraction of the 

insects as well as for the germination of pollen (Eisikowitch 1986). Dhileepan (2014) 

documented a comprehensive list of potential pollinators, generalized and specialized 

predators of C. procera, reported from various parts of the world. Danaus chrysippus 

(L.), Paramecops farinosus (Wied), Aphis nerii Boyer de Fanscolombe, Dacus 
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persicus Handel, Dacus longistylus (Wied), etc. depend on C. procera for completion 

of their life cycles (Dhileepan 2014; Saikia et al. 2015). Of these, three species, D. 

persicus, D. longistylus and P. farinosus have been reported as specialized seed 

predators of C. procera and C. gigantea (Dhileepan 2014).  

Before this study, very little is known about the insect fauna associated with 

C. procera in Pakistan. Ali & Ali (1988) described two species of Xylocopa 

(Carpenter bee) i.e. X. pubescens and X. fenestrate and Apis florea (honeybee) as 

potential pollinators of C. procera. In a survey to document insects destroying weeds 

and their parasites in Pakistan, CIBC (1969) reported 10 herbivores (Aphis nerii 

Boyer, Chrysomela sp., Corynodes peregrines Herbst, Danais chrysippus L., 

Brachymeria sp., Hypolixus trunctulus F., Liorhyssus bengalensis Dall., Lugaeus 

pandurus Scop., Paramecops farinosus Wied., Phygasia unicolor Cl. and 

Poecilocerus pictus Fb.) that feed on one or more parts of C. procera. However, a 

detailed study of insects associated with this plant in the native range in Pakistan will 

help understand the biology of this plant and future biological control programs in its 

introduced ranges. The present study was thus planned to: 

 Enlist insects associated with C. procera in different districts of the Punjab, 

Pakistan. 

 Study of the relationship between associated insects and the host plant. 

 Study the seasonal dynamics of the insects around the year in selected 

districts. 
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3.2 MATERIALS AND METHODS 

3.2.1 Study sites 

A total of seven study sites were selected to study the diversity of insect fauna 

associated with C. procera in Punjab, Pakistan. Three sites were in district Lahore and 

one site each was in districts Kasur, Faisalabad, Gujranwala, and Sheikhupura of 

Punjab, Pakistan (Table 3.1). All the above-described districts are a part of the semi-

arid region of Punjab with four distinct seasons (winters, spring, summer, and 

autumn) in a year. The hottest month is June with an average temperature of 40
o
C and 

the wettest being July with an average precipitation of 58.4 mm. The detailed climatic 

data of Lahore, along with Faisalabad, Gujranwala, Kasur, and Sheikhupura are 

shown in Appendix 3.1. 

The area of survey sites typically ranges from 5-10 hectares, where, at most of 

the sites C. procera was the dominant plant (ca.1 plant/10m
2
, including seedlings, 

juvenile, and mature plants). Other common associated plants were, Ziziphus jujuba 

Mill, Vachellia nilotica (L.) P.J.H Hurter and Maab, Parthenium hysterophorus L., 

Xanthium strumarium L., Desmostachya bipinnata L. Stapf, Croton bonplandianum 

Bail, etc. These sites have diverse habitats, such as along the roadsides, wastelands, 

protected areas, etc. (Table 3.1).  
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Table 3.1 Study sites selected in different districts of Punjab and their 

characteristics. 

Site District Coordinates Habitats 

Iqbal avenue S-1 Lahore 
31°30'9.03"N 

74°16'35.09"E 
Wasteland 

Johk forest S-2 Lahore 
31°25'36.01"N 

74° 7'11.13"E 
Protected area 

Jubilee Town S-3 Lahore 
31°40'76.96"N 

74° 18'51.48"E 
Wasteland 

Head Baloki S-4 Kasur 
31°12'53.4"N 

73° 52'10.6"E 
Riparian 

Sharqpur S-5 Sheikhupura 
31° 32'19.5"N 

74° 09'32.13"E 
Roadside 

Chanab riverbank S-6 Gujranwala 
32° 28'51.6"N 

74° 05'33.6"E 
Riparian 

Manawala S-7 Faisalabad 
31° 35'12.3"N 

73°40'46.3"E 

Agricultural land 

 

 

3.2.2 Field surveys 

Surveys were conducted from March 2015 to December 2016 in all the study 

sites to collect the insects associated with C. procera. All sites were visited twice a 

month and insect fauna associated with the host plant was recorded and photographed, 

where possible. Large hand nets were also used to catch the insects on C. procera 

plants at each site (Plate 3.2). Once collected, insects were preserved in glass vials 

containing ethanol solution (90%) for identification later in the laboratory (Lawton 

and Strong 1981; Murdoch 1996) or consultation with expert entomologists. Some 

insect specimens were sent to the National Insect Museum of National Agricultural 

Research Centre, Islamabad for identification.  
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Insect surveys were mostly planned during sunny days in the morning (7 am to 

10 am) and/ or afternoon (from 3 pm to 6 pm) timings (Kirtikar and Basu 1975; Saikia 

et al. 2013). Different insects found on the host plant were first observed with the 

naked eye or with the help of a magnifying glass. Insects were observed for long 

hours to study their behaviour and visiting frequency and were photographed with the 

help of a digital SLR camera, Nikon D-5300. 

Data collected from the study was arranged in a tabulated form showing 

taxonomic status, occurrence, and frequency of insects associated with C. procera.  

Based on the number of occurrences of an insect during field visits, insects were 

classified as rare, frequent, and common visitors. Their association with the host plant 

was determined based on visual observations in the field. Based on association with 

the host plant, all insects were classified into four major categories; pollinators 

(insects which were found with pollinia attached with their body parts), general 

visitors (insects associated with any plant part (flowers, leaves, or stem) but do not 

feed, generalized herbivores (polyphagous) and specialized herbivores 

(monophagous).  

 

Plate 3.2 Collection of insects associated with C. procera plants using a hand 

net at one of the sites in district Lahore.  
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3.3 RESULTS  

Twenty-eight insect species were found associated with C. procera during 

different seasons of the study period. Some insect species were recorded only for a 

single month while others were found year-round (Table 3.2).  The insect species 

were classified into pollinators, occasional visitors, generalized and specialized 

herbivores. 

3.3.1 Pollinators 

Late spring to late summer (March to July) is a peak flowering season of C. 

procera in Punjab. A total of seven (2 unidentified) insects were categorized as 

pollinators based on their frequent visits made to flowers and pollinia attached to their 

body parts. (Table 3.2). The detail of each pollinator species collected from different 

sites during the different seasons is presented as under; 

Eris thoracica Fab. 

 This wasp species is relatively large-sized (25 mm in length) and commonly 

known as hairy wasp which is shiny black. Due to its densely haired legs and body 

parts, pollinia can easily get stuck and lodged to another flower. Thus, based on 

observations of pollinia attached with body parts, this species is considered as a 

potential pollinator of C. procera in Pakistan (Plate 3.3 a).  E. thoracica holds the 

stigmatic discs of flowers with the help of forelegs and proboscis is inserted in 

androecial lobes, to suck nectar, while middle and hind legs rest over the anther 

wings.  During this foraging, pollinia are pulled out from the stamens and get attached 

to body hair and legs of the insect (Plate 3.3 a). Eris thoracica is a busy insect that 

frequently visits many flowers of the same or nearby plants. The insect was observed 

frequently between March to June in Lahore, Sheikhupura, Kasur, and Faisalabad 

districts (Table 3.2).  
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Apis florea Fab. 

Apis florea commonly called dwarf honeybee routinely visits the flowers of C. 

procera for nectar. This bee normally lands on the coronal part of the flower, inserts 

its proboscis inside the stigmatic disc to gather nectar. Body and legs, especially tarsal 

segments of the legs are highly hairy which can easily pick up the pollinia of the 

flower. Many pollinia attached to the pair of legs of the insect were observed (Plate 

3.3 b). Apis florea visits many flowers in a short period and possibly transfer pollinia 

from one flower to another. This insect species was observed from all sites of five 

districts, from March to August (Table 3.2). 

Apis dorsata Fab. 

Apis dorsata is also known as a giant honeybee, is a large (up to 30 mm) 

species compared to other honeybees present in Pakistan. Apis dorsata has hooks and 

hair on the body especially on thorax, tarsal and metatarsal parts of the hind legs, 

which are used for the attachment and transfer of the pollinia. Legs are dark brown to 

black in colour and long abdomen with orange to yellow rings and black bands. The 

bee is a nectar seeker and considered as a potential pollinator of C. procera (Plate 3.3 

c). Apis dorsata was frequently found in the field, from March to July, from Lahore, 

Faisalabad, and Kasur sites (Table 3.2). 

Apis millifera L. 

 Apis millifera is also known as European honeybee or Anatolian honeybee. 

Apis millifera is a comparatively small honeybee (15-20 mm) having a light brown 

colour with extensive stiff hair on the thorax, lower abdomen, and legs (Plate 3.3 d). 

Although a frequent visitor, Apis millifera stays on flowers for relatively a short time, 

it carries some pollinia from flower to another. This honeybee was occasionally 

observed from Lahore, Faisalabad, and Kasur sites from March to August (Table 3.2).  
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Danus chrysippus L.  

Danus chrysippus is commonly known as plain tiger or African monarch is a 

generalized pollinator. The butterfly ranges in size from 7-8 cm with a black body 

having white spots over it. The wings are yellow to orange in colour with the dorsal 

side brighter as compare to the ventral one. Black and white patches are also present 

on the wings (Plate 3.3 e). It is not only a nectar seeker but also depends on C. 

procera for the completion of its life cycle, as different stages of its life cycle (Larvae, 

pupae, etc.) were found on the plant. Danus chrysippus was frequently observed 

visiting flowers from March to May at all study sites (Table 3.2).  

Unidentified species 1 

This insect species resembles Scoliid wasp, with large size black coloured 

body having orange coloured patches on the abdomen. Wings are shiny with violet-

black colour (Plate 3.3 f). This species was rarely seen only from the Lahore site 

during April (Table 3.2).  

Unidentified species 2 

 The unidentified species-2 was a small-sized pollinator with grey body colour, 

belong to the honeybee‟s group. The insect was observed feeding on nectars and 

carrying a large number of pollinia with its legs (Plate 3.3 g). This honeybee species 

was found in the field rarely during March to April only at Lahore sites (Table 3.2). 
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Plate 3.3 Potential pollinators of C. procera plant collected from the Punjab, 

Pakistan. The insects were considered pollinator based on their 

frequency of visits and attachment of pollinia on their body parts.  

Eris thoracica (a), Apis florea (b), Apis dorsata (c), Apis millifera (d), 

Danus chrysippus (e), unidentified species-1(f), unidentified species-2 

(g) 
 

3.3.2 Generalized visitors 

A total of thirteen insects were categorized as generalized visitors. These 

insects were probably attracted mainly for nectar, however, no pollinia were observed 

on the body parts of these insects.  

Lasius niger Latreille  

Lasius niger is commonly known as a black garden and has a black to grey 

body colour. It was observed to visit the flowers to seek nectars (Plate 3.4 a). Several 

ants were commonly associated with the flowers to collect nectar. Ants were also 
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noted feeding on the dead larvae and eggs of other insects besides sucking honeydew 

exuding from the aphids present on the same plant (Plate 3.3 a). Lasius niger was 

observed frequently found at all sites from March to August (Table 3.2).  

Leptotes plinius Fab. 

Leptotes plinius commonly known as zebra blue butterflies. The body has 

brown lines on the dorsal surface, but the under surface is white. Brown patches are 

also present on wings in an irregular way but at the margins, these are arranged in a 

line. Hind wings have two black spots and slender tornus (3.4 b). Antennae also have 

white and brown bands in an alternative way. The butterfly was observed to land on 

the flowers for a short period and then fly away. Leptotes plinius was found to be 

frequently present in the field from April to May at Lahore, Faisalabad, and 

Sheikhupura sites (Table 3.2).  

Zizeeria sp.  

The butterfly Zizeeria sp., commonly known as grass blue, has a brownish-

white body with white legs. The wings have uneven margins and dark brown 

dichotomously branched veins and two black spots near the margin (Plate 3.4 c). This 

insect species was found visiting flowers occasionally and was only found from 

March to May at Lahore and Kasur sites (Table 3.2).  

Belenois aurota Fab. 

Belenois aurota is commonly known as pioneer white or brown veined white 

butterfly, is a small to medium size insect. The upper side of this species is white, and 

wings have diagonal white patches with brown boundaries. The margins of the wings 

have six elongate, outwardly pointed spots of the ground colour. The antennae are 

black with sparsely sprinkled white dots (Plate 3.4 d). This insect was found on C. 
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procera occasionally and was reported only from Lahore and Kasur sites from May to 

June (Table 3.2).  

Eristalinus arvorum Fabricus 

 Eristalinus arvorum belongs to the hoverfly group, having characteristics 

spots or bands over the body. There are alternatively arranged black and white 

coloured bands parallel to the body on thorax region and in a transverse way on the 

body. Legs also have brown and white patches alternatively. Eyes comparatively 

large-sized having yellowish spots (Plate 3.4 e). The insect was stout with nimble 

flight as compare to other hoverfly species. Eristalinus arvorum was occasionally 

found at only Lahore and Sheikhupura sites, from May to August (Table 3.2).  

Eretmocera impactella Walker 

 Eretmocera impactella belongs to moth‟s family with black to the greyish 

body. The wings are black with four distinct yellowish-white markings. The head, 

thorax, and legs are cupreous (Plate 3.4 f). The insect was found mostly sitting on 

leaves rarely on flowers. Eretmocera impactella was frequently observed from the 

Lahore site from April to May (Table 3.2)    

Odontomyia angulata Panzer 

 This insect with green coloured abdomen and thorax is commonly known as 

an orange-horned green colonel, soldier fly. The head with metallic green eyes, the 

upper abdomen having black patches in the middle, and brown to orange legs (Plate 

3.4 g). Odontomyia angulata was observed to fly away even some a little disturbance. 

The insect was occasionally found in the field, only at Lahore and Faisalabad site 

from June to August (Table 3.2). 
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Musca domestica L. 

  Musca domestica commonly known as house fly or filth fly is commonly 

found everywhere as well as on plant surfaces (Plate 3.4 h). The insect was found in 

the form of groups especially on the plants having filth in the vicinity. Housefly was 

found very frequent at all the sites from April to December (Table 3.2). 

Chrysporis stollii Wolff 

 Chrysporis stollii commonly known as jewel bug is a polyphagous insect. The 

dorsum has a very attractive bluish-green colour with dark black spots while the 

abdominal ventral side is purple near the margins and whitish in middle with five 

black spots on lateral sides. Legs are pale yellow at the proximal end and black 

towards the distal part (Plate 3.4 i). Chrysporis stollii was occasionally found from 

Lahore, Kasur, Faisalabad, and Gujranwala sites from April to July (Table 3.2). 

Chrysomya megacephala Fabricius 

 Chrysomya megacephala, commonly known as oriental latrine fly, is one of 

the blowflies found on C. procera. The body has a metallic bluish-green colour with 

large red coloured eyes, short antenna, hairy thorax, membranous wings, and dark 

brown rings on abdomen (Plate 3.4 j). It was a frequent visitor of C. procera found at 

Lahore, Sheikhupura, and Faisalabad sites from April to May (Table 3.2). 

Piezodorus hybneri Gmelin 

 The inset is commonly known as a stink bug or shield bug, has a greenish pale 

body with reddish lateral margins and transverse markings at the junction of thorax 

and abdomen, on the dorsal side. Antennae elongated pale yellowish towards the 

proximal end and light purplish towards the distal end. Legs are pale luteus and more 

coarsely punctate below than above (Plate 3.4 k). The stink bug was found to be 
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sitting sluggishly on the leaves of C. procera. The bug was occasionally found only at 

the Lahore site from May to June (Table 3.2). 

Eupeodes corollae Fab. 

 Eupeodes corollae is commonly known as hoverfly with body length ranges 

from 6-11 mm. The hoverfly has a bright reddish head, golden thorax, and yellow 

abdomen with black rings (Plate 3.4 l). The insect was frequently observed from 

March to April, at all sites, almost on each plant of C. procera as well as other 

flowering plants nearby feeding on nectars (Table 3.2). 

Cheilomenes sexmaculata Fab. 

 Cheilomenes sexmaculata is commonly known as the six-spotted 

zigzag ladybird beetle. As the name indicates, there are six bright wavy spots present 

on the yellow shiny elytra and two black markings on pronotum. A T-shaped median 

line connects two halves of elytra with the pronotuum. Legs are small and black (Plate 

3.4 m). The insect was observed feeding on the aphid present on the host plant. The 

ladybird was frequently seen at all sites from March to June (Table 3.2). 
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Plate 3.4 General visitors of C. procera. Lasius niger (a), Leptotes plinis (b), 

Zizeeria sp. (c), Belenois aurota (d), Eristalinus arvorum (e), 

Erytmocera impactella (f), Odontomyia angulata (g), Musca domestica 

(h), Chrysocoris stollii (i), Chryosoma megacephala (j), Piezodorus 

hybneri (k), Eupeodes corollae (l), Cheilomenes sexmaculata (m)   

3.3.3 Generalized herbivores 

The following five insect species were considered as generalized herbivores 

based on their association with the host plant as observed at different study sites. 

These insects were considered herbivores since they were found to be feeding on one 

or more parts of C. procera plant.  
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Platycorynus peregrines Herbst  

Platycorynus peregrines commonly known as aak beetle has metallic blue-

black colour of the body (Plate 3.5 a). This beetle species was found feeding on stem 

leaf and flowers causing severe damage to the plant. It was occasionally found only 

from the Lahore site from August to September (Table 3.2). 

Poekilocerus pictus Fab.  

This insect is commonly known as a painted grasshopper is a large-sized 

insect species with typical bright colours. The body has canary yellow and circular 

strips of turquoise colour over it. The tegmen is pale green with yellow spots on it and 

the hind wing is purplish-red coloured. Head stout, eyes small, and comparatively 

small filiform antennae. Hind legs are much elongated as compare to forelegs, 

muscular, having stiff hooks and bristles, and used for jumping purposes (Plate 3.5 b). 

Painted grasshopper completes its life cycle on C. procera. All stages of the insect 

feed on leaves, tender stem flowers, and fruits of the C. procera. Due to a voracious 

attack, it may cause complete defoliation of host plants (Plate 3.5 b). The insect was 

frequently found at all sites from May to October (Table. 3.2). 

Poekilocerus bufonius Klug 

 Poekilocerus bufonius is another type of large grasshopper having a reddish-

yellow body with dark brown and blue spots all around. The Head has small black 

eyes and filiform antennae with black and yellow rings (Plate 3.5 c). The insect was 

observed motionless until touched by some object. This insect species was found to be 

feeding on almost all aerial parts of the C. procera including flowers. It was 

occasionally observed only from Lahore and Faisalabad sites during June (Table 3.2). 
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Spilostethus hospes (Scopoli) 

 Spilostethus hospes is commonly known as a ground bug or milkweed bug and 

belongs to the family Lygaeidae. The insect has the red-black colouration of the body 

with a white spot in the centre of the membrane. A pair of wavy black strips run from 

front to the edge of pronotum. Both nymphs and adults of this insect species feed 

upon opened or damaged fruits of the host plant (Plate 3.5 d). The insect was also 

found sucking the juicy latex released from the injured plant parts or opened fruits of 

C. procera. The insect was found to be frequent at all sites except Sheikhupura, from 

June to September (Table 3.2). 

Aphis nerii Boyer de Fanscolombe 

 This aphid species is also known as sweet pepper, oleander, or milkweed 

aphid was commonly found associated with C. procera. The aphid has a yellow 

colour with black legs. It forms a thick layer on and mostly under the surface of the 

leaves, also found to be present abundantly on the stem as well as on fruits (Plate 3.5 

e), sucking the sap from the host plant body. Sometimes the damage was so severe 

that it caused leaves to turn pale yellow and fall off the plants. The insect was 

frequently observed from Lahore, Faisalabad, and Kasur sites from December to 

March (Table 3.2).  
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Plate 3.5  Generalized herbivores of C. procera.  Platycorynus peregrines, inset 

shows its damage on stem of C. procera (a), Poekilocerus pictus inset 

shows the damage of a pod of C. procera by the insect (b), 

Poekilocerus bofonius (c) Spilostethus hospes and its nymphs feeding 

on a fruit of C. procera (d), Aphis nerii, nymphs and adults sucking 

sap from the leaf (e)  
 

3.3.4 Specialized herbivores 

Specialized herbivores are those insect species that are generally either 

monophagous or have a very narrow range of hosts. These species are co-evolved 

with their host plants and adapted to overcome the host defences. A stem borer 

(Niphona grisea) and two specialized pre-dispersal seed predators (P. farinosus and 

D. persicus) are reported as specialized herbivores.  

3.3.4.1 Stem borer 

Niphona grisea Breuning 

 Niphona grisea belongs to „long horned beetle‟ category, was the only stem 

borer found in 

the stem of C. procera. Its larvae at different stages were found feeding inside the 

stems (Plate 3.6 a). The adults are generally considered nocturnal and were rarely 

seen inside the stem. Niphona grisea bores and feeds the stem during the completion 

of its life cycle resulting in drying of the stem and severe damage of the host plant. In 
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Lahore, many C. procera plants were found dead were infested by N. grisea (Plate 3.6 

b). The stem borer was observed only at the Lahore site during July and August 

(Table 3.2). 

3.3.4.2 Pre-dispersal seed predators 

Dacus persicus Hendel 

 Dacus persicus commonly known as aak fruit fly is a reddish-brown coloured 

insect with yellow markings on the thorax. A female has an elongated ovipositor at 

the end of abdomen, but the male has no such structure (Plate 3.6 c). Dacus persicus 

completes its life cycle on C. procera and its larvae completely damage the 

developing seed and tissue inside of the infested fruits of the host plant. The damage 

is generally so severe that once attacked, all developing seeds are dead inside the fruit 

pod (Plate 3.6 d). Dacus persicus was frequently present from July to December on all 

sites, but at some sites, for example, Iqbal Avenue Lahore, the insect was observed to 

be present around the year, though less frequent in the winter period (Table 3.2). 

Paramecops farinosus Wiedmann 

 This insect commonly known as aak weevil is another specialized pre-

dispersal seed predator of C. procera. The body of the insect is covered by a greyish, 

hard integument having whitish dots all over it. An elongated rostrum or snout is 

present at the anterior end of the head region for the puncturing of the host plant and 

releasing sap (Plat 3.6 e). Like D. persicus, P. farinosus also completes its life cycle 

on C. procera. The adults of the insect feed on leaves and flowers of the host plant 

and inflict severe damage. Female weevil lays eggs inside the pod of the host plant, 

where larvae of insect develop and pupate, consuming the whole of the internal mass 

of tissue leaving few or no seed inside (Plate 3.6 f). The insect was observed around 

the year at all sites (Table 3.2).  
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Life cycles, population dynamics, and seasonal damage potential of these two 

specialized insects will be discussed in chapters 4, 5, and 6 of this thesis. 

 

Plate 3.6 Specialized herbivores of C. procera. Niphona grisea inside the stem 

bore, inset shows its larva (a), a plant of C. procera getting dry due 

to the infestation of stem borer. Dacus persicus, two male insects (on 

the top left) and a female, having an elongated ovipositor (middle 

left) (c), a fruit opened to show no seed except brown rotten material 

along with larvae of the insect (d).  P. farinosus feeding on latex 

exuding from the leaf of C. procera (e), A pod of C. procera infested 

by P. farinosus, having no seed (left) in comparison with a healthy 

one (right) (f)  
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Table 3.2 Occurrence of different insects associated with Calotropis procera in some selected districts of northern Punjab, 

Pakistan. 
 

Category  Species Order/Family Sites Collected
1
 Occurrence Active period 

Pollinators Eris thoracica Fab. Hymenoptera/ Scoliidae L, K, F, S Frequent  Mar to June 

Apis florea Fab. Hymenoptera/ Apidae L, K, F, S, G Frequent  Mar to Aug 

Apis dorsata Fab. Hymenoptera/ Apidae L, F, K Frequent  Mar to July 

Apis millifera L. Hymenoptera/ Apidae L, K, F Occasional  Mar to Aug 

Danus chrysippus L. Lepidoptera/ Nymphalidae L, K, F, S, G Frequent  Mar to May 

Unknown sp-1 Hymenoptera/ Scoliidae L Occasional April 

Unknown sp-2 Hymenoptera/ Apidae L Occasional Mar to Apr 

General  

visitors 

Lasius niger Latreille  Hymenoptera/ Formicidae L, K, F, G, S Frequent  Mar to Aug 

Leptotes plinius Fab. Lepidoptera/ Lycaenidae L, S, F Frequent April to May 

Zizeeria sp. Lepidoptera/ Lycaenidae L, K Occasional  Mar to May 

Belenois aurota Fab. Lepidoptera/ Lycaenidae L, K Occasional  May to June 

Eristalinus arvorum Fabrcius Diptera/Syrphidae L, S Occasional May to Aug  

Eretmocera impactella Walker Lepidoptera/Scythridinae L Frequent April to May 

Odontomyia angulate Panzer Diptera/Stratiomyidae L, F Occasional June to Aug 

Musca domestica L. Insecta/Muscidae L, K, F, G, S Frequent April to Dec 

Chrysocoris stollii Wolff Hemiptera/Scutelleridae L, K, F, G Occasional April to July 

Chrysomya megacephala 

Fabricius 

Diptera/calliphoridae L, S, F Frequent  April to May 
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Piezodorus hybneri Gmelin Hemiptera/Pentatomidae L Occasional May to June 

 Eupeodes corollae Fab Hymenoptera/ Syrphidae L, K, F, G, S Frequent  Mar to April 

Cheilomenes sexmaculata Fab. Hemiptera/ Coccinilinae L, S, K, F, G Frequent  Mar to June 

Generalized 

Herbivores 

Platycorynus peregrines Herbst Coleoptera/ Chrysomelidae L Occasional Aug to Sep 

Poekilocerus bufonius Klug   Orthoptera/ Pyrgomorphidae F, L Occasional  June 

Poekilocerus pictus Fab. Orthoptera/ Pyrgomorphidae L, G, F, K, S Frequent  May to Oct 

Spilostethus hospes (Scopoli) Hemiptera/ Lygaeidae L, G, F, K Frequent  June to Sep 

Aphis nerii Boyer de 

Fanscolombe  

Hemiptera/ Aphidae L, F, K Frequent  Dec to March 

Specialized  

Herbivores 

Niphona grisea Coleoptera/Cerambycidae L Frequent Jul to Aug 

Dacus persicus Hendel 

 

Diptera/ Tephritidae L, K, F, G, S Most 

frequent  

Jan to Dec 

Paramecops farinosus 

Wiedmann 

Coleoptera/Curculinoidae L, K, F, G, S Most 

frequent 

Jan to Dec 

1
L=Lahore, K=Kasur, F=Faisalabad, G=Gujranwala, S=Sheikhupura
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3.4 DISCUSSION 

Although climatic conditions of most of the sites (districts) were not very 

different, however, a diversity of insects associated with C. procera were found at 

different sites. Sites at Lahore district were found to be most diverse while 

Gujranwala site being the least diverse as for as occurrences of the insects associated 

with C. procera was concerned. All twenty-eight insects were found to be present at 

Lahore sites with fluctuations in their occurrences and frequencies from month to 

month of the year (Table 3.2). The second most diverse site was district Faisalabad, 

from where 19 different insects were observed followed by Kasur and Sheikhupura 

with a total 17 and 16 insects found in association with the plant, respectively (Table 

3.2). Only ten insects were documented from Gujranwala. The spatial and temporal 

occurrence of most insect species was linked to the host specificity or flowering 

season. In general, pollinators and general visitors were seasonal in their occurrence 

while generalized and specialized herbivores were relatively more frequent and 

present on host plants round the year.  

Dependence of some plants on insects for pollination and ultimately for setting 

seeds is vital for their survival. The successful pollination of insect-pollinated plants 

is determined by the availability of the number of different pollinators (Richard and 

Silander 1975). This plant-pollinators relationship has been evident from the 

Cretaceous period when insects started their association with flowering plants for 

their food and in return, the plant got success in their reproduction process (Tepedino 

1979). 

Calotropis procera with its unique flower structure depends upon potential 

pollinator insects for the transfer of pollinia to the stigma (Ali and Ali 1989). Eris 

thoracica was observed to be a potential pollinator of C. procera was found to be 
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present in the field from March to June at almost all the sites. Hooks and bristles 

present on the body surface as well as on tarsals parts of the legs can easily carry 

pollinia from one flower and other. Ali and Ali (1989) mentioned two species of 

Xylocopa (X. fenestrata and X. pubescens) as major pollinators in southern Pakistan, 

but here in this study, no species of Xylocopa was observed from all sites. Among 

other pollinators, bees have their prime importance as compared to the other insects. 

Approximately 30% of the man‟s food providing plants depends upon bees for their 

pollination (O‟Tool, 1993).  Calotropis procera flowers were frequently visited by 

three species of bees in the study area, along with other pollinators. These bees were 

found to have equal preferences for C. procera flowers and available flowers of other 

plants in the field. 

 On the other hand, some insects were found to inflict severe damage to the 

leaf, stem, flowers fruits or /and seeds. Most of these herbivores lead to a direct effect 

on the population dynamics of the plant and maintain equilibrium in an ecosystem 

(Prins and Nell 1990). Results of this study show that C. procera hosts many kinds of 

herbivores that feed different parts of the plant, for example, leaves are damaged by 

P. pictus (Plate 3.7), A. nerii and P. farinosus, stem bark is damaged by P. peregrines, 

and flowers/fruits are fed by P. farinosus, A. nerii and S. hopes.  The generalized 

herbivores feed on different parts of host plants but they do not solely depend on one 

plant, for example, P. pictus. In contrast, the specialized herbivores mostly depend 

only on a specific host plant and they evolve along with their host plant species. 

In this study, three specialized insect species viz. N. grisea, D. persicus and P. 

farinosus were reported from the sites that coevolved the C. procera plant (Dhileepan 

2014). N. grisea being a stem borer bore the stem and its larval stages consume the 

internal tissue of the stem leading to the drying and death of the plant. On the other 
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hand, the adults of P. farinosus feed on the leaves, tender stem, flowers, fruits, and its 

larval development takes place inside the developing fruits. Similarly, D. persicus 

feeds upon flowers for nectar and its larvae consume the developing seeds as well as 

fruit tissue (mesocarp and endocarp). These two insects have also been reported from 

other parts of South Asia (India, Bangladesh, and Iran) (Parihar 1984; Amritphale and 

Sharma 2006).  

 

Plate 3.7 A skeleton of leafless twigs of C. procera due to the voracious feeding 

activity of P. pictus. Many adult insects can be seen resting on the 

defoliated twigs. [Photo by courtesy of Dr. Asad Shabbir]   

 

In the future, the study will be expanded to other districts of Punjab as well as 

other provinces of Pakistan to explore the diversity of insects associated with C. 

procera especially those belonging to potential pollinators or specialized herbivores 

categories. Moreover, the presence of parasitoids of these pre-dispersal seed predators 

may be identified and studied in the future that may lead to establishing a 

comprehensive account of the association of these insects with the host plant.  
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3.5 CONCLUSION 

Most of the insects associated with C. procera were occasional visitors and 

did not represent any important association with the plant. Seven insects (two 

unidentified) were found to be pollinators of C. procera, out of which four insects 

belonged to honeybee‟s group.  Three insect species, N. grisea, D. Persicus, and P. 

farinosus completely depend on the host plant for their completion of the life cycle. 

All life stages feed on different parts of C. procera.  
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Chapter 4 

LIFE CYCLE OF PARAMECOPS FARINOSUS WIED 

 

 

A mating pair of weevils, Paramecops farinosus on the twig of Calotropis procera 
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4.1 INTRODUCTION 

In Chapter 3, different insects (pollinators, generalists, and specialists) 

associated with C. procera are described. The list includes two specialists, 

Paramecops farinosus and Dacus persicus, considered important seed predators of C. 

procera. In this and following chapter, the complete life cycle and seasonal dynamics 

of both insect species have been described in detail. The order Coleoptera, 

superfamily Curculionidae, represented by 62,000 species belonging to 5,800 genera, 

is a diverse group of insects commonly known as beetles and weevils (Kuschel 1995; 

Oberprieler et al. 2014). Farrell (1998) argued a close association between the 

ancestors of Curculionidae and host angiosperms for the evolution of rostrum (snout) 

in females of weevils. 

Paramecops farinosus is a natural enemy of Calotropis procera evolved with 

this plant in the Indian subcontinent (Sharma and Amritphale 2007; Dhileepan 2014). 

The adult insect is about 10-14 mm in length with grey coloured body has whitish 

cover all over making it almost invisible when sitting on twigs of C. procera, most 

probably for camouflage purpose. Male is slightly smaller than female having round 

abdomen end (U shaped) while the female has pointed (V-shaped) abdomen (Plate 

4.1).  Paramecops farinosus has cryptic nature and feed only on C. procera and C. 

gigantea (Maxwell 1909; Stebbing 1914).  
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Plate 4.1 Adult P. farinosus. A male (a) A female (b). Insets show the difference 

in abdomen shape (round U shaped in male and slightly pointed V-

shaped in female) 

 

Paramecops farinosus is distributed in Jammu and Kashmir, (Sudan 2013), 

different states of India i.e. South Arcot, Chingleput (Fletcher 1914), Himachal 

Pradesh (Uniyal and Mathur 1998) Rajasthan, Ujjain, Madhya Pradesh, (Parihar 1984, 

Amritphale and Sharma 2006, Sharma and Amritphale 2007), Tamil Nadu, Karnataka, 

(Dhileepan 2014) and Bengal (Sudan 2013). Paramecops farinosus is also found in 

Pakistan (Dhileepan 2014: Ahmed and Legalov 2015), however, its distribution is the 

first time described in this thesis. Adult P. farinosus feed on the leaves and flowers of 

C. procera, while larvae feed on developing fruits and complete its life cycle. The 

larvae feed on the endosperm of developing seeds of the host plant and use the silky 

fibrous material of fruit to form cocoons (Sharma and Amritphale 2007; Sudan 2013).  

The seed production of C. procera fruits infested by P. farinosus has been 

reported to reduce to have reduced by almost 100 % in India (Parihar 1984). P. 

farinosus has been prioritized as one of the prospective agents for biological control 

of C. procera based on its field host specificity and damage potential (Dhileepan 

2014). Although Sudan et al. (2013) studied the bionomics of P. farinosus about its 

risk as a potential pest of C. procera in Jammu division of Kashmir however, no 

information is available on its seasonal dynamics in Pakistan. The present study is, 

  

a b 
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therefore, aimed to document the life cycle and bionomics of P. farinosus in Lahore, 

Pakistan. More specifically, the objectives of this study were: 

 to document seasonal dynamics of different life stages of P. farinosus under 

the field conditions 

 to study reproductive biology in relation to the life stages of P. farinosus 

4.2 MATERIALS AND METHODS 

4.2.1 Site description 

The field site-1 (S-1; 31°25'36.01"N, 74° 7'11.13"E) selected for the study 

was a Dalbergia-Acacia stand of the Jhok Reserve forest located near the bank of the 

river Ravi, Lahore, Punjab, Pakistan. The dominant vegetation in the stand was of C. 

procera (ca. 1 plant/ 5 m
2 

including seedlings, juvenile, and mature plants) along with 

other species viz; Vachellia nilotica (L.) PJH Hurter and Maab, Dalbergia sissoo 

Roxb, Acacia fernesiana (L.) Wild, Ziziphus jujuba Mill, and Desmostachya 

bipinnata (L.) Stapf (Fig. 4.1 a).  

The Site-2 (S-2; 31°30'9.03"N, 74°16'35.09"E) was abandoned farmland 

having a dense population of C. procera (ca. 1 plant/m
2
, including seedlings, juvenile 

and mature plants) along with dominant vegetation of Croton bonplandianum Bail, 

Parthenium hysterophorus L., and Boerhavia procumbens Banks ex Roxb., Jubilee 

Town, Lahore, Pakistan (Fig. 4.1 b). 

The climate of Lahore is sub-tropical, the average temperature recorded for the 

year 2015 was 24.7 Cᵒ, with June and January being the hottest and coldest months, 

respectively. Most of the rainfall is received in the monsoon season (June -August). 

The detailed climatic data for the experimental duration is shown in Fig. 4.2. 
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Fig. 4.1  Populations of C. procera at S-1, Jhok reserve forest (a) and S-2, 

Bahria Town, Lahore (b).  

 

Fig. 4.2  The mean monthly averages of rainfall (mm) and temperature (
o
C) 

near study sites in Lahore for the year 2015. The vertical bars 

show average monthly rainfall while lines indicate the average 

monthly minimum and maximum temperature. [Source: 

Metrological department Lahore Division, Punjab, Pakistan]. 
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4.2.2 Seasonal dynamics (Lab study) 

Eggs larvae and pupae: At both sites, the seasonal variation in incidence and 

abundance of P. farinosus eggs and larvae fruit
-1

 were determined. For this purpose, 

fruit were harvested every week and brought to the laboratory for investigation. 

During weekly field visits, fruits (N = 25) showing signs of P. farinosus infestation 

(ovipuncture) were collected at random from each site. Individual fruits were packed 

in small (15 × 10 cm) pre-labelled paper bags and were brought to the Ecology and 

Evolution Research Laboratory. When fruits were in shortage, only the available 

fruits were collected and recorded. Of the weekly harvested fruits, forty fruits (twenty 

from each site), were randomly selected and opened carefully for the observation of 

any eggs, larvae, or pupae fruit
-1

. The number for each stage was counted and 

recorded for each site. 

Measurements: Life stages of P. farinosus (eggs, larval instars, and pupae) were 

carefully observed under a stereomicroscope. The length and diameter of eggs, larval 

instars, and pupae (N=50) were measured with the help of a micrometre or digital 

Vernier calliper.   

4.2.3 Life cycle study (Field study) 

Adult pairs:  The individual fruits were placed inside the plastic pouches (64 × 40 cm; 

mesh size = 0.05 mm) and transferred to wooden cages (30 × 45 cm; mesh size = 1 

mm), containing a mixture of grass straw and soil at the bottom (ca. 20g). These cages 

were kept inside the lab environment (temperature 25 
o
C ± 2; relative humidity ca. 

70% ± 10) and were observed daily to collect newly emerged adults required for the 

study.  

Mating behaviour: Fresh leaves of C. procera were regularly provided to newly 

emerged adults, and their mating behaviour was studied. Some of these adults (20 
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pairs) were used in field experiments while others were kept in the cages to determine 

the longevity of both the male and female insects.   

Application of adults: A field experiment was started at both sites during June 2015. 

Twenty adult pairs (newly emerged, from the laboratory as described above) of P. 

farinosus were collected (N = 10) for each site) and released inside sleeve pouches 64 

× 40 cm with mesh size 0.05 mm. These pouches containing one pair of adult weevils 

were taken to field fastened to C. procera twigs with 3-4 leaves and at least one 

young healthy fruit (Plate 4.2 a). These pouches were properly labelled and tagged for 

observation and traceability.  

Oviposition: The oviposition behaviour of adult females (N = 7) of P. farinosus was 

studied in the field. Adults inside these pouches were observed daily for mating and 

oviposition behaviour. If there were any signs of weevil‟s ovipuncture observed on 

fruits, the pouch containing the same pair was transferred to another twig of the same 

or another plant with some leaves and at a healthy fruit.  

 Fruit caging: Once the fruit is attacked, it was covered with a smaller pouch (18 × 13 

cm) of mesh size 0.05 mm, containing a mixture of soil and litter. These pouches were 

labelled accordingly and were kept under observations until the emergence of the 

adults (Plate 4.2 b).  

 

Plate 4.2 A larger pouch containing a pair of P. farinosus fastened to the twig 

of C. procera with some leaves and healthy fruits, (a) infested fruits 

covered with small pouches (b) 

a b 
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Reproductive potential: To determine the reproductive potential of a newly emerged 

female, it was transferred from one to another healthy fruit. After 1
st
 oviposition, the 

same pair was transferred to a new pouch and fastened to another twig of the same or 

different plant containing some flowers, leaves, and at least one healthy fruit. The 

process of transfer was repeated until the death of the female, if the male died earlier, 

it was replaced with another active male collected from the field. In this way number 

of fruit infestations by single females was recorded, and finally, the reproductive 

potential of females was determined based on this data. Based on fruit infestation 

female
-1

, the average number of eggs per clutch and sex ratio, total adults added in the 

population by a newly emerged female were calculated. All the fruits infested by a 

single female were kept under careful observation in the field. Time duration (days) 

and the number of adults emerged was recorded. Using the following formula total 

reproduction potential of a single newly emerged female was calculated. 

 Total eggs produced = No. of infestations × average no. of eggs clutch
-1 

Total adults produced = No. of infestations × no. of adults produced within an 

infested fruit   

4.2.4 Longevity, generation time and winter survival 

 The life span (days), from emergence to death, of an adult pair was 

determined. After careful field observations, the survival strategies of P. farinosus 

during winters were also documented.  

4.2.5 Statistical analyses 

Data on different life stage experiments in the laboratory and field 

experiments for all months as well as for both sites were analysed using descriptive 

statistics (mean and standard errors). A stepwise polynomial regression analysis was 

applied to explore the relationship between the climatic parameters (minimum and 
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maximum temperatures and rainfall) and the abundance of adults of P. farinosus. A 

linear regression model was applied to an abundance of eggs and larvae per fruit and 

the mean minimum temperature of the study site. A one-way analysis of variance 

(ANOVA) was performed to compare differences in the life history traits, fruit size 

preference, and biomass comparisons using Genstat 18
th

 Edition statistical software. 

The data for Site 1 and Site 2 was also compared with the site as a factor. If there 

were no significant differences found between the two sites, the data were averaged. 

4.3 RESULTS  

4.3.1 Seasonal dynamics of eggs and larvae 

  The first observation of P. farinosus eggs inside the fruits started during the 

last week of March and it continued till the mid of November. However, the number 

of eggs and larvae varied throughout the year and across both sites studied (Fig. 4.3). 

At S-1, the average number of eggs laid fruit
-1

, from March to November was 5.71 ± 

0.23 while average larvae fruit
-1 

was 4.71 ± 0.04 (Fig 4.3 a). From May to July, 

comparatively more eggs and larvae fruits
-1 

were observed, with the maximum being 

in July 8.27 ± 0.65 and 6.31 ± 1.77, respectively (Fig 4.3 a). At S-2, eggs and larvae 

were first observed during the 2
nd

 week of April and lasted until November. Overall, 

the average number of eggs and larvae fruit
-1 

recorded was 5.61 ± 0.48 and 4.28 ± 

0.37, respectively. More eggs fruit
-1

 were recorded in May (7.5 ± 0.8) and July (8.0 ± 

0.7) than in any other month. On the other hand, the maximum number of larvae fruit
-

1
 were observed in June, 6.63 ± 0.95 (Fig 4.3 b). 

  The average number of eggs clutch
-1

 and larvae fruit
-1

 was not significantly 

different (P = 0.104, F = 1.451, df = 95 for eggs and P = 0.46, F= 1.030, df  = 95 

larvae) for different months as well as for both sites. Linear and polynomial 

regression analysis indicated no relationship between the number of eggs/larvae and 
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minimum, maximum temperature or annual rainfall (R
2 

= 0.084 and R
2 

= 0.015 for 

minimum temperature and eggs and larvae respectively, R
2 

= 0.055 and R
2
 = 0.15 for 

maximum temperature and eggs and larvae respectively, R
2 

= 0.001 and R
2
 = 0.025 

for annual rainfall and eggs and larvae respectively). 

 

 

Fig. 4.3  A comparison of seasonal dynamics of P. farinosus eggs and larvae 

found inside the infested fruits during the year 2015 at both study 

site 1 (a) and site 2 (b). Each point on two lines indicates the 

average weekly data of eggs plant
-1 

(blue circle) and larvae plant
-1

 

(red rectangle). Bars represent two standard errors of the mean. 

4.3.2 Life cycle  

Mating behaviour: Paramecops farinosus adults started mating after 4.5 ± 0.14 (N = 

26) days of emergence from the cocoons (Table 4.1). Mating usually starts in the 

morning or evening times when temperatures are relatively mild. During mating, the 
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male firmly holds the female with the help of its legs making an angle of about 70
o
 

over the body of the female (Plate 4.3) and this process lasts up to 30 to 55 minutes 

with an average of 42.6 ± 1.46 (Table 4.1). 

Oviposition: Field observations revealed that female P. farinosus oviposits 4.8 ± 0.17 

days (N = 20) after mating (Table 4.1).  Once a fruit is selected, the female with the 

help of its long snout makes a hole of about 1 mm diameter in pericarp of fruit of C. 

procera. This process takes 15 to 20 minutes (17.57 ± 0.57) after this, the female 

turns her body at about 180
o
 and brings her ovipositor exactly over the mouth of the 

hole and inserts the ovipositor into the hole and deposit eggs over mesocarp of the 

fruit. It takes another 20 - 25 (22.71 ± 0.73) minutes for this process.  

During this process, the female keeps spreading her legs away from the body 

to avoid the gummy latex oozing out of the punctured fruit (Plate 4.3 b). Finally, the 

female pulls out her ovipositor and again makes 180
o 

turn and she plugs the hole with 

oozing latex using forelegs, and mouth-parts. Females not only plug the hole but also 

spreads the latex around the hole in 6-8 mm diameter (6.88 ± 0.13) (Plate 4.3 c). She 

engages herself for this labour for about 20-25 (22.28 ± 0.78) minutes while on 

average it takes her 50 to 70 minutes (61.42 ± 2.74) for the whole process of 

oviposition (Table 4.1). From the field experiment, it was observed that single newly 

emerged females oviposit 5.4 ± 0.32 times in its life. The eggs laid were in clutches 

and surrounded by pale yellow sticky liquid (Plate 4.4).  
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Plate 4.3 Different steps of reproduction in P. farinosus. A matting pair sitting 

on a twig of C. procera (a) A female laying eggs by inserting ovipositor 

inside the fruit, latex is oozing out after fruit is punctured (b). Dried 

latex plug covering the ovipuncture (c). 
 

Eggs: The eggs in a clutch ranged from 4 to12 with an average number of 6.10 ± 0.09 

per clutch. Each egg was rounded to elongated with both ends blunt, pale yellow 

(Plate 4.4), having an average length 1.15 ± 0.01 (1.0 -1.5 mm), and diameter 0.44 ± 

0.01 (0.4-0.6 mm) (Table 4.2). 

6-8mm 

c 

a 

b 
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Plate 4.4 A clutch of eight eggs of P. farinosus, eggs are whitish to pale in 

colour, oviposited on the spongy mesocarp of the fruit of C. procera.  

 

Larval instars: Eggs hatched on spongy mesocarpic tissue of the host fruit. Different 

instars of P. farinosus were the same for colour and other morphological features. All 

the stages of larval instars showed characteristic segmentation pattern with the dark 

brown head region and shiny whitish to pale body colour. However, there was a 

change in length and diameter from 1
st
 to the 5

th
 instar (grubs). 

1
st 

instar: This stage of the larva of P. farinosus was creamy in colour with a dark 

spot of mandibles at the head region and was sluggish. The average length at this 

stage (first instar) of larvae was 1.59 ± 0.04 mm (1.4-2.2 mm) and diameter 0.45 ± 

0.01 (0.4-0.7 mm) (Plate 4.5 a; Table 4.2).  

2
nd

 Instar: The 1
st
 instar larvae bored through the mesocarp and move to the 

endocarp where they start feeding on the developing seed‟s endosperm. Average 

length of 2
nd

 instar was 3.84 ± 0.05 mm (3.2-4.3 mm) with a diameter of 1.15 ± 0.04 

mm (0.6-1.5 mm) (Plate 4.5 b; Table 4.2).  

1.1mm 
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3
rd

 & 4
th

 instars: These instars were more active and larger. They consumed almost 

100 % of the seeds inside the fruit (Plate 4.5 c and d). Average length of 3
rd

 instar was 

7.2 ± 0.07 mm (6.3-8.0 mm) with a diameter 2.34 ± 0.09 (1.7-3.0 mm) while average 

length of 4
th

 instar was 10.92 ± 0.09 mm (9.2-12.0 mm) and diameter 3.51 ± 0.03 

(3.0-4.0 mm) (Plate 4.5 c and d; Table 4.2). 

5
th

 instar: This was the final instar in the life history of P. farinosus with an average 

length of 17.26 ± 0.14 mm (15-18 mm) and diameter 4.92 ± 0.04 mm (4.5- 5.7 mm; 

Table 4.2). The 5
th

 instar larvae not only feed on seeds but they also chop the silky 

fibrous material to be used in the formation of cocoons. Most instars were found 

inside the silky fibrous material of the fruit of C. procera (Plate 4.5 e). Data showed 

that there were 4.89 ± 0.09 (2-10) fully mature instars fruit
-1

 produced (Table 4.3). 
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Plate 4.5 Different larval instars of P. farinosus. The 1
st
 instar larvae showing a 

black dot of mandibles at the anterior end, inset a larva on scale (a) 

2
nd

 instar, inset a developing seed damaged by the larva (b), 3
rd

 instar 

(c), 4
th

 instar (d), and mature larvae (grubs) inside a fruit, ready to 

form cocoons (e). 

  

5mm 5 mm 

5 mm 
10 mm 

10 mm 
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Pupal stage: 5
th

 instar of larval stage (grubs) made their way from endocarp to the 

mesocarp by puncturing the outer surfaces of the endocarp. These grubs carried the 

whole of the fibrous material from endocarp to mesocarp part and sometimes on 

external to the pericarp of the fruit (Plate 4.6 a). Grubs used this fibrous material to 

form the cocoons, inside which pupal stage survives. It took the larval stage 20.5 ± 

0.26 days (18-25 days) to reach the pupal stage (Table 4.1). Cocoons appearing 

creamy white having an average length of 23.1 ± 0.21 (20-25 mm) and diameter of 

17.2 ±0.16 mm (15-19 mm) (Table 4.2; Plate 4.6 b). The average length recorded for 

pupae was 9.8 ±0.22 mm (9-11 mm) with a diameter of 8.02 ± 0.11 mm (7-9 mm) 

(Table 4.2). The number of cocoons produced fruit
-1

 ranged from 3-7 (4.13 ± 0.45) 

(Table 4.3). 

  

Plate 4.6 Pupal stage of P. farinosus. A fruit attached to the plant showing 

pupal stage, cottony fibrous material moved out of the fruit (a). Three 

cocoons of the insect having pupae inside, the whitish cottony cover is 

made from the silky fibrous material of the fruit of the host plant (b).  

 

Generation time: After the completion of the pupal stage, adults emerge out of the 

cocoons. The newly emerged adults were reddish-brown in colour and sluggish. It 

took 16.7 ± 0.76 days (ave. 15-18 days) for development from pupae to the 

emergence of active adults. In Lahore, Pakistan, the total developmental duration 

from oviposition to the emergence of the adults of P. farinosus was 59.9 ± 0.82 days 

(53-67 days) (Table 4.1). Average length, snout to the abdomen, 13.4 ±0.13 mm (11-

5mm 

a b 
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15 mm) and width, middle of the abdomen, 3.58 ± 0.03mm (3.3-4.0 mm), of adults 

was recorded (Plate 4.7; Table 4.2). There was a production of 3.83 ± 0.23 adults 

fruit
-1

 (Table 4.3).   

 

Plate 4.7 An adult of P. farinosus inside a cottony cocoon (a), Mesocarpic tissue 

of C. procera opened showing two newly emerged adults (b). 

 

Reproductive potential of P. farinosus: As soon as the young fruits of C. procera 

become available at the start of the season (late March), oviposition by the adult 

female of P. farinosus commenced and this continued till the beginning of the winter 

(November). An adult female, after emergence from its cocoon, oviposits 5.4 ± 0.32 

(range 4 - 8) times in her life span. On average 6.10 ± 0.09 eggs, clutch
-1

 were 

deposited in fruit which means it could produce on average, 33 eggs in her life (5.4 × 

6.10 = 32.94). Out of these, 25.1 (37 % mortality, egg to adults, Table 4.3) adults 

(14.5 female and 10.67 male) were added to the population by a single female. The 

average sex ratio of male: female in the next generation recorded was 1: 1.38 (Table 

4.3). 

Longevity and winter survival: Total life span of adults from emergence to death in 

captivity was 96.9 ± 1.9 days for males while 68.9 ± 1.41 days for females (Table 

4.1). Paramecops farinosus survives during the winter season (December to February) 

in the form of pupae inside the infested fruits along with dry fallen leaves or adults 

getting shelter at the basal curved part of the leaves of the host plant (Plate 4.8). 

17.2 mm 23.06 mm 

a b 
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Plate 4.8 A pair of P. farinosus hiding under the curved lobed basal part of the 

leaf of the C. procera plant. This is one of the ways adopted by the 

insect during the winter season (a) A thick whitish protective powdery 

material can also be seen on the body of insect surviving inside the 

dried folded leaves of the host plant (b). 

 

Table 4.1 Time taken (in days) by different developmental stages of P. farinosus 

in its life history (a combined data for S-1 and S-2 is shown) 

Life stage Time duration 

 Min. Max. Avg. 

Emergence to 1
st
 mating (d) 4 6 4.50 (±0.14) 

Mating duration (m) 30 55 42.66 (±1.46) 

Pre-oviposition period (d) 4 6 4.80 (±0.17) 

Oviposition (m) 20 25 22.71 (±0.73) 

Post oviposition (m) 20 25 22.28 (±0.78) 

Larval period (d) 18 23 20.54 (±0.17) 

Pupal period (d) 18 25 20.55 (±0.26) 

Adult period (d) 15 18 16.76 (±0.76) 

Total time (d) 53 67 59.9 (±0.82) 

Longevity, male (d) 80 112 96.95 (±1.98) 

Longevity, female (d) 61 83 68.9 (±1.41) 

m = minutes d = days  

b a 



73 

Table 4.2 Morphometric measurements of different life stages of P. farinosus in 

Lahore, Punjab, Pakistan 

Life stage Length (mm) Diameter (mm) 

 Min. Max. Avg. Min. Max. Avg. 

Egg 1.0 1.5 1.15 (±0.01) 0.4 0.6 0.44 (±0.005) 

1
st
 instar 1.4 2.2 1.59 (±0.04) 0.4 0.7 0.45 (±0.01) 

2
nd

 instar 3.2 4.3 3.84 (±0.05) 0.6 1.5 1.15 (±0.04) 

3
rd

 instar 6.3 8.0 7.2 (±0.03) 1.7 3.0 2.34 (±0.09) 

4
th

 instar 9.2 12.0 10.92 (±0.09) 3.0 4.0 3.51 (±0.03) 

5
th

 instar (grubs) 15 18 17.2 (±0.11) 4.5 5.7 4.93 (±0.42) 

Pupae 9 11 9.8 (±0.22) 7 9 8.02 (±0.11) 

Cocoon 20 25 23.06 (±0.21) 15 19 17.2 (±0.16) 

Adult 11.6 15.9 13.93 (±0.27) 4.8 5.4 5.34 (±0.32) 

 

Table 4.3 Average number of individuals of different developmental stages in 

the life span of P. farinosus. Each column shows the number of 

individuals fruit
-1

 

Life stage No. of individual stage fruit
-1

 Female to male ratio 

(%)  Min.  Max.  Avg. 

Eggs cluster
-1

 4 12 6.10 (±0.09)  

58-42 

 

Larvae 2 10 4.89 (±0.08) 

Pupae 3 7 4.13 (±0.45) 

Adults 3 6 3.83 (±0.17) 

 

Damage of fruit: At the end of the experiment all the infested fruits were observed 

devoid of any seeds resulting in up to 100% consumption of seeds along with internal 

tissue of the pods. A detailed account of the damage potential of P. farinosus is 

studied and described in Chapter 6 of this thesis. 
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4.4 DISCUSSION 

Paramecops farinosus has been reported as one of the natural enemies of C. 

procera by several workers (Syed 1970; Perihar 1984; Drew et al. 1998; Kapoor 

2005; Sharma and Amritphale 2008; Dhileepan 2014). As this insect has co-evolved 

with the host plant, C. procera, so both the herbivore and its host, reproduce in the 

same season. The average number of eggs fruit
-1 

laid by adult females of P. farinosus 

at both study sites was not significantly different (p=0.79), possibly due to the same 

climatic conditions of both the study sites.  

Once oviposition has been completed, the female plugged the hole 

(ovipuncture) with latex. This behaviour is important to stop the entry of predators, 

such as ants. Holes that were incompletely plugged were seen infested with ants, 

feeding on eggs, and 1
st
 instars resulting in no development of next-generation in such 

fruits (personnel observation). 

Description of life tables of natural enemies of plants are important for 

biological control programs, such studies help to predict the potential population build 

up in the field after release (Chi and Yang 2003). This study has demonstrated that P. 

farinosus, under natural and undisturbed conditions, can complete up to two 

generations in Lahore Pakistan.  

In this life history study of P. farinosus, about 37% mortality, from egg to 

adult was found. In some pouches, this rate was as high as up to 50 %, this mortality 

could be due to abiotic (extreme climatic conditions) and biotic (predations and 

parasitism) factors (Table 4.3). The emergence of neonate larvae from eggs and adults 

from pupae is dependent on the metabolic resources (food) and climatic conditions 

such as temperature (Menu and Desouhant 2002). The survival rate is greatly 

dependent on the reproductive plasticity of an insect species and it is determined by 
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the egg-laying strategies of the female during different times (Desouhant 1997; 

Desouhant et al. 2000). In most of the insect species, time duration to complete life 

stages varies even within a population (Menu and Debouzie 1993; Roux et al. 1997; 

Danforth 1999). In Pakistan, P. farinosus took 59.9 ± 0.82 days to complete its life 

cycle (Table 4.1). On the other hand, in India (Sudan et al. 2013) the duration of 

development was 46.70 ± 3.75 days. The possible reasons for the difference were the 

prevailing climatic factors in these two countries. The growing populations of P. 

farinosus would likely cause significant damage to its host in two ways; first by 

defoliating the photosynthetic leaves and secondly by reducing the seed production 

potential of its host plant (Plate 4.9 a and b). Life cycle and life table studies 

demonstrate that P. farinosus larvae destroy the seeds of its host. These findings are in 

parallel with other workers (Syed 1970; Perihar 1984; Kapoor 2005; Sharma and 

Amritphale 2008; Dhileepan 2014). A detailed account of population dynamics and 

seasonal damage potential of P. farinosus has been studied (in different districts of 

Punjab, Pakistan) and will be described in Chapter 6. 
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Plate 4.9 Paramecops farinosus damage signs on different parts of the host 

plant. Leaves of C. procera severely damaged by the adults, 

characteristic round holes are produced due to feeding damage by 

adult insects (a) An adult P. farinosus feeding on petals of the young 

flowers (b), Fruits of the host plant damaged by the P. farinosus (c). 

4.5 CONCLUSION 

Paramecops farinosus completes its life cycle on C. procera plants in about 

sixty days. From April to November, a single female can produce up to two 

generations, leading to the fast population build-up of this insect in the field. In 

parallel with life cycle completion, P. farinosus severely damage the developing seeds 

inside the fruit, resulting in significant loss of seeds of its host plant, C. procera. Field 

observations suggest that P. farinosus is a host specialized agent in Pakistan.  

b 

a 

c 
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Chapter 5 

LIFE CYCLE OF DACUS PERSICUS HENDEL 

 

 

Dacus persicus ovipositing on a fruit of C. procera 
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5.1  INTRODUCTION 

Fruit flies (Diptera: Tephritidae) are an important group of insects with about 

4,500 species distributed throughout tropical, subtropical, and temperate parts of the 

world (White and Elson-Harris, 1992). Fruit flies include several economically 

important species that attack a wide range of plants with over 250 species have been 

implicated as pests of fruit and vegetable crops (White and Elson-Harris 1992; 

Kapoor 2005). The genus Dacus of the tribe Dacini includes fruit and vegetable 

infesting species distributed in Afrotropical and Indo-Australian regions (Virgilio et 

al. 2009). The biology of Dacus species is well documented in the Indian 

subcontinent (e.g Janjua 1948; Shah et al. 1948; Bhatra 1954; Shah and Vohra 1974; 

Parihar 1984; Sharma and Amritphale 2008; Wijeweera et al. 2017). 

In Pakistan, limited information is available on fruit fly fauna, despite some 

species being regarded as major pests of fruits and vegetables (Syed 1970; Khalid 

2004; Kakar et al. 2014). Dacus longistylus Wied. infests the fruits of calotrope, 

Calotropis procera (Ait.) Ait. (Syed, 1970). However, the taxonomic status of D. 

longistylus, has been controversial. Hendel (1927) discovered that Becker (1913) 

misidentified the Iranian (Baluchistani) specimens of Dacus as “D. longistylus” and 

established a new species for Becker‟s material as D. persicus Hendel. Nevertheless, 

D. persicus was subsequently misidentified as D. longistylus in Asian records (e.g. 

Syed, 1970; Parihar, 1984). Dacus persicus is a smaller species compared to D. 

longistylus lacking the brown apical wing spots typically seen on sodom apple fruit 

fly, D. longistylus (Plate 5.1). The distribution of D. persicus covers Iran, Pakistan, 

India, and Sri Lanka, while D. longistylus is mainly reported from in northern Africa 

and the Middle East. Dacus persicus is only known to host two congeneric plant 

species, C. procera and C. gigantea R. Br. (Drew et al. 1998). In northern parts of 
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India, D. persicus completes up to 5 generations per year (Parihar, 1984) and exhibits 

varietal host preference within C. procera (Sharma and Amritphale 2008). 

 

Plate 5.1 Adults of D. persicus visiting flowers of C. procera. Two male flies 

seeking for nectars (left), A female fly sitting on floral bud, a long 

ovipositor is a typical identification character of a female fly (right). 

 

The distribution range of D. persicus covers Iran (GBIF), Pakistan (GBIF), 

India (Perihar 1984; Dhileepan 2014) and Sri Lanka (GBIF), while D. longistylus is 

mainly represented in northern Africa and the Middle-East (Drew et al. 1998), 

depending upon C. procera for the completion of its life cycle. Dacus persicus is a 

prospective biological control agent for C. procera in Australia (Dhileepan, 2014). 

The literature suggests that this fruit fly is host-specific for C. procera or its 

congeneric, C. gigantea (Dhileepan 2014; Wijeweera et al. 2017). The life cycle of D. 

persicus has been described on C. procera in India (Parihar 1984) and C. gigantea in 

Sri Lanka (Wijeweera et al. 2017), but no information is available on its bionomics 

and damage potential. The present study was thus, aimed: 
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 to study the seasonal dynamics of eggs or larvae fruit
-1

 in the field 

 to explore the life cycle and bionomics of D. persicus on C. procera in its 

native range, Pakistan.  

5.2  MATERIALS AND METHODS 

5.2.1 Site description 

The study was conducted at two field sites near district Lahore of the Punjab 

Province, Pakistan as described in section 4.2.1 of Chapter 4. 

5.2.2 Seasonal dynamics of eggs and larvae-Lab study 

Fruit fly-infested fruits (N = 25; based on ovipuncture signs) from each site 

per week of each month were collected from the same or different plant at random, 

depending upon the availability of the fruits as described in section 4.2.2 (Chapter 4).  

Eggs and Larvae: Infested fruits (N = 25), twenty from each site, randomly selected 

were carefully opened and observed for the number of eggs or larvae fruit
-1 

of D. 

persicus. Different life stages (eggs, larvae, and pupae), of D. persicus were observed 

under the stereomicroscope and measured for length and diameter as described in 

4.2.2 (Chapter 4).  

5.2.3 Life cycle study 

 Collection of adult pairs: Infested fruits (N = 10, five from each site, randomly 

selected) were used to collect the fresh generations of D. persicus which were used in 

the field for life cycle studies as described in section 4.2.3 (Chapter 4). 

Application of adult pair of D. persicus: Pairs of freshly emerged adult fruit flies (1-2 

days old, from the lab, as mentioned above), were selected at random and released 

inside sleeve pouches and fastened to a twig of C. procera for oviposition as 

described in Chapter 4, section 4.2.3.  
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 Fruit caging: Once a fruit was attacked (with fresh ovipuncture sign) it was 

individually caged by a smaller insect-proof pouch as described in Chapter 4, Section 

4.2.3. 

Reproductive potential: To determine the reproductive potential of a newly emerged 

female, it was transferred from one to other healthy fruit. After 1
st
 oviposition, the 

same pair was transferred to a new pouch and fastened to another twig of the same or 

different plant that must have abundant flowers and at least one healthy fruit. In this 

way, the total reproduction potential of a single newly emerged female was calculated 

using the formula as described in Chapter 4, section 4.2.3.  

5.2.4 Longevity, generation time and winter survival 

 The total life span (from the day of emergence to the death) of the insect was 

determined in terms of days. After careful field observations, the survival strategies of 

D. persicus in winters were also determined. 

5.2.5 Statistical analysis  

Data compiled from the experiments for life cycle and other life-history traits 

were analysed using different statistical models. A stepwise polynomial regression 

analysis was applied to explore the relationship between the climatic parameters 

(minimum and maximum temperatures and rainfall) and the abundance of adults of P. 

farinosus. A linear regression model was applied to an abundance of eggs and larvae 

per fruit and mean minimum temperature of the study site as described in Chapter 4 

section 4.2.5. 

5.3 RESULTS 

5.3.1 Eggs and larvae 

Fruit production in C. procera declined with the decreasing temperatures 

during the winter months. No eggs or larvae of D. persicus were found in fruits 
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collected during January (mean minimum temperature 6.3
o
C). From March to April 

(spring/early summer), most of the fruits developed were healthy with no incidence of 

D. persicus. However, eggs or larvae per fruit
-
 were only observed when minimum 

temperature increased beyond 6
o
C. The relationship between the abundance of eggs or 

larvae and abiotic factors was not significant (Fig. 5.1 a & b). The maximum number 

of eggs and larvae per fruit was found to be 25.3 (±0.9) and 20.1 (±0.5) during August 

(min. temperature 22.3
o
C) and September (21.5

o
C), respectively. In December, some 

of the fruits had pale yellow eggs that failed to hatch into larvae (egg diapause) 

possibly due to low temperature (5.5
o
C) (Fig 5.2 a & b).  

 

 
Fig. 5.1 Seasonal variation in the number of eggs laid and larvae fruit

-1 

week
-1 

at site-1 (a) and site-2 (b). The black bars represent average 

larvae fruit
-1

 while larvae are represented with grey bars. Each 

bar is also showing errors of means. 
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Fig. 5.2 The relationship of the abundance of D. persicus eggs (a) laid and 

larvae (b) fruit
-1

 and mean minimum temperatures during the year 

2015 (combined data for site-1 and site-2). 

5.3.2 Life Cycle 

Mating and oviposition: Dacus persicus adults start mating 4 to 7 (ave. 4.81 ± 

0.26) days after emergence (Fig. 4). In the absence of any disturbance, the mating 

period lasts for 20-45 minutes (32.7 ± 8.8; N = 7). The female inserts its ovipositor 

into the fruit tissue and releases eggs inside the mesocarp of young fruits. The 

duration of oviposition lasts for 45 to 55 minutes (50.2 ± 1.7, N = 6) (Table 5.1), 

during which the female remains motionless spreading her wings perpendicular to the 

body position (Plate 5.2).  
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Plate 5.2 Mating and oviposition. A pair of D. persicus mating on a leaf of C. 

procera (a). A female inserting her ovipositor in the fruits of C. 

procera, spreading her wings apart and motionless. White latex is 

oozing out due to the puncture made by ovipositor (side view, a; 

posterior view, b) 

 

Fruit selection: After mating, females explored different fruits available within the 

pouch and selected suitable sized fruits for oviposition. The sizes of most fruits 

selected for oviposition ranged from 3 to 6 cm (length), however, oviposition on some 

larger fruits (> 6cm; 13%) was also observed occasionally (Fig. 5.3).  

 

c b 

a 
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Fig. 5.3 The size of fruit of C. procera selected for oviposition by female D. 

persicus.  

(Data combined for both site 1 and site 2, N = 85). Bars with a 

different letter on their top are significantly different (p < 0.01). 
 

 

 Fruit infestation symptoms: Once the fruit is attacked by D. persicus it left a creamy 

white gummy material (dried latex) on the external surface that plugs the ovipuncture 

spot underneath it. Once a fruit is infected, it manifests different changes in its 

external appearance (Plate 5.3).  

 
 

Plate 5.3 Fruits of C. procera three weeks after being attacked by D. persicus. 

Fruits showing signs of ovipuncture and de-shape. 

 

Eggs: Eggs were elongate in shape with pointed ends deposited just below the fruit 

mesocarp. The average diameter of eggs was 0.4 ± 0.06 mm with a length of 1.7 ± 

0.14 mm (Table 5.2). The number of eggs oviposited by a female in a fruit ranged 

from 8 to 28 (ave.18.1 ± 5.1) (Table 5.3) (Plate 5.4).  
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Plate 5.4 Eggs of D. persicus attached to the internal surface of fruit of C. 

procera showing a cluster of elongated eggs freshly oviposited by the 

female fruit fly (a), An opened fruit of C. procera showing internal 

surface with two ovipunctures and three (shown by arrows) clusters 

of eggs of D. persicus (b). 

 

Larvae: The fully developed larvae started to emerge from the fruit pods from 13 to 

15 days (ave. 14.7 ± 0.85) after oviposition (Table 5.1). From each infested fruit, 7 to 

26 (ave. 17.1 ± 4.7) larvae emerged (Table 5.2). Emerged larvae pupated in the soil or 

inside the infested fruits. Larvae were pale yellow with an average diameter of 1.6 (± 

0.47) mm and 9.5 (± 0.86) mm length (Plate 5.5 a; Table 5.3). Larvae developed 

inside the fruits, feeding on internal tissue and immature seeds, later moving outward 

to feed on the spongy fibrous tissue (mesocarp), making the epicarp soft and much 

weaker. Once all food inside the fruit pod is consumed, fully developed larvae 

emerged out of pods leaving some brown slimy material (frass) and some parts of 

hard tissues (plate 5.5 b).  

1.7 mm 

a b 
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Plate 5.5 Three fully mature larvae of the fruit fly along with a scale (a), a fruit 

of C. procera showing damaged seeds and many fully developed 

larvae (b). 

 

Puparia: Fully developed larvae enter the puparial stage after 1-3 days (2.7 ± 0.06) of 

their emergence and last for 19-26 (24.3 ± 0.2) days (Table 5.1). The puparia were 

white to yellowish and their length ranged between 6.5 to 7.5 mm (7.0 ± 0.005) and 

diameter 2-3 mm (2.6 ± 0.007) (Plate 5.6; Table 5.2). The number of puparia fruit
-1

 

was observed ranging from 6-18 with an average of 13.79 ± 0.4) (Table 5.3).  

       
 

Plate 5.6 Puparia of the D. persicus. Five pupae of D. persicus placed on a red 

paper along with a measuring scale (a) An infested fruit of C. procera 

having about ten puparia and a freshly emerged female D. persicus on 

the surface having folded wings (b) Some empty puparial covers after 

adults have moved out (c). 
 

ba 

a b c 
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Generation time: The generation time ranged between 40-49 days with an average of 

42.1 ± 0.4 days (Table 5.1). From each fruit, 7-24 (14.7 (± 0.06) adult D. persicus 

were produced. The sex ratio (%) between females and males was 1: 0.8 (Table 5.3).  

Longevity: The adult longevity of D. persicus adults was 16.3 ± 0.6 days (male) and 

19.22 ± 0.4 days (female) when the average temperature of the site was 26 ± 2
o
C 

(Metrological Department, Lahore, Pakistan; Table 5.1). 

Table 5.1 Time taken (in days) by different developmental stages of D. persicus 

in its life history (a combined data for S-1 and S-2 is shown) 

Life stage Time duration 

 Min. Max. Avg. 

Emergence to 1
st
 mating (d) 4 7 4.81 ±0.26 

Mating duration (m) 20 45 32.71 ±0.57 

Pre-oviposition period (d) 1 2 1.5 ±0.01 

Oviposition (m) 45 55 52.2 ±1.77 

Larval period (d) 13 15 14.7 ±0.85 

Puparial period (d) 19 26 24.2 ±0.20 

Total time (d) 40 49 42.1±0.4 

Longevity, male (d) 13 18 16.3 ±0.6 

Longevity, female (d) 17 22 19.22 ±0.4 

m = minutes d = days 

 

Table 5.2  Morphometric measurements of different life stages of D. persicus in 

Lahore, Punjab, Pakistan 

Life stage Length (mm) Diameter (mm) 

 Min. Max. Avg. Min. Max Avg. 

Egg 1.4 1.9 1.7 (± 0.14) 0.3 0.5 0.4 (± 0.06) 

Fully 

developed 

larvae 

8 11 9.5 (± 0.86) 1 2 1.6 (± 0.47) 

Puparia 6.5 7.5 7.0 (± 0.005) 2 3 2.6 (± 0.007) 
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Table 5.3 Average number of individuals of different developmental stages in 

the life span of D. persicus. Each column shows the number of 

individuals fruit
-1

. (Oviposition
-1

). 

Life stage No. of individual stage fruit
-1

 Female to male ratio 

(%)  Min. Max. Avg. 

Eggs cluster
-1

 8 28 18.15 (±5.11)  

55-45 

 

Larvae 7 26 17.15 (±4.73) 

Puparia 6 18 13.79 (±0.04) 

Adults 7 24 14.7 (±0.06) 
 

5.3.10 Reproductive potential 

D. persicus appeared in early July and remained active till the end of 

November. During this time, at least two generations of the D. persicus were 

produced. A single D. persicus adds 7-24 (14.7 ± 0.06) adults during single 

oviposition (8 female and 6.7 male) (Table 5.3). If she oviposits 2-6 (4.5 ± 0.26) times 

in her life, a total of 66.15 adults. At this rate, a single female D. persicus would be 

capable of producing 132.3 adult offspring in a season with at least two possible 

generations. 

5.3.11 Winter survival 

Dacus persicus survived winters most probably in the curved leaf basal area or 

in depressions of the old fruits (Plate 5.7).  

         

Plate 5.7 Possible winter survival mechanisms of the D. persicus. A pair of D. 

persicus sitting at the base of young leaves of C. procera during the 

winter season (a), A D. persicus sitting in the depression on the 

surface of dry fruit of the host plant under the cover of a leaf (b) 

a b 
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 Damage of fruit: At the end of the experiment all the infested fruits were devoid of 

any seeds resulting in 100% consumption of seeds along with internal tissue of the 

pods (Plate 5.8). A detailed account of the damage potential of D. persicus along with 

P. Farinosus is studied in Chapter 6 of this thesis. 

 

Plate 5.8 A fruit of C. procera showing its internal contents being destroyed by 

the larvae of D. persicus 

5.4 DISCUSSION 

Dacus persicus has been reported as a natural enemy of C. procera along with 

P. farinosus, by several workers (Syed 1970; Perihar 1984; Drew et al. 1998; Kapoor 

2005; Sharma and Amritphale 2008; Dhileepan 2014). For the evaluation and 

successful release of a biological control agent, it is imperative to study its complete 

life cycle and damage potential. In this chapter, the life history of D. persicus is 

focused and its seasonal damage potential is discussed in chapter 6 of this thesis.  
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The host plant, C. procera blooms extensively in warmer conditions and 

produces numerous fruits (Hassan et al. 2015), the same set of conditions is also 

favourable for its natural enemies, for example, D. persicus to be able to exploit the 

available resources for its fitness and survival. The D. persicus produced the highest 

number of eggs and larvae during summer and a rainy season from July to the 

September. In peak season some fruits with more than one ovipuncture were also 

found indicating possible competition and low availability of resources (fruit). In 

early July, most of the fruits of C. procera showed the presence of only clusters of 

eggs but observations in later weeks showed the presence of both eggs as well as 

larvae inside the fruits of the host plant. 

 The oviposition process is influenced by different climatic factors as well as 

structural and chemical characteristics of the host plant (Stamp 1980; Courtney 1984). 

Female fruit flies are mostly stimulated by odour, colour and texture of the host plant 

organ (fruit) to oviposit (Fitt 1986; Balagawi et al. 2005). Similarly, our life cycle 

experiments showed that D. persicus selected relatively smaller fruits (average length 

of 4.35 ± 1.3 cm) than larger fruits (> 6cm) (Fig. 5.3). In smaller fruits, external fruit 

tissue is soft which helps the fly to insert its ovipositor easily through the pericarp and 

reach deep into the lumen to deposit eggs. The deposition of eggs deep into the 

endocarp is a possible adaptation by D. persicus to avoid toxic effects of host latex, 

contents of which are least in the endocarp as well as in developing seeds (Schneider 

et al. 2017). This may also be a strategy to escape from parasitism as well. Sharma 

and Amritphale (2008) studied preference of D. persicus over two morphs (hard and 

soft) of the fruits of C. procera and found that the proportion of the soft morphs of the 

fruits, used for oviposition, was higher as compared to the hard morphs. During our 

study, no such morphs of fruits were identified. 
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The infested fruits continued to develop and larvae feed and complete their 

development within the fruit. The developing larvae feed voraciously on inner fruit 

contents (developing seeds and fibrous tissue) and at the end with no seeds left inside 

in any of the infected pods. This leads to significant losses in the fresh mass of 

infected fruits which generally dropped off or remain attached to the shoot after the 

exit of larvae. The internal changes lead to the change in physical appearance 

(deformed or wavy) and colour of fruits (Plate 5.3). The number of eggs laid per batch 

ranged between 10 to 25 (15.78 ± 0.09) nonetheless the lowest egg batch was found to 

be sufficient enough to destroy the whole fruit contents (Table 5.3) (Plate 5.5 b). 

The life cycle of an insect helps to determine the potential population build-up 

and establishment of an insect in the field as a biological control agent. In this study, 

we found that D. persicus could potentially produce two generations in a year in 

Pakistan. However, it has been reported to produce up to 5-6 generations in a year in 

the northern parts of India (Parihar 1984). A single fruit fly produced on average 

132.3 new adults during a season. This data suggests that D. persicus would likely to 

multiply fast on a relatively small number of C. procera plants under controlled 

conditions. In the absence of some biological constraints (parasitoids, predators, 

competitors), D. persicus is expected to multiply fast once it is field released.  

The success of weed biological control agents may be compromised by the 

parasitism in the introduced range (Paynter et al. 2010). Due to cage protection, larvae 

inside test fruits escaped the effect of natural enemies. However, under natural 

conditions (cage-free) the natural enemies may change the survival rate of the fruit fly 

resulting in changes in the overall number of the individuals of the progenies. While 

larval stages were protected well inside the fruits, the pupal and adult stages were 

exposed to the external environment and potential predators and parasitoids. In 



93 

Australia and South Pacific, several species of Opiine wasps (Hymenoptera: 

Braconidae) have been reported as common parasitoids of Dacine fruit flies 

(Carmichael et al. 2005). However, it is unknown how these parasitoids would affect 

the populations of D. persicus once it is field released.   

Based on the field host range and damage potential in the native range, the D. 

persicus will be imported into a quarantine facility in Brisbane, Australia, where a 

colony of the agent will be maintained on potted C. procera plants with developing 

fruits. This will be followed by host specificity tests and non-target risk assessment 

against a range of Australian native and other economically important plants selected 

based on their phylogenetic relationship with C. procera. If proven host-specific in 

quarantine-based host specificity tests, an application seeking approval to release D. 

persicus will be submitted to relevant regulatory authorities in Australia. When 

approved, the D. persicus will be mass-reared on potted C. procera plants with 

developing fruits in the glasshouses and field released in C. procera infested areas in 

northern Australia. Though potted C. procera plants readily produce flowers in the 

glasshouses, one potential impediment to the establishment and maintenance of the 

fruit fly in quarantine, and for multiplication of the agent in glasshouses for field 

releases are the absence of specialist pollinators in southeast Queensland, for fruit set, 

as the agent needs a continuous supply of developing fruits for oviposition and larval 

development. This could be resolved by adopting hand-pollination in potted C. 

procera plants in the glasshouse for the continuous supply of C. procera plants with 

developing fruits to sustain the D. persicus colony.   

 This combined with the potential to destroy 100% of infected fruit seeds 

before dispersal favours this agent to be considered for host specificity tests (both 

infield and quarantine) and prioritized as a potential candidate for classical biological 
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control of C. procera in its introduced ranges (a detailed account on population 

dynamics and damage potential of D. persicus along with P. farinosus is discussed in 

Chapter 6). 

5.5 CONCLUSION 

The D. persicus becomes active for reproduction from July and keep on 

producing eggs and larvae with the maximum in September. In cooler months 

November and December reproductive activity ceases as no fruits of the host plant are 

available during this season. Moreover, a greater number of females are produced as 

compared to males that lead to building up the population of the D. persicus in an area 

consequently infesting more and more fruits of the host plant. 
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Chapter 6 

DAMAGE POTENTIAL OF PARAMECOPS FARINOSUS AND 

DACUS PERSICUS 

 

 

 
Fruits of C. procera damaged by Dacus persicus (above) and Paramecops farinosus (below) 
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6.1 INTRODUCTION 

The chapters 4 and 5 described the life cycles and life tables of P. farinosus 

and D. persicus, respectively. These studies indicated that while completing their life 

cycles, both insects severely damage the fruits and developing seeds of their host 

plant, C. procera. This chapter is focused on the study of the damage potential of both 

D. persicus and P. farinosus.  

Among other factors, herbivory plays an important role in regulating the plant 

populations in a community (Strauss and Zangrel 2002). Herbivore insects depend on 

different plant parts (leaf, stem, flowers fruits, or seeds) for food, and they have been 

reported to negatively affect the growth and reproduction of host plants (Caswell 

1978; Gibson and Hamilton 1983). Among the different groups of herbivore insects, 

pre-dispersal seed predators are reported to reduce reproductive output and 

subsequent future recruitment of a host plant (Crawley 1992; Crawley 1997; Jhon and 

Gardner 2000; Strauss and Zangrel 2002). For example, seed predation on Astragalus 

cibarius Sheldon by a wasp, Acanthoscelides fraterculus Schilsky could decrease the 

reproductive potential of the host by up to 93% (Green and Palmbald 1975). 

In its native range, a range of natural enemies of C. procera has been 

documented (Dhileepan, 2014; Ali and Shabbir 2017; Chapter 3). Two predispersal 

seed predators, D. persicus and P. farinosus have been commonly found associated 

with C. procera in Pakistan. Larval stages of both insects complete their development 

inside the fruits of its host (Chapter 4 and 5) subsequently resulting in severe loss of 

seeds of C. procera (Perihar 1984; Sudan et al. 2013). Both insects are natural 

enemies of C. procera, and they become active in the field as soon as the host plant 

starts flowering. Limited literature is available on the impact of these two insects on 

individual fruits however, to the best of our knowledge, there has been no study done 
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on population dynamics and quantification of impacts of these species at the 

population level. 

The main aim of this study is to quantify the effectiveness of these two seed 

predators in reducing the seed production potential of their host, C. procera at a 

population level. This study was thus, aimed to answer the following questions: 

 how do the populations of both insect species, P. farinosus and D. persicus 

fluctuate throughout the year? 

 what is the damage potential of each of the two insect species and how does it 

vary seasonally? 

 what morphological changes occur in the fruit once infected with either or 

both insect species? 

6.2 MATERIALS AND METHODS 

To document the seasonal infestation (%) and damage potential of D. persicus 

and P. farinosus on C. procera, this study was carried out for two years (January 2015 

to December 2016). A total of eleven study sites were selected in 5 districts (Lahore, 

Faisalabad, Kasur, Sheikhupura, and Gujranwala) of the Punjab Province Pakistan 

(Table 3.1, Chapter 3). Four sites at Lahore (Botanical Garden, Motorway M-2, 

Mohlanwal, and Lahore Canal; Table 6.1) were in addition to the seven sites 

described in Chapter 3 (Table 3.1). All sites were visited monthly for the period of 

study to collect data about seasonal population dynamics and damage potential of P. 

farinosus and D. persicus. However, 4 sites in district Lahore (Botanical Garden, 

Motorway M-2, Mohlanwal, and Lahore Canal) were lost due to the extension of 

private housing societies or road extension during 2016. The climate of the study 

districts is semi-arid to sub-tropical. The detailed climatic data of these districts, for 

2015 and 2016 is shown in Appendix 3.1. 
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Table 6.1 Four additional study sites selected in district Lahore Punjab, with 

their characteristics.  

Study Sites Code District Coordinates Habitats 

Mohlanwal S-4 Lahore 
31°24'36.39"N 

74° 8'38.64"E 
Roadside 

Lahore canal S-5 Lahore 
31°25'27.17"N 

74°10'46.74"E 
Riparian 

M-2 Motorway S-6 Lahore 
31°33'27.48"N 

74°14'21.28"E 
Roadside 

Botanical garden 

New campus 
S-7 Lahore 

31°29'36.35"N 

74°17'34.33"E 
Wasteland 

6.2.1 Population dynamics 

Studies on population dynamics of both agents were carried out every month 

from January 2015 to December 2016. Twenty healthy C. procera plants with an 

average canopy cover of 1.5 m
2
 were selected at random at each study site (6 × 20 m) 

and were tagged with the help of labeled ribbons fastened near the base of the main 

stem of the plant (Plate 6.1). During the study, these plants were observed for the 

presence of P. farinosus and D. persicus. Counts were made once in the mid of each 

month. The presence of any of the agents was noted on all tagged plants. Special care 

was taken while taking the observations on D. Persicus since it generally flew away 

instantly on slight movement or disturbance (once spotted, a count was made even it 

flew away). In contrast, P. farinosus adults are relatively sluggish, generally move 

undersides of the leaves upon disturbance but they rarely fly even if touched. All the 

leaves on selected plants within each site were carefully observed for the presence of 

P. farinosus, as during low temperature, most get shelter underside of the leaves. Both 

agents were counted separately during each visit from all the tagged plants at 
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individual sites. Finally, the average number of individual agent month
-1

 for all sites 

was determined.   

 

Plate 6.1 A tagged plant of C. procera with a ribbon fastened at the base of a 

randomly selected plant at the S-3 field site. 

6.2.2 Infestation and damage potential 

6.2.2.1 Fruit harvesting  

At the mid of each month, all fruits of sizes ≥ 3 cm were harvested from the 

tagged plants in selected transects (6 × 20 m). At the time of harvest, each fruit was 

put in a small individual paper bag and all the fruits of the same plant were placed in a 

larger paper bag and properly labelled. 

6.2.2.2 Fruit investigations 

All harvested fruits were collected in large plastic bags and brought back to 

the Ecology and Evolution Research Laboratory, Department of Botany, University of 

the Punjab Lahore Pakistan. These fruits were then individually measured for their 

length, diameter, and fresh mass using a ruler, digital Vernier calliper and digital 

electronic balance, respectively. Length, diameter, and fresh masses of infested fruits 

(by P. farinosus or D. persicus) were compared with healthy ones. Each fruit was 

opened by hand along the slit and investigated for the presence or absence of infesting 
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agent/s (P. farinosus, D. persicus or both). In this way, fruit infestation (%) with 

either of the agent per site was calculated. After that total number of seeds, seeds 

eaten by an insect (P. farinosus or D. persicus or both) and healthy seeds present in 

the infested fruit was counted to determine seed damage level in each infested fruit.  

6.2.2.3 Data analysis 

The data on population dynamics of P. farinosus and D. persicus for both 

years were combined and stepwise regression analyses were applied to show the 

relationship between the abundance of the insect plant
-1

 with abiotic factors such as 

temperature (min & max) and rainfall. The data on total fruit infestation by both 

agents were summed up for all eleven study sites and average monthly infestation 

(%), from January 2015 to December 2016, was determined. The detailed site-wise 

data for each month was shown in Appendix 3.1. The data of fruits infested by either 

of the agents were statistically analysed for each year for all the study sites in terms of 

fruit length, diameter, and fresh mass of both healthy and damaged fruits using 

ANOVA (SPSS version 21). 

6.3 RESULTS 

6.3.1 Population dynamics 

Paramecops farinosus: Paramecops farinosus was found to occur at all study 

sites with variable numbers plant
-1 

round the years (Fig. 6.1). Across all sites, the 

maximum number of adult insects plant
-1 

was recorded in August 2015 (11.3 ± 4.6), 

followed by July 2015 (10.4 ± 3.9) and September 2015 and 2016 (6.5 ± 2.7 and 7.8 ± 

2.1). The occurrence gradually decreased in cooler months (October to December) 

with the lowest number of adults being recorded in December 2016 (1.98 ± 0.2) (Fig. 

6.2). During cooler months, most of the P. farinosus adults were less active, resting in 

the leaf bases with little or no feeding activity. The weevil populations were moderate 
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in number (3 to 4 plant
-1

) from March to June and in October, for both years. Across 

all sites, the number of P. farinosus adults plant
-1

 was 34 % less in 2016 as compared 

to 2015 (Fig. 6.1) appendix 6.1). Polynomial regression model fits better for minimum 

temperature as compared to the maximum temperature (R
2
= 0.783, Fig. 6.2), 

however, no relationship was found between abundance of P. farinosus and rainfall 

(data not shown).   

 

Fig. 6.1 Graphical representation of mean monthly population dynamics of P. 

farinosus for years 2015 (grey) and 2016 (black) averaged across all 

study sites. Each bar is represented with two standard errors of means 

 

    
 

Fig. 6.2 The relationship of abundance of P. farinosus adults’ plant
-1

 and mean 

minimum temperatures (A) and mean maximum temperature (data 

combined for 2015 and 2016) 
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Dacus persicus: The population of D. persicus varied across the study sites and years. 

During the early months of the year 2015 (January to May), no D. persicus was 

recorded from any of the study sites, however, in 2016, some fruit flies (1.01 ± 0.3 to 

3.4 ± 1.1, plant
-1

) were recorded at two sites (S-1 and S-2), for the same period. From 

January to onward number of D. persicus plant
-1 

gradually increases till October, 

where the highest number of D. persicus plant
-1 

was observed in 2015 and 2016 i.e. 

16.2 ± 4.2 and 17.5 ± 8.8, respectively. After October the number of D. persicus plant
-

1 
again declines (Fig. 6.3). Across all sites, the number of D. persicus adults plant

-1
 

was 23 % higher in 2016 as compared to 2015. The regression model for D. persicus 

showed the existence of a relationship between temperature and the population of the 

adults in the field. The population of D. persicus adults gradually increased with 

increasing minimum temperature. However, the population seems to decline 

drastically when the minimum temperature reached above 23
o
C (Fig. 6.4 A). 

Likewise, the D. persicus population increased with the increasing maximum 

temperature as well, but at higher temperature ranges (above 35
o
C) the trend was 

inconsistent (Fig. 6.4 B). The regression model fits better with the minimum 

temperature (F = 24.5; P < 0.001; R
2
 = 0.78) than with the maximum temp (F =10.4; 

P = 0.003; R
2 

= 0.47) or rainfall (R
2 

= 0.10, data not shown) to explain the relationship 

between seasonal abundance of D. persicus adults and climatic factors. 
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Fig. 6.3 Graphical representation of mean monthly population dynamics of D. 

persicus for years 2015 (grey) and 2016 (black) averaged across all 

study sites. Each bar is represented with two standard errors of means. 

 

Fig. 6.4 The relationship of abundance of D. persicus adults and mean 

minimum (A) and maximum (B) temperatures. 

 

 

6.3.2 Fruit infestation and damage potential  
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P. farinosus adults was only limited to freshly produced leaves and petals of young 
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its arrival and fruit infestation were only recorded during late in the summer season 

continued until June. 

 

Plate 6.2 Calotropis procera plant in its full bloom during April at Lahore (S-1) 

field site. 
 

Of the total of 281 fruits harvested across all sites in April 2015, 59 % of fruits 

were infested by P. farinosus while 41% of fruits were healthy. Similarly, in April 

2016, of a total of 75 fruits harvested, 34 % were found infested with P. farinosus and 

66 % were found healthy (Fig. 6.5). In May 2015, many fruits (723) of C. procera 

were harvested, out of which 45 % fruits were healthy and some 55 % were damaged 

by the P. farinosus. On the other hand, the infested and healthy fruits ratio was 50:50 

(%, of total 183) in May 2016 (Fig. 6.5). The total number of harvested fruits in June 

2015 and 2016 was 805 and 622, respectively. The infestation percentage of P. 

farinosus for this month was 68 % and 58 %, for 2015 and 2016, respectively. No 

fruit was observed to be infested by D. persicus in June 2015 but in June 2016 only 

about 1 % of fruits showed signs of D. persicus eggs and punctures (Fig. 6.5). 

In July 2015, a total of 906 fruits were collected across all sites and 

investigated, out of these, 28 % of fruits were healthy (no attack) and infestation of P. 

farinosus and D. persicus was 70 % and 2 %, respectively. In the same month of 
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2016, a total of 475 fruits of C. procera were collected out of which 44 % were found 

healthy while P. farinosus and D. persicus infestation was 50 % and 6 %, respectively 

(Fig 6.5). In comparison to the previous month (July 2015), P. farinosus infestation 

reduced to 35 % while that of D. persicus increased to 34%, in August 2015. A small 

proportion of fruits (ca. 1 %) at Lahore, Kasur, and Sheikhupura study sites were 

infested with both agents in August. In August 2016, a total of 486 fruits of C. 

procera were collected for investigation, out of which, 33 % and 29 % fruits were 

infested by P. farinosus and D. persicus, respectively. The percentage of healthy fruits 

in August 2016 was 38 % (Fig 6.5). 

From August onwards, the fruit fly infestation gradually increased while that 

of the fruit weevil decreased. In September 2015, a total of 658 fruits were harvested 

and studied. Out of these, 19 % and 45 % of fruits were infested by P. farinosus and 

D. persicus, respectively while the remaining 34 % had no signs of any insect attack. 

Similarly, in September 2016, out of 370 fruits collected 27 % and 38 % were infested 

by P. farinosus and D. persicus, respectively. About 2 % of fruits were observed with 

larvae of both agents (Fig 6.5). In October 2015, 284 fruits were harvested to 

investigate the infestation proportion of two agents. The infestation of P. farinosus 

and D. persicus was 20 % and 51 %, respectively while 27 % were healthy and about 

2 % infested with both of the agents. Similarly, in October (autumn), 2016, a total of 

126 fruits were investigated, out of which 17 % and 56 % were infested with P. 

farinosus and D. persicus, respectively. Healthy fruits and infested by both the agents 

were 24 % and 25 %, respectively (Fig 6.5). 

The fruit number plant
-1 

declined in November of both years, as compared to 

previous months. At all study sites, a total of 36 fruits were harvested in November 

2015, out of which only 8 % fruits were infested with P. farinosus while 72 % were 
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found infested by D. persicus. The Infestation of fruits, this month, by both agents 

increased to 7 % and healthy fruits declined to 13 % (Fig. 6.5). Similarly, only 24 

fruits were harvested in 2016 for the same month, out of which 6 % and 71 % of fruits 

were infested by P. farinosus and D. persicus, respectively. The proportion of healthy 

and infested by both the agents was 17 % and 6 %, respectively (Fig 6.5).  

In December of both years, just a few fruits were available across all study 

sites and those fruits found were much smaller in size or stunted. A total of 7 fruits (4 

in 2015, and 3 in 2016) were harvested in December of both years and all seven were 

infested by dead larvae of D. persicus (Fig 6.5). A detailed account of infestation % 

from all eleven sites is shown in appendix 6.2.   

 

 

Fig. 6.5  Seasonal infestation (%) of fruits of C. procera by P. farinosus (  ), D. 

persicus (  ), both agents (  ) and healthy (  ) averaged across all 

eleven study sites represented for years 2015 and 2016. 
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6.3.2.2  Seed damage 

Once fruits of C. procera were infested by P. farinosus or D. persicus, 

developing larvae cause serious damage to seed and fruit structure, leading to a 

reduction in the reproductive potential of C. procera (Plate 6.3). Out of all fruits 

infested by P. farinosus in 2015, 36 % showed up to 1-10 % seed damage, 30 % fruits 

had 11-20 % damaged seeds, 16 % fruits showed 21-50 % seeds damage while18 % 

had no healthy seed inside (51-100 % damage). In 2016, P. farinosus 41 % of infected 

fruits had 1-10 % damaged seeds inside, 28 % of fruits had 11-20 % seed damage, 7 

% had 21-50 % seed damage while 24 % of fruits had 100 % seeds destroyed by the 

agent (Fig. 6.6).  

D. persicus inflicted more seed damage fruit
-1 

as compared to P. farinosus. In 

2015, out of all fruits infested by D. persicus, 74 % of fruits had 51-100 % seed 

damage, and 10 % of fruits showed 11-50 %. Only 16 % of fruits were showing 1-10 

% seed damage. Similar was the case with the D. persicus infested fruits harvested in 

2016, where 67 % of fruits showed 51-100 % seed damage, 5 % of fruits were having 

21-50 % damaged seeds whereas, 6 % of fruits had 11-20 % seed damage. About 16 

% of fruits showed 1-10 % seed damage by D. persicus (Fig. 6.6). 
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Plate 6.3 Fruits of C. procera infested by the larvae of D. persicus (a) and P. 

farinosus (b) showing complete seed damage by the agents. An opened 

fruit infested by D. persicus on left showing eight pale white coloured 

larvae of D. persicus and remains of endocarp of the fruit and frass. 

An opened fruit (right) infested by the mature larvae of P. farinosus 

with internal tissue turned into a fibrous material that is used by 

grubs for cocoon formation 

 

 

  

Fig. 6.6  The intensity of seed damage (%) of C. procera by P. farinosus and D. 

persicus during 2015 and 2016 across all study sites. Each pie chart 

represents different categories of seed damage (%) by an individual 

agent.  
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6.3.2.3      Fruit damage  

Data collected on fruit length and diameter indicated that infested fruits change 

their shapes as compared to healthy ones. In 2015, the average length of P. farinosus 

and D. persicus infested fruits was 4.39 ± 0.32 cm (13 %;) and 3.69 ± 0.21 cm (27 %) 

smaller as compared to healthy fruits (6.1 ± 0.15 cm; F= 7.724; df = 4438; P < 0.05; 

Fig. 6.7). Similarly, in 2016 the average length of P. farinosus and D. persicus 

infested fruits was 4.03 ± 0.61 cm (31 %) and 3.98 ± 0.22 cm (32 %) smaller as 

compared to healthy fruits, 5.9 ± 0.16 cm (F = 3.226; df = 2745; P < 0.05; Fig. 6.7). 

The average diameters of healthy fruits in 2015 was 28.5 ± 0.19 mm while of P. 

farinosus and D. persicus infested fruits was 29.15 ± 0.16 mm  and 28.14 ± 0.11 F 

=12.55; df = 4438, df = 2745; P > 0.05), respectively. In 2016, average diameter of 

healthy, P. farinosus and D. persicus infested fruits was 28.09 ± 0.3 mm, 27.4 ± 0.12 

mm and 29.15 ± 0.17 mm (F = 9.49, df = 2745; P > 0.05) (Fig. 6.8). 

  

Fig. 6.7 A comparison of average fruit lengths of C. procera when infested by 

P. farinosus or D. persicus with healthy fruits collected from all sites 

in 2015 and 2016. Each bar show both errors of means.  

 

a 

b 
b 

0

1

2

3

4

5

6

7

Healthy D. persicus
infested

P. farinosus
infested

Le
n

gt
h

 o
f 

fr
u

it
s 

(c
m

) 2015 
a 

b b 

0

1

2

3

4

5

6

7

Healthy D. persicus
infested

P. farinosus
infested

Le
n

gt
h

 o
f 

fr
u

it
s 

(c
m

) 

2016 



110 

 
 

Fig. 6.8   A comparison of average fruit diameter of C. procera when infested by 

P. farinosus or D. persicus with healthy fruits collected from all sites 

in 2015 and 2016. Each bar shows both errors of means. The same 

letters show no significant difference between the values. 

  

Fruit fresh mass: Results about fresh masses reveals that there was a significant (up 

to 80 %, P < 0.05) decrease in fresh mass of infested fruits as compared to healthy 

ones. Since larvae of both agents developed completely inside the fruits C. procera, 

they consumed the internal tissues of fruits including seeds. This leads to loss of seeds 

and a decrease in fresh masses of the infested fruits (Plate 6.4). The average fresh 

mass of the P. farinosus and D. persicus infested fruits collected during 2015, was 

18.79 ± 2.62 g (24 %) and 10.32 ± 1.21 g (58 %) respectively, less than the fresh mass 

of healthy fruits 24.86 ± 1.06 g (F = 520.82; df = 4429; P < 0.05) Data for 2016 

indicated that average fresh mass of P. farinosus and D. persicus infested fruits was 

17.27 ± 0.11 g (10 %) and 10.8 ± 0.21 g (44 %) respectively, less than the fresh mass 

of healthy fruits 19.32 ± 0.12 g, (F = 392.11, df = 2745; P < 0.05; Fig. 6.9). 
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Fig. 6.9 A comparison of average fresh masses of fruits of C. procera collected 

from all sites during 2015 (a) and 2016 (b). Each graph shows a 

comparison of fresh masses of healthy, D. persicus and P. farinosus 

infested fruits  
 

    
 

Plate 6.4 A comparison of two fruits of C. procera infested with P. farinosus 

showing fibrous internal mass with no seeds, epicarp, and mesocarp is 

thin and fruit have some internal tissues (a) and D. persicus after the 

larvae have emerged out, all internal parts are consumed making it 

very light and puffy (b). 

 

6.4 DISCUSSION 

 The flowering period of C. procera in Punjab starts in the late spring season 

(March) and plants continue to flower till early winter (October), indefinitely. The 

population dynamics of P. farinosus and D. persicus fluctuates with its host‟s 

reproductive cycle. Normally this pattern remains the same throughout the growing 
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season, but it may be affected by the changes in local climatic conditions (Musolin 

2007).  

Paramecops farinosus was found to be present in the field throughout the year 

with some variations in the numbers of adult plant
-1

 in different seasons. The number 

of adults of P. farinosus plant
-1 

was low in the cooler season (autumn and winter) of 

the year and it then gradually increases in the warmer season (spring to summer). 

However, Dacus persicus was not observed in the field until the mid-summer season 

with some differences in both years. This variation in the emergence or prevalence of 

adult fruit flies in different years could be due to local climatic conditions; 

unfortunately, site-specific climatic data was not available to verify this. Population 

dynamics of insects is influenced by many abiotic factors such as temperature, 

rainfall, photoperiod, relative humidity, and soil moisture, etc. (Kingsolver 1989; 

Musolin 2007; Agren 2008; Khaliq et al. 2014). Among all a-biotic factors upper and 

lower limits of the temperature greatly affect the population dynamics, diapauses, 

initiation and termination, emergence, and dispersal of the insects (Yamamura et al. 

1998; 2006; Fig. 6.2 and 6.4). 

Along with abiotic factors, some biotic factors such as availability of host, 

other competitors, etc. also determine the population dynamics of the insects in the 

field (Crawley 1989; Bownes et al. 2013). Very low populations of D. persicus and P. 

farinosus from January to March might have been due to the suppressed growth of 

host, C. procera coupled with non-availability of young leaves and flowers.  As soon 

as the host plant produces new leaves, flowers, and fruits in spring, the population of 

its herbivorous insects increases gradually. The low populations of P. farinosus adults 

could be due to the presence of other competitors such as Aphis narri in cooler 

months and Poekelocerus pictus in hot summers (Plate 6.5). On some study sites (S-2, 
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S-9, and S-11) the defoliation by P. pictus was so severe that it had turned the plant 

into leafless sticks (Ghouri 1975; Raziuddin and Anwar 1997; Dey and Raziuddin 

2011; Sultana et al. 2015).  

       
 

 Plate 6.5 Leaves of C. procera damaged by different herbivores. A large 

number of aphid (Aphis narri) sucking the sap from the C. procera 

leaves (a), defoliation by painted grasshopper (Poekelocerus pictus). 

 

 Most of the fruits that were produced early in the season (April) escaped the 

insect attack due to the developing population of both the agents at this stage. About 

59 % and 66 % of fruits produced were healthy in 2015 and 2016, respectively. The 

infestation of P. farinosus gradually increases in the later months and joined by D. 

persicus. The healthy fruit production gradually declined with the increasing 

infestation of both agents; however, C. procera continuously produced a good 

proportion of healthy fruits till the end of the growing season. In the winter season 

(November and December), the vegetative and reproductive growth of C. procera was 

significantly reduced, consequently the activity of both agents was also much 

restricted. The growth session in C. procera during the winter season has also been 

documented in Egypt (Hassan et al. 2015; Farhat et al. 2015). It is likely that fruits 

that produced early in season escape from the damage caused by these two seed 

predators and perhaps this seed contributes significantly to the overall seed bank and 

b a 
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future recruitment of weed in its native range. However, this needs to be studied in 

detail. 

Once fruits of C. procera were infested with any of the agents, their structure 

and morphology were gradually changed with the developing larvae inside.  The 

developing larvae pass through different stages and consume developing fruit 

including seeds inside the fruits. This predation leads to a serious loss of the 

reproductive potential of its host plant. Results showed that comparatively a smaller 

number of P. farinosus infested fruits had 100 % seed damage and in most of the 

infested fruits seed damage was 10-50 %.  On the other hand, fruits infested by D. 

persicus showed a greater proportion of seeds damaged (51-100 %) (Fig. 6.6). This 

difference was possibly due to the reason that female D. persicus selects 

comparatively smaller fruits  (3-5 cm) for oviposition, with little or no seed, On the 

other hand, larvae of P. farinosus feed on the endosperm of the seeds (Sharma and 

Amritphale 2007; Sudan et al. 2013) so they may need a bit matured seed. In this way, 

there are chances that some of the seeds may get escape from being consumed.  

 Overall healthy fruits were 32 % (P ˂ 0.05) larger in length as compared to the 

infested fruits. The infested fruits have developing larvae of the agent (s) that resulted 

in their growth arrest (Fig. 6.7). These findings match with the observations by Sudan 

et al. (2013) during their study of bionomics of P. farinosus in Jammu and Kashmir. 

As the internal tissues of fruits as well as developing seeds inside the fruits of C. 

procera were consumed by the larvae of P. farinosus this resulted in a serious loss in 

the fresh mass of the fruits. The infested fruits were significantly lighter as compared 

to healthy fruits (P < 0.05) (Fig. 6.9). Immature larvae of P. farinosus are produced in 

the spongy tissue in the mesocarp, from where they move to endocarp and start eating 

endosperm of the seeds, then mature larvae consume whole of the material in the 
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endocarp and form their pupae, causing a decrease in, fresh mass of the fruits 

(Chapter 04 of this thesis). Similarly, larvae of D. persicus are produced in the 

endocarp where they start eating immature seeds and silky fibrous tissue inside, 

leading to the conversion of the whole of the internal tissue into rotten material, with 

no seed or other tissue. Even epicarpic tissue becomes thin, delicate, so those mature 

larvae may move out of the fruit and from pupae (Plate 6.4). Similar results were 

obtained by Khan and Zaki (2012) during the study of the impact of the infestation of 

Trachylepidia fructicasseila Ragonot, on the pods of Cassia fistula L. 

(Caesalpinaceae). They documented that there was an up to 40 % decrease in length 

of the infested pods and the number of healthy seeds pod
-1 

was reduced to zero.  

Renata et al. (2014) determined the destruction of fruits mass etc. by fruit fly of guava 

in Brazil which was declared as the major factor in the reduction in export of guava in 

the country. 

 Variations in the infestation percentage (%) of both agents were observed in a 

good positive correlation with the population size of the agents. The coefficient of 

correlation (r) between the population of P. farinosus and its % infestation throughout 

the year was 0.718 and 0.638 for 2015 and 2016 respectively. Similarly, the 

coefficient of correlation for D. persicus between its population and infestation % was 

0.718 and 0.768 for 2015 and 2016 respectively (Fig 6.10). This type of positive 

correlation between population dynamics of bean weevil (Bruchus rufimanus L.) and 

its damage rate on two verities of beans (Vicia faba L. Var. major and Vicia faba 

L.Var.minor) was observed by Titouhi et al. (2015) in north Tunisia. Similarly, the 

correlation of population dynamics of Cassida rubiginosa Muller with its % 

infestation on Cirsium arvense L. was determined by Bacher and Schwab (2000). 
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Fig. 6.10 A relationship between the population size (Number of insect plant
-1

) 

of P. farinosus and D. persicus and their infestation rate (%) for 2015 

and 2016 for all the study sites. Each result shows a positive 

correlation between the two variables. 

 

6.5 CONCLUSIONS 

The findings of this study indicated that the population dynamics of both D. 

persicus and P. farinosus may be regulated by host plant phenology and different 

abiotic and biotic factors. The availability of the host‟ flowers and fruits in the field 

determine the infestation and damage caused both agents. Dacus persicus starts 

infesting fruits in late summer (June-July) and remains active till the beginning of 

winter (November), causing severe losses in seeds as well as fruit fresh mass. On the 

other hand, P. farinosus not only severely damage the fruits but it also inflicts 

defoliation losses to its host. The pre-dispersal seed damage caused by both insects at 

the population level greatly reduces the reproductive potential of C. procera.    
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Chapter 7 

THE CURRENT AND FUTURE DISTRIBUTION OF 

PARAMECOPS FARINOSUS AND DACUS PERSICUS 

 

 
Current distribution records of D. persicus and P. farinosus around the world. 

  



118 

7.1 INTRODUCTION 

 So far, in this thesis, the exploration of different insects associated with 

Calotropis procera has been documented (Chapter 3), followed by investigations on 

how the population of both insects builds up and the production of potential 

generations of each insect per season in its native range in Pakistan (Chapter 4 & 5). 

To strengthen the study, a seasonal dynamic of damage inflicted by P. farinosus and 

D. persicus on the reproduction of C. procera was studied. In this regard, detailed 

data were collected from different sites during 2015 and 2016, revealing that both 

insects can greatly reduce the reproductive potential of C. procera (Chapter 6). Dacus 

persicus and P. farinosus are mainly native to Pakistan, Iran, India, Sri Lanka 

however, there is no information available on their suitability to other parts of the 

world under current and future climates. An attempt is made here in this chapter to 

predict the present and future distribution of D. persicus and P. farinosus around the 

world using a climatic modelling approach. 

 In its native range, a reasonable number of presence records for D. persicus 

are available. For instance, D. persicus was recorded first time from district Lyallpur 

(now Faisalabad), Pakistan, however, no further records of this insect available from 

anywhere in Pakistan. Dacus persicus is also reported from Sri Lanka, India (Parihar 

1984), Oman, UAE, and Iran (GBIF 2016). In this study, the insect has been reported 

by the author from districts Lahore, Faisalabad, Sheikhupura, Kasur, Gujranwala, 

Muzzafar Garh districts of Pakistan. 

 Paramecops farinosus was first recorded in Pakistan from Changa manga 

forest area of district Kasur, Punjab Pakistan and after that, no other authentic record 

of its occurrence is available in the literature. In this thesis, the insect was surveyed 

and studied in detail by the author from districts Lahore, Gujranwala, Sheikhupura, 
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Kasur, and Faisalabad. In India, P. farinosus has been reported from Ujjain, 

Rajasthan, Tamil Nadu, Karnataka, South Arcot, Chengalpattu (Fletcher 1914; 

Sharma and Amritphale 2007; Dhileepan 2014) and in Jammu, Reasi and Rajouri 

districts of Jammu and Kashmir (Sudan et al. 2013). 

 Invasive species can adapt to a wide range of environments and they continue 

to spread to new areas that are climatically suitable for their growth (Dukes 2004). 

Calotropis procera and C. gigantea are reported from 62 countries in their native 

ranges while both species are introduced to another 22 countries (see Chapter 2). 

Dacus persicus and Paramecops farinosus are co-evolved natural enemies of both 

species and are expected to establish in areas of the world that share the climates like 

that exist in their native range.  

 The ever-increasing concentration of greenhouse gasses (CO2, SO2 NO2, etc.) 

in the atmosphere is a major concern for the sustainability of the planet earth. This 

atmospheric pollution is the leading cause of global warming and other climatic 

changes. The Inter-Government Panel on Climate Change (IPCC) forecasts an 

increase in global average temperature within a range of 1.4 - 5.8 
o
C by 2050 (IPCC 

2001). The gradual increase in temperature will consequently cause changes in the 

rainfall pattern, sea-level rise, etc. (McMichael and Woodruff 2006). These changing 

climatic conditions may affect the global ecosystems which in turn affect the living 

organisms directly or indirectly.  

CLIMEX is a modelling program that has been successfully used to predict the 

potential distribution of different species of living organisms (insects, weeds, and 

diseases) based on the relationship between climatic conditions and known 

distribution (Sutherst et al. 2007; Kriticos et al. 2011). The software has also been 

used by different researchers to find out the potential future distribution of species, 
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including several biological control agents (Zalucki and Klinken 2006). For instance, 

CLIMEX has been used to predict the current and climate change (+3 
o
C) distribution 

of Parthenium hysterophorus L. around the world (McConachie et al. 2011). 

Similarly, MEXENT another modelling program that uses the climatic parameters 

(mean rainfall, mean temperature, and wind speed) of known distribution location 

points, has been used to predict the establishment of C. procera in three Australian 

states, Northern Territory, Western Australia, and north-western Queensland (Menge 

et al. 2016). 

 Invasive plants may adapt to a wide range of climatic conditions however, 

their host-specific natural enemies may not have a wide ecological amplitude, so such 

organisms would need to be selected carefully as prospective biological control of 

weeds (Shabbir 2012). In the literature review, there is no information available on 

the current or future suitability for D. persicus and P. farinosus. The objective of the 

present work was, therefore, to predict the current and future climatic suitability of 

these two natural enemies of C. procera around the world. More specifically, 

CLIMEX models will be developed for both insects using the compare location 

function of the program, to predict their suitability around the world.  

7.2 MATERIALS AND METHODS 

 7.2.1 Data Collection 

 Surveys in Pakistan: Field surveys were carried out in selected districts of 

Punjab to document the presence or absence of P. farinosus and D. persicus. These 

districts include Lahore, Sheikhupura, Faisalabad, Gujranwala, and Kasur (see 

Chapter 3). These districts were visited from Sep 2014 to Dec 2016, to document the 

presence of these insects. Geo-referenced data points were collected from different 

sites with the help of a hand-held GPS, (model ETREX 20, GARMIN). A total of 
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seven geo-reference location points were collected from Lahore while another12 

points were recorded from the rest of the above-mentioned districts.  

 Other data sources: A total of 37 distribution data points for D. persicus 

recorded in India (Tamil Nado and Karnataka) were acquired from Dr. K. Dhileepan 

(Principal Entomologist, Invasive Plants, and Animal Sciences, Biosecurity 

Queensland, Department of Agriculture and Fisheries). 

 Metadata: Occurrence points of P. farinosus and D. persicus in India, Jammu 

and Kashmir, Sri Lanka, Oman, UAE, and Iran were acquired through the meta-

analysis of web searches and published information. These points were geo-

referenced with the help of a map locating website (Dhileepan and Senaratne 2009). 

Using this approach, a total of 104 and 13 points were gathered for D. persicus and P. 

farinosus, respectively.   

 Data analysis: All the geo-referenced data points for both the insects were 

entered into spreadsheets and then exported in ArcMap, mapping software of 

geographic information systems (GIS) and shapefiles of distribution data were 

developed. 

7.2.2 The CLIMEX model 

 The CLIMEX model is based on responses of species to changes in climatic 

conditions weekly, by determining Growth Indices (GIs). These GIs values were used 

to predict the population growth during favourable conditions at a given location 

(Sutherst et al. 2007). Different Stress Indices (SIs) like wet, cold, dry, hot, cold-dry, 

hot-dry, cold-wet, and hot-wet, were used to estimate the dynamics in population 

growth of a species. Later, Eco-climatic Index (EI) was calculated by combining GIs 

and SIs, which helped in the prediction of the suitability of growth of a population in 

a given area. The EI value range from 0-100 with EI = 0 is unsuitable while EI = 100 
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mean maximum suitability for a species at a given location. Climatic suitability 

models were developed for D. persicus and P. farinosus, using the compare location 

function of a computer-based simulation program, CLIMEX (version 3). Using this 

program, different growth and stress parameters were iteratively adjusted based on the 

known distribution of the species distribution in its native range (Table 7.1).  

  Paramecops farinosus: Based on the known distribution of P. farinosus in its 

native range, a CLIMEX model was developed using different growth and stress 

parameters (Table 7.1). The absence of P. farinosus from some of the dryer places in 

Pakistan and India (Thar, Pakistan and Rajasthan, India) indicated that this insect is 

adapted to relatively moist and warm climatic conditions. A semi-arid template of the 

CLIMEX program was used as a starting point for the model development. The 

moisture and temperature indices fitted following the areas of known occurrences in 

South Asia. The hot and cold stress was adjusted accordingly based on distribution of 

P. farinosus in its native range. The annual heat sum (PDD) was calculated based on 

data collected in Chapters 4 and 6 for the study of the life history and dynamics of P. 

farinosus in Pakistan. A climate change (+3 
o
C) function of CLIMEX program was 

used to predict the future distribution of P. farinosus around the world.  

Dacus persicus: Based on the known distribution of D. persicus in its native range, a 

CLIMEX model was developed using different growth and stress parameters (Table 

7.1). Since the distribution data for D. persicus indicated that this insect is adapted to 

survive in very hot and dry conditions (e.g. Thar desert in Pakistan and parts of 

Rajasthan, India), an arid template of CLIMEX program was used as a starting point 

for the model. The moisture and temperature indices fitted in accordance with the 

areas of known occurrences in South Asia and the Middle East. Some of these 

locations carry summer temperature range 30 to 40 
o
C (in this range for > 60 days) 
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with annual rainfall between 100 to 150 mm. The maximum temperature in some of 

these locations may reach more than 45 
o
C in summer. The hot and cold stress was 

adjusted accordingly based on the distribution of D. persicus in its native range. The 

annual heat sum (PDD) was calculated based on data collected in Chapters 5 and 6 for 

the study of the life history and dynamics of D. persicus in Pakistan. A climate 

change (+3 
o
C) function of the CLIMEX program was used to predict the future 

distribution of D. persicus around the world.  
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Table 7.1 CLIMEX parameter values used to develop models for the potential distribution of D. persicus and P. farinosus 
 

Index Parameter  D. persicus P. farinosus Units 

Temperature DV0 = limiting low temperature 

DV1 = lower optimum temperature 

DV2 = upper optimum temperature 

DV3 = limiting high temperature 

15 

26 

40 

44 

5 

25 

30 

40 

ºC 

ºC 

ºC 

ºC 

Moisture SM0 = limiting low soil moisture 

SM1 = lower optimum soil moisture 

SM2 = upper optimum soil moisture 

SM3 = limiting high soil moisture 

0 

0.001 

1.0 

2.0 

0.08 

0.2 

0.5x 

1.5 

 

Cold stress TTCS = temperature threshold 

THCS = stress accumulation rate 

DTCS = degree-day threshold 

DHCS = degree-day stress rate  

2.0 

-0.01 

15.0 

-0.00025 

4.0 

-0.001 

12.0 

-0.0001 

ºC 

week
-1 

day ºC 

week
-1 

Heat stress TTHS = temperature threshold 

THHS = stress accumulation rate 

44 

0.002 

40 

0.001 

ºC 

week
-1 

Dry stress SMDS = wet stress threshold 

HDS = stress accumulation rate 

0.07 

-0.001 

0.08 

-0.001 

 

week
-1 

Wet stress SMWS = wet stress threshold 

HWS = stress accumulation rate 

2 

0.001 

2.0 

0.002 

 

week
-1 

Hot-dry stress TTHD = hot-dry temperature threshold 

MTHD = hot-dry moisture threshold 

PHD = stress accumulation rate 

 -  

week
-1 

Annual heat sum PDD = degree-day threshold 773 1144 day ºC 
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7.3 RESULTS 

7.3.1 Current distribution of P. farinosus and D. persicus 

 The distribution data showed that P. farinosus is recorded from Jammu & Kashmir, 

India, Thailand, and Pakistan (Fig 7.1). In Pakistan, P. farinosus is more found to be 

more prevalent in northern districts of Punjab as compared to D. persicus. Dacus 

persicus is present in the southeastern parts of Iran (Balochistan), most parts of the 

United Arab Emirates, northwestern Oman, southern India, most of Sri Lanka, and 

some parts of Pakistan. In Pakistan, D. persicus was commonly found associated with 

its host, C. procera, in districts (Lahore, Sheikhupura, Kasur, Faisalabad, Gujranwala, 

and Muzaffargarh) (Fig 7.1).   

 
 

Fig. 7.1  Current worldwide distribution of D. persicus (red dots) and P. 

farinosus (green dots). 
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7.3.2 The current and future climate suitability of P. farinosus 

Current climate: The predictive model developed for present climatic 

suitability for P. farinosus, indicated that central and northern parts of Punjab, 

Pakistan are suitable (Fig 7.2 a). Similarly, most southern and eastern parts of India 

are suitable for P. farinosus. Almost all parts of Sri Lanka are predicted to be suitable 

for P. farinosus. Among other South Asian countries, the suitability of P. farinosus 

lies in Bangladesh. The CLIMEX prediction model also shows that most southeast 

Asian countries are suitable for the survival of P. farinosus (Fig 7.2 a).  

In Africa, central and southern parts of the continent are predicted to be 

suitable (EI value, ˃ 70) for P. farinosus (Fig 7.2 a). CLIMEX prediction model 

suggested that eastern parts of South America (Brazil etc.) and almost all of central 

America are suitable for the survival of P. farinosus (Fig 7.2 a). In Australia, the 

suitability of P. farinosus lies mostly along the eastern coastline and decreases 

gradually inland (Fig 7.2 a).  

Climate Change: Under the changing climate (+3 
o
C) scenario, the suitability 

model predicted a contraction in the suitability of P. farinosus in Pakistan as well as 

in other parts of South Asia world. In Pakistan, the central and northern parts of 

Punjab would become less suitable for P. farinosus as compare to current climate 

predictability. Similarly, only southern parts of India would keep good suitability for 

P. farinosus (Fig 7.2 b). Among other Asian parts, Southeast Asia shows a contraction 

in suitability for P. farinosus under climate change (+3 
o
C) scenario.  

 According to CLIMEX climate change (+3 
o
C) model, the southern and 

eastern parts of Africa would become less suitable for P. farinosus. Whereas, the 

suitability of P. farinosus intensifies in the central parts of Africa (Fig 7.2 b). The 

suitability trend to decrease in Brazil and other northern parts of South America (Fig 
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7.2 b). For Australia, the predictive model shows a slight expansion in suitability 

under climate change (+3 
o
C) scenario, some parts of Victoria and South Australia 

(Fig 7.2 b). 

                                                                                                                                             

a   

                                                                                                            
 

                                                                                                                                            

b                                                                                                                

 

 

Fig. 7.2 The suitability P. farinosus around the world, modelled using 

CLIMEX program under the current (a) and climate change 

scenario (+ 3
o
C) (b)  
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7.3.3 The current and climate change suitability of D. persicus 

Current climate: The climatic suitability model for D. persicus under the current 

climate matches its present geographic range of C. procera (Fig. 7.3 a). Almost all 

parts of the world that carry drier and hotter climatic conditions are predicted to be 

suitable for D. persicus. The model showed that within Pakistan, central (Lahore, 

Faisalabad, Sheikhupura, Kasur, etc.) and southern parts (Okara, Sahiwal, Multan, 

Dera Ghazi Khan, and Bahawalpur) of Punjab, most parts of the Sind (Mirpur, 

Hyderabad, Sukhar, Karachi) are highly suitable (EI value ˃ 80) for D. persicus (Fig 

7.3 a). Similarly, the model predicted that northwestern parts, Kohat, Bannu, Dera 

Ismail Khan, Peshawar districts of Khaybar Pakhtunkhwa (KP) are suitable for the 

growth of D. persicus. On the other hand, western parts of the country (e.g. Zhob, 

Quetta) are not suitable for D. persicus (Fig 7.3 a). 

Other Asian countries (India, Sri Lanka, Oman, Thailand, and southeastern 

parts of Iran) and the middle east (Saudi Arabia, Oman, and Yemen) also show high 

suitability for D. persicus (EI value ˃ 70) (Fig 7.3 a). According to the model, almost 

all the African countries seem to be fit for the survival of D. persicus especially those 

in central and eastern African parts of the continent (Niger, Chad, Sudan, Somalia, 

Kenya, etc. EI ˃ 90). Whereas southern Africa (Zimbabwe, Zambia, Angola, and 

South Africa, etc.) show relatively less suitability for D. persicus (EI value ˂ 70) (Fig 

7.3 a). 

 As for as South American countries are concerned, suitability mainly lies in 

Brazil, Bolivia, and some parts of Paraguay. Some northern parts like Venn, 

Colombia, and Ecuador seem to be suitable for D. persicus. Western parts of this 

continent seem to be unfit for the survival of D. persicus, EI value ˂ 10 (Fig 7.3 a). 
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CLIMEX suitability model showed that most parts of North America as unsuitable for 

D. persicus with only some parts of Mexico seem to be suitable for the insect (Fig 7.3 a). 

 For the Australian continent, the maximum suitability of D. persicus lies in the 

Northern Territory, Queensland, Western Australia, and some parts of New South 

Wales. The suitability gradually decreased as we move from Northern to Southern 

parts of the continent. The model shows European and Russian countries are too cold 

to be suitable for D. persicus (Fig 7.3 a).  

Climate Change: Under the changing climate (+3 
o
C) scenario, CLIMEX 

model shows a shift in the suitability of the D. persicus in Pakistan as well as in other 

parts of the world. In Pakistan, western parts of Baluchistan and eastern parts of Sindh 

would become unsuitable for D. persicus (Fig 7.3 b). On the other hand, southern 

parts of both provinces would become more suitable for D. persicus. Among other 

Asian countries, central India (Madhya Pradesh, etc.) and southern Iran show a 

contraction in suitability for D. persicus under climate change scenario (Fig 7.3 b). 

 Under climate change, Central Africa, (Chad, Sudan, and Niger, etc.) and 

Northwestern parts (Mali and Algeria) would be unsuitable for D. persicus. Whereas 

the suitability of D. persicus expands in the southern parts of Africa, especially in 

South Africa (Fig 7.3 b). The distribution suitability trend of D. persicus would likely 

increase in the South American continent, especially towards southern parts (e.g 

Argentina) of the continent. According to the climate change CLIMEX model, the 

suitability of D. persicus would remain the same for current and climate change 

scenarios, in North American countries, however, the southern border of the USA 

would be moderately suitable for D. persicus (Fig 7.3 b). For Australia, the predictive 

model indicates an increasing trend of suitability from north to south under the 

climate change scenario (Fig 7.3 b). 
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                                                                                                                                      a                                                                                                             

 
                                                                                                                        b                                                                                                                    

 

 

Fig. 7.3 The suitability of D. persicus around the world under the current 

(a) and climate change (+3 
o
C) scenario (b) modelled using 

CLIMEX program. 
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7.4 DISCUSSION 

 Calotropis procera has invaded many parts of the world and this plant is 

spreading further to new areas. Due to its invasive nature, it has become a menace in 

some introduced parts such as Australia, Brazil (Kissmannn and Groth 1992; Brandao 

1995; Csurhes and Edwards 1998; Campbell et al. 2013; Campbell et al. 2015; Menge 

et al. 2016). Paramecops farinosus and D. persicus, two co-evolved natural enemies 

of C. procera, are expected to share a climate suitability parallel to C. procera. Both 

agents are potential biological control candidate agents of C. procera but their 

selection will depend upon their climatic suitability to a wide range of areas where C. 

procera has become a problem. The primary focus of this chapter was to predict the 

current and future distribution of these two natural enemies based on their climatic 

suitability using CLIMEX modelling program. CLIMEX has been used by several 

researchers to predict the current and potential distribution of different species 

(McConnachie et al. 2011).  

Calotropis procera is a plant of hot and drier environments and it can tolerate 

extreme climatic conditions. The climatic suitability of P. farinosus for the current 

climate suggested that this insect would likely to persist in relatively cooler climates 

as compared to D. persicus. The model developed taking into account the current 

native range distribution for P. farinosus and it predicted and satisfied the current 

distribution of this insect around the world (Fig 7.3). For the current climate, most 

parts of Brazil and Central America are predicted to be highly suitable (EI ˃ 80) for P. 

farinosus, with the climate change (+3
o
C), this suitability would likely to decrease in 

its intensity (EI ˂ 50). Similarly, in India and Bangladesh, suitability tends to decrease 

from north to south under climate change conditions. 
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The model predicted that the climatic suitability of D. persicus would likely 

lie within the drier parts of the world under the current climate. Most parts of Pakistan 

with hot and dry climates, would likely to favour the growth of D. persicus. In Punjab 

(Lahore, Faisalabad, Sheikhupura, Kasur, Dera Ghazi Kahn, Bhakkar, Bahawalpur, 

Multan, Muzaffargarh, etc.) Sindh (Sukhar, Larkana, Mirpur Khas, and Karachi, etc.), 

KP (Peshawar, Bannu, Kohat, DI Khan), and Baluchistan (Sibi, Panjgur, etc.) are 

predicted to be suitable for D. persicus for current and climate change scenario. The 

Northern areas such as Gilgit Baltistan, Chillas, Sawat, Dir, Skardu, Quetta are 

predicted to be unsuitable for the survival of both insects, mainly because of their 

colder climate (Fig 7.2 & 7.3). 

Similar is the case with other parts of the world, where the CLIMEX model 

highlighted the suitability for D. persicus in the rest of the Asia and other continents 

(Australia, Africa and South America, etc). Most of the drier parts of the South Asian 

countries including India, Bangladesh, Sri Lanka, Bhutan, Cambodia, and Iran are 

predicted to be highly suitable for D. persicus an EI value of ˃ 80. This projection is 

justifiable as D. persicus does not like colder climate it has been found to disappear 

during colder seasons in its native range (Chapter 5 and 6). The population dynamics 

of this insect showed peak activity during the warmer season (May to September) and 

consequently a high fruit infestation rate during hotter summer months (Chapter 6). 

Most insects are poikilotherms and temperature is the key factor that 

determines their development, distribution, and reproduction. With an increase in 

global temperature, some of the insects may expand towards higher latitudes as well 

as altitudes. The current suitability of D. persicus overlaps with the occurrence of the 

C. procera around the globe, however, it was not the case with P. farinosus as P. 

farinosus prefers comparatively cooler areas, possibly due to the phenological 
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behaviour of the insect. This is important with the perspective of a selection of this 

agent as biological control, especially in Australia where there is a considerable 

mismatch of distribution of C. procera and predictive suitability of P. farinosus. The 

predictive modelling of P. farinosus is restricted mostly in northeastern coastline 

while C. procera is well distributed in north-western Australia, especially in north 

Queensland and Northern Territory (Menge et al. 2016).  

7.5 CONCLUSION 

 The climatic suitability of P. farinosus and D. persicus, predicted based on 

CLIMEX models, indicated that most global distribution of both agents lies well 

within the projection for the current climate. The model for D. persicus indicated that 

most parts of the world that carry hot and dry climate, are suitable for D. persicus. 

However, in the case of P. farinosus, the model predicted that this insect would likely 

to establish in relatively cooler parts. The climatic projections match with the regions 

from where their occurrence has been reported in Pakistan other parts of the world. 

The modelling under climate change scenario has suggested that projection for P. 

farinosus would likely contract in Asia, Africa, and the Americas while it will remain 

relatively unchanged for D. persicus in most parts of the world. These predictions will 

help in the selection of these insects as potential biological control agents in different 

parts of their introduced ranges to control C. procera and C. gigantea. 
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Chapter 8 

GENERAL DISCUSSION 
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8.1 INTRODUCTION 

Calotropis procera, a tall shrub or small-sized tree is native to South Asia, 

middle east and north Africa. Owing to its drought resistance, high reproductive 

capacity, and effective dispersal mechanisms, this plant has spread to many parts of 

the world outside its native range (Campbell et al. 2015). Of its introduced ranges, 

parts of South America and Australia are the worst affected. For instance, the native 

ecosystems of Caatinga and Cerrado in Brazil have been invaded by C. procera. In 

Australia, C. procera has become one of the high-risk weeds scoring 28 based on a 

recent assessment (Quinn et al. 2015). In north Queensland and Northern Territory, C. 

procera has been reported to reduce pasture productivity (Campbell et al. 2015). At 

present, in Australia, an area of 102,600 km
2
 has been invaded by C.  procera and if 

no management actions are taken, this area is expected to exceed 163,000 km
2
 by 

2035 (Menge et al. 2016).   

Several physical and chemical approaches have been suggested to control C. 

procera (Campbell et al. 2015). Some of these methods are effective in controlling C. 

procera however, they have their limitations in different situations. For example, 

cutting and burning methods are temporary and may lead to vigorous growth 

afterward (Campbell et al. 2015). There are limited options of herbicides available, 

especially in the pasture but large-scale herbicidal control is not a viable option 

besides, chemicals have their hazards, and plants evolving resistance rapidly 

(Anabestani et al. 2017). Biological control is a safe, sustainable, and natural control 

strategy used to control invasive weeds in different parts of the world (Dhileepan 

2014; Benelli 2016). At present, this strategy has not been used to control C. procera 

in its introduced range. After the prioritization of weed for biological control, the 

exploration of natural enemies of that weed found in its native range is an important 
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step of a biological control program. Once found, the most effective agents (e.g. 

insects, pathogens) based on their damage potential and suitability are prioritized for 

host range testing and potential release. The present study was endeavoured to explore 

and prioritize the potential natural enemies of C. procera found in Pakistan based on 

their damage potential, reproductive capacity, and climatic suitability.  

8.2 EXPLORATION OF NATURAL ENEMIES 

 Insects play two important direct roles in the life history of plants, as 

pollinators, helping in reproduction while as herbivores they help in shaping the plant 

populations (Crawley 1997; Strauss and Zangrel 2002). In a desktop study, Dhileepan 

(2014) reported 65 different organisms associated with C. procera in different parts of 

its native range. In this study, 28 insect species were found associated with C. 

procera. Of all these insects, 07 were potential pollinators (honeybees, butterflies), 12 

were natural enemies (herbivores) (chapter 3, Table 3.2). Some important generalized 

herbivores found associated with C. procera were Poekilocerus pictus, Platycorynus 

peregrines, Spilostethus hospes. These insects feed on different parts of C. procera 

(fruits, leaves, and stem) and cause vegetative damage.  

The specialized herbivores solely depend on their host for food. Among 

specialized herbivores, one stem borer (Niphona grisea) and two pre-dispersal seed 

predators (P. farinosus and D. persicus) were reported. Paramecops farinosus and D. 

persicus were prioritized for further study based on their high damage and 

reproductive potential noticed in the field. Niphona grisea though causes serious 

vegetative damage but was not among prioritized insects due to its discovery during 

the late phase of this study and it‟s a relatively long-life cycle reported in the literature 

(Straw et al. 2015).  
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8.3 LIFE HISTORY 

  Understanding the life cycle of a potential biological control agent is 

important to help to understand how fast a population of the agent can build up once it 

is field released (Chi and Yang 2003). The population growth of P. farinosus and 

flowering of C. procera starts in parallel late in spring (March) and lasts up until late 

autumn (October). In contrast, D. persicus appears and starts reproducing late in 

summer (July). The length of the life cycle of P. farinosus is longer (59.9 ± 0.82 days) 

as compared to D. persicus (42.1 ± 0.4 days). It is estimated that P. farinosus can 

potentially produce 2-3 generations while D. persicus can produce up to two 

generations per year. The females of P. farinosus and D. persicus can add 25.16 and 

66.1 new offsprings, generation
-1 

respectively.  

The life cycle studies were carried out under controlled conditions (inside the 

pouches) however, the numbers may vary in the field due to the presence of some 

natural parasitoids or predators. For example, certain species of wasps are parasitoids 

of eggs and larva of fruit flies in Australia (Carmichael et al. 2005). Furthermore, 

larvae of P. farinosus and D. persicus were found attacked by the ants.  

The female-biased sex ratio was observed for both the agents which may be a 

key factor for the fast population building up of these insects. However, different 

factors such as sex-biased mortality, protandry, and environmental conditions may 

affect the sex ratio in the offsprings (Tabadkani et al. 2012). Owing to their high 

reproductive potential and short generation time, it is expected that P. farinosus and 

D. persicus can potentially build up their populations fast once released.  

8.4 POPULATION DYNAMICS AND SEASONAL DAMAGE  

Fluctuations in population growth of both insect species were observed in the 

field around the year. P. farinosus starts its reproduction in early summer (April) and 
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it gradually builds up its population during the summer season. The highest numbers 

of P. farinosus adult plant
-1

 (11.3) were observed in late summer (August). On the 

other hand, adults of D. persicus plant
-1

 reached the maximum (17.5) in late 

summer/early autumn (October). A regression model indicated that there was a strong 

positive relationship between minimum temperature and adult numbers, however 

other climatic factors like maximum temperature, precipitation, etc. (Chapter 6).  

Like population dynamics, infestation of P. farinosus and D. persicus starts in 

April and July, respectively. In the early summer season fruits of C. procera were 

mainly infested by P. farinosus while a higher infestation by D. persicus was recorded 

later in the season (September to December) (Chapter 6).  

Seed predators are considered an important group of biological control agents 

that can potentially reduce the future recruitment of their hosts (Dennill and Donnelly 

1991; Zimmerman et al. 2004). From oviposition to the emergence of adults, both P. 

farinosus and D. persicus solely depend on developing fruits of C. procera. The 

developing larvae of both the insects consumed the inner fibrous mass (tissue) and 

immature seeds of C. procera. This feeding activity leads to severe damage to the 

developing fruits that ultimately resulted in a significant reduction in fruit biomass 

and seed production of C. procera.  

Larvae of P. farinosus fed most of the contents inside developing fruits while 

in the case of P. farinosus, its larvae eat endosperm of the developing seeds. The silky 

fibres were used in the formation of cocoons. However, the damage caused by both 

insects results in the consumption of all healthy seeds inside the infested fruits of C. 

procera (Chapter 6). These results are in line with the findings of Parihar (1984) and 

Sharma and Amritphale (2007). Reduction in the reproductive potential of C. procera 

is a prime objective in the areas where it is an invasive weed and P. farinosus and D. 
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persicus have shown their potential to significantly reduce the seed output of C. 

procera.  

8.5 Climatic suitability of P. farinosus and D. persicus 

 Calotropis procera is a plant of hotter and drier climates and has invaded 

mainly invaded similar climates in its introduced range. The climatic suitability of C. 

procera showed that significantly more areas in Queensland, Northern Territory, and 

Western Australia are suitable for current and future climates (Menge et al 2016). The 

success of potential biological control agents depends upon many factors, of that 

climatic suitability in parallel with the distribution of its host plant is the most desired 

factor.  

CLIMEX software was used in this study to predict the suitability of P. 

farinosus and D. persicus. This program has been used globally to study the climatic 

suitability of different organisms (Dhileepan and Senaratne 2009; McConnachie et al. 

2011). The CLIMEX model projections for both the agents fit in parallel to the global 

distribution of C. procera. Almost all the hotter and drier parts of the world (Asia, 

Africa, South America, southern parts of North America, and Australia) predicted to 

be suitable for the survival of D. persicus, however suitability of P. farinosus lies 

within the southern and eastern parts of Asia, southern and central parts of Africa, 

eastern parts of South America and Australia (Chapter 7, Fig 7.2, 7.3). At present no 

occurrence record of these agents is available for P. farinosus and D. persicus in 

colder parts of the world. Our model predicted that the colder parts of the world 

including Europe, Northern America, etc. are not suitable for the P. farinosus and D. 

persicus (Chapter 7, Fig 7.2, 7.3).    

 The climate change (+ 3
o
C) scenario CLIMEX projections predicted an area 

shrinkage for P. farinosus relative to D. persicus. The northern parts will become 
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more suitable for P. farinosus under the future climate of warming of +3 
o
C. These 

models will help in the selection of biological control agents for invasive weed C. 

procera in areas of its introduced range. 

8.6 CONCLUSIONS 

 Calotropis procera has become an invasive weed in its introduced ranges, like 

Australia and Brazil, and its large-scale control warrants initiation of the 

biological control program. 

 Out of twenty-eight insects associated with C. procera three i.e. N. grisea, P. 

farinosus, and D. persicus were found to be specialized herbivorous of C. 

procera.  

 Both P. farinosus and D. persicus have the intrinsic high reproductive capacity 

and can potentially produce at least two generations year
-1

 and both agents can 

build up their population in the field quickly.   

 Dacus persicus and P. farinosus can damage 100 % of seeds of C. procera 

fruits before their dispersal.  

 High reproductive capacity and damage potential to its host plant make both 

insects suitable biological control agents for further testing. 

 The global climatic suitability of P. farinosus and D. persicus using the 

CLIMEX model indicated that the climate of most parts of introduced ranges 

of C. procera will be suitable for both agents.    

8.7 FUTURE WORK 

 To assess the host specificity of P. farinosus and D. persicus within and across 

the Apocynaceae in the native as well as in introduced ranges. 



142 

 To study the methods of multiplication/mass rearing of both agents in 

introduced ranges. 

 To study the life cycle/life table of N. grisea along with its seasonal damage 

potential to C. procera 
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Appendix 3.1 Mean temperature (
o
C) and mean rainfall (mm) of five districts of Punjab, Pakistan during the year 2015 and 2016  

 
aw 20201515 2016 

Months Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Temp 12.2 17.0 19.9 26.7 32.2 32.0 29.9 30.6 30.0 25.8 19.9 15.0 21 25 29 37 43 44 41 39 40 36 29 24 

Rain 

Fall 
19.9 61.3 141.2 5.2 31.7 45.6 328 92.7 127 3.8 0.4 0.0 28.7 2.8 27.4 2.9 31.2 118 152 315.1 127 0.6 0.2 0.0 

Fais Temp 19 25 26 36 42 43 40 40 39 35 27 22 21 26 29 37 44 46 43 41 37 29 24 22 

Rain 

Fall 
15.2 30.3 67.2 43.6 23.5 27.3 96.4 132 57.8 14.4 0.0 2.0 11.8 3.7 75.5 7.1 32.4 63.1 109 93.1 9.6 24.0 0.0 0.0 

Shek Temp 20 24 29 36 42 44 41 39 38 35 27 23 18 22 25 34 41 41 39 39 37 34 26 21 

Rain 

Fall 
8 3 48 11 8 11 56 29 4 0 1 0 4 50 186 45 8 39 94 55 15 8 1 2 

Guj Temp 18 22 25 33 41 42 39 38 37 34 27 21 20 25 28 36 42 44 41 39 39 35 28 23 

Rain 

Fall 
26.4 76 166.2 63.3 9.4 48.3 196 66.4 91.2 15.7 0.0 1.2 18.7 14 51.4 7.2 42.6 63.9 501 100.5 2.6 0.0 4.4 0.0 

Kas Temp 19 24 26 35 43 42 39 39 38 35 28 22 21 26 30 38 43 45 41 39 40 37 29 24 

Rain 

Fall 
15.5 31.2 81 5 12 84 62 54 60 1.0 1.0 0.0 24 10.0 23 2.0 11.3 43 117 227 3.0 0.0 0.0 0.0 

 

Lah = Lahore, Fais= Faisalabd, Shek=Sheikhupura, Guj=Gujranwala, Kas=Kasur 
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Appendix 6.1 Month wise detail of population dynamics of P. farinosus and D. persicus for all the sites P. farinosus 2015 

P. farinosus 2015 

 S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 

Jan 1.77 2.59 3.22 2.61 2.91 2.1 2.00 1.92 2.01 1.04 1.9 

Feb 1.42 1.63 2.64 3.11 1.01 4.29 4.14 5.29 3.04 2.01 0 

Mar 3.98 4.33 4.12 3.87 4.71 4.62 5.01 4.91 4.02 2.4 2.04 

Apr 4.17 5.09 4.99 5.29 6.88 6.02 5.99 2.3 5 3.9 1.88 

May 6.1 5.98 6.12 5.92 6.19 6.29 7.13 3.19 5.88 3.88 3.59 

Jun 6.7 7.92 7.68 6.84 8.32 8.66 8.04 5.83 7.27 8.9 7.19 

Jul 6.87 6.43 7.19 6.22 5.19 4.21 6.88 8.39 6.16 5.28 5.66 

Aug 11.37 10.27 11.21 8.43 9.39 8.91 12.44 8.18 8.29 4.22 9.44 

Sep 12.46 7.39 10.98 10.28 9.48 11.39 10.28 10.22 11.33 7.18 10.49 

Oct 7.23 8.49 7.61 6.88 9.21 9.38 9.18 8.38 9.17 5.91 10.84 

Nov 4.8 5.77 6.38 5.78 8.15 9.21 2.44 9.29 7.2 6.39 6.09 

Dec 2.6 3.71 4.01 4.17 3.11 3.19 3.09 4.14 3.54 2.84 3.19 

 

  



168 

P. farinosus 2016 

 S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 

Jan 0.24 0.66 0.4     1.77 0.88 1.77 1.77 

Feb 0.84 0.6 0.88     1.42 0.28 1.42 1.42 

Mar 2.19 2.19 2.47     1.22 1.79 2.31 2.19 

Apr 3.11 1.22 3.19     3.4 2.11 3.2 4.17 

May 3.98 3.29 4.88     3.9 3.29 3.9 3.82 

Jun 3.41 4.29 5.37     4.1 5.27 3.7 2.11 

Jul 4.71 4.74 4.29     4.22 6.87 5.98 6.87 

Aug 6.38 8.39 9.38     7.28 10.32 8.42 9.39 

Sep 8.38 13.24 8.59     13.85 9.17 10.37 10.44 

Oct 5.34 5.63 5.22     5.49 5.39 7.23 7.23 

Nov 4.8 2.03 1.2     3.22 3.26 4.8 4.8 

Dec 3.11 0.66 0.6     1.33 1.43 2.6 2.6 
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D. persicus 2015 

 S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 

Jan 1.21 1.2 2.02 1.5 2.91 1.11 2.10 2.55 2.0 1.04 1.9 

Feb 0 0 0 0 1.01 0 0 0 0 0 0 

Mar 0 0 0 0 0 0 0 0 0 0 0 

Apr 0 0 0 0 0 0 0 0 0 0 0 

May 0 0 0 0 0 0 0 0 0 0 0 

Jun 0.73 0.5 0.43 1.2 0 0 0 0 0 0 0 

Jul 3.15 2.45 2.99 3.1 3.77 4.21 4.37 5.99 3.28 8.66 5.66 

Aug 8.88 7.65 9.12 8.43 8.23 8.91 8.99 8.18 8.29 14.29 15.2 

Sep 14.52 15.21 12.74 16.29 15.87 15.22 16.38 12.33 14.33 12.19 16.33 

Oct 16.26 16.93 15.83 12.23 16.29 13.28 14.22 16.23 13.29 17.94 10.84 

Nov 8.13 6.84 8.55 5.78 8.15 9.21 7.51 10.92 7.2 7.22 8.34 

Dec 4.19 4.29 4.1 4.17 3.27 3.19 3.09 4.14 3.54 2.84 3.19 
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D. persicus 2016 

 S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 S-11 

Jan 1.22 2.09 1.84     1.03 0.9 1.22 0.9 

Feb 1.11 1.42 0     1 0.92 0.88 1.22 

Mar 2.08 1.87 0     3.41 1.21 1.07 2.09 

Apr 2.78 1.95 0     2.78 2.78 2.44 2.78 

May 3.77 4.1 0     4.22 1.76 2.1 1.23 

Jun 4.03 4.03 1.21     3.19 2.16 4.03 2.81 

Jul 4.27 4.27 2.69     4.27 3.92 3.72 3.92 

Aug 10.38 11.23 10.48     8.28 11.39 11.39 10.29 

Sep 15.29 14.29 11.37     13.29 13.28 13.27 13.28 

Oct 18.39 16.32 14.28     16.25 16.11 15.15 18.29 

Nov 5.31 4.22 6.22     4.98 4.2 3.22 4.2 

Dec 2.55 2.55 4.1     2.55 2.55 2.98 2.13 
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Appendix 6.2 Site wise detail of percentage infestation of P. farinosus and D. persicus on fruits of C. procera from April 2015 to 

December 2016  

 

S-1 Fruits infested 

by the agent 

2015 2016 

Apr May Jun Jul Aug Sep Oct Nov Dec Apr May Jun Jul Aug Sep Oct Nov Dec 

P. farinosus 36 38 60 65 53 35 33 0 0 17 38 46 44 47 39 14 0 0 

D. persicus 0 0 4 12 20 36 52 83 0 0 0 4 13 24 31 60 80 100 

Both agents 0 0 0 0 1 0 2 0 0 0 0 0 0 0 0 3 0 0 

Healthy  67 62 36 23 26 29 13 17 0 83 62 50 43 29 30 23 20 0 

S-2 P. farinosus 33 56 58 73 25 25 19 0 0 25 30 52 44 27 24 63 0 0 

D. persicus 0 0 0 0 42 39 63 80 100 0 0 0 12 46 53 19 100 0 

Both agents 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 6 0 0 

Healthy  67 44 42 27 33 34 18 20 0 75 70 48 44 26 23 1 0 0 

S-3 P. farinosus 32 35 48 66 25 6 0 0 0 36 58 60 38 19 26 35 0 0 

D. persicus 0 0 0 0 42 71 85 100 0 0 0 0 2 12 41 35 0 100 

Both agents 0 0 0 0 0 2 10 0 0 0 0 0 0 0 9 0 50 0 

Healthy  68 65 52 34 33 21 5 0 0 64 42 40 60 69 24 30 50 0 

S-4 P. farinosus 39 56 74 77 39 15 47 0 39          

D. persicus 0 0 0 0 26 20 37 100 0          

Both agents 0 0 0 0 4 0 5 0 0          

Healthy  61 44 23 23 31 65 11 0 61          

S-5 P. farinosus 18 38 74 81 30 26 8 0 18          

D. persicus 0 0 0 0 38 21 37 67 0          

Both agents 0 0 0 0 0 2 0 0 0          

Healthy  82 62 26 19 32 51 55 33 82          

S-6 P. farinosus 24 50 75 71 41 35 18 0 24          

D. persicus 0 0 0 0 40 45 36 100 0          
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Both agents 0 0 0 0 0 5 5 0 0          

Healthy  76 50 25 29 19 15 41 0 76          

S-7 P. farinosus 27 59 75 80 58 30 8 0 0          

D. persicus 0 0 0 0 25 48 54 100 0          

Both agents 0 0 0 0 4 0 0 0 0          

Healthy  73 41 25 20 13 22 38 0 0          

S-8 P. farinosus 61 57 78 78 15 11 24 0 0 38 63 52 57 51 21 10 0 0 

D. persicus 0 0 0 0 44 58 47 100 0 0 0 0 0 21 40 50 75 0 

Both agents 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Healthy  39 43 22 22 41 31 29 0 0 62 37 48 43 28 39 40 25 0 

S-9 P. farinosus 51 59 77 65 30 28 10 0 0 47 58 69 68 23 24 0 0 0 

D. persicus 0 0 0 4 36 55 75 100 100 0 0 0 0 36 24 86 0 0 

Both agents 0 0 0 0 0 4 0 0 0 0 0 0 0 1 0 0 0 0 

Healthy  49 41 23 31 34 13 15 0 0 53 42 31 32 40 52 14 0 0 

S-

10 

P. farinosus 38 66 60 54 22 31 26 0 0 37 66 62 56 30 16 0 20 0 

D. persicus 0 0 0 0 48 45 62 100 0 0 0 0 0 9 51 62 80 0 

Both agents 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 8 0 0 

Healthy  62 34 40 46 30 20 12 0 0 63 34 38 44 61 33 30 0 0 

S-

11 

P. farinosus 42 56 76 58 38 20 23 0 0 37 52 69 54 37 37 9 0 0 

D. persicus 0 0 0 6 26 46 33 0 0 0 0 0 0 41 30 64 80 0 

Both agents 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 

Healthy  58 44 24 36 36 34 44 0 0 63 48 31 46 22 29 17 20 0 
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Abstract 

Calotropis procera (Apocynaceae) commonly known as calotrope is a tall shrub or small tree found frequently in arid 
and semiarid parts of Pakistan. Field surveys were conducted during March, 2015 to December, 2016 in selected 
districts of northern Punjab, Pakistan to document different insects associated with Calotrope plant. A total of 18 
insects were found to be present on this plant. Out of these, 11 insect species (six belonging to Order Hyminoptera, 
four to Lepidoptera and one to Orthoptera) were potential pollinators, 5 generalized herbivores (three belonging to 
order Hyminoptera, one each to Orthoptera and Coleoptera) feeding on different parts of the host plant and 2 were 
specialized co-evolved, pre-dispersal seed predators (one belonging to order Coleoptera and other belonging to 
Diptera).We also studied the field activity and habits of these insects. This study will be helpful in understanding the 
biology and seasonal dynamics of insects associated with C. procera in northern Punjab, Pakistan.  
Key words: Calotropis procera, insects, herbivores, pre-dispersal seed predators, impact. 
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INTRODUCTION 
 

Alotropis procera known as milk weed 
orcalotropeis a common weed of waste 
lands and road sides in Pakistan. 

Calotrope plant is well distributed from sea level 
to higher mountains occupying various habitats 
throughout Pakistan except northernareas 
having average low temperature (Ali and Ali, 
1989). The habitats also include riparian areas, 
hot deserts, abandoned cultivated fields and 
pastures. The plant has been known for its 
medicinal value in ayurvedic for different 
ailments in different parts of the world. For 
example, its leaf extract is used as a cure of 
diarrhoea, skin diseases and healing of wounds 
(Moronkola et al., 2011; Meena et al., 2011). A 
number of other uses of different parts of the 
plant, such as an antioxidant, anti-inflammatory, 
tooth ache relief, cure of asthma, leprosy, 
jaundice and ulcer, have been documented 
(Chandrawat and Sharma, 2015). 
 Conversely, C. procera has also been 
reported to have some toxic effects in human as 
well as    in animals. Different problems of eyes 
(for example, visual, conjunctival congestion, 
and corneal oedema) have been reported due to 

the mild exposure of the latex of the C. procera 
(Sharma et al., 2011). Generally, goats, sheep 
avoid grazing C. procera, if sometimes 
unintentionally they ingest the parts of the plant, 
this may lead to adverse digestive problems and 
even death in some animals (Grace, 2006). 
Furthermore, Calotropis procera has also been 
reported as an invasive plant in its introduced 
ranges such as Australia and Brazil (Grace, 
2006). Calotropis procera is a cross pollinator 
plant, and several insects have been reported to 
be found in association of C. procera both in its 
native and introduced ranges. The flowers of C. 
procera are hermaphrodite and pollens are 
produced inside the sac like structures called as 
pollinia. These pollinia need to be opened by the 
pollinators which insert their proboscis in to the 
pollinia, so that pollens may be transferred to the 
cronal stigma (Swarupanandan et al., 1996). 
Dhileepan (2014) put together a comprehensive 
list of potential pollinators, generalized predators 
and some specialized natural predators of C. 
procera reported from different parts of the 
world. Some of these insects such as, Danaus 
chrysippus (L.), Paramecops farinosus 
(Schoenherr), Aphis nerii Boyer de Fanscolom 
be Dacus persicus Handel, Dacus longistylus 
(Wied) etc. use the C. procera as a host plant to 

C 
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complete their life cycles (Dhileepan, 2014; 
Saikia et al., 2015). Of these, three species 
namely, D. persicus, D. longistylus and P. 
farinosus have been reported as pre-dispersal 
seed predators (Dhileepan, 2014). Calotropis 
procera is also considered as a weed in its 
native ranges and is a noxious invasive plant in 
its introduced ranges (Csurhes and Edwards, 
1998). Insects associated with this weed 
potentially determine its vegetative health as 
well as its reproductive potential. Prior to this 
study, very little is known about the insect fauna 
associated with C. procera in Pakistan. The 
present study thus was planned to document 
different pollinator insects orherbivores 

associated with C. procerain some northern 
districts of Punjab Province of Pakistan.  

 
MATERIALS AND METHODS 

 
Study sites 
 A total of seven study sites, three sites 
in Lahore District and four sites in otherfour 
districts of the Punjab, Pakistan were selected 
for the study. On the basis of homogenous 
population of the C. procera along the road 
sides, wastelands, protected areas etc. sites 
ranging from 5-10 hectares were marked as field 
study sites (Table I). 

 

Table I:  The characteristics of selected study sites in different districts of the Punjab, Pakistan. 
 

Study sites GPS coordinates Habitats 

S-1 Lahore (along Lahore canal) 31°25'27.17"N 
74°10'46.74"E 

riparian 

S-2Lahore (Iqbal avenue) 31°30'9.03"N 
74°16'35.09"E 

wasteland 

S-3Lahore (Johkreserve forest) 31°25'36.01"N 
74° 7'11.13"E 

protected Area 

S-4 Faisalabad (Mananwala) 31° 35'12.3"N 
73°40'46.3"E 

agricultural land 
 

S-5Shikhupura (Jaranwala Road) 31° 32'19.5"N 
74° 09'32.13"E 

roadside 
 

S-6 Kasur (near Head Baloki) 
 

31°12'53.4"N 
73° 52'10.6"E 

wetland 

S-7 Gujranwala (Wazirabad) 32° 28'51.6"N 
74° 05'33.6"E 

wetland 

 
Surveys were conducted during March, 

2015 to December 2016 in all of the study sites 
to collect the insects from the host plant, C. 
procera. All sites were visited twice a month and 
insect fauna associated with the host plant was 
documented (Fig 1). Large hand nets were used 
to catch the insects which once collected were 
transferred to ethanol (90%) bottles for 
identification later in the laboratory (Lawton and 
Strong, 1981; Murdoch, 1996).Insect surveys 
were mostly planned during sunny days in 
morning (7 am to 10 am) and orevening (from 3 
pm to 6 pm) timings(Kirtikar and Basu, 1975; 
Saikia et al., 2015).Different insects found on the 
host plant were observed with patience with 
naked eye and with the help of magnifier glass, 
for long hours to study their behaviour and 
visiting frequency and were photographed by a 
digital SLR camera. The insects collected in 
bottles were then identified using available 
online literature or with the help of local or 
foreign experts. Data collected from the study 

was arranged in a tabulated form showing its 
taxonomic status of insects as well as their 
associated role with the host plant.  

 
RESULTS AND DISCUSSION 

 
 During the study, different insects 
associated with C. procera were collected and 
later identified. Different insect species were 
found to be associated with the plant during 
different seasons (months). Some of the insects 
were found to be present on the plant for only 
single month, but some others were found to be 
associated with the host plant throughout the 
year (Table II). Based on association with the 
host plant, these were classified as pollinators, 
generalized herbivores and specialized 
predators.  
 
Pollinators 

From the end of March to July was 
found to be the peak flowering season of the C. 
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procera (Singh and Yadava, 1974) so, most of 
the pollinators were observed during the period 
March to June. The pollinators documented or 
collected during the study were: 

 
Lasius niger Latreille (Common ants) 
 Common ants primarily visit the flowers 
for nectars and are potential pollinators of the 
flowers. These insects are also reported to feed 
on dead larvae and eggs of other insects (Saikia 
et al., 2015) (Fig 1a). 
 
Xylocopa fenestrate Fab. 
 This insect is a large sized (25 mm 
length) and considered to be an important 
pollinator of C. procera (Fig 1b). It can easily 
open pollinia of the flowers and transfer of pollen 
grains from one flower to other. Another species 
of Xylocopa i.e., Xylocpa pubescens Spinola. 
Has already been reported as pollinator of this 
plant from the southern parts of Pakistan (Ali 
and Ali, 1989).  
 
Apis florae Fab. 
 Apis florae commonly called as dwarf 
honey bee that routinely visit flowers of C. 
procera for nectars and inserts its proboscis 
deep in the pollinia of flowers hence considered 
to bea potential pollinator of the host plant (Fig 
1c). 
 
Apis millifera L. 
 This honey bee species also known as 
European honey bee was observed only at 
Lahore site (Fig 1d). This is also a nectar seeker 
and potentially considered as a pollinator of C. 
procera. 
 
Apis dorsata Fab. 
 This species honey bee also known as 
giant honey bee is a common visitor of flowers 
of C. procera (Table II). The bee mainly visits for 
nectar thus possibly acts as a pollinator (Fig 1e). 
 
Danus chrysippus L.  
 Danus chrysippusis commonly known 
as plain tiger or African monarch (Fig 1f) is a 
generalized pollinator(Table II). It also depends 
on C. procera for the completion of its life cycle. 
All life stage (eggs, larvae, pupae and adults) 
were observed on C. procera plant as already 
reported by Dhileepan (2014). 
 
Zizeeria sp.  
 This insect visit flowers occasionally and 
was only found in sites at Lahore and Kasur 

districts (Fig 1g). It is a generalized pollinator 
and nectar seeker (Table II). 
 
Leptotes plinius Fab. 
 This species of butterfly was observed 
to land on the flowers for a short period and then 
fly away possibly carrying some pollens (Fig 1h). 
 
Belenois aurota Fab. 
 This is species is commonly known as 
pioneer white was found to visit flowers 
occasionally and considered to be a pollinator of 
C. procera (Fig 1i).This insect was reported from 
Lahore and Kasur sites (Table II). 
 
Eupeodes corollae Fab. 
 This insect is commonly known as 
hoverfly and was observed very common during 
spring season and feed on nectars. It is 
considered to be a potential pollinator of the 
plant (Fig 1j). It was found in almost all the 
studied sites. 
 
Generalized herbivores 
 The following insect species were 
considered as generalized herbivores based on 
their association with the host plant as observed 
at different study sites. These insects were 
considered herbivore if they were found to be 
feeding on any part of the plant (leaves, stem, 
flowers or fruits).  
 
Platycorynus peregrines Herbst (ak beetle) 
 This beetle species feeds upon the 
tender stem bark and cause severe damage of 
the outer surface of plant stems (Fig 1k). Under 
severe attack, some of the stems were found 
dried out and dead. 
 
Poekilocerus bufonius Klug 
 A type of the painted grasshopper was 
observed only from Lahore and Faisalabad sites 
(Table II). This insect species wasfound to be 
feeding on almost all aerial parts of the C. 
procera including flowers (Fig 1l). 
 
Poekilocerus pictus Fab.  
 The insect is commonly called as 
painted grasshopper and it completes it life cycle 
on C. procera (Fig 1m) (Table II). All stages of 
the insectfeed on leaves, tender stem flowers 
and fruits of the C. procera. When population of 
painted grasshopper excessively builds under 
suitable conditions, it may cause complete 
defoliation of host plants (Dhileepan, 2014; 
Saikia et al., 2015). 
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Spilostethus hopes (Scopoli) 
 The insect is commonly known as 
ground bug feeds on fruits of C. procera. Both 
nymphs and adults of this insect species feed 
upon opened or damaged fruits of the host plant 

(Fig 1n). The insect sucks the juicy latex 
released from the injured or damaged parts of 
the leaves or fruits of C. procera (Amritphale and 
Sharma, 2007). 

 
Table II: Insects associated with Calotropis procera in some selected districts of Northern Punjab, 

Pakistan. 
 

Species Order/Family Sites Collected 
Frequent/ 

occasional 
Occurrence 

Lasius niger Latreille Hymenoptera/ 
Formicidae 

Lahore, Kasur, 
Faisalabad, 
Gujranwala, 
Sheikhupura 

Frequent  Mar to Aug 
 

Xylocopa fenestrate 
Fab. 

Hymenoptera/ 
Apidae 

Kasur Occasional  Mar to Jun 

Apis florae Fab. Hymenoptera/ 
Apidae 

Lahore, Kasur Occasional  Mar to May 

Apis millifera L. Hymenoptera/ 
Apidae 

Lahore Occasional  Mar to Jun 

Apis dorsata Fab. Hymenoptera/ 
Apidae 

Lahore, Faisalabad, 
Kasur 

Occasional  Mar to July 

Danus chrysippus L. Lepidoptera/ 
Nymphalidae 

Lahore. Sheikhupura, 
Kasur 

Frequent  Mar to May 

Zizeeria sp. Lepidoptera/ 
Lycaenidae 

Lahore, Kasur Occasional  Mar to May 

Leptotes plinius Fab. Lepidoptera/ 
Lycaenidae 

Lahore, Sheikhupura Occasional  Mar to May 

Belenois aurota Fab. 
 

Lepidoptera/ 
Lycaenidae 

Lahore, Kasur Occasional  May to Jun 

Eupeodes corolla Fab Hyminoptera/ 
Syrphidae 

Lahore, Kasur, 
Faisalabad, 
Gujranwala, 
Sheikhupura 

Frequent  Mar to May 

Platycorynus 
peregrines Herbst 

Coleoptera/ 
Chrysomelidae 

Lahore Frequent  Aug to Sep 

Poekilocerus bufonius 
Klug 

Orthoptera/ 
Pyrgomorphidae 

Faisalabad and Lahore Occasional  June 

Poekilocerus pictus 
Fab. 

Orthoptera/ 
Pyrgomorphidae 

Lahore, Guranwala, 
Faisalabad, Kasur 

Frequent  May to Oct 

Spilostethus hopes 
(Scopoli) 

Hemiptera/ 
Lygaeidae 

Lahore, Guranwala, 
Faisalabad Kasur 

Frequent  Jun to Sep 

Aphis nerii Boyer de 
Fanscolombe  

Hemiptera/ 
Aphidae 

Lahore, Faisalabad 
Kasur 

Frequent  Feb to Mar 

Cheilomenes 
sexmaculata Fab. 

Hemiptera/ 
Coccinilinae 

Lahore, Sheikhupura, 
Kasur 

Frequent  Mar to Jun 

Dacus persicus Hendel 
 

Diptera/ 
Tephritidae 

Lahore, Kasur, 
Faisalabad,Gujranwala, 
Sheikhupura 

Most frequent  Jan to Dec 

Paramecops farinosus 
Schoenherr 

Coleoptera/ 
Curculinoidae 

Lahore, Kasur, 
Faisalabad,Gujranwala, 
Sheikhupura 

Most frequent Jan to Dec 
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Figure 1.  Photographs of different insects found to be associated with C. procera during the 

study.Lasiusnigera.Xylocopa fenestrate b. Apis florae c. Apis millifera d. Apis dorsata 
e. Danus chrysippus f. Zizeeria sp g. Leptotes plinius h. Belenois aurotai. 
Eupeodescorollaej.Platycorynus peregrines k.Poekilocerusbufonius l. Poekilocerus 
pictus m. Spilostethus hopes n. Aphis neriio. Cheilomenes sexmaculata p. Dacus 
persicus q. Fruit of host plant having no signs of seed, damaged by D. persicusr. 

Paramecopsfarinosuss. Damaged leaves and fruit of host plant by P. farinosus t-u. 
 

Aphis nerii Boyer de Fanscolombe 
 This species aphid was observed on C. 
procera plants during the cooler months (Jan to 
Mar) (Table II). It forms a thick layer on and 
mostly under surface of the leaves, also found to 
be present abundantly on stem as well as on 
fruits (Fig 1o). It sucks the sap from the host 
plant body (Dhileepan, 2014; Amritphale and 

Sharma, 2007). The damage could be severe 
and it can cause the leaves to turn pale yellow 
and fell off the plants. 
 
Cheilomenes sexmaculata Fab. 
 The insect is commonly known as six-
spotted lady zigzag bird (Fig 1p). The insect also 
completes some stages of its life cycle on the 
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leaves of the C. procera. The insect was 
observed to feed on the aphid present on the 
host plant. 
 
Specialized herbivores 

Specialized herbivores are those insect 
species that are generally either monophagus or 
have a narrow range of hosts. These species 
co-evolved their host plants and adapted to 
overcome the host defenses. Insects that attack 
on the developing seeds inside the pods/fruits 
and destroy them before their dispersal are 
known as pre-dispersal seed predators. Two 
specialized pre-dispersal seed predators of C. 
procera are being reported here in this study. 
 
Dacus persicus Hendel 
 Dacus persicus commonly known as ak 
fruit fly (Fig 1q) was found to be present from 
July to December, but at some sites for 
example, Iqbal Avenue Lahore, the insect was 
observed to be present round the year. The fruit 
fly completes its life cycle on C. procera and its 
larvae completely damage the developing seed 
and tissue inside of the infested fruits of host 
plant (Fig 1 r). The damage is so severe that 
once attacked, not a single seed develops inside 
the fruit pod (Parihar, 1984). 
 
Paramecops farinosus Schoenherr 
 This weevil species is another 
specialized pre-dispersal seed predator of C. 
procera, commonly known as ak weevil (Fig 1 
s). Like ak fruit fly, ak weevil was observed 
round the year and at all sites in the field (Table 
II). The adults of the weevil species feed on 
leaves of the host plant and inflict severe 
damage. Female weevil lays eggs inside the pod 
of host plant, where larvae of insect develop and 
pupate, consuming whole of the internal mass of 
tissue leaving few or no seed inside (Fig 1t-u) 
(Sharma and Amritphale, 2007; Sudan et al., 
2013; Dhileepan, 2014). 
 Dependence of plants on insects for 
pollination and ultimately for setting of fruits and 
seeds, is very important due to the sessile mode 
of life of plants. The successful pollination of a 
plant is determined by the availability of the 
number pollinators of that plant (Richard and 
Silander, 1975). This plant-pollinators 
relationship is not something new but it is 
evident from the Cretaceous period, when 
insects depended upon flowers for their food 
and in return plant got success in their 
reproduction process (Tepedino, 1979). 
Calotropis procera with its unique flower 

structure depends upon potential pollinator 
insects for the opening of polliniato transfer 
pollens from androecia to the stigma (Ali and Ali, 
1989). Among other pollinators, bees have their 
own prime importance as compared to the other 
insects. Approximately 30% of the man’s food 
providing plants depends upon bees for their 
pollination (O’ Tool, 1993). Calotropis procera 
flowers were frequently visited by three species 
of bees in the study area, along with other 
pollinators. These bees were found to have 
equal preferences for C. procera flowers and 
available flowers of other plants in the field. 
 On the other hand, some insects were 
found to inflict severe damage to the leaf, stem, 
flowers fruits or /and seeds. Most of these 
herbivores lead to the direct effect on population 
dynamics of the plant and maintain equilibrium 
in an ecosystem (Prins and Nell 1990). Our 
results showed that C. procera host many kinds 
of herbivores that consume different parts of 
plant, for example, leaves are damaged by 
painted grass hopper, aphid and ak weevil, stem 
bark is destroyed by ak beetle and flowers/fruits 
are eaten byak weevil, aphid and ground bug. 
The generalized herbivores feed on different 
parts host plants but they do not solely depend 
on one plant, for example, painted grasshopper. 
In contrast, the specialized herbivores mostly 
depend only on a specific host plant and they 
evolve along with their host plant species. 
 The frequency of occurrence of an 
insect species was dependent upon the host 
specificity or flowering season. Those insects 
which are generalized pollinators or predators 
found less frequent and seasonal but those 
which are host specialized found to be more 
frequently and round the year, associated with 
the host plant. 
 In this study, we report two specialized 
insect species i.e. ak fruit fly and ak weevil, that 
coevolved the C. procera plant (Dhileepan, 
2014).The adults of ak weevil feed the leaves, 
tender stem, flowers, fruits and its larval 
development takes place inside the developing 
fruits. Similarly, the ak fruit fly feeds upon 
flowers for nectar and its larvae consume the 
developing seeds as well as fruit tissue 
(mesocarp and endocarp) (Sudan et al., 2013) 
(Fig 1 r). These two insects have also been 
reported from other parts of the South Asia 
(India, Bangladesh, Iran) (Parihar, 1984; 
Amritphale and Sharma, 2007). The ak weevil 
was reported from Changa manga forest in 
Pakistan, whereas ak fruit fly is reportedfor the 
first time. Dhileepan (2014) in his review on 
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insects associated with C. procera, and C. 
gigentea prioritized both these two pre-dispersal 
insects that could be potential candidates for the 
biological control of C. procera in introduced 
ranges, such as Australia or Brazil. Moreover, in 
presence of parasitoids in the form of Bacteria, 
fungi etc. of these pre-dispersal seed predators 
may be identified and studied in future. In 
another study (under review) authors have 
reported the seasonal dynamics and effect of ak 
weevil and ak fruit fly on reproductive potential 
of ak plant in its native range (Punjab, Pakistan).  
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Calotropis procera (Aiton) W.T. Aiton (Apocynaceae), commonly known as calotrope, Indian milkweed 
or Aak, is a spreading shrub or medium-sized tree native to South Asia, West Asia and North Africa. It is 
a serious weed of rangelands and is a target weed approved for biological control in Australia (Dhileepan, 
2014). Surveys in its native range in Pakistan yielded several common herbivores (Table 1) (Ali and Shabbir, 
2017). The pre-dispersal seed-feeding Aak fruit fly, Dacus persicus Hendel (Diptera: Tephritidae), and Aak 
weevil, Paramecops farinosus Schoenherr (Coleoptera: Curculionidae), have been identified as prospective 
biological control agents due to records of their restricted host range (Dhileepan, 2014) (Figure 1; Table 1). 

Life history, seasonal dynamics and damage potential of both agents were studied under laboratory 
and field conditions in Lahore, Pakistan. Populations of D. persicus began to increase in summer (June) and 
peaked in August to September before starting to decline in autumn (November). The duration of the life 
cycle of D. persicus (egg to adult) was 42.2 ± 0.4 days (mean ± SE) with a range of 38 to 50 days. The average 
life span of an adult fly was 16.4 ±0.7 days. The Aak fruit fly larvae destroyed all immature seeds and internal 
tissue of infested pods of the host plant (Figure 1). 

In contrast, Aak weevil populations built slowly during spring and early summer (March to May) 
and peaked in late summer (August). Like the Aak fruit fly, the larvae of the Aak weevil also destroyed all 
immature seeds of infested pods (Figure 1). 

Table 1. Common herbivores associated with Calotropis procera in Pakistan.

Species Order Family Feeding habit Host range a

Platycorynus peregrines 
(Herbst)

Coleoptera Chrysomelidae Leaf (adult); Root (larva) Generalist

Paramecops farinosus 
Schoenherr 

Coleoptera Curculionidae Leaf (adult); Fruit and seed 
(larva) 

Specific to Calotropis spp.

Niphona indica Breuning Coleoptera Cerambycidae Stem borer Specialized

Poekilocerus bufonius (Klug) Orthoptera Pyrgomorphidae Leaf Generalist

Poekilocerus pictus Fab. Orthoptera Pyrgomorphidae Leaf and fruit Generalist

Spilostethus hopes (Fab.) Hemiptera Lygaeidae Seed Generalist

Aphis nerii Boyer de 
Fanscolombe

Hemiptera Aphidae Leaf and fruit Generalist

Dacus persicus Hendel Diptera Tephritidae Fruit and seed Specific to Calotropis spp.

SeSSion 1: TargeT and agenT SelecTion

a information taken from Ali and Shabbir (2017) and Dhileepan (2014)

mailto:asad.shabbir%40sydney.edu.au?subject=
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a b

c d

Figure 1. Prospective biocontrol agents of calotrope. (a) Adults of the fruit fly Dacus persicus sitting on flowers of 
Calotropis procera; (b) seed damage caused the larvae of D. persicus; (c) an adult weevil, Paramecops farinosus, 
on young fruit of C. procera; (d) seed damage caused the larvae of P. farinosus.

SeSSion 1: TargeT and agenT SelecTion

Field host specificity, fast development and damage potential of the fruit fly and weevil indicate that 
these agents hold promise to be considered as potential candidate agents for biological control of C. procera 
in Australia and other parts of the world where C. procera and the closely related C. gigantea (L.) Dryand. 
are problem weeds. Both agents are planned to be imported into quarantine for further testing in Australia.
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ABSTRACT
Life history and damage potential of the fruit fly, Dacus persicus
Hendel, a prospective biological control agent for calotrope,
Calotropis procera (Aiton) W.T. Aiton, are described. The duration
of life cycle of D. persicus (egg to the adult) was 42.2 ± 0.38 days
(range 38–50 days). Oviposition commenced 5.1 ± 0.2 days after
emergence and each female infested 4.5 ± 0.2 fruits during its
lifespan. D. persicus produced 76.9 ± 5.21 larvae from which 66.1 ±
3.7 adults emerged with a sex ratio of 4:3 female to male. The
lifespan of adults was 16.3 ± 0.68 days. The fruit fly larvae
destroyed 100% of immature seeds in infested pods and
significantly reduced the biomass of infested fruits by 62%. The
field host specificity, high reproductive capacity, and damage
potential of D. persicus indicate this species as a potential
biological control of C. procera in Australia.
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Introduction

Fruit flies (Diptera: Tephritidae) comprise about 4500 species distributed throughout tro-
pical, subtropical and temperate regions (White & Elson-Harris, 1992). Fruit flies include
several economically important species that attack a wide range of plants with over 250
species implicated as pests of fruit and vegetable crops (Kapoor, 2005; White & Elson-
Harris, 1992). The genus Dacus of the tribe Dacini include fruit and vegetable infesting
species distributed in Afrotropical and Indo-Australian regions (Virgilio et al., 2009).
The biology of Dacus species is well documented in Indian subcontinent (e.g. Janjua,
1948; Parihar, 1984; Shah et al., 1948; Shah & Vohra, 1974; Sharma & Amritphale,
2008; Wijeweera et al., 2017).

In Pakistan, limited information is available on fruit fly fauna, despite some species
being regarded as major pests of fruits and vegetables (Kakar et al., 2014; Khalid, 2004;
Syed, 1970). Dacus longistylus Wied. infests the fruits of calotrope, Calotropis procera
(Aiton) W.T. Aiton (Syed, 1970). However, the taxonomic status of D. longistylus, has

© 2020 Informa UK Limited, trading as Taylor & Francis Group
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been controversial. Hendel (1927) discovered that Becker and Stein (1913) misidentified
the Iranian (Baluchistani) specimens of Dacus as ‘D. longistylus’ and established a new
species for Becker’s material as D. persicus Hendel. Nevertheless, D. persicus was sub-
sequently misidentified as D. longistylus in Asian records (e.g. Parihar, 1984; Syed,
1970). Dacus persicus is a smaller species compared to D. longistylus lacking the brown
apical wing spots typically seen on sodom apple fruit fly, D. longistylus. The distribution
of D. persicus covers Iran, Pakistan, India and Sri Lanka, while D. longistylus is mainly
reported from in northern Africa and the Middle East. Dacus persicus is only known to
host two congeneric plant species, C. procera and C. gigantea R. Br. (Drew et al., 1998).
In northern parts of India, D. persicus completes up to five generations per year
(Parihar, 1984) and exhibits varietal host preference within C. procera (Sharma & Amrit-
phale, 2008).

Calotropis procera (Gentianales: Apocynaceae), commonly known as calotrope, milk-
weed or rubber plant, is a shrub or small tree native to the Indian subcontinent, the
Middle East and northern Africa. Calotropis procera has become an invasive species in
different countries, including Australia (Campbell et al., 2015), Brazil (Dhileepan, 2014;
Frosi et al., 2013), Vietnam, Thailand, Hawaii, Caribbean islands, Mexico and many
Pacific islands (Dhileepan, 2014). In its introduced range, C. procera can reduce the pro-
ductivity of pastures and native plant biodiversity (Brandao, 1995; Campbell et al., 2013).

Dacus persicus is a prospective biological control agent for C. procera in Australia (Dhi-
leepan, 2014). The literature suggests that this fruit fly is host-specific for C. procera or its
congeneric, C. gigantea (Dhileepan, 2014; Wijeweera et al., 2017). The life cycle of
D. persicus has been described on C. procera in India (Parihar 1984) and on C. gigantea
in Sri Lanka (Wijeweera et al., 2017), but no information is available on its bionomics
and damage potential. The present study describes the life cycle, seasonal dynamics and
damage potential of D. persicus in its native range in Pakistan.

Material and methods

Study sites

The study was conducted at two field sites near district Lahore of the Punjab Province,
Pakistan. Both field sites were dominated by C. procera (ca.1 plant/m2, including seedlings,
juvenile and mature plants). Other common species present included, Ziziphus jujuba
Mill, Vachellia nilotica (L.) P.J.H Hurter and Maab, Parthenium hysterophorus L.,
Xanthium strumarium L., Desmostachya bipinnata (L.) Stapf. The site-1 (S-1; 31°
25′36.01′′N, 74°7′11.13′′E) was a riparian area near the bank of the river Ravi, while
site-2 (S-2; 31°30′9.03′′N, 74°16′35.09′′E) was former farmland near the Bahria Town,
Lahore. The climate of Lahore is dry subtropical with an average annual rainfall of
630 mm. Climatic data during the experiment (2015) are shown in Figure 1.

Seasonal dynamics of D. persicus

Adults: Twenty healthy C. procera plants with an average canopy cover of about ca. 1.5 m2

were selected at random at each study site and tagged with ribbons, fastened at the base of
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the stem.During the experiment (Jan 2015–Dec 2015), adult fruit flies visiting the plants were
counted on weekly bases in morning and afternoon (9:00–10.00 am and 3.00–4.00 pm).

Eggs and larvae: Infested fruits (N = 25), containing visible ovipuncture signs, were
collected once a week from different plants at random. Fruits were recorded for mor-
phology (shape) or colour and their diameter measured with a digital Vernier calliper.
Of these fruits, 10 fruits (randomly selected) were placed inside insect-proof nylon
pouches (25 × 15 × 15 cm with a mesh size of 0.05 cm) containing a mix of dried
grass straw and field soil (ca. 30 g) spread evenly. These pouches were maintained
inside a growth room (30/25 ± 2°C day/night and 70% relative humidity) and observed
daily for the emergence of larvae and subsequent life stages (pupae, adults). Emerging
adults were used in subsequent experiments. The remaining 15 fruits, from each week,
were dissected under a stereomicroscope and numbers of oviposition punctures, eggs
and larvae counted. The number of eggs or larvae in each fruit for each week at
each site was determined. The eggs, larvae and pupae were preserved in 70% alcohol
for morphometric investigations in the laboratory.

Life cycle

The bionomics of D. persicus was assessed in one 1.5 ha stand of C. procera at both field
sites (S-1 and S-2).

Transfer of adults: Pairs of 1-2-day old adult fruit flies (1 male and 1 female) were
released inside nylon sleeve pouches (35 × 25 cm; mesh size 0.05 cm). These pouches
were fastened to C. procera plants containing at least 2 healthy fruits (length varied
between 2 and 8 cm) and enough flowers (for nectar). Ten pouches were used at each
study sites (S-1 and S-2). Once transferred, these pouches were frequently visited to
study mating and feeding behaviour of adult pairs. The time duration to oviposition
(fruit puncture) was recorded. Once a fruit was observed with a sign of visible ovipuncture,

Figure 1. The mean monthly averages of rain fall (mm) and temperature (C°) near study sites in Lahore
for year 2015. The vertical bars show average monthly rainfall while dotted line indicates average
monthly temperature. [Source: Metrological department Lahore Division, Punjab, Pakistan].
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its length was also measured. After first signs of oviposition, fruit fly pair was transferred to
another shoot of the same or nearby plant and this process was repeated randomly on both
sites until the female fruit fly dies. During subsequent transfers if male fruit fly died earlier,
it was replaced by a healthy active male collected from the field. The duration between
each event of oviposition by the female was recorded.

Fruit caging: Once a fruit was attacked (with visible ovipuncture sign) it was individu-
ally caged by smaller insect-proof pouch (15 × 10 cm) with a mesh size of 0.05 cm. The
base of these small pouches contained a mix of soil and litter usually collected from the
base of the mother C. procera plants. The caged fruits remained attached to their shoots
and were kept under observation till the larvae emerged from fruits. The duration from
the oviposition to the emergence of larvae recorded. The duration of development from
larvae to pupae, pupation period, the number of adults emerged from each pouch and
sex ratio of emerging adults were determined.

Damage potential

All infested fruits collected during this study were observed for any external or internal
damage and morphology. They were first weighed using digital electronic balance for
their fresh biomass and then opened for the observation of seed. In parallel, same
number of healthy fruits (diameter ca. 5–8 cm) were also collected from the field and
their fresh mass was determined and compared with those of infested fruits.

Statistical analysis

A stepwise polynomial regression analysis was applied to explore the relationship between the
climatic parameters (minimum and maximum temperatures and rainfall) and abundance of
adults of D. persicus. A linear regression model was applied on abundance of eggs and larvae
per fruit and mean minimum temperature of study site. Similarly, linear regression was
applied on fruit size selection by D. persicus for oviposition and total infested fruits. A one-
way analysis of variance (ANOVA) was performed to compare differences in the life
history traits, fruit size preference and biomass comparisons using Genstat 18th Edition stat-
istical software. The data for Site 1 and Site 2 were also compared with site as a factor. If there
were no significant differences found between two sites, the data were averaged.

Results

Seasonal dynamics and abundance

Adults: The populationofD. persicus adults in thefield increasedwith an increasingminimum
temperature, but the populationdeclineddrasticallywhen theminimumtemperature reached
above 23°C (Figure 2(a)). Likewise, the population of adult fruit flies increased with the
increasing maximum temperature as well, but the population declined when the maximum
temperatures exceeded above 35oC (Figure 2(b)). The regression model fits better with the
minimum temperature (F = 24.5; p <0.001; R2 = 0.78) than with the maximum temperature
(F = 10.4; p = 0.003; R2= 0.47) or rainfall (R2 = 0.10, data not shown) to explain the relation-
ship between seasonal abundance of D. persicus adults and climatic factors.
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Eggs and larvae: Fruit production in C. procera declined with the decreasing temperatures
during winter months. No eggs or larvae of D. persicus were found in fruits collected during
January (mean minimum temperature 6.3°C). From March to April (spring/early summer),
most of the fruits developed were healthy with no incidence ofD. persicus. However, eggs or
larvae per fruit−were only observedwhenminimum temperature increased beyond 6°C. The
relationship between abiotic factors and the abundance of eggs or larvae per fruit was
explained better with increasing minimum temperature (Figure 3(a,b)). The maximum
number of eggs and larvae per fruit were found to be 25.3 (±0.9) and 20.1 (±0.5) during
the months of August (min. temperature 22.3°C) and September (21.5°C), respectively
(Supp. Table 1). In December, some of the fruits had pale yellow eggs which were unable
to hatch into larvae (egg diapause) possibly due to low temperature (5.5°C).

Life cycle

Mating and oviposition: D. persicus adults start mating 4–7 (ave. 4.81 ± 0.26) days after
emergence (Figure 4). In the absence of any disturbance, the mating period lasts for

Figure 2. The relationship of abundance of D. persicus adults and mean minimum (a) and maximum (b)
temperatures during year 2015.

Figure 3. The relationship of abundance of D. persicus eggs (a) laid and larvae (b) per fruit and mean
minimum temperatures during year 2015.
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20–45 min (32.7 ± 8.8; n = 7). Female inserts its ovipositor into the fruit tissue and releases
eggs inside the mesocarp of young fruits. The duration of oviposition lasts for 45–55 min
(50.2 ± 1.7, n = 6), during which female remains motionless spreading her wings perpen-
dicular to the body position (Figure 5(a)). Eggs were elongate in shape with pointed ends
deposited just below the fruit mesocarp. The average diameter of eggs was 0.4 ± 0.06 mm
with a length of 1.7 ± 0.14 mm (Table 1). Number of eggs oviposited by a female in a fruit
ranged from 8 to 28 (ave.18.1 ± 5.1) (Table 2).

Larvae: The fully developed larvae started to emerge from the fruit pods from 13 to 15
days (ave. 14.7 ± 0.85) after oviposition (Figure 4). Larvae were pale yellow in colour with
an average diameter of 1.6 (± 0.47) mm and 9.5 (±0.86) mm length (Table 1 and Figure 5
(c–e)). Larvae developed inside the fruits, feeding on internal tissue and immature seeds,
later moving outward to feed on the spongy fibrous tissue (mesocarp), making the
epicarp soft and much weaker. Once all food inside the fruit pod is consumed, fully devel-
oped larvae emerged out of pods leaving some brown slimy material (frass) and some parts
of hard tissues (Figure 5(d)). From each infested fruit, 7–26 (ave. 17.1 ± 4.7) larvae emerged
(Table 2). Most of the emerged larvae pupated in the soil while some remained inside fruits.

Puparia and adults: The larvae enter the pupal stage after 1–3 days (2.7 ± 0.06) of their
emergence (Figure 4). The puparia were white to yellowish in colour with a size range of
6.5–7.5 mm (7.0 ± 0.01 mm; Table 1 and Figure 5(e)). The puparial stage lasts for 19–26
(ave. 24.3 ± 0.2) days (Figure 4). From each fruit, 7–24 (14.7 ± 0.06) D. persicus adults flies
were emerged (Table 2).

Longevity and generation time: The adult longevity of D. persicus was 16.3 (± 0.6) days,
when the average temperature of the site was 26 ± 2°C. The whole generation time ranged
between 40 and 49 (ave. 42.1 ± 0.4) days (Figure 4). The average sex ratio (%) for male to
female was 45 (± 0.4) to 55 (± 0.4), respectively (Table 2).

Reproductive potential: Dacus persicus appeared early in July (mid-summer) and
remained active till the end of November (late autumn). During this time, at least two gen-
erations of the fruit fly were completed. A single female added 7–24 (14.7 ± 0.06) adults
per one oviposition (Table 2). If female oviposits 2–6 (4.5 ± 0.26) times in her life, then
about 66.1 adults are added per female in its lifetime. At this rate, a single female

Figure 4. The developmental time (days) of different life stages and adult longevity of D. persicus.
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D. persicus would be capable of producing 132.3 adult offsprings in a season with at least
two possible generations.

Fruit selection and damage

Fruit size: After mating, females explored different fruits available within the pouch and
selected suitable sized fruits for oviposition. The sizes of most fruits selected for ovipos-
ition ranged from 3 to 6 cm in length, however, oviposition on some larger fruits
(>6 cm; 13%) were also observed occasionally (Figure 6).

Damage symptoms: Once a fruit was infested by D. persicus, a creamy white material
(latex) is oozed and dried on the external surface, essentially plugging the ovipuncture

Figure 5. Lifecycle and damage symptoms of fruit fly, D. persicus. A female fruit fly pumping eggs
through her ovipositor into the inner layers of a young fruit (a), an egg batch laid in cluster (b),
seeds attacked by developing larvae (c), seed and tissue damage in advance stage (d), fully developed
emerged larvae (e), empty pupae shells (f), a newly emerged fruit fly (g), a deformed fruit after attack
(h), dried damaged fruits still attached to plant (i).

Table 1. Morphometric measurements of different life stages of D. persicus in Lahore, Punjab, Pakistan.

Life stage

Length (mm) Diameter (mm)

Min. Max. Avg. Min. Max. Avg.

Eggs 1.4 1.9 1.7 (±0.14) 0.3 0.5 0.4 (±0.06)
Fully developed larvae 8 11 9.5 (±0.86) 1 2 1.6 (±0.47)
Pupae 6.5 7.5 7.0 (±0.005) 2 3 2.6 (±0.007)
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spot underneath it. Infested fruits may manifest different morphological changes. After a
typical attack, 62% of fruits become deformed and changed their colour from green to
pale, while some 23% dried on the plant and did not mature. The remaining 15% of
infested fruits appeared with no visible damage symptoms.

Damage potential: The fresh mass of D. persicus infested fruits was significantly lower
(62%; p < 0.001) as compared to healthy fruits (Figure 7). All infested fruits were devoid of
any mature seeds, indicating developing larvae damaged 100% of seeds inside the pods
(Figure 5(f)).

Discussion

Classical biological control using coevolved natural enemies is an important strategy to
manage the invasive weeds in many parts of the world where other control strategies
are built around it. Calotropis procera is a highly invasive weed in many parts of the
world and it has been prioritised for classical biological control in Australia (Dhileepan,
2014). In the native range of C. procera, there are several natural enemies available and
some of them (e.g. D. persicus, Paramecops farinosus Wiedemann) are very damaging
and apparently host-specific. The fruit fly, D. persicus was prioritised as an effective and
host-specific agent based its field host specificity and damage potential (Dhileepan,
2014; Wijeweera et al., 2017).

The population of insects in an area is generally correlated with the local climatic factors,
such as temperature, rainfall andhumidity (Farré-Armengol et al., 2015). Thefirst appearance

Table 2. The total number of individuals of different developmental stages and sex ratio (%) of a single
D. persicus.

Eggs Larvae Pupae Adults female: male ratio
(%)fruit−1 total fruit−1 total fruit−1 total fruit−1 total

18.1 ±
5.1

81.6 ± 4.0 17.1 ± 4.7 76.9 ± 5.2 15.2 ± 0.04 68.4 ± 0.06 14.7 ± 0.06 66.1 ± 3.7 55: 45 ± 0.37

Figure 6. The size of fruit of C. procera selected for oviposition by female fruit flies. (Data combined for
both site I and site II).
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of D. persicus in the field was in the mid-summer season (July) suggesting increasing temp-
erature may be the triggering factor. However, the regression analysis indicated that abun-
dance of D. persicus eggs, larvae and adults was well correlated with the increasing
minimum temperature, and not well with maximum temperature or relative humidity.

Oviposition is influenced by a range of climatic factors as well as structural and chemi-
cal characteristics of the host plant (Courtney, 1984; Stamp, 1980). Female fruit flies are
mostly stimulated by odour, colour and texture of the host plant organ (fruit) to oviposit
(Balagawi et al., 2005; Fitt, 1986). Our life cycle experiments showed that D. persicus pre-
ferred relatively smaller fruits (ave. length 4.35 ± 1.3 cm) than larger fruits (>6 cm) for ovi-
position (Figure 6). In smaller fruits, external fruit tissue is soft which helps fruit fly to
insert its ovipositor easily through the pericarp and reach deep into lumen to deposit
eggs (Figure 5(b)). The deposition of eggs deep into the endocarp is a possible adaptation
by D. persicus to avoid toxic effects of host latex, contents of which are least in the endo-
carp as well as in developing seeds (Schneider et al., 2017). This may also be a strategy to
escape from parasitism as well.

The infested fruits continued to develop and larvae feed and complete its development
within the fruit. The developing larvae feed voraciously on inner fruit contents (immature
seeds and fibrous tissue) leading to complete destruction of fruit contents (Figure 5(d)).
These internal changes lead to the change in physical appearance (deformed or wavy)
and colour of fruits. The number of eggs laid per batch ranged between 8 and 28
(18.15 ± 5.11) nonetheless the lowest egg batch was found to be sufficient to destroy the
whole fruit contents (Table 2 and Figure 5(d)).

In this study, we found that D. persicus could potentially produce two generations in a
year in Pakistan. However, it has been reported to produce up to 5–6 generations in a year
in northern parts of India (Parihar, 1984). A single fruit fly produced on average 132.3 new
adults during a season (Table 2). These data suggest that D. persicus would likely to mul-
tiply fast on a relatively small number of C. procera plants under controlled conditions. In
the absence of some biological constraints (parasitoids, predators, competitors),
D. persicus is expected to multiply fast once it is field released.

Figure 7. A comparison of fresh biomass of healthy and infested fruits of C. procera plants. Bars with
different letter on their top are significantly different (p < 0.01).
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The success of weed biological control agents may be compromised by the parasitism in
the introduced range (Paynter et al., 2010). Due to cage protection, larvae inside test fruits
escaped the effect of natural enemies. However, under natural conditions (cage-free) the
natural enemies may change the survival rate of the fruit fly resulting in changes in the
overall number of the individuals of the progenies. While larval stages were protected
well inside the fruits, the pupal and adult stages were exposed to external environment
and potential predators and parasitoids. In Australia and south Pacific, several species
of Opiine wasps (Hymenoptera: Braconidae) have been reported as common parasitoids
of dacine fruit flies (Carmichael et al., 2005). However, it is unknown how these parastiods
would affect the populations of D. persicus once it is field released.

Based on the field host specificity and effectiveness in the native range, the D. persicus
will be imported into a quarantine facility in Brisbane, Australia, where a colony of the
agent will be maintained on potted C. procera plants with developing fruits. This will
be followed by host specificity tests and non-target risk assessment against a range of Aus-
tralian native and other economically important plants selected based on their phyloge-
netic relationship with C. procera. If proven host-specific in quarantine-based host
specificity tests, an application seeking approval to release D. persicus will be submitted
to relevant regulatory authorities in Australia. When approved, the D. persicus will be
mass-reared on potted C. procera plants with developing fruits in the glasshouses and
field released in C. procera infested areas in northern Australia. Though potted
C. procera plants readily produce flowers in the glasshouses, one potential impediment
to the establishment and maintenance of the fruit fly in quarantine, and for multiplication
of the agent in glasshouses for field releases are the absence of specialist pollinators in
southeast Queensland, for fruit set, as the agent needs a continuous supply of developing
fruits for oviposition and larval development. This could be resolved by adopting hand-
pollination in potted C. procera plants in the glasshouse for the continuous supply of
C. procera plants with developing fruits to sustain the D. persicus colony.
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