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ABSTRACT

The biodiversity of predaceous coccinellids waskedrout in major fruit (district
Baramulla) and vegetable (district Budgam) growhmglts of Kashmir valley
during the cropping season of 2011. Two locationsfeach district, with both
pesticide-treated and pesticide-free orchards wf @rops including apple, pear
and cherry and vegetable fields including kale,lkinol, cabbage and cauliflower
were sampled for adult coccinellids. The study ade® the presence of 17 and 12
species of predaceous coccinellids in fruit ancetaigle ecosystems, respectively.
Higher values of biodiversity indices were notedffait orchards as compared to
those of vegetable fields. Less intensively cutedacrops like pear, kale and
knolkhol were found to be comparatively rich inyhdetle diversityCoccinella
septempunctataHippodamia variegataand Adalia tetraspilotaturned out to be
the predominant ladybeetle species in fruit orckanddecreasing order while as
A. tetraspilotawas noted as the predominant species in vegetatueystems
followed by H. variegataand C. septempunctataPesticide treated ecosystems
were found to support less number of ladybeetleispe The sprayed orchards
were found to have 14 species of ladybeetle as acedpo 17 in unsprayed ones.
Similarly, only 10 species were recovered from $peayed vegetable gardens as
compared to 12 from unsprayed gardens. The biagltyeindices indicated
appreciable effect of pesticide application ondbecinellids assemblages.

The studies on the biology oAdalia tetraspilota and Hippodamia
variegatarevealed that botAphis pomiandBrevicoryne brassicaeere suitable
preys for the two predators in question howeveg, fredators performed better
when fed uporB. brassicae The prey densities also affected the developrhenta
parameters of the two predators appreciably and dpgmal growth and



development was noted in the prey density rangd0e80 aphids per day per
predator. The larval period lasted for 20.91 andZ6lays onA. pomiand B.
brassicaerespectively foH. variegata and 17.38 and 14.7 days, respectively for
A. tetraspilota For A. tetraspilota the larval period was limited to duration of
13.04 days at the highest prey density (160) atehnebed to a period of 21.0 days
at the lowest prey density (10). Rdr variegata the larval period increased from
13.27 to 28 days as the prey density decreased I60no 10. The eggs of the
parents that were fed dh brassicaéhatched earlier as compared to those fed on
A. pomi Appreciable variation in survivorship of larvagrepupal and pupal
period was noted by varying the prey species aeg pbundance. The longest
reproductive period (oviposition period) with slestt non-reproductive periods
(pre-oviposition and post-oviposition periods) warged for females fed updh
brassicaeas compared to those fed upAn pomi . Reproductive output was
appreciably higher for females fed 8n brassicaglmore suitable prey) and the
fecundity drastically decreased under food shortagaditions. Hatchability of
eggs was found to be strongly dependent on therfgéusstory of the.

Studies on functional response of various pregatstages ofA.
tetraspilotaand H. variegataon three different prey speciégphis pomi Aphis
craccivoraandBrevicoryne brassicaasing different prey densities revealed type
II functional response. The polynomial logistic megsion analysis indicated
significant negative values for linear coefficiamhich confirmed the type II
response of various growth stages of the two poeslain various prey species
used. The % instar larvae of both the predators consumed kighember of
aphids, irrespective of the species, closely foldviby the adult females. Among
the two coccinellid predators used in the studye fitredatory stages dfl.
variegataconsistently consumed more number of prey ind&islas compared to
A. tetraspilota The study revealed the estimates of maximum nurabaphids
attacked per day as 33.5 fof #hstar larvae and 32.8 for adult femalestbf
variegatawhenA. craccivorawas used as prey. The lowest handling times were
regularly noted for % instar larvae and adult females of both the predat
Among the three prey species, lowest handling tiras exhibited by the4instar
larvae ofH. variegataon A. craccivora(0.668 h) followed byB. brassicad0.734
h) andA. pomi(0,953 h). Among the two predator speclésyariegatais better
as a bioagent as per the laboratory studies anai@the prey species tested, the
predators may respond best to the patchés ofaccivora

Key words:  Adalia tetraspilota Aphids, Biodiversity, Biology, Coccinellids,
Functional responsélippodamia variegata
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CHAPTER -1
INTRODUCTION

Ladybird beetles (Coccinellidae: Coleoptera) arpartant predators in
natural and agricultural habitats (Hodek and Hon®896). In agricultural
habitats, coccinellids prey upon many economicaiiportant pests, including
aphids, mealy bugs, scale insects, thrips, leafpéigy mites and other soft
bodied insects (Dixon, 2000; Khaat al, 2009). The predator species mostly
feed on either aphids or coccids, with a few fegdom both types of prey
(Weber and Lundgren, 2009). Owing to their seasegathrony with specific
preys, high foraging performance and high repradactefficiency, the
coccinellids possess the potential to be effegtieghployed in integrated pest
management programmes (Lanzenial, 2004). This is particularly important
owing to the growing concern on various hazardeuman and environmental
health besides the problems like pesticide resistapest resurgence and
secondary pest outbreaks resulting from the inlisoate use of pesticides
(Huffakar and Dahlsten, 1999)

A perusal of the history of biological control rede that the importation
of ladybeetle,Coccinella undecimpunctathinneaus, to New Zealand from
Britain in the year 1874 for the control of aphidsfs was the first use of a
ladybeetle for classical biological control (Dixd@Q00). But the introduction of
the vedalia beetleRodolia cardinalisMulsant, from Australia to California in
1888 to control the cottony cushion scaleerya purchaseMaskel, which
threatened the citrus industry, is widely regartleel most successful case of
biological pest control (Majerus, 1994). Ladybegtlare also being used
extensively to control aphids and coccids througgnaentation by translocation
or mass rearing and release. The translocatiddoctinella septempunctata
from wheat to cotton is a strategy widely useddotl the cotton aphiddphis
gossypiiGlover in central and southern China (Pu, 19%6)ndlia, augmentative

releases of ladybeetles likehilocorus nigritaF., Cryptolaemus montrouzieri



Mulsant,R. Cardinalisetc. are recommended for the management of differen

crop and fruit pests (Singh, 2004).

The word biodiversity is a contraction of biolodichversity. It refers to
the variety within the living world. Thus, the terencompasses different
ecosystems, species, genes and their relative aboed(OTA, 1987). The
exploration of biodiversity of the biocontrol agens the fundamental step in

any biological control programme (Kidd and Jer2i@05).

The effectiveness of particular biocontrol ptograentkepends on various
innate characteristics (biology, ecology, reproaunt predation potential etc.)
of the bioagent used besides the prevailing enmirtal conditions and the
management tactics adopted (Dixehal, 1997). The success of biological
control agents is largely dependent on their highrching efficiency, host
specificity and the low generation time ratio betwehe bioagent and the target
pest species (De Bach and Rosen, 1991; Dixon, 20B@)ogy plays an
important role in mass rearing of bioagents andr theilization in pest
management programmes as both classical and auggimentbiocontrol
necessitate the mass production of the natural ieseifhe success or failure of
a biological pest control programme is dependenbiotogical peculiarities of
the bioagent to a large extent. Besides, biology alao aid in correlating the

probable phylogeny of the groups (Hajek, 2004).

Life parameters such as rate of development, rejotoek output etc. are
at the beck and call of various biotic and abietiwironmental factors. What is
seen is the outcome of the interplay between theetge makeup and the
prevailing environment. Among the biotic factorsod (quality and abundance)
is perhaps the most influential factor (Jeres al, 2005). As far as the
predaceous coccinellids are concerned, the effgatey species on various life
parameters has thoroughly been investigated. As, gueys are categorized into
essential, alternative and rejected prey, on thasbaf quantitative data on
developmental parameters viz. rate of developmanyival and reproductive
capacity (Hodek and Honek, 1996).



One of the fundamental aspects of predator-pregraction is the
relationship between prey density and consumptts of the predator, referred
to as functional response. It describes the ratéhath a predator Kills its prey at
different prey densities and can thus determineeffieiency of a predator in
regulating prey populations (Murdoch and Oaten,5)9% is recognized that
functional responses derived from laboratory staidi@y bear little resemblance
to those that could be measured in the field (Weingl, 2004). Fan and Zhao
(1988) pointed out that the relation between fuoral responses observed in the
laboratory and field performance of natural enensesot clear. However, they
pointed out that studies of functional responstélaboratory could be used to
infer basic mechanisms underlying natural enemy-pirgeractions. Such
studies provide valuable information for biologicahtrol programs. EIHag and
Zaitoon (1996) observed that during biological cohevaluation processes,
comparisons of parameter values of two or more giced may be more

meaningful and convenient.

The functional response curves may represent areadsimg linear
relationship (Type [), a decelerating curve (TypPedr a sigmoidal relationship
(Type Ill). Coccinellid predators show all the targpes of functional responses
(Hodek and Honek, 1996). The type of response vaviéh prey and predator
species as well as the predatory stage of the mellidi being evaluated (Koakt
al., 2003)

In Kashmir division of Jammu and Kashmir State, biediversity of
predaceous coccinellids has earlier been workedasuBrinagar district only
(Khanet al, 2009). This and earlier studies indicate tHggpodamia (Adonia)
variegata (Goeze) andddalia tetraspilota(Hope) are most abundant species of
predaceous coccinellids in agro-ecosystems of Kaskalley. However no
such studies have been carried out in other distatthe valley. Similarly no
studies have been carried out towards the studgiative suitability of different

prey species for these predators as well as tledative predation potential.



Keeping in view the aforementioned facts, presewestigation was carried out

with the following objectives:

1. To study the biodiversity of predaceous coccinsllid horticulture
ecosystem.

2. To study the biology and functional response Hippodamia
variegata(Goeze) andddalia tetraspilota(Hope) on different aphid

species.



CHAPTER - 2

REVIEW OF LITERATURE

Work done in India and abroad on the proposed ésjpécoccinellids has

been reviewed and summarised as follows:
2.1 Biodiversity of predaceous coccinellids

The family Coccinellidae comprises 5200 describpdciges worldwide
(Hawkeswood, 1987). Later, Iperti and Paoletti9@pP reported that of the
coccinellids reported globally, about 90% are kndwbe predaceous on different
insect/acarine pests. Flemming (2000) reported 4@0&datory species of
coccinellids including more than 300 species frawolPak subcontinent. Thirty
six true aphidophagous coccinellids with 16 inctdéor doubtful species and 16
unidentified species of predaceous coccinellidsehearlier been reported from
India by Agarwala and Ghosh (1988). A five yearveyr of predaceous
coccinellids in Manipur and Nagaland has reveadaccinellids belonging to 6
tribes distributed at various altitudes (Shanitlzald Singh, 1991).

Omkar and Pervez (2000) reviewed the distributemmords and prey range
of 119 coccinellid predators belonging to 13 trilkesn India. The authors also
mention about some ladybeetles IlBeymnus, Nephus, Cryptogonous, Micraspis,
Coleophora, Oenopiatc, the specific names of which were uncertaiyetito be
assigned at that time. Poorani (2002) publishekegldist of the Coccinellidae of
Indian sub-region in which she described 79 gearth400 species of ladybeetles
along with their distribution in the subcontine@®@mkar and Pervez (2004)
published a catalogue which provides the prey ceadr261 known predaceous
coccinellids of India belonging to 57 genera. Idtrotions of coccinellids into
India have been few and far between, with a mgjooit them imported for
controlling a single pest, namellylelanaspis glomerat§Green) on sugarcane,
during the late sixties and early seventies. In &8 species of coccinellid
predators have been introduced from various casm{foorani, 2002).



Lovei (1981) studied the composition and diversfy the coccinellid
community in an insecticide-treated and an untcedéeck in an apple orchard
situated among forests near Budapest, Hungary, ff®#Y to 1979. The treated
block contained 11 species while the untreatedcom¢ained 10. Diversities did
not differ significantly, but the untreated blockpported more beetles than the
sprayed one. The most abundant species \Zrecinella septempunctath.
(71.2% in the treated plot as compared with 66.68%he untreated onejdalia
bipunctata(L.) (9.7 and 14.37%, respectively), aBgochomus quadripustulatus
(L.) (8.03 and 14.08%, respectively). More indivatki of Hippodamia variegata
(Goeze) were found in the sprayed block (6.35%h thrathe unsprayed one
(1.44%), which was probably due to the neighbouceigeal field.

Verma and Joshi (1988) recorded the natural enenfiemrious insect
pests during a survey in 1987-89 in the temperaggon of India. The authors
reported 9 predators includir@hilocorus infernalisMulsant andPriscibrumus
(Exochomus) uropygialis(Mulsant) attacking Quadraspidiotus perniciosus
(Comstock), andCoccinella septempunctgtaAdalia tetraspilota (Hope) and
Harmonia eucharis(Mulsant) attackingBrevicoryne brassicagl.) along with
many other parasitoids and pathogens. Pawar amdyRa©89) conducted regular
surveys of the natural enemies of fruit pests mma and Kashmir during 1983.
Along with other predator#dalia tetraspilotawas recorded preying ddysaphis
sp. on apple andCalvia punctata(Mulsant) was recorded as a predator of
Chromaphis juglandicoléKaltenbach) on walnut leaves.

Irshad (2001) published a review summarising tis¢ribution, host range,
ecology and biotic potential of 71 species of poewas coccinellids from
Pakistan. Azim and Bhat (2005) published the tarmnonotes of 8 ladybeetle
species from Kashmi€hilocorus infernaliand from subfamily Chilocorinae and
Coccinella septumpunctgtaC. transversalisF., C. undecimpunctatd.., llleis
indica Timberlake, from subfamily Coccinellinae. Inayaalet al. (2005)
conducted an extensive survey district Poonch @dAashmir, Pakistan, which
revealed 16 species of coccinellids in 12 genetanigeng to four subfamilies,

a



Coccinellinae, Chilocorinae, Scymninae and Epilath® from the area. The
subfamily Coccinellinae was represented by 13 ggewihile as the subfamilies
Chilocorinae, Scymninae and Epilachninae were smmted by single species
each.

Inamullah et al. (2006) carried out an extensive survey of pregator
coccinellid beetles in district Chitral, Pakistanridg 2001. Twelve different
species belonging to 9 genera of 3 tribes and &amilies occurred in the area.
Eight species namelyf;occinella septempunctata, Hippodamia variegatayvi@a
punctata, Adalia tetraspilota, Adalia bipunctdtaAiolocaria hexaspilotdHope),
Macroilleis hauseri Mader and Oenopia conglobatal. belonging to
Coccinellinae; three species i.eChilocorus rubidus (Hope), Chilocorus
circumdatusand Priscibrumus uropygialisbelonging to Chilocorinae and one
species i.e.Halyzia tschitscherinBemenow of Psyloborini were collected during

the survey.

Khan et al (2007) studied the relative abundance of predaceo
coccinellids in fruit ecosystem, cruciferous cra®ystem and forest ecosystem
of Kashmir during 2006-07 (district Srinagar only). total of 15 species
belonging to 13 genera were recorded. AmongAalglia tetraspilotawas found
relatively most abundaritllowed byHippodamia variegata, Harmonia eucharis,
Calvia punctataand Chilocorus infernalisThe maximum population and species
diversity of ladybeetles was noted from pear edesysThe species diversity and
species richness was recorded greater in fruitystas than vegetable and forest
ecosystems. An equitable distribution of coccideBpecies (species evenness)
was registered in fruit ecosystem as comparedhera@cosystems included in the

study.

Rekhaet al (2007) studied the diversity of predatory cocliide in
horticultural ecosystems comprising citrus, guavaango, sapota and
pomegranate in Madurai and Theni districts of Takeldu. Of 10 species of
predatory coccinellids recorded, the dominant cualtd species wer€hilocorus
nigrita (F.), Jauvariasp.Nephus regulariSicard andNephussp. The occurrence



of Cheilomenes sexmaculatg.), Scymnus castane®card,Scymnus coccivora
Ayyar and Pseudaspidimerus trinotatu§hunberg was low whileChilocorus
circumdatugGyllenhal) was the rare species.

Rekhaet al (2009) studied the diversity of predatory cocliide in agro-
ecosystems comprising cereals, pulses and vegstabésides a comparative
study in weeded and partially weeded irrigated aoel cowpea ecosystems in
Madurai District of Tamil Nadu. A total of 9 spesi®f predatory coccinellids
were recorded. Most abundant species found weoecinella transversalis
Fabricius,Menochilus sexmaculatUsabricius andBrumoides suturaligviulsant.
Rank abundance values revealed tbatransversalisMicraspis discolorF. and
B. suturalis were the dominant taxa in weeded and partially dederice
ecosystemM. sexmaculatysC. transversalisandB. suturaliswere the dominant
taxa in weeded and partially weeded cowpea econysihe diversity of
coccinellids was greater in partially weeded ptbemn in weeded plots.

Tara and Feroz (2009) conducted a survey of infmata of family
Coccinellidae from different altitudes (rangingfrd2636 metres to 7135 metres
above mean sea level) of Ladakh region of JammuKasthmir during the year
2007-08 and reported coccinellids belonging to fiyenera viz.Adalia sp.,

Hippodamiasp.,Coccinellasp.,Coleophorasp., andHalyziasp. from the region.
2.2 Biology ofHippodamia variegata (Goeze)

The earliest significant report to demonstrate thatvdardiet has a
significant effect on predator development and isatwvas that of Putnam (1932
and 1937). First such study with coccinellids waat tof Atwal and Sethi (1963)
who demonstrated tha&occinella septumpunctath. attained a greater weight

when feeding ohipaphis erysim{Kaltenbach) than on two other aphid species.

Prey quality is a key factor affecting the growithevelopment and
reproduction of predatory insects (Thompson, 1999 suitability of a prey
species can be evaluated by measuring the effetiadogical attributes of the
predator (Kalushkov and Hodek, 2004). Hodek (1262®) later Hodek and Honek
(1996) categorized prey into essential, alternating rejected prey, on the basis



of quantitative data on developmental parameters kate of development,
survival and reproductive capacity. There are apeblished studies in which the
biological parameters of predatory insects haven sekated to either availability
of prey or consumption rate (Jeresal, 2005).

Hippodamia (Adonia) variegatgGoeze) originated in the Palearctic
region (Gordon, 1987) and is a widespread predsdtaphids in many parts of the
world (Franzmann 2002). This species is considénedmost important natural
enemy of aphids in many countries including Bulgatikraine, Italy, India and
Turkmenistan (Kontodimas and Stathas 2005). In &hihis one of the most
common species in agricultural ecosystems such lasaty tobacco, cotton,
vegetable and orchards (Wagigal 1984; Pang 1993; Yarej al. 1997).

Obrycki and Orr (1990) studied the suitability bfde prey species viz.
Acyrthosiphin pisunHarris, Ropalosiphum maidigFitch) and eggs oOstrinia
nubilalis (Hubner) for the coccinellidH. variegata Developmental times of
NearcticH. variegatawere not influenced by larval pre. pisumwas found to
be a highly suitable larval prey for Nearctic padigns of this predator. In corn,
the coccinellid can develop oR. maidis, but first instars cannot utiliz€©.
nubilalis eggs as an alternate food source.

ElHag and Zaitoon (1996) studied the biological apagters ofH.
variegatareared orBrevicoryne brassicaé. The total developmental time was
noted as 20.1 days and per cent survival was 61T88.oviposition period was
noted as 26.0 days, fecundity 276.3 eggs per fearaleper cent egg hatching as
81.8%. The adults survived for 71.8 days. Lanzehial (2004) studied the
biological traits and life table parameters lof variegata on Myzus persicae
Sulzer as prey. The reported mean developmenta 6m18.1 days and pre-
imaginal survival of 49.1%. The fecundity was rdpdras 841.7 eggs per female,
and the oviposition period and adult longevity vsated as 32.2 and 36.9 days,

respectively.

Kontodimas and Stathas (2005) studied some bidbgitaracteristics of
H. variegataon Dysaphis crataegfKaltenbach) as prey and reported that the total

]



fecundity ranged betweét89 and 1256 eggs, while the mean fecundity was6959
eggs. The greatest proportioheggs (45%) was oviposited in clutches of 11-20
eggs and the mean generation time noted was 340 da

He et al (2006) studied the influence of three aphid smecon
development, survival and reproductiontbfvariegataat 25C in the laboratory.
The results indicated that there were significaiffeences in the durations of
different developmental stages, survival, genenatime, longevity, weight and
fecundity of adults while reared with these thrpecses of aphids. The generation
time, adult longevity, oviposition duration, aduleight and fecundity were 22.7
days, 38.6 days, 16.2 days, 6.2 mg and 149. 7 eggpectively, while reared
with Macrosiphum avenaéTajahashi). They were 24. 6 days, 31.5 days, 20.1
days, 6.0 mg and 100.5 eggs, respectively, whikrece with Hyalopterus
amygdale(Blanchard). The same figures fAphis gossypiiGlover as prey were
28.6 days, 25.5 days, 6.2 days, 4.2 mg and 45.8, eggpectivelyA. variegata
displayed a decreasing preference on the threeespetaphids in the following
order:M. avenae, H. amygdabndA. gossypii.

Rebolledoet al (2009) reported thatl. variegatarequired 190.32 + 10.2
degree-days to complete a generation considerintC 18s the threshold
temperature, the one recommended for the majofigoocinellids.H. variegata
showed a life cycle of 17.3 £ 0.93 days varyingirange of 16 to 21 days reared
on A. pisum The pupa stage showed the longest duration va#ét 8f the life
cycle total time, followed by the egg stage andttolarval stage with 17% each.
There is a discrepancy between this result andieereported by Badawy (1969)
who indicates a mean duration of 10.7 days forlifieecycle feeding omphis
gossypii Mitchels and Bateman (1986) mention duration®flldays at 25 °C for
theH. variegatalife cycle, whereas the life cycle decreased todays at 30 °C.

Jafari and Shoushtari (2010) studied the effeaflifiérent temperatures,
20, 25 and 3{C on developmental period of the coccineld variegateunder
laboratory conditions, feeding dkphis fabaeScopoli The development periods
from egg to adult were 27.75, 21.3 and 15.4 da®ap5 and 3T, respectively.



The threshold temperatures ranged from ZATor the first instar larvae to
14.63C for the pupae. However, the threshold temperatanel thermal constant
for whole generation from egg to adult were 73&3with + 1 range feeding oA.
fabae

Hodek (1962), Badawy (1969) and Rebollextaal (2009) reported that
mating inH. variegataoccurred between 2 and 5 days of life, registetimggfirst
oviposition two days later. Wet al (2010) studied the effect of five host plants of
A. gossypiion the population parameter df variegata They observed thdd.
variegatacompleted its development from egg to adult emergan 12.6-14.5
days at 2%C, depending on the host plant of its prey. Thisgeais shorter than
those reported elsewhere at the same temperatuve persicad.e. 18.1 days by
Lanzoniet al (2004) or 20.1 days oB. brassicaeand R. padiby ElHag and
Zaitoon (1996). On the other hand, the pre-imagmalival of H. variegata
ranged from 44.06 to 58.97%, depending on the plastt of its prey and not
unlike the values reported by other such as 49.1&nzoni et al 2004) and
61.8% (ElHag and Zaitoon 1996).

Among the reproductive parameters, @fal (2010) reported that the total
fecundity of H. variegata ranged from 599.29 to 667.12 eggs per female,
depending on the host plant, which was smallelnab of Lanzonket al. (2004) i.e.
841.7 eggs per female and that of Kontodimas aath& (2005) i.e. 959.6 eggs
per female on then average.

Jafari (2011) studied the biology Bif variegataon the black bean aphid,
Aphis fabaeand reported that the mean of total larval pe(itst instar to 4th in-
star) was 16.5+0.13. Kontadimas and Stathas (20i0&grved that the total period
of H. variegatawas 15 days usinByaphis crataegas food, which is lower than
the present finding. Grigorov (1977) observed tiat total larval period oH.

variegatavaried from 17 to 19 days on bean aphid.

Jafari (2011) recorded that th& ihstar period was 3 to 4 days and on an
average of 3.50+£0.17 days. Lanzenial (2004) reported that this period was 2 to
3 days using bean aphid as host. The mean durattig?{ instar was reported as



3.05+0.20 days by Jafari (2011). Elhaial (2000) found that the duration of
2nd instar ofH. variegatavaried from 2.5 to 3.5 days using bean aphid agsa h
Lanzoni et al (2004) reported that the duration of final instarvae ofH.
variegatawas 3 days. Kontadimas and Stathas (2005) fourtcthieaduration of
4th instar larvae oH. variegatavaried from 2.8 to 3.6 days on cotton aphid.
Similar result was reported by Jafari (2011) ushghis fabaeas prey. The
average pupal period was reported as 3.10+0.07 lwayafari (2011) o\. fabae
and 4.15x11 days by Wargg al (2004) when larvae were reared Diuraphis
noxia(Mordvilko).

The number of eggs laid per female was 587 to 124 an average
943.901£53.53 as reported by Jafari (2011). Aboutd®dU0% of total fecundity
was observed within the first 23 days of oviposiibperiod. The mean hatching
percentage was 82.86+3.12. Lanzehial (2004) reported that the number of
eggs deposited per female was 900£80.23 and 70% le@fghed. Elhabet al
(2000) observed that the fecundity of female vafiredn 800 to 900 eggs with
mean 870.5 and with 79% average eggs egg hatdlyabili

Jafari (2011) reported that the longevity of thelemideetle was shorter
than the female. The longevity of the male beetirged from 30 to 62 days with
an average of 50+3.2 days whereas the longevitiyeofemale beetles varied from
30 to 70 days with average of 55.5 + 3.37 daysagkind Zaiton (1996) reported
that the adult oH. variegatalived for 32 to 60 days. Elhalet al (2000) found
that the longevity of male and female adults was244nd 61+9.89 days,

respectively.

The pre-oviposition period ¢i. variegatawas reported ag and 6.5 days
respectively by Lanzonet al (2004) and Elhagh and Zaitoon (1996). Jafari
(2011) noted the pre-oviposition period as was & tdays with an average of
6.20+£0.13 days. Elhag and Zaitoon (1996) repottedl the oviposition period of
H. variegatalasted from 35 to 48 days usiAg fabaeas food while Jafari (2011)
reported the period to last for 37 to 48 days. @og (1977), Elhabet al. (2000),



Lanzoniet al (2004) and Jafari (2011) reported that the intohgperiod was 3
to 4 days for théd. variegataeggs.

2.3 Predation potential ofHippodamia variegata

In most of the studies, the functional responskl.ofariegatato different
densities of aphids has been determined to beltypexon, 2000). However, in a
studies quoted by Jafaria and Goldaseth (2089yariegatadisplayed a type Ili

functional response . gossypii

Fan and Zhao (1988) determined the functional respofH. variegatato
different densities oAphis gossypiin the laboratory. Larvae in the 4 instars were
fed daily with 5-35, 10-40, 20-50 and 30-60 apHaiséa, respectively. Predation
by H. variegatawas shown to increase with prey density, but teffleaccording
the development stage of the predator. The higieast predation was 6.7, 36.4,
77.5 and 81.3 aphids for th& 2"4 3% and 4" instar larva, respectively, and 68.0
aphids for the pre-oviposition adult.

Chenet al (2003) worked out the predatory function of tieilés and &
instar larva ofH. variegatato Aphis citricolaVan der Goot in laboratory. The
results showed that the equation-Il of Holling abuescribe the functional
responses of the adults anfl istar larva ofH. variegatato the density ofA.
citricola. Yang et al. (2003) studied the predatory function and mutual
interference of adulH. variegataon Therioaphis trifolii (Buckton). The results
showed that the functional response models belongele type Il of Holling.
The searching efficiency decreased with the incnggsrey density and decreased
with the increase of predator density as the poedadividuals interfered one

another.

Al-Doghairi (2004) evaluated the feeding rates addiles and larvae ofl.
variegataon the cereal aphi&chizaphis graminurfRondani) as prey. The adults
consumed 16.8, 17.2 and 24.2 aphids per day whieldtinstar larvae consumed
26.0, 27.8 and 36.2 aphids per day when the carnelipg offered aphid densities
were 30, 40 and 50, respectively. The adults weuad to consume 81.7% and
50.2 % of the prey when the offered prey densitys \88 and 40 aphids per



predator, respectively. The corresponding figuces3f' and 4" instar larvae were
94.2, 72.5 %, and 89.0 and 68.2 %, respectively.

Khan and Mir (2008) determined the functional rewseo of adultH.
variegatafeeding on the green apple aphighis pomiDe Geer and reported a
type Il response. The estimated attack rate andlimgntime was 2.55680 and
1.20730, respectively. Jafari and Goldaseth (20f€termined the functional
response of adult females df variegataon Aphis fabagScopoli). The aphid
densities used where 20, 40, 60, 80, 100, 120, 160, and 180. Logistic
regression suggested a type Il responsdé .ofabaeadults. Searching efficiency
and handling time were estimated as 0.00078 arkV0.despectively.

Farhadiet al. (2010) reported that all larval instars and aduodties and
females ofH. variegata exhibited type Il functional responses on difféeren
densities of the preyAphis fabagScopoli). The rate of searching efficiency and
handling time were estimated as 0.063dnd 6.933 h for first instar, 0.059"'h
and 3.343 h for second instar, 0.103and 1.909 h for third instar, 0.114 and
0.455 h for fourth instar, 0.159'fand 1.194 h for male, 0.093"fand 0.409 h for
female, respectively. Thus, handing time decredssa first instar to female.
Handling times of males were significantly greatiean those of females. The
most effective stages of. variegatawere females, fourth instars, and males. The

efficiency of females was nearly three times gneitan that of males.

Saleh (2010) worked out the functional responséhefadult females of
the predatory coccinellidH. variegatato various densities oBrachycaudus
helichrysi (Kaltenbach) aphid infesting Chrysanthemum. Thelg@i@ exhibited
type Il response. The estimated coefficient of ckiteate was 1.9505 and the

handling time was 0.0034.
2.4 Biology ofAdalia tetraspilota (Hope)

Adalia tetraspilotais most abundant predatory coccinellid in Kashamd
has been observed feeding Aphis pomiDe Geer Myzus persicae, Lipaphis

erysimi, Brevicoryne brassicalphis fabae, Aphis craccivokoch, etc. (Kharet



al., 2009). In Pakistan, it has been reported inr@hitown and Drasan (Khaat
al., 2007a). This species has also been reportedNtormee (Pakistan) feeding on
Adelgesspp. andQuadruspidiotus perniciosusy Irshad (2001) and from Nepal
by Canepari (1997).

No reports were found about the studies on biologyecology ofA.
tetraspilota Hence the literature concerning the represematiember oAdalia
genus i.eAdalia bipunctataLinnaeus has been referred to.

Kalushkov (1998) studied the suitability of ten m@phspecies
(Sternorrhyncha: Aphididae) as prey fAdalia bipunctata Six of them viz.,
Euceraphis betulael., Cavariella konoi Takahashi,Liosomaphis berneridis
(Kalt.), Acyrthosiphon ignotumMordvilko, Aphis farinose Gmelin and
Macrosiphoniella artemisiaeB. were recorded as essential prey for the
coccinellid. Eucallipterus tiliaeL. and Euceraphis betulawere the most suitable
prey according to the rate of larval developmeatydl mortality and adult fresh
weight. Aphis farinosaAphis fabaeandAphis spiraephagduller were recorded
as unsuitable or less suitable prey for the predsoause of high larval mortality

or slow larval development.

Ozder and Saglam (2002) determined the develo@hemnhe and
mortality rate of A. bipunctatawhen feeding on five aphid species namely
Metopolophium dirhodunfWalker), Sitobion avenadF.), Rhopalosiphum padi
(L.), Hyalopterus prun(Geoffr.) andMyzus cerasF. Larval period varied from
10.29 to 13.4 days and the development time fron796 20.79 days foA.
bipunctataon different prey species. Lowest mortality was notedM. cerasi
(18%) and highest oA. pruni (50%).

Ranaet al (2002) recorded the life history parametersAofbipunctata
over a period of six generations when selectediproved performance on a diet
of pea aphidAcyrthosiphon pisurfHarris) and the black bean aphhhis fabae
Scopoli, separately. OA. pisum the larval period decreased from 11.58 to 10.41
days while as the male and female longevity ina@édsom 137.4 to 142.4, and
155.44 to 160.11 days, respectively over the siregions. The fecundity



increased from 927.80 to 994.06 eggs per female.ldival duration decreased
from 17.18 to 11.53 days usig fabaeas diet. The fecundity showed impressive
progress from 416.00 to 949.00 eggs per female theesix generations.

Lanzoniet al. (2004) studied the biological traits and lifeleaparameters
of A. bipunctataon M. persicaeas prey. The reported mean developmental time
of 18.4 days and pre-imaginal survival of 25.0 %Ao bipunctata The fecundity
was reported as 537.0 eggs per female, and theosiign period and adult

longevity was noted as 24.7 and 16.0 days, resf@gti

Development, reproduction and life tablesfotbipunctatawere studied at
three temperatures (19, 23 and@yon a mixture of frozen pollen aritphestia
kuehniellaZeller eggs as a factitious food and on the aphldgersicaeand A.
pisumas natural foods by Jalat al (2009). Development time @. bipunctata
on all tested diets decreased with increasing tesype. Mortality was lowest at
23°C, averaging 44.5%, 42.6% and 24.3% on factitiamifA. pisumand M.
persicaerespectively. The shortest developmental time femg to adult at this
temperature was observed on factitious food (18&5f). However, the factitious
food was inferior to the aphid diets in terms gdroeluction, yielding the longest
pre-oviposition period, shortest oviposition periadd lowest fecundity. The
mean oviposition rate at 43 varied from 19.94 to 25.03 eggs day) on factitiou

food andM. persicaerespectively.

Bonteet al (2010) examined the nutritional value Ephestia kuehniella
eggs plus bee pollen, pea aphiispisumand mixtures of bee pollen and cysts of
Artemia franciscan&ellogg and/or a lyophilized artificial diet based bovine
meat and liver on the development and reproducifof. bipunctata Over 84%
of first instars fed onE. kuehniellaeggs plus pollen or aphids survived to
adulthood. Feeding predator larvae on pollen coetbionly withA. franciscana
cysts or artificial diet yielded 40-55% immatureswal, but survival increased
to 74% when all of these components were mixedetiofe fecundity was
superior onE. kuehniellaeggs plus pollen (1,864 eggs) to that on the affets
(264—-889 eggs).



2.5 Predation potential ofAdalia tetraspilota (Hope)

As with biology and ecology, no reports were fouad functional
response oAdalia tetraspilotaexcept those of Khan and Mir (2008) and Khan
(2009). Khan and Mir (2008) determined the funwdioresponse of adult
females ofA. tetraspilotaon the green apple aph#&bhis pomiDE Geer and
reported a type Il response. The attack rate amdilimg time were noted as
2.04209 and 1.32890.

Khan (2009) conducted a study to assess the furadticesponse of
different life stages of the predacious coccingelidalia tetraspilotafeeding on
various densities of cabbage aphitevicoryne brassicaél.) under controlled
conditions. It revealed that all stagesfoftetraspilotaexhibit Type Il functional
response curve. The fourth instar larva consumete raphids (28.40 aphids /
day) followed by adult female (25.06 aphids / dayjird instar larva (24.06
aphids / day), second instar larva (21.73 aphuksy), adult male (20.06 aphids /
day) and first instar (13.06 aphids / day). The mmaxn search rate with shortest
handling time was recorded for fourth instar laf#a0.6383) followed by adult
female (f=0.6264).



CHAPTER - 3
MATERIALS AND METHODS

The materials used and methods adopted for carmuigthe proposed

studies on coccinellids are described parametez-assollows.
3.1 Biodiversity of predaceous coccinellids in hoitulture ecosystem

The biodiversity of predaceous coccinellids wadigt in two types of
horticultural ecosystems namely, fruit and vegetaddosystems. Field sampling
was conducted to collect the predaceous coccinfalida from the economically
important crops in the Kashmir valley. The cropsared were: apple, pear and
cherry among the fruit crops and kale, knolkhohlmge and cauliflower among
the vegetable crops. To appreciate the effect ddtipde application on
biodiversity, both pesticide-treated (sprayed) gmesticide free (unsprayed)
orchards/ vegetable gardens were selected for eacp. Only the adult

coccinellids were collected for the study.
3.1.1 Study sites

The study covered the major fruit and vegetablewvgrg areas of the
valley namely, district Baramulla for fruit ecosssts and district Budgam for the
vegetable ecosystems. Two locations from eachidistrere selected to reduce
the spatial heterogeneity existing in the distiifutof coccinellid fauna. The
locations were Sopore (7241 E and 3420 [ N, altitude; 1587 metre above
mean sea level (amsl)) and Pattan°8a44) E and 34800 N, altitude; 1587 metre
amsl) from district Baramulla, and Chadoora®@4 E and 34501 N, altitude;
1591 metre amsl) Narkara (A% E and 34201 N, altitude; 1585.56 metre amsl)
and from district Budgam. Two orchards/vegetabledgas; one receiving the
pesticides and the other pesticide free (at leasthie last 5 years) were sampled
for coccinellid fauna from each location per cropnly the commercial

cultivars/varieties of the selected crops were dadp



3.1.2 Sampling scheme

The sampling was carried out from the first weélpril till September,
2011 (for 7 months) for the fruit crops and Apm July (5 months) for the
vegetables. The sampling was done at fortnighttgriral. Ten fruit trees from
each fruit orchard and five quadrates (1 squaremetch) from each vegetable
garden, selected randomly, were sampled. Each sagnhit was searched for
predaceous coccinellids for 10 minutes. The codaisewere collected by vial
tapping or hand picking method from the foliage. @ynplastic vials (5x3 cm)
were placed beneath the leaf blades or infloresseand the coccinellids tapped
loose with the cap. Smaller species were pickeditipa moist finger or by small
camel hair brush. The coccinellid specimen wetied in cyanide bottles and
carried in duly labelled plastic vials (labels antng all pertinent information,
viz. date of collection, location, crop etc.) tetlaboratory. The samples were
dried in oven at 61C, pinned with entomological pins for biodiversigunt and
stored in collection boxes. The specimens were igentified from National

Bureau of Agriculturally Important Insects (NBAIBangalore.
3.1.3 Parameters of biodiversity

The data collected from the field sampling of ptaus coccinellid fauna

was analysed to work out the various parametebsoaliiversity as follows.
3.1.3.1 Diversity of predaceous coccinellids

Species diversity for each crop, location and tgeecosystem was
worked out by adding up the total number of spefmaad in each community.

3.1.3.2 Relative abundance

Relative abundance of different ladybeetle spei@egach crop, location
and type of ecosystem was worked out by dividirggrtbmber of individuals of a
species to the total number of individuals of gleces for each community,

expressed in percentage.

3.1.3.3 Species diversity index



In order to study the proportion of each specieshiwi the local
community, species diversity index was computedethagn Shannon-Wiener
formula, also called the Shannon index or Shannoen&' index (Shannon,
1948).

5

Species diversity Index (H) = —Z(Rlugﬁl’:j
i=1

Where,
H = Shannon-Wiener biodiversity index
P, = Proportion of each species in the community
loge P = Natural log of P
S = Number of species in the community.
3.1.3.4 Species richness index

In order to assess how the diversity of the pomrats distributed or
organised among the particular species, specidsness index () was
calculated (Pielou, 1975).

Species richness index M= S-1/ log N
Where,
S = Total number of species collected
N = Total number of individuals in all the species.
3.1.3.5 Species evenness index

With a view to understand the measure of how smtiila abundance of
different species is, species evenness index (3)catulated to estimate the

equitability component of diversity (Pielou, 1969).
Species evenness index (J) = Hil&g
Where,

H = Shannon-Wiener biodiversity index



S = Number of species in the community.

3.2 Biology and functional response ofAdalia tetraspilota (Hope) and

Hippodamia variegata (Goeze) on different aphid species.

The studies on biology and functional responseAdali tetraspilota
(Hope) andHippodamia variegatdGoeze) were carried out in the laboratory of
the Division of Entomology, SKUAST-K, Shalimar, duy 2011-2012. A
detailed account of the materials used and methddgpted for carrying out the

proposed investigations is described as follows.
3.2.1 Insect rearing

Three aphid species viaphis pomiDe GeerAphis craccivoraKoch and
Brevicoryne brassicakinnaeus were used as diet for the studies orodpoand
functional response of two ladybeetle species ngn#sdalia tetraspilotaand
Hippodamia variegataTo rear the predator coccinellids, aphid coloniese
maintained in the laboratory on fresh twigs of a&pffbr Aphis pomi / potted
seedlings Aphis craccivoraon cowpea andBrevicoryne brassicaeon kale
seedlings), maintained in cages (18x18x18 cm), ragglg. The aphid colonies
were collected from pesticide free apple orchard@etable gardens in the
University Campus.

The ladybeetle cultures were initiated by collegtithe newly emerged
overwintering adults of the respective coccinefiftecies. The adults of the two
coccinellid species were maintained in plastic {aesght 20 cm and diameter 15
cm) with abundant supply of prey from the aphidoois till oviposition. The
rearing jars were provided with crumpled paperdbas ovipositing sites for the
females. The eggs laid on the crumpled paper watected every 24 hours and
transferred to petri dishes for the proposed studie the biology of the
coccinellids. Coccinellid cultures were maintained the three aphid species
separately and different growth stages were hagdefsom time to time for the

studies on functional response of the coccinellids.



All the cultures were maintained at a temperatfr@5+2C and 65+5%
relative humidity with a photoperiod of 14:10 ligawd dark hours in controlled

environment rooms.

3.2.2 Effect of prey species and prey abundance dhe biology of Adalia
tetraspilota and Hippodamia variegata.

The effect of two aphid prey species nam@lghis pomiandBrevicoryne
brassicaeat five abundance levels i.e. 10, 20, 40 , 80 a60 aphids per
individual of the predator, on some biological paeters of two coccinellid
species viz.Adalia tetraspilotaand Hippodamia variegatawas studied under
laboratory conditions. Newly emerged larvae of btite predators were taken
from the stock cultures and fed separately witro84" instar nymphs of the two
aphid species, each at five abundance levelsQ,e2@, 40 , 80 and 160 aphids per
predator per day. The aphids were fed on leavesspiective host plants in petri
dishes. Each treatment was replicated 10 timeslfoparameters except larval
survival and adult emergence which were replicatede times with 4 to 10
larvae or pupae in each replication. The studiesewarried out at a temperature
of 25¢PC and 65+5% relative humidity with a photoperiod1ef:10 light and

dark hours in controlled environment rooms.

The detailed methodology adopted for studying wemigparameters of

biology of the two predator species is describefbbews.
3.2.2.1 Larval period

To record the duration of each larval instar andlti@arval duration of both
the predators fed on all the combinations of pregcges and abundance levels,
observations were made after every 24 hours. Tésepce of exuviae marked the

transformation to the next instar.
3.2.2.2 Prepupal period

The 4" instar larvae in the later part of their life bemsluggish, suspend
feeding and stop movements before ecdysis to pupae.larvae use the anal

organ to fix themselves to the substratum withrthelad downwards. The time



period between inactivation and ecdysis to pupmyestvas recorded as prepupal

period.
3.2.2.3 Pupal period

At the ecdysis to pupa, the exuvium was slougtfedtom the pupa right
up to the point where the cauda is attached tostiestratum. The duration

between pupation and emergence of adults was ret@slthe pupal period.
3.2.2.4 Larval survival (%)

Per cent larval survival was worked out using tbkowing formula:

) 1 wal (96) = Number of pupae formed % 100
arval survival L) = Number of 1st instars used

3.2.2.5 Adult emergence (%)

Percent adult emergence was worked out using tleeviag formula:

Number of adults emerged
Adult emergence (%) = X 100
Number of pupae used

3.2.2.6 Adult longevity

Adult longevity was recorded as the time periodrfrthe emergence of adults
from the pupae till their death. Longevity of batlale and female adults was

recorded.
3.2.2.8 Pre-oviposition period

The pre-oviposition period worked out using 10 rddtamales of both the
predators for each of the 10 treatment combinatiasshe time period from adult

emergence to initiation of egg-laying.

3.2.2.9 Oviposition period



The egg-laying by the mated females under condideravas observed
daily and the duration in days from initiation afgelaying till its termination was

recorded as oviposition period.
3.2.2.10 Post-oviposition period

The time period from termination of egg-laying tile death of the mated

females was recorded as the post-oviposition period
3.2.2.11 Fecundity

The cumulative number of eggs laid by a single fentaroughout its
oviposition period was recorded as the fecunditwyrifly oviposition period,
crumpled paper was added to the petri dishes contpithe mated females to
provide oviposition sites. The paper was replacaity cand the number of eggs
laid was counted. The same eggs were used to wirthe incubation period and
hatchability percentage.

3.2.2.12 Incubation period

Incubation period of the eggs i.e. the time pemtapsed from laying to
hatching, was recorded for 100 eggs in each regmitaof all 10 treatment
combinations for both the predators. The numbeggafs hatching was recorded
daily till no more eggs hatched and the weighteamma& eggs hatching every day

and time period elapsed was calculated to worklautncubation period.
3.2.2.13 Hatchability (%)

The hatchability of eggs was determined as thegm¢age of eggs hatched
successfully out of the total number of eggs kemten observation (100 eggs per
replication). The eggs were observed daily andiaked number of eggs hatching

was counted till no more eggs hatched.
3.2.2.14 Statistical analysis

The data on the duration of various growth and libgreental stages,
fecundity and hatchability was subjected to analysi variance in factorial

completely randomized design (CRD) and least dipmt difference (LSD) test



for the comparison of means. The analysis was dasiag R-software (R

Development Core Team, 2008).

3.2.3 Functional response ofdalia tetraspilota and Hippodamia variegata to

different aphid species

The functional response of'12", 3% and &' larval instars and adult male
and female ofAdalia tetraspilotaand Hippodamia variegatato three aphid
species namelyAphis pomi Aphis craccivoraand Brevicoryne brassicaevas
determined under laboratory conditions. The diffiédarval instars and adults of
both the predators under consideration were tal@an the stock cultures for the
investigations. The larvae and adults were starf@d 24 hours in vials
individually before the experiments to minimize iwidual hunger levels as
suggested by Nakamura (1977). Five aphid densieye used to work out the
functional response i.e. 10, 20, 40, 80 and 16@liothe three species of aphids.
The predators were introduced individually into fgegri plates containing definite
number of aphids per petri dish on excised leafesspective host plants stuck
to agar medium. The aphids were introduced befoeepredators so that they

could disperse and the predators may have to séartte aphids

The aphid densities 10 and 20 were replicatedri®st for each instar of
both the predators while as the aphid densitie8@@nd 160 were replicated only
10 times. Greater number of replications was atkxt#o lowest two densities to
obtain more precise information about the initialtpof the functional response
curve. One treatment was also designed for namoatality of the aphids. After
24 hours, the number of aphids consumed by thewsiinstars of the predators
was recorded by counting the remaining number didsppresent in each petri
dish. The functional response of each instar oftwe predator species to all the
three aphid species was analysed for two aspectsature of functional response

and the parameters of functional response (at&ekand handling time).
3.2.3.1 Nature of functional response

Prior to fitting the data to a particular Hollingsguation (Holling, 1959
and 1966), it's important to know the type of fuontl response exhibited by a



particular instar of a predator to a particularypspecies. Logistic regression
model is such a tool that is used to determine st@pe (type) of functional
response by taking into consideration the proportd prey eaten (MNo) as a
function of prey offered (b (Juliano, 2001). Hence the data was fitted to the
following polynomial function that describes théatenship between N N, and
No:

Ny _  exp(Py +PiNy+ P;Ny* + PoNy° )

No 1+ exp(Py+ P,N,+ P,N,*> + P,Ny* )

Where,
Po= Intercept
P1 = Linear coefficient
P, = Quadratic coefficient
P; = Cubic coefficient
Na = Number of prey eaten
N, = Number of prey offered.

The coefficients are estimated using the methothatimum likelihood.
If P, > 0 and R < O, the proportion of prey consumed is positivelnsity
dependent, thus describing a type Il functionapanse. If P< 0, the proportion
of prey consumed declines monotonically with thédahnumber of prey offered,
thus describing a type Il functional response &hdi 2001). The coefficients of
polynomial logistic regression were determined gdime function “glm” in R-

software (R Development Core Team, 2008).
3.2.3.2 Parameters of functional response

After the determination of type of functional respe, the data i.e. the
number of aphids preyed upon by different stagesauitinellids at different
densities was analysed by fitting Rogers’ Type #nBom Predator Equation
(Rogers, 1972) with the help of non-linear leastasg regression to determine the

parameters of functional response.



Rogers type Il Random Predator Equation is giyven b
Na=No (1- exp [aTh Na—T)])

Where,
N, = Number of prey eaten
N, = Number of prey offered
a = attack rate
Th= handling time
T = time of confinement (24 hours)

To determine the coefficients of attack rate anddhiag time using non-linear
least square regression as suggested by Roger)(19¢ function “nls” provided

by the R-software was used (R Development Core T2a068).



CHAPTER -4

EXPERIMENTAL FINDINGS

The findings of the studies on biodiversity, biofognd predation of
coccinellids are presented as follows.

4.1 Biodiversity of predaceous coccinellids in hoitulture ecosystem

The field sampling of coccinellids in various fruand vegetable
ecosystems under pesticide treated (sprayed) asticide free (unsprayed)
conditions at the four locations of two districtevealed the following

information.
4.1.1 Species diversity of predaceous coccinelligishorticulture ecosystem

The fruit ecosystems were found to support highenber of coccinellid
species as compared to the short lived vegetablgystems. In all, 17 species of
predaceous coccinellids were found in the fruitsgstem (Table 1) and 12 in the
vegetable ecosystem (Table 2). The 17 species ¢pdlorl5 genera and three
subfamilies viz. Coccinellinae, Chilocorinae an@tiphaspinae. Species namely,
Adalia tetraspilota(Hope),Calvia punctata(Mulsant),Cheilomenes sexmaculata
(Fabricius), Coccinella septempunctatd.innaeus, Coccinella transversalis
Fabricius, Harmonia dimidiata (Fabricius), Harmonia eucharis (Mulsant),
Hippodamia variegata Goeze),llleis indica Timberlake, Oenopia conglobata
Linnaeus (subfamily Coccinellinae)Priscibrumus uropygialis (Mulsant)
(subfamily Chilocorinae) andPlatynaspis saundersiCrotch (subfamily
Platynaspinae) were present in both fruit and \agetecosystem®iiolocaria
hexaspilota (Hope), Callicaria superba (Mulsant), Propylaea luteopustulata
(Mulsant) (subfamily Coccinellinae),Chilocorus infernalis Mulsant and
Chilocorus rubidus(Hope) (subfamily Chilocorinae) were found in theit

ecosystem only. All the species are presentedateR! to 3.



Table 1. Species diversity of predaceous coccinddl in fruit ecosystem of district Baramulla.

Apple Pear Cherry
.| Coccinellid species Sopore | Pattan | Sopore| Pattan| Sopore Pattan

No US| S| US| Sl U § Us $ Us ys
A. | Subfamily Coccinellinae
1. | Adalia tetraspilota(Hope) + | 4|+ | | 4]+ H O+ +
2. | Aiolocaria hexaspilotgHope) + = = = = 44 + 4 4 i
3. | Callicaria superba (Mulsant) + - + | = + | +| +| +| - _
4. | Calvia punctatgMulsant) + + + |+ +| +| +] H O+ +
5. | Cheilomenes sexmaculgfaabricius) + - + - + + + - + +
6. | Coccinella septempunctatannaeus +| o+ 4+ H H| H O+ H+ +
7. | Coccinella transversaliBabricius + - + - + + + - + +
8. | Harmonia dimidiata(Fabricius) + - + | = + | +| +| +| = —
9. | Harmonia eucharigMulsant) S T T T A I B R S R +
10. | Hippodamia variegat@soeze S T R R A I B R S A +
11 | llleis indicaTimberlake + | =+ | = +| =] +| - + -
12. | Oenopia conglobatiinnaeus + + +| O+ H O+ K+ H
13. | Propylea luteopustulat@Mulsant) + - — | =] +| = +| = = -
B. | Subfamily Chilocorinae
14. | Chilocorus infernalidMulsant + + + + + + + + + +
15. | Chilocorus rubidugHope) + + + |+ + | 4| - -
16. | Priscibrumus uropygialigMulsant) S T T T A I N T B B -
C. | Subfamily Platynaspinae
17. | Platynaspis saundergCrotch) + + + |+ + |+ + | +] 4+ +

Total number of species 17/ 9| 15 9 16 1417 | 12| 11 10

US and S refer to unsprayed and sprayed orchasisectively.

+ = present, — = absent.




Table 2. Species diversity of predaceous coccindd in vegetable ecosystem of district Budgam

S. Kale Knolkhol Cabbage Cauliflower
No. | Coccinellid Species Narkara | Chadoora Narkara Chadoora Narkara Chadodtarkara | Chadoors
US| S| US| S| U§ S U$ § Us $ UYs s US |s s
A. | Subfamily Coccinellinae
1. | Adalia tetraspilota(Hope) + |+ | + + + + | + + + + + + + + + +
2. | Calvia punctatgMulsant) - | -1 = - + - + - - - - - - - 4 i
3. | Cheilomenes sexmaculgfaabricius) | + + + + + + + + + - + - + - + -
4. | Coccinella septempunctatannaeus | + + + + + + + + + + + + + + + +
5. | Coccinella transversaliabricius + - | + - + - + - + + + + + + + +
6. | Harmonia dimidiata(Fabricius) + - | + - + - + - - - - - - - - 4
7. | Harmonia eucharigMulsant) + + + - + - + - + — + - + - + -
8. | Hippodamia variegat&soeze + + + + + + + + + + + + + + + +
9. | llleis indicaTimberlake + + + - + — + — + — + - 4 4 +
10. | Oenopia conglobatainnaeus + + + + + - + - - - - - - - - .
B. | Subfamily Chilocorinae
11. | Priscibrumus uropygialigMulsant) + + + + + + + + + - + - + - + -
C. | Subfamily Platynaspinae
12. | Platynaspis saunderg§Crotch) + + + + + + + + - - — - - - - -
Total number of species 11} 9| 11 7 12 ¢ 12 ) 8 4 84 8 4 8 4

US and S refer to unsprayed and sprayed vegetaldems, respectively.
+ = present, — = absent.



Adalia tetraspilota Aiolocaria hexaspilota Callicaria superba

Coccinella septempunctata  C. septempunctata

Plate 1. Species diversity of predaceous coccin@dl in horticulture ecosystem of
Kashmir- |



C. transversalis Harmonia dimidiata Harmonia eucharis

Illeisindica

Oenopia conglobata Propylea uteopustulata

Plate 2. Species diversity of predaceous coccils in horticulture ecosystem of
Kashmir-II



. variegata H. variegata

Priscibrumus uropygialis  Platynaspis saundersi

Plate 3. Species diversity of predaceous coccin@dl in horticulture ecosystem of
Kashmir-111



Among the fruit orchards, pear supported the marinmumber of ladybeetles
species i.e. 16 and 17, respectively in the unggraychards at Sopore and Pattan. It was
followed by apple with 17 and 15 species at the logations, respectively. The lowest
number of species among the unsprayed orchardfowad in cherry i.e. 11 and 10 species
at the two locations, respectively. The number reidaceous coccinellid species collected
from sprayed orchards was lower for all the thnegt fecosystems at both the locations.
Sprayed pear orchards supported higher numberauiralid species i.e. 14 and 12 from
Sopore and Pattan, respectively. The sprayed atsladrboth apple and cherry were found
to support 9 species of predaceous coccinellidsn flmoth the locationsAiolocaria
hexaspilota llleis indica andPropylaea luteopustulatavere absent from all sprayed fruit
orchards.

Among the vegetable crops, maximum number of sgewsias found in unsprayed
gardens of knolkhol i.e. 12, both at Narkara andddiora. It was followed by kale with 11
species at both the locations. Least number ofispaeas found associated with cabbage
and cauliflower with 8 species each at both thetioos. Among the sprayed vegetable
gardens, kale supported the maximum number of epece. 9 and 7, respectively at
Narkara and Chadoora followed by knolkhol with @aps from both the locations. Both
cabbage and cauliflower supported the least i.gpeties of coccinellids under pesticide
treated conditionsCalvia punctataand Harmonia dimidiatawere absent from all the

sprayed vegetable gardens.
4.1.2 Relative abundance of predaceous coccinelliolshorticulture ecosystem

Of all the 2961 adult ladybeetle specimens, 19@ewcollected from the fruit
ecosystems while the rest 1055 were collected ftoenvegetable ecosystems. Overall,
Coccinella septempunctat@as the most dominant species (27.54 %) of ladidsem fruit
ecosystem followed biippodamia variegatd12.91 %) andhdalia tetraspilota(11.02 %)
as depicted in Table 3. Other predominant specie® @hilocorus infernalis(9.81 %),
Calvia punctatg9.39 %)



Table 3. Relative abundance (%) of predaceous coaeillids in fruit ecosystems of
district Baramulla.

Apple Pear
Coccinellid Species Sopore Pattan Sopore Pattan
us S us S us S us S
1 2 3 4 5 6 7 8 9

Subfamily Coccinellinae
Adalia tetraspilota 11.45/ 125 | 9.71 | 8.97| 1265 9.48 10.90 10.00
Aiolocaria hexaspilota 557 | - - - - - 3.38 -
Callicaria superba 0.93 | - 081 | - 1.54 1.45 2.25 2.50
Calvia punctata 8.05 | 155 | 1255897 | 956 | 7.29 | 124 6.25
Cheilomenes sexmaculata 1.24 | - 121 - 1.85 2.18 1.50 -
Coccinella septempunctata 27.24| 25.0 | 34.4 | 34.61 2253 32.84 20.68 35.00
Coccinella transversalis | 0.93 | - 081 - 154 | - 0.75 -
Harmonia dimidiata 3.71 | - 2.43 432 | 437| 4.13 5.00
Harmonia eucharis 866 | 681 | 7.69| 1158 114P 16.05 12.78 8.75
Hippodamia variegata 9.59 | 23.86 11.74| 11.53| 11.42| 16.05 12.74 8.75
llleis indica 0.62 | - 121 | - 1.23 | - 0.75 -
Oenopia conglobata 495 | 5.68 | 2.83| 512 4.63] 4.37 4.13 6.25
Propylea luteopustulata | 1.54 | - - - 1.85 | - 1.13 -
Subfamily Chilocorinae
Chilocorus infernalis 8.66 | 9.09 | 850| 15.38 9.56| 8.07 1.44 8.75
Chilocorus rubidus 124 | - 124 | - 1.85 1.45 1.88 2.50
Priscibrumus uropygialis | 3.40 | 3.40 | 3.64| 2.56| 3.70| 3.64 4.13 5.00
Subfamily Platynaspinae
Platynaspis saundersi 217 | 1.13 | 1.21| 1.28| 4.32 2.18 1.50 2.50
Total number of | 323 | 88 247 | 78 324 137 266 80
individuals collected (N)
Total number of species 17 9 15 9 16 13 17 12
collected (S)

Cont...



Table 3 cont...

Cherry Mean
Sopore Pattan
us S us S us S Overall
10 11 12 13 14 15 16
10.86 14.81| 10.74 8.00 1120 10.47 11.02
- - - - 1.96 - 1.422
- - - - 1.13! 0.82! 1.05°
6.52 9.26 6.61 6.00 9.72 8.42 9.39
1.45 1.85 3.30 2.00 1.82| 1.03° 1.46%
25.36 24.07| 28.09 40.00 2601 31.82 27.54
2.89 3.70 4.13 6.00 1.48 1.03° 1.36°
- - - - 3.03 2.05 2.78
13.70 11.11 9.92 10.00 881 842 8.7°
15.20 18.52| 14.87 14.00 11%08 15.6G 12.9F
2.17 - - - 0.9 : 0.73’
5.79 3.70 4.13 6.00 4.37 513 4.56
- - - - 0.98° - 0.73°
11.59 12.96 | 14.87 8.00 9%2| 10.06 9.81
- - - - 1.27° 0.82* 1.154
- - - - 3.03 2.87 2.99
4.35 - 3.30 - 2.67 1.44 2.36°
138 54 121 50 1419 487 1906
11 9 10 9 17 14 17

US and S refer to unsprayed and sprayed orchasisectively.

Numbers in superscript indicate abundance ranking.




and Harmonia eucharis(8.71 %).llleis indica and Propylaea luteopustulatavere the
least abundant (0.73 %, both) precededClaylicaria superba(1.05 %) andChilocorus

rubidus(1.15 %). The trend was similar for both sprayed ansprayed orchards.

In the vegetable ecosysteAdalia tetraspilotawas the most abundant species of
ladybeetles (31.18 %) followed bifippodamia variegata(20.76 %), Coccinella
septempunctat§l5.54 %) andHarmonia eucharig7.49 %) (Table 4). The abundance
of Calvia punctataand Harmonia dimidiatawas noted as lowest i.e. 0.67 and 1.52 %,

respectively.
4.1.3 Biodiversity indices

The various indices of biodiversity of predaceouscmellids viz. species
diversity index (H), species evenness index (J) species richness index {Min
various horticulture ecosystems are presented ibleT&. In general, the species
diversity index was higher for unsprayed commusittben the sprayed ones. The
average value of species diversity index for ungmtaruit ecosystems was 2.420 and
for sprayed ones, it was noted as 2.032. The qunekng figures for unsprayed and
sprayed vegetable ecosystems were noted as 1.90B.%6V/, respectively. The trend is

same for all fruit and vegetable ecosystems.

The species diversity index was consistently higloe fruit ecosystems as
compared to vegetable ecosystems. Among the urespfayit crops, maximum H value
was noted for apple followed by pear and the Iéastherry while the trend was in
favour of pear for sprayed orchards. Among the tages, maximum H value was
noted for knolkhol closely followed by kale.

Species evenness index (J), that measures thialgtity component of diversity
in various habitats under different managementtegres was found higher for
unsprayed communities of both fruit and vegetalbtgps The average value of J for
unsprayed fruit ecosystems was noted as 0.9020&8%b for sprayed orchards. The
corresponding figures for unsprayed and sprayectabte ecosystems were noted as
0.841 and 0.391, respectively. The trend is simitarall fruit and vegetable crops
except kale, cabbage and cauliflower in which ¢hseralue of J was found to be higher
for sprayed gardens than sprayed ones. The evemuessassumed



Table 4. Relative abundance (%) of predaceousccinellids in vegetable ecosystems of

district Budgam.

Kale Knolkhol
Coccinellid Species Narkara Chadoora Narkara Chadoora
us S us S us S us S
1 2 4 5 6 7 8 9
Subfamily Coccinellinae
Adalia tetraspilota 29.16 | 13.89 26.95 1154 28.24 3793 32.64 38.70
Calvia punctata - - - - 3.05 - 2.34 -
Cheilomenes sexmaculata | 5.55 8.33 496| 7.69 2.29 3.45 3.12 6.45
Coccinella septempunctata| 14.58 | 16.66 15.60 19.23 14.50 20.68 12.560 12.90
Coccinella transversalis 6.25 - 4.96 - 8.39 - 7.03 9.67
Harmonia dimidiata 2.77 - 2.13 - 3.05 - 3.90 -
Harmonia eucharis 6.25 8.33 4.96 - 8.39 - 7.03 -
Hippodamia variegata 19.44 | 19.44 21.98 23.01 18.32 29.59 17.96 22.58
llleis indica 5.55 8.33 4.96 - 6.87 - 6.25 -
Oenopia conglobata 3.47 11.11 567| 19.23 2.29 - 1.56 .
Subfamily Chilocorinae
Priscibrumus uropygialis 417 5.55 3.54| 11.54 3.05 6.89 3.90 3.22
Subfamily Platynaspinae
Platynaspis saundersi 2.77 8.33 425| 7.29 1.52 3.45 2.34 6.45
Total number of | 144 36 141 26 131 29 128 31
individuals (N)
Total number of species (S 11 9 11 7 12 6 12 1
Cont...



Table 4 cont...

Cabbage Cauliflower Mean

Narkara Chadoora Narkara Chadoora

us S S us us S us S| US S | Overall
10 11 12 13 14 15 16 17 18 19 20
36.05| 29.41] 37.66 46.15| 35.00| 40.00 33.33 38.89 31.4430.00 | 31.18
- - - - - - - 0.81 - 0.67*
2.32 - 1.29 - 1.25 - 1.28 - 342| 427 | 332
15.12| 23.52| 14.28 23.07 | 15.00| 25.00 16.66 22.22 146B819.47 | 15.54
8.14 | 11.76| 7.79] 1538 3.75 1500 1026 23.22 “7.517.36 | 7.49
- - - - - - - 1.84 - 1.52°
8.14 - 9.09 - 7.50 - 6.41 - 705 158 | 6.07
22.09| 35.29 22.08 15.38| 20.00| 20.00 23.07 16.67 20.3522.63 | 20.76
6.97 - 6.49 - - - 6.41 - 6.24| 1.58 | 5.40
- - - - - - - 208 | 473 | 256
1.16 - 1.29 - 3.75 - 2.56 - 342| 427 | 332
- - - - - - - 1.78 | 42 | 218
86 17 77 13 80 20 78 18 865 19 105
8 4 8 4 8 4 8 4 12 10 12

US and S refer to unsprayed and sprayed vegetaldems, respectively.
Numbers in superscript indicate the abundance mgnki



consistently lower value for vegetable crops aspamed to fruit crops. Evenness index
tends to be close to 1 in case of pear followedh®rry. Among the vegetables,

maximum value of evenness index was noted for kale.

The species richness index values)(fdr sprayed and unsprayed communities
of fruits and vegetables indicated that the averegi@e was higher for unsprayed
communities as compared to sprayed ones and falldhve same trend for individual
crops except kale. For fruit ecosystems, the aeer@tpness index assumed the value of
2.275 for unsprayed orchards and 1.839 for sprayexs. Corresponding figures for
vegetables were worked out as 1.626 and 1.275%ctsgely.

Overall the richness index was noted as maximunufsprayed apple (2.521)
followed by sprayed pear orchard (2.230) and sptagardens of kale (1.938). In
general, the richness index was found to be lowewégetable crops as compared to

fruit crops.






Table 5. Biodiversity indices of ladybeetles for wious fruit and vegetable ecosystems.

Ecosystem N S H M
us S us S uUs S us S us S
Fruit ecosystem
Apple 570 166 17 9 2.545 1.935 0.898 0.881 2.521 564lL.
Pear 590 217 17 13 2.447 2.218 0.963 0.864 2.507 2302.
Cherry 259 104 11 9 2.268 1.945 0.945 0.885 1.799 .7221
Mean 2.420 2.032 0.902 0.876 2.275 1.839
Vegetable ecosystem
Kale 285 62 11 9 2.075 2.007 0.865 0.913 1.769 8L.93
Knolkhol | 259 60 12 7 2.085 1.606 0.839 0.825 1.9791.465
Cabbage | 163 30 8 4 1.700 1.326 0.817 0.958 1.382 8250.
Cauliflower | 158 38 8 4 1.752 1.329 0.842 0.958 2.38| 0.825
Mean 1.903 1.567 0.841 0.391 1.626 1.275

N is the total number of individuals collected
S is total number of species

H is Shannon-Weiner diversity index

J is evenness index

M, is the richness index.



4.2 Effect of prey species and prey abundance orhg biology of Adalia
tetraspilota and Hippodamia variegata

Studies on the biology okdalia tetraspilotaand Hippodamia variegatavere
carried out to assess the effect of prey specieépesy abundance on various biological
attributes of the two coccinellid predators. Thieef of two prey species hameiyphis
pomi and Brevicoryne brassicaeon the biological parameters of the two predators
provided at five abundance levels i.e. 10, 20, 80,and 160 aphids per day per
predatory stage, are presented as follows. The rgksed life cycle of Adalia
tetraspilotais diagrammatically represented in Plate 4 antddahBElippodamia variegata
in Plate 5.

(A) Developmental parameters
4.2.1 Larval duration

Both prey species and prey abundance were fouhdwe significant effect (F =
101.20; d.f. = 1, 80; P<0.0001 and F = 113.75;=1, 80; P<0.0001) on the total larval
period ofA. tetraspilotaas well agH. variegata(F = 209.3; d.f. = 1, 80; P<0.0001 and F
=286.34; d.f. = 1, 80; P<0.0001), as shown in &&band 7. The total larval period was
found to increase significantly whelh. pomiwas used as prey as comparedBto
brassicaefor both the predator specieA. tetraspilotalarvae completed the larval
period in 17.38 days and 14.70 days wiAempomiandB. brassicaevere used as prey,
respectively. FOH. variegata the corresponding figures were noted as 20.9118&r@\7
days, respectively. The total larval period goteexied significantly as prey density
decreased from 160 to 10 aphids per day per predattetraspilotalarvae were found
to complete the larval period in 13.04 days athigihest prey abundance level i.e. 160
aphids per day which got extended to 21.00 daylseakbowest prey abundance level i.e.
10 aphids per day. More appreciable effect of vayyprey density was found dh.
variegataas the total larval period was noted as 13.27 dags28.00 days at maximum
and minimum prey density tested. The variationotaltlarval period folA. tetraspilota
was found to be significant over various prey alaunoe levels for a particular prey
species as well as over the two prey species ataamdance level tested (F = 6.16;



Table 6. Developmental period (days) and survivalfcAdalia tetraspilota immatures on two prey species and five prey dengis.

Parameters | Prey (P)* Density (D)™ Mean (P) CD (p=0.5)
10 20 40 80 160
Incubation | Ap 4.50£0.06 |4.36+0.04 |4.04+0.07 |3.69+0.20 |3.49+0.18 |4.02 P=0.044
period Bb 3.94+0.11 |3.77+007 |3.67%005 |3.49+006 |3.49+0.11 |3.67 D=0.073
Mean (D) | 4.22 4.06 3.85 3.59 3.49 PxD=0111
1%instar Ap 4.00+ 0.71 | 4.00+0.5 3.75+0.43 3.88+0.60/ 3.44+0.52 |3.81 P= NS***
Bb 3.75+0.82 3.62 £ 0.99 3.55 +1.33 3.55+0.88 3.55+0.52 | 3.60 D= NS
Mean (D) | 3.87 3.81 3.65 3.72 3.50 P x D=NS
2" instar Ap 3.85 + 0.59 3.50+0.5 3.25+0.43 2.77+0.66| .5520.52 |3.18 P=0.246
Bb 3.00+0.71 2.75 + 0.66 2.77 £0.44 2.77+0.66 2.44+0.52 |2.75 D= 0.406
Mean (D) | 3.42 3.12 3.01 2.77 2.50 P x D=NS
3%instar Ap 5.50 + 0.43 414+ 059 | 3.71+0.42 3.25+0.43 3.00+0.50 |3.92 P=0.219
Bb 3.14 + 0.59 2.76 + 0.66 2.75+0.43 2.55+0.52 2.33+0.50 |2.70 D=0.361
Mean (D) | 4.32 3.45 3.23 2.90 2.66 P x D=NS
4" instar Ap 0.25 + 0.58 6.80 £ 0.31 5.50 + 0.43 5.00200 | 4.75+0.43 |6.46 P=0.297
Bb 8.50 +1.47 | 6.85+0.59 4.71 +0.65 412330. | 4.00+£0.70 |5.63 D= 0.490
Mean (D) | 9.37 6.82 5.10 4.56 4.37 P x D= 0.746
Larval period | Ap 23.60+2.32 | 18.44+0.95| 16.21+06Q 14.91451 | 13.75+0.93 | 17.38 P=0.536
Bb 18.39+1.47 | 15.99+1.12| 13.79+1.73 13.01A | 12.33+1.65 | 14.70 D= 0.884
Mean (D) | 21.00 17.21 15.00 13.96 13.04 P x D=1.347
Cont...




Table 6 cont...

Parameters | Prey (P) Density (D) Mean (P) CD (p=0.05)
10 20 40 80 160
Larval Ap 40.00 + 10.00 | 50.00 + 10.00 | 60.00 + 10.00 | 70.00 + 0.00 | 80.00 + 10.00 | 60.00 P=4.20
survival (%) (39.15) (45.00) (50.85) (56.79) (63.93) (51.14) D=7.57
Bb 60.00 + 10.00| 70.00 + 10.00 | 70.00 + 0.00 | 80.00 + 10.00 | 90.00 + 0.00 | 74.00 P x D= NS
(50.85) (57.00) (56.79) (63.93) (71.57) (60.03)
Mean®) | Grony | roo) | masn) | @036 | @ns)
Prepupal | Ap 200+000 | 1.66+0.28 | 150+0.35| 1.66+0.401.42+0.46 |1.65 P=0.175
period Bb 175+0.30 | 1.40+0.38 | 150+043| 1502050 1.22+0.44 |1.47 D= 0.268
Mean (D) | 1.87 1.53 1.50 1.58 1.32 P x D=NS
Pupal period | Ap 6.50+0.25 | 6.33+0.28 | 575+058| 566+0.40 542+046 |593 P=0.195
Bb 6.25+0.30 | 580+0.31 | 533+040| 525+0.66 4772066 |5.48 D= 0.321
Mean (D) | 6.37 6.06 5.54 5.45 5.10 P x D=NS
Adult Ap 52.22 + 13.47 | 58.89+ 8.38 | 66.03£5.73 | 85.71 + 14.29 | 87.36 + 10.00 | 70.04 P=6.34
‘(i;(:‘)ergence (46.32) (50.17) (54.39) (71.82) (69.20) (58.38) D=11.52
Bb 65.81+5.71 | 71.03+4.18 |85.71+14.29| 100.0+ 0.00 |100.0 +0.00 | 84.51 P x D=NS
(54.26) (57.47) (71.82) (90.00) (90.00) (72.71)
Mean (D) | 59.01 64.96 75.87 92.85 93.68
(50.29) (53.82) (63.11) (80.91) (79.60)

Values are Mean = S.E. Values in parenthesisragtng transformed values.
*  Ap =Aphis pomiBb =Brevicoryne brassicae

**  Number of aphids per day per predator***

NS\Non-significant




Table 7. Developmental period (days) and survivalfddippodamia variegata immatures on two prey species and five prey den@s.

Density (D)**

Parameters | Prey (P)* 10 20 40 80 160 Mean (P) | CD (P=0.05)
Incubation | Ap 3.64+022 | 350+£021 | 3.24:+0.14| 3.10+0.083.03+014 |3.30 P=0.082
period Bb 3.79 + 027 3.19 + 026 2.09+0.18 | 2.89+0.16 7920.27 |3.13 D= 0.135

Mean (D) | 3.71 3.34 3.12 3.00 2,91 P x D= 0.203
1instar | Ap 4.00+0.70 | 3.87+059 | 3.75+043| 3.37+0.483.11£0.60 |3.62 P=0.256

Bb 312+0.33 | 3.00£070 | 277+066| 2.77+0.662.66+0.71 |2.86 D= 0.422

Mean (D) | 3.56 3.43 3.26 3.07 2.88 P x D=NS
2instar | Ap 525:0.43 | 412+059 | 3.25:043| 2.87+0.592.88+0.33 |3.67 P=0.205

Bb 425+043 | 3.88+0.60 | 3.11+0.33| 244+0502.22+0.44 |3.18 D= 0.338

Mean (D) | 4.75 4.00 3.18 2.65 2.55 P x D=NS***
3%instar | Ap 6.14+0.77 | 500+050 | 425+043| 3.75+0.433.66+0.50 |4.56 P=0.264

Bb 542068 | 455072 | 3.44:+072| 2.88+0.60255+0.72 |3.77 D=0.436

Mean (D) | 5.78 4.77 3.84 3.31 3.11 P x D= NS
AMinstar | Ap 16.00£1.32 | 11.00+1.11| 6.50+0.43| 5.880.6/ 587 £0.59 | 9.05 P=0.512

Bb 11.81+1.98 | 827+2.38 | 4.16+0.71 |3.442052 | 355+052 |6.25 D= 0.845

Mean (D) | 13.90 9.63 5.33 4.66 4.71 P x D= NS
Larval Ap 31.39+1.21 | 24.00+1.80| 17.75:0.6]1 15.88851| 1554 +1.21 | 20.91 P=0.673
period Bb 24.61+231 | 19.72+2.94| 13.49+1.17 1155041 11.00 +1.00 | 16.07 D=1.11

Mean (D) | 28.00 21.86 15.62 13.72 13.27 P x D=NS

Cont...




Table 7 cont...

Density (D)**

Parameters | Prey (P)* 10 20 40 80 160 Mean (P) | CD (P=0.05)
Larval Ap 30.00 + 0.00 | 50.00 + 10.00 | 50.00 + 17.32 | 70.00 + 10.0d 80.00 + 10.00 | 56.00 P=5.742
survival (%) (33.21) (45.00) (44.92) 57.0) (63.93) (48.81) D= 10.42
Bb 50.00 + 10.00| 70.00 % 10.00 | 80.00 + 10.00 | 90.00 + 10.00 90.00 + 0.00 | 76.00 P x D=NS
(45.00) (57.00) (63.93) (75.00) (71.57) (62.50)
Mean (D) | 40.00 60.00 65.00 + 80.00 85.00
(39.11) (51.00) (54.42) (66.00) (67.75)
Prepupal | Ap 200+000 | 1.66+0.28 | 1.50+0.35| 1.40+0.381.50+0.43 |1.61 P=0.156
period Bb 1504025 | 1.50+0.35 | 1.48+043| 1.33+0501.22+044 |1.40 D= 0.258
Mean (D) | 1.75 1.58 1.49 1.36 1.36 P x D=NS
Pupal period| Ap 8.00£0.50 | 6.31+0.29 | 6.00+050| 5.46+0.44566+041 |6.28 P=0.187
Bb 750+0.25 | 6.00+050 | 533+040| 4.33+0.50455+052 |5.54 D= 0.309
Mean (D) | 7.75 6.15 5.66 4.90 5.11 P x D=NS
Adult Ap 55.55 + 38.49 | 58.89 + 8.35 | 66.66 +0.00 | 71.03+4.08 | 74.73+3.18 | 65.37 P=8.07
g;?)ergence (53.51) (50.17) (54.73) (57.47) (59.85) (55.15) | D=14.65
Bb 41.11+8.39 |56.55+6.27 |74.73+3.18 | 100.0 +0.00 | 100.0 + 0.00 | 74.48 P x D=26.94
(39.83) (48.78) (59.85) (90.00) (90.00) (65.69)
Mean (D) | 48.33 57.72 70.69 85.51 87.36
(46.67) (49.47) (57.29) (73.74) (74.93)

Values are Mean + S.E.

*** NS = Non-significant

Values in parenthesisraging transformed values.
*  Ap =Aphis pomi Bb =Brevicoryne brassicae
**  Number of aphids per day per predator
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d.f. =1, 80; P = 0.0002). However, the interacwffect was found to be insignificant
for H. variegata(F = 2.13; d.f. =1, 80; P = 0.084).

For A. tetraspilota the effect of prey species was found to be sicpuit for 2°
(F = 12.1; d.f. = 1, 80; P = 0.0005)° 8F = 123.72; d.f. = 1, 80; P<0.0001) arfdl 4
instar larval duration (F = 30.93; d.f. = 1, 80;00001). However, its effect was
insignificant for f' instar duration (F = 1.607; d.f. = 1, 80; P = G2p For H.
variegatg the effect of prey species was significant fotla four larval instars. In all
the cases, larval duration was longer Anpomias compared t@. brassicae The
effect of prey abundance followed the same trendbfath the ladybird species as
duration of each larval instar was recorded togase with decrease in prey density.
The variation in duration was found to be insigrafit at prey density of 80 and 160 for
all the larval instars of both the predators ingjio®. ForA. tetraspilota the interaction
effect of prey species and prey abundance was fooirime significant for 4th instar
larvae only (F = 3.77; d.f. = 4, 80; P = 0.0072)r H. variegata the interaction effect

was not found to be significant for any larval arst
4.2.2 Incubation period

Table 6 and 7 revealed that incubation period efabgs ofA. tetraspilotaand
H. variegatavaried significantly with different prey specids £ 237.25; d.f.= 1, 90;
P<0.0001 and F = 18.06; d.f.= 1, 90; P<0.0001,eetsyely). ForA. tetraspilota the
incubation period was noted as 3.67 days and 492 wherB. brassicaeandA. pomi
were used as prey, respectively. The corresporfdjnges forH. variegatawere noted
as 3.13 and 3.30 days, respectively. The effectaoying prey abundance was also
significant for bothA. tetraspilota(F = 153.02; d.f. = 4, 90; P<0.0001) ard
variegata (F = 49.53; d.f. = 4, 90; P<0.0001) eggs. The lation period ofA.
tetraspilotaeggs increased by 21 % and thoseHofvariegataby 27 % as the prey
abundance decreased from 160 to 10 aphids pefftayinteraction effects were noted
as significant for both the predators (F = 24.7#, & 4, 90; P<0.0001 forA.
tetraspilotg and F=4.02; d.f. = 4, 90; P=0.0047 Fbrvariegatg.

4.2.3 Larval survival



Significant variation in larval survival (%) on gasure to different prey species
was noted for botA. tetraspilota(F = 20.60; d.f. = 1, 20; P=0.00019) addvariegata
(F = 25.81; d.f. = 1, 20; P<0.0001). The per cantdl survival increased significantly
whenB. brassicaavas used as prey as comparedt@omifor both the predators. The
effect of prey abundance levels was also notedrafiant for bothA. tetraspilota(F =
16.02; d.f. = 4, 20; P<0.0001) ahfd variegata(F = 15.16; d.f. = 4, 20; P<0.0001). The
larval survival was highest (85.00 %) at the maximprey density tested and lowest
(50.00 %) at the minimum prey density tested for tetraspilota larvae. The
corresponding figures fdil. variegatawere noted as 85.00 and 40.00 %, respectively.
The variation in larval survival was statisticallysignificant when the prey density
decreased from 160 to 80 for both the predators. ifiteraction effect of prey species
and prey abundance was noted as insignificantdtr A. tetraspilota(F = 0.404; d.f. =
4, 20; P = 0.8035) and. variegata(F = 0.620; d.f. =4, 20; P = 0.653) .

4.2.4 Prepupal and pupal period

The effect of prey species was noted as significanthe duration of prepupal
(F =4.87; d.f. =1, 80; P =0.030) and pupal ssade= 21.90; d.f. = 1, 80; P<0.0001)
for A. tetraspilota Same trend was noted fdr variegata(F = 70.34; d.f. =1, 80; P =
0.0096 for prepupal period and F = 63.78; d.f. 8@, P<0.0001 for pupal period). In
both the cases, the respective periods got extemo@eciably whei\. pomiwas used

as prey as compared to the individuals fedBohbrassicae

For A. tetraspilota the effect of varying the prey density was foundbe
significant on both the prepupal (F = 4.89; d.#,-80; P = 0.0013) and pupal period (F
= 21.89; d.f. = 4, 80; P<0.0001). The prepupal gebgot extended from 1.32 to 1.87
days and the pupal period from 5.10 to 6.37 dayh@aprey abundance decreased from
160 to 10. Similarly, foH. variegatathe effect of prey abundance fed to the larvae was
found to significantly affect the duration of pregae (F = 3.49; d.f. = 4, 80; P = 0.010)
as well as the pupae (F = 118.69; d.f. = 4, 80;.66d@L). The pupal period increased
from 5.11 to 7.75 days as the prey abundance dmtdeom 160 to 10 aphids per day
per individual. For both the predator species vidmgation of pupal period over the prey
density of 160 and 80 was found to be insignificant

4.2.5 Adult emergence (%)



The per cent adult emergence was found to be affexignificantly by the prey
species for botl. tetraspilota(F = 23.16; d.f. = 1, 20; P = 0.0001) dAdvariegata(F
= 7.75; d.f. =1, 20; P = 0.011). Féx tetraspilota adult emergence percentage was
significantly higher (84.51 %) for individuals fesh B. brassicaeas compared to those
fed on A. pomi (70.04 %). The same trend was noted kfor variegata and the
corresponding figures were registered as 74.48 % &n37 %, respectively. The
variation in prey density also affected the adoieegence (%) significantly (F = 18.27;
d.f. = 4, 20; P<0.0001 foA. tetraspilotaand F = 9.85; d.f. = 4, 20; P=0.00014 Fbr
variegatg. For A. tetraspilota the adult emergence (%) decreased from 93.68 % to
59.01 % as the prey density decreased from 16@ taphids per day. Corresponding

figures forH. variegatawere noted as 87.36 % and 48.33 %, respectively.
(B) Reproductive parameters

The data presented in Table 8 and 9 on the effeprey species and prey
density on various reproductive parameters andtddogevity of the two predator

species under consideration revealed the followifmation.
4.2.6 Pre-oviposition period

Both prey species and prey abundance influencegriw@viposition period of
the females of both the predator species. Analg§isariance revealed significant
effect of prey species (F = 77.12; d.f. = 1, 900®€01), prey abundance (F = 398.9;
d.f. = 4, 90; P<0.0001) as well as the interactbmprey species and prey abundance
levels (F = 4.44; d.f. = 4, 90; P=0.0025) fbr tetraspilotafemales. FoH. variegata
too, all the three factors had a significant effgct 277.40; d.f. = 1, 90; P<0.0001 for
prey species, F = 2866.23; d.f. = 4, 90; P<0.0@¥1pfey abundance and F = 52.65;
d.f. = 4, 90; P=0.0047 for the interaction effeipr A. tetraspilotafemales, the pre-
oviposition period was noted as 12.16 and 9.96 ddnen the predators were fed upon
A. pomiand B. brassicae respectively. The corresponding figures Fbr variegata
females were recorded as 17.30 and 14.18 dayseatesgy. The shortest pre-
oviposition period noted foA. tetraspilotawas 5 days when fed dh brassicaeat the

maximum prey density and the longest period notasl 21 days for females

fed on A. pomiat the minimum prey density tested. Fdr variegata shortest and
longest pre-oviposition periods were noted as &aB0 28 days, respectively for the

females which were fed under the same conditiorferathose ofA. tetraspilota The



variation in periods was found to be insignificattthe prey abundance levels of 80
and 160 for both the predators.

4.2.7 Oviposition period

Significant variation was noted in the ovipositipariod by varying the prey
species as well as the prey abundance levelsAFmtraspilota a significant effect of
prey species (F = 1230.0; d.f. = 1, 90; P<0.00pdgy abundance (F = 1075.65; d.f. =
4, 90; P<0.0001) as well as significant interactodhe two factors (F = 97.19; d.f.= 4,
90; P<0.0001). The oviposition period was posigivaffected by wherB. brassicae
was used as prey. The oviposition period incredsed 22.92 to 31.1 days wheh
pomiwas replaced bi. brassicaeas the prey. By decreasing the prey abundance, the

oviposition period decreased from 35.5 to 15.7%day

For H. variegata significant effect of prey species (F = 1777.6; & 1, 90;
P<0.0001), prey abundance (F = 708.87; d.f. = 4P3®.0001) and interaction of the
two factors (F = 36.35; d.f. = 4, 90; P<0.0001) wa$ed on the oviposition period of
the females. Longer oviposition period was notedBorbrassicae(33.42 days) as
compared téA. pomi(20.90 days). The oviposition period decreasechfgd.5 to 15.0
days as the prey density was decreased from 160 &phids per day.

4.2.8 Post-oviposition period

Significant variation was noted in the post-ovigioa period by varying prey
species and prey abundance for both the predator®\. tetraspilota by varying the
prey species (F = 74.70; d.f. = 1, 90; P<0.00019, gost-oviposition period decreased
from 13.42 to 10.82 days as pomiwas replaced b¥3. brassicaeas the prey. The
post-oviposition period was found to be prey dgndépendent (F = 352.48; d.f. = 4,
90; P<0.0001) and increased from 5.65 to 20.25 @aythe prey density decreased
from 160 to 10 aphids per day per predator. lovariegataalso, significant effect of
prey species (F = 95.92; d.f. = 1, 90; P<0.0001) prey density (F = 353.48; d.f. = 4,

90; P<0.0001) was noted on post-oviposition peridae period increased from 8.2 to



Table 8. Reproductive parameters and adult longewt of Adalia tetraspilota on two prey species and five aphid

densities.
Density (D)
Parameters Prey (P) | 10 20 40 80 160 Mean (P) | CD (p=00s)
Pre- Ap 22.00+2.21| 1600+ 1.15 | 12.00+1.24| 650+0.62| 6.30+1.05|12.56 P= NS
Oviposition | gy, 25.00+0.94 19.00 +1.05 | 9.80 +1.23 | 550+041| 5.00+0.67|12.86 D=0.763
period (days)
Mean (D) | 23.50 17.50 10.90 6.00 5.65 P x D= 1.153
Oviposition | Ap 1450+ 154 19.50+0.78| 23.60+0.8]1 28.00241 | 29.00+1.63 | 22.92 P=0.468
period (days) | gy, 17.00+0.94| 23.081.24 |32.00+1.05 | 41.50+1.39| 42.00+0.47|31.10 D= 0.769
Mean (D) | 15.75 21.25 27.80 34.75 35.50 P x D=1.161
Post- Ap 1850+ |1550+0.78 | 11.30 £1.06] 7.50+1.13| 6.80+0.78 | 11.92 P=0.355
cupenten |0z
Bb 22.00+1.05 18.00+1.05 | 14.10+0.99 | 5.00+0.67 | 4.50+0.41 |12.72 by D= 0.882
Mean (D) | 20.25 16.75+ 12.70 6.25 5.65
Adult Ap 55.00+2.35| 51.00+1.94| 46.90+1.96 42.00851 | 42.10+3.17 |47.40 P=0.774
'(‘;Zgnf;’;g Bb 64.00+1.15 60.00+0.66| 55.90+2.60 52.00841 | 51.50 £ 0.62 | 56.68 D=1.271
(days) Mean (D) | 59.50 55.50 51.40 47.00 46.80 P x D=NS
Adult Ap 52.40 +2.75| 48.10+2.60| 4530+2.62 43.3022 | 43.00+2.49 |46.42 P=1.01
'(c"\;‘;‘:‘)’igays) Bb 46.30 +2.40, 44.00£2.49| 41.20+2.39  39.0072 | 38.00 £2.40 |41.70 D= 1.658
Mean (D) | 49.35 46.05 43.25 41.15 40.50 P x D=NS
Cont...




Table 8 cont...

Density (D)
Parameters | Prey (P) 10 20 40 80 160 Mean (P) | CD =005
Fecundity Ap 104.0+8.98 | 154.8+15.3§ 221.0+x17.61 295381 312.0+14.77 | 217.4 P=5.38
Bb 307.7+18.91 377.3+£10.88 442.0+16.05 520/@24 | 532.0+11.32 |435.8 D= 8.83
Mean (D) | 205.9 266.1 331.5 407.5 422.0 P x D=NS
Hatchability | Ap 43.00+£4.10 | 51.00+£3.52 | 60.00+£294 |72.00+4.18 | 73.00+4.49 59.8 P=0.886
(%) (40.97) (45.57) (50.78) (58.11) (58.77) (50.84) | D=1.454
Bb 49.00 +3.34 | 60.00+2.82 | 76.00+3.12 | 80.00+3.68 | 82.00+2.11 |69.4 P x D=2.198
(44.43) (50.78) (60.71) (63.52) (64.93) (56.87)
Mean (D) | 46.00 55.50 68.00 76.00 77.50
(42.70) (48.17) (55.74) (60.81) (61.85)

Values are Mean = S.E. Values in parenthesisraging transformed values.
*  Ap =Aphis pomiBb =Brevicoryne brassicae

**  Number of aphids per day per predator

*** NS = Non-significant




Table 9. Reproductive parameters and adult longewt of Hippodamia variegata on two prey species and five aphid densities.

Density (D)
Parameters | Prey (P) 10 20 40 80 160 Mean (P) | CD (p=00s5)
Pre- Ap 28.00+0.94| 27.50+0.78| 17.00+0.47  7.006860. | 7.00+0.67 |17.30 P=0.340
s‘;’:%%smo” Bb 28.00 £+0.94| 22.00+1.15| 11.00+1.15 6.10870. | 5.30 £0.48 | 14.48 D=0.558
Mean (D) | 28.00 24.75 14.00 6.55 6.15 P x D= 0.843
Oviposition | Ap 12.00+0.81| 1450+1.02| 21.00+1.76  29.00241 | 28.00 +2.40 | 20.90 P=0.596
period Bb 18.00+1.05| 28.00+0.94| 38.00+1.05 42.10370 | 41.00 + 2.21 | 33.42 D= 0.979
Mean (D) | 1500 21.25 29.50 35.55 34.50 P x D= 1.47
Post- Ap 16.00+1.41| 13.00£0.94| 9.00+0.66| 7.00#0.9 | 5.00+0.66 |10.0 P=0.369
sg:%%smon Bb 13.00+0.81| 10.00+1.05| 7.00+1.05| 6.000.4|500+0.81 |8.20 D= 0.606
Mean (D) | 14.50 11.50 8.00 6.50 5.00 P x D=0.915
Adult Ap 56.00+1.94| 5500%1.76| 47.00+1.24  43.00561 | 40.00 +1.05 | 48.20 P=0.959
l(?:r;?]f;/:g Bb 59.00 +1.05| 60.00+2.10| 56.00+2.66 53.90022 | 51.30 +5.31 | 56.04 D= 1.57
Mean (D) | 57.50 57.50 51.50 48.45 45.65 P x D=2.37
Adult Ap 5420 +3.98| 51.00+2.10| 49.10+2.84  44.30982 | 42.00 +2.35 | 48.12 P=1.21
'(?\;‘agl‘;’“y Bb 53.10 £2.96| 49.00+3.80| 44.20+3.79  41.10382 | 40.00 +2.49 | 45.48 D=1.99
Mean (D) | 53.65 50.00 46.65 42.70 41.00 P x D= NS
Cont...




Table 9 cont...

Density (D)
Parameters | Prey (P) 10 20 40 80 160 Mean (P) | CD (p=0.05
Fecundity Ap 110.0 £8.05 180.0+11.95 235.0 % 6.66 3352m22 | 346.0 +15.83 | 241.2 P=8.70
Bb 188.0+£9.00, 390.0+15.94 470.0+28.28 58040183 | 570.0+29.98 | 439.6 D=14.29
Mean (D) | 149.0 285.0 352.5 457.5 458.0 P x D=21.59
Hatchability | Ap 57.00 £1.94| 60.00 + 2.10 | 65.0+1.33 71.00+1.49 | 73.00+£3.23 |65.20 P=0.601
(%) (58.73) (49.03) (50.77) (53.73) (57.42) (53.94) | D=0.987
Bb 62.00 £ 2.49 72.00+2.90 | 82.0+2.40 84.00+1.94 | 85.00+1.88 77.00 P x D=1.49
(51.9) (58.08) (64.9) (66.46) (67.2) (61.74)
Mean (D) | 59.50 66.00 73.50 77.50 79.00
(50.49) (54.43) (59.34) (61.94) (62.99)

Values are Mean = S.E. Values in parenthesisragng@ transformed values.
*  Ap =Aphis pomiBb =Brevicoryne brassicae
**  Number of aphids per day per predator

*** NS = Non-significant




10 days a8. brassicaavas replaced bj. pomias prey. The period got extended from
5 to 14.5 days as the prey abundance decreasedLB0rto 10. The interaction of prey
species and prey abundance was significantfovariegata(F = 10.06; d.f. = 4, 90;
P<0.0001) but insignificant foA. tetraspilota(F = 0.59; d.f. = 4, 90; P=0.665). For
both the predators, the variation in the period wesgnificant as the prey density
decreased from 160 to 80 aphids per day per predato

4.2.9 Adult longevity

Adult longevity of bothA. tetraspilotaand H. variegata male and female
individuals was found to be prey species and preyndance dependent. Fé.
tetraspilotg the analysis of variance revealed significanedffof prey species on
longevity of adult males (F = 62.74; d.f. = 1, $30.0001) and females (F = 88.06; d.f.
= 4, 90; P<0.0001). The adult females lived for88land 48.50 days when fed Bn
brassicaeand A. pomi,respectively. In contrast, longevity of males waard to be
lower for individuals fed uporB. brassicag(41.70 days) as compared to those that
preyed uporA. pomi(46.42 days). Also, there was significant effefgbiey abundance
on the longevity of male (F = 42.46; d.f. = 4, 0.0001) and female (F = 50.99; d.f.
= 4, 90; P<0.0001) individuals @&. tetraspilota The longevity of both adult males and
females increased with decreasing prey abundancdsleThe interaction of prey
species and prey abundance was insignificant fogdwity of male (F = 0.578; d.f. = 4,
90; P=0.678) but significant for female individu@fs= 47.91; d.f. = 4, 90; P<0.0001).

For H. variegata prey species had a significant effect on the éortg of both
adult females (F = 269.58; d.f. = 1, 90; P<0.00&19 males (F = 18.98; d.f. = 1, 90;
P<0.0001). The longevity of male adults was notedel (45.48 days) oB. brassicae
and comparatively higher (48.12 days) Anpomi In contrast, female adults lived
longer when fed oB. brassicag56.04 days) than when fed upanpomi(48.20 days).
Similarly prey abundance also affected the longesitadult females (F = 99.65; d.f. =
4, 90; P<0.0001) and males (F = 58.63; d.f. = 4, ®€0.0001) significantly. The
longevity of both adult females and males increasil decreasing prey density. The
adult males lived for a maximum of 54.2 days wiile females lived for a maximum

of 60.00 days. The longevity of adult females ofnbilne predators was found to be at



par at the prey density of 80 and 160 aphids pgr 8ame trend was noted for the

longevity of adult males of both the predator spgci
4.2.10 Fecundity

For both the predators, the fecundity was foundbdastrongly influenced by
quality and quantity of prey. FoA. tetraspilota analysis of variance revealed
significant effects of prey species (F = 6647.9;, ¢. 1, 90; P<0.0001) and prey
abundance (F = 945.06; d.f. = 4, 90; P<0.0001)henfécundity of the females. The
females were found to lay more eggs when fe®obrassicag435.8 eggs per female)
as compared tA. pomi(217.4 eggs per female). The fecundity decreased #22 to
205.9 eggs as the prey abundance decreased froro 8D aphids per day, however
the interaction effect was insignificant on fecupdF = 1.99; d.f. = 4, 90; P=0.1026).

For H. variegata the analysis of variance revealed a significdigce of prey
species (F = 2095.34; d.f. = 1, 90; P<0.0001) ae¢t pbundance (F = 717.48; d.f. = 4,
90; P<0.0001) besides a significant interactioreaff(F = 50.03; d.f. = 4, 90;
P<0.0001) on the fecundity of females. As wih tetraspilota the fecundity ofH.
variegatafemales was significantly higher @ brassicag439.6 eggs per female) as
compared tA. pomi(241.2 eggs per female). Maximum fecundity (458/@f noted
on highest prey density and the minimum (149.0)osvest prey abundance level. The
variation in fecundity was found to be statistigalhsignificant between the prey

density of 80 and 160 aphids per day.
4.2.11 Hatchability (%)

Just like most other characters, the hatchabiftgggs of both the predators
was found to be dependent on prey species andgireydance. FoA. tetraspilota
hatchability (%) varied from 43.00 % to 82.00%. Thaximum hatchability was noted
for the eggs laid by females fed upBnbrassicaeat the abundance level of 160 aphids
per day and the lowest for the eggs laid by femf@dsiponA. pomiat the lowest prey

abundance level i.e.10 aphids per day.

For H. variegata hatchability (%) was found to vary from 57.0086.00 %.

The lowest hatchability was noted for the eggs laydfemales fed upoA. pomiat



abundance level of 10 aphids per day (lowest pesgitly) and highest on the eggs laid
by the females fed updd. brassicaewith highest abundance (160 aphids per day). The
hatchability was found to be better for eggdHofvariegataas compared to those Af
tetraspilotaunder same prey species and prey abundance corditi

4.3 Functional response ofAdalia tetraspilota and Hippodamia variegata to

three aphid species
4.3.1 Prey consumption rates and nature of functical response

The prey consumption rates and per cent prey coedioy £, 24 3¢ and 4"
instar larvae and adult male and female individo&lhe coccinellids predator&dalia
tetraspilotaand Hippodamia variegataon three aphid species vi&phis pomi Aphis
craccivorg andBrevicoryne brassicaare presented in Table 10 to 15. A perusal of the
data indicates that the predatory growth stage®abh the predators consunte
craccivora nymphs the most, followed b. brassicaecand A. pomi The f' instar
larvae ofA. tetraspilotaconsumed a maximum of 19.3 + 1.344craccivoranymphs
per day followed by those &. brassicag12.5 + 1.377) ané. pomi(1.3 £ 0.677). The
prey consumption rates increased from 4.53 = 014091.30 £ 0.677 as the offered
prey density increased from 10 to 160 per pred@atoA. pomiand from 7.46 + 0.400
to 19.3 + 1.344 forA. craccivora For B. brassicag the prey consumption rates
increased from 7 + 0.428 to 12.5 + 1.18 as thereff@rey density increased from 10 to
80; however, it declined slightly thereafter. Comapizely, the ' instar larvae oH.
variegata consumed slightly higher number of aphids per de&7 + 1.111 forA.
pomi 20.3+1.344 foA. craccivoraand 17.7 + 0.722 fdB. brassicae.

The 29 instar larvae of\. tetraspilotaconsumed a maximum of 15.0 + 0.544,
23.2 = 0.622 and 20.0 + 1.111 aphids per dayAofpomj A. craccivoraand B.
brassicae respectively in 24 hours. The corresponding figufor 2° instar larvae of
H. variegata were recorded as 16.7 £ 0.6778, 25.70 = 0.622 2h0 * 0.444,
respectively. Maximum consumption rate fof Bistar larvae ofA. tetraspilotawas
recorded orA. craccivoraas 26.2 + 0.844 aphids per day. The maximum copsam

on aphids per day forBinstar larvae oH. variegatawas 29.5 + 0.722 wheA.



craccivorawas used as prey. The trend was similar foringtar larvae of both the

predators as well as the adult male and femalékzeties.

Among the various predatory growth stages Af tetraspilota used, the aphid
consumption was recorded as maximum by théndtar larvae followed by the adult
female on all the three prey species used. Sanmel tneas noted foH. variegata

Among all the growth stages, the predatory indigldwofH. variegataconsumed more

number of aphids per day as compared to thoge wtraspilota

Percentage of prey consumed by all predatory stdgeseased as the offered prey
density increased on all the prey species uselddtir the predators. The percentage of
prey consumed by each predatory stage of both rbaapory species on all the three
species used, declined monotonically with increagpirey density as depicted in Figure
1 and 2. The graphical analysis of percentage @ ponsumed versus offered prey
density suggested type Il functional response fothe predatory stages of both the
predators on all the three prey species used.dtfursher confirmed by the estimates of
logistic regression model. The linear coefficient logistic regression model
consistently assumed significant negative (<0) eslfor all the growth stages of both
the predators on all the three prey species (THbke 21).

4.3.2 Parameters of functional response

The handling timeT,) and attack rateaj are the parameters that reflect the
significance of functional response. As the polyramogistic regression model
suggested the type Il functional response for lal predatory stages of both the
predatorsA. tetraspilotaandH. variegataon all three prey species hamely,pom;j A.
craccivora and B. brassicag the data on predation rates was fitted to theloan
predator equation to estimate the handling tim¢ énd attack rateaf. The estimates

are presented in Table 22 to 27.

The maximum handling time was noted férlarvae ofA. tetraspilotawhenA.
pomi was used as prey (1.942 + 0.129) followed BYig@star larvae and adult male
with T, noted as 1.430 + 0.039 and 1.235 * 0.066, resmdygt{(Wable 22). The lowest
handling time was noted fof'4nstar larvae (1.020 + 0.008) followed by aduthfde



Table 10. Predation rates (Mean + S.E.) and per céprey consumption for first instar larvae of Adalia tetraspilota and

Hippodamia variegata on three prey species.

Prey species

Predator Prey density | Replica- Aphis pomi Aphis craccivora Brevicoryne brassicae
offered tions Prey % Prey Prey % Prey | Prey consumed % Prey
(No) consumed (N)| consumed| consumed (N) consumed (N) consumed
Adalia 10 15 4,53 + 0.63 45.30 7.46 £ 0.59 74.60 7.050. 70.00
tetraspilota 20 15 6.0 +0.82 30.00 | 11.26+0.88  56.30  10.0651.| 50.00
40 10 10.80 £ 1.47 27.00 15.2 +0.638 38.00 11.861 29.50
80 10 11.0+0.87 13.75 17.8 £+ 0.91 21.2% 12.5181. 15.62
160 10 11.30 £ 0.82 7.06 19.3+1.1b 12.06 12.4¥%1 7.75
Hippodamia 10 15 4,46 +0.73 44.60 8.00 £ 0.96 80.00 6.46061. 64.60
variegata 20 15 6.46 + 0.74 3230 | 11.46+1.06 5730  10.0609 52.30
40 10 10.7 £ 1.05 26.75 15.2+0.78 38.00 12.2020 30.50
80 10 11.5+0.96 14.37 18.0+1.41 22.50 14.206¥% 0 17.75
160 10 12.7 £ 1.05 7.93 20.30£1.16 12.68 17. 7840 11.06




Table 11. Predation rates (Mean = S.E.) and per céprey consumption by second instar larvae ofdalia tetraspilota

and Hippodamia variegata on three prey species.

Prey species

Predator | Prey density | Replica- Aphis pomi Aphis craccivora Brevicoryne brassicae
offered tions
(No) Prey consumed % prey Prey % prey | Prey consumed % prey
(N) consumed| consumed (N) consumed (N) consumed
Adalia 10 15 4.76 £0.79 47.5 8.26 £ 0.59 82.6 7.2+0.74 72.00
tetraspilota 20 15 7.7310.70 38.65| 12.73+1.03  63.65  12.8374 | 62.65
40 10 11.0£1.05 27.5 16.5+0.70 41.2% 15.320.8 38.25
80 10 14.2 + 0.63 17.75 20.2+1.08 25.2% 19.2680. 24.00
160 10 15.0+0.73 9.37 23.2+0.78 14.50 20.0061. 12.50
Hippodami 10 15 4.46 +£0.77 44.60 8.46 + 0.64 84.60 6.73%80. 67.30
avariegata 20 15 8.26 +0.88 41.30 13.0+1.0f 6500  12.7%80 63.65
40 10 11.7 £ 0.63 29.25 16.70 £ 0.82 41.75 16.06¥ 0 40.00
80 10 15.0 £ 0.66 18.75 21.70 £ 0.82 27.12 18.0004 23.37
160 10 16.7 £ 0.83 10.44 25.70+0.78 16.06 22006¥ 13.75




Table 12. Predation rates (Mean + S.E.) and per céprey consumption for third instar larvae of Adalia tetraspilota and

Hippodamia variegata on three prey species.

Prey species

Predator Prey density | Replica- Aphis pomi Aphis craccivora Brevicoryne brassicae

offered tions Prey % prey Prey % prey | Prey consumed % prey
(No) consumed (N)| consumed| consumed (N) consumed (N) consumed

Adalia 10 15 4.53 £0.63 45.30 9.46 £ 0.64 94.60 7.26740. 72.60
tetraspilota 20 15 8.0+0.75 4000 | 150+092 7500 145340 72.65
40 10 11.8 £ 0.63 29.50 20.2£0.68 50.50 15.54 0. 38.75

80 10 17.0 £ 0.66 21.25 22.8 £0.92 28.50 20.5530. 25.62
160 10 16.70 £ 1.15 10.44 26.2 £+ 0.91 16.3V 210406 13.37

Hippodamia 10 15 5.46 £ 0.52 54.60 9.46 £ 0.63 94.60 7.26360 0. 72.60
variegata 20 15 9.0 + 1.000 4500 | 15.26+0.70 7630  13.B672 | 66.30
40 10 14.2 + 0.63 35.50 21.2 +£0.92 53.00 18.06% 0. 45.00

80 10 19.0+£1.05 23.75 24.3 £ 0.67 30.37 22.0820. 27.5

160 10 21.0+1.13 13.12 29.5+0.8b 18.44 24.26380 15.12




Table 13. Predation rates (Mean = S.E.) and per céprey consumption for fourth instar larvae of Adalia tetraspilota

and Hippodamia variegata on three prey species.

Prey species
Predator | Prey density| Replica- Aphis pomi Aphis craccivora Brevicoryne brassicae
offered tions Prey % prey Prey % prey Prey % prey
(No) consumed (N)| consumed consumed (N) consumed, consumed (N)| consumed
Adalia 10 15 7.0 £0.65 70.00 9.37 £0.59 97.3( 7.5380.8 75.30
tetraspilota 20 15 11+ 0.65 55.00 | 16.26+0.88 8130 1573790 78.65
40 10 155+0.70 38.75 22.5+0.96 56.26 17.0812 0. 42.50
80 10 19.5+0.97 24.37 27.7 +0.6Y 36.62 24.7780. 30.87
160 10 21.3+0.94 13.31 29.8 +0.68 18.62 2531561 15.81
Hippodami 10 15 7.46 +0.74 74.60 9.73+0.46 97.30 8.050.8 80.00
avariegata 20 15 12.0 +2.44 60.00 17.2+1.08 86.00  15.26341| 76.30
40 10 17.0+1.05 42.50 26.3+2.59 65.7% 20.70b2. 51.75
80 10 22.0+1.24 27.50 30.5+1.35 38.12 28.0491. 35.00
160 10 23.0 +1.56 14.37 33.5+ 1.96 20.93 2948 18.62




Table 14. Predation rates (Mean = S.E.) and per céemprey consumption for adult males ofAdalia tetraspilota and

Hippodamia variegata on three prey species.

Prey species

Predator Prey density | Replica- Aphis pomi Aphis craccivora Brevicoryne brassicae
offered tions | prey consumed % prey Prey % prey Prey % prey

(No) (N) consumed, consumed (N) consumed| consumed (N) consumed
Adalia 10 15 5.53+1.50 55.30 8.53+0.88 85.30 7.040.8 70.00
tetraspilota 20 15 826+1.06 | 41.30| 1473+1.16  73.65 126374 | 41.76
40 10 12.0+0.94 30.00 19.20+1.32 48.00 15.9¥1 38.75
80 10 16.5+1.08 20.62 22.0+1.19 27.50 197061 24.62
160 10 17.0+0.91 10.62 25.0 £ 0.6} 15.62 19.3840 12.19
Hippodamia 10 15 5.46 +0.83 54.60 8.26 +0.88 82.60 7.040.8 70.00
variegata 20 15 9.0+ 0.76 45.00 15.0 + 0.65 75.00  13.46780, 67.30
40 10 13.7 £0.94 34.25 20.0+£0.92 50.50 17.76% 0., 44.25
80 10 18.8 +1.03 23.50 24.2 +0.82 30.25 21.2020| 26.50
160 10 20.5+1.08 12.80 28.3+1.32 17.68 24050 15.44




Table 15. Predation rates (Mean + S.E.) and per céprey consumption for adult females ofAdalia tetraspilota and
Hippodamia variegata on three prey species.

Prey species
Predator Prey density | Replica- Aphis pomi Aphis craccivora Brevicoryne brassicae
offered tions | prey consumed % prey Prey % prey Prey % prey
(No) (N) consumed| consumed (N) consumed consumed (N) consumed
Adalia 10 15 5.73£0.70 57.30 9.73 £0.59 97.30 7.33%80. 73.30
tetraspilota 20 15 9.53+0.83 4765| 1573+052 7865 150880 75.00
40 10 14.0 £ 0.81 35.00 23.7 £0.82 59.2% 16.5520. 41.25
80 10 18.0 £ 0.66 22.50 28.2+1.0% 35.2% 24.256 0. 30.25
160 10 19.8 +0.78 12.37 29.50 £ 0.85 18.438 25106 15.62
Hippodamia 10 15 6.26 £ 0.59 62.60 9.46 £ 0.52 94.60 8.534 0. 85.30
variegata 20 15 10.73+0.88 53.65 16.0 + 0.96 80.00 14128 | 73.65
40 10 16.5+1.35 41.25 24.5 +0.8% 61.2% 20.7950. 51.75
80 10 21.5+1.58 26.87 29.0+1.1% 36.25% 26.3020. 32.87
160 10 22.5+1.43 14.06 32.8£0.92 20.50 29.%4 1 18.44
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Figure 1. Prey consumption versus prey density offered for various growth stages of
Adalia tefraspilota on three aphid species; Ac = Aphis craccivera, Bh =
Brevicoryne brassicae, Ap = A. pomi. 1, 2, 3, 4 refer to 1% 2'"1, 3" and 4" instar

larvae and M, F for adult male and female of A. fefraspilota.



25 4 30
20 | 25 -
g 20
B15 - 5
£ 215 -
2 8
c10 - -
] @10
5 o
& 5 A 5
D T T T 1 D T T T 1
0 40 80 120 160 0 40 80 120 160
Prey density Prey density
35 + 40
30 - 3 Ac 35 -
Bh i
E 25 | . E 30
It 25 -
5 70 4 " * =
£ A > Ap g 9 -
A 15 - 8
g ’ g
a 10 & 10 -
5 4 5 |
0 T T T 1 U T T T 1
0 40 80 120 160 0 40 80 120 160
Prey density Prey density
35 1 40 -
30 - 35 -
25 5 30 -
E w
220 | % 25 -
20
815 - 8
1y z 15
a 10 =
10
5 g |
D T T T 1 O T T T 1
0 40 30 120 160 0 40 a0 120 180
Prey density Prey density

Figure 2. Prey consumption versus prey density offered for various growth stages of
Hippedamia variegata on three aphid species; Ac = Aphis craccivora, Bb =
Brevicoryne brassicae, Ap = A. pomi. 1, 2, 3, 4 refer to 1%, 2'“1, 3™ and 4 instar

larvae and M, F for adult male and female of H. variegafa.



Table 16. Maximum likelihood estimates from logistt regression analysis of the
proportion of Aphis pomi eaten by different stages oAdalia tetraspilota against initial
number of aphids offered.

Growth stage Parameters Estimates S.E. Zvalue| Pr (2)
First instar Intercept 1.621 9.974 0.163 0.871
Linear -2.381e-02 5.983e-02 -0.398 0.691
Quadratic 2.156e-05 8.999e-04 0.024 0.981
Cubic 2.055e-07 3.552e-06 0.058 0.954
Second instar | Intercept 2.894e-01 9.769e-01 0.296 0.767
Linear -4.384e-02 5.842e-02 -0.751 0.453
Quadratic 3.525e-04 8.739%e-04 0.403 0.687
Cubic -1.115e-06 3.435e-06 -0.325 0.745
Third instar Intercept 1.862e-01 9.713e-01 0.192 0.848
Linear -3.719e-02 5.761e-02 -0.646 0.519
Quadratic 3.205e-04 8.572e-04 0.374 0.708
Cubic -1.121e-06 3.359e-06 -0.334 0.739
Fourth instar Intercept 1.399 9.970e-01 1.403 0.161
Linear -6.861e-02 5.750e-02 -1.193 0.233
Quadratic 6.239e-04 8.457e-04 0.738 0.461
Cubic -2.019e-06 3.297e-06 -0.612 0.540
Adult male Intercept 6.656e-01 9.697e-01 0.686 0.492
Linear -5.800e-02 5.766e-02 -1.006 0.314
Quadratic 5.685e-04 8.587e-04 0.662 0.508
Cubic -1.970e-06 3.367e-06 -0.585 0.558
Adult female Intercept 6.951e-01 9.627e-01 0.722 0.470
Linear -4.520e-02 5.651e-02 -0.800 0.424
Quadratic 3.476e-04 8.379%e-04 0.415 0.678
Cubic -1.054e-06 3.279e-06 -0.321 0.748




Table 17. Maximum likelihood estimates from logistt regression analysis of the
proportion of Brevicoryne brassicae eaten by different stages ofAdalia tetraspilota
against initial number of aphids offered.

Growth stage Parameters Estimates S.E. Zvalue| Pr (2)
First instar Intercept 1.604 1.012 1.585 0.113
Linear -0.303e-02 5.977e-02 -1.557 0.120
Quadratic 8.768e-04 8.915e-04 0.984 0.325
Cubic -2.843e-06 3.504e-06 -0.811 0.417
Second instar Intercept 1.836 1.036 1.773 0.0763
Linear -8.568e-02 5.902e-02 -1.452 0.1466
Quadratic 8.191e-04 8.638e-04 0.948 0.3430
Cubic -2.696e-06 3.360e-06 -0.802 0.4224
Third instar Intercept 2.330 1.095 2.127 0.0334
Linear -1.037e-01 6.123e-02 -1.694 0.0903
Quadratic 1.044e-03 8.877e-04 1.176 0.2398
Cubic -3.496e-06 3.437e-06 -1.017 0.3091
Fourth instar Intercept 2.704 1.158 2.335 0.0196
Linear -1.149e-01 6.339e-02 -1.812 0.0700
Quadratic 1.224e-03 9.086e-04 1.347 0.1779
Cubic -4.232e-06 3.497e-06 -1.210 0.2263
Adult male Intercept 1.707 1.025 1.666 0.0956
Linear -7.904e-02 5.850e-02 -1.351 0.1766
Quadratic 7.414e-04 8.567e-04 0.865 0.3868
Cubic -2.445e-06 3.334e-06 -0.733 0.4634
Adult female Intercept 2.430 1.112 2.185 0.0289
Linear -1.062e-01 6.164e-02 -1.722 0.0850
Quadratic 1.127e-03 8.887e-04 1.269 0.2046
Cubic -3.904e-06 3.431e-06 -1.138 0.2551




Table 18. Maximum likelihood estimates from logistt regression analysis of the
proportion of Aphis craccivora eaten by different stages oRdalia tetraspilota
against initial number of aphids offered.

Growth stage | Parameters Estimates S.E. Zvalue| Pr (2)
Firstinstar | o rcept 1.698 1.022 1.662 0.0965
Linear - 8.176e-02 5.864e-02 -1.394 0.1632
Quadratic 7.567e-04 8.616e-04 0.878 0.3798
Cubic -2.435e-06 3.359e-06 -0.725 0.4685%
Second instar | 0 cant 2.359 1.099 2.147 0.0318
Linear -1.051e-01 6.138e-02 -1.712 0.086¢
Quadratic 1.057e-03 8.896e-04 1.188 0.2348
Cubic -3.509e-06 3.444e-06 -1.019 0.3083
Thirdinstar | | ercept 3.500 1.343 2.607 0.00913
Linear -1.352e-01 7.060e-02 -1.915 0.05554
Quadratic 1.355e-03 9.929e-04 1.365 0.17219
Cubic -4.444e-06 3.788e-06 -1.173 0.24076
Fourthinstar |\ orcent | 4.180 1.548 2.700 0.00693
Linear -1.557e-01 7.875e-02 -1.978 0.04798
Quadratic 1.637e-03 1.086e-03 1.507 0.13184
Cubic -5.530e-06 4.104e-06 -1.348 0.17780
Adult male Intercept 2.726 1.192e+00 2.288 0.0222
Linear -1.037e-01 6.461e-02 -1.604 0.1087
Quadratic 9.609e-04 9.234e-04 1.041 0.298[1
Cubic -3.034e-06 3.551e-06 -0.854 0.3930
Adult female Intercept 3.670 1.456 2.520 0.0117
Linear -1.272e-01 7.508e-02 -1.695 0.0902
Quadratic 1.252e-03 1.044e-03 1.200 0.230p
Cubic -4.114e-06 3.956e-06 -1.040 0.2983




Table 19. Maximum likelihood estimates from logistt regression analysis of the

proportion of Aphis pomi eaten by different stages oHippodamia variegata
against initial number of aphids offered.

Growth stage Parameters Estimates S.E. Zvaluel Pr (2)
First instar Intercept 8.865e-02 9.933e-01 0.089 0.929
Linear -2.709e-02 5.957e-02 -0.455 0.649
Quadratic 7.271e-05 8.953e-04 0.081 0.935
Cubic 2.689e-08 3.531e-06 0.008 0.994
Second instar | Intercept 1.504e-01 9.715e-01 0.155 0.877
Linear -3.174e-02 5.771e-02 -0.550 0.582
Quadratic 1.788e-04 8.612e-04 0.208 0.836
Cubic -4.388e-07 3.382e-06 -0.130 0.897
Third instar Intercept 4.734e-01 9.581e-01 0.494 0.621
Linear -3.631e-02 5.624e-02 -0.646 0.518
Quadratic 2.614e-04 8.335e-04 0.314 0.754
Cubic -7.922e-07 3.260e-06 -0.243 0.808
Fourth instar Intercept 1.683 1.026 1.641 0.101
Linear -7.432e-02 5.829e-02 -1.275 0.202
Quadratic 7.007e-04 8.510e-04 0.823 0.410
Cubic -2.323e-06 3.305e-06 -0.703 0.482
Adult male Intercept 5.442e-01 9.602e-01 0.567 0.571
Linear -4.241e-02 5.648e-02 -0.751 0.453
Quadratic 3.529e-04 8.374e-04 0.421 0.673
Cubic -1.150e-06 3.276e-06 -0.351 0.726
Adult female Intercept 8.776e-01 9.679e-01 0.907 0.365
Linear -4.110e-02 5.603e-02 -0.733 0.463
Quadratic 2.887e-04 8.252e-04 0.350 0.726
Cubic -8.554e-07 3.218e-06 -0.266 0.790




Table 20. Maximum likelihood estimates from logistt regression analysis of the
proportion of Brevicoryne brassicae eaten by different stages oHippodamia
variegata against initial number of aphids offered.

Growth stage | Parameters Estimates S.E. Zvalug Pr (2)
First instar Intercept 1.38 9.961e-01 1.390 0.164
Linear -8.049e-02 5.867e-02 -1.372 0.170
Quadratic 7.320e-04 8.729e-04 0.839 0.402
Cubic -2.278e-06 3.425e-06 -0.665 0.506
Second instar | Intercept 1.491 1.012e 1.473 0.141
Linear -6.332e-02 5.790e-02 -1.094 0.274
Quadratic 4.781e-04 8.497e-04 0.563 0.574
Cubic -1.327e-06 3.311e-06 -0.401 0.689
Third instar Intercept 1.687 1.039 1.623 0.105
Linear -6.482e-02 5.861e-02 -1.106 0.269
Quadratic 5.176e-04 8.536e-04 0.606 0.544
Cubic -1.536e-06 3.312e-06 -0.464 0.643
Fourth instar | Intercept 2.396 1.155 2.075 0.038
Linear -8.507e-02 6.300e-02 -1.350 0.177
Quadratic 8.026e-04 9.012e-04 0.891 0.373
Cubic -2.638e-06 3.465e-06 -0.761 0.446
Adult male Intercept 1.622 1.032 1.572 0.116
Linear -6.254e-02 5.836e-02 | -1.072 0.284
Quadratic 4.980e-04 8.514e-04 0.585 0.559
Cubic -1.625e-06 3.308e-06 -0.491 0.623
Adult female Intercept 2.591 1.183 2.191 0.0285
Linear -9.416e-02 6.413e-02 -1.468 0.1420
Quadratic 8.922e-04 9.151e-04 0.975 0.3296
Cubic -2.893e-06 3.515e-06 -0.823 0.4103




Table 21. Maximum likelihood estimates from logist regression analysis of the
proportion of Aphis craccivora eaten by different stages oMHippodamia

variegata against initial number of aphids offered.

Growth stage | Parameters Estimates S.E. Zvalue| Pr(2)
First instar Intercept 8.776e-01 9.679%e-01 0.907 0.365
Linear -4.110e-02 5.603e-02 -0.733 0.463
Quadratic 2.887e-04 8.252e-04 0.350 0.726
Cubic -8.554e-07 3.218e-06 -0.266 0.790
Second instar | Intercept 2.567 1.124 2.283 0.022
Linear -1.151e-01 6.235e-02 -1.846 0.064
Quadratic 1.213e-03 8.997e-04 1.348 0.177
Cubic -4.117e-06 3.475e-06 -1.185 0.236
Third instar Intercept 3.478 1.359 2.559 0.010
Linear -1.293e-01 7.118e-02 -1.817 0.069
Quadratic 1.274e-03 9.986e-04 1.276 0.202
Cubic -4.123e-06 3.805e-06 -1.084 0.278
Fourth instar | Intercept 4.161 1.696e 2.453 0.014
Linear -1.310e-01 8.509e-02 -1.540 0.123
Quadratic 1.221e-03 1.164e-03 1.049 0.294
Cubic -3.851e-06 4.377e-06 -0.880 0.378
Adult male Intercept 2.498e 1.169¢e 2.136 0.032
Linear -8.892e-02 6.362e-02 -1.398 0.162
Quadratic 7.826e-04 9.101e-04 0.860 0.389
Cubic -2.403e-06 3.501e-06 -0.686 0.492
Adult female Intercept 3.366 1.415 2.378 0.017
Linear -1.079e-01 7.353e-02 -1.467 0.142
Quadratic 9.803e-04 1.026e-03 0.955 0.339
Cubic -3.065e-06 3.896e-06 -0.787 0.431




Table 22. Estimates of attack rate & and handling time (T,,) for various growth
stages of Adalia tetraspilota preying upon Aphis pomi, for random
predator equation.

Growth stage | Parameters*| Estimate S.E. t - value Pr (t)
First instar a 0.0434 0.0259 1.675 0.1925
Th 1.9420 0.1293 15.020 0.0064
Second instar a 0.0418 0.0073 5.66 0.0109
Th 1.4308 0.0392 36.48 4.53e-0%
Third instar a 0.0322 0.0178 1.806 0.1687
Th 1.1788 0.1574 7.496 0.049
Fourth instar a 0.064 0.0036 17.34 0.0004
Th 1.0205 0.0083 122.29 1.21e-06
Adult male a 0.0426 0.0132 3.233 0.0481
Th 1.2351 1.0668 18.488 0.00034
Adult female a 0.0508 0.0036 13.99 0.0079
Th 1.0776 0.0129 83.21 3.83e-06

*ain hours! andT, in hours



Table 23. Estimates of attack rated) and handling time (Ty) for various growth

stages of Adalia tetraspilota preying upon Aphis craccivora, for

random predator equation.

Growth stage| Parameters* | Estimate S.E. t- value Pr ()

First instar a 0.07431 0.00223 33.32 5.94e-05
Th 1.15446 0.00381 302.42 7.97e-08

Second instar a 0.06120 0.00795 7.692 0.0045)
Th 0.92714 0.01972 47.01 2.12e-05

Third instar a 0.08163 0.01583 5.158 0.0141
Th 0.83546 0.02223 37.57 4.15e-05

Fourth instar a 0.12758 0.00849 15.01 0.00064
Th 0.75073 0.00480 156.20 5.79e-Q7

Adult male a 0.0808 0.01325 6.09 0.00885%
Th 0.87878 0.01902 46.21 2.23e-05

Adult female a 0.17436 0.02259 7.71 0.00452
Th 0.772611 0.00680 113.58 1.50e-06

*ain hours! andT, in hours



Table 24. Estimates of attack rated) and handling time (Ty) for various growth

stages of Adalia tetraspilota preying upon Brevicoryne brassicae, for

random predator equation.

Growth stage| Parameters* | Estimate S.E. t- value Pr ()

First instar a 0.04342 0.02593 1.675 0.19256
Th 1.94207 0.12930 15.02 0.00064

Second instar a 0.04184 0.00739 5.66 0.0109
Th 1.43081 0.03922 36.48 4.53e-0b

Third instar a 0.03221 0.01784 1.806 0.16871
Th 1.17998 0.15742 7.496 0.00492

Fourth instar a 0.06413 0.00369 17.34 0.00041
Th 1.02056 0.00834 122.29 1.21e-06

Adult male a 0.04266 0.01320 3.233 0.04811
Th 1.23514 0.06681 18.48 0.00034

Adult female a 0.05082 0.00363 13.99 0.00079
Th 1.07765 0.01295 83.21 3.83e-06

*ain hourst andT, in hours



Table 25. Estimates of attack rated) and handling time (Ty) for various growth

stages ofHippodamia variegata preying upon Aphis pomi, for random

predator equation.

Growth stage | Parameters*| Estimate S.E. t- value Pr ()
First instar a 0.03304 0.00889 3.717 0.0338
Th 1.16433 0.07484 15.55 0.0005
Second instar a 0.05405 0.00988 5.468 0.0120
Th 0.97097 0.03144 30.87 7.46e-05
Third instar a 0.08023 0.00305 26.3 0.0001
Th 0.90752 0.00440 206.1 2.52e-07
Fourth instar a 0.10279 0.02054 5.006 0.01530
Th 0.73441 0.01779 41.29 3.13e-05
Adult male a 0.06186 0.00864 7.158 0.00561
Th 0.86497 0.02088 41.41 3.1e-05
Adult female a 0.08592 0.00430 19.95 0.00027
Th 0.73356 0.00536 136.8 8.6e-07

*ain hours! andT, in hours



Table 26. Estimates of attack rated) and handling time (Ty) for various growth
stages ofHippodamia variegata preying upon Aphis craccivora, for

random predator equation.

Growth stage | Parameters| Estimate| Std. Error t- vale Pr (t)
First instar a 0.06105 0.00707 8.63 0.0032
Th 1.07593 0.0178 60.40 1le-05
Second instar a 0.05391 0.00783 6.87 0.0062
Th 0.81036 0.02465 32.87 6.19e-05
Third instar a 0.06700 0.01521 4.40 0.0216
Th 0.71392 0.03124 22.85 0.0001
Fourth instar a 0.14429 0.01341 10.76 0.0017
Th 0.66856 0.00593 112.60 1.54e-06
Adult male a 0.07237 0.01086 6.66 0.0068
Th 0.75567 0.01914 39.48 3.57e-05
Adult female a 0.10670 0.01127 9.46 0.0025
Th 0.66733 0.00912 73.14 5.63e-06

*ain hourst andT, in hours



Table 27. Estimates of attack rated) and handling time (Ty) for various growth

stages oHippodamia variegata preying upon Brevicoryne brassicae, for

random predator equation.

Growth stage | Parameters| Estimate S.E. t- value Pr ()

First instar a 0.039410 0.007857 5.016 0.0153
Th 1.722287 0.047736 36.079 4.68e-05
Second instar a 0.039024 0.002173 17.96 0.000371
Th 1.265181 0.013122 96.42 2.46e-04
Third instar a 0.046697 0.005205 8.972 0.00292
Th 0.994083 0.021749 45.708 2.31e-01

Fourth instar a 0.08117 0.01797 4.518 0.0203
Th 0.95328 0.02523 37.788 4.08e-05
Adult male a 0.045798 0.006889 6.648 0.00693
Th 1.016929 0.029934 33.972 5.61e-01

Adult female a 0.07006 0.01732 4.044 0.0272
Th 0.96121 0.03253 29.551 8.51e-09

*ain hours! andT, in hours



(1.077 + 0.012). The highest attack rate was nfited™ instar larvae (0.064 + 0.003)
followed by adult female (0.050 £ 0.003).

With A. craccivoraas prey, the minimum handling time was noted f8r 4
instar larvae (0.750 = 0.004) followed by adult tden(0.772 + 0.006) (Table 23).
The maximum attack rate was noted for adult fenf@&74 + 0.022) followed by"4
instar larvae (0.127 + 0.008). Same trend was nmtedoth handling time and attack
rate whenB. brassicaewas used as prey for evaluating the functiongborse of
various growth stages &. tetraspilota(Table 24).Among the three prey species,
minimum handling time was exhibited b¥ 4nstar larvae ofA. tetraspilotaon A.
craccivora(0.750 £ 0.004) and maximum attack rate was pssselly adult females
of againstA. craccivora(0.1743 + 0.022).

With H. variegata preying uponA. pomj minimum handling time was
exhibited by adult female (0.733 + 0.005) followby 4" instar larvae (0.734 +
0.017) and adult male (0.864 + 0.020) (Table 259xivhum attack rate was noted for
4" instar larvae (0.102 + 0.020) followed by adulinfde (0.085 + 0.004). Witi.
craccivora as prey, minimum handling time was noted for adefhale predators
(0.667 + 0.009) followed by"tinstar larvae (0.668 + 0.005). The maximum attack
rate was noted for'3linstar larvae (0.144 + 0.013) followed by adutntde (0.106 +
0.102), as depicted in Table 26. Same trend wasdnehen the functional response
of various predatory stages B variegatawas evaluated oB. brassicaeas prey
(Table 27). Among the predatory stage$iovariegatapreying uporthe three aphid
species, minimum handling time was exhibited byltatkmales onA. craccivora
(0.667 + 0.009) and maximum attack rate was exétbity 4" instar larvae (0.144 +
0.013) on the same prey species. These valuegsgpeatively lower and higher than
possessed by any of the predatory stages tétraspilotaon the three aphid species

used as prey.



CHAPTER -5

DISCUSSION

5.1 Biodiversity of predaceous coccinellids in hoitulture ecosystem

The sampling of predaceous coccinellids the major fruit (district
Baramulla) and vegetable (district Budgam) belt&ashmir valley during 2011-12
revealed the presence of 17 and 12 species, resgigcBhagatet al (1988) reported
12 species of ladybeetles from apple orchardsmofdaand Kashmir. Azim and Bhat
(2005) published the taxonomic notes of 8 ladyleegplecies from Kashmir, 2 from
subfamily Chilocorinae and 6 from subfamily Cocdiin@e. Later, Khanet al
(2007) worked out the species diversity and redatabundance of predaceous
coccinellids in various fruit, vegetable and flonerosystems from district Srinagar
of Jammu and Kashmir. They reported 13 species feachapple and pear orchards,
and 3 and 4 ladybeetle species, respectively frabbage and cauliflower gardens.
Tara and Feroz (2009) reported the presence ofcéiraallid species from various
altitudes of Ladakh.

The fruit orchards supported more number of ladifbespecies as compared
to vegetable gardens and more adult individualsswecovered from the former.
Unsprayed pear orchards were found to support maxinmumber of species
followed by apple and cherry. Knolkhol gardens wirend to support maximum
number of species among the vegetable ecosystemsvhg more number of
individuals was recovered from kale gardens. Thesgmce of any species in a given
habitat is mainly determined by the presence ofregd prey, other than the physical
conditions of the environment (Hodek, 1973). Maolsthe coccinellid species found
to be absent from the vegetable gardens were foammbssess prey range that is
normally lacking in the vegetable crops, as perhey range records reported by
Omkar and Pervez (2000).

The high mobility of some coccinellid species isowm to affect the adult
assemblages in various habitats, depending on #taren of adjacent habitats

(Miliczky and Horton, 2005). Apart from providingibdernation shelter, adjacent



cultivated or uncultivated land may serve both @sr&e of prey and a source of re-
enforcement of active natural enemies after thé mébreak on crops (Hodek, 1973).
The idea that extra-orchard habitats or compaiaditetats adjacent to other crops act
as source of natural enemies, has been demonstoatachumber of crop ecosystems
(Ekbornet al, 2000). Guet al (1988) monitored the arthropod colonisation afiryp
pear trees that had been placed in different atwr@h settings (a mixed crop
assemblage versus a pear monoculture) rather #iare rhabitats. Differences were
noted in arthropod species richness on the yourmgspand also in kinds and
abundances of arthropods on pears depending osutheunding habitats. Miliczky
and Horton (2005) studied the effect of distanaemfradjacent native habitats on
densities of beneficial arthropods within pear apple orchards and found that
densities of beneficial arthropods declined sigaffitly as distance from extra-
orchard habitat increased. The difference in th&ureaof fruit and vegetable
ecosystems in terms of duration and adjacent vegetprobably account for some
variation in the number of ladybeetle species addlta recovered in the current
study. The fruit orchards were surrounded by peestnregetation such as other
orchards and nearby forest trees whereas the \@gataltivation was intensive in

nature with large scale monoculture and cleanvaiitn practices adopted.

In addition to immigration of natural enemies frajacent habitats, resource
concentration through increased botanical divensiay be a factor that could affect
the diversity and relative abundance of various/ibegtles in various ecosystems
under consideration. Hongjiaet al (2010) studied the effects of intercropping
systems on diversity and composition of predatetiyrapods in vegetable fields and
reported higher species richness and diversityegdin intercropping systems than in
monocultures. Songt al (2010) reported that intercropping with aromailants
significantly improved the diversity and variouwvelisity indices of natural enemies
in pear orchard. The cultural operations such &snéxf weeding and pruning could
also affect the diversity and abundance of naten@my assemblages. Reldtaal
(2009) reported higher abundance of coccinelliccgsein partially weeded plots of

rice and cowpea than weeded plots. The fruit odsham the present study had an



extensive cover of weedy grasses and other weedl fiesides the regular cultivation
of some vegetables and leguminous crops in pattseafrchards could provide better
food and shelter to the coccinellids as comparethtiensive and clean-cultivated
vegetable crops. The improved figures of spec@mass index and species evenness
index for pear orchards may be due to less intensature of management practices
such as pruning etc. Similarly, higher diversity imsprayed knolkhol and kale
habitats may be due to their cultivation in kitchgardens which are more diverse

and less intensively cultivated.

Differences in species diversity, number of induats recovered, species
richness and equitability component of diversityiaafybeetles between the pesticide
free and pesticide treated crop habitats point tdsvean appreciable effect of
pesticides on the biodiversity of ladybeetles. Bpeayed horticultural ecosystems
supported less number of predaceous coccinelliciespe Two ways in which
pesticide treatments probably influenced the cadithassemblages are the direct
toxic effect of pesticide applications and the radt effect through changes in prey
abundance and distribution (Lovet al, 1991). Other than direct mortality of
ladybeetles, pesticides could inflict a myriad oblethal effects resulting in reduced
fithess and/or decrease in intrinsic rate of inseeaf the ladybeetles (Desneetxal.,
2007). The extent of pesticide application andureaiof pesticides applied could
account for the variation noted between the variowwp ecosystems. In general,
apple, cabbage and cauliflower were found to bevgrander maximum pesticide
pressure and thus experienced the worst effeces.r@llative abundance of various
coccinellid species found in sprayed ecosystemsfaasd to be appreciably higher
than their corresponding figures in unsprayed dmssause of the less number of

species present.



5.2 Effect of prey species and prey abundance on ehbiology of Adalia
tetraspilota and Hippodamia variegata

The original assumption that all aphids are sugafdr all species of
aphidophagous coccinellids was rejected by Hod&6{L and Blackman (1967).
Since then, it has generally been accepted thatlheaten prey are suitable food for
coccinellids. It should be discriminated betweea thod enabling development and
oviposition (essential prey) and the food thatasdonly for survival (alternative).
Also there is a category of rejected prey that rbaytoxic. However, there are
different levels of suitability of individual esdeal preys (Hodek and Honek, 1996).
The current investigation indicated that bétphis pomiand Brevicoryne brassicae
are essential prey for both tetraspilotaandH. variegata B. brassicaebeing more

suitable in comparison tA. pomi

The study also revealed that the coccinellid prdain question could
complete their life cycle at the least prey densityLlO aphids per day per individual.
It may be ascribed to the fact that predaceousimellids show a pronounced ability
to adjust to food scarcity as an adaptation tamiftent absence of prey. Most of the
biological parameters showed no significant vasiatas the prey abundance was
increased from 80 to 160, indicating that the fmefficiency lies below 80 aphids per
predatory stage per day. Studies on functionalomsp of the two predators on the
same prey species indicate that the satiation qulate reached as the prey density
increases from 40 to 80. Thus the zone of preycerficy must lie between 40 to 80
aphids per predator per day. According to Hodek ldndek (1996), the larvae of
Coccinellaseptumpunctataould complete the development when food supply wa
artificially reduced to 55 or 40 per cent, althougjre immature survival is
considerably reduced and reproductive output iscédfl. Same results were obtained
from the current study. The effect of prey speeied prey abundance on the various

biological parameters &. tetraspilotaandH. variegatais discussed as follows.



5.2.1 Larval period

The duration of all larval instars éf. variegataand all but the first instar of
A. tetraspilota was found to vary significantly with the prey s@s and prey
abundance. So was the effect on total larval pesiodoth the predators. The larval
duration was consistently longer for the predatatividuals fed onA. pomias
compared to those fed oB. brassicae According to Shafieiet al. (2001), the
lengthening of the developmental period is a meishathat allows insects to survive
to inadequate nutrition during the larval stage,taallows insects to extend their
feeding activity to acquire enough food resouraesamplete growth. The varied
palatability of the two aphid prey species towatius coccinellid predators may be
attributed to the species specific alkanes presenhe surface of the aphids (Liepert
and Dettnere, 1996); and differences in the watepa of the aphids that could be
used in the recognition and determination of paifitg (Kosaki and Yamaoka,
1996). Higher palatability oB. brassicador A. tetraspilotaandH. variegatalarvae
may be attributed to its nutrient contents whicbbably ease its digestion (Pervez
and Omkar, 2004). The reduced consumption of sqohés has been ascribed to
certain alkaloids and other allelochemicals, natable for the constitution and
metabolism of the ladybeetles (Okamoto, 1966). H@wrethis aspect needs to be
confirmed by chemical analysis of body contentse Teduced consumption in
response to chemical constituents might maintaa uhwanted chemicals below
harmful levels but still ensure survival, thus @chme clear thaB. brassicaes a

more suitable prey for both. tetraspilotaand H. variegataas compared t&. pomi

The larval period lasted for 20.91 and 16.07 dayA. pomiandB. brassicag
respectively forH. variegata and 17.38 and 14.7 days, respectively for
tetraspilota No reports were found regarding the biologyAotetraspilota however
enormous quantity of literature exists regarding ¥arious biological aspects Hif
variegata The larval duration has been reported as 16.5 ttayH. variegatareared
on Aphis fabae(Jafari, 2011), 8.83 days fdi. variegatalarvae reared om\phis
gossypii(Wu et al, 2010), 11.8 days fod. variegatareared orB. brassicaeand
Rhopalosiphum padEIHag and Zaitoon, 1996), 9.4 days Frvariegatareared on



Myzus persica€Lanzoniet al, 2004). The variation in the presented findingy ina
due to factors such as prey species, host plaoteyt rearing conditions etc. that are
reported to affect the various biological parange{@&anzoniet al, 2004). Besides,
geographical variations in the predator-prey systemy also be important
(Bobzhansky, 1933).

The prey abundance levels significantly affectbd tarval period of both
predators. ForA. tetraspilota the larval period was limited to duration of 18days
at the highest prey density (160) and extendedpgered of 21.0 days at the lowest
prey density (10). Fdd. variegata the larval period increased from 13.27 to 28 days
as the prey density decreased from 160 to 10. Tivegation of developmental
periods with shortage of food has been reportednfany ladybeetle species like
Coloeomegilla maculatgCividaneset al, 2010); Harmonia axyridis(Agarwalaet
al., 2008);Harmonia dimidiata(Sharmilaet al, 2010);Adalia bipunctata(Wratten,
1973); Propylea japonica(Kauwachi, 1979);Coleomegilla maculataHippodamia
convergensandHarmonia axyridis(Phoofoloet al, 2008). According to Schudet
al. (2004), ladybeetles react to shortage of food é&yetbping more slowly, as an

adaptation.

Insignificant variation in larval duration dfl. variegata when the prey
abundance decreased from 160 to 80 indicateditbatdne of food sufficiency fad.
variegata might be close to 80 aphids per day per predaocording to Dixon
(2000), there is definite quantity of food thatsaets threshold above which the

developmental rate is optimal.
5.2.2 Incubation period

Incubation period of the eggs laid by females thate fed on different prey
species in definite quantities showed significaatiation. The eggs of the parents
that were fed orB. brassicaehatched earlier as compared to those fedopomi
Such an effect of parental diet on the embryogenkas been reported by many
workers like Pervez and Omkar (2004) fordissectaKaluskov and Hodek (2004)
for C. septumpunctatand Jalaliet al. (2009) for A bipunctata to mention a few.

The incubation period dfl. variegataeggs has been reported to last for 3.35 days



(Jafari, 2011); 2.6 days (Lanzoei al, 2004); 2.42 days (Wat al, 2010) and 2.8
days (EIHag and Zaitoon, 1996) under differentirgaconditions on different preys.

5.2.3 Immature survival (%)

Appreciable variation in survivorship of larvaeswaoted by varying the prey
species and prey abundance. For both the pred#ova) survival was higher for
individuals reared oM. brassicaeas compared to those reared Aanpomi Higher
mortality was noted as the prey abundance decreasedal survival decreases as
less of the prey is consumed either due to its sesbility or shortage in supply
(Kaluskov and Hodek, 2004). Same effect of varyipigy species and prey
abundance was noted on the adult emergence pegeenitdoth the predator species.
The pupae suffered more mortality &n pomias compared t®. brassicae The
emergence percentage consistently increased witkanring prey abundance levels.
According to Parvez and Omkar (2004), possibleaesador increased mortality of
immatures on the less consumed prey include; stawation resulting from lower
consumption and/or inability of the ladybird methdm to detoxify or sequester the
unsuitable chemicals. In general, neonate larvaeddrinstars suffered the maximal
mortality. First instars suffered high mortalitydagise of their thin cuticle making
them more vulnerable to physical stresses (PonsanbyCopland, 1996). The"4
instar larvae suffered more as the prey abundaaceedsed as they could not cater
the high metabolic needs under food shortage (@nadet al, 2010). Larval survival
in the range of 50-75 % has been reportedHovariegataby different workers (Wu
et al, 2010; Lanzonkt al, 2004 and ElHag and Zaitoon, 1996). Wual (2010)
reported the adult emergencehkbf variegatafed onA. gossypiireared on five host
plants, to vary from 87.23 to 100.00 %. The ougred-adult survival was found to
vary from 44.06 to 58.97 % depending on the hamttpdf prey. Lanzoret al. (2004)
reported the immature survival bf variegatareared orM. persicaeas 49.1 % while
ElHag and Zaitoon (1996) reported 61.8% immaturgigal of H. variegatareared

onB. brassicae



5.2.4 Prepupal and pupal period

The prepupal and pupal periods of both the predatmreased significantly
asA. pomiwas used as prey as compare@tdrassicaeThe effect of varying prey
species on prepupal and pupal period is known famynother coccinellid predators,
such asC. septumpunctat§Omkar and Srivastava, 2003; Kalushkov and Hodek,
2004), A. bipunctata(Jalaliet al, 2009),C. sexmaculatgOmkar and Bind, 2004),
andP. dissecta(Pervez and Omkar, 2004) to mention a few. Thecefof varying
prey abundance levels was also found to be sigmfion the prepupal and pupal
period of bothA. tetraspilotaandH. variegata increasing prey density decreased the
respective developmental periods. Sharreilal (2010) reported significant effect of
prey density on prepupal and pupal periodHofdimidiata Similar effects have
earlier been reported by Kawauchi (1979)Rorjaponicaand Hukusima and Ohwaki
(1972) onH. axyridis Significant effect of prey density on pupal peériof H.
axyridis has also been reported by Agarwataal (2008). The pupal period ¢i.
variegata varied from 5.11 to 7.75 days under different pspecies and prey
abundance conditions. The values are in close mioxiof earlier reported values
like those of EIHag and Zaitoon (1996); Lanzetial (2004); Wanget al (2004);
Rebolledecet al (2007) and Jafari (2011).

5.2.5 Pre-oviposition, oviposition and post-oviposon period

Both the reproductive (oviposition) and non-rejurctive (pre- and post-
oviposition) periods of adult females were foundé&dependent on prey species and
prey abundance. The longest reproductive periodh shortest non-reproductive
periods were noted for females fed ufhrbrassicaeas compared to those fed upon
A. pomi It confirms the relatively more suitable natufeBo brassicaes the prey for
both A. tetraspilota and H. variegata The non-reproductive periods increased
significantly while the reproductive periods demead with decreasing prey

abundance.

Omkar and Srivastava (2003) reported that inceegsantity of high quality
food decreased the length of pre-oviposition peribite decreased consumption of

less suitable foods, by affecting the pre-adultefigyment, probably results in slower



sexual maturation and longer pre-oviposition peviogkauwachi, 1981). High
consumption of suitable prey supports early ovariohturation and provides energy
and nutriment to sustain a longer oviposition pgaadvice versdor less suitable or
unsuitable food (Honek, 1980). The females withgloeproductive periods result in
higher reproductive output (fecundity). Severalorp suggest a tradeoff between
adult longevity and fecundity (Dixon, 2000). Herthe females with long oviposition

periods have relatively shorter post—ovipositionqus.

The pre-oviposition, oviposition and post-ovipmsit period were noted as
12.6, 22.92 and 10.82 days @n pomj and 9.96, 31.10 and 13.42 days Bn
brassicae, respectively folA. tetraspilotafemales. FoH. variegatafemales, pre-
oviposition period was noted as 17.3 and 14.48 ,dayiposition period as 20.9 and
33.42 days, and post-oviposition period as 10.0&Rdlays, respectively gl pomi
andB. brassicae For H. variegata the pre-oviposition period has been reported as
6.2 days (Jafari, 2011); 6.5 days (EIHag and Zaitd®96); 7 days (Lanzomt al,
2004) and 3.82 days (Wet al, 2010) for adult females reared on different prey
species. Wuet al. (2010) reported the oviposition and post-ovipositperiod of
30.53 and 6.18 days, respectively fdr variegatafemales reared oA. gossypii
Lanzoniet al. (2004) reported a mean oviposition period of 3fags onM. persicae
while as Jafari (2011) reported the period to emyn 37 to 48 days foH. variegata
females reared orA. fabae Discrepancies in experimental methods including
different rearing conditions may help to explaiegb variations. Furthermore, the
geographical variability produces differences imioas biological attributes of the

coccinellid predators (Bobzhansky, 1933).
5.2.6 Adult longevity

The variation of prey species and prey abundaigrgfisantly affected the
longevity of both male and female adults. In badkes, the females lived longer than
the males. Thé\. tetraspilotafemales lived for 48.5 and 51.88 days when reared
A. pomiandB. brassicagrespectively. Théd. variegatafemales lived for 48.2 and
56.04 days, respectively when fed updnpomiandB. brassicaeWu et al (2010)
reported longevity of 38.95 days for adult femaksred orA. gossypiiJafari (2011)



reported an average longevity of 55.5 days for tadof H. variegatareared onrA.
fabaewhile Rebolledcet al (2007) reported a mean longevity of 55.09 daysttult
females ofH. variegata The adult males of. tetraspilotawere found to live for
46.42 and 41.7 days, respectively when reared.qromiandB. brassicaevhile the
adult males oH. variegatalived for 48.12 and 45.48 days, respectively on tihio
prey species used in the present study. Rebol&dal (2007) reported a mean
longevity of 51.45 days for adult males ldf variergatawhile as Wuet al (2010)
reported the male longevity as 36.21 days. EIHabZatoon (1996) reported a mean
adult longevity of 71.8 days faf. variegata Elhabiet al (2000) found that the

longevity of male and female adults was 44.0 an@ @ays foH. variegata

The adult females of both the predators lived énghen fed upon the more
suitable prey B. brassicag It is because of the elongated oviposition pkrias
reported for many other ladybeetles li€e septempuncatéKalushkov and Hodek,
2004);A. bipunctata(Jalaliet al, 2009);P. dissectgPervez and Omakar, 2004) and
others. The longevity of both male and female aduitreased with decreasing prey
availability. It can be explained as an adaptatmfood shortage and reproduction-
longevity trade-off for females. Ohgushi (1996)adpd that the trade-off becomes
more apparent when the organisms are food limDegtreasing the prey abundance

reduced the fecundity, hence the longevity increase
5.2.7 Fecundity

Reproductive output was appreciably higher fordkss fed orB. brassicae
(more suitable prey) and the fecundity drasticalcreased under food shortage
conditions. Higher fecundity for females rearednoore suitable and abundant aphid
species has been reported to be due to increasgdcpnsumption leading to higher
conversion of food to eggs (Baumgarteeal, 1987; Rhamahalinghan, 1987; Pervez
and Omkar. 2004). Kalushkov and Hodek (2004) rteypbothat essential aphid foods

affected adult weight at eclosion and hence fedyrafiladybeetles.

A. tetraspilotafemales laid 217 and 435.8 eggs on the averaga vaaged on
A. pomiandB. brassicaerespectively. The females Hf variegatawere found to lay

an average of 241.2 and 439.6 eggs, respectivelA.opomi and B. brassicae



Lanzoni et al (2004) reported a mean fecundity of 841.7 eggsHo variegata
females reared oM. persicae Kontodimas and Stathas (2005) reported the
fecundity as 276.3 eggs; W al (2010) reported the fecundity as 647.58 eggsewhil
Jafari (2011) reported a mean fecundity of 943 §sdgrH. variegatafemales. The
variation in reported figures of fecundity may beedto variation in prey species
used, variation in nutritional quality of prey dretrearing conditions (Kaluskov and
Hodek, 2004).

5.2.8 Hatchability

Hatchability of eggs was found to be strongly dejsnt on the feeding
history of the parents as per cent hatchabilityegasignificantly with prey species
and prey abundance. Again, egg hatchability wasifsigntly higher on the aphid
prey B. brassicaeas compared té&. pomi The hatchability declined as the prey
abundance reduced. Simmons (1988) reported higbuogption of suitable prey to
increase the weight of eggs, which contained aelaggantity of yolk and

consequently increased egg viability.

The hatching percentage noted fortetraspilotawas 59.8 and 69.4 % dh
pomiandB. brassicaerespectively. FOH. variegataeggs, the corresponding figures
were noted as 65.2 and 77.0 %, respectively. ®¥ual (2010) reported the
hatchability as 85.9 % for the eggs ldf variegatareared onA. gossypii Jafari
(2010) reported that 82.86 % of eggs hatched whilteabi et al (2000) reported
mean hatchability of 79 %. Lanzoei al (2004) reported that 70 % of the laid eggs
hatched successfully. The reports still confirmt thgg hatchability is dependent on

the prey used and rearing methodology adopted.

5.3 Functional response ofAdalia tetraspilota and Hippodamia variegata to

three aphid species
5.3.1 Prey consumption rates and nature of functicad response

A perusal of the data on prey consumption ratesanobus predatory stages of
Adalia tetraspilotaandHippodamia variegatandicated that the 4th instar larvae of

both the predators consumed highest number of aplvicespective of the prey



species, closely followed by the adult females. ®hservation that™instar larvae
consumed greatest proportion of prey over 24 hatossuming over 60% of total
prey consumed by all the larval stages, is condistéth the observations of many
other workers on the same and other coccinellids those of Farhadit al. (2010)
for H. variegatapreying uponAphis fabag Khan (2009) forA. tetraspilotapreying
uponBrevicoryne brassicg&khan (2010) foHarmonia eucharigpreying uporAphis
pomi Lee and Kang (2004) fddarmonia axyridispreying uponAphis gossypijito
mention a few. As pointed out by Jeresal (2006), final instar larva accounts for
more than 75 % of total growth that occurs in poedas coccinellids, cumulative
increase in prey biomass consumed reaches its peak” instar larvae for
coccinellids. The higher prey consumption ratesaddlt females may be due to a
higher nutrient requirement for special purposeshsas egg production, or due to
delayed satiation (Mills, 1982) or due to possibler digestive rate of adult females
(Pervez and Omkar, 2005). Beddding®nal (1976) pointed out that variation in
prey consumption rates could be expected from ttevden-instar differences that
exist with respect to attack rate and handling ti(parameters of functional

response), and metabolic rate, which increasesdeielopment.

Among the two coccinellid predators used in thelgt the predatory stages of
H. variegataconsistently consumed more number of prey indislas compared to
A. tetraspilota The elevated prey consumption curvesHorariegataover that ofA.
tetraspilotaindicated a possible delayed satiation and/or ssipte faster digestive
rate in case of the former. Pervez and Omkar (2@@®&culated that the elevated
functional response curve Gheilomenes sexmaculataer Coccinella transversalis
may be a result of such differences. Isikber (200d)nd that large sized
aphidophagous predators consumed comparatively raphéds than small sized

species.

The variation in prey consumption rates of a ptedon various prey species
is attributed to various factors such as prey nitghiDixon, 2000), nutritional status
(Thompson, 1999), suitability of the prey for theowth and reproduction of the
predator (Hodek and Honek, 1996), prey size (IsikB@04), effect of host plant of



prey (Wuet al, 2010), etc. AsA. craccivorawas reared on a legume host, it is
expected to possess a higher percentage of protgogen which could possibly
make it a comparatively more preferred prey (Atamdl Sethi, 1963). Some or all the
mentioned factors could probably account for obsgmwariation in prey consumption

rates ofH. variegataandA. tetraspilota

The current study revealed the estimates of maxinmumber of aphids
attacked per day as 33.5 fol 4nstar larvae and 32.8 for adult females Hbf
variegatawhenA. craccivorawas used as prey. Rest of the predatory stagestbf
the predator species consumed lower numbers of ipddyiduals in the speculated
period of time on any of the three aphid prey sgpecised. The results are consistent
with those of Khan and Mir (2008) who reported thaximum prey consumption in
the range of 15-30 aphids per day for adult femal&scoccinellid speciesA.
tetraspilotga Coccinella septumpunctat&alvia punctataand H. variegatapreying
uponB. brassicagand Khan (2010) with all predaceous stagddarinonia eucharis
preying uponA. pomi However, all these estimates are considerablgidhan those
reported by other workers from other parts of therlev working with same
coccinellid species. Jafaet al (2010) reported maximum consumption BY idstar
larvae ofH. variegataas 52.78 preying upoh. fabae Salehet al. (2010) reported a
maximum consumption of 147.06 aphids per day far #dult females oH.
variegata upon Brcahycaudus helichrysiafari and Goldasteh (2009) reported the
estimate of maximum prey consumption kbrvariegataas 135.29 preying upoA.
fabae Similar results were found fagkdalia bipunctatapreying upon various aphid
species (Omkar and Pervez, 2005). Other than teetefof prey species in terms of
its nutritional status and possible tritrophic mtions of prey host plant on the
predator, another very important factor that maydsponsible for the variation in
various biological and predation parameters is dglegraphical variation in the
populations of the coccinellid predators (Kontodsmand Stathas, 2005). As
suggested by Dobzhansky (1933), the geographicelbibty produces differences in
the populations of coccinellid predators with regp& various biological and

ecological parameters.



The graphical analysis of per cent prey consumpficend-line analysis) and
the results of polynomial logistic regression rdgdahat a type Il asymptotic curve
described the data well. The logistic regressioml@hocreases the credibility of the
correctness of the curves, as in such studies gistdonormally face difficulties in
curve-fitting when the data set of type Il respa@nsleows inclination towards type Il
response which can lead to drawing of misleadinghisleading inferences (Pervez
and Omkar, 2005). Higher number of replications tfog lowest two offered prey
densities in the first instance and subsequenteefitting using the polynomial

logistic regression were hence used to take casadf apprehensions.

Out of the three types of functional responsesititied by Holling (1959),
only type Il produces density dependent mortalitgt is thought to regulate target
populations. The only possibility of exhibiting ®&gdll functional response in the
present study is the concentration of predator ihgntn high-density patches
(Farhadiet al, 2010). The mechanism may have operated in tmeertustudy,
however no evidence of type Il functional responses found for the predator-prey
complexes under study. The other mechanisms of lypesponse i.e. switching
behaviour and predator learning could not have aipdras the experiments were

short term and single prey based.
5.3.2 Parameters of functional response

The coefficient of attack rate) and handling timeT) were the parameters
used to find out the magnitude of the functionabpnses exhibited by the predatory
stages ofA. tetraspilotaandH. variegataon the three prey species, nam&lypomj
A. craccivoraand B. brassicae Their values differed for various growth stagés o
each predator and for the three prey species teStedlid the parameter values for
the two predators. It indicates that various pregatstages of a predator have
different abilities to respond to increasing preysities, so do the various predators
for a particular prey species and a particular gi@dtowards various prey species.
These results are in conformation with those ofv@zrand Omkar (2005) who
investigated the functional responses Glieilomenes sexmacvuli{®.), Propylea

dissecta(M.) andCocccinella transversali§. adults orMyzus persica¢Sulzer) and



Aphis craccivora The differences in the parametric values mightibe to variation
in size, voracity, satiation time, digestion alilitvalking speed, etc. (Mills, 1982;
Pervez and Omkar. 2005).

In general, attack rate coefficients obtained ie tarious treatments don’t
differ as much as those of the handling time. Tiservation is consistent with that
of Atthanet al (2010) and Pervez and Omkar (2005). The handing is a good
indicator of consumption rate and effectiveness @redator because it reflects the
cumulative effect of time taken during capturingling, subduing and digesting the
prey (Veervel and Baskaran, 1997). The lowest hagdimes were regularly noted
for 4" instar larvae and adult females of both the pmdatAmong the three prey
species, lowest handling time was exhibited by4thanstar larvae oH. variegataon
A. craccivora(0.668 h) followed byB. brassicag(0.734 h) andA. pomi(0.953 h).
The lowest handling time figures were noted fBridstar larvae ofA. tetraspilota
too, lowest orA. craccivora(0.7507 h) followed byB. brassicag0.8496 h) andh.
pomi (1.0205). Clearly,H. variegata larvae are better predators at devourig

craccivoranymphs.

The practical implication of these studies is t#fatinstar larvae and females
are the stages that are most effective as preddtonsay be suggested that mass
release of the predators in question may be mdsttefe if releases are done
primarily as last stage individuals'{dnstars and adult females). Such releases would
facilitate rapid killing of prey immediately afteelease. The sex ratio of mass
produced ladybeetles if made to favour female iidials may be advantageous for
biological control as adult females anll istar larvae are better in devouring of

aphid prey.

Among the two predator specids$, variegatais better as a bioagent
as per the laboratory studies and among the pregiesp tested, the predators may
respond best to the patches/Aofcraccivora However, the prey consumption rates
are comparatively lower besides the uncontrolledl laghly variable field conditions
could radically change functional response of thedators (Farhadet al, 2010).

Other factors such as intrinsic growth rates, hpatchiness, predation and



competition, host traits, etc. also have a majluémce on the efficiency of predator
in managing prey population. Hence, functional oese although an important tool,
cannot alone be attributed to success and failudgiacontrol programs. However,
the laboratory data provide information as to hdwse predators will respond to
increasing prey density under simplified experinaérdonditions. For conclusive

estimation of their biocontrol potential, furtheézlfl based studies are needed.



CHAPTER - 6

SUMMARY AND CONCLUSION

The biodiversity of predaceous coccinellids was kedr out in major fruit
(district Baramulla) and vegetable (district Budgagrowing belts of Kashmir valley
during the cropping season of 2011. Two locatiamsnfeach district, with both
pesticide-treated and pesticide-free orchardswf érops including apple, pear and
cherry and vegetable fields including kale, knolklembbage and cauliflower were
sampled for adult coccinellids. The study revedledpresence of 17 and 12 species
of predaceous coccinellids in fruit and vegetaldesgstems, respectively. The fruit
orchards supported more number of ladybeetle spessecompared to vegetable
gardens and more adult individuals were recoveraa the former. Less intensively
cultivated crops like pear, kale and knolkhol werend to be comparatively rich in
ladybeetle diversity. Higher values of biodiversitydices were noted for fruit
orchards as compared to those of vegetable gardémesextra orchard vegetation,
botanical diversity within the crop fields and extaf weeding and pruning probably
affected the ladybeetle assemblages significarfytra-orchard vegetation and
higher botanical diversity within the crop ecosyssewere found to be associated
with rich species diversity while the clean cultiea practices were probably
detrimental to biodiversityCoccinella septempunctatéddippodamia variegataand
Adalia tetraspilotaturned out to be the predominant ladybeetle spemiefruit
orchards in decreasing order while Aastetraspilotawas noted as the predominant
species in vegetable ecosystems followedHoywariegataand C. septempunctata
Pesticide treated ecosystems were found to sufgssrnumber of ladybeetle species.
The sprayed orchards were found to have 14 spetieslybeetle as compared to 17
in unsprayed ones. Similarly, only 10 species weeovered from the sprayed
vegetable gardens as compared to 12 from unsprggetens. The biodiversity
indices indicated appreciable effect of pesticiggpligation on the coccinellids
assemblages. The species diversity index and ddgititandex consistently assumed

higher values for unsprayed crop ecosystems asa@upo those of sprayed ones.



The studies on the biology @éfdalia tetraspilotaand Hippodamia variegata
revealed that botAphis pomiandBrevicoryne brassicawere suitable preys for the
two predators in question however, the predatorfopred better when fed updh
brassicae The prey densities also affected the developrm@at@meters of the two
predators appreciably and the optimal growth anetld@ment was noted in the prey
density range of 40-80 aphids per day per predatwe.larval period lasted for 20.91
and 16.07 days oA. pomiandB. brassicagrespectively foH. variegata and 17.38
and 14.7 days, respectively foh. tetraspilota The prey abundance levels
significantly affected the larval period of botredators. FOA. tetraspilota the larval
period was limited to duration of 13.04 days at thghest prey density (160) and
extended to a period of 21.0 days at the lowest demsity (10). FoH. variegata
the larval period increased from 13.27 to 28 daytha prey density decreased from
160 to 10. The eggs of the parents that were fe8.dorassicaehatched earlier as
compared to those fed g pomi Appreciable variation in survivorship of larvae
was noted by varying the prey species and preyddnge. The prepupal and pupal
periods of both the predators increased signiflgeagt A. pomiwas used as prey as
compared td. brassicaeThe pupal period dfl. variegatavaried from 5.11 to 7.75
days under different prey species and prey abumdarunditions. Both the
reproductive (oviposition) and non-reproductiveefpand post-oviposition) periods
of adult females were found to be dependent on pp&cies and prey abundance.
The longest reproductive periods with shortest reproductive were noted for
females fed uporB. brassicaeas compared to those fed upAn pomi The pre-
oviposition, oviposition and post-oviposition petiovere noted as 12.6 and 9.96,
22.92 and 31.10, and 13.42 and 10.82 days, respbctnA. pomiandB. brassicae
for A. tetraspilotafemales. ForH. variegatafemales, pre-oviposition period was
noted as 17.3 and 14.48 days, oviposition period0a8 and 33.42 days, and post-
oviposition period as 10.0 and 8.2 days, respdgtiga A. pomiandB. brassicae
TheA. tetraspilotafemales lived for 48.5 and 51.88 days when rearefl. pomiand
B. brassicaerespectively. Théd. variegatafemales lived for 48.2 and 56.04 days,
respectively when fed upok pomiandB. brassicaeln both cases, the females lived

longer than the males. Reproductive output wasempgdsly higher for females fed on



B. brassicagmore suitable prey) and the fecundity drasticdigreased under food
shortage conditiondA. tetraspilotafemales laid 217 and 435.8 eggs on the average
when reared o\. pomiandB. brassicagrespectively. The females bi. variegata
were found to lay an average of 241.2 and 439.6,aggpectively oA. pomiandB.
brassicae Hatchability of eggs was found to be strongly etegent on the feeding
history of the parents as per cent hatchabilityegasignificantly with prey species
and prey abundance. The hatching percentage noteéd tetraspilotawas 59.8 and
69.4 % onA. pomiand B. brassicage respectively. ForH. variegata eggs, the

corresponding figures were noted as 65.2 and 771@8pectively.

Studies on functional response of various predastages ofA. tetraspilota
and H. variegataon three different prey speciéghis pomi Aphis craccivoraand
Brevicoryne brassica@sing different prey densities revealed that wittrease in
prey density the predation rates increased andesgonse curves rose curvilinearly
reaching a plateau, characteristic of type Il fioradl response. The polynomial
logistic regression analysis indicated significaagative values for linear coefficient
which confirmed the type Il response of variousvgtostages of the two predators

on various prey species used.

The 4" instar larvae of both the predators consumed bighember of
aphids, irrespective of the species, closely foldwby the adult females. Among the
two coccinellid predators used in the study, thedptory stages oOfl. variegata
consistently consumed more number of prey indiMgluas compared toA.
tetraspilota The current study revealed the estimates of maximumber of aphids
attacked per day as 33.5 fol 4nstar larvae and 32.8 for adult females Hbf
variegatawhenA. craccivorawas used as prey. Rest of the predatory stagestbf
the predator species consumed lower numbers of ipddyiduals in the speculated
period of time on any of the three aphid prey sgpeaised. However, all these
estimates are considerably lower than those repdajeother workers from other
parts of the world working with same coccinellidesigs. The coefficient of attack
rate @) and handling timeT) were the parameters used to find out the magaitid

the functional responses exhibited by the predasteges ofA. tetraspilotaandH.



variegataon the three prey species using the Roger's Randmdation equation.
Their values differed for various growth stagegath predator and for the three prey
species tested. So did the parameter values fotwbepredators. It indicates that
various predatory stages of a predator have diffaabilities to respond to increasing
prey densities, so do the various predators foradiqular prey species and a
particular predator towards various prey speciesgeneral, attack rate coefficients
obtained in the various treatments don't diffemasch as those of the handling time.
The lowest handling times were regularly noted4fbinstar larvae and adult females
of both the predators. Among the three prey sped@sest handling time was
exhibited by the % instar larvae of. variegataon A. craccivora(0.668 h) followed
by B. brassicag(0.734 h) andA. pomi(0.953 h). The lowest handling time figures
were noted for % instar larvae of\. tetraspilotatoo, lowest orA. craccivora(0.7507

h) followed byB. brassicag0.8496 h) andA. pomi(1.0205). ClearlyH. variegata
larvae are better predators at devourfgcraccivoranymphs. Among the two
predator specie$]. variegatais better as a bioagent as per the laboratoryestushd
among the prey species tested, the predators nsppné best to the patches Af

craccivora

Based on the findings of the present study, tHevehg conclusions are drawn:

* The fruit and vegetable ecosystems support 171@mspecies of predaceous

coccinellids, respectively.

» The biodiversity indices are consistently higherffait orchards as compared

to vegetable fields.

» Adalia tetraspilota Coccinella septempunctata Hippodamia variegatad
Chilocorus infernalisare predominant species of predaceous coccinetids

horticulture ecosystems of Kashmir.
» Pesticide application affects the biodiversity o€cinellids appreciably.

* Both Aphis pomiand Brevicoryne brassicaeare essential preys foA.

tetraspilotaandH. variegatathelatter being more suitable.



Prey species and prey abundance has significaatteffn the biological

parameters of the aphidophagous coccinellid preslato

The optimum biological performance of the predat@s in the prey density

range of 40-80 nymps per day per predator.

All the predatory stages of the two predators exhiype 1l functional

response to various densitiesfofpomj B. brassicaeandA. craccivora
The 4" instar larvae and adult females exhibit the maximpredation rates.

The predatory stages dfl. variegata perform better than those .

tetraspilota

Fourth instar larvae and adult femaledHofvariegataare best at devourirg.

craccivorapatches
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