PURDUE UNIVERSITY
GRADUATE SCHOOL
Thesis Acceptance
This is to certify that the thesis prepared

By _Iuliana Ferreira Garcia

Entitled

Relative Effects of Plant (Solenostemon scutellaricides) Size and Variegation

on the Searching Efficiency and Life Ristory Characteristics of Cryptolaemus
montrouzieri (COLEOPTERA: COCCINELLIDAE).

Complies with University regulations and mets the standards of the Graduate School for originality
and quality

For the degree of _poceoz of Philosophs

, chair

This thesis %:mmhmﬂw. /’—24'- ..-"‘9' ﬁ!

Format Approved by:

Pt /A







RELATIVE EFFECTS OF PLANT (Solenosiemon scutellurioides) SIZE AND
VARIEGATION ON THE SEARCHING EFFICIENCY AND LIFE HISTORY
CHARACTERISTICS OF Cryptolaemus monirouzieri (COLEOPTERA:
COCCINELLIDAE)

A Thesis
Submitted to the Faculty

Purdus University

Juliana Ferreira Garcia

[n Partial Fulfillment of the
Requirements for the Degree
of
Doctor of Philosophy

December 1998



TMI NHumber: 9335345

UM Microform 9939345
Copyright 1999, by UMI Company. All rights reserved,

This microform edition is protected against unauthorized
copying under Title 17, United States Code.

UMI

3 Morth Zesh Rosd
Ann Arbor, MI 45103



TO MY PARENTS



mns
u

ACKNOWLEDGMENTS

This work was made possible through the help and support of many people. First [
want to thank my major advisor Dr. Robert J. 0"Neil who made this opportunity possible.
His guidance and heip contributed greatly throughout my research and the elaboration of
this thesis. I also thank the members of my advisory committee Dr. Linda Mason, Dr.
Clifford Sadof and Dr. Robert Joly for their time and helpful suggestions. 1 appreciate the
help of Dr. Judy Santini from the Agronomy Department for her statistical guidance. [ am
grateful to the Department Chair, Dr. Christian Oseto, for providing me with a great
teaching experience. [ want to thank Luis Cafias and his wife Nuris Acosta for their
assistance in the laboratory and classes, and for their good friendship.

I want to thank USDA/MNRI (Grant No. 94/373120627) and CAPES (Brazilian
Government Assistaniship) for providing the funding necessary for this research. 1
appreciate the financial support of the Depantment of Entomology at Purdue University
for providing me a teaching assistantship.

I will always be grateful to my parents, Maria de Lourdes and Rasmo Garcia for
their love and encouragement. [ want to thank my sister Cristina and brothers Ricardo
and Guilherme for their constant support. I wish to thank all my friends for their
encouragement and support, and especially, Thomas for always being present when [
needed help.



iv

TABLE OF CONTENTS
Page

LIST OF TABLES............c oo veresserrrsssrssss smssssrbassanssnsssss rrssesssmsrisssssssrss ss s eerersmsnas s cafmminn vi

LIST OF FIGURES Fobrmrrbettrr b redda e S b b kA d e d e b nrtn e et HE nrar et r e rmnee et b viii

ABSTRALT ...c.cooeteeemae e s s ssmsrs semss rtem s brrmmsarstand 544 b maranaa bbb ar b b n e bt bmemsan b ambms rins X

CHAPTER ONE

INTRODUCTION AND REVIEW OF LITERATURE ... e rmmesreernarsmsrres |
T ot o USSP l
Literature Review of Cryplolasmus MOoniroUZIErT ... rmisssssssmirmsmms trrssrssstasrin: 4
Literaiure Review Of PLanOCOCEUS CIIF .o v riieeisssssssrmrossmsestsssssssssmntnms strbrenasss sresas ]
Literature Review of Solenostemon seutellariofdes ...ooooooveeiiiviiimceeiesisisimtnssns e 7
BJECTIVES 1oovtvrnnmnrioss romsameesimsansesims s sebbs s na s s L AR R4 L RS 3SR EA LR L AR BB L 8
List Of Rl OrBmOnS o veecenssamee i sies e meissmesmeassinsessmsnsassnsressananssmnsns R 1]

CHAPTER TWO

EFFECT OF SIZE AND VARIEGATION OF Coleus PLANTS ON ATTACK RATES
OF Cryptolaemus montrouzieri ON Planococcus Cllri ... 16
54 g [T R OSSPSR kA bbb it bbbk memd by R Sn 16
Materials and Methods ..o sreimessssasspsnens 17
Resus...coconeiirinnnns " Cfeamtastasbsneissberemseassieernssasbesean e 22
Discussion — e A R 10 L R4 A AR AR RS R — |
List of References emtmesatesiesesbeeRER s e ranaaa s -l |

CHAPTER THREE

SEARCHING BEHAVIOR OF Cryprolaemus montrouzieri AT DIFFERENT
DENSITIES OF Planococcus citri AS PREY ......... 44
m ---------------- H'I'r"llr""ul“l'ﬂ'
Material and Methods T . R ),




. .
Discussion ... wmterreanenn resmerna o e enten RURRSRR. *

List of References bR 2444 bbb b e RS S SReRRSRR SR U .

CHAPTER FOUR

SELECTED LIFE HISTORY CHARACTERISTICS OF ﬂjpmlnmus montrouzieri
FED DIFFEREHT AMOUNTS OF Planococcus citri AS PREY ... 65

VITA i anrr s . B 86




vi

LIST OF TABLES

Table Page
2.1. Average nomber (SE) of third instar P. citri antacked by third instar C. montrouzieri
in Petri dishes containing a single green or yellow leaf of Coleus (n=15)......coen.... 27

2.2, Number of third instar P, citri placed on plams, and the numbers and percentage not
recovered 24h later. Missing mealybugs were replaced prior to the placement of
predators on plants for experiments [ 10 5. .oecevverecensanan, .28

1.3. Average number of third instar P, cirri atacked by third instar C. montrouzieri and
average Coleus plant characteristics for experiments 1-5 (see text for details). _....... 29

2.4. Summary of two-way Analysis of Variance (ANOVA) for experiments [ to 5.......30

2.5. Average leaf number density (number of mealybugs/ plant leaf oumber), and plant
height density (number of meal ybugs' cm of plant height) for experiments 1-5 (see
teXt for details)..........cocuvmunriim s mssne s s snnan ] |

2.6. Summary of one-way Analysis of Variance (ANOVA) for various denmtiﬁ of third
instar P, citri for experiments 1 o 5. Treamments of df based on the number of
categories used for each density estimate (see wext for details). ndd

3.1. Total time (min) spent in activities (attacking, stationary, moving), number of attacks
{#Att) (within 4 and 24 hours), and initial location of predator (Pr} in relation to
Prey(PY). coieeinrinns Attt ey 1 e 33

3.2. Comparisons (f-test) of proponional ime {mean + S5E) spent in behavioral activities
{stationary, hmﬂgmdﬂy}fﬂrﬂ montrouzieri with no attacks (n= Si}mdbﬂfme
the first attack (n = 13). . S

Ej.Cm{M}ﬁmmm{mu:SE]wtmmvamﬂ
(stationary, turning and edge) for C. monirouzieri before the first attack (n = 13) and
after & single attachk (0 = B). ..o s e s s e n e 55

3.4. Comparisons (r-test) of propordonal time (mean + SE) spent in behavioral activities
(stationary, tuming and edge) for C. montrouzieri after 3 amnil: attack (n = 8) and

after more than one altack (M= 5} i sssr s s sesessssesns srssssenssssemsnes 56
4.1. Selected life history characteristics (means’ .SE}ufc'.mn'nnkn fed third instar

P. citri under different feeding BEIMEE .. s T0
Appendix Table

A.l. Coleus plant characteristics recorded in preliminary studies.




vii

Appendix Table......cooiiiinin e e i . vreteeirs PARE
A.2. Average range of Coleus plant characteristics (SE) determined via preliminary
SEEBES 1. ceoeae s rscc s s s et bbb b e e b b b ar nmnan mrs e as e e R g as nrnr narann 79
A.3. Antack rates of third (n=15) and fourth instar {n=12) C. montrouzieri in Petn dish
studics containing a single green or yellow-variegated Coleus leaf.........................B0
B.L. Average (SE) plant characteristics of green and yellow-variegated Coleus used in
ERPEIMENLE 1-5. e s resss s e e e A SRR AR b 82
B.2. Summary of two-way Analysis of Variance (ANOVA) of time blocks for
experiments [ to S, . . v rarasaeE AR A RRRE4ae R TRRR R YRS FhRntan brrERRRanaan 83

B.3. Allocation of mealybugs (MB) to 10cm plant section for experiments 2-5............... B4



viii

LIST OF FIGURES

Figure Page

2.1. Average (+ SE) number of third instar P. ¢itri (mealybug) attacked in a 24 h period
by third instar C. montrouzieri in Petri dishes and on green and yetlow-variegated
small plants...... LAk 1 AR RS AR 1 kSRR im0 33

2.2. Average (+ SE) number of third instar P. citri {mb) attacked by third instar C.
montrouzieri on green and yellow-variegated Coleus plants with 1, 8 and L&

mealybugs per green (G) and yellow (Y) plant. Leaf number density expresses pra:f
density as number of mealybugs! number of leaves per plant..........c.cvieivrricaens

2.3. Average (+ SE) number of third instar P. citri {mb) attacked by third instar C.
montrouzieri on green and yellow-variegated Coleus plants with 1, 8 and [6
mealybugs per green (G) and yellow (Y) plant. Plant height density expresses prey
m H n“mh'rﬂ mybuw m ufph"t m’ilht' “-“lllllll-llH-l-lI'!llllli“iiii-l-l-l-l'l'i--li-l-lll-l-llillllll'Hjs

2.4, Average (+ SE) number of third instar £. citri (mb) attacked by third instar C,
montroyzieri on green and yellow-variegated Coleus plants with 1, 8 and 16
mﬁyhpmym{ﬁ]mdy:ﬂw{ﬂplm Leaf area density expresses prey
density as number of mealybugs! cm’ of [6af Aea. ..........rveeeeeesssoes svssre onscesssassnees 36

2.5, Average (+ SE) number of third instar F. citri {mb) attacked by third instar C.
monirouzieri on green and yellow-variegaled Coleus plants with 8 or 16 mealybugs
per plant 25 & function of the average number of leaves per plant. .. w37

2.6. Average (+ SE) number of third instar P. citri (mb) attacked by third instar C.
montrouzieri on green and yellow-varicgated Coleus plants with 8 or 16 mealybugs
per plant as a function of the average height (cm) per plant. .... .38

2.7. Average (+ SE) number of third instar P. citri (mb) atiacked by third instar C.
montrouziert on green and yellow-variegated Coleus plants with 8 or 16 mealybugs
per plant a5 a function of the average leaf area (Cm”) Per PIANL. ...cv.eeessesssmsmnscsnnes 39

2.8. Estimated area searched by third instar C. monfrouzieri for P, citri (mb) at different
densities (number of mb per leaf area) on gtunandjmlluwl:nhupluu Area
searched was estimated using equation 2. ..o imvinrnnes el

3.1. Number of third instar P. citri attacked in 4h by r.hlnliusmt‘.‘.‘. monirouzieri on green
and yellow Ccleus plants with different numbers of mealybugs on green (G) and
yellow (Y} Coleus plants 1-5 (see text for details). ........... w57




ix

Figure Page
3.2, Frequency of activities and location of unsuccessful (n = 35) third instar C.
montrouzieri within the 4-hour observation period, See text for details of

E T V1L R SR .
1.3, Frequency of activities and location of successful {n = 13) third instar C.
montrouzieri before their first attack. See text for details of activities............c......... 59

3.4. Frequency of activities and location of successful {n = 13} third instar C.
montrouzieri after their attack See text For details of activities. .......cocvicianisnin e 80

3.5. Average (+ SE) time spent on activities {stationary, mnun;mdﬁd;:nmvmmfw
unsuccessful (no attacks) and successful (before and after an attack) C. montrouzieri.

See text for details of activities. e R e R mna T e e s 61
Appendix Figure
A.l. Experimental comparisons among Stdies. ......ceeriririrsmssssmr s s s 81

B.l. Schematic location system on green and vellow Coleus plants of different sizes.
Small plants are represented by plants of 2-week of age and ca. 10 cm of height,
while large plants varied from 4 1o 6-week of age and ca. 40-90 cm of height.
Sections were divided bilateraly, with 10cm of height per section {dash lines).
Mumbers and amrows indicate sequence of counting leaves (small plaat) or sections

(large plants). ....coooiimmrian rerreraans SRS - o




Garcia, Juliana Ferreira. Ph.D., Purdue University, December 1998, Relative Effects of
Plant {Solenostemon scutellarioides) Size and Variegation on the Surdun: Efficiency
and Life History Characteristics of Cryptolaemus montrouzieri (Colzoptera:
Coccinellidae). Major Professor: Robert J. O°Neil.

Attack rates, search strategy and search behavior were measured for third instar
Cryptolaemus montrouzieri Mulsant {Coleoptera: Coccinellidae) attacking third instar
citrus mealybug, Planococcus citri Risso (Homoptera: Pseudococcidae), on green and
yellow-variegated Solenostemon scutellarivides (L.) Codd (= Coleus blumei L.) plants of
different sizes. Selected life history characteristics of C. montrouzieri from third instar o
aduithood fed different amounts of P. citri as prey were also examined. Treatments
mcluded planis of different leaf color (green and yellow-variegated), morphology (such
as, height, leaf area and leaf number) and numbers of mealybugs per plant (1, 8 and 16
mealybugs per plant). Five experiments were conducted. In the first expediment, “small”
{ca. 2-week old) green and yellow plants of similar plant height, leaf number, and leaf
aren were used. The second and third experiments, consisted of “large” green and “large™
yellow plants, with leaf area of 8-10 imes that of the plants used in experiment L. The
fourth experiment used green and yetlow plants similar in plant beight and leaf area, but
differing in leaf number. The fifth experiment used plants of similar leaf numbers, but
different plant heights and leaf arca. Attack rates were measured for a 24h period and
searching behaviors were observed for 4h. On average predators attacked between 1 to 4
mealybugs depending on the number of mealybugs and plant size. There was no effect of
plant color on attack rates and searching behavior. Attack rates were positively related to
prey densily, whereas the area searched by predators was inversely related to prey
density. Analyses suggested that leaf area was the plant characteristic that most affected



attack rates. Behavioral observations indicated that most aitacks occurred on the same or
nearby leal were predators were initially placed. Predators that did not antack prey spent
more time stationary. Predators changed their behavior after encountering and feeding on
prey, to an area-restricted search movement. Predators fed few prey had a decrease in
body weight and survival. The implications for these swdies suggests that C.
montrouzieri experiencing low attack rates under low prey densities, which if common in
field sitnations, might result in a decline of predators survival and reproduction.



CHAPTER ONE

INTRODUCTION AND REVIEW OF LITERATURE

Introduction

Procuring food is important to all insects. For insect predators, active searching,
stalking and trapping are the main stratzgies ased to find and capture prey. Visual, tactile,
chemical and mechanical stimuli are used to locate them. Diverse mechanisms and
behavior patterns are also involved in capturing prey, such as rapid flying or running,
modified legs for grasping, mouthparts modified for piercing the exoskeleton of
arthropod prey, etc. In many cases, digestive fluids are injected into the prey, rendering it
immobile and flaccid after the body fluids are extracted (Evans 1984). Insect predators
capture prey in the air (e.g., dragonflies), on the ground (e.g., ground beetles), or on
vegelation (e.g., lady beetles) (Atkins 1980; Evans 1984).

Many factors can influence the searching efficiency of natural enemies, including
host density (Hassell 1982), host size (Luck et al. 1982) and age class (Murdoch et al.
1987), nawral enemy reproductive state (Waage 1990) and age (Ver 1983), the presence
of other natural encmies (Hassell and Varley 1969), abiotic conditions such as
temperature (Mack et al. 1981; Wollkind et al. 1988), and biotic conditions such as plant
size (O"Neil 1988a) and architecture (Kareiva and Odell 1987; Kareiva and Sahakian.
1990; Hare et al, 1990; Grevstad and Klepetka. 1992). Host density and spatial dispersion
are considered some of the most influential aspects of host-natural ememy dynamics
(Hassell 1978, Price 1984, Price 1991; Edwards et al. 1980). Responses of natural
enemies to host density and spatial dispersion are varied and include changes in attack
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rates (Murdoch 1977), search behaviors (Waage 1983), and aggregative responses (Reeve
and Murdoch 1985). Search strategies may not be constant over all prey levels or time.
Natural enemies may modify their search behavior after gaining information on prey
availability, spatial dispersion, potential rates of energetic returns, or risks (Stephens and
Krebs 1986; Hassel and Southwood 1978; Wiedenmann and O'Neil 1992).

An organism's life history is its lifetime pattern of growth, differentiation, storage
of nutrients and reproduction (Begon et al. 1990). Principle life history traits for animals
include fecundity, size of young, age at first reproduction, intéractions between adult
mortality and reproduction and variation in these traits among an individual's progeny
(Denno and Dingle 1981). Life history strategies may include patierns of fecundity,
mortality and parental care, The environment and interactions with other organisms affect
manifestations of life history strategies (May 1976). Life history strategies reflect the
genotype, the environment and the interaction between them.

Changes in life history characteristics such as reproductive rates or survival
schedules usvally have an effect on the organism’s fitness. According to Calow {1979),
attemnpts to increase fitness by modifying one trait may conflict with other traits that tend
to decrease fitness. Tradeoffs between traits are commonly observed, particularly when
resources become limited or the environment degrades {Tallamy and Denno 1981
Ricklefs 1990; Herms and Mattson 1992),

Natural enemies use captured host biomass to fuel their own population growth.
The rate of population growth and the population size aftained depend significantly on
the life history strategy employed by the natural enemy. For natural enemies, the ability
to establish populations in a given envircoment and control pests depends on how
effectively they find prey and how they apportion captured prey energy among competing
physiological demands (Gutierrez st al. 1990, Legaspi and O'Neil 1993). Plants can
affect namwal enemy performance at every siep in this process by influencing the
searching success of natural enemies, the quality of host and prey resources and
consequently, the natural enemy’s life history traits.

Trirophic interactions between plants, herbivores, and predators, occur when
there is a significant interaction between attacks by natural enemies oo prey, and the



plant’s physical or chemical charactenistics. Plant characteristics may effect the third
trophic level directly, by providing nutrients, or indirectly, by modifying prey quality and
quantity (Vinson 1987; Boethel and Eikenbary 1986; Price et al 1980). For exampie,
plant morphology may influence how predatory insects pursue prey over the surface that
they search (Andow and Prokrym 1990; Carter et al. 1984; Kauffman and Kennedy 1989:
Boethel and Eikenbary 1986.). Differences in plant size may affect the prey distribution
and density on the host plant, affecting the natural epemy's searching behavior and
efficiency (Evans 1976; Hasseil 1966; Wallin and Ekbom 1994; Chiverton 1988; Hassell
and May 1974, 1986). O'Neil (1988b) showed that search strategy of the predator
Podisus maculiventris Say was related to changes in plant size. As plants grew in size
{measured as leal area), prey density (numbecfunit leaf area) declined. Predators
responded to this plant-indoced change in density by increasing the plant area they
searched as prey density declined.

Plant variegation is one factor which can induce changes in plant growth rates and
morphology and affect hecbivares (Sadof and Raupp 1991, 1992; Yang and Sadof 1995).
For example, Yang and Sadof {(19935) observed that yellow-variegated Solenostemon
scutellarioides was more susceptible to attack by Planococcus citri Risso (Homoptera:
Pssudococcidae), compared with green Coleus. The intrinsic rate of increase and
successful establishment of P. cirri was higher on yellow-variegated plants when
compared to green plants.

Plant growth and variegation may differentially affect parasitoids and predators
both quantitatively and qualitatively. For example, P. cirri show difference in size when
fed on variegated and non-variegated plants. Since host size influepnces whether
parasitoids choose to oviposil female or male eggs (larger hosts are typically chosen for
oviposition of female eggs), there can be a shift in parasitoid sex ratio dependent upon
plant variegation (Yang and Sadof 1997). In contrast, since host-size effects on the
predator’s sex ratio are not common, it is not expected that hosts reared on variegated
plants will affect a predator’s sex ratio. Further, since parasitoids are highly mobile and
often use chemical cues to find hosts, plant size {within limits} most likely will not affect
parasitoid-host encounter rates. However, because predators commonly encounter hosts
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by walking over plants leaf surfaces, it is expected that plant size will have a significant
effect on predator’s searching success.

Enowledge of how plant size and variegation affect the ability of a predator to
find prey and how such traits affect the life history characteristics of the predator can be
utilized to predicl its potential effectiveness in biological control programs. To determine
how plant size and variegation affect tritrophic interactions, I will use the predatory
beetle Cryprolaemus montrouzieri’ attacking P. citri on Coleus as a model system,
Specifically, [ will measuore the attack rate, searching strategy and life history
characieristics of C. montrouzieri attacking P. cirri, at different densities, on variegated
and non-variegated Coleus plants of different sizes.

Cryptolaemius montrouzieri Mulsant, is nalive to eastern Australia, and has been
reported to oceur also in Fiji, Ceylon and South China (Clausen 1978). This predaceous
coccineilid was among the first species 1o be used to control an agricuitural insect pest,
and ac such, it has assumed great importance in the biological control literature (Booth
and Pope 19846). Since its first introduction in Califomia in 1821 from Australia by Albert
Koebele, . montrouzieri has been the one of the most-widely distributed of all natural
enemies of mealybugs (Ciausen 1978). Cryprolaemus montrouzieri has been imponed
into more than 40 countries, primarily in wann temperate or tropical regions (Clausen
1978).

Both adults and larvae have a wide host range, feeding extensively on all stages of
mealybugs (Clausen 1978). Adults are similar in shape and size {3 mm long) to other
coccinellids. Adults are mainly black with a brown head, wing tips and abdomen (Cooper
1985). Adults show sexual dimorphism, with the males having the ventral part of the last
abdominal segment deformed and the first pair of femora yellow. Females are not so
deformed and have dark-colored femora (Fisher 1963). Adults mate one to two days
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following emergence, and begin ovipositing six days later. Eggs are placed in or near host
egg masses. (Clausen 1978). Depending on how they have fed as larvae, females will lay
up to 400 small yellow eggs over a two month period (Cooper 1985). Eggs hatch in 4 to 8
days depending on temperature (Clausen 1978). Young larvae burrow into clumps of
mealybugs eggs to feed. As larvae grow, they emerge to feed on mealybug nymphs and
become more active and conspicucus, While similar morphologically to other
coccinellids, C. montrouzieri larvae are covered by long white waxy threads. Larvac
require ca. 12-20 days to complete development through four instars. The entire egg o
egg life cycle may be completed in slightly less than a month (Clausen 1978; Cooper
1985). Larvae settle in crevices, curled-up leaves or other hidden locations 1o pupate.
Adults then emerge in about 5-11 days (Fisher 1963),

The optimal temperature for C. montrouzieri development is about 20-25°C
(Cooper 1985). Development is arrested at tlemperatures below 10°C; adults and larvae do
not survive sub-freezing temperatures. Ouiside of greenhouses, there are usually no more
than 4 generations per year (Hussey and Scopes 1985). There is some evidence that hot
dry climates are more tolerable than hot hurnid climates (Clausen 1978).

According to Hussey and Scopes (1985), at 21°C, larvae may consume over 250
second-third instar mealybugs during its life cycle. Adults are most active under sunny
conditions. Adult searching behavior is unproductive above 33°C and they become torpid
below 16°C (Hussey and Scopes 1985). Larvae present similar behaviors over this
temperatire range, with peak activity at around 28%C {Hussey and Scopes 1983). Adult C.
montrouzieri detect their prey using visual and chemical cues. Fourth instar are not able
to perceive prey except by physical contact (Heidari and Copland 1992). This may be
caused by the presence of the waxy coat that covers C. montrouzieri larvae.

The presence of honeydew, honey or mealybugs significantly increase egg
1993). Hussey and Scopes {1985) and Cooper (1985), state that the total number of eggs
produced by this coccinellid is strongly influenced by the adult and larval diet.

' Voucher specimens of both predator and prey insects were deposited in the Fobert W. Meyer Insect
Colkction at the Depariment of Entomology at Purdue University.
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Aside from the apparent effective “classical” biological control of citrus
mealybug in Western Australia, most successful efforts in using C. montrouzieri have
been through periodic releases, especially in California and Spain (Bartlet 1978). At one
point in time (1963), insectaries in the USA were producing 30 million beetles per year,
primarily for release in citrus, which resulted in a successful control of citrus mealybug
(Fisher 1963). Cryprolaemus montrouzieri has been used to control pests in other crops
such as coffee, tea, grapes, figs, pomegranates and apples (Cooper 1985). Cryprolaernis
montrouzieri has also been shown 1o exert some control over other scale insects such as
Californian red scale in Cyprus (Cooper 1985), Neither the functional response nor the
searching efficiency of C. montrouzieri attacking P. eitri have been measured.

Plunococcus citri Risso is a small, soft-bodied insect with sucking mouthparts.
Female are wingless, ovoid and flanened, and reach a length of 1.6-3.5 mm. Males are
short-lived, small, winged insects (Hussey and Scopes 1985; Cox 1981). Mating occurs
soon after the female's last molt and a male can mate with as many as 20 females (James
1937). About two weeks after fertilization, females produce 300-500 amber-colored eggs.
which accumulate over a month into a posterior ovisac (Bartlert 1978). Eggs are small
{ca. 0.3 mum long) and are laid withio a protective mass of waxy threads. Eggs hatch into
a dispersive “crawler” stage, that scarches for feeding sites on which it will sertle. The
third instar males spin an elongate white waxy cocoon, undergo metamoerphosis, and after
the third moilt, become a small, winged insect. Immarure females have three molts and are
mobile throughout their lives (Hussey and Scopes 1985). Egg to adult development takes
about 30 days at 30°C and ca. 90 days at 18°C (Hussey and Scopes 1985). Annually, 2-3
generations can be observed outdoors in California and 5-6 generations in greenhouses
{Bartlett 1978).

The citrus mealybug is probably the most cosmopolitan and generally destructive
species of the pseudococcids (Bartlert 1978). While believed native to China (Bartlen
1978), P. citri is commonly encountered outdoors in all warm climates and in
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greenhouses and sheltered places in all temperate areas (Bartlett 1978). Citrus mealybug
is an extremely polyphagous species found on more than 25 families of host plants,
including grapes, coffee, mangos, bananas, beans, pomegranates and tobacco (Bartlen
1978; McKenzie 1967). Planococcus citri attacks mainly aerial parts with a preference
for tender stems, flower buds and young fruit clusters. Mealybug feeding reduces plant
vigor and causes a yellowing of the foliage, which sometimes leads to distortion and
frequently defoliation of the host plant. While feeding, mealybugs produce large
quantities of honeydew, and secondary damage can be caused by the growth of sooty
molds (Hussey and Scopes 1985),

When fed green versus variegated Coleus, P. citri showed differences in their life
history characteristics (Yang 1995; Yang and Sadof 1995). On variegatzd plamts, citrus
mealybug had much higher colonization rates and lower mortality. [n contrast, the
percentage of females was slightly higher on green plants than on variegated plants.

Solenostemon scutellaripides (L.) Codd (= Coleus blumei L.} belongs to the mint
family, Lamiaceae, which contains more than 308 species (Toogood 1971; Codd 1975).
Although native to tropical or subtropical areas {(Bailey 1976), it is easily cultivated in
North American gardens {(Seymour (970). 5. scutellarioides, commonly known as
Coleus, is a popular bedding plant throughout the world due to its brighily colored and
variegated foliage. Voigt (1982) listed Coleus as the tenth most important oramental
bedding plant in the United States. Coleus are distinguished by richly colored, toothed,
often deeply cut leaves in shades of red, vellow and purple. Plants may reach | m when
growing in strong indirect light, and their leaves may measure (.15 m. across. Plants
receiving full sun are smaller, with less brilliantly colored foliage; leaves tend 1o wilt on
hot days (Toogood 1971).

Commercialization of more than 200 commercial varieties of omamental Coleus
plants has been facilitated by their ability to produce large number of seeds and an
impressive range of stable color variation (Boye and Ripe 1938). Plants can be



propagated either sexuvally or asexuvally, For the seeds to germinate, light is required.
Humid conditions and air temperature between 21°C and 27°C improve rooting (Bubel
1989; Lebowitz 1983).

Foliar color variegation in Coleus is caused by differences in the distribotion and
levels of chlorophyll andfor anthocyanins {Marcotrigiano et al. 1990). Boye (1941}
suggested that the control of Coleus variegation is nuclear and can be inherited. Yang and
Sadof (1993) showed that variegation in Coleus can reduce photosynthesis and plant
growth. Green leafed plants had a higher photosynthetic rate than those of red- or yellow-
variegated plamts, and yellow-variegated plants produced more new leaves per unit of
biomass than either red-variegated or green plants (Yang and Sadof 1995). The peneral
morphology of yellow-variegated Coleus is quite different from green Coleus. Yellow-
variegated plants appear more dense than same-aged green plants, being 63% shorter and
having 30% more leaves than green plants. Leaves of yellow-variegated plants are 21%
smaller than green plants and the total leaf area per yellow-variegated plants is 55%

greater than green plants (Yang 1993),

Obiecii

Cryprolaemus montrouzieri searches actively on vegetation for prey. The
searching behavior of predators is affected by many factors including plant variegation
and plant size. Plant variegation infloences plant growth raies and morphology, which
affects prey distribution, density, and intrinsic rates of increase. These plant
characteristics, in tum, can effect the searching ability and behavior of predators. Also,
because plant size affects the total area a predator must search to find prey, it may also
influence predator searching efficiency and rate of attack. Finally, plant-induced changes
in predator anack rates could affect a predator’s life history characteristics. Therefore, the
objectives of this study were to determine the relative effect of Coleus size and
variegation on the attack rate, searching efficiency and life history characteristics of C.
montrouzieri, attacking P. citri as a prey.
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The following chapters present the experiments and their results discussed
according to the objectives of this study. Chapter two contains the attack rates and
searching strategy of C. montrouzieri searching for P. citri at different densities on
Coleus of different size and vari¢gation and compares it with Petri dish studies. Chapter
three presenis the searching behavior of C. monrrowzieri searching for P. cirri at different
densities on Coleus of different size and variegation. Finally, Chapter four contains the
development and weight of C. montrougierf from third instar to adult emergence fed
different amounts of P. citri as prey.
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