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Crapemyrtles, Lagerstroemia spp., are one of the most widely planted ornamentals in the 

southeastern United States, and are popular for their continuous floral beauty throughout the 

summer months.  Since its introduction into the U.S., plant breeders have produced numerous 

cultivars that vary in plant parentage, disease resistance and mature plant height.  One of the 

most conspicuous and widespread pests of crapemyrtle is the crapemyrtle aphid, Sarucallis 

kahawaluokalani (Kirkaldy 1907), and S. kahawaluokalani can be found worldwide in 

association with crapemyrtle.  Although crapemyrtle aphids are a pest from an ornamental 

perspective, they are host specific and in the U.S., crapemyrtle aphids do not attack plants 

outside of the genus Lagerstroemia.  In Florida, crapemyrtle is a potential augmentation crop for 

pecans because crapemyrtle aphids reach peak populations 1-3 wk before the peak populations of 

pecan aphids.  Crapemyrtle aphids can serve as alternative prey to attract or sustain aphid 

predators near pecan orchards.  Several experiments were conducted to understand how various 

attributes of crapemyrtle cultivars affect crapemyrtle aphids and aphid natural enemies at the 

third trophic level.  Crapemyrtle host suitability and aphid host preference experiments were 

conducted using no-choice and choice experiments in the laboratory.  Host suitability or aphid 

host preference studies did not explain why suitable and preferred hosts in the laboratory were 
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showing resistance in the field, which may be caused by interactions with natural enemies.  To 

test if natural enemies were affected by crapemyrtle cultivar, experiments were conducted on the 

green lacewing, Chrysoperla rufilabris (Burmeister), and the lady beetle, Harmonia axyridis 

(Pallas).  Larvae of C. rufilabris were fed crapemyrtle aphids that were reared on different 

crapemyrtle cultivars in ad libitum or calorie-restricted diets.  A study to assess the abundance 

and response of H. axyridis to crapemyrtle aphid populations was conducted in a large plot of 

crapemyrtle.  Plants were monitored for crapemyrtle aphids and H. axyridis populations.  Sticky 

traps were also used to monitor the movement and distribution of H. axyridis.  Results from 

laboratory experiments in this study indicate that crapemyrtle aphid lifetime fecundity and host 

preference varied according to crapemyrtle cultivar, plant parentage, and mature plant height.  

Chrysoperla rufilabris larvae fed aphids ad libitum had differences in survivorship that were 

associated with crapemyrtle cultivar that the aphid prey were reared upon.  Adult dry mass and 

larval development from ad libitum and the restricted diet experiments differed according to 

cultivar, plant parentage and mature plant height.  Field experiments indicated that H. axyridis 

had a numerical response that was density dependent to the presence of crapemyrtle aphids, but 

the scale of this response was not on a plant by plant basis.  However, when aphid numbers were 

high and the distribution of aphids was clustered, the distribution of H. axyridis was clustered 

and associated with the distribution of crapemyrtle aphids more frequently.  Host suitability and 

host preference results are useful for plant breeders wishing to create aphid-resistant cultivars, 

and results from the experiments conducted using insect predators are useful to biological control 

programs interested in using crapemyrtle as an augmentative crop.     
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CHAPTER 1 
INTRODUCTION AND LITERATURE REVIEW 

Crapemyrtle Aphids 

Nomenclature.  The scientific name of the crapemyrtle aphid, Sarucallis 

kahawaluokalani, has followed a convoluted path in that the genus has been changed several 

times since its original description in 1907.  The crapemyrtle aphid’s original scientific name 

Myzocallis kahawaluokalani was assigned by Kirkaldy in 1907, but a specimen was later used by 

Shinji (1922) as a type specimen for the species Sarucallis lythrae to represent the genus 

Sarucallis (Quednau 2003).  Because the species was previously described, but the genus was 

incorrect, nomenclature was changed to reflect the new genus and the scientific name became 

Sarucallis kahawaluokalani (Kirkaldy, 1907).  The genus was changed to Tinocallis in 1997 by 

Remaudiere and Remaudiere, but Quednau (2003) concluded that there were sufficient 

differences between the crapemyrtle aphid and other members of the genus Tinocallis and 

revalidated the genus Sarucallis.  The current and most correct scientific name is Sarucallis 

kahawaluokalani (Kirkaldy, 1907).   

Life cycle.  Crapemyrtle aphids have a holocyclic lifecycle that uses sexual and asexual 

reproduction.  Starting from the egg stage, the lifecycle begins in the spring.  Eggs hatch in 

spring and early summer giving rise to first instar nymphs that immediately begin feeding on the 

abaxial portion of a crapemyrtle leaf.  A nymph emerging from an egg is female in gender and 

referred to as a fundatrix (Dixon 1973).  Crapemyrtle aphid fundatrices develop through four 

nymphal instars before molting into an adult (Alverson and Allen 1991, 1992a).  The adult 

fundatrix reproduces through asexual reproduction giving live birth to only female offspring 

(parthenogenesis).  Offspring of the fundatrix and subsequent generations of crapemyrtle aphids 

reproduced through parthenogenesis during the summer months, and referred to as virginoparae 
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(Dixon 1973, Alverson and Allen 1991, 1992a, Dixon 1998).  Virginoparae persist until 

environmental cues such as photoperiod and temperature condition the virginoparae to give birth 

to another form of female offspring known as a sexupara (Dixon 1973, Alverson and Allen 

1991).  Sexuparae produce male and female offspring that are morphologically different than 

virginoparae or sexuparae.  Female offspring of sexuparae are referred to as oviparae, and 

oviparae will mate with male aphids before laying eggs.  Oviparae deposit eggs singly or in 

small clusters around bud scars or in crevices on the bark of crapemyrtle, where the eggs remain 

dormant throughout the winter months (Alverson and Allen 1991, 1992a).  The following spring, 

the cycle repeats itself when temperature and photoperiod cues signal the eggs to hatch. 

Identification.  Nymphs of the crapemyrtle aphid are yellow in color and the shade of 

yellow may vary from an extremely pale whitish yellow to a dark yellow or light orange.  

Nymphs of the fundatrix, virginoparae, and sexuparae have large setae that project from the 

dorsum and marginal areas of the thorax and abdomen.  Adult crapemyrtle aphids are yellow 

mottled with black and bear two large black tubercles that arise from their dorsum.  Unlike other 

aphid species that produce winged adults in response to environmental or nutritional cues, all 

adult crapemyrtle aphids, except oviparae, are fully winged and capable of flight (Dixon 1971, 

1973, Alverson and Allen 1991, 1992a, Dixon 1998, Quednau 2003).  Oviparae nymphs and 

adults are morphologically different from all other stages in that they are yellow to light orange 

with black spots and do not bear wing pads as nymphs or wings as adults (Quednau 2003).  

Males are smaller than females and easily identified under a stereomicroscope by the differences 

with respect to their size, shape of abdomen, and genitalia.   

Feeding habit and damage.  Crapemyrtle aphids damage crapemyrtle (Lagerstroemia 

spp.) cosmetically and are not known to vector plant diseases.  Crapemyrtle aphid damage is an 
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indirect result of feeding and does not appear to result in permanent damage or long term effects 

on plant vigor.  Aphids feed on phloem sap of the plant, which carries the majority of plant 

sugars and amino acids, and although the nutrient to sugar ratio within the phloem is extremely 

low, aphids have evolved mechanisms that allow them to utilize the trace amounts of nutrients 

within the phloem (Dixon 1973, Weibull 1988, Douglas 1993, Wilkinson and Douglas 2003).  

Amino acids and other essential nutrients are separated with a special filter chamber 

located in the gut, and excess sugar and water are excreted from the body in sugary droplets 

called honeydew (Dixon 1973). Crapemyrtle aphids eject honeydew away from their feeding 

location preventing them from becoming entangled within the sticky secretion.  Honeydew 

accumulates on objects below aphid populations and is commonly seen as a shiny coating on the 

tops of leaves and stems. Molds and other microorganisms can grow on these surfaces using the 

rich sugary honeydew as a food source.  

Black sooty molds in the genus Capnodium grow on honeydew produced by crapemyrtle 

aphids and can turn an entire crapemyrtle plant an unsightly black color, detracting from the 

visual aesthetics of crapemyrtle (Dozier 1926). When aphid infestations are severe, thick 

coatings of black sooty mold may interfere with photosynthesis, and it is common for leaves that 

are covered in sooty mold to drop from the plant.  However, defoliation is unlikely to affect long 

term plant health or vigor, and from personal observations, plants typically rebound and bloom 

beautifully in the following years.  

Tritrophic Interactions   

Plants are known to affect insect natural enemies through nutritional (Giles et al. 2000, 

Francis et al. 2001, Giles et al. 2002a, Giles et al. 2002b), morphological (Clark and Messina 

1998, Legrand and Barbosa 2003), and chemical attributes (Malcolm 1990, Fuentes-Contreras 

and Niemeyer 1998).  These attributes affect insect natural enemies either directly or through 
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multitrophic interactions (Bottrell et al. 1998).  Plant attributes that directly affect predators 

influence the ability of predators to locate or utilize prey (Van Emden 1995, Bottrell et al. 1998, 

Brewer and Elliott 2004).  Pea plant leaf morphology directly influences the foraging ability of 

the lady beetles Coccinella septempunctata L. and Hippodamia convergens Guérin-Méneville.  

Plants with tendrils instead of normal leaflets increased the searching efficiency of C. 

septempunctata and H. convergens, which resulted in higher predation rates of aphids on pea 

plants with tendrils (Kareiva and Sahakian 1990).  Morphological complexity of a plant also 

influences foraging success of lady beetle predators, and morphologically complex plants 

decrease efficacy of C. septempunctata due to a larger search area (Legrand and Barbosa 2003).   

In addition to directly affecting predator foraging success and fitness, plants affect aphid 

predators indirectly through multitrophic interactions via the aphid prey.  Aphids are exposed to 

nutritional and allelochemical constituents of phloem sap during feeding and may sequester these 

compounds and store them within their tissues (Rothschild et al. 1970, Duffey 1980,).  Specific 

compounds found within an aphid’s tissues or honeydew are dependent on the host plant species 

or cultivar that the aphid is feeding upon (Duffey 1980, Malcolm 1990).  Aphis nerii Boyer de 

Fonscolombe feeds on both oleander and milkweed acquiring different toxins (cardenolides) 

from each plant (Rothschild et al. 1970).  Nutritional or toxic constituents of phloem sap can 

alter an aphid’s suitability to serve as prey and affect the fitness or life history characteristics of 

aphid natural enemies (Rothschild et al. 1970).  Aphid prey that differ in suitability can affect 

longevity, survivorship, size, weight (larva, pupa or adult), or fecundity of aphid natural enemies 

(Okamoto 1966, Hodek 1993, Van Emden 1995, Hauge et al. 1998, Giles et al. 2000, Francis et 

al. 2001, Giles et al. 2001, Giles et al. 2002a, Giles et al. 2002b, Brewer and Elliott 2004).   
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Predator fitness is affected through either quantitative or qualitative differences in prey 

suitability.  Quantitative differences in prey suitability are dependent on the number of prey 

consumed and are cumulative, whereas qualitative differences are fundamental differences and 

are independent of the number of prey eaten.  Qualitative or quantitative differences in prey 

suitability are resolved by using diets that differ in the amount of prey (Giles et al. 2000).  

Quantitative differences exist when a predator’s fecundity or survivorship is influenced by the 

number of prey consumed (Giles et al. 2000, Giles et al. 2001, Giles et al. 2002a).  Predators are 

capable of overcoming quantitative differences by varying the number of prey eaten.  Qualitative 

differences in prey suitability exist when natural enemies show a difference in fitness or 

survivorship among all levels of daily prey (Giles et al. 2002b).  Differences in prey suitability 

are further complicated because a single prey species can differ qualitatively for natural enemy X 

and quantitatively for natural enemy Y.  Giles et al. (2000, 2001) fed pea aphids reared on faba 

bean or alfalfa to C. rufilabris, H. convergens and Coleomegilla maculata (DeGeer) and found 

that differences in prey suitability of pea aphids for C. rufilabris were qualitative, but differences 

in prey suitability of pea aphids for H. convergens and C. maculata were quantitative.  Aphid 

natural enemies (e.g., C. septempunctata) are not always capable of distinguishing between 

suitable and unsuitable prey, and conservation biological control programs often use cover or 

augmentation crops to provide alternative prey to aphid predators (Hodek 1956, Blackman 1967, 

Hauge et al. 1998).  When providing cover or augmentation crops in agroecosystems for 

conservation biological control programs, it is important to understand the multitrophic 

interactions among plants, herbivores, and predators. 

Crapemyrtle as an Augmentation Crop 

Yellow pecan aphid, Monelliopsis pecanis Bissell, black pecan aphid, Melanocallis 

carvaefoliae (Davis), and blackmargined aphid, Monellia caryella (Fitch), damage pecan leaves 
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directly through feeding activity causing economic injury (Tedders et al. 1982, Wood et al. 

1982).  Use of insecticidal sprays in pecans produces resurgence of pecan aphid populations 

resulting from a combination of insecticidal resistance and aphid natural enemy susceptibility to 

insecticides (Dutcher 1985, Dutcher and Htay 1985).  Developing a biological control program 

for pecans will reduce the dependence on chemical insecticides, decrease the incidence of pecan 

aphid resurgence, and promote natural control of pecan aphids (Tedders 1983, Mizell and 

Schiffhauer 1987b, 1989).   

Pecan aphid natural enemies overwinter within pecan orchards and begin to emerge or 

become active in early spring (Mizell and Schiffhauer 1987a).  Tedders (1983) suggested 

intercropping clover and vetch that harbor the pea aphids, Acyrthosiphon pisum (Harris), and 

Aphis craccivora Kotch, to provide alternative aphid prey for pecan aphid natural enemies.  

However, populations of yellow pecan aphid and blackmargined aphid crash during mid summer 

and clover and vetch do not subsist through this period (Tedders et al. 1982, Dutcher 1985, 

Dutcher and Htay 1985, Mizell and Schiffhauer 1987b).  Additional biological control measures 

or techniques are needed during this period to retain natural enemies and promote natural control 

of pecan aphids.     

Mizell and Schiffhauer (1987b) recommend the use of crapemyrtle as an augmentation 

crop for pecans because most cultivars of crapemyrtle are attacked by the crapemyrtle aphid, and 

S. kahawaluokalani is host specific in the US attacking plants within the genus Lagerstroemia 

(Alverson and Allen 1991, Alverson and Allen 1992a).  Populations of S. kahawaluokalani in 

Florida peak twice per year once in late July-August and again in late September-November and 

occur during the seasonal dip in pecan aphid populations (Mizell and Schiffhauer 1987b).  Mizell 
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and Schiffhauer (1987b) collected pecan aphid predators from crapemyrtle foliage and 

documented that these predators feed on crapemyrtle aphids.   

Objectives 

The objectives of this research were to understand the interactions among crapemyrtles, 

crapemyrtle aphids, and aphid natural enemies.  The first objective seeks to benefit the 

ornamental industry by identifying cultivars that are resistant to aphid attack.  In addition to 

analyzing individual cultivars, information regarding other plant attributes such as plant 

parentage and mature plant height may be useful to plant breeders that are interested in 

developing aphid resistant cultivars.  To complete the first objective, experiments were 

conducted to assess the host suitability of crapemyrtle cultivars in a no-choice experiment and 

the host preference of the crapemyrtle aphid in a choice experiment.   

The second objective of this research was to explore the potential of using crapemyrtle as 

an augmentation crop for pecans.  Testing cultivars for their effect on aphid predators, either 

directly or indirectly, may help with the selection of the most appropriate cultivar for use as an 

augmentation crop.  Plant attributes such as plant parentage, and mature plant height could also 

play a role in tritrophic interactions, allowing a broader range of cultivars to be used.  

Experiments assessing the potential of crapemyrtle to serve as an augmentation crop were 

conducted on the aphid predators C. rufilabris and H. axyridis.  Experiments using C. rufilabris 

investigated the effect of consuming aphids that were reared on different crapemyrtle cultivars 

on the life history characteristics and fitness of C. rufilabris larvae.  A field experiment was 

conducted in a large plot of crapemyrtle at the North Florida Research and Education Center to 

assess the spatial and temporal response of H. axyridis to crapemyrtle aphid populations.   
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CHAPTER 2 
HOST PREFERENCE OF THE CRAPEMYRTLE APHID Sarucallis kahawaluokalani 

(KIRKALDY) (HEMIPTERA: APHIDIDAE) AND HOST SUITABILITY OF 
CRAPEMYRTLE Lagerstroemia spp. CULTIVARS 

Introduction 

Crapemyrtles are one of the most popular ornamental plants throughout the southeastern 

U.S. and were introduced for their floral beauty and horticultural properties.  Unfortunately, the 

cultivars of crapemyrtle that were originally brought to the U. S. suffered from powdery mildew, 

Erisyphe lagerstroemiae E. West and cercospora leaf spot, Cercospora lythracearum Heald & 

Wolf (Dix 1999).  In the U.S., resistance to powdery mildew was established in crapemyrtle 

cultivars through a breeding program at the National Arboretum in Washington, DC.  

Hybridizing L. fauriei Koehne with L. indica L. produced several powdery mildew-resistant 

cultivars, but insect resistance was not considered during the selection process (Egolf 1981a, 

1981b, 1986a, 1986b, 1987a, 1987b, 1990b)  Studies have indicated that L. fauriei parentage can 

affect the susceptibility of crapemyrtle to insect herbivores (Mizell and Knox 1993, Pettis et al. 

2004). 

Lagerstroemia fauriei parentage has at least two and possibly three separate sources of 

germplasm, which may also influence insect resistance.  The first source of L. fauriei germplasm 

came from seeds collected in a mountain range near Kurio, Yakushima Japan, and this source 

was used to produce more than 19 powdery mildew-resistant cultivars that are among the most 

popular and widely grown in the U.S. (Egolf 1981a, 1981b, 1986a, 1986b, 1987a, 1987b, 1990a, 

1990b, Pooler and Dix 1999, Pooler 2003).  Another source of L. fauriei germplasm is from a 

cultivar known as ‘Basham’s Party Pink’ that was discovered in Texas and was not produced 

through a plant breeding program.  ‘Basham’s Party Pink’ is believed to be a natural 

hybridization of L. indica and L. fauriei, but its germplasm may be related to the seedling source 
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of germplasm because it was discovered after the seedlings were brought to the U.S. (Pooler 

2003).  The final source of L. fauriei germplasm present in L. indica x L. fauriei cultivars is from 

L. fauriei cuttings taken along a river in Yakushima (Japan) (Pooler and Dix 1999, Pooler 2003).  

This lineage is separate from the seedlings or ‘Basham’s Party Pink’, and ‘Apalachee’ is 

currently the only widely available cultivar from this source of germplasm (Pooler and Dix 1999, 

Pooler 2003).  

Crapemyrtle aphid damage is most noticeable as a black sooty mold, Capnodium sp., that 

grows on plant surfaces that have been coated with aphid honeydew.  Thick coatings of sooty 

mold detract from the visual aesthetics of crapemyrtle by turning the plant black and can cause 

early leaf drop or complete defoliation (Dozier 1926).  Studies on the susceptibility of 

crapemyrtles to aphid attack indicated that there are differences among cultivars, plant parentage 

(pure L. indica vs. L. indica × L. fauriei), and mature plant height (dwarf, medium, or tall) 

(Alverson and Allen 1992b, Mizell and Knox 1993).  Mizell and Knox (1993) demonstrated that 

pure L. indica cultivars were more resistant to crapemyrtle aphid attack than L. indica × L. 

fauriei hybrids and that dwarf plants were more resistant to aphids than medium or tall.   

Differences in susceptibility may be attributed to several factors, including, but not limited 

to, host plant suitability, aphid host preference or aphid host finding.  Finding and utilizing a host 

may be a challenge for aphids because they tend to be host specific and have poor control over 

their flight path (Dixon 1998, Powell et al. 2006).  Even if crapemyrtle aphids locate a suitable 

species or cultivar, the plant may have antibiotic or antixenotic mechanisms that help it resist 

aphid attack (Painter 1968, Kogan and Ortman 1978, Panda and Khush 1995, Hill et al. 2004).  

These mechanisms are defined as plant attributes, but insect attributes like host preference or 

host searching behavior can also influence the susceptibility of a plant to insect attack.  In this 
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study, the word “preference” is used as an aphid attribute under choice conditions, “suitability” is 

used as a synonym of antibiosis; a plant attribute that affects an insect’s health or reproduction, 

and “susceptibility” as the population of aphids that develop on a plant under field conditions 

(Singer 2000, Powell et al. 2006).     

The purpose of this study was to investigate the host suitability of different crapemyrtle 

cultivars and the host preference of the crapemyrtle aphid.  The study also evaluated attributes 

that are shared by more than one cultivar of crapemyrtle like plant parentage, source of L. fauriei 

germplasm, and mature plant height.       

Materials and Methods 

Crapemyrtle.  Seven cultivars of crapemyrtle were selected based on their parentage, 

source of germplasm, mature plant height, and availability, as follows:  ‘Carolina Beauty’, 

‘Byers Wonderful White’, ‘Lipan’, ‘Tuscarora’, ‘Apalachee’, ‘Natchez’, and ‘Sioux’.  The 

selected cultivars represent the two major parentages and a medium (4-6 m) and tall (> 7 m) 

cultivar from three of the four sources of germplasm (Table 2-1.).  ‘Apalachee’ is the only 

cultivar commercially produced from the L. indica × L. fauriei (cuttings) line of germplasm, and 

thus, is the only representative from this source of germplasm.  All seven crapemyrtle cultivars 

were available in a 5-yr-old planting at the North Florida Research and Education Center, 

Quincy, FL.      

No-Choice Experiment 

Agar Petri-plates were prepared following the procedures outlined in Reilly and Tedders 

(1990).  We combined 6 g of granular agar (Fisher Scientific Atlanta, GA) and 500 ml of 

distilled water in a 1-liter autoclave bottle, autoclaved the mixture for 20 min, and poured 5 ml of 

agar into each 10 × 40 mm Petri-plate.  After the agar mixture solidified, the plates were stacked 

and stored agar side up.  
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Leaf disks were prepared by cutting one 40-mm disk from each leaf.  Disks from the same 

plant were washed in cold running tap water for 10 min.  After washing, the disks were 

disinfected by placing them in a 1:3 bleach:water solution for  2 min and rinsed four times with 

sterilized deionized water (Reilly and Tedders 1990).  One disk was placed on each 10 × 40 mm 

plate with the adaxial side of the leaf in contact with the agar.  The plates were inverted allowing 

the aphids to feed on the underside of the leaf in their normal inverted orientation. 

Four aphid colonies were used in the no-choice experiment, and each colony was reared on 

a separate crapemyrtle cultivar.  The procedure for starting the ‘Apalachee’ colony was as 

follows:  1) a single adult virginoparous aphid (foundress) was collected from an ‘Apalachee’ 

plant in the field, 2) the aphid was brought to the laboratory and placed on a 40-mm ‘Apalachee’ 

leaf disk, 3) the foundress, her progeny, and subsequent generations were reared on 40-mm 

‘Apalachee’ leaf disks on agar plates.  To produce four unique colonies, the procedure above was 

repeated for the cultivars ‘Natchez’, ‘Byers Wonderful White’, and ‘Tuscarora’.  Colonies were 

started with the procedures described here to test if the foundress selected the most suitable 

cultivar for her offspring and their descendants.   

To start the no-choice experiment, leaf material was collected from crapemyrtle plants in 

the field.  Four plants from ‘Carolina Beauty’, ‘Byers Wonderful White’, ‘Lipan’, ‘Tuscarora’, 

‘Apalachee’, ‘Natchez’, and ‘Sioux’ were used in the experiment.  Four leaves from each of the 

28 plants were removed from the plant, placed in a plastic bag (1 bag per plant), and stored in a 

cooler that contained ice packs until reaching the laboratory.  Leaves were chosen by 

haphazardly selecting a branch, identifying the third pair of fully expanded leaves from the 

branch terminal, and removing a single leaf from the pair.  Four leaves per plant were selected 

from each plant used in the experiment.  In the laboratory, one 40-mm leaf disk was removed 
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from each leaf and prepared as outlined in the procedures above.  Leaf disks were labeled with 

the cultivar and plant of origin.  The four leaf disks that came from the same plant were 

randomly assigned to one of the four aphid colonies.  One adult virginoparous aphid that was 

from the appropriate aphid colony and less than 24 h post adult emergence was placed on each 

disk.  Petri-plates containing leaf disks were kept at 21 ± 2 °C on a laboratory bench under 

fluorescent lighting that maintained a 14:10 light:dark photoperiod.  Light fixtures contained two 

40 W tubes that were 0.75 m from the Petri dishes.  Fecundity was recorded daily and defined as 

the number of new nymphs produced within 24 h.  New nymphs were gently removed using a 

small vacuum pump fitted with plastic tubing and a pipette.  This method of removal was chosen 

because it caused the least amount of disturbance to the adult virginoparous aphid.     

In 2006, the no-choice experiment was repeated, but because of results obtained in 2005, 

aphid colony was not used as a factor.  The 2006 procedures differed in two ways:  1) the disks 

were placed in a growth chamber at 22 °C with a 14:10 light: dark photoperiod, 2) the adult 

virginoparous aphid was moved to a fresh leaf disk every 7 d. 

Choice Experiment 

In addition to the seven cultivars used in the no-choice experiment, the aphid preference 

choice experiment included an eighth cultivar of crapemyrtle, Lagerstroemia speciosa L.  

Lagerstroemia speciosa acted as a negative control because it is one of the few species of 

Lagerstroemia that is not a suitable for the growth and development of the crapemyrtle aphid.  

All aphids used in the choice experiment were descendants of a single aphid that was reared on a 

cultivar not tested (‘Tonto’).  The choice arena was constructed from a 20 × 4 cm agar plate.  

Leaf disks were prepared by rinsing with water to remove foreign particles, but mold was not a 

concern during this short duration and the leaf disks were not disinfected before their use in the 
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experiment.  Disks were placed on the plates as in the previous experiment with the adaxial side 

of the leaf in contact with the agar.  Each arena had one leaf disk from each cultivar, and the 

disks were randomly arranged around the outer edge of the Petri-plate.  The experiment used 

eight arenas and each arena received 24 adult virginoparous aphids.  Four arenas were placed in 

a growth chamber at 22 °C with a 14:10 light:dark photoperiod and the other four arenas were 

placed in the growth chamber in complete darkness.  Complete darkness was tested to investigate 

if crapemyrtle aphid movement or host discrimination might differ when visual cues were absent.  

Arenas were checked once per day for 3 d and the number of adults and nymphs on each disk 

was recorded.   

Statistics 

The experimental design for the 2005 leaf disk experiment was a split-plot design with 

crapemyrtle cultivar as the main plot factor and aphid clone as the subplot factor.  Thus, cultivar 

is replicated by plant(cultivar) while aphid clone is replicated by disk(plant × cultivar).  Daily 

fecundity data were analyzed using repeated measures analysis PROC MIXED SAS 9.1.3 (SAS 

Institute 2000-2004).  Total fecundity data from 2005 and 2006 were combined and analyzed 

using PROC GLM SAS 9.1.3 (SAS institute 2000-2004).  Because both years used the same 

plants, the analysis used plant(cultivar) as the error term for cultivar and plant(cultivar × year) as 

the error term for year and year × cultivar. Means of significant factors were separated using 

Tukey’s HSD (SAS Institute 2000-2004).  A regression analysis on aphid total fecundity and 

aphid longevity was performed in SAS using PROC REG SAS 9.1.3 (SAS Institute 2000-2004). 

Choice data were analyzed using PROC GLIMMIX SAS 9.1.3 (SAS Institute 2000-2004).  

Data were square root transformed and analyzed using a repeated measures analysis.  
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Lagerstroemia speciosa data were removed from the analysis because no adults were observed 

on the leaf disks at any time and only two nymphs were ever observed on a L. speciosa disk.     

Both experiments used a priori orthogonal contrasts to compare the following crapemyrtle 

attributes:  1) plant parentage: pure L. indica cultivars vs. L. indica × L. fauriei hybrids; 2) source 

of L. fauriei germplasm: cuttings vs. seedlings and ‘Basham’s Party Pink’  3) source of L. fauriei 

germplasm separate from ‘Apalachee’:  U.S. ’Basham’s Party Pink’ vs. seedlings; 4) mature 

plant height within the pure L. indica cultivars:  medium (‘Carolina Beauty’) vs. tall (‘Byers 

Wonderful White’); 5) mature plant height  within the L. fauriei seedlings germplasm:  medium 

(‘Sioux’) vs. tall (‘Natchez’); 6) mature plant height within the ‘Basham’s Party Pink’ 

germplasm:  medium (‘Lipan’) vs. tall (‘Tuscarora’). 

Results 

No-Choice Experiment 

Repeated measures analysis for the 2005 data did not indicate that daily fecundity was 

different among crapemyrtle cultivars or the four aphid colonies, but crapemyrtle aphid total 

fecundity was different among crapemyrtle cultivars (F = 6.24; df = 6, 21; P < 0.001; Figure 2-

1).  Total fecundity was not found to be different for the aphid colonies and there was no cultivar 

× colony interaction.  Repeated measures analysis from 2006 showed the same non-significance 

for daily fecundity as the test in 2005.  To test for differences between years and to test if the 

effect of cultivar was the same for both years, the total fecundity data from 2005 and 2006 were 

combined.  Total fecundity data for the combined dataset from 2005 and 2006 showed 

differences for year (F = 50.71; df = 1, 21; P < 0.0001; Figure 2-2A) and cultivar (F = 4.89; df = 

6, 21; P = 0.0028, Figure 2-2B).  Because there was no interaction between year and cultivar, the 

a priori contrasts were applied to the combined data set from both years.  Crapemyrtle aphids 

reared on pure L. indica cultivars had a lower total fecundity than aphids reared on the cultivars 
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that were L. indica × L. fauriei hybrids (F = 17.3; df = 1, 21; P < 0.001, Figure 2-2B).  Source of 

L. indica × L. fauriei germplasm did not significantly affect aphid total fecundity, but there were 

differences in aphid total fecundity associated with mature plant height.  Aphid total fecundity 

differed according to mature plant height within the pure L. indica source of germplasm and 

aphids reared on ‘Byers Wonderful White’ had a higher total fecundity than aphids reared on 

‘Carolina Beauty’ (F = 7. 13; df = 1, 21; P = 0.014; Figure 2-2B).  In the ‘Basham’s Party Pink’ 

source of germplasm aphids reared on ‘Lipan’ had a greater total fecundity than aphids reared on 

‘Tuscarora’ (F = 4.31; df = 1, 21; P = 0.05; Fig 2-2B). Using all cultivars and both years, 

crapemyrtle aphid total fecundity was found to be positively and linearly correlated with adult 

longevity (Figure 2-3; R2 = 0.86). 

Choice Experiment 

The number of adult aphids that settled on a leaf disk was different among the crapemyrtle 

cultivars (F = 5.79; df = 6, 36; P = 0.0003), but there was a significant interaction between the 

main effects of cultivar and photoperiod (F = 2.54; df = 6, 36; P = 0.0375).  An interaction 

between cultivar and photoperiod indicates that the effect of cultivar was not the same for arenas 

kept under a 14:10 light:dark photoperiod and the arenas kept in complete darkness.  Therefore, 

the a priori contrast statements were evaluated separately for arenas that received a 14:10 

light:dark photoperiod and  arenas kept in complete darkness.  Data from the arenas kept at a 

14:10 light:dark photoperiod showed differences between the two parentages L. indica and L. 

indica × L. fauriei (F = 4.64; df = 1, 18; P = 0.0451; Figure 2-4A) and between the L. fauriei 

‘Basham’s Party Pink’ and L. fauriei seedlings sources of germplasm (F = 10.65; df = 1,18; P = 

0.0043; Figure 2-4A).  The 14:10 light:dark photoperiod data also showed differences for mature 

plant height for the cultivars within the pure L. indica parentage (‘Byers Wonderful White’ and 

‘Carolina Beauty’) (F = 8.01; df = 1, 18; P = 0.0111; Figure 2-4A) and the L. fauriei seedlings 
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source of germplasm (‘Sioux’ and ‘Natchez’) (F = 5.87; df = 1, 18; P = 0.0262; Figure 2-4A).  

Data analysis for arenas kept in complete darkness indicated that there was a difference between 

the L. fauriei cuttings source of germplasm and the grouping of the L. fauriei seedlings and 

‘Basham’s Party Pink’ sources of germplasm (F = 4.81; df = 1, 18; P = 0.0417; Figure 2-4B).  

There was also a difference between medium and tall mature plant heights within the L. indica 

parentage and more aphids were found on ‘Byers Wonderful White’ than ‘Carolina Beauty’ (F= 

11.25; df = 1, 18; P = 0.0035; Figure 2-4B).  The number of nymphs on a disk was correlated 

with the number of adults on that leaf disk for arenas that were kept at a 14:10 light:dark 

photoperiod (y = 0.132 + 3.43x; R2 = 0.61)  and arenas kept in complete darkness (y = 0.392 + 

3.04x; R2 = 0.73), where y = (square root of nymphs) and x = (square root of adults) (data not 

shown). 

Discussion 

No-Choice Experiment 

Previous experiments investigating the host suitability of crapemyrtle cultivars focused on 

‘Carolina Beauty’ and ‘Natchez’ as representatives of pure L. indica and L. indica × L. fauriei 

hybrids, respectively (Alverson and Allen 1992a, 1992b).  Data from this study agree with the 

results of Alverson and Allen (1992b) in that total fecundity was different for aphids reared on 

the cultivars ‘Natchez’ and ‘Carolina Beauty’, but daily fecundity was not different for aphids 

reared on ‘Natchez’ and ‘Carolina Beauty’.  Results from the host suitability experiment expands 

the knowledge of how crapemyrtle cultivar affects crapemyrtle aphid fecundity for an additional 

pure L. indica cultivar and four additional L. indica × L fauriei cultivars.  Data from the host 

suitability experiment are also in agreement with host susceptibility data presented in Mizell and 

Knox (1993).  Mizell and Knox (1993) found higher aphid populations on L. indica × L. fauriei 

cultivars than cultivars of pure L. indica decent.   
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Mature plant height is another plant attribute that may be important for considering 

crapemyrtle aphid resistance.  Mizell and Knox (1993) found that cultivars with a tall mature 

plant height were more susceptible than plants that had a medium mature plant height.  The host 

suitability experiment detected differences in total fecundity when aphids were reared on 

cultivars with a different mature plant height, but the effect of mature plant height was different 

between pure L. indica cultivars and L. indica × L. fauriei hybrids.  Therefore, mature plant 

height may be more important to suitability when it is considered in the context of plant 

parentage or source of germplasm.   

During the no-choice experiment, virginoparous aphids were rarely found dead with their 

stylets inserted into the plant tissue; and most aphids, found dead were on the agar or the bottom 

of the Petri-plate.  Cultivar suitability measured in this study may differ due to rejection of the 

leaf disk and it is unknown whether this rejection is caused by antibiosis or antixenosis.  It is 

known that many aphid specialists can use plant secondary metabolites for host selection, 

feeding, or parturition stimulants, but overall fitness of an aphid is attributed to host plant 

nutritional quality (Fragoyiannis et al. 1998, Powell et al. 2006).  Data from this study cannot 

determine if nutritional or chemical attributes significantly contributed to the rejection of a leaf 

disk, but because the rejection took place after several days of feeding and reproduction, 

nutritional or chemical constituents of the phloem are logical factors to consider for future work.    

Choice Experiment 

Crapemyrtle aphid host plant preference was associated with host plant suitability, and 

both experiments found fewer aphids on the pure L. indica cultivars in comparison to the 

hybridized L. indica × L. fauriei cultivars.  The only noticeable effect of complete darkness was 

the lower number of aphids seen on the cultivars ‘Lipan’ and ‘Tuscarora’, which are derived 

from the same source of L. fauriei germplasm.  It is unknown if complete darkness differentially 
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affected plant chemistry or simply suppressed aphid movement, but the higher correlation of 

nymphs to adults for the arenas in complete darkness suggests that aphid nymphs are less likely 

to move under dark conditions.  

Aphid Study 

Data from this study may be useful for crapemyrtle plant breeding programs with the 

objective to produce aphid resistant cultivars.  The most popular and widely available 

crapemyrtle cultivars are the hybridized L. indica × L. fauriei cultivars, and their popularity is 

attributed to powdery mildew resistance.  Unfortunately, these cultivars appear to be more 

suitable, more susceptible, and less resistant to aphid attack, and extensive use of these cultivars 

in urban landscapes could lead to more aphid problems in the future.   
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Table 2-1.  Lagerstroemia cultivars and their attributes used for the construction of a priori 
hypotheses and contrasts 

Cultivar Mature height Parentage Germplasm source 
Carolina Beauty Medium L. indica Pure L. indica 
Byers Wonderful 
     White         

Tall L. indica Pure L. indica 

Sioux Medium L. indica × L. fauriei L. fauriei; seedlings 
Natchez Tall L. indica × L. fauriei L. fauriei; seedlings 
Lipan Medium L. indica × L. fauriei L. fauriei; Basham’s Party Pink 
Tuscarora Tall L. indica × L. fauriei L. fauriei; Basham’s Party Pink 
Apalachee Medium L. indica × L. fauriei L. fauriei; Cuttings 
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Figure 2-1.  Mean total fecundity (± SE) for crapemyrtle aphids in the no-choice experiment for 

2005 using the cultivars: ‘Carolina Beauty’ (CB), ‘Byers Wonderful White’ (BW), 
‘Apalachee’ (Apa), ‘Sioux’ (Sio),’Natchez’ (Nat), ‘Lipan’ (Lip), and ‘Tuscarora’ 
(Tus).  Columns with different letters are different at P < 0.05 using Tukey’s HSD 
(SAS Institute 2000-2004).   
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Figure 2-2.  Mean total fecundity (± SE) for crapemyrtle aphids in the no-choice experiment for 

2005 and 2006 comparing the effects of  (A) year (2005 and 2006) and (B) cultivar 
(‘Carolina Beauty’ (CB), ‘Byers Wonderful White’ (BW), ‘Apalachee’ (Apa), 
‘Sioux’ (Sio),’Natchez’ (Nat), ‘Lipan’ (Lip), and ‘Tuscarora’ (Tus)) with a priori 
orthogonal contrasts.  *P < 0.05  **P < 0.01. 
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Figure 2-3.  Relationship of aphid total fecundity to longevity for all samples from both years for 

the no-choice host suitability experiment.     
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Figure 2-4.  Mean number of adult crapemyrtle aphids per disk (± SE) and orthogonal contrasts 

for the choice experiment for the treatments of (A) 14:10 light:dark photoperiod and 
(B) complete darkness.  The cultivars used were as follows:  Lagerstroemia speciosa 
(Lsp), ‘Carolina Beauty’ (CB), ‘Byers Wonderful White’ (BW), ‘Apalachee’ (Apa), 
‘Sioux’ (Sio),’Natchez’ (Nat), ‘Lipan’ (Lip), and ‘Tuscarora’ (Tus).  *P < 0.05  **P < 
0.01. 
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Figure 2-4.  Continued 
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CHAPTER 3 
TRITROPHIC INTERACTIONS AMONG CRAPEMYRTLE, CRAPEMYRTLE APHIDS, 

AND THE GREEN LACEWING Chrysoperla rufilabris (BURMEISTER) 

Introduction 

Many studies have indicated that plants can influence insect natural enemies at the third 

trophic level through nutritional, morphological, or chemical attributes (Malcolm 1990, Clark 

and Messina 1998, Fuentes-Contreras and Niemeyer 1998, Francis et al. 2001, Messina and 

Sorenson 2001, Giles et al. 2002a, Giles et al. 2002b, Gonzales et al. 2002, Legrand and Barbosa 

2003).  Because tritrophic interactions can have a considerable affect on biological control 

systems, it is imperative to consider these interactions when implementing or evaluating 

biological control agents (Price et al. 1980, Van Emden 1995, Bottrell et al. 1998, Vidal and 

Tscharntke 2001).  One of the best known tritrophic pathways involves aphids and aphid 

predators, where plants indirectly affect the fitness of aphid predators through the aphid prey 

(Van Emden 1995).  Rothschild et al. (1970) demonstrated that the oleander aphid Aphis nerii 

Fonscolombe can sequester cardenolides from feeding on oleander or milkweed.  Further studies 

indicated that lacewing predators suffered higher mortality rates on A. nerii that contained 

cardenolides and the mortality rate was related to the concentration of cardenolides inside the 

plant (Rothschild et al. 1970, Malcolm 1990, Hodek 1993).  Other herbivorous insects protect 

their offspring from lacewing predation by provisioning their eggs with chemical protections that 

are derived from their diet.  The green lacewing, Ceraeochysa cubana Hagen, avoids Utetheisa 

ornatrix (L.) eggs provisioned with alkaloids, but will devour eggs that are left unprotected 

(Eisner et al. 2000).  In addition to allelochemicals, plants affect predators through nutritional 

pathways.  Pea aphids reared on alfalfa and faba bean contain different levels of myristic acid, 

and Chrysoperla rufilabris (Burmeister) larvae fed pea aphids that were reared on different host 

plants had differences in survivorship and adult mass (Giles et al. 2000).  
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The green lacewing C. rufilabris has been implicated as an important natural enemy in 

several biological control systems (New 1975, Liao et al. 1984, Liao et al. 1985, Wang and 

Nordlund 1994, Randolph et al. 2002, Stewart et al. 2002).  In pecans, C. rufilabris is considered 

to be a key natural enemy and one of the most dominant predators for controlling three species of 

pecan aphids (Dinkins et al. 1994).  Pecan aphids display signs of pesticide resistance, and 

pesticide applications reduce the number of natural enemies in pecans increasing the need for 

future pesticide applications to control primary and secondary pests (Mizell and Schiffhauer 

1989, Mizell and Sconyers 1992, Mizell 2003).  The use of cover and augmentation crops in 

pecans to increase natural enemy recruitment and retention was suggested by Tedders (1983) and 

Mizell and Schiffhauer (1987b).  Tedders (1983) suggested using clover and vetch during the 

spring months when pecan aphid populations are low in order to retain lacewings and other 

natural enemies that overwinter on the trunks of pecans (Mizell and Schiffhauer 1987a).  Mizell 

and Schiffhauer (1987b) suggested the use of crapemyrtle as an augmentation crop because 

crapemyrtle aphids have a peak population in the mid to late summer, which is when pecan aphid 

populations experience a seasonal collapse before increasing again in the fall.   

This purpose of this study was to investigate the suitability of crapemyrtle aphids 

Sarucallis kahawaluokalani (Kirkaldy) as a food source for the green lacewing C. rufilabris.  

Experiments tested the effects of crapemyrtle cultivar, mature plant height, and source of 

germplasm on the life history characteristics of C. rufilabris.  The first experiment involved 

feeding C. rufilabris larvae crapemyrtle aphids ad libitum from seven different cultivars of 

crapemyrtle.  A second study used suboptimal diets of aphids and lepidopteran eggs to 

investigate if aphids reared on different crapemyrtle cultivars affected the fitness of lacewings 

with respect to the amount of prey consumed.   
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Materials and Methods 

Ad Libitum Experiment   

Aphid rearing.  Crapemyrtle aphids were reared on seven cultivars of crapemyrtle 

Lagerstroemia spp. as follows:  ‘Apalachee’, ‘Natchez’, ‘Sioux’, ‘Tuscarora’, ‘Lipan’, ‘Carolina 

Beauty’, and ‘Byers Wonderful White’.  Aphids were reared on crapemyrtle plants by enclosing 

individual branches in sleeve cages that were constructed from cloth mesh with 1-mm2 openings.  

Sleeve cages were 16 cm in diameter and 80 cm in length.  Before securing the sleeve cage on a 

branch with twine that was sewn into the sleeve cage ends, the terminal portion containing the 

bloom was removed (Figure 3-1).  To prevent invasion by fire ants, Solenopsis invicta Buren, all 

branches touching the sleeve cage were pruned, and the portion of the branch 10 cm under the 

sleeve cage was covered with Tanglefoot® (Grand Rapids, MI).  Sleeve cages were inoculated 

with aphid infested leaf disks taken from the laboratory colony being reared on ‘Tonto’ and 

inoculated two weeks before starting the ad libitum feeding experiment.  Four plants per cultivar 

were used in the experiment and several branches per plant received sleeve cages to ensure a 

sufficient supply of aphids.    

Lacewing rearing.  Chrysoperla rufilabris eggs were ordered from Rincon Vitova 

insectaries (Ventura, CA).  Eggs were examined under a microscope to check for signs of 

development and 400 eggs that appeared healthy were placed singly into a cells of five 96 well 

plates.  Wells were sealed with Parafilm® that was pressed firmly against the top of the plate to 

contain first instar larvae and prevent cannibalism.  Plates were examined every 24 h for first 

instar larvae, and upon discovery, the larvae were placed into a 29.5-ml plastic Solo Cup® 

(Urbana, IL) that had an organdy cloth vented lid.  As the larvae hatched from their eggs, they 
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were randomly assigned to one of the 28 plants.  Ten larvae were assigned to each plant (40 per 

cultivar).       

Lacewing larvae were reared in the 29.5-ml condiment cups and fed crapemyrtle aphids ad 

libitum by placing aphid-infested leaf material from the appropriate plant directly into each cup.  

Larvae were fed every 24 h, and the old leaf material was removed and fresh material was placed 

into each cup.  During the feeding procedures a small piece of wet cotton was placed into each 

cup to provide water and maintain a higher humidity than in the growth chamber.  The larvae 

were kept in an environmental growth chamber at 25 ± 1°C with a 16:8 light:dark photoperiod.  

For each lacewing, the dates of larval emergence, pupation and adult emergence were recorded.  

On the day of adult emergence, adult lacewings were placed into the freezer at -4 °C.  Adults 

were dried in an oven at 60 °C for 12 h and the dry mass was measured to an accuracy of ± 0.1 

mg.  The average of three measurements was used as the dry mass in statistical analyses.       

Statistics.  The experimental design was originally constructed as a randomized complete 

block design with 10 larvae assigned to each plant and four plants per cultivar.  However, due to 

the loss of some sleeve cages by branch breakage, weather conditions, farm equipment, or other 

accidental loss, some plants did not have enough aphids to support all ten developing larvae, and 

aphids from other plants within the same cultivar were used to ensure an adequate amount of 

prey for the developing larvae.  All larvae were fed aphids from their assigned cultivar but plant 

was no longer a valid blocking criterion.  Because plant was no longer a blocking factor, 

survivorship data was binary with individual lacewings as replicates instead of individuals(plant) 

as the level of replication.  Survivorship data were analyzed using PROC GLIMMIX SAS 9.1.3 

(SAS Institute 2000-2004) using the binomial distribution option at the end of the model 

statement with the default logit link. Larval development time and dry mass were analyzed using 
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the lognormal distribution statement with default link. Data were subjected to the same 

orthogonal contrasts for parentage, mature plant height, and source of L. fauriei germplasm 

outline in Chapter 2.    

Suboptimal Diet Experiment 

Aphid rearing.  Crapemyrtle aphids were reared in the laboratory on the cultivars ‘Byers 

Wonderful White’, ‘Carolina Beauty’, ‘Apalachee’, and ‘Sioux’.  Cultivar selection was based 

on parentage.  ‘Carolina Beauty’ and ‘Byers Wonderful White’ are from the pure L. indica 

parentage, and ‘Apalachee’, and ‘Sioux’ are L. indica × L. fauriei hybrids.  Excised leaf tissue in 

the form of 40-mm leaf disks was used to rear crapemyrtle aphids and was kept inside 100 x 15 

mm agar Petri-plates.  Preparation of agar plates followed the procedures outlined in chapter 2, 

but 20 ml of agar was placed into each 100 x 15 mm Petri-plate, instead of 5 ml of agar into a 40 

x 10 mm Petri-plate.  Leaf material was collected in the field by placing leaves into plastic bags, 

immediately placing the bags into a cooler with ice packs, and transporting the leaf material to 

the laboratory.  In the laboratory, one 40-mm leaf disk was removed from each leaf and washed 

with cold tap water for several minutes.  While washing, the disks were carefully rubbed 

between the thumb and forefinger to remove any foreign debris, insects, or mites.  Due to results 

from a previous feeding experiment, where none of the lacewing larvae survived to adulthood, 

leaf material used in this experiment was not disinfected with bleach, and mold was not of 

concern in this experiment because the leaf disks were discarded after 7 d.  Four leaf disks from 

the same cultivar were placed into each 100 x 15 mm Petri-plate with the adaxial surface of the 

leaf in contact with the agar.  Sixty leaf disks (15 Petri-plates) from each cultivar were prepared 

daily for use in the experiment.   

The crapemyrtle aphid culture was started from adult virginoparae collected from the 

cultivar ‘Tonto’ in field.  Crapemyrtle branches that were infested with crapemyrtle aphids were 
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brought into the laboratory and placed in a large container.  Sixteen virginoparous aphids that 

were haphazardly aspirated from the entire pool of field-collected aphids were added to each of 

the 60 Petri-plates containing leaf material.  To maintain a culture of nymphs of equal age and 

relatively equal density, the virginoparous aphids were removed every 24 h and transferred to a 

new plate containing freshly prepared leaf material from the same cultivar.  Aphid nymphs 

developed into adults within 6-7 d and the adults obtained after one generation were used to 

maintain the aphid culture for the cultivar that they developed upon.     

Petri-plates containing the aphid culture were kept on the laboratory bench at a temperature 

of 27 ± 2 °C and provided with supplemental lighting.  Florescent lights were used to maintain a 

16:8 light:dark photoperiod.  Each light fixture contained two 40-W fluorescent light tubes and 

was hung 0.5 m from the top of the bench.   

Lacewing rearing.  Lacewing and Ephestia kuehniella Zeller eggs were obtained from 

Beneficial Insectary (Redding, CA).  Upon arrival, E. kuehniella eggs were stored in the freezer 

until being used as prey for lacewings.  Lacewing eggs were inspected for eggs that showed 

signs of advanced development, and 132 eggs that showed signs of advanced development were 

placed individually into ¼-dram vials plugged with cotton.  Each lacewing egg was randomly 

assigned to one of 11 treatments.  Three treatments were used as a mortality control and 

lacewing larvae in these treatments were fed 2.5, 5, or 10 mg of E. kuehniella eggs per day.  

Eight treatments tested for the effects of prey level and cultivar.  Lacewing larvae were fed either 

25 or 50 aphids per day that were reared on one of the following crapemyrtle cultivars:  

‘Apalachee’, ‘Sioux’, ‘Carolina Beauty’, or ‘Byers Wonderful White’.  Larvae were fed once per 

day, and before placing new prey into a vial, the larva was removed and any remaining prey or 

excrement were removed from the vial.  If a larva was attached to the vial and molting, the larva 
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was not removed from the vial and any remaining prey were carefully removed with a small 

camel hair brush without touching or disturbing the larva.  Most larvae molted on the cotton 

plug, which allowed them to be removed without disturbing them.   

Aphids were delivered to the vials by first aspirating them into a 1.5-ml Eppendorf tube, 

inserting the vial into the tube until it made a seal, and tapping the aphids from the Eppendorf 

tube into the vial.  This method of transfer was found to be non-lethal to the aphids and more 

efficient than using a brush.  Ephestia kuehniella eggs were measured and delivered 

volumetrically by calibrating a 10-µl pipette tip to the three diet levels.  The 10-mg E. kuehniella 

egg control was considered an ad libitum diet because there were always uneaten eggs present 

for all larval instars.  Vials were kept on their side in the lid of a large 150 x 20 mm Petri-plate.  

To maintain a high relative humidity of 60-80%, two pieces of cotton were wetted with 

deionized water and the bottom of the plate was placed on the lid slightly ajar (Figure 3-2).  

Humidity was tested on several occasions with a digital hygrometer in each Petri-plate and found 

to be within 60-80%.     

Experimental parameters.  Two samples consisting of 25 aphids were collected from 

each cultivar and placed in a pre-weighed 1.5-ml Eppendorf tube.  Fresh mass of the aphid 

sample was recorded by weighting the tube a second time.  After weighing, the samples were 

place into a freezer at -4 °C.  For each lacewing, I recorded the date of larval eclosion, pupation 

and adult emergence.  Pupal mass was measured 3 d into pupation and adult fresh mass was 

recorded on the day of adult emergence.  After measuring fresh mass, adult lacewings were 

stored in a freezer at -4 °C.  Adult lacewings and aphid samples were lyophilized by first 

freezing them at -80 °C for 2 h, and immediately transferring them to a Labconco FreeZone 2.5 

for 24 h.  Dry mass of aphid and lacewing samples were measured to an accuracy of ± 0.01mg. 
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Statistics.  Statistical analyses used PROC GLIMMIX SAS 9.1.3 (SAS Institute 2000-

2004).  The GLIMMIX procedure was chosen because it allows for generalized mixed models 

and can analyze data that conform to binomial, Poisson, lognormal, or other non-normal 

distributions.  Data transformations were performed on data that did not meet the assumptions 

for an analysis of variance.  The most appropriate transformation was assessed by doing a 

residual analysis for normality and equal variance.  Survivorship data were analyzed using the 

binomial distribution with the default logit link.  Larval development and adult dry mass were 

analyzed using the lognormal distribution, and pupal development was analyzed using a square 

root transformation.  Transformation of pupal mass data was not necessary.      

Results 

Ad Libitum Experiment 

The cultivar or source of crapemyrtle aphid prey did not significantly influence lacewing 

larval survivorship, but did influence percentage of pupae that emerged as adults (F = 3.26; df = 

6, 172; P = 0.0046) and total survivorship (F = 3.23; df = 6, 271; P = 0.0044; Table 3-1; Figure 

3-3; Figure 3-4).  Total survivorship of lacewings from first instar larva to adult indicated there 

were differences associated with the source of L. fauriei germplasm (F = 7.68; df = 1, 271; P = 

0.0060; Table 3-1; Figure 3-3) and differences between the cultivars ‘Lipan’ and ‘Tuscarora’ (F 

= 6.15l; df = 1, 271; P = 0.0137).  Pupae of lacewings that were fed aphids reared on ‘Apalachee’ 

had a lower emergence rate than lacewings that were fed aphids from the other sources of L. 

fauriei germplasm (F = 7.68; df = 1, 172; P = 0.0062; Table 3-1; Figure 3-4).  In the ‘Basham’s 

Party Pink’ source of L. fauriei germplasm, pupal emergence was lower for lacewings that were 

fed aphids reared on ‘Lipan’, which has a medium mature plant height, than lacewings fed 

aphids reared on ‘Tuscarora’ (F = 7.49; df = 1, 172; P = 0.0069; Table 3-1; Figure 3-3; Figure 3-

4).   
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Larvae that were fed aphids reared on ‘Apalachee’ had a longer time to pupation than 

larvae that were fed aphids from the other sources of L. fauriei germplasm (Table 3-1; Figure 3-

5).  Cultivar mature plant height within source of germplasm influenced larval development in 

the pure L. indica, L. fauriei seedlings, and L. fauriei ‘Basham’s Party Pink’ sources of 

germplasm.  In each source of germplasm, lacewing larvae that were fed aphids reared on the 

cultivar with a medium mature plant height took longer to pupate (Table 3-1; Figure 3-5).   

Adult dry mass was greater for lacewings that were fed aphids reared on cultivars from the 

L. fauriei seedlings source of germplasm when compared to lacewings that were fed aphids from 

the L. fauriei ‘Basham’s Party Pink’ source of germplasm (Table 3-1; Figure 3-6).  Differences 

in adult dry mass were associated with mature plant height, and lacewings that were fed aphids 

from cultivars with a tall mature plant height had a higher dry mass than lacewings that were fed 

aphids reared on cultivars with a medium mature plant height (Table 3-1; Figure 3-6).     

Suboptimal Diet Experiment 

Aphid diets.  Aphids reared on pure L. indica cultivars had a lower dry mass than aphids 

reared on the L. indica × L. fauriei cultivars (Table 3-2; Figure 3-7).  Aphid dry mass was 

linearly related to fresh mass for all cultivars (Table 3-3; Figure 3-8).  Slopes for the regressions 

of dry mass vs. fresh mass were not found to be significantly different using an analysis of 

covariance.       

Chrysopidae.  Larval developmental time was shorter for larvae that were given higher 

levels of daily prey, and this effect was consistent for all crapemyrtle cultivars and the E. 

kuehniella egg controls (Table 3-4; Figure 3-9A).  In addition to differences in daily prey levels, 

larvae reared on E. kuehniella eggs had a lower duration of larval development in comparison to 

larvae reared on crapemyrtle aphids (Figure 3-9A).  Pupal duration was shorter for larvae fed E. 
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kuehniella eggs but did not differ in association with crapemyrtle cultivar (Table 3-4; Figure 3-

9B).   

Pupal mass was greater for lacewing larvae that were fed higher levels of daily prey and 

this was consistent across all crapemyrtle cultivars and the E. kuehniella egg controls (Table 3-4; 

Figure 3-10).  Differences in pupal mass were seen between lacewing larvae that were fed E. 

kuehniella eggs and larvae that were fed crapemyrtle aphids from ‘Byers Wonderful White’ 

(Figure 3-10).   

Lacewing adult dry mass was different among the crapemyrtle and E. kuehniella egg 

treatments (F = 6.24; df = 4, 61; P < 0.001; Table 3-4; Figure 3-11).  Lacewings provisioned with 

higher levels of daily prey had a greater dry mass (F = 61.34; df = 1, 61; P < 0.0001; Table 3-4), 

and males had a lower dry mass than females (F = 2.41; df = 1, 61; P < 0.001; Table 3-4).   

Discussion 

Ad Libitum Experiment 

Data from this experiment indicate that there are multitrophic interactions among 

crapemyrtle Lagerstroemia spp., crapemyrtle aphids, and the green lacewing.  The pupal stage 

appears to be the most vulnerable stage with respect to survivorship, and the most critical stage 

with regards to developmental time was the larval stage.  Orthogonal contrasts indicated that 

lacewings were affected by broader plant attributes like mature plant height, and source of L. 

fauriei germplasm.  If crapemyrtle is evaluated for enhancing biological control in pecans or 

other economically important crops, as suggested by  Mizell and Schiffhauer (1987b), this 

research may be helpful for selecting the most appropriate cultivars for use as an augmentation 

crop in pecans.   

‘Natchez’ and ‘Tuscarora’ are tall cultivars from the L. indica  × L. fauriei parentage, and 

lacewings fed crapemyrtle aphids reared on these cultivars had the shortest development time, 
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lowest pupal mortality, and highest adult dry mass.  Previous studies (Chapter 2) showed that 

cultivars from the L. indica × L. fauriei parentage were more suitable as hosts and more preferred 

by crapemyrtle aphids.  ‘Natchez’ is rarely infested with crapemyrtle aphids in the field and has 

the lowest susceptibility rating among the cultivars tested in this experiment (Mizell and Knox 

1993).  Lower aphid populations in the field could be due to higher predation rates by lacewings 

or other aphid predators.  This may be a result of either qualitative or quantitative differences in 

aphid prey.   

Qualitative or quantitative differences in aphid prey have been determined by other 

researchers through the use of suboptimal diets (Giles et al. 2000, Giles et al. 2002a, Giles et al. 

2002b).  The idea put forward by Giles was that when predators have differential survivorship 

based on the source of prey this difference may or may not be overcome by increasing the 

amount of prey consumed.  If the predator can overcome a nutritional deficiency by consuming 

more prey, the difference is quantitative.  If there is no increase in predator fitness with the 

increased consumption of prey, the difference is qualitative.  However, toxic chemicals within an 

aphid can affect aphid predators, and in the context of toxins, a predator would likely be more 

adversely affected by consuming more prey (Price et al. 1980, Malcolm 1990, Van Emden 

1995).  Lagerstroemia indica has several alkaloids that are found in the leaves, bark, and seeds 

(Ferris et al. 1971a, 1971b, 1971c).  Mizell et al. (2002) suggested that these chemicals could 

play a defensive role and help protect crapemyrtle aphids against insect parasitism.  Further 

experiments examining more homogenous aphid populations derived from different crapemyrtle 

cultivars and offered to lacewings at differing levels of prey will help in determining if lacewing 

mortality is associated with the number of crapemyrtle aphids eaten or the plant that the aphids 

developed upon.             
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Suboptimal Diet Experiment 

Lacewing survivorship in this experiment was not found to be significantly affected by 

cultivar or the amount of food provisioned on a daily basis, but daily prey levels and food source 

did influence larval developmental time, pupal mass and adult dry mass.  Lacewing larvae 

developed faster and had a higher pupal mass when they were reared on higher daily prey levels, 

regardless of the food source.  Studies on the diet and life history of C. rufilabris have indicated 

that faster larval developmental time is associated with higher quality food (Hydorn and 

Whitcomb 1979, Legaspi et al. 1994, Legaspi et al. 1996).  However, Hydorn and Whitcomb 

(1979) also showed that C. rufilabris larvae reared on Tribolium castaneum (Herbst) had a 

higher adult mass, but lower fecundity than C. rufilabris larvae that were reared on aphids or 

Phthorimaea operculella (Zeller) eggs.  Hydorn and Whitcomb (1979) attributed the higher adult 

mass to a longer developmental time, and in this experiment, C. rufilabris that were reared on 

crapemyrtle aphids had a longer larval development time and a larger dry mass than lacewings 

reared on E. kuehniella eggs.  These results are interesting because lacewing larvae reared on E. 

kuehniella eggs had a higher pupal mass than larvae reared on crapemyrtle aphids.  The 

discrepancy between these findings may be due to pupal survivorship, and although the 

relationship is not significant, pupae that did not successfully emerge as adults had a mean pupal 

mass of 6.5 mg whereas pupae that did emerge had a mean pupal mass of 6.23 mg.  Future 

experiments using higher daily prey levels can evaluate the hypothesis that C. rufilabris suffers 

higher mortality rates when consuming large quantities of crapemyrtle aphids.       

Lacewing Study 

Results from this study indicate that in the ad libitum diet experiment crapemyrtle cultivar 

influenced lacewing survivorship, but this effect was not detected in the suboptimal diet 

experiment.  Differences between the two experiments that were not controlled were the 
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exposure to plant material, number of aphids consumed, and the rearing containers.  In the ad 

libitum diet experiment, lacewing larvae were exposed to plant material and lacewing may have 

attempted to feed directly on the leaf material to obtain water or nutrients.  This exposure cannot 

eliminate the possibility of a direct plant effect on lacewing fitness.  However, under field 

conditions it is unlikely that lacewings would encounter a sufficient number of aphids to 

complete larval development without being present on the plant, which would expose the 

developing larvae to leaf material, sooty mold, or aphid honeydew.  Thus, the results from the ad 

libitum diet experiment are the most applicable for considering what may happen in the field.  

Future experiments looking at survivorship with and without plant material can be conducted to 

test the hypothesis that the plant is directly affecting the fitness of lacewing larvae.   

Aphid size, age, or instar may be important factors in determining prey suitability, and 

New (1984) suggested that studies investigating the effects of aphid prey on the fitness or 

survival of lacewings should account for variation in size, instar, or age of aphid prey.  In the 

suboptimal diet study, the age and relative density of aphids was controlled and there was no 

significant difference in lacewing survivorship among the different sources of diet.  However, 

there was an indication that eating more crapemyrtle aphids may decrease the survivorship of 

lacewings in the cultivars ‘Apalachee’, ‘Sioux’, and ‘Carolina Beauty’.  ‘Byers Wonderful 

White’ did not show this trend and may be the most appropriate cultivar, from the cultivars 

tested, to serve as an augmentation crop in pecans.   
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Table 3-1.  Analysis of variance results for the ad libitum diet experiment with contrast 
statements. 

Response variable (effect) 
     Contrast Num df Den df F Pr > F 
Pupal survivorship (cultivar) 6 172   3.26 0.0046 
      L. indica vs. L. indica x L. fauriei 1 172   0.66 0.4162 
     ‘Apalachee’ vs. All other L. indica x L. fauriei       1 172   7.68 0.0062 
     ‘Basham’s Party Pink’ vs. Seedlings 1 172   1.42 0.2347 
     ‘Lipan’ vs. ‘Tuscarora’ (‘Basham’s Party Pink’) 1 172   7.49 0.0069 
     ‘Sioux’ vs. ‘Natchez’ (Seedlings) 1 172   0.90 0.3431 
     ‘Byers Wonderful White’ vs. ‘Carolina Beauty’ 1 172   1.66 0.1997 
     
Total Survivorship (cultivar) 6 271   3.23 0.0044 
      L. indica vs. L. indica x L. fauriei 1 271   0.61 0.4340 
     ‘Apalachee’ vs. All other L. indica x L. fauriei       1 271   7.68 0.0060 
     ‘Basham’s Party Pink’ vs. Seedlings 1 271   3.31 0.0700 
     ‘Lipan’ vs. ‘Tuscarora’ (‘Basham’s Party Pink’) 1 271   6.15 0.0137 
     ‘Sioux’ vs. ‘Natchez’ (Seedlings) 1 271   0.20 0.6548 
     ‘Byers Wonderful White’ vs. ‘Carolina Beauty’ 1 271   1.91 0.1676 
     
Larval Development Time (cultivar) 6 176   5.22 0.0001 
      L. indica vs. L. indica x L. fauriei 1 176   0.02 0.8929 
     ‘Apalachee’ vs. All other L. indica x L. fauriei       1 176   4.10 0.0445 
     ‘Basham’s Party Pink’ vs. Seedlings 1 176   0.62 0.4304 
     ‘Lipan’ vs. ‘Tuscarora’ (‘Basham’s Party Pink’) 1 176 10.95 0.0011 
     ‘Sioux’ vs. ‘Natchez’ (Seedlings) 1 176 10.60 0.0014 
     ‘Byers Wonderful White’ vs. ‘Carolina Beauty’ 1 176   4.52 0.0348 
     
Adult Dry Mass (cultivar) 6 113   9.31 0.0001 
      L. indica vs. L. indica x L. fauriei 1 113   3.38 0.0686 
     ‘Apalachee’ vs. All other L. indica x L. fauriei       1 113   0.07 0.7866 
     ‘Basham’s Party Pink’ vs. Seedlings 1 113   4.16 0.0437 
     ‘Lipan’ vs. ‘Tuscarora’ (‘Basham’s Party Pink’) 1 113 22.91 0.0001 
     ‘Sioux’ vs. ‘Natchez’ (Seedlings) 1 113 24.71 0.0001 
     ‘Byers Wonderful White’ vs. ‘Carolina Beauty’ 1 113   0.45 0.5058 
 
 
 
Table 3-2.  Analysis of variance results with contrasts for the dry mass of crapemyrtle aphids 

reared on different cultivars of crapemyrtle. 
Response 
     Contrast Num df Den df F Pr > F 
Dry Mass (cultivar) 3 40 11.42 <0.0001 
      L. indica vs. L. indica x L. fauriei 1 40 20.74 <0.0001 
     ‘Medium vs. Tall’ 1 40   0.43   0.5175 
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Table 3-3.  Regression analyses results for the comparison of aphid dry mass to aphid fresh mass 
for different crapemyrtle cultivars using samples of 25 aphids.   

Cultivar Model df Error df F Pr > F R2 
‘Apalachee 1 17   21.38 0.0008 0.53 
‘Byers Wonderful 
White’ 

1 
19   21.13 0.0002 0.50 

‘Carolina Beauty’ 1 20   75.20 0.0001 0.78 
‘Sioux’ 1 20 121.87 0.0001 0.85 
 
 
Table 3-4.  Analysis of variance results for C. rufilabris in the suboptimal diet experiment. 
Response 
     Effect Num df Den df F Pr > F 
Larval Development     
     Diet Source 4 86 46.69 <0.0001 
     Prey Level 1 86 44.93 <0.0001 
     Diet Source × Prey Level 4 86   0.70   0.5962 
     
Pupal Duration     
     Diet Source 4 71 7.31 <0.0001 
     Prey Level 1 71 0.19   0.6640 
     Diet Source × Prey Level 4 71 0.67   0.6171 
     
Pupal Mass     
     Diet Source 4 86   2.92   0.0257 
     Prey Level 1 86 30.36 <0.0001 
     Diet Source × Prey Level 4 86   0.21   0.9341 
     
Adult Dry Mass     
     Diet Source 4 61   6.24   0.0003 
     Prey Level 1 61 61.34 <0.0001 
     Sex 1 61 23.41 <0.0001 
     Diet Source × Prey Level 4 61   1.17   0.3324 
     Diet Source × Sex 4 61   1.28   0.2872 
     Sex × Prey Level 1 61   0.13   0.7189 
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       20 cm 
 
Figure 3-1.  Sleeve cage attached to a branch of crapemyrtle (‘Natchez’).  

 

 
      
             15 cm 
 
Figure 3-2.  Vials and Petri-plates containing lacewing larvae in the suboptimal diet experiment. 



 

55 

 

CB BW Apa Sio Nat Lip Tus

%
 T

ot
al

 s
ur

vi
vo

rs
hi

p

0

20

40

60

80

100

Seedlings  BPP

Cuttings  Seedlings; BPP

L. indica  L. indica × L. fauriei

**

**

ab

ab

b

ab

a
ab

ab

Med  Tall Med  Tall Med  Tall

 
 
Figure 3-3.  Percentage of lacewing larvae that successfully developed from first instar larva to 

adult in the ad libitum diet experiment with orthogonal contrasts for the cultivars 
‘Byers Wonderful White’ (BW), ‘Carolina Beauty’ (CB), ‘Apalachee’ (Apa), 
‘Natchez’ (Nat), ‘Sioux’ (Sio), ‘Tuscarora’ (Tus), and ‘Lipan’ (Lip).  Columns 
followed by different levels are different at P < 0.05 Tukey’s HSD, and contrasts 
marked by asterisks such that *P < 0.05; **P < 0.01. 
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Figure 3-4.  Percentage of lacewing pupae emerging as adults in the ad libitum diet experiment 

with orthogonal contrasts for the cultivars ‘Byers Wonderful White’ (BW), ‘Carolina 
Beauty’ (CB), ‘Apalachee’ (Apa), ‘Natchez’ (Nat), ‘Sioux’ (Sio), ‘Tuscarora’ (Tus), 
and ‘Lipan’ (Lip).  Columns followed by different levels are different at P < 0.05 
Tukey’s HSD, and contrasts marked by asterisks such that *P < 0.05; **P < 0.01. 
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Figure 3-5.  LS mean (± SE) for the square root of larval development for the ad libitum diet 

experiment with orthogonal contrasts for the cultivars ‘Byers Wonderful White’ 
(BW), ‘Carolina Beauty’ (CB), ‘Apalachee’ (Apa), ‘Natchez’ (Nat), ‘Sioux’ (Sio), 
‘Tuscarora’ (Tus), and ‘Lipan’ (Lip).  Columns followed by different levels are 
different at P < 0.05 Tukey’s HSD, and contrasts marked by asterisks such that *P < 
0.05; **P < 0.01. 
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Figure 3-6.  LS mean log dry mass (± SE) for adult lacewings in the ad libitum diet experiment 

with orthogonal contrasts for the cultivars ‘Byers Wonderful White’ (BW), ‘Carolina 
Beauty’ (CB), ‘Apalachee’ (Apa), ‘Natchez’ (Nat), ‘Sioux’ (Sio), ‘Tuscarora’ (Tus), 
and ‘Lipan’ (Lip).  Columns followed by different levels are different at P < 0.05 
Tukey’s HSD, and contrasts marked by asterisks such that *P < 0.05; **P < 0.01. 
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Figure 3-7.  Mean dry mass (± SE) for aphid samples in the suboptimal diet experiment for 

crapemyrtle aphids reared on the pure L. indica cultivars ‘Byers Wonderful White’ 
(BW), ‘Carolina Beauty’ (CB), and the L. indica × L. fauriei cultivars ‘Apalachee’ 
(Apa), and ‘Sioux’ (Sio).  Columns with different letters are different at P < 0.05 
using Tukey’s HSD. 
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Figure 3-8.  Relationship of dry mass to fresh mass for aphid samples taken from the cultivars 

‘Byers Wonderful White’ (BW), ‘Carolina Beauty’ (CB), ‘Apalachee’ (Apa), and 
‘Sioux’ (Sio). 
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Figure 3-9.  Mean developmental time of lacewings (± SE) for the suboptimal diet experiment 

for A) lacewing larvae and B) lacewing pupae for the different sources of diet using 
E. kuehniella eggs (Eph) and crapemyrtle aphids from the cultivars ‘Byers Wonderful 
White’ (BW), ‘Carolina Beauty’ (CB), ‘Apalachee’ (Apa), and ‘Sioux’ (Sio).  
Combined paired columns (low and high prey levels) with different letters are 
different for the main effect of diet at P < 0.05 using Tukey’s HSD.  Low equals 25 
aphids or 2.5 mg of E. kuehniella eggs daily and high equals 50 aphids or 5 mg of E. 
kuehniella eggs daily.  Eph ad lib was not used in statistical analyses, but presented to 
indicate relative trends. 
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Figure 3-10.  Mean pupal mass of lacewings (± SE) in the suboptimal diet experiment for the 

treatments E. kuehniella eggs (Eph) and crapemyrtle aphids from the cultivars ‘Byers 
Wonderful White’ (BW), ‘Carolina Beauty’ (CB), ‘Apalachee’ (Apa), and ‘Sioux’ 
(Sio).  Combined paired columns (low and high prey levels) with different letters are 
different for the main effect of diet at P < 0.05 using Tukey’s HSD.  Low equals 25 
aphids or 2.5 mg of E. kuehniella eggs daily and high equals 50 aphids or 5 mg of E. 
kuehniella eggs daily.  Eph ad lib was not used in statistical analyses, but presented to 
indicate relative trends. 
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Figure 3-11.  LS mean log adult dry mass (± SE) for lacewings that successfully emerged 

without deformation in the suboptimal experiment for the main effects of A) diet, B) 
daily prey levels, and C) sex.  E. kuehniella eggs (Eph) and crapemyrtle aphids from 
the cultivars ‘Byers Wonderful White’ (BW), ‘Carolina Beauty’ (CB), ‘Apalachee’ 
(Apa), and ‘Sioux’ (Sio).  Columns with different letters are different at P < 0.05 
using Tukey’s HSD.  
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CHAPTER 4 
LANDSCAPE ECOLOGY OF THE CRAPEMYRTLE APHID AND THE APHID PREDATOR 

Harmonia axyridis (PALLAS) 

Introduction 

Lady beetles in the family Coccinellidae are voracious predators that are considered to be 

important for controlling aphids and other hemipterans pests (Obrycki and Kring 1998).  

Previous studies observing the response of lady beetles to aphid prey indicated that lady beetles 

respond to prey densities on a temporal and spatial level, and because Coccinellidae do not 

search for prey at random, individuals tend to aggregate in patches that have a high density of 

prey (Kareiva and Odell 1987, Kindlmann and Dixon 1993, Kindlmann and Dixon 1999a, 

1999b).  Understanding the movement of coccinellids on a landscape level can enhance the 

understanding and success of biological control programs.  To understand coccinellid movement 

through the landscape, researchers have sought methods of quantifying the response of lady 

beetles while reducing time and cost of sampling (Musser et al. 2004, Stephens and Losey 2004, 

Schmidt et al. 2008).  Previous studies using sticky traps in the form of sticky cards or small 

cylindrical traps have been used to track the movement, abundance, and distribution of 

Coccinellidae (Parajulee and Slosser 2003, Musser et al. 2004, Stephens and Losey 2004, Hesler 

and Kieckhefer 2008, Schmidt et al. 2008).  Mensah (1997) discovered that Coccinellidae are 

highly attracted to hues of yellow, and Parajulee and Slosser (2004) found that yellow sticky 

traps were an efficient method for sampling lady beetles in cotton.           

The multicolored Asian lady beetle, Harmonia axyridis (Pallas), was introduced into the 

United States as a biological control agent in arboreal and agricultural habitats (Tedders and 

Schaefer 1994, Nault and Kennedy 2003).  Since its establishment in 1980, H. axyridis has 

become the dominant species of lady beetle among many agricultural and natural landscapes and 

is considered to be an important natural enemy for controlling aphid pests (Rutledge et al. 2004, 
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Costamagna et al. 2007, Mizell 2007).  In crapemyrtle Lagerstroemia spp., H. axyridis is the 

most frequently observed aphid predator and is present in crapemyrtle from spring to autumn 

(Mizell 2007).  The spatial and temporal distribution of H. axyridis has not been studied in 

crapemyrtle, and understanding how H. axyridis moves at a landscape level may help develop 

strategies to better use this predator in biological control programs.   

Recent advances in spatial modeling and analyses have provided tools to detect spatial 

clusters, which are gaps or aggregations in the spatial distribution of an organism.  Association 

tests can determine if the spatial distributions of two species or the distributions of one species 

over time are significantly associated at a spatial level.  Spatial Analysis by Distance IndicEs 

(SADIE) is a relatively new and novel way of measuring spatial aggregations (clusters) and 

associations, and uses ecological count data (Perry 1995, Perry et al. 1996, Perry 1998).  SADIE 

uses the values of the experimental data set (entered as x, y, count) to generate data that are 

distributed at regular intervals, randomly, or completely clustered (Perry 1995, Perry et al. 1996, 

Perry 1998, Perry et al. 1999, Perry and Dixon 2002).  SADIE uses numerous permutations of 

the algorithms to assess how many randomly generated data sets are as clustered or more 

clustered than the original data set and uses this information to calculate the probability that the 

original data are more clustered than by random chance.  Clustering of data can indicate 

aggregations or gaps in the spatial distribution.  Developers of the program describe the 

techniques used by SADIE to be biologically relevant and under some conditions the program is 

more likely to detect clusters when compared to other geostatistical methods that assume a 

regular covariance matrix (Perry 1998, Korie et al. 2000).   

SADIE performs association analyses that compare the distribution of two data sets over 

the same space.  To test for spatial associations, SADIE uses information that is generated in the 
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cluster analysis of a single set of data (Perry and Dixon 2002).  A limitation of performing 

association analyses in SADIE is that the data in both data sets must have the same x, y 

coordinates.  The association function in SADIE uses the “cluster.dat” files generated during a 

cluster analysis to calculate Χ (Chi), which can be positive or negative in value (Perry et al. 

1996, Perry and Dixon 2002).  Positive values of Χ indicate a tendency toward an association, 

while negative values of Χ point toward disassociation.  Association tests in SADIE are two-

tailed and significance is recorded as P < 0.025 for a significant association and P > 0.975 for 

two data sets that are significantly disassociated. 

The purpose of this study was to observe the spatial and temporal distribution of 

crapemyrtle aphids and H. axyridis in a large plot of crapemyrtle, and to determine if the 

distributions of aphids and H. axyridis were spatially or temporally associated.  The second 

objective of this study was to determine if there were cultivar effects on populations of 

crapemyrtle aphids and H. axyridis.  The third objective of this study was to evaluate if the 

number of H. axyridis trapped on a yellow sticky trap was correlated with aphid or H. axyridis 

populations.        

Materials and Methods  

Experimental Setup 

The study was conducted in a large plot of 7-yr-old crapemyrtles Lagerstroemia spp. 

located at the North Florida Research and Education Center in Quincy, FL (Figure 4-1A).  The 

plot contained four blocks of crapemyrtle and each block had two rows of plants.  Fourteen 

cultivars of crapemyrtle, ‘Byers Wonderful White’, ‘Carolina Beauty’, ‘Biloxi’, ‘Lipan’, 

‘Tuscarora’, ‘Tonto’, ‘Sioux’, ‘Natchez’, ‘Tuskegee’, ‘Miami’, ‘Yuma’, ‘Acoma’, ‘Apalachee’, 

and ‘Osage’ were represented in each block (seven per row) and each cultivar was represented 
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by four plants that were planted side by side (Figure 4-1A, B).  Cultivars vary in their attributes 

of parentage, disease resistance, and crapemyrtle aphid susceptibility (Table 4-1).   

Sticky traps used in the experiment were constructed from 7.6 × 91 cm mailing tubes that 

were painted yellow (PPG, 11-34 yellow Pittsburg, PA) and covered with Tanglefoot® (Grand 

Rapids, MI).  Traps were placed over the top of bamboo poles fitted with a wire stop that held 

the trap such that the bottom of the trap was 1 m above the ground.  The study used 56 sticky 

traps inside the plot and 44 sticky traps outside the plot.  Traps inside the plot were placed 

between the first or second pair of plants from the same cultivar, and this arrangement allowed 

the traps to be staggered so that the traps in adjacent rows were not next to each other (Figure 4-

2).  Traps on the northern and southern periphery of the plot were arranged as if there was an 

additional block of crapemyrtle and used the same spacing dimensions as the traps located inside 

the plot (Figure 4-2).  Traps on the eastern and western periphery were placed at varying 

intervals to allow farm equipment to pass through the plot area without moving traps.  Three 

traps were placed in adjacent habitats.  Traps numbered 26 and 63 were placed in a plot of 

ornamental grasses, and trap 100 was placed in an adjacent plot of crapemyrtle (Figure 4-2). 

Sampling 

2007.  Sampling in 2007 began on 4-August and continued until 11-November.  

Crapemyrtle plants were sampled for crapemyrtle aphids and Coccinellidae.  Sampling for 

aphids was conducted by counting the number of aphids on 10 haphazardly selected leaves, and 

sampling for lady beetles was conducted by visual sampling.  To sample visually, one complete 

walk around the plant was performed while visually examining the plant for lady beetles.  All 

224 plants were sampled on the same day, and plants were sampled once per week.   
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Samples of Coccinellidae were collected from sticky traps two to four times per week.  

Sticky trap samples were collected the morning of plant sampling and then again the following 

morning to obtain a sample for the day of plant sampling.  Traps were then checked every 3-6 d.  

While checking sticky traps, lady beetles and other insects were removed from the traps to keep 

the traps clean and increase their longevity in the field.  Traps were exchanged with newly 

prepared traps as needed and all 100 traps were changed within a 24-h period.   

2008.  Plants were sampled for aphids as in 2007, but because of results obtained in 2007, 

only the plants adjacent to sticky traps were sampled for aphids and H. axyridis.  Because the 

number of H. axyridis was very low in 2008, sampling for coccinellids on plants was performed 

by beat sampling.  Four beat samples were taken per plant; one sample per ordinal direction.  

Beat sampling was conducted by placing a beat sheet 0.75 × 0.75 m under the plant and beating 

the foliage above twice with a piece of PVC pipe.  Sticky trap samples were collected as in 2007 

with two to four sampling days per week.  Frequent rain storms and higher levels of rain in 2008 

caused some asynchrony with the collection of sticky trap samples over the same time period as 

plant sampling.  When an asynchrony occurred, the sticky trap samples were collected 24 h 

before or 24 h after the day of plant sampling.  Trap cleaning and exchanging procedures were 

the same as the procedures in 2007. 

Statistics   

Notation.  Data were recorded in three different data sets that measured H. axyridis 

response on the level of plant, traps that were exposed for 24 h in the field and traps that were 

exposed for several days in the field.  To help eliminate confusion when describing statistical 

tests and results, the following terms are used to describe the different measurements of H. 

axyridis:  1) H. axyridis observed on a plant are referred to as H. axyridis per plant, 2) H. 

axyridis trapped during plant sampling are referred to as H. axyridis trapped in a 24-h period, 3) 
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H. axyridis trapped in traps that were exposed for 3 d are referred to as H. axyridis trapped over a 

3-d period, 4)  when the number of H. axyridis in a trap was divided by the number of days the 

trap was in the field, the measurement is referred to as H. axyridis per trap day.     

Analysis of variance.  Analyses of lady beetle data were restricted to H. axyridis because 

H. axyridis was the dominant lady beetle in the landscape and the number of individuals from 

other species was extremely low.  Data from 2007 and 2008 for the number of aphids per plant 

and the number of H. axyridis per plant were analyzed with a repeated measures analysis in 

PROC GLIMMIX SAS 9.1.3 (SAS Institute 2000-2004).  The statistical model used to analyze 

the aphid and H. axyridis per plant data were the same and contained two random statements.  

Block was random and the statement “_residual_  / sub=plant*cultivar*block type = AR(1);” was 

used in the model to performed the repeated measure (SAS institute 2000-2004).  Sticky trap 

data for H. axyridis were divided into two data sets per year.  One of the data sets was the 

number of H. axyridis trapped in a 24-h period and the other data set had the number of H. 

axyridis trapped on all sampling dates regardless of how long the trap was in the field.  Repeated 

measures analyses for H. axyridis sticky trap data were performed using PROC GLIMMIX SAS 

9.1.3 (SAS Institute 2000-2004).  The model for H. axyridis data contained the random statement 

“random _residual_  /sub = cultivar*block type = AR(1)” to perform the repeated measure (SAS 

Institute 2000-2004).  Data analyzed using repeated measures analysis were count data, and to 

correct for the non-normality of count data, the distribution function built into the PROC 

GLIMMIX procedure was used.  To fit a lognormal distribution in PROC GLIMMIX, the 

statement  “/dist = lognormal” was used at the end of the model statement (SAS Institute 2000-

2004).  All repeated measures analyses were conducted using the lognormal distribution function 

in SAS and the default identity link.  The main effects and interactions among cultivar, edge, and 
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time were tested in all analyses, but the interactions of cultivar × edge and cultivar × edge × time 

could not be tested because the edge does not contain all 14 cultivars.  Repeated measures 

analyses for plant data did not use sampling dates that were more than 2 wk before or 2 wk after 

the peak in aphid populations because the data were mostly zeros and caused overdispersion of 

the data.  Means were separated, when appropriate, using a Tukey’s HSD family-wise error rate 

for all pair-wise comparisons (SAS Institute 2000-2004).   

Regression analyses.  Regression analyses were conducted using SigmaPlot 11 (Systat 

Software Inc.).  Data used in regression analyses were transformed as necessary to meet the 

assumptions of the model and pooled by sampling date.  The following regressions were 

performed and are listed as y vs. x:  1) H. axyridis per plant vs. aphids per plant, 2) H. axyridis 

trapped in a 24-h period vs. aphids per plant, 3) H. axyridis trapped in a 24-h period vs. H. 

axyridis per plant 4) the number of H. axyridis trapped on traps outside the plot vs. the number of 

H. axyridis trapped inside the plot (all sampling dates), 5) the sum total of H. axyridis trapped 

within the plot was divided by the total number of H. axyridis trapped and observed on plants in 

the plot yielding the proportion of H. axyridis trapped, and a regression was performed on the 

proportion of H. axyridis trapped vs. mean number of aphids per plant.   

Spatial statistics.  Data were analyzed for spatial aggregations or clusters using SADIE 

shell.  All response variables from all sampling dates in 2007 were subjected to a cluster 

analysis, but because of results at low aphid populations, the dates of testing were restricted in 

2008.  The cluster indices produced by SADIE in the “cluster.dat” file were used in analyses that 

tested for spatial associations.  Plants and sticky traps were not in the exact same place, which 

caused a problem with association analyses that require the exact same x, y coordinates.  To 

remedy the coordinate problem, data from the two plants adjacent to a sticky trap were summed 
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and assigned the coordinates of the sticky trap.  Data created from summing the response of H. 

axyridis or aphids on the plants adjacent to sticky traps were subjected to a cluster analysis to 

obtain a proper “cluster.dat” file that could then be used for testing spatial associations.     

Numerous association tests were performed in an effort to detect spatial patterns among 

crapemyrtle aphids and H. axyridis.  To test for a spatial association between the distribution of 

aphids and H. axyridis per plant, the aphid and H. axyridis per plant data were paired by the date 

of sampling (e.g., 06-August).  The procedure of pairing data by sampling date was repeated on 

aphid and H. axyridis per plant data for all sampling dates of interest.  The spatial association of 

aphids and H. axyridis trapped in a 24-h period was evaluated by repeating the previous 

procedures and using the summed aphid data.  A third set of association analyses for H. axyridis 

plant data and H. axyridis trapped in a 24-h period were performed using the previous procedures 

and the summed H. axyridis data.   

Predators often show a delayed population-level response in which the number of 

predators observed lags behind the number of prey.  To test if the number of H. axyridis on a 

plant was lagging behind the number of aphids on a plant, an association analysis was performed 

by pairing aphid data and H. axyridis per plant data that were separated by 1 wk (e.g., aphids on 

06-August and H. axyridis on 13-August).  Two additional sets of association analyses were 

performed to assess if the capture of H. axyridis trapped in a 24-h period was lagging behind the 

number of aphids or H. axyridis on plants that were adjacent to the sticky traps.   

Spatial association tests were performed on data from the H. axyridis trapped over a 3-6 d 

period to investigate the hypothesis that traps are capturing H. axyridis 3 d before or 3 d after 

visiting a plant.  Sets of spatial analyses were performed by pairing H. axyridis per plant 

(summed) with H. axyridis trapped over a 3-d period for the sampling dates that represent the 
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number of H. axyridis trapped 3 d before or 3 d after plant sampling.  The aphid (summed) data 

and the H. axyridis trapped in a 24-h period data were also compared with the number of H. 

axyridis trapped over a 3-d period for the dates before and after plant sampling.  Results from the 

spatial association tests were compiled into tables that contain the value of Χ (Chi) for each test 

and the probability of association P(a).  The values of Χ were included in the results because 

trends in the value of Χ over time can indicate broader spatial trends.   

Results 

2007 Data 

Phenology.  Phenology data for crapemyrtle aphids and H. axyridis per plant were plotted 

over time and pooled by sampling date.  The mean number of aphids and H. axyridis per plant 

peaked in early August, but peak H. axyridis populations occurred one week after peak aphid 

populations (Figure 4-3).  Phenology for aphids and H. axyridis was similar on all 14 cultivars of 

crapemyrtle Lagerstroemia spp. (Figure 4-4A-N).  Sticky trap data for H. axyridis was pooled by 

sampling date and divided by the number of days the trap was in the field.  The number of H. 

axyridis trapped per trap/day was the greatest in late August and early September, and during the 

peak in trap catch, the number of H. axyridis captured on traps inside the plot was greater than 

the number of H. axyridis caught in traps outside the plot (Figure 4-5).  Although species of lady 

beetles other than H. axyridis were low in numbers, sticky traps captured specimens of: 

Hippodamia convergens Guérin-Méneville, Coccinella septempunctata (L.), Olla v-nigrum 

(Mulsant), Coleomegilla maculata (Mulsant), Cycloneda spp., and Neoharmonia spp.   

Analysis of variance.  Results from the repeated measures analysis for the aphids per plant 

data indicated that the number of aphids per plant differed according to cultivar (F = 3.31; df = 

13, 1485; P < 0.001), time (F = 213; df = 1, 1485; P < 0.001), and time × cultivar (F = 2.91, df = 

13, 1475; P < 0.001; Table 4-2, Table 4-3).  The results from the repeated measures analysis 
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using H. axyridis per plant data indicated that time was the only factor in the analysis (F = 70; df 

= 1, 779; P < 0.001; Table 4-4).  Numbers of H. axyridis trapped in a 24-h period differed 

according to time (F = 12.20; df = 1, 379; P < 0.001; Table 4-5), and the number of H. axyridis 

trapped in sticky traps for all trapping dates differed among the factors of time (F = 173; df = 1, 

1760; P < 0.001;), cultivar (F = 2.65; df = 13, 41; P = 0.009), and time × cultivar (F = 2.65; df = 

13, 1760; P = 0.001; Table 4-6; Table 4-7).   

Regression analyses.  Regression analyses used data that were pooled by sampling date.  

When comparing trap data vs. plant data, the analysis used data from the 56 sticky traps that 

were located inside the plot.  Data for aphids per plant and H. axyridis per plant were square root 

transformed to satisfy the assumption of equal variance, and the regression analysis results 

indicated a strong positive correlation for the square root of H. axyridis per plant vs. the square 

root of aphids per plant (R2 = 0.87; Figure 4-6).  Data for H. axyridis trapped in a 24-h period vs. 

aphids per plant were square root transformed, and the correlation of the square root of H. 

axyridis trapped in a 24-h period and the square root of aphids per plant had a positive 

correlation (R2 = 0.41; Figure 4-7).  A quadratic relationship explained the variation in the 

relationship between the square root of H. axyridis per plant and the square root of H. axyridis 

trapped in a 24-h period better than a linear model (R2 = 0.68; Figure 4-8).  To better understand 

the quadratic nature of the previous comparison, the proportion of H. axyridis trapped was 

calculated using the following equation (sum total number of H. axyridis trapped) / (sum total 

number of H. axyridis trapped + sum total number of H. axyridis observed on plants).  When the 

relationship between the number of aphids per plant and the proportion of H. axyridis on traps 

was evaluated, the correlation was negative (Figure 4-9; R2 = 0.61).  Regression analysis for the 

relationship of the number of H. axyridis trapped inside the plot vs. the number of H. axyridis 
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trapped outside the plot used a log transformation, and the two factors were positively correlated 

(R2 = 0.51; Figure 4-10).   

Cluster analyses.  Results from cluster analyses indicated that the distribution of aphids 

per plant was clustered on 06-August, 01-October, and 05-November (Table 4-8).  The 

distribution of H. axyridis per plant was significantly clustered on 03-September, 01-October, 

08-October, 15-October, and 22-October (Table 4-8).  Harmonia axyridis trapped in a 24-h 

period had a spatial distribution that was clustered on 13-August, 24-September, 22-October, and 

12-November (Table 4-8).  When the aphids per plant data were pooled by trap and assigned the 

coordinates of the trap, the spatial distribution of aphids was clustered on 15-October and 05-

November (Table 4-9).  Data for H. axyridis per plant pooled by trap were not clustered for any 

of the sampling dates (Table 4-9).  Cluster analysis results for the H. axyridis trapped over a 3-d 

period indicated that the distribution of H. axyridis trapped was clustered for the sampling 

periods of the 11-13-September and all 3 d sampling dates between 12-28-October (Table 4-10).   

Association analyses.  The distribution of aphids and H. axyridis on plants were spatially 

associated on 12-November, and the values of Χ for all comparisons did not show a noticeable 

trend over time (Table 4-11).  Spatial association tests for the distribution of aphids and H. 

axyridis trapped in a 24-h period indicated that the distribution of H. axyridis trapped in a 24-h 

period was not associated with the distribution of aphids for any sampling date.  The distribution 

of H. axyridis on plants was not associated with the distribution of H. axyridis trapped in a 24-h 

period for any sampling date, but the values of Χ had a trend where Χ increased in value 

between 06-August and 03-September (Table 4-12).   

Analyses to test for lags in the data from weekly sampling indicated that the distribution of 

aphids on 06-August was associated with the distribution of H. axyridis per plant on 13-August 
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(Table 4-13).  The values of Χ for the previous set of association tests did not show an obvious 

temporal trend.  When the distribution of H. axyridis trapped in a 24-h period was paired with 

the distribution of aphids from the previous week, there was a significant association between the 

distributions of aphids on 01-October vs. H. axyridis trapped in a 24-h period on 08-October 

(Table 4-14).  The values of Χ for the association tests of H. axyridis trapped in a 24-h period 

and aphids from the previous week decreased from 06-August through 03-September (dates 

represented by aphid sampling date) (Table 4-14).  Results from the spatial analyses assessing 

the delayed trapping of H. axyridis trapped in a 24-h period with respect to the number of H. 

axyridis on a plant (summed) showed a significant association between H. axyridis on plants on 

03-September and H. axyridis trapped in a 24-h period on 10-September (Table 4-15).  The 

values of Χ for the data of H. axyridis trapped in a 24-h period with respect to the number of H. 

axyridis on a plant (summed) did not show an obvious temporal trend.   

Tests assessing the spatial association of H. axyridis trapped over a 3-d period with the 

distribution of aphids indicated that the distribution aphids and H. axyridis trapped over a 3-d 

period were not spatially associated for any pairing before or after aphid sampling(data not 

shown).  Harmonia axyridis trapped over a 3-d period for 14-16-Septermber were spatially 

associated with H. axyridis on plants for 17-September (Table 4-16).  H. axyridis trapped over a 

3-d period was spatially associated to the H. axyridis trapped in a 24-h period for the pairings of: 

1) 24-h period on 24-September and 3-d period from the 25-27-September; 2) 24-h period on 15-

October and 3-d period from 16-18-October (Table 4-17).  The values of Χ did not have a 

temporal trend for any of the sets of association analyses using the H. axyridis trapped over a 3-d 

period data.   
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2008 Data 

Phenology.  In 2008, the peak number of crapemyrtle aphids per plant occurred on 18-

August, and declined rapidly between the sampling dates of  the 18-25-August (Figure 4-11).  

The number of H. axyridis observed on a plant through beat sampling had a peak on 18-August, 

but the number of H. axyridis sampled on a plant through beating was low throughout the 2008 

season (Figure 4-11).  Trap catch measured as H. axyridis per trap/day was the highest on 25-

August, and the number of H. axyridis per trap/day was greater for traps located inside the plot 

as compared to traps located outside the plot (figure 4-12).   

Analysis of variance.  Results from the repeated measures analyses indicated that time 

was the only significant factor for the analyses of:  aphids per plant (F = 260; df = 1, 733; P < 

0.01; Table 4-18), H. axyridis per plant; (F = 5.99; df = 1, 194; P = 0.015; Table 4-19), and H. 

axyridis trapped in a 24-h period (F = 24.8; df = 1, 176; P < 0.001; Table 4-20).  Results from the 

repeated measures analysis of H. axyridis trap data for all days of trapping indicated differences 

in time (F= 14.97, df = 1, 789, P < 0.001), cultivar, where ‘Tuskegee’ had the greatest number of 

H. axyridis per plant and ‘Carolina Beauty’ had the least number of H. axyridis per plant, (F = 

3.11; df = 13, 41; P = 0.03), and there was a time × cultivar interaction (F = 3.12, df = 13, 789, P 

< 0.001; Table 4-21; Table 4-22).   

Regression analyses.  Regression analyses for the 2008 data indicated that there was a 

correlation between the number of H. axyridis per plant and the number of aphids per plant (R2 = 

0.49; figure 4-13).  Results from the regression of H. axyridis trapped in a 24-h period vs. H. 

axyridis per plant showed a strong correlation between the two factors (R2 = 0.74; Figure 4-14).  

Data for traps located inside and outside the plot were square root transformed and the square 

root of H. axyridis trapped outside the plot had a positive correlation with the square root of H. 

axyridis trapped inside the plot (R2 = 0.73; Figure 4-15).  Analyses testing the relationships of:  
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H. axyridis trapped in a 24-h period vs. H. axyridis per plant, H. axyridis trapped in a 24-h period 

vs. aphids per plant; and the proportion of H. axyridis trapped in a 24-h period vs. aphids per 

plant were not significant (data not shown). 

Cluster analyses.  In 2008, the distribution of aphids was spatially clustered for all weekly 

sampling dates between 24-June and 23-September except for 11-August and 03-September 

(Table 4-23).  Results from the cluster analyses on H. axyridis indicated that the H. axyridis per 

plant data were clustered on 19-August and 26-August (Table 4-23).  Cluster analyses conducted 

on the data for H. axyridis trapped in a 24-h period indicate that the distribution of H. axyridis 

was not clustered for any of the weekly sampling dates (data not shown).  The distribution of H. 

axyridis trapped over a 3-d period was clustered for the trapping period of 29-August through 

01-September (Table 4-24).  When the aphid data was summed for plants adjacent to a trap and 

assigned the trap coordinates, the distribution of aphids was clustered for the weekly sampling 

dates of 08-22-July, 25-August, and 10-September (Table 4-25).  Harmonia axyridis data that 

were summed and pooled by trap showed significant clustering on 11-August and 19-August 

(Table 4-25).   

Association analyses.  Association analyses to test for a spatial association of aphids and 

H. axyridis on a plant indicated that the distributions of aphids and H. axyridis were significantly 

associated for the following sampling dates:  02, 08-July, 19-August through 03-September, and 

the sampling dates between 23-September and 06-October (Table 4-26).  The values of Χ in the 

association analyses for aphids and H. axyridis per plant did not have an obvious trend over time.  

Because of the problem with weather that affected the ability to check sticky traps on the exact 

day of plant sampling, results for the association analyses comparing the distributions of aphids 

and H. axyridis to H. axyridis trapped in a 24-h period are referenced using the plant sampling 
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date.  The distribution of aphids on a plant and H. axyridis trapped in a 24-h period was spatially 

associated for the sampling dates of:  14, 22-July, 19-August, and 10-September, and the values 

of Χ did not show an obvious temporal trend (Table 4-27).  Results from the association analyses 

of H. axyridis on plants adjacent to traps and H. axyridis trapped in a 24-h period indicated that 

the spatial distributions were associated on 03-September, and the values of Χ showed a 

tendency to increase in value from 22-July through 03-September (Table 4-28).   

Analyses that tested for lags in the 2008 data from weekly sampling of the plot indicated 

that there was a significant association between the distributions of aphids and H. axyridis per 

plants for the following pairs of data:  1) aphids on 24-June vs. H. axyridis on 02-July, 2) aphids 

on 02-July and H. axyridis on 08-July, 3) aphids on 11-August and H. axyridis on 19-August, 4) 

aphids on 19-August and H. axyridis on 26-August, 5) aphids on 26-August and H. axyridis 03-

September, 6) aphids on 16-September and H. axyridis on 23-September, 7) aphids on 01-

October and H. axyridis on 06-October, 8) aphids on 13-October and H. axyridis on 20-October 

(Table 4-29).  Aphids were spatially associated with H. axyridis trapped in a 24-h period for the 

tests pairing aphids on 28-July with H. axyridis on 04-August and aphids on 04-August with H. 

axyridis on 11-August (Table 4-30).  Results from association analyses testing lags in the spatial 

association of H. axyridis per plant and H. axyridis trapped in a 24-h period indicated that the 

distribution of H. axyridis on a plant on 08-July was associated with the distribution of H. 

axyridis trapped in a 24-h period on 14-July (Table 4-31). The sampling of traps over 3-d periods 

was interrupted in 2008 by the weather and tests for lags in the data for sampling dates between 

plant sampling were not performed. 

2007 and 2008.  The number of crapemyrtle aphids and H. axyridis observed between the 

years 2007 and 2008 was different.  Peak crapemyrtle aphid populations measured as aphids per 
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10 leaves in 2008 were more than five times greater than the peak number of aphids per sample 

in 2007 (Figure 4-16).  The number of H. axyridis recorded on a plant cannot directly be 

compared between the two years of sampling because the sampling techniques were not equal.  

Harmonia axyridis abundance measured in sticky traps was lower in 2008 (Figure 4-17).   

Discussion 

Habitat Level Effects 

It is unknown if the low number of crapemyrtle aphids in 2007 was due to the abundance 

of H. axyridis or if the large number of aphids in 2008 was due to the absence of H. axyridis 

because other factors such as climatic conditions, other aphid populations in the landscape and 

overwintering survival are likely to affect the number of H. axyridis present in any given year.  

Climatic conditions between the two years were different, and average rainfall and average 

temperature data reported by the Florida Automated Weather Network (FAWN) site located at 

the research station in Quincy recorded that the average rainfall in 2007 from 01-May to 20-

August was 2.4 mm per day but was 3.7 mm per day in 2008.  Rainfall data were averaged for 

the dates of 01-May through 20-August to exclude the effects of Tropical Storm Fay.  Aphid 

populations dramatically decreased during Tropical Storm Fay, which was likely caused by the 

wind and the more than 300 mm of rain that the station received over a 3-d period.  However, H. 

axyridis activity increased following Fay, which may have been caused by declining aphid 

populations in crapemyrtle and other habitats.  Increased movement with decreasing prey density 

has been shown in the coccinellid species C. septempunctata, and the large number of H. 

axyridis observed in the crapemyrtle plot in 2007 may also be related to the low density of aphid 

prey (Bianchi and Werf 2004).  

Temperature may have also influenced aphid and H. axyridis populations.  Models 

investigating the influence of increasing temperature on the predator prey dynamics of lady 
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beetles have indicated that a rise in temperature favors coccinellid populations and leads to a 

decrease in aphid populations (Skirvin et al. 1997).  In the Skirvin et al. (1997) model, aphid 

reproduction reaches a maximum, but coccinellid developmental time continues to decrease 

resulting in higher numbers of beetles and lower aphid populations.  Crapemyrtle aphid and H. 

axyridis data from my study support the findings of the Skirvin et al. (1997) model in that the 

average daily temperature between 01-May and 20-August was 0.5 °C greater in 2007 than in 

2008, and there was a greater number of H. axyridis per plant in 2007 and a lower number of 

aphids per plant in 2007 in comparison to the data for aphids and H. axyridis per plant in 2008.   

In both years, aphid populations were low when compared to the field susceptibility data of 

Mizell and Knox (1993).  Mizell and Knox (1993) recorded the peak in aphid populations for the 

years 1990 and 1991 at approximately 150 and 175 aphids per leaf, which translates to 1500 and 

1750 aphids per sample.  Data from Mizell and Knox (1993) were recorded before the 

widespread establishment of H. axyridis, and H. axyridis has since become the dominant aphid 

predator in crapemyrtle and pecan (Mizell 2007).  Harmonia axyridis and crapemyrtle aphids are 

from Southeast Asia, and the introduction of H. axyridis would be equivalent to a classical 

biological control program and may have reduced the abundance of crapemyrtle aphids in recent 

years.     

Results from this study indicate that H. axyridis per plant had a numerical response to the 

mean number of aphids per plant for both years of sampling.  Although the values of the 

response (slopes of the regressions) cannot be compared directly because they represent two 

different methods of sampling, the mean number of H. axyridis on a plant was correlated to the 

mean number of aphids on a plant in 2007 and 2008.  The reason for the lower number of H. 

axyridis observed in 2008 is not known, but may have been influenced by a number of factors 
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such as aphid populations in other habitats, temperature, rainfall, or the number of H. axyridis 

that survived the winter from the previous years population. 

Cultivar Level Effects 

The number of H. axyridis trapped in sticky traps in a 24-h period was not different 

according to cultivar, but when the number of H. axyridis trapped was considered for all trapping 

dates, the effect of cultivar was significant for both years.  Traps placed between plants from the 

cultivars ‘Natchez’ and ‘Tuskegee’ consistently trapped higher numbers of H. axyridis.  The 

capture rate of traps between plants of ‘Natchez’ and ‘Tuskegee’ was not apparently related to 

the number of aphids or H. axyridis on plants immediately adjacent to the trap, and plant cues or 

signals may play a role in H. axyridis attraction or increased movement in association with these 

cultivars.  Both ‘Natchez’ and ‘Tuskegee’ are tall cultivars from the L. indica × L. fauriei 

parentage and have a similar architecture when growing from pruned trunks.  Shape may play a 

factor in attracting coccinellids and has not been looked at in crapemyrtle.  Mensah (1997) 

demonstrated that lady beetles respond to wavelengths that correspond to foliage color, and that 

Coccinellidae were more attracted to hues of yellow.  Harmonia axyridis foraging behavior may 

also change in response to the coloration of crapemyrtle foliage.  Sticky trap data must be 

considered carefully because they represent the total number of visits during a time period, but 

plant counts represent the number of insects present at a precise moment in time.  The sticky 

traps used in this experiment were not consistently reliable at correlating the number H. axyridis 

on a trap and the number of aphids or H. axyridis per plant, and this problem has also occurred 

for the use of sticky cards (Evans 2003, Stephens and Losey 2004).   

Spatial Relationships 

Spatial clustering and spatial associations differed in the number of occurrences between 

the two seasons, and these differences are likely to be caused by density dependent interactions.  
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Several models exploring density dependence and predation rates of lady beetles have been 

proposed to account for the spatial distribution of Coccinellidae and their aphid prey (Kareiva 

and Odell 1987, Kindlmann and Dixon 1993, Kindlmann and Dixon 1999b).  Kareiva and Odell 

(1987) proposed a model that used predator satiation and turning rate to describe the spatial and 

temporal distribution of Coccinellidae and their prey.  In the Kareiva and Odell (1987) model, 

the speed of movement for each coccinellid was held constant, but the turning rate while moving 

through the habitat increased with satiation.  Thus, Coccinellids that were well fed turned a lot 

and did not move out of the aphid patch, while those that consumed a marginal amount of food 

turned less and dispersed a greater distance from the food source (Kareiva and Odell 1987).  The 

data from 2007 represent a case where prey density was low and under such conditions it would 

be difficult for a predator to become satiated, which could explain why the spatial distributions 

were not associated.  Because non clustered data can still be associated using SADIE, predators 

should still be associated with their aphid prey if the prey density is large enough to retain them 

through satiation.  Spatial distribution of prey coupled with prey abundance has been shown to 

influence the effectiveness of generalist natural enemies, and when prey are spatially clustered, 

they are more likely to show population growth in the presence of predators (Bommarco et al. 

2007).  Data from my experiment agree with the Bommarco et al. (2007) model when comparing 

the number of times aphid populations were clustered in 2007 compared to 2008.  However, the 

absence of lady beetles may have allowed for more spatial clustering.  Cause and effect 

relationships are difficult to prove and experiments that manipulate aphid populations and beetle 

abundance will be useful for assessing these relationships.  Future experiments examining a 

variety of aphid species over multiple habitats will also help determine if aphid populations 
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outside of the area being studied are interacting and affecting the number of lady beetles 

observed inside the crapemyrtle plot.  

Field Study 

Harmonia axyridis demonstrated a numerical response to aphid populations in 2007 and 

2008, but the response was on a population or habitat level.  Temporal and spatial responses 

were not correlated on a plant by plant level, and the number of H. axyridis trapped in a 24-h 

period was not consistently correlated with the number of H. axyridis or aphids present on plants.  

However, when aphid populations were low, there was a marginal positive correlation between 

the number of H. axyridis trapped in a 24-h period and the number of aphids on a plant for both 

years of sampling.  Sticky trap results may be more useful when aphid populations are low.  

Sticky traps used in this study were useful for monitoring the species diversity of Coccinellidae 

in the landscape and captured lady beetle species that were not commonly recorded from visual 

or beat sampling of plants.  In a addition to H. axyridis, the sticky traps captured specimens of:  

H. convergens, C. septempunctata, O. v-nigrum, C. maculata, Cycloneda spp., and Neoharmonia 

spp.  Future experiments investigating aphid natural enemies in crapemyrtle should consider the 

interactions among the different species of Coccinellidae to assess possible negative interactions 

such as intraguild predation or competition.      
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Table 4-1.  Crapemyrtle cultivars planted in the block of crapemyrtle used for aphid and lady 
beetle sampling. 

Cultivar Mature 
plant 
height 

Parentage and pedigree Erisyphe 
lagerstroemiae 
susceptibility 

Sarucallis 
kahawaluokalani 
susceptibility 

Acoma Semi-
dwarf 

(L. indica) 'Pink Ruffles' × (L. indica × 
L. fauriei) 'Basham's Party Pink' 

Resistant Moderately Susceptible 

Apalachee Medium (L. indica) 'Azuka Dwarf Hybrid' × L. 
fauriei 

Resistant Susceptible 

Biloxi Tall [L. indica 'Dwarf Red' × L. fauriei] × 
[L. indica 'Low Flame' × L. fauriei] 

Resistant Susceptible 

Byers 
Wonderful 
White 

Tall Pure L. indica Susceptible Moderately Susceptible 

Carolina 
Beauty 

Medium Pure L. indica Susceptible Moderately Susceptible 

Lipan Medium [L. indica × L. fauriei) 'Pink Lace' × L. 
fauriei] × [(L. indica 'Red' × L. indica 
'Carolina Beauty') × (L. indica × L. 
fauriei) ‘Basham's Party Pink’] 

Resistant Moderately Susceptible 

Miami Tall [L. indica 'Pink Lace × L. fauriei] × [L. 
indica 'Firebird' × (L. indica × L. 
fauriei) seedling unknown cultivar] 

Tolerant Moderately Resistant 

Natchez Tall L. indica 'Pink Lace' × L. fauriei Tolerant Moderately Resistant 
Osage Medium [L. indica 'Dwarf Red' × L. fauriei] × 

[L. indica 'Pink Lace' × L. fauriei] 
Resistant Moderately Susceptible 

Sioux Medium [L. indica 'Tiny Fire' × (L. indica × L. 
fauriei) seedling] × [(L. indica 'Pink 
Lace' × L. fauriei) × (L. indica) 
'Catawba'] 

Resistant Moderately Resistant 

Tonto Semi-
dwarf 

[(L. indica 'Pink Lace' × L. fauriei) × L. 
indica 'Catawba'] × [(L. indica) × 
'Tuscarora' (L. indica × L. fauriei) 
'Basham's Party Pink' × (L. indica) 
'Cherokee'] 

Resistant Moderately Susceptible 

Tuscarora Tall (L. indica × L. fauriei) 'Basham's Party 
Pink' × (L. indica) 'Cherokee' 

Tolerant Moderately Susceptible 

Tuskegee Tall (L. indica) 'Dallas Red' × (L. indica × 
L. fauriei) 'Basham’s Party Pink' 

Resistant Moderately Resistant 

Yuma Medium [(L. indica) 'Pink Lace' × (L. fauriei)] × 
[L. amabilis 'Makino' × L. indica 
'Hardy Light Pink' × L. indica 'Red'] 

Resistant Moderately Susceptible 
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Table 4-2.  Analysis of variance results for the 2007 repeated measures analysis for aphids per 
plant. 

Effect Num df Den df F  Pr > F 
Time 1 1485 213.44 0.0001 
Edge 1 1485    3.21 0.0735 
Cultivar 13 1485    3.31 0.0001 
Time × Edge 1 1485    2.32 0.1279 
Time × Cultivar 13 1485    2.91 0.0003 
 
 
 
 
 
Table 4-3.  LS means and mean separation for the effect of cultivar in the 2007 analysis of 

variance for aphids per plant.  Tukey groupings with different letters are different at P 
< 0.05. 

Cultivar LS mean SE  Tukey Kramer grouping 
Apalachee 1.1654 0.06923 A 
Tuscarora 0.9061 0.07429 AB 
Lipan 0.8894 0.07241 AB 
Carolina Beauty 0.8485 0.07467 B 
Tuskegee 0.8463 0.07402 B 
Byers Wonderful White 0.8104 0.08748 BC 
Biloxi 0.7429 0.07178 BC 
Acoma 0.7412 0.07891 BC 
Natchez 0.6965 0.07799 BC 
Miami 0.6844 0.07241 BC 
Tonto 0.6831 0.07731 BC 
Osage 0.6727 0.07393 BC 
Sioux 0.6297 0.08255 BC 
Yuma 0.5073 0.08021 C 
 
 
 
 
 
Table 4-4.  Analysis of variance results for the 2007 repeated measures analysis for H. axyridis 

per plant. 
Effect Num df Den df F  Pr > F 
Time 1 779 70.21 0.0001 
Edge 1 779   2.23 0.1358 
Cultivar 13 779   1.04 0.4117 
Time × Edge 1 779   2.28 0.1312 
Time × Cultivar 13 779   0.90 0.5494 
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Table 4-5.  Analysis of variance results for the 2007 repeated measures analysis for H. axyridis 
trapped in a 24-h period. 

Effect Num df Den df F  Pr > F 
Time 1 379 12.20 0.0005 
Edge 1 41 0.08 0.7734 
Cultivar 13 41 1.71 0.0958 
Time × Edge 1 379 0.30 0.5832 
Time × Cultivar 13 379 1.72 0.0551 
 
 
 
 
 
Table 4-6.  Analysis of variance results for the 2007 repeated measures analysis for H. axyridis 

in traps for all sampling dates regardless of trapping duration. 
Effect Num df Den df F  Pr > F 
Time 1 1760 173.23 0.0001 
Edge 1 41 0.28 0.5993 
Cultivar 13 41 2.65 0.0087 
Time × Edge 1 1760 0.27 0.6010 
Time × Cultivar 13 1760 2.65 0.0011 
 
 
 
Table 4-7.  LS means and mean separation for effect of cultivar in the 2007 analysis of H. 

axyridis trapped for all sampling dates regardless of trapping duration.  Tukey 
groupings with different letters are different at P < 0.05. 

Cultivar LS mean SE Tukey Kramer grouping 
Byers Wonderful White 1.0099 0.05426 A 
Tuskegee 0.9046 0.05984 AB 
Natchez 0.8949 0.05806 AB 
Yuma 0.8856 0.05914 AB 
Apalachee 0.8733 0.05723 AB 
Acoma 0.8523 0.0577 AB 
Tonto 0.8016 0.05846 AB 
Osage 0.8004 0.056 AB 
Miami 0.7588 0.05839 AB 
Tuscarora 0.7368 0.06493 AB 
Carolina Beauty 0.7256 0.05779 AB 
Lipan 0.7075 0.05763 B 
Biloxi 0.7034 0.06033 B 
Sioux 0.6086 0.06147 B 
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Table 4-8.  Probability of spatial clustering for the response variables sampled once per week in 
2007. 

Date Aphids H. axyridis per plant H. axyridis trapped in a 24-h period 
06-Aug 0.0099 0.2241 0.7293 
13-Aug 0.2164 0.0704 0.0357 
20-Aug 0.2093 0.1152 0.6167 
27-Aug 0.0663 0.8120 0.2616 
03-Sep 0.5418 0.0471 0.4295 
10-Sep 0.2176 0.3892 0.3248 
17-Sep 0.1533 0.3166 0.0900 
24-Sep 0.0582 0.5953 0.0435 
01-Oct 0.0481 0.0039 0.7169 
08-Oct 0.2606 0.0101 0.6626 
15-Oct 0.4059 0.0217 0.1994 
22-Oct 0.2957 0.0377 0.0002 
29-Oct 0.5140 0.0544 0.1386 
05-Nov 0.0288 0.5937 0.4454 
12-Nov 0.0739 0.2282 0.0154 
 
 
 
 
 
Table 4-9.  Probability of spatial clustering for the 2007 data created by summing the number of 

aphids and H. axyridis sampled on plants adjacent to traps using trap coordinates. 
Date Aphids trap H. axyridis trap 
06-Aug 0.1374 0.7329 
13-Aug 0.2634 0.1664 
20-Aug 0.3573 0.7776 
27-Aug 0.1076 0.4309 
03-Sep 0.2862 0.2095 
10-Sep 0.7400 0.5234 
17-Sep 0.8336 0.3865 
24-Sep 0.2693 0.6388 
01-Oct 0.2911 0.0828 
08-Oct 0.1188 0.1699 
15-Oct 0.0384 0.2732 
22-Oct 0.6345 0.5355 
29-Oct 0.0871 NA 
05-Nov 0.0122 0.8974 
12-Nov NA  NA  
NA not applicable because the data set contained all zeros or only one response. 
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Table 4-10.  Probability of spatial clustering for H. axyridis trapped in sticky traps over a 3-d 
period in 2007.     

Dates of trapping Pr 
07-09-Aug 0.4731 
10-12-Aug 0.6965 
14-16-Aug 0.0680 
17-19-Aug 0.2782 
21-23-Aug 0.0836 
24-26-Aug 0.6626 
28-30-Aug 0.7302 
31-Aug-02-Sep 0.4847 
04-06-Sep 0.1084 
07-09-Sep 0.5006 
11-13-Sep 0.0288 
14-16-Sep 0.4248 
18-20-Sep NA  
21-23-Sep NA 
25-27-Sep 0.0784 
28-30-Sep 0.1269 
02-04-Oct 0.1200 
05-07-Oct 0.2842 
09-11-Oct 0.1342 
12-14-Oct 0.0059 
16-18-Oct 0.0055 
19-21-Oct 0.0040 
23-25-Oct 0.0007 
26-28-Oct 0.0171 
30-Oct-01-Nov 0.0514 
02-04-Nov 0.1284 
06-08-Nov 0.2604 
09-11-Nov 0.8726 
NA Not applicable, traps were not used due to abundance of love bugs, Plecia nearctica.  
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Table 4-11.  Spatial associations for the distributions of H. axyridis per plant and aphids per plant 
in 2007.      

Date Χ Dutilleul adjusted Pr 
06-Aug  0.1122 0.0459 
13-Aug  0.0843 0.1437 
20-Aug  0.0221 0.4198 
27-Aug -0.0318 0.6565 
03-Sep  0.0318 0.4198 
10-Sep -0.0684 0.8626 
17-Sep -0.0669 0.8244 
24-Sep -0.0439 0.6718 
01-Oct  0.0978 0.2061 
08-Oct -0.1329 0.8015 
15-Oct  0.1241 0.1182 
22-Oct -0.0174 0.6107 
29-Oct -0.0979 0.8550 
05-Nov -0.0141 0.4504 
12-Nov  0.4429 0.0153 
 
 
 
 
Table 4-12.  Spatial association of H. axyridis sampled on plants adjacent to sticky traps and H. 

axyridis trapped in a 24-h period in 2007.     
Date Χ Dutilleul adjusted Pr 
06-Aug -0.0205 0.5563 
13-Aug  0.0099 0.4768 
20-Aug  0.0763 0.2848 
27-Aug  0.1002 0.2649 
03-Sep  0.1940 0.1126 
10-Sep -0.1467 0.8675 
17-Sep  0.1528 0.1589 
24-Sep  0.0305 0.0450 
01-Oct  0.1085 0.2252 
08-Oct  0.2595 0.1457 
15-Oct  0.0858 0.2781 
22-Oct  0.0282 0.4570 
29-Oct   NA NA 
05-Nov  0.1056 0.2450 
12-Nov   NA NA 
NA Not applicable because one or more of the datasets contains all zeros 
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Table 4-13.  Spatial association of H. axyridis per plant and aphids per plant using sampling 
dates separated by 1 wk in 2007.   

Aphid date H. axyridis plant date Χ Dutilleul adjusted Pr  
06-Aug 13-Aug  0.1971 0.0065 
13-Aug 20-Aug  0.0199 0.3896 
20-Aug 27-Aug  0.1054 0.0390 
27-Aug 03-Sep -0.0616 0.8052 
03-Sep 10-Sep  0.0349 0.3896 
10-Sep 17-Sep  0.0205 0.4091 
17-Sep 24-Sep -0.0736 0.8506 
24-Sep 01-Oct -0.0504 0.6039 
01-Oct 08-Oct -0.1391 0.7922 
08-Oct 15-Oct -0.1870 0.9026 
15-Oct 22-Oct -0.0827 0.7468 
22-Oct 29-Oct  0.0212 0.3961 
29-Oct 05-Nov -0.0972 0.8117 
05-Nov 12-Nov  0.4173 0.0844 
 
 
 
 
 
Table 4-14.  Spatial association of H. axyridis trapped in a 24-h period and aphids using 

sampling dates separated by 1 wk in 2007. 
Aphid date H. axyridis trap date Χ Dutilleul adjusted Pr  
06-Aug 13-Aug  0.2184 0.1364 
13-Aug 20-Aug  0.1421 0.1763 
20-Aug 27-Aug  0.1335 0.1623 
27-Aug 03-Sep  0.0210 0.4221 
03-Sep 10-Sep -0.0058 0.5455 
10-Sep 17-Sep  0.1555 0.0844 
17-Sep 24-Sep  0.0320 0.4610 
24-Sep 01-Oct -0.0485 0.6234 
01-Oct 08-Oct  0.2975 0.0195 
08-Oct 15-Oct -0.0464 0.5779 
15-Oct 22-Oct  0.0939 0.3182 
22-Oct 29-Oct -0.0725 0.7143 
29-Oct 05-Nov  0.0586 0.4545 
05-Nov 12-Nov  0.0937 0.2208 
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Table 4-15.  Spatial association of H. axyridis trapped in a 24-h period and H. axyridis on plants 
using sampling dates separated by 1 wk in 2007. 

H. axyridis plant date H. axyridis trap date Χ Dutilleul adjusted Pr  
06-Aug 13-Aug -0.2012 0.8636 
13-Aug 20-Aug -0.2193 0.9481 
20-Aug 27-Aug -0.0201 0.5714 
27-Aug 03-Sep -0.0546 0.6688 
03-Sep 10-Sep  0.3723 0.0130 
10-Sep 17-Sep  0.1913 0.0844 
17-Sep 24-Sep -0.0927 0.7143 
24-Sep 01-Oct -0.1261 0.7597 
01-Oct 08-Oct  0.1248 0.1429 
08-Oct 15-Oct  0.1314 0.2597 
15-Oct 22-Oct  0.0917 0.3052 
22-Oct 29-Oct  0.0836 0.2857 
29-Oct 05-Nov   NA NA 
05-Nov 12-Nov  0.2654 0.1104 
 
 
 
 
Table 4-16.  Spatial association of H. axyridis on plants and H. axyridis trapped over a 3-d period 

before plant sampling in 2007.   
H. axyridis plant date  H. axyridis trap dates  Χ Dutilleul adjusted Pr 
13-Aug 10-12-Aug -0.0330 0.6299 
20-Aug 17-19-Aug -0.0007 0.5260 
27-Aug 24-26-Aug  0.2231 0.0390 
03-Sep 31-Aug-02-Sep  0.1137 0.2273 
10-Sep 07-09-Sep  0.2319 0.0260 
17-Sep 14-16-Sep  0.3072 0.0130 
24-Sep 21-23-Sep   NA NA 
01-Oct 28-30-Sep  0.2269 0.0455 
08-Oct 05-07-Oct  0.1205 0.2532 
15-Oct 12-14-Oct  0.3608 0.0325 
22-Oct 19-21-Oct  0.0385 0.3052 
29-Oct 26-28-Oct  NA NA 
05-Nov 02-04-Nov  0.2681 0.2143 
12-Nov 09-11-Nov  NA NA 
NA Not applicable Analysis not valid due to missing data or all zeros. 
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Table 4-17.  Spatial association of H. axyridis on plants and H. axyridis trapped over a 3-d period 
after plant sampling in 2007. 

H. axyridis plant date H. axyridis trap dates  Χ Dutilleul adjusted Pr 
13-Aug 14-16-Aug -0.0261 0.5325 
20-Aug 21-23-Aug -0.0312 0.6299 
27-Aug 28-30-Aug  0.1291 0.1753 
03-Sep 04-06-Sep  0.2883 0.0584 
10-Sep 11-13-Sep -0.0197 0.6104 
17-Sep 18-20-Sep   NA NA 
24-Sep 25-27-Sep  0.3400 0.0065 
01-Oct 02-04-Oct  0.1821 0.0909 
08-Oct 09-11-Oct  0.2763 0.1429 
15-Oct 16-18-Oct  0.3803 0.0065 
22-Oct 23-25-Oct  0.3801 0.0260 
29-Oct 30-Oct-01-Nov   NA NA 
05-Nov 06-08-Nov  0.0981 0.2273 
NA Not applicable Analysis not valid due to missing data or all zeros. 
 
 
 
Table 4-18.  Analysis of variance results for the 2008 repeated measures analysis for aphids per 

plant.  
Effect Num df Den df F  Pr > F 
Time 1 733 260.10 0.0001 
Edge 1 733 2.78 0.0960 
Cultivar 13 733 1.54 0.0990 
Time × Edge 1 733 2.78 0.0958 
Time × Cultivar 13 733 1.54 0.0991 
 
 
 
 
Table 4-19.  Analysis of variance results for the 2008 repeated measures analysis for H. axyridis 

per plant. 
Effect Num df Den df F  Pr > F 
Time 1 194 5.99 0.0153 
Edge 1 194 0.09 0.7586 
Cultivar 13 194 1.51 0.1178 
Time × Edge 1 194 0.09 0.7587 
Time × Cultivar 13 194 1.51 0.1176 
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Table 4-20.  Analysis of variance results for the 2008 repeated measures analysis for H. axyridis 
trapped in a 24-h period.  

Effect Num df Den df F  Pr > F 
Time 1 176 24.18 0.0001 
Edge 1 41 0.01 0.9252 
Cultivar 13 41 0.89 0.5686 
Time × Edge 1 176 0.01 0.9250 
Time × Cultivar 1 176 0.01 0.9250 
 
 
 
 
Table 4-21.  Analysis of variance results for the 2008 repeated measures analysis for H. axyridis 

trapped on all sampling dates, regardless of trapping duration. 
Effect Num DF Den DF F Value Pr > F 
Time 1 789 14.97 0.0001 
Edge 1 41 0.36 0.5500 
Cultivar 13 41 3.11 0.0027 
Time × Edge 1 789 0.36 0.5462 
Time × Cultivar 13 789 3.12 0.0001 
 
 
 
 
Table 4-22.  LS means and mean separation for the effect of cultivar in the 2008 analysis of H. 

axyridis trapped for all sampling dates, regardless of trapping duration.  Tukey 
groupings with different letters are different at P < 0.05. 

Cultivar LS mean SE Tukey Kramer grouping 
Tuskegee 1.0752 0.08491 A 
Osage 1.0285 0.0786 AB 
Natchez 0.9542 0.08041 ABC 
Biloxi 0.9452 0.08108 ABC 
Apalachee 0.8632 0.08613 ABC 
Acoma 0.7711 0.09044 ABC 
Byers Wonderful White 0.7252 0.08889 ABC 
Tonto 0.6764 0.09147 ABC 
Tuscarora 0.6728 0.09316 ABC 
Miami 0.6721 0.09597 ABC 
Lipan 0.6376 0.09011 ABC 
Sioux 0.6369 0.08751 ABC 
Yuma 0.6214 0.09134 BC 
Carolina Beauty 0.5728 0.08731 C 
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Table 4-23.  Probability of spatial clustering for the response variables sampled once per week in 
2008. 

Date Aphid 
cluster Pr 

H. axyridis plant 
cluster Pr 

H. axyridis in a 24-h 
period Pr 

H. axyridis in a 24-h 
period cluster Pr 

18-Jun 0.6204 NA NA NA 
24-Jun 0.0193 NA NA NA 
02-Jul 0.0040 0.8679 NA NA 
08-Jul 0.0026 0.4718 07-Jul 0.3072 
14-Jul 0.0208 0.3238 14-Jul 0.8884 
22-Jul 0.0070 0.4689 21-Jul 0.6526 
28-Jul 0.0208 0.6838 28-Jul 0.1042 
04-Aug 0.0788 0.6677 04-Aug 0.9621 
11-Aug 0.1357 0.6624 11-Aug 0.6967 
19-Aug 0.0471 0.0003 18-Aug 0.2943 
26-Aug 0.0176 0.0005 25-Aug 0.6942 
03-Sep 0.2128 0.1197 02-Sep 0.5157 
10-Sep 0.0206 0.2076 09-Sep 0.4424 
16-Sep 0.0736 0.3498 15-Sep 0.0685 
23-Sep 0.0412 0.0885 NA NA 
01-Oct 0.1456 0.5894 NA NA 
06-Oct 0.1446 0.9703 NA NA 
13-Oct 0.2789 0.1880 NA NA 
20-Oct 0.0823 0.2016 NA NA 
NA Data not collected 
 

 

Table 4-24.  Probability of spatial clustering for the 2008 data created by summing the number of 
aphids and H. axyridis sampled on plants adjacent to traps using trap coordinates. 

Date Aphid cluster Pr H. axyridis cluster Pr 
08-Jul 0.0153 0.7893 
14-Jul 0.0419 0.4347 
22-Jul 0.0315 0.4609 
28-Jul 0.0865 0.6035 
04-Aug 0.1306 0.6159 
11-Aug 0.1753 0.6890 
19-Aug 0.0848 0.0023 
26-Aug 0.0236 0.0025 
03-Sep 0.4046 0.1438 
10-Sep 0.0471 0.1899 
16-Sep 0.1371 0.4801 
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Table 4-25.  Probability of spatial clustering for H. axyridis sampled in traps on dates other than 
weekly sampling in 2008.   

Dates of trapping Pr 
17-23-Jun 0.7717 
24-29-Jun 0.6647 
01-06-Jul 0.2046 
08-13-Jul 0.3727 
15-17-Jul 0.5284 
18-20-Jul 0.0908 
22-24-Jul 0.4171 
25-27-Jul 0.7099 
29-31-Jul 0.4409 
01-03-Aug 0.4257 
05-07-Aug 0.2950 
08-10-Aug 0.2269 
12-17-Aug 0.1473 
19-24-Aug 0.2531 
26-28-Aug 0.2224 
29-Aug-01-Sep 0.0421 
03-08-Sep 0.3635 
10-11-Sep 0.3446 
12-14-Sep 0.3064 
16-22-Sep 0.0714 
23-29-Sep 0.9365 
30-Sep-05-Oct 0.9279 
6-12-Oct 0.7074 
13-19-Oct 0.3442 
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Table 4-26.  Spatial associations for the distributions of H. axyridis per plant and aphids per plant 
in 2008.       

Date Χ Dutilleul adjusted Pr 
02-Jul  0.2881 0.0065 
08-Jul  0.2528 0.0065 
14-Jul -0.2823 0.8831 
22-Jul -0.0983 0.8506 
28-Jul  0.1772 0.0649 
04-Aug -0.0057 0.5909 
11-Aug  0.0556 0.2987 
19-Aug  0.5161 0.0065 
26-Aug  0.2328 0.0065 
03-Sep  0.3939 0.0195 
10-Sep  0.0409 0.3247 
16-Sep -0.1165 0.8182 
23-Sep  0.2168 0.0455 
01-Oct  0.3880 0.0065 
06-Oct  0.2122 0.0260 
13-Oct  0.2248 0.1169 
20-Oct  0.3939 0.0455 
 
 
 
 
 
 
 
Table 4-27.  Spatial associations for the distribution of aphids sampled on plants adjacent to 

sticky traps and H. axyridis trapped in a 24-h period in 2008.  
Aphid date Trap date Χ Dutilleul adjusted Pr 
08-Jul 07-Jul  0.0238 0.4675 
14-Jul 14-Jul  0.3907 0.0195 
22-Jul 21-Jul  0.3733 0.0130 
28-Jul 28-Jul  0.2263 0.0909 
04-Aug 04-Aug  0.0721 0.0519 
11-Aug 11-Aug  0.0531 0.4351 
19-Aug 18-Aug  0.2874 0.0195 
26-Aug 25-Aug  0.0106 0.4146 
03-Sep 02-Sep -0.0050 0.5065 
10-Sep 09-Sep  0.3223 0.0130 
16-Sep 15-Sep  0.1795 0.1948 
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Table 4-28.  Spatial associations of H. axyridis sampled on plants adjacent to sticky traps and H. 
axyridis trapped in a 24-h period in 2008.  

H. axyridis plant date H. axyridis trap date Χ Dutilleul adjusted Pr 
08-Jul 07-Jul  0.1109 0.1948 
14-Jul 14-Jul  0.1336 0.2013 
22-Jul 21-Jul -0.4531 0.9945 
28-Jul 28-Jul -0.1243 0.7987 
04-Aug 04-Aug -0.0776 0.7338 
11-Aug 11-Aug -0.0969 0.7662 
19-Aug 18-Aug  0.1358 0.1304 
26-Aug 25-Aug  0.1537 0.1688 
03-Sep 02-Sep  0.2309 0.0195 
10-Sep 09-Sep  0.1553 0.1364 
16-Sep 15-Sep -0.0212 0.5455 
 
 
 
 
 
Table 4-29.  Spatial associations of H. axyridis per plant and aphids per plant using sampling 

dates separated by 1 wk in 2008.     
Aphid date H. axyridis plant date Χ Dutilleul adjusted Pr 
24-Jun 02-Jul  0.2287 0.0195 
02-Jul 08-Jul  0.2243 0.0195 
08-Jul 14-Jul -0.1368 0.7078 
14-Jul 22-Jul -0.1931 0.8636 
22-Jul 28-Jul  0.0873 0.2013 
28-Jul 04-Aug -0.0092 0.5325 
04-Aug 11-Aug -0.0966 0.7468 
11-Aug 19-Aug  0.5272 0.0065 
19-Aug 26-Aug  0.3972 0.0065 
26-Aug 03-Sep  0.1594 0.0390 
03-Sep 10-Sep  0.0108 0.4675 
10-Sep 16-Sep  0.0062 0.4545 
16-Sep 23-Sep  0.3278 0.0065 
23-Sep 01-Oct  0.1730 0.1688 
01-Oct 06-Oct  0.2128 0.0130 
06-Oct 13-Oct  0.2231 0.0519 
13-Oct 20-Oct  0.4101 0.0130 
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Table 4-30.  Spatial associations of H. axyridis trapped in a 24-h period and aphids using 
sampling dates separated by 1 wk in 2008. 

Aphid date H. axyridis trap date Χ Dutilleul adjusted Pr 
08-Jul 14-Jul  0.3120 0.0325 
14-Jul 21-Jul -0.0853 0.3388 
22-Jul 28-Jul  0.3916 0.0130 
28-Jul 04-Aug  0.2726 0.0130 
04-Aug 11-Aug  0.1351 0.1753 
11-Aug 18-Aug -0.0603 0.7143 
19-Aug 25-Aug  0.1290 0.2243 
26-Aug 02-Sep -0.0782 0.5584 
03-Sep 09-Sep  0.1166 0.1818 
10-Sep 15-Sep  0.0602 0.2857 
 
 
Table 4-31.  Spatial associations of H. axyridis trapped in a 24-h period and H. axyridis on plants 

using sampling dates separated by 1 wk in 2008. 
H. axyridis plant date H. axyridis trap date Χ Dutilleul adjusted Pr 
02-Jul 07-Jul 0.0921 0.2597 
08-Jul 14-Jul 0.3404 0.0065 
14-Jul 21-Jul -0.2465 0.9545 
22-Jul 28-Jul -0.2801 0.9675 
28-Jul 04-Aug  0.1351 0.1753 
04-Aug 11-Aug 0.0927 0.2792 
11-Aug 18-Aug -0.1524 0.8961 
19-Aug 25-Aug 0.1216 0.1364 
26-Aug 02-Sep 0.1233 0.2013 
03-Sep 09-Sep 0.2708 0.0325 
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Figure 4-1.  Maps of the crapemyrtle plot used for insect sampling:  A) satellite photo and B) 

cultivar placement with each cultivar name representing four consecutive plants. 
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Figure 4-2.  Trap locations of the 100 sticky traps used for sampling Coccinellidae.  Traps 26, 

63, and 100 were placed in habitats adjacent to the plot.     
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Figure 4-3.  Mean number of insects per sample (± SE) for crapemyrtle aphids and H. axyridis 

sampled on plants for all dates of sampling in 2007.   
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Figure 4-4.  Mean number of insects per sample (± SE) on crapemyrtle plants for crapemyrtle 

aphids and H. axyridis in 2007 for the cultivars A) ‘Acoma’, B) ‘Apalachee’, C) 
‘Byers Wonderful White’, D) ‘Biloxi’, E) ‘Carolina Beauty’, F) ‘Lipan’, G) ‘Miami’, 
H) ‘Natchez’, I) ‘Osage’, J) ‘Sioux”, K) ‘Tonto’, L) ‘Tuscarora’, M) ‘Tuskegee’, N) 
‘Yuma’.   
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Figure 4-4. Continued 
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Figure 4-5.  Mean number of H. axyridis (± SE) per trap day trapped inside and outside the 

crapemyrtle plot in 2007.   
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Figure 4-6.  Relationship of the square root of H. axyridis per plant and the square root of aphids 

per plant in 2007.   
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Figure 4-7.  Relationship of the square root of H. axyridis per trap and the square root of aphids 

per plant in 2007 
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Figure 4-8.  Relationship of the square root of H. axyridis per trap and H. axyridis per plant in 

2007.   
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Figure 4-9.  Relationship of the proportion of H. axyridis trapped inside the plot and aphids per 

plant in 2007; (mean H. axyridis on traps in plot / (mean H. axyridis on plants + mean 
H. axyridis on traps in plot) and the mean number of aphids per plant in 2007.    
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Figure 4-10.  Relationship of the log H. axyridis trapped outside the plot and the log H. axyridis 

trapped inside the plot in 2007 
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Figure 4-11.  Mean number of insects per sample (± SE) for crapemyrtle aphids and H. axyridis 

sampled on plants for all dates of samplings in 2008. 
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Figure 4-12.  Mean number of H. axyridis (± SE) per trap day trapped inside and outside the 

crapemyrtle plot in 2008. 
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Figure 4-13.  Relationship of H. axyridis per plant and aphids per plant in 2008 
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Figure 4-14.  Relationship of H. axyridis per trap and H. axyridis per plant in 2008.  
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Figure 4-15.  Relationship of the square root of H. axyridis trapped outside the plot and the 

square root of H. axyridis trapped inside the plot in 2008    
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Figure 4-16.  Mean number of crapemyrtle aphids per sample (± SE) in 2007 and 2008. 
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Figure 4-17.  Mean number of H. axyridis trapped on all 100 sticky traps (± SE) in 2007 and 

2008. 
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CHAPTER 5 
GENERAL CONCLUSIONS 

Host Suitability and Host Preference 

Host suitability of crapemyrtle, Lagerstroemia spp., to crapemyrtle aphid attack was 

influenced by cultivar, parentage, and the mature plant height within the sources of L. fauriei 

germplasm. Pure L. indica cultivars such as ‘Carolina Beauty’ and ‘Byers Wonderful White’ 

were the least suitable as hosts for the longevity and total fecundity of crapemyrtle aphids but are 

vulnerable to powdery mildew.  In areas where powdery mildew is a concern, ‘Natchez’ or 

‘Tuscarora’ may be a better choice for use in landscapes where powdery mildew is a concern 

because they are powdery mildew resistant and the least suitable hosts for crapemyrtle aphids 

among the L. indica × L. fauriei cultivars that were tested in the host suitability experiment.     

During host suitability testing, I evaluated Lagerstroemia chekiangensis Cheng, 

Lagerstroemia speciosa L., and Lagerstroemia limii Merr. for their ability to support the 

reproduction and development of the crapemyrtle aphid (Appendix C).  It was found that L. 

speciosa and L. limii were not suitable hosts for the development and reproduction of 

crapemyrtle aphids, and when crapemyrtle aphids were placed on leaf disks from these species, 

there was no parturition, no nymphal development, and all aphids (nymphs and adults) were dead 

within 3 d.  However, the crapemyrtle cultivar ‘Princess’ is a hybridization of L. speciosa and L. 

indica, and was suitable for crapemyrtle aphid development and reproduction.  Future studies 

examining the differences between L. speciosa and L. speciosa × L. indica hybrids would be 

useful for determining what factors are used by crapemyrtle aphids during host discrimination.  

While studies on the constituents in the phloem are very useful, recent studies have shown that 

feeding and parturition stimulants may be present in other plant tissues besides the phloem, but 

research in this area is new and the mechanisms behind parturition occurring before an aphids 
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stylets reach the phloem is not completely understood (Powell et al. 2006).  Research on 

secondary plant compounds may be able to explore whole plant extracts added to artificial diets 

to test if a particular compound is required to initiate feeding or parturition.  Alternatively, amino 

acid profiles have been shown to influence host discrimination by aphids, and therefore should 

also be considered when examining the differences between L. speciosa and L. speciosa  × L. 

indica (Tosh et al. 2003).     

Tritrophic Interactions 

Data from the lacewing studies indicate that several lacewing life history attributes were 

associated with the crapemyrtle cultivar.  Lacewing survivorship was associated with cultivar in 

the ad libitum experiment but was not found to be significantly different among the cultivars 

used in the suboptimal diet experiment.  Both lacewing experiments found that lacewing larval 

development time and adult dry mass were affected by the source of crapemyrtle aphids that 

were provisioned to the larvae.  Lacewings feeding on aphids with a higher mass from the L. 

indica × L. fauriei parentage had a shorter larval developmental time and higher pupal mass.  

However, pupal and total mortality were greater among larvae that were fed aphids from 

cultivars with a L. indica × L. fauriei parentage, which may indicate that there is a trade-off 

associated with larval development, pupal mass, and survivorship.  If the effects on lacewing 

survivorship are due to toxic allelochemicals as postulated by Mizell et al. (2002), then I would 

expect to see mortality increase with increasing prey levels.  Although the results are not 

significant, a trend for increasing mortality with increased daily prey levels was seen for 

lacewings that were fed aphids from the cultivars ‘Sioux’, ‘Carolina Beauty’, and ‘Apalachee’.  

If prey toxicity is additive over time, it is possible that the restricted diets provided enough 

nutrition for development but did not contain enough toxins to cause significant mortality.   
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Qualitative and quantitative differences in prey suitability may also be affected by aphid 

density, stage of development or factors associated with induced resistance.  New (1984) 

suggested that studies on aphid predators should account for variables like population density 

and stage of development, and in the suboptimal diet experiment, crapemyrtle aphids were of the 

same age and relatively the same density.  Absolute control of density was not possible because 

aphids have the ability to leave or move between disks, but aphids within a cultivar appeared to 

be uniform in size.  Absolute age of the plant in years or seasonal age or the plant could also 

affect predators at the third trophic level.  The ad libitum experiment was conducted in July, 

2006 and the suboptimal diet experiment was conducted in September, 2008.  Other factors that 

could affect predators, but were not tested, include:  flowering stage, seed filling, pruning 

practices, drought stress, soil conditions, or temperature.   

In addition to affecting predators through aphid prey, plants can affect predators directly 

through morphological or chemical attributes (Price et al. 1980, Van Emden 1995, Francis et al. 

2001).  Lacewings and other insect predators have been found to pierce plant tissues in an effort 

to receive nutrition or water, and direct effects from the exposure to plant material may have 

affected lacewing survivorship (Stoner 1970, Stoner et al. 1974, Ruberson et al. 1986, Legaspi et 

al. 1994).  Alkaloids are known to exist in crapemyrtle leaf tissue, and attempts to feed or gain 

nutrition from leaves could result in exposure to these toxins (Ferris et al. 1971b).  Future 

experiments can be designed to test if exposure to plant material was a contributing factor to the 

higher mortality seen in the ad libitum diet experiment as compared to the restricted diets.   

 Multitrophic interactions among crapemyrtle, crapemyrtle aphids, and lacewings are an 

important consideration if crapemyrtle is to be used as an augmentation crop in pecans.  Future 

work on assessing the quality of a cultivar for use as an augmentation crop for the enhancement 
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of aphid predators should account for prey abundance and prey suitability.  Results from this 

study indicate that crapemyrtle cultivars that produce large quantities of aphids may also produce 

aphids that are lower quality or toxic to natural enemies.  ‘Apalachee’ was a suitable and 

preferred host for crapemyrtle aphids and is commonly infested with aphids in the mid summer 

months.  Although, lacewing larvae that were fed aphids from ‘Apalachee’ had a relatively short 

period of larval development and high pupal mass, the total survivorship of lacewings that were 

fed aphids from ‘Apalachee’ was among the lowest seen in the ad libitum diet experiment.  In 

contrast, ‘Byers Wonderful White’ was less suitable, and lacewing larvae reared on aphids from 

this cultivar had one of the longest larval developmental times and lowest pupal weights, but the 

survivorship of larva to adult was higher for ‘Byers Wonderful White’ than for ‘Apalachee’.  The 

use of ‘Apalachee’ as an augmentative crop may be compromised by adverse effects on natural 

enemies.   

Results from the lacewing study indicate that there may be possible trade-offs in the 

developmental time, survivorship, and reproductive potential of lacewings feeding on 

crapemyrtle aphids from different cultivars.  New (1984) stated that an efficiency rating of 

lacewings (E) can be calculated by taking the pupal mass (Pm) and dividing by larval 

developmental time (Ld), which is then multiplied by 100 (Equation 5-1).   

E = Pm/Ld × 100 (5-1) 

However, the efficiency rating does not account for the effects of mortality when multiple 

predators are used.  The previous equation can be modified to account for larval mortality by 

using the mean pupal mass (Mpm) and mean larval development time (Mld), which is then 

multiplied by the percent survivorship (%Ls) instead of the arbitrary value of 100 (Equation 5-2). 

E = Mpm/Mld × % Ls (5-2) 
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Equation 5-2 expresses the efficiency in terms of how well a diet supports larval 

development, but augmentation crops need to support reproductive potential as well as larval 

development.  Lacewings are not reproductively active upon emergence because of an 

incompletely developed reproductive system.  Maturity of the reproductive system is associated 

with mass of the adult and larger heavier adults can produce gametes sooner than their smaller 

counterparts (New 1984).  Perhaps the reproductive potential (R) of an adult lacewing can be 

assessed by an equation similar to the efficiency equation by using the mean dry mass of adults 

(Mam), dividing the dry mass by the mean pupal developmental time (Mpd) and multiplying by 

the survivorship from pupa to adult (%Ps) (Equation 5-3).   

R = Mam/Mpd × % Ps (5-3) 

Having a high efficiency index does not translate into having a high reproductive potential 

(Table 5-1).  Ideally an adjustment can be used to combine Equation 5-2 and Equation 5-3 that 

could be used to express a cultivar’s potential to support the development and reproduction of C. 

rufilabris, but data concerning the dry mass and its influence on C. rufilabris fecundity are 

needed to weight the effects of a combined equation.   

Spatial and Temporal Interactions  

Harmonia axyridis had a numerical response to aphid populations on a plot level and was 

spatially associated with crapemyrtle aphids when aphid populations were high in 2008.  

Temporal associations on a plot level are likely to be influenced by regional aphid populations.  

Understanding how aphid populations over an entire landscape interact with H. axyridis 

populations is needed to assess if behavior or general movements of H. axyridis can be exploited 

to enhance biological control of aphids.     

Results from the spatial experiment indicate that ‘Natchez’ may have attributes that attract 

more lady beetles than other cultivars.  Sticky traps between ‘Natchez’ plants had one of the 
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highest catches of H. axyridis for both 2007 and 2008.  Aphid populations between the two years 

of testing were very different indicating that the attractive effect of ‘Natchez’ may be density 

independent.  Future experiments of the attraction of ‘Natchez’ to H. axyridis could be conducted 

at the North Florida Research and Education Center because it contains two monoculture 

plantings of ‘Natchez’ arranged in concentric circles.  If ‘Natchez’ attracts lady beetle predators 

even when prey are absent, it could make a good “banker plant” for use in landscapes around 

homes allowing home owners the benefits of aphid predators without sacrificing aesthetics.     

Multitrophic Interactions 

Crapemyrtle breeding programs have focused on producing cultivars that are disease 

resistant and have not considered insect resistance in the selection process.  Powdery mildew 

resistant cultivars that are L. indica × L. fauriei hybrids are more suitable, preferred and 

susceptible to aphid attack, but hybridized cultivars are the most commonly planted cultivars due 

to their resistance to powdery mildew.  The widespread use of cultivars that are L. indica × L. 

fauriei hybrids may increase the number of aphids in the landscape leading to more frequent and 

severe aphid outbreaks in the future.  Controlling aphid outbreaks may also be dependent upon 

tritrophic interactions with predators through direct or indirect mechanisms.  ‘Apalachee’ is 

highly suitable, susceptible, and preferred as an aphid host, but lacewings that were fed aphids 

reared on ‘Apalachee’ had the lowest survivorship in the ad libitum experiment.  Because 

cultivar has the potential to affect insect natural enemies, tritrophic interactions should be 

considered when choosing a crapemyrtle cultivar for use as an augmentation crop.  Cultivars 

used an augmentation crop should be attractive to insect natural enemies and some cultivars may 

be attractive to H. axyridis regardless of the aphid population.   

Based on the experiment in this study, I recommend the cultivars ‘Byers Wonderful 

White’, ‘Natchez’, or ‘Sioux’ for use as an augmentative crop in pecans.  ‘Byers Wonderful 
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White’ and ‘Sioux’ are recommended because they were moderately susceptible to aphid attack 

but did not induce high levels of mortality, relative to the other cultivars, to lacewing larvae and 

pupae in the ad libitum experiment.  ‘Natchez’ and ‘Byers Wonderful White’ may be useful as 

augmentation crops regardless of crapemyrtle aphid populations and could affect H. axyridis 

populations directly.  Sticky traps placed between two plants of ‘Natchez’ or ‘Byers Wonderful 

White’ had some of the highest trap catches in both years of sampling.  Results from this study 

indicate that crapemyrtle cultivar selection is an important consideration for homeowners or 

growers that wish to use crapemyrtle as an ornamental or augmentation crop.  Future breeding 

programs can use results from this study to create cultivars that are more resistant to insect pests 

and more beneficial to insect natural enemies.   
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Table 5-1.  Adjusted efficiency ratings and reproductive potential of lacewings for the cultivars 
used in the restricted diet experiment and the values for the factors used in equations 
3-2; 3-3 to generate the ratings.   

Cultivar Mpm Mld % Ls E Mam Mpd % Ps R 
Apalachee 6.50 9.89 90 59.17 1.50 8.33 88 15.83 
Sioux 6.21 9.17 100 67.77 1.47 9.5 66 10.22 
Carolina Beauty 6.17 9.85 100 62.59 1.50 9.23 85 13.86 
Byers Wonderful White 5.83 10.35 100 56.36 1.40 9.57 95 13.83 
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  APPENDIX A 
GIS MAPS 

To help visualize the spatial distribution of crapemyrtle aphids Sarucallis kahawaluokalani 

(Kirkaldy), Harmonia axyridis Pallas, spatial maps were generated by the date of sampling and 

response variable.  Raw data for 2007 were mapped using ArcMap (ArcView version 9.1; 

Figures A-1-A-15).  Data values are represented by using symbols that have a circumference that 

is relative to the number of insects per sample and 0.3 m is equal to one insect.  Data for H. 

axyridis and crapemyrtle aphids was mapped using the same procedures as in 2007, except, the 

value shown by the circles is the square root of the number of aphids per sample (Figures A-16-

A-27).  The square-root scale was used for aphids because the range of values was 0-423 aphids 

per sample, and using a linear scale would have resulted in circles that covered the entire map.       
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Figure A-1.  Distribution of crapemyrtle aphids and H. axyridis on 06-August 2007.  Circle diameters are relative in that 0.3 m equals 

one insect per sample for aphids per plant (blue), H. axyridis per plant (red) and H. axyridis trapped in a 24-h period 
(yellow).   

0 25 5012.5 Meters

±
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Figure A-2.  Distribution of crapemyrtle aphids and H. axyridis on 13-August 2007.  Circle diameters are relative in that 0.3 m equals 

one insect per sample for aphids per plant (blue), H. axyridis per plant (red) and H. axyridis trapped in a 24-h period 
(yellow).   

0 25 5012.5 Meters

±
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Figure A-3.  Distribution of crapemyrtle aphids and H. axyridis on 20-August 2007.  Circle diameters are relative in that 0.3 m equals 

one insect per sample for aphids per plant (blue), H. axyridis per plant (red) and H. axyridis trapped in a 24-h period 
(yellow).  

0 25 5012.5 Meters

±
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Figure A-4.  Distribution of crapemyrtle aphids and H. axyridis on 27-August 2007.  Circle diameters are relative in that 0.3 m equals 

one insect per sample for aphids per plant (blue), H. axyridis per plant (red) and H. axyridis trapped in a 24-h period 
(yellow).  

0 25 5012.5 Meters

±
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Figure A-5.  Distribution of crapemyrtle aphids and H. axyridis on 03-September 2007.  Circle diameters are relative in that 0.3 m 

equals one insect per sample for aphids per plant (blue), H. axyridis per plant (red) and H. axyridis trapped in a 24-h period 
(yellow). 

0 25 5012.5 Meters

±
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Figure A-6.  Distribution of crapemyrtle aphids and H. axyridis on 10-September 2007.  Circle diameters are relative in that 0.3 m 

equals one insect per sample for aphids per plant (blue), H. axyridis per plant (red) and H. axyridis trapped in a 24-h period 
(yellow).   

0 25 5012.5 Meters

±
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Figure A-7.  Distribution of crapemyrtle aphids and H. axyridis on 17-September 2007.  Circle diameters are relative in that 0.3 m 

equals one insect per sample for aphids per plant (blue), H. axyridis per plant (red) and H. axyridis trapped in a 24-h period 
(yellow). 

0 25 5012.5 Meters

±
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Figure A-8.  Distribution of crapemyrtle aphids and H. axyridis on 24-September 2007.  Circle diameters are relative in that 0.3 m 

equals one insect per sample for aphids per plant (blue), H. axyridis per plant (red) and H. axyridis trapped in a 24-h period 
(yellow). 

0 25 5012.5 Meters

±
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Figure A-9.  Distribution of crapemyrtle aphids and H. axyridis on 01-October 2007.  Circle diameters are relative in that 0.3 m equals 

one insect per sample for aphids per plant (blue), H. axyridis per plant (red) and H. axyridis trapped in a 24-h period 
(yellow). 

0 25 5012.5 Meters

±
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Figure A-10.  Distribution of crapemyrtle aphids and H. axyridis on 08-October 2007.  Circle diameters are relative in that 0.3 m 

equals one insect per sample for aphids per plant (blue), H. axyridis per plant (red) and H. axyridis trapped in a 24-h period 
(yellow). 

0 25 5012.5 Meters

±
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Figure A-11.  Distribution of crapemyrtle aphids and H. axyridis on 15-October 2007.  Circle diameters are relative in that 0.3 m 
equals one insect per sample for aphids per plant (blue), H. axyridis per plant (red) and H. axyridis trapped in a 24-h period 
(yellow). 

0 25 5012.5 Meters

±
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Figure A-12.  Distribution of crapemyrtle aphids and H. axyridis on 22-October 2007.  Circle diameters are relative in that 0.3 m 

equals one insect per sample for aphids per plant (blue), H. axyridis per plant (red) and H. axyridis trapped in a 24-h period 
(yellow). 
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±
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Figure A-13.  Distribution of crapemyrtle aphids and H. axyridis on 28-October 2007.  Circle diameters are relative in that 0.3 m 

equals one insect per sample for aphids per plant (blue), H. axyridis per plant (red) and H. axyridis trapped in a 24-h period 
(yellow). 

0 25 5012.5 Meters

±
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Figure A-14.  Distribution of crapemyrtle aphids and H. axyridis on 05-November 2007.  Circle diameters are relative in that 0.3 m 

equals one insect per sample for aphids per plant (blue), H. axyridis per plant (red) and H. axyridis trapped in a 24-h period 
(yellow). 

0 25 5012.5 Meters

±
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Figure A-15.  Distribution of crapemyrtle aphids and H. axyridis on 12-November 2007.  Circle diameters are relative in that 0.3 m 

equals one insect per sample for aphids per plant (blue), H. axyridis per plant (red) and H. axyridis trapped in a 24-h period 
(yellow). 

0 25 5012.5 Meters

±
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Figure A-16.  Distribution of crapemyrtle aphids and H. axyridis per plant on 02-July 2008.  H. axyridis were trapped in a 24-h period 

on 01-July 2008.  Circle diameters are relative in that 0.3 m equals one insect per sample for H. axyridis per plant (red) and 
H. axyridis trapped in a 24-h period (yellow).  Data for aphids per plant (blue) are on an exponential scale such that 0.3 m 
equals the square root of the number of aphids per sample.   

0 25 5012.5 Meters

±
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Figure A-17.  Distribution of crapemyrtle aphids and H. axyridis per plant on 08-July 2008.  H. axyridis were trapped in a 24-h period 

on 07-July 2008.  Circle diameters are relative in that 0.3 m equals one insect per sample for H. axyridis per plant (red) and 
H. axyridis trapped in a 24-h period (yellow).  Data for aphids per plant (blue) are on an exponential scale such that 0.3 m 
equals the square root of the number of aphids per sample.   

0 25 5012.5 Meters

±
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Figure A-18.  Distribution of crapemyrtle aphids and H. axyridis per plant on 15-July 2008.  H. axyridis were trapped in a 24-h period 

on 14-July 2008.  Circle diameters are relative in that 0.3 m equals one insect per sample for H. axyridis per plant (red) and 
H. axyridis trapped in a 24-h period (yellow).  Data for aphids per plant (blue) are on an exponential scale such that 0.3 m 
equals the square root of the number of aphids per sample.   

0 25 5012.5 Meters

±
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Figure A-19.  Distribution of crapemyrtle aphids and H. axyridis per plant on 22-July 2008.  H. axyridis were trapped in a 24-h period 

on 21-July 2008.  Circle diameters are relative in that 0.3 m equals one insect per sample for H. axyridis per plant (red) and 
H. axyridis trapped in a 24-h period (yellow).  Data for aphids per plant (blue) are on an exponential scale such that 0.3 m 
equals the square root of the number of aphids per sample.   
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Figure A-20.  Distribution of crapemyrtle aphids and H. axyridis on 22-July 2008.  Circle diameters are relative in that 0.3 m equals 

one insect per sample for H. axyridis per plant (red) and H. axyridis trapped in a 24-h period (yellow).  Data for aphids per 
plant (blue) are on an exponential scale such that 0.3 m equals the square root of the number of aphids per sample.   
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Figure A-21.  Distribution of crapemyrtle aphids and H. axyridis on 04-August 2008.  Circle diameters are relative in that 0.3 m equals 

one insect per sample for H. axyridis per plant (red) and H. axyridis trapped in a 24-h period (yellow).  Data for aphids per 
plant (blue) are on an exponential scale such that 0.3 m equals the square root of the number of aphids per sample.   
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Figure A-22.  Distribution of crapemyrtle aphids and H. axyridis on 11-August 2008.  Circle diameters are relative in that 0.3 m equals 

one insect per sample for H. axyridis per plant (red) and H. axyridis trapped in a 24-h period (yellow).  Data for aphids per 
plant (blue) are on an exponential scale such that 0.3 m equals the square root of the number of aphids per sample.   
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Figure A-23.  Distribution of crapemyrtle aphids and H. axyridis per plant on 19-August 2008.  H. axyridis were trapped in a 24-h 

period on 18-August 2008.  Circle diameters are relative in that 0.3 m equals one insect per sample for H. axyridis per plant 
(red) and H. axyridis trapped in a 24-h period (yellow).  Data for aphids per plant (blue) are on an exponential scale such 
that 0.3 m equals the square root of the number of aphids per sample.   
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Figure A-24.  Distribution of crapemyrtle aphids and H. axyridis per plant on 26-August 2008.  H. axyridis were trapped in a 24-h 

period on 25-August 2008.  Circle diameters are relative in that 0.3 m equals one insect per sample for H. axyridis per plant 
(red) and H. axyridis trapped in a 24-h period (yellow).  Data for aphids per plant (blue) are on an exponential scale such 
that 0.3 m equals the square root of the number of aphids per sample.   
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Figure A-25.  Distribution of crapemyrtle aphids and H. axyridis per plant on 03-September 2008.  H. axyridis were trapped in a 24-h 

period on 02-September 2008.  Circle diameters are relative in that 0.3 m equals one insect per sample for H. axyridis per 
plant (red) and H. axyridis trapped in a 24-h period (yellow).  Data for aphids per plant (blue) are on an exponential scale 
such that 0.3 m equals the square root of the number of aphids per sample.   
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Figure A-26.  Distribution of crapemyrtle aphids and H. axyridis on 10-September 2008.  Circle diameters are relative in that 0.3 m 

equals one insect per sample for H. axyridis per plant (red) and H. axyridis trapped in a 24-h period (yellow).  Data for 
aphids per plant (blue) are on an exponential scale such that 0.3 m equals the square root of the number of aphids per 
sample.   
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Figure A-27.  Distribution of crapemyrtle aphids and H. axyridis per plant on 16-September 2008 and H. axyridis trapped in a 24-h 

period on 15-September 2008.  Circle diameters are relative in that 0.3 m equals one insect per sample for H. axyridis per 
plant (red) and H. axyridis trapped in a 24-h period (yellow).  Data for aphids per plant (blue) are on an exponential scale 
such that 0.3 m equals the square root of the number of aphids per sample.         

0 25 5012.5 Meters

±



 

146 

APPENDIX B 
ACTIVITY OF ADULT VIRGINOPAROUS CRAPEMYRTLE APHIDS 

Materials and Methods 

The activity of adult virginoparous crapemyrtle aphids was monitored between the dates of 

23-July to the 27-July in 2007.  Yellow sticky traps were used to monitor the flight activity of 

aphids and were constructed from corrugated plastic board that was cut into 3 x 5 cm pieces.  

The traps were secured to a cloth’s pin using a wire and hung on a branch using the cloth’s pin.  

Traps were placed on eight ‘Apalachee’ crapemyrtles that line the front entrance of the North 

Florida Research and Education Center, Quincy Fl. Four traps were placed on each plant at a 

height of between 1.5 and 2 m.  Traps were checked every day at 8 am, 12 pm, 4 pm, and 8 pm.  

Data were analyzed  using PROC GLIMMIX SAS 9.1.3 (SAS Institute 2000-2004) using a one 

way analysis of variance for time of day and the Poisson distribution link.   

Results and Discussion 

Activity of adult virginoparae crapemyrtle aphids was diurnal in nature and peak activity 

occurred between 4 and 8 pm, which was significantly different than the lowest period of activity 

between 8 pm and 8 am (Figure B-1).  Because crapemyrtle aphid adults are all winged, it may 

be important to understand their movement when applying pesticides.   
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Figure B-1.  LS mean number of crapemyrtle aphids (± SE) caught in all sticky traps used to 

measure activity patterns.   
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APPENDIX C 
PERSONAL OBSERVATIONS 

Field Observations   

While conducting experiments, I made numerous observations on aphids in the field and 

noted how they infested particular plants or cultivars.  ‘Natchez’ was rarely attacked by aphids 

under normal conditions, but aphid populations grew rapidly when aphids were confined to 

sleeve cages.  In addition to the growth of aphid populations confined in sleeves on ‘Natchez’, I 

noticed that individual plants of ‘Natchez’ (located in a plot not used in experiments) that were 

located immediately adjacent to infested ‘Tonto’ plants had high aphid populations.  This effect 

was the most noticeable if the two plants were touching.  Colonization of ‘Natchez’ appeared to 

be localized such that there were populations only near the interface of the two plants and the 

infestation spread as a gradient from the interface.  The previous type of colonization is different 

from the total plant infestations seen on other cultivars such as ‘Apalachee’, ‘Sioux’, or ‘Tonto’.  

Aphid infestation levels and population spread in crapemyrtles appeared to be associated with 

plant spacing, which may explain the colonization of ‘Natchez’ in the small plot of crapemyrtle 

not used in this study.  Plant spacing in the small plot was 3 m from trunk to trunk compared to 4 

m spacing for the plot used in the spatial experiment.  Crapemyrtle aphids are active fliers during 

daylight hours (see appendix B).  If an aphid colony was greatly disturbed, the adults took flight 

within the plant canopy and landed on a nearby leaf.  If plants are closely spaced, disturbed 

adults are likely to disperse to nearby plants as readily as the plant they are currently occupying, 

and thus, this would increase rate at which other plants are infested.  

Laboratory Observations of Crapemyrtle Suitability   

Before conducting the host suitability experiment, several cultivars and species of 

crapemyrtle were evaluated for the ability to support development and reproduction of 
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crapemyrtle aphids.  Tests were carried out on 40-mm leaf disks that were prepared as outlined 

in the procedures of Chapter 2.  Four leaf disks per cultivar or species were prepared and all four 

disks were placed in a single 100 x 10 mm agar Petri-plate that was prepared according to the 

procedures outlined in Chapter 3.  The cultivars or species tested were as follows:  ‘Fantasy’, 

‘Townhouse’, ‘Woodlanders Chocolate Soldier’, L. limii, L. speciosa, L. chekiangensis, and 

‘Princess’ (L. indica × L. speciosa).   

Several adult virginoparae aphids were placed in each Petri-plate and observed at 24 h and 

7 d, and observations noted if the aphids were on any of the leaf disks and if there were any 

offspring present.  All aphids were alive, when the plates were checked at 24 h, but only two 

aphids were on a disk in the L. speciosa plate.  At the end of seven days, leaf disks from all 

cultivars and species, except, L. limii, and L. speciosa had adult virginoparae and nymphs 

present.  An interesting outcome of these observations is that while L. speciosa is not suitable for 

crapemyrtle aphid development and reproduction, the hybridized L. speciosa × L. indica cultivar 

‘Princess’ was suitable for crapemyrtle aphid development and reproduction.   
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