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CHAPTER I

INTRODUCTION

The Brachyceran family Tabanidae (Diptera) consists of about 3500 species of medium

to large biting flies, and contains some of the largest blood feeding insects on earth (LeHane

1991). Approximately 350 species of horse and deer flies occur in North America (Borror et al.

1989), and economic loss in livestock production due to horse flies exceeds 40 million dollars

annually (Steelman 1976, Scholl et al. 1985). Haematophagous females in large numbers can

cause economic damage to man and livestock through blood loss, annoyance, and disease

transmission (Granett et al. 1957, Hollander and Wright 1980a, Perich et al. 1986). Some of the

diseases transmitted by horse flies include anaplasmosis, anthrax, hog cholera virus, equine

infectious anemia virus and Western equine encephalitis virus (Krinsky 1976).

The greenhead horse fly, Tabanus mularis Stone, is the second most abundant species

of horse fly in north ~ntral Oklahoma (Wright et a/. 1984). This species aggressively attacks

cattle and belongs to what is perceived to be a ·complex" of species which are difficult to

distinguish morphologically. Identification procedures that complement the use of morphological

characteristics involve the use of molecular markers. One such technique involves analyzing

the cuticular hydrocar1:lons of insects to identify them to genus and species.

Cuticular hydrocarbon analysis was first proposed by as a taxonomic tool to aid in the

identification of insects (Jackson and Blomquist; Lockey (1976). Since that time, numerous

authors have used this type of analysis to differentiate between closely related groups of

medically important Diptera (Phillips et al. 1988). There is a need to detennine if the horse flies

identified as T. mutaris in Oklahoma constitute a single group or belong to several strains of flies

within the species. A preliminary study was designed to determine whether the analysis of

1
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cuticular hydrocarbons could be applied to differentiate between T. mularis and the closely

related species Tabanus quinquevittatus Wiedemann. In the course of this study the two species

were successfully separated based on their hydrocarbon profiles. However, there was

unexplained variability of the hydrocarbon profiles within the T. mularis species which appeared

to be associated with the conditions under which the specimens were stored. It became evident

that additional experiments were required to explain the variability of the results and to validate­

the procedures used in conjunction with cuticular hydrocarbon analysis.

To accomplish the overall goal of detennining the utility of cuticular hydrocarbon

analysis for identifying T. mularis, the following objectives were proposed:

1. Determine the effects of different collection and storage conditions on the amount

and composition of extractable cuticular hydrocarbons from field collected T. mularis.

2. Determine if there were differences in the amounts and composition of extractable

cuticular hydrocarbons from specimens collected throughout a season.

3. Determine the composition of extractable cuticular hydrocarbons from specimens

collected in different geographic populations.
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CHAPTER II

LITERATURE REVIEW

Tabanus mufaris Complex

In 1986,Wright et 131. reported 64 species of Tabanidae in Oklahoma. Six of these

species constituted 97.7% of the colledions in northcentral Oklahoma during an eartier study

(Wright et af. 1984). Tabanus mularis was identified as the second most abundant pest species

in this study, occuning from 25 May- 20 September. Tabanus mularis is found in the central and

southeastern U.S., with its range extending from the panhandle of Florida, northward to Maryland

and westward to Missouri and eastern Texas (Pechuman et 131. 1983). It occurs in most counties

of Oklahoma east of the panhandle. Its seasonal activity in Oklahoma ranges from 29 May- 23

October (Wright et. 131. 1984). The diurnal period of activity for T. mularis in Oklahoma is

between about 9 AM and 6 PM COT (Hollander and Wright 1980b).

Little is known about the biology of this fly, and only recently has the larval anatomy

been described (Goodwin 1994). This species belongs to a "complex" of closely related horse

flies commonly referred to as the "greenheads" (Richard Roberts, Florida State University,

Personal Communication). The greenhead complex is generally considered to Include five other

Nearctic species; Tabanus conterminus Walker, Tabanus fulvilineis Philip, Tabanus fuscicostatus,

Hine, Tabanus nigrovittatus Macquart and Tabanus quinquevittatus Wiedemann. The possibility

exists for these flies to represent two complexes, one a coastal group in which the larvae inhabit

salt marshes, and another ranging from the coast to the interior of the U.S. where the larvae

occur in a terrestrial habitat (Goodwin, 1994). Other species which have been placed in this

group or as close relatives include Tabanus eadsi Philip (Tidwell 1973), Tabanus fulvilineis Philip

(Goodwin 1994), Tabanus linea/a hineJlus Philip (Tidwell 1973; Freeman 1987), and Tabanus

texanus Hine (Thompson 1973; Tidwell 1973). Sibling species of T. mularis in Oklahoma which

share its geographic distribution include Tabanus quinquevittafus Wiedemann, and Tabanus

fuscicostatus Hine. This latter species was reported in Oklahoma by Howell and Schomberg

3
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(1955), but none were collected by Wright et al. (1986). Tabanus fusclcostatus also occurs

however in Texas and in Louisiana (Tidwell 1973). Tabanus mlJlaris is similar to darker forms of

1. nigrovittatus Macquart, and some specimens are difficult to separate from T. fuscicostatus

(Tidwell 1973).

The taxonomic problems that this group of flies presents has been well documented.

Most of the characters now used to differentiate specimens are confined to the head and

appendages (Pechuman 1981). Additionally, several members of this complex are identified to

species or subspecies taxons based on color and pilosity, particularly on the labial palps and the

pleural areas of the thorax ( Tidwell 1973, Pechuman et a/. 1983). In many specimens this

coloration is very difficult to distinguish, particulaJ1y if the specimens have been damaged or

pinned for long periods of time, resulting in discoloration. For instance, T. mularis is supposed to

have a whitish color on the hairs of the labial palps and pleuran, while 1. quinquevittatus has a

creamy yellow color (Pechuman et a1. 1983). This determination is not always easily made.

Tabanids in this study are classified according to the phylogenetic arrangement

described by Philip (1965) and Wright et a/. (1986).

Order Diptera

Suborder Brachycera

Infraorder Tabanomorpha

Superfamily Tabanoidea

Family Tabanida,e

Subfamily Tabaninae

Tribe Tabanini

Genus Tabanus Linneaus, 1758

The females of these flies are haematophagous and when present in large numbers can

cause damage to man and livestock through blood loss, annoyance and disease transmission

(Granett et a/. 1957; Hollander and Wright 1980a; Perich et al. 1986). Female T. mularis flies
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are telmophages and imbibe an average blood meal of 56.9 mg showing specificity for attacking

cattle on the legs, underline, and neck (Hollander and Wright 1980a). They also had the highest

engorgement rate of any species of horse fly in northcentral Oklahoma at 32% (Hollander and

Wright 1980a). This means that fewer T. mulans flies were disloged by the cow before

completion of a blood meal. This high engorgement rate coupled with the fact that these are

anautogenous flies (requiring a blood meal prior to each oviposition) makes them potential

mechanical transmitters of disease.

Krinsky (1976) reviewed the role of the family Tabanidae as mechanical transmitters of

disease. Although T. mularis has never been incriminated in transmitting diseases,. some of the

infectious agents transmitted by the greenhead complex include Anaplasma marglna/e Theiler,

Bacillus anthracis Sterne, Equine infectious anemia virus, Hog cholera virus, Trypanosoma

evans; Steel, Trypanosoma fheileri Laveran, and Western Equine encephalitis virus.

Additionally, wounds resulting from horse flies feeding on infected animals are sources of

infection from which transfer of disease agents to healthy animals may occur via other

arthropods. Examples of this include the non-biting muscoid flies and members of the family

chloropidae (Hippelates spp.) which associate with Tabanidae feeding on cattle (Roberts 1968).

Cuticular Hyprocarbons

Cuticular lipids are important to the survival of insects for a number of reasons. They

are a major barrier to water loss; they affect the' absorption of agricultural chemicals; they

prevent microorganisms from attaching to and penetrating the cuticle; they function as

pheromones for aggregation and sex attraction and play roles in cast recognition cues (Blomquist

,et a/. 1987; Bergman et a/. 1990). Extensive reviews of insect cuticular lipids are given by

Lockey (1988) and Blomquist and Dillwith (1985). Among the lipid constituents which comprise

the cuticular lipid of insects are fatty acids, alcohols, esters, glycerides, sterols, aldehydes,

ketones and hydrocarbons (Lockey 1988).
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Hydrocarbons are synthesized in specialized epidermal. cells called oenocytes which are

associated with the peripheral fat body. These cells are modified for lipid metabolism and

synthesize hydrocarbons from acetate. Once synthesized. the hydrocarbons are transported

through the insect haemolymph by the carrier protein Iipophorin. This carrier protein acts as a

reusable shuttle. loading the hydrocarbons at the oenocyte surface and unloading them at the

epidermis. Hydrocarbons are carried in the center of the molecule surrounded by protein and

phospholipid and are thus transported through the aqueous haemolymph. Lipophorin does not

deliver the hydrocarbons directly to the cuticle, this is accomplished through pore canals which

extend from the epidermis to the inner epicuticle. The pore canals empty into epicuticular

channels which perforate the outer epicuticle. It is through these epicuticular channels that the

hydrocarbons are excreted (Lockey 1988).

Insects probably obtain some of their cutiCUlar hydrocarbons, for example n-alkanes,

directly from their diet (Blomquist and Jack.son 1973), though biochemical studies using labelled

precursors, confirm the view that insects synthesize most of their hydrocarbon constituents

(Lockey 1980). Hydrocarbons are synthesized by the elongation-decarboxylation pathway from

fatty acids (Major an9 BlomqUIst 1978). Cuticular hydrocarbons often occur as complex mixtures

of straight-chain hydrocarbons (n-alkanes), unsaturated hydrocarbons (olefins) and methyl­

branched hydrocarbons (methylalkanes) which are found in the wax or lipid layer of the

epicuticle.

Hydrocarbons and other Iipid~s are usually obtained by extracting whole non­

homogenized bodies of insects with an organic solvent such as hexane. Extraction procedures

aim at removing all cuticualr lipids. without removing internal body lipids (Lockey 1988). It is

important to note that hydrocarbons are also found in the haemolymph and internal tissues and

that the types of components found internally may differ from those on the surface (Blomquisl at

a/. 1987). One of the problems involved with the extraction of cuticular lipids has been the lack

of a standard solvent or time period of immersion. Another has been the lack of data confirming

that only the surface lipids have been extracted.
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Research Efforts Relat.ed to Present Study

Since insects generally synthesize most of their hydrocarbons, hydrocarbon composition

is expected to be- a reflection of the genotype that should be useful in taxonomic grouping

(Lockey 1980). In this type of analysis the hydrocarbon extract is injected onto the gas

chromatograph and a profile is produced in which each type of hydrocarbon molecule appears as

a peak. Multivariate statistics are applied to detennine differences among samples of flies

based on concentrations of the extracted components. Hydrocarbon analysis has been refined

as a taxonomic tool to assist in identification of medically important Diptera such as black flies,

sand flies and mosquitoes. It is also used as an investigative method to differentiate among

strains within several species of Diptera. Hydrocarbon analysis is suited for exploratory studies

when tl)'ing to detennine how many distinct groups are represented in a set of samples (Phillips

et al. 1988). Cuticular hydrocarbon analysis is a biochemical identification technique which is

quiCk, inexpensive and is a nondestructive process that allows specimens to be retained as

voucher specimens for future references. This differs from identification techniques based on

separation of chromosomes, enzymes or DNA which require destruction of the specimen.

Philips et al: (1988) report that pinned, museum specimens can be used In this type of

analysis, and that the presence of napthalene in storage boxes does not interfere. Furthennore,

they report that in flies of different ages, there are differences only in total hydrocarbon content..
A recently emerged fly may have the same hydrocarbons as at one-week after emergence, but

in a reduced amount. This differs from the findings of Dillwith et al. (1981) who report dramatic

changes in the production of hydrocarbon components of the house fly sex pheromones with the

age of the insect. Toalson and Simbron (1989) report long-term maintenance under laboratory

conditions leading to significant changes in epicuticular hydrocarbons of male and female fruit

flies.

The use of cuticular hydrocarbon profiles of insects as taxonomic characters was first

suggested by Jackson and Blomquist (1976) and Lockey (1976). Lockey (1978) was the first to

demonstrate the utility of this type of analysis in species identification by demonstrating
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consistent quantitative differences in the hydrocarbons between closely related species. Carlson

and Service (1979) were the first to use nydrocart>ons to distinguish between sibling species of

Diptera. They distinguished the mosquito Anopheles gambiae Giles from A. arabiensis Patton,

both of which are members of the Anopheles gambiae complex.

The Anopheles maculipennis Meigen complex has been analyzed by Phillips et al.

(1990). Chen et al. (1990) used cuticular hydrocart>on profiles to separate different geographic

strains of Culex qu/nquefasciatus Say. Kruger et a1. (1991) and Kruger and Pappas (1993) used

this technique to distinguish among 14 geographic valiants of Aedes albopictus (Skuse).

Carlson and Walsh (1981) and Phillips et al. (1985) used cuticular hydrocarbon compositions to

differentiate two black flies of the Simulium damnosum Theobald complex. S. sirbanum Vajime

and Dunbar and S. sqamosum Enderlein (Simuliidae). Ryan et al. (1986) and Philips et al.

(1990) used hydrocarbon profiles to distinguish the Psychodidae Psychodopygus cafferai carrerai

Barreto and P. yucumensis lePont, Caillard. Tibayrenc and Desjeux. Kamhawi et al. (1992)

showed differences in cuticular hydrocarbons of Phlebotomus argentipes Annandale and Brunetti

(Diptera: Phlebotominae) from field popUlations in northern India and Sri Lanka. Jallon and

David (1987) analyzed the cuticular hydrocarbons of eight species of the Drosophila

melanogaster Meigen subgroup and inferred ancestral and derived patterns, while Bartelt et a1.

(1986) used hydrocarbon profiles to construct a phylogeny of the Drosophila virills Sturtevant

species group.

Nelson et al. (1988) used hydrocarbons to separate the tsetse flies Glossina fuse/pes

fuse/pes Newstead, G. palpalis palpalis Robineau-Desvoidy, G.p. gambiensis Vanderplank, G.

tachinoides Westwood and G. brevipalpis Newstead. Canson et al. (1993) used this technique to

distinguish between 26 species and subspecies of tsetse flies (Glossina spp.) some of which

cannot be identified by standard morphological techniques. Carlson and Yocom (1986) identified

six species of Tephritid fruit flies based on this type of analysis. Lastly, Hoppe et a/. (1990) used

this analysis to show differences in the cuticular hydrocarbon composition of the horse files T.

mularis ,Tabanus equalis Hine, T. abactor Philip. T. nigripes Wiedemann, T. venustus
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OstenSacken, 1. calens L., T. atratus F., and 1. stygius Say. This has been the only study to

use cuticular hydrocarbon analysis on the Tabanidae to date. A more detailed analysis of

cuticular hydrocarbon extracts of the three morphologically similar species 1. abdominalis F., T.

sulcifrons Macquart, and 1. limbatenellris Macquart showed distinct hydrocarbon profiles for each

species (Hoppe et al. 1990).

The type of statistical analysis which is applied to the hydrocarbon data is canonical

discriminant analysis. This type of analysis has been used by Ryan at al. (1986) in separating

female Psychodopygus wellcomei Fraiha, Shaw and Lainson, the vector of leishmaniasis in

Brazil, and P. complexus Mangabeira. Krug,er at al. (1991) found geographic variation among

seven North American populations of Aedes albopictus. This study was followed up by a study in

1993, where Kruger and Pappas found geographic variation among 14 populations of Aedes

albopictus using canonical discriminant analysis. Golden et al. (1992) used canonical

discriminant analysis to separate the sibling species Diabrotica longicomis Smith and Lawrence

and D. barberi Smith and Lawrence (Coleoptera: Chrysomelidae) from sympatric and allopatric

populations.



CHAPTER III

Preliminary Studies on Cuticular Hydrocarbons of T. mularls and T. quinquevittatus

Introduction

Numerous authors have used cuticular hydrocarbon analysis to differentiate between

closely related groups of insects. Phillips et al. (1988) have reviewed the use of this type of

analysis in the medically important Diptera. There is a need to detennine if specimens of the

horse flies identified as T. mularis in Oklahoma const.itute a single group or belong to several

strains within the species. Therefore. a preliminary study was designed to detennine whether the

analysis of cuticular hydrocarbons could be applied to differentiate between T. mutatis and a

closely related species T. quinquevittatus. Due to unexplained variability in the composition of

the cuticular hydrocarbons of the r: mularts species, a second experiment was designed to test

the effect of length of time stored and handling conditions on the composition of extractable

hydrocarbons of T. mularts.

Methods and Materials

Field specimens of T. mularis (Fig. 1) were collected at the Oklahoma State University

Entomology Pasture Two Cross-Timbers Experimental Range (CTER) in Township 18N, located

approXimately 11 k"!1 southwest of Stillwater in Payne County, Oklahoma. This cross-timbers

vegetation is sometimes referred to as oak savannah or upland forest. The 32 ha CTER pasture

two is composed of 60% upland forest, comprise,d mainly of blackjack oak (Quercus mart/endics

Muenchh) and post oak (Quercus stellata Wangenh) and 40% tallgrass prairie of little bluestem

(Andropogon scopartus Michx), Indian grass (Sorghastrum nutans (L.) Nash) and Rosette

panicgrass (Panicum oJigosanthes (Nash) Fernald) (Ewing et at. 1984). The four characteristic

soil mapping units occurring in this pasture were 11-StephenviUe-Damell complex, 1 to 8%

slopes; 26-Grainola-Lucien complex, 3 to 5% slopes; 32-Harrah-Pulaski complex, 0 to 8% slopes

and 49-Renfrow and Grainola soils, 3 to 8% slopes; eroded (Ewing et al.1984).

Field specimens of T. muJarts were also collected from lake Car1 Blackwell, Payne

County, OK. Flies were collected in modified Stoneville Malaise traps (Fig. 2) (Wright st al.

1986). This type of trap was reported by Roberts (1976) to be the most effective for collecting

10
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Fig 1. Specimen of a female T. mularis .
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Fig 2. Modified Stoneville Malaise trap with CO2 cylinder.
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Tabanidae. Traps were baited with compressed CO2 released from cylinders through two stage

regulators at the rate of 200 cclminute. Leprince (1986) found that carbon dioxide increased by

9-fold the number of trapped T. quinquevittatus over traps without C02. and Knox et a/. (1972)

found similar results with other Tabanidae. Inverted funnel containers were placed at the top of

the Malaise trap each with a 2.5 cm2 piece of dichlorvos-impregnated resin to quickly kill the

trapped flies.

Tabanus muJaris and T. quinquevittatus flies were identified using the taxonomic key in

the Oiptera, or true flies of Illinois (Pechuman et al. 1983). Tabanus mularis is differentiated

from T. quinquevittatus by coloration of hairs on the pleuran and labial palpi. The hairs of T.

mularis have a white appearance while those of T. quinquevittatus appear creamy yellow.

Experiment 1

A stUdy was designed to determine if cuticular hydrocarbon extracts would differentiate

between T. mularis and T. quinquevittatus. Female T. mularis flies from the field (TmF) w~re

collected from CTER pasture 2 directly from tethered cattle by placing a clean 7ml scintillation

vial over each fly when feeding (Fig. 3). The flies were then chilled on ice and immediately

returned to the lab for extraction of the hydrocarbons. Pinned T. quinquevittatus files (TqM) were

obtained from the K.C. Emerson museum at Oklahoma State University and were identified by

the late L.L. Pechuman. Pinned T. mularis flies (TmM) were obtained from the K.C. Emerson

museum at Oklahoma State University and were also verified by L.L. Pechuman.

Cuticular hydrocarbons of pinned T. quinquevittatus from the K.C. Emerson museum

were compared with cuticular hydrocarbons of pinned T. mularis from the K.C. Emerson museum

and cuticular hydrocarbons of T. mularis which were freshly collected in scintillation vials in the

field.

Experiment 2

A temporal study was conducted by comparing cuticular hydrocarbons of museum

specimens of T. mularis collected from lake Can Blackwell in 1977, 1978, and 1979 with those

fresh specimens of T. mularis collected from lake Can Blackwell in 1995 collected in malaise
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traps or fresh specimens which were pinned for four months. This experiment was designed to

determine the effect of the length of time of storage and handling conditions on the analysis of

cuticular hydrocarbons of T. mularis.

Cuticular Upid Extraction

Methods followed those used by Hoppe et a/. (1990) with some modifications. All

hexane used was redistilled in glass, and all glassware was rinsed with hexane before use.

Cuticular lipids were obtained from single horse flies by placing the flies into a clean 7 ml glass

scintillation vial along with an internal standard of 3.125 IJg n-hexacosane (chosen because this

alkane was absent from the cuticular hydrocarbons) and exposing the flies to two 30 second

extractions of 3.5 ml of hexane. The vials were gently swirted during the extractions. The two

3.5 ml hexane fractions were then combined in one 7 ml scintillation vial, and the vial was

placed in a eooc sand bath and dried under a stream of lamp grade nitrogen. Upids were

redissolved in hexane prior to silica column chromatography.

Hydrocarbon Isolation

Hydrocarbons were isolated from the lipid extracts by dissolving the sample in 1 ml

hexane and transfe.rring to a silica gel column, \l cm x 0.5 cm Ld.) 100-200 mesh (70-140 1,1),

average pore diameter 25 A (Sigma Chemical Co., S1. louis, MO), which had been pre-

washed with 6 ml hexane. Hydrocarbons were 'eluted from the column with 7 ml hexane, dried

under nitrogen and stored at room temperature until analyzed (Blailock et al. 1976; Nelson et a/.

1981).

When examining hydrocarbons of T. mutaris or any other horse flies the researcher

must be aware of the possibility that the insects may have been immersed in an organic solvent.

For many years it has been commonplace for systematists studying the Tabanidae to degrease

specimens (David Canson & Richard Roberts, Florida State Univ., Gainesville Fla.; personal

comm.). This is especially true of museum specimens. Degreasing is accomplished by

immersing the flies in some organic solvent with the intention of cleaning the specimens to

examine subtle differences in coloration of areas such as the eyes, and hairs of the palpi and

4
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pleural regions. This process apparently aids in taxonomic classification, but unfortunately

renders the specimens useless for hydrocarbon analysis.

GCAnalysis

Hydrocarbon analysis was performed using a Hewlett Packard 5890 II gas

chromatograph. Samples were redissolved in 50 ~l hexane, and 1~I was injected onto a 100%

methyl silicone capillary column (DB-1, 15m, .25 mm i.d., 0.1 ~m film thickness, J&W Scientific),

using a splitless injector at 250°C and a detector at 350°C. Thus, the equivalent of 2% of the

cuticular hydrocarbons was injected. The temperature program consisted of an initial

temperature of 200°C, increasing by a ramp of 5°C Iminute to a temperature of 325°C. The

signal was collected on and analyzed by Maxima Software~ (Dynamic Solution, Milford, MA).

Statistical Analysis

The analytical technique applied to the cuticular hydrocarbon patterns was one which

compared areas under some selected peaks of the chromatograms. Each chromatogram was

examined individually, and each major peak was characterized by its retention time and total

area. Thus, each GC peak selected, was used as a "character" for phenetic analysis. Peaks

were provisionally ~dentified from their retention times and numbered so that the same peak in

different individuals could be determined. The area under each peak, found by integration, was

proportional to its concentration in the injected ~ampJe and was compared to the area for the

internal standard. The internal standard was of known concentration and, when injected with

each sample, gave the constant of proportionality; it also standardized runs by eliminating the

worry of differences in injection volume and machine response (Phillips et al. 1988).

The raw data for analysis consisted of the area under the selected major peaks divided

by the total area of the hydrocarbons represented in a chromatogram. Twenty-eight hydrocarbon

peaks were selected for T. mularis of which, twelve were considered as major peaks which

occurred in each chromatogram. Eleven major peaks were considered for T. quinquevittatus.

Peak areas selected were scaled or normalized (summed to 100%), thereby considering the area

under the 28 chosen peaks to represent all of the hydrocarbons. Minor peaks were ignored. A
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canonical discriminant analysis was used to differentiate between groups of files. This analysis

is a dimension-reduction technique related to principal component analysis and canonical

correlation. Given several quantitative variables (hydro08rtJon peaks) ttlis procedure del'ives

canonioal variables Olnear combinations of the quantitative vanables) Uiat SUlTUn8l'ize Detween-

class variation. A multivariate analysis of variance was performed using Proc GLM ($AS

Institute Inc. 1969). This procedure performs multivariate analysis of variance (MANOVA) and

computes squared distances between class means D8sed on the pooled within-claS5 covariance

matrix (Mahalanobis distances) (SAS Institute Inc. 1989). Four statistical tests Including WilkS

Lambda. Pillai's trace, ~oys greatest root and Hotelling-Ywley tr"800 confirm significant

differences between groups.

Given two or more groups of observations with measurements on several quantitative

variables, canonical discriminant analysis derives a linear combination of the variables that has

the highest possible mu.ltiple (:(IITela.tioll with the groupS, This maximal multiple correlation is

called the first canonIcal correlation. The coeffiolents of the linear combination are the canonical

coefficients or canonloal weights. The variable defined by the linear combination is the first

canonical variable or canonical component. The second canonical correlation is obtained by

finding the linear combination uncorrelated with the first canonical variable that has the highest

possible multiple correlation with the groups. This process of extracting canonical variables is

repeated until the number 01 canonical variables equals the number of classes minus one. (SAS,

Institute Inc. 1989).

Canonical discriminant analysis is also equivalent to performing the following steps:

1. Transform the variables so that the pooled within-class covariance matrix Is an

identity matrix.

2. Compute class means on the transformed variables.

3. Do a principal component analysis on the means, weighting each mean by the

number of observations in the class. The eigenvalues are equal to the ratio of

between-class variation in the direction of each principal component.

4. Back-transfonn the principal components into the space of the original v.ariables,
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obtaining the canonical variables. (SAS Institute Inc. 1989).

RESULTS AND DISCUSSION

When the external hydrocarnons of the three groups of flies were compared by general

linear models procedure (SAS Institute Inc. 1989), there were significant differences among all

three groups in the MANOVA Wilkes Lambda test (F=30.9655; DF=26; Pr.>F 0.0001). The

cuticular hydrocarbon profiles of T. quinquevittafus were obviously different from those of either

group of T. mularis. However, the hydrocarbon profiles of the two groups of T. mularis were also

significantly different from each other. Figure 4 depicts a plot of the first two canonical

discriminant variables from the analysis of the cuticular hydrocarbons of T. mularis and T.

quinquevittatus. Canonical axis 1 separates T. mularis from T. quinquevittatus. Canonical axis 2

separates the two groups of T. mularis. When the discriminant analysis was e.xecuted, the SAS

program correctly identified 97% of the flies. Two T. mulBris from the museum were

misidentified as coming from the field. The difference of the cuticular hydrocarbon profiles

within the T. mularis specimens appeared to be attributed to the conditions the flies were

exposed to prior to hexane extraction.

Based on the resul~s of the first study, it was necessary to determine if the differences in

the cuticular hydrocarbon profiles of the T. mularis specimens were real or artifacts of storage

conditions. To confirm the role that the storage conditi9ns were playing, if any, in the variability

of the T. mularis group, a second experiment was conducted. Figure 5 shows a two-dimensional

canonical discriminant analysis of T. muJaris flies from the late 1970's and those collected from

1995. The flies from 1995 were collected from the same location as those from the late 1970's.

Canonical axis 1 separates the flies from 1977, 1978, and 1979 which were taken from the

museum from those which were collected in the field in 1995. Canonical axis 2 separates the

1995 flies into two groups based on storage conditions prior to extraction of the hydrocarbons

with hexane. When the external hydrocarbons of the three groups of flies were compared by

general linear models procedure (SAS Institute Inc. 1989), there were significant differences
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Fig. 4 Canonical discriminant analysis of cuticular hydrocarbons from
museum specimens of T. mularis (TmM). freshly extracted
specimens of T. mularis (TmF). and museum specimens

of T. quinquevittafus (TqM).
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between groups in the MANOVA Wilkes Lambda test (F=6.952; DF=48; Pr>F '0.0001). When

the discriminant analysis was executed, the SAS program correctly identified 100% of the flies.

The results of these two experiments strongly suggested that something was affecting

the amount of extractable hydrocarbons of T. mularis stored under different conditions and for

differing time periods. Once this was determined, the focus of this study shifted to try to further

elucidate this point and to examine the variability of the cuticular hydrocarbons of T. mularis, if

any, with respect to seasonal distribution and geographic location.
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CHAPTER IV

The Effects of Storage Conditions on the Use of Cuticular
Hydrocarbon Analysis for Identification of T. mularis

Introduction

The preliminary studies indicated that there were significant differences in the cuticular

hydrocarbon profiles of T. mularis females that were stored under different conditions prior to

hexane extraction. A study was designed to gather baseline information about the cuticular

hydrocarbons of freshly collected T. mularis. This included a partial characterization of the

hydrocarbons, as well as a determination if any internal hydrocarbons were being extracted from

the flies. The baseline information obtained from the fresh specimens was used in comparison

with flies stored under different conditions.

Methods and Materials

The first step in the analysis was to gather baseline infonnation about the cuticular

hydrocarbons of freshly collected T. mularis to compare with cuticular hydrocarbon profiles of T.

mularis stored under differ~nt conditions. This included a partial characterization of the cuticular

hydrocarbons, and a determination of the amounts of extractable cuticular hydrocarbons from

flies stored under different conditions prior to hexane e~raction. Once this was accomplished, it

was determined if any internal hydrocarbons were being extracted from the T. mularis

specimens.

On 14 June 1995,100 T. mularis were collected from CTER pasture 2 (80 Specimens

freshly collected from tethered cattle, and 20 specimens from malaise traps). These specimens

were separated into five groups, each containing 20 flies exposed to different storage conditions.

The storage conditions were as follows:

1. 20 fresh specimens ( which were chiHed to immobilize prior to extracting

hydrocarbons)

27



2. 20 lyophilized specimens (freeze dried, then immediately extracted)

3. 20 pinned specimens (pinned 4 months)

4. 20 frozen specimens (frozen 3 months)

5. 20 specimens from a malaise trap

Each group of 20 flies was subdivided into 2 groups of 10 specimens for

analysis. The first group was homogenized and extracted using the method of Bligh and Dyer

(1959) to give a total lipid fraction .. Single horse flies were homogenized in 3.8 ml of a mixture of

redistilled chloroform: methanol: water, 1:2:0.8 (volume/volume) along with 3.125 I-Ig n-

hexacosane as an internal standard. The mixture was transferred to a test tube and combined

with 1ml redistilled chloroform (CHC!J)and 1ml H20. The mixture was then vortexed for 30

seconds, followed by a 10 minute centrifugation (850 x g). The bottom CHCh layer was

removed and saved in a 7 ml scintillation vial, and 1ml redistilled CHCI3 was added to the test

tube. The mixture was again vortexed for 30 seconds, followed by a 10 minute centrifugation

(850 x g). The chloroform fractions were combined in the 7 ml scintillation vial and dried under

nitrogen giving the internal lipid fraction.

The cuticular hydrocarbons were extracted from the second group of specimens with

hexane as described in chapter two. In order to avoid extraction of any internal hydrocarbons,

two short extraction periods (30 sec.) were used. This group of specimens was then

homogenized and the intemallipids were obtained using the Bligh and Dyer method of
,

extraction. The statistical analysis used for this stUdy was the same as described in the previous

chapter.

HPTLC

High performance thin layer chromatography was used to confirm separation and

purification of eluted hydrocarbon fractions of T. mularis. Samples containing isolated

hydrocarbon and total lipid fractions from single flies were run with standards containing

monoglyceride, cholesterol, diglyceride, free fatty acid, triglyceride, wax ester, and n-alkanes.

Merck 5626 HPTLC silica gel plates 60 (without fluorescent indicator, 10 em x 20 em, layer

thickness 0.25 mm) were used. Plates were first developed in 100% redistilled hexane to the top
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of the plate. The samples were then loaded to the plate. The plate was developed in a solvent

system containing hexane, ether, acetic acid, 90:10:1 (volumelvolume), to approximately 1 em

from the top of the plate. Lipids were visua.lized by treating plates with a mixture of 3% cupric

acetate in 15% phosphoric acidand heating on a hot plate until spots appeared.

Separation of Hydrocarbon Constituents

The total hydrocarbon fraction containing saturated, unsaturated and methyl-branched

hydrocarbons was dissolved in 1 rol hexane and loaded to a silica gel column (Sigma: 7cm x

a.Scm Ld.) impregnated with silver-nitrate (AgN03) 20% (wlw) which had been pre-washed with 6

ml hexane. The saturated and methyl-branched fractions were obtained by rinsing the column

with 7 ml of hexane. Unsaturated hydrocarbons (oletins =alkenes, alkadienes, & alkatrienes)

were then eluted with 7 ml hexane: diethyl ether (1 :1, v:v). The methyl-branched hydrocarbons

were separated from the straight chain hydrocarbons (n-alkanes Iparaffins) by dissolving this

fraction in 2,2,4-Trimethylpentane (iso-octane) and adding a molecular sieve (5 A) (O'Conner et

s/. 1962; Nelson et s/. 1981). The molecular sieve was activated by heating to 300°C for 24

hours, and enough was added to cover 1ml of hexane. By doing this, the straight chain

hydrocarbons are incorporate<;l into the sieve, leaving the methyl-branched hydrocarbons

behind.

GCAnalysis

Hydrocarbon analysis was performed using a Hewlett Packard 5890 II gas

chromatograph. Samples were redissolved in 50 ~I hexane, and 1~I was injected onto a 100%

methyl silicone capillary column (08-1, 15m, .25 mm Ld., 0.1 ~m film thickness, J&W Scientific),

using a splitless injector at 250°C and a detector at 350°C. Thus, the equivalent of 2% of the

cuticular hydrocarbons was injected. The temperature program consisted of an initial

temperature of 200°C, increasing by a ramp of 5°C Iminute to a temperature of 325°C. The

signal was collected on and analyzed by Maxima Software~ (Dynamic Solution, Milford, MA).
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Equivalent Chain lengths (ECl's)

The equivalent chain lengths (ECL) (Miwa 1963) were detennined by injecting a mixture

of known hydrocarbon standards (even chained n-alkanes C2Q-C40 1:1 ...... :1 (vlv» onto the GC

and plotting their carbon chain lengths vs. retention times. ECl's of the flies hydrocarbons were

then detennined relative to these n- alkanes by linear interpolation.

Results and Discussion

HPTLC of Tabanus muJaris Cuticular Lipid Extract

The HPTLC method allowed accurate separation of T. mularis cuticular lipids (fig 6) ..

This method verified separation of the hydrocarbon consti1uents and also verified that

hydrocarbon was the major lipid class present in freshly collected female T. mularis. Lane three

shows the total lipid fraction of T. mularis, while lane four shows only the isolated hydrocarbons

following application to the silica gel column.

Tabanus mutaris Hydrocarbons

Figure 7 shows a typical gas chromatogram for a freshly-collected female of T. mularis

from which cuticular lipids were extracted with hexane while the fly was stili living. The 28 pea.ks

representing the cuticular hydrocarbons were present in all traces that were examined. Peaks

marked with an asterisk were chosen as major peaks for the canonical discriminant analysis.

Table 1 shows the corresponding eqUivalent chain lengths (ECL'S) for each of the numbered

hydrocarbons shown in figure 7.

Blomquist et af. (1985) reported that previous research on Diptera has shown that the

cuticular hydrocarbon components contain significant amounts of unsaturated components.

Figures 8 and 9 show that this was not the case for T. mularis. When compared to the internal

standard it was clear that the majority of cuticular hydrocarbons of T. mularis were saturated.

This was consistent with the findings of Hoppe et al. (1990) for other species of horse flies.
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Fig. 6 High perfonnance thin layer chromatography plate showing the separation of
Tabanus mularis cuticular lipids from freshly collected specimens.

Lane 1. Standard containing cholesterol (C), free fatty acid (FFA),
monoglyceride (MG), diglyceride (OG), triglyceride (TG),
sterol ester (SE), wax ester f'NE>, and hydrocarbon (HC).

Lane 2. Hydrocarbon (HC) standard.

Lane 3. Tabanus mulans total lipid extract.

Lane 4. Tabanus mularts isolated hydrocarbons.

Lane 5. Wax ester (WE) standard.

Lane 6. Standard containing (C), (FFA), (MG), (OG), (TG), (SE), (WE).
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Fig. 7 Typical chromatogram of freshly extracted female
T. mularis showing peaks chosen to represent

total hydrocar1Jon fraction.
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Peak Equivalent Chain Length
Internal Standard 26

Peak 1 27.29
Peak 2 27.42
Peak 3 27.49
Peak 4 27.59
PeakS 27.72
Peak 6 27.83
Peak 7 28
Peak 8 28.37
Peak 9 29.08

Peak 10 29.45
Peak 11 29.56
Peak 12 29.61
Peak 13 29.7
Peak 14 29.82
Peak 15 29.96
Peak 16 30.22
Peak 17 30.45
Peak 18 30.75
Peak 19 31.15
Peak 20 31.48
Peak 21 31.64
Peak 22 31.92
Peak 23 32.49
Peak 24 32.8
Peak 25 33.48
Peak 26 33.8
Peak 27 34.53
Peak 28 39.95

TABLE I

EQUIVALENT CHAIN LENGTHS OF HYDROCARBONS COMPRISING A TYPICAL
CHROMATOGRAM OF A FRESHLY EXTRACTED FEMAlE T. MULARIS
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Fig. 8 Chromatogram of unsaturated hydrocarbons of T. mularis

Fig. 9 Chromatogram of saturated hydrocarbons of T. mularis
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Small peaks occurring in the unsaturated trace were probably the result of overloading the silver­

nitrate impregnated silica column with the hydrocarbon sample.

The cuticular hydrocarbons and internal hydrocarbons of T. mutaris were comprised of

the same components, however, the hydrocarbons were present in differing amounts. Figures

10 and 11 show that more cuticular hydrocarbons were obtained than internal hydrocarbons in

freshly extracted flies. This was evident by comparing the hydrocarbons to the internal standard

peaks. When profiles of cuticular hydrocarbons and intemal hydrocarbons from the same 10

flies were compared by general linear models procedure (SAS Institute Inc. 1989) there were

significant differences between the them as shown by the MANOVA Wilks' Lambda test (F=

7.8241; DF=11; Pr >F 0.0036). In the discriminant analysis there were no misidentifications of

the hydrocarbons between the two groups. Figure 12 illustrates this point by showing the

distribution of the hydrocarbons in freshly extracted specimens. The bars represent means for

three groups of flies (n=1 0 in each case). Originally, it was assumed that in freshly extracted T.

mularis internal hydrocarbons were accumulated in the cuticular fraction due to penneability of

the cuticle to the solvent hexane. However, further research clearly demonstrated that this was

not the case. More will be discussed on this topic.

When storing female T. mularis under different conditions there were significant

differences in the amount of cuticular hydrocarbons that could be obtained from hexane

extractions. Figure 13 shows the results of five different processing methods prior to hexane,

extraction, on the amount of attainable cuticular hydrocarbons from female T. mu/aris. The bars

represent means for the five groups of specimens (n=10 in each case). When specimens were

extracted fresh or frozen for 3 months before extraction, the yield was over two times that of

pinned and freeze dried specimens (Figures 14 and 15). The internal standard peak in each

chromatogram represented 3.125 JJg of the hydrocarbon n-hexacosane. When compared to the

internal standard, there was much more cuticular hydrocarbon extracted from fresh specimens

than pinned specimens. Figures 16 and 17 show that similar results were obtained when

examining frozen or freeze-dried specimens. A typical chromatogram of a frozen specimen

showed yields of approximately the same amount of cuticular hydrocarbons as a chromatogram
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Fig. 10 Typical chromatogram of cuticular hydrocarbons of a
freshly extracted female T. muJaris.

Fig. 11 Typical chromatogram of internal hydrocarbons of a
freshly extracted female T. mularis.
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Fig. 12 Distribution of the hydrocarbons of a freshly
extracted T. mularis.
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Fig. 13 Amounts of cuticular hydrocarbons extracted from
T. mutaris stored under different conditions.
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Fig. 14 Typical chromatogram of cuticular hydrocarbons
from a freshly extracted female T. mularis.

Fig. 15 Typical chromatogram of cuticular hydrocarbons
from a pinned (4 months) female T. mularis.
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Fig. 16 Typical chromatogram of cuticular hydrocarbons
from a frozen (3 months) female T. mularis.

Fig. 17 Typical chromatogram of cuticular hydrocarbons
from a freeze dried female T. mularis.
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of a freshly extracted fly. Furthermore, the chromatogram of a freeze-dried specimen resembled

that of a.pinned (4 months) specimen.

Internal Hydrocarbons of T. mularis

Histograms in figure 18 represent the internal hydrocarbons extracted from 1. mularis

which had been processed under five different conditions. The bars represent means for the five

groups of specimens (n=10 in each case). These results coincide with figure 13, in that the

amount of internal hydrocarbons extracted from specimens frozen for 3 months resembled the

amount of hydrocarbons extracted from fresh specimens.

In this case the amount of internal hydrocarbon extracted from pinned specimens (4

months) and freeze-dried specimens was approximately two times that of fresh flies and frozen

flies. A possible explanation for this phenomenon was that the cuticular hydrocarbons were less

easily extracted from pinned and freeze dried flies and did not dissolve in an external hexane

extraction of the duration used in this study. Instead, they were extracted when the insect was

homogenized and subjected to the Bligh and Dyer method of extraction.

Much more internal hydrocarbon is extracted from a pinned specimen than a freshly

extracted specimen (Figures 19 & 20). The amount of internal hydrocarbons obtained from a

lyophilized specimen was similCfrto that of a specimen which had been pinned (Figure 21). Also,

the amount of internal hydrocarbons extracted from a frozen specimen (Figure 22) closely

resembled that from a freshly extracted specimen (figure 20j.

Total Hydrocarbon Fractions of 1. mularis

The histograms in figure 23 represent the total amount of cuticular hydrocarbons and

internal hydrocarbons extracted from 1. muJaris which had been processed under five different

conditions. The bars represent means for the five groups of specimens (n=10 in each case). It

was apparent that the total amount of hydrocarbons obtained from 1. mu/aris stored under

different conditions was approximately the same for all storage conditions. Specimens pinned

for 4 months yielded slightly higher amounts of total hydrocarbons, although they yielded lower

amounts of cuticular hydrocarbons.
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Fig. 18 Amounts of internal hydrocart>ons extracted from T. mularis
stored under different conditions.
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Fig. 19 Typical chromatogram of internal hydro~rt>ons
from a pinned (4 months) female T. mulans.

Fig. 20 Typical chromatogram of internal hydrocarbons
from a freshly extracted female T. mularis.



3.00

~ 2.50...
o
:>

N
b..

2.00

J
J

1.40

1."'0

1.150

1.50

1.80 2.00
X 101 .1nub.

1.80 2.00
x 101 1I1nut..

2.20

2.20 2.40

53



54



Fig. 21 Typical chromatogram of internal hydrocarbons
from a freeze dried female T. mularis.

Fig. 22 Typical chromatogram of internal hydrocarnons
from a frozen (3 months) female T. mularis.
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Fig. 23 Total amount of hydrocarbons extracted from T. mularis stored
under different conditions.
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As stated previously, it was originally assumed that when extracting cuticular

hydrocarbons from fresh or frozen T. mularis, more hydrocarbons were obtained because

internal hydrocarbons were being extracted. However, when frozen flies were treated with a

series of 30-second extractions. nearly all cuticular hydrocartx>ns were obtained in the first

extraction and virtually none were obtained in subsequent extractions (Figures 24 & 25).

Somewhat different results were attained with pinned specimens in that less cuticular

hydrocarbon was obtained in the first extraction relative to amounts in subsequent extractions

(Figures 26 &27). These results support a hypothesis that cuticular hydrocarbons continuously

leach out of pinned specimens when exposed to multiple hexane extractions.

In addition, there were internal lipids extracted in all five hexane washings from the

pinned specimen (fig. 26) which probably resulted from hexane seeping into the insect through

cracks in the exoskeleton. This means that the increased amounts of hydrocarbons in fresh and

frozen flies could not be attributed to acquiring internal hydrocarbons. If this were the case, then

there would have been elevated levels of hydrocarbons in pinned specimens. Thus, the

hypothesis that freshly extracted and frozen T. mu/aris yielded more hydrocarbons due to

internal lipid extraction was discounted.

In pinned T. mu/aris the hydrocarbons leach out into the solvent over the course of

extractions. Brill and Bertsch (1985) found similar results when extracting frozen worker ants of

So/enoptes richteri Forel (the black imported fire ant) in Alabama. They attributed the recovery
•

of hydrocarbons upon second and third solvent washings as a diffusion problem. The cuticular

hydrocarbons are contained in the epicuticular matrix, which contains wax, sterol esters, alcohols

and free fatty acids in addition to the hydrocarbons. In order to extract the hydrocarbons, they

must be removed from the matrix and into the bulk of the solvent. For this to occur, solvent

molecules must penetrate the lipid matrix, or the matrix itself must be broken down. A plausible

explanation for this phenomenon was that the cuticular hydrocarbons were somehow embedded

in the wax layer of the cuticle of pinned and freeze dried flies and did not leach out easily in an

external hexane washing. Instead, the hydrocarbons were liberated when the insect was

homogenized and subjected to Bligh and Dyer extraction.
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Fig. 24 High perfonnance thin layer chromatography plate of lipid extract from
multiple extractions of a single, frozen T. mularis.

Lane 1. Standard containing cholesterol (C), free fatty acid (FFA),
monoglyceride (MG), diglyceride (DG), triglyceride (TG),
sterol ester (SE), cholesterol ester (CE), and hydrocarbon (HC).

Lane 2. First 30 second hexane extraction.

Lane 3. Second 30 second hexane extraction.

Lane 4. Third 30 second hexane extraction.

Lane 5. Fourth 30 second hexane extraction.

Lane 6. Fifth 30 second hexane extraction.

Lane 7. Standard containing primary alcohol (1° ALC), cholesterol ester (CE),
and hydrocarbon (HC).
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Fig. 25 Amount of hydrocarbons obtained from five
hexane extractions of the same T. mularis

which had been frozen 3 months.



62

(6ft) uoqJe~oJp'<H JO Junowv ueaw

....





Fig. 26 High perfonnance thin layer chromatography plate of lipid extract from
multiple extractions of a single, pinned T. mularis.

Lane 1. Standard containing cholesterol (C), free fatty acid (FFA),
monoglyceride (MG), diglyceride (OG), triglyceride (TG),
sterol ester (SE). cholesterol ester (CE), and hydrocarbon (He).

Lane 2. First 30 second hexane extraction.

Lane 3. Second 30 second hexane extraction.

Lane 4. Third 30 second hexane extraction.

Lane 5. Fourth 30 second hexane extraction.

Lane 6. Fifth 30 second hexane extraction.

Lane 7. Standard containing primary alcohol (1° ALC), cholesterol ester (CE) ,
and hydrocarbon (HC).



64

• t • • • • ,



65



Fig. 27 Amount of hydrocarbons obtained from five
hexane extractions of the same T. mularis

which had been pinned 4 months.
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Canonical Discriminant Analysis of Cuticular Hydrocarbons

Figure 28 depicts a two-dimensional canonical analysis of the cuticular hydrocarbons of

female T. mularis which had been subjected to five storage treatments. Those conditions were

freshly extracted specimens (chilled to immobilize), T. mularis collected In a malaise trap. T.

mularis pinned for 4 months, T. mularis frozen for 3 months (these specimens were allowed to

come to room temperature prior to extraction), and T. muJaris which had been freeze dried.

When external hydrocarbons from the treatments were compared by general linear models

procedure (SAS Institute Inc. 1989) there were significant differences between groups in the

MANOVA Wilks' Lambda test (F= 3.0991; DF=44; Pr>F 0.0001). When the discriminant

analysis was executed, the program correctly identified 76% of the specimens. There were no

misidentifications in the group of T. mutaris from the malaise trap. The program misidentified

one fresh T. mutaris as a malaise trap specimen, one as a frozen, and one as lyophilized. Also,

one pinned T. mularis was misidentified as lyophilized, while one frozen T. mularis was

misidentified as fresh, and three frozen T. mularis as lyophilized specimens. Among freeze dried

T. mularis, one was misidentified as fresh, one as a frozen. and two as pinned specimens.

Improved discrimination 9f fresh, pinned and freeze dried T. mularis was obtained when

malaise and frozen groups were dropped from the analysis (Figure 29). Pinned specimens were

separated from freshly extracted specimens and Iyophil.ized specimens along canonical axis 1,

while canonical axis 2 separated the fresh and lyophilized specimens. In this analysis there were

significant differences between grQups in the MANOVA Wilks' Lambda test (F= 22.8718;

DF=24; Pr>F 0.0001). When the discriminant analysis was executed this time the program

correctly identified 96% of the flies. There was one misidentification where a freeze-dried T.

mularis was categorized with the freshly extracted specimens.

When fresh T. mularis were compared only against pinned T. mularis there were also

significant differences between groups in the MANOVA Wilks' Lambda test (F= 8.1738; DF=12;

Pr>F 0.005), and there were no misidentifications in the discriminant analysis. When fresh T.

mularis were compared only against freeze dried T. mularis there were significant differences
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Fig. 28 Canonical discriminant analysis of cuticular hydrocarbons
from T. mularis processed under five different conditions.
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Fig. 29 Canonical discriminant analysis of cuticular hydrocarbons
from T. mularis processed under three different conditions.
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between classes as well in the MANOVA Wilks' Lambda test (f= 5.9899; DF=12; Pr>F 0.0125)

and no misidentifications of specimens in the discriminant analysis. There were no significant

differences between cuticular hydrocarbons of freshly extracted and frozen ( 3 months) T.

mularis.

Canonical Discriminant Analysis of Internal Hydrocarbons of T. muJaris

Figure 30 depicts a two-dimensional canonical analysis of the intemal hydrocarbons of

female T. mularis which had been subjected to five storage treatments. When intemal

hydrocarbons were compared among treatments by general linear models procedure (SAS

Institute Inc. 1989) there were significant differences in the MANOVA Wilks' Lambda test (F=

3.2282; DF=48; Pr>F 0.0001). When the discriminant analysis was executed, the program

correctly identified 84% of the flies. The program misidentified two fresh T. mularis as frozen

specimens and one collected by malaise trap as a fresh specimen. Also one pinned T. mularis

was categorized a freeze dried specimen. Among frozen specimens, one was misidentified as a

fresh, one as caught by malaise trap, and one as freeze dried. One freeze dried T. mularis was

misidentified as frozen.

These experiments show that there were statistically significant and reproducible

differences in the composition of cuticular hydrocarbons which were extracted from female T.

mularis stored under different conditions using hexane as the extracting solvent. More cuticular

hydrocarbons were obtained from the flies when fresh or frozen than from other treatments.
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Fig. 30 Canonical discriminant analysis of internal hydrocarbons
from T. mularis processed under five different conditions.
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CHAPTER V

The Effects of Seasonal Distribution and Geographic Distribution on the Use of Cuticular
Hydrocarbon Analysis for Identification of T. mutaris

Introduction

Results of the experiments described in chapters two and three indicated that the

conditions under which the specimens of T. mutaris were collected and stored influenced the use

of cuticular hydrocarbon analysis to differentiate among them. These studies also indicated that

the reliability of this technique might be influenced by age of flies or temporal distribution through

the summer as well as differences in geographical regions of the state from which specimens

are collected. Therefore, studies were designed to determine if there were differences in the

cuticular hydrocarbon profiles of T. mutaris collected at the same site throughout the season and

if the profiles were different in those specimens collected from several geographic regions of the

state.

Methods and Materials

Experiment 1

This study was designed to determine if the cuticular hydrocarbon profiles were different

in T. mularis collected at the same site over the season. In order to minimize variability all

specimens used in this study were collected fresh (off cattle). Ten T. mularis were collected at

CTER pasture two at weekly intervals from 8 June through 1 September 1995 (15 collections).

Specimens were collected in clean 7ml scintillation vials which had been pre-rinsed with hexane.

They were then chilled on ice to immobilize them and were returned to the laboratory where they

were extracted with hexane to remove cuticular hydrocarbons while still alive.

Experiment 2

This study was designed to determine if there was a difference in the cuticular

hydrocarbon profiles of T. mularis from different areas of Oklahoma. Female T. mutaris were

collected in malaise traps during the summer of 1995 from Lincoln, Muskogee, McCurtain and

Wagoner counties in Oklahoma. Traps were operated for approximately 24 hours. Specimens

were placed on ice as soon as they were removed from the trap top and returned to the
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laboratory for cuticular hydrocarbon extraction. Cuticular hydrocarbon extraction and analysis of

the hydrocarbon data was perfonned in the same manner as described in the previous chapters.

Results and Discussion

Figure 31 shows a two-dimensional canonical discriminant analysis of the cuticular

hydrocarbons of T. mularis collected from CTER pasture two during the summer of 1995. A

comparison of cuticular hydrocarbons from specimens collected on different dates by general

linear models procedure (SAS Institute Inc. 1989), indicates there were significant differences

between groups in the MANOVA Wilks' Lambda test (F= 2.0563; DF=168; Pr>F 0.0001). A

better indication of the differences are presented if only the group centroids are plotted. Figure

32. The graph of the centroids separate the collection dates into four areas. The first group of

centroids consists of specimens collected from 8 June through 5 July 1995 at the beginning of

the first seasonal emergence of this species. A second cluster of centroids includes the

specimens collected from 12 July through 25 July 1995. The third cluster of centroids includes

the specimens collected from 5 August through 25 September 1995. Specimens collected at the

end of the season on 1 September 1995 were extreme outliers from the rest of the clusters.

These differences appea~ to reflect real changes in the cuticular hydrocarbon

composition of the specimens in the field over the season. It is not known whether these

changes have a functional significance. A possjble explanatio,n for this phenomenon over a

season would be that there are different emergence patterns of the T. mularis at CTER pasture

two and that a change in the larval food supply might be reflected in subtle differences in

hydrocarbon patterns as adults. Lecuona et a/. (1991) reported that fungal spore gennination of

Beauveria bassiana (Balsamo) Vuillemin or B. brongniartii (Saccardo) Petch caused alterations

of the cuticular hydrocarbons of Ostrinia nubilalis (Hubner) and Melolontha me/olontha L. Logic

dictates that fungal infections could be a plausible explanation for changes in the hydrocarbons

of T. mularis in a season. Little is known about the biology of this species, especially the larval

stage, and changes in larval habitat or food sources may be reflected in slightly different

cuticular hydrocarbon patterns of adults.
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Fig. 31 Canonical discriminant analysis of cuticular hydrocarbons collected
from fresh T. mularis during the summer of 1995 at CTER pasture two.
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Fig. 32 Canonical discriminant analysis of cuticular hydrocarbons collected
from fresh T. mularis during the summer of 1995 at CTER pasture two.

Showing group centroids (canonical mean values for groups).
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A comparison of external hydrocart)(ms from specimens collected from different

counties and analyzed by the general linear models procedure (SAS Institute Inc. 1989),

indicated significant differences between groups in the MANOVA Wilks' lambda test (F=

2.4443; DF=36; Pr>F 0.0005). Figure 33 shows a tw(Hjimensional canonical discriminant

analysis of flies from four different counties in Oklahoma. The SAS discriminant analysis

correctly identified 73% of the flies. In this analysis, the cuticular hydrocarbons of specimens

from Lincoln County in northcentral Oklahoma, appeared to be more closely related to

specimens from McCurtain County located in the southeastern comer of the state. Specimens

collected from adjacent Wagoner and Muskogee Counties were not as similar as those collected

from the other two counties. In this analysis, the specimens from adjacent counties are placed

further apart from each other than specimens from distant counties. A possible reason for the

variability might be these specimens were not collected at the same time. The temporal study

presented earlier indicated a difference in the composition of the cuticular hydrocarbons from

specimens collected at the same site over the season.
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Fig. 33 Canonical discriminant analysis of cuticular hydrocarbons from T. mularis
collected in malaise traps from four counties in Oklahoma.
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CHAPTER VI

SUMMARY AND CONCLUSIONS

Hydrocartlons comprised the major component of cuticular lipid in female T. mularis.

The majority of cuticular hydrocarnons in T. mularis were saturated, with little or no unsaturated

hydrocarbons and ranged from 27 to 40 cartons in length. These findings were consistent with

those of Hoppe et al. (1990). The cuticular hydrocarnons and internal hydrocartons of T. mularis

were comprised of the same components, however, the relative amounts of the various

molecules present differed in the two groups.

Preliminary studies revealed that cuticular hydrocartlon extracts analyzed by canonical

discriminant analysis could be used to differentiate the closely related species T. mularis and T

quinquevittatus. However, these studies also indicated variability in the relative amounts of

cuticular hydrocartlon molecules present in female T. mularis specimens which was attributed to

differences in conditions of storage prior to hexane extraction.

In order to achieve the first objective of determining the effects of different collection and

storage conditions on the amount and composition of extractable cuticular hydrocartlons from

field collected T. mularis, two studies were designed. The results of these two studies further

corroborated the hypothesis that "the manner in which specimens were stored and handling

conditions could affect the use of cuticular hydrocarton analysis for identification of T. mularis.

In the first study, cuticular hydrocartlon profiles of T. mularis collected from lake Carl Blackwell,

Payne Co. OK, in 1977, 1978, and 1979 were found to be significantly different from profiles of

T. mularis collected from the same location in 1995. Furthermore, cuticular hydrocartlon profiles

of T. mularis from 1995 which were pinned 4 months were found to be significantly different from

profiles of fresh specimens.

In the second study, cuticular hydrocarnon profiles of T. mularis collected and analyzed

from 14 June 1995 which were fresh, were found to be significantly different from profiles of

those which were pinned for a period of four months or freeze dried. These findings differed from

those reported by Hoppe et al. (1990) who stated that analysis of extracts of fresh, frozen, and
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pinned Tabanidae yielded near1y identical hydrocarbon profiles, although they did not use

canonical discriminant analysis. The differences measured in the hydrocarbon extracts of T.

mularis stored under different conditions were statistically significant. However, it should be

noted the possibility exists that the canonical discriminant analysis used to analyze the data was

too sensitive and selected for very small differences in the hydrocarbon profiles which may not

correlate with any biological or functional differences. These two studies were the first to

examine the effects of collection and storage conditions on the cuticular hydrocarbon profiles of

an insect species.

The second objective, was designed to determine if seasonal distribution could playa

role in the variability of cuticular hydrocarbon profiles of T. mularis. Tabanus mularis females

were collected and extracted as fresh specimens throughout the summer of 1995 at weekly

inteNals. The canonical discriminant analysis revealed that there were significant differences in

the composition of the cuticular hydrocarbon profiles of specimens collected on different dates.

Again, this was the first study to reveal variability of cuticular hydrocarbons from a species

collected throughout a season.

To accomplish the third objective, the cuticular hydrocarbon profiles of T. mularfs from

four different counties in Oklahol)1a were examined. Although there were significant differences

among the profiles of T. mutaris from the different counties, the results were not definiUve.

Hydrocarbon profiles of T. muJaris from the most widely separated counties were deemed more

closely related than T. muJaris from neighboring counties. A possible explanaUon for this was

that the T. muJaris were collected from the four counties at different times during the summer of

1995. This factor alone could account for such results in the canonical discriminant analysis.

It is important to address the question of how much variability may be present in the

cuticular hydrocarbons among members of a species before a conclusion regarding existence of

strains, biotypes or subspecies may be reached. The larger question also occurs, regarding the

extent of variability that can exist within specimens still considered to be members of the same

species. This work indicates that considerable variation can occur in the resul1s of cuticular

hydrocarbon analysis of T. mularis with respect to storage conditions, as well as seasonal and
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spatial collections which does not appear to be related to subspecies or biotypes of T. mutaris. It

merely suggests that there are significant and reproducible differences in the amounts of

extractable cuticular hydrocart)Ons from specimens collected from different locations; specimens

stored under different conditions; or specimens collected at different times of the year. There is

too little known about the life history of this species, especially the larval habitat and food

preferences that may attribute to differences in the cuticular hydrocarbon components, to draW'

any conclusions.

The main contribution of this work is to make researchers aware that questions of

handling conditions, length of storage, and time of collection should be addressed when usingl

cuticular hydrocarbon analysis for stUdying insect species. It should be noted that handling

conditions prior to hexane extraction, length of storage and seasonal distribution contributes to

variation in relative amounts of cuticular hydrocarbons profiles of T. mutaris and may not affect

this type of analysis on other insect species.
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