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ABSTRACT 

Frankliniella occidentalis response to color hue and intensity 

was tested in both field bioassays and electrophysiology of 

the thrips eye. Results of electroretinograms demonstrated 

that males and females have a double peak spectral efficiency 

in the ultraviolet near 365nm and in the green-yellow range at 

540nm. Results of field tests suggest, based on density 

change relative to sex ratio change between behaviors, that 

there was a greater change in male behavior (i.e. density) 

than in female behavior. Higher densities of thrips were 

observed on blue, violet, white and yellow hues. Interactions 

between the UV and green photopigments and integration of 

visual stimuli within the central nervous system may allow for 

discrimination of blue and vie let, colors that are at 

wavelengths between the two peaks. Because the peaks of 

spectral sensitivity and the relative efficiency are the same 

between sexes, and the relative rankings of density remains 

the same between behavior periods, the greater change in male 

versus female behavior may be the result of complex behavioral 

responses to many possible cues as yet undetermined. 
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LITERATURE REVIEW 

*She was a gordian shape of dazzling hue 

Vermilion spotted, golden, green and blue; 

Striped like a zebra, freckled like a pard, 

Eyed like a peacock, all crimson barr'd;' 

(John Keats, Lamia) 

INSECT/COLOR INTERACTIONS 

Color, size and shape are plant properties that serve as 

visual cues for insects (Prokopy and Owens 1983). Visual cues 

are used by insects for recognition of and orientation towards 

conspecifics, food, oviposition and mating sites, and 

structures that serve as protection (Allan et al. 1987, 

Prokopy and Owens 1978, 1983, Moericke 1969, Bell 1990, 

Mazokhin-Porshnyakov 1969, Chapman 1982, Langer et al. 1979, 

Scherer and Kolb 1987, Agee et al. 1990, Messina 1990). Color 

cues may include one, two or all three components of color: 1. 

hue - the dominant wavelength 2. intensity or brightness -

total energy of reflected wavelengths, and 3. saturation -

the spectral purity of the dominant wavelength. Most green 

plants have a foliar reflectance-transmittance hue between 

500-580nm (green to yellow) (Prokopy and Owens 1983). Plant 

parts, such as buds and blossoms, may have a similar or a very 

different reflectance hue from the foliar hue. One 

characteristic common to most blooming plants is that the 
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blossom or at least some blossom part does contrast with the 

background blossom color, foliage, sky or soil. The flower 

blossom, whether the insect sees it in color or as a grey-

tone, contrasts with its background to be distinguished from 

the rest of the plant (Kevan and Baker 1983). 

Color contrast has been shown in several studies to be an 

important factor in host location or trap efficiency. Czencz 

(1988) found that the background color of the crop influenced 

the efficiency of colored traps in catching Thysanoptera. 

Generally, traps with the same color as the background catch 

fewer total thrips than traps that contrast with the 

background color of the field in which they are tested. Face 

flies respond strongly to visually perceived objects that 

contrast most with the object's background color (Pickens 

1990). Tabanus nigrovittatus is strongly attracted to objects 

that contrast sharply with the background color (Sutcliffe 

1987). Results of one study with Rhagoletis pomonella 

indicated that this species uses contrast in reflectance in 

order to locate the food resource, ripe fruit, on a tree 

(Owens and Prokopy 1986). This study also concludes that 

flies exhibit the specific behavior of orienting towards fruit 

against a more intense background to maximize reflectance 

contrast. Strong contrast of an object against the background 

is an important factor in many studies with biting flies 
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(Allan et al. 1987) and Apis can be trained to come to any 

mark which contrasts with the background (Chapman 1982) . Some 

flowers have color patterns or colored structures called 

nectar guides that contrast with the background flower color. 

Nectar guides lead insects to a reward offered by the plant, 

possibly in return for serving as pollinators for that plant 

species (Lythgoe 1984). Amphicoma scarab beetles prefer red 

flowers with a black corolla ring over red flowers without a 

dark ring (Dafni et al. 1990). Honey bee association with 

nectar guides and ultraviolet (UV) reflective flowers that are 

"bee purple", have been studied extensively (Goldsmith and 

Bernard 1974, Barth 1985). Barth (1985) proposes that UV 

guides serve a purpose similar to restaurant signs that lead 

to a meal that cannot be detected at a distance by either 

sight or smell. 

The perception of sensory information such as color by 

insects, is only one factor involved in location of resources 

(Bell 1990) such as food, mates or oviposition sites. 

Chemical and olfactory cues are closely associated with visual 

cues during resource location by herbivorous insects (Prokopy 

and Owens 1983). Leafhoppers use visual cues first, then 

chemical cues when orienting towards a food host (Saxena and 

Saxena 1975). Resources exist as different hierarchical 

"patch levels" (ie. field, plant, blossom, pollen, etc.) 



11 

(Hassell and Southwood 1978, Prokopy and Owens 1983, Bell 

1990). After initiation of searching behavior, the insect 

defines the patch level (Prokopy and Owens 1983) with the 

search behaviors progressively narrowing as the spatial scale 

of the patch level decreases with size. According to 

Sutcliffe (1987) orientation towards a host brings the insect 

into contact with more and stronger, overlapping stimuli from 

the host. Orientation becomes more precise with an increase 

in stimulus intensity (Bell 1990) and the mode of sensory 

perception may change from one mode to another or include one 

or more modalities (Bell 1990). Some insects will, in fact, 

show a stronger behavioral response than is normal, to high 

intensity stimuli or supernormal stimuli, that they might not 

actually encounter in a natural setting (Staddon 1975, 

Matthews and Matthews 1978, Prokopy and Owens 1983) . Behavior 

in response to visual as well as to other cues may vary 

depending on the physiological state of the insect such as the 

insect's need to find a feeding or oviposition site, its 

sexual competency and its age. 

Visual detection of a resource occurs during local searching, 

scanning or movement within a patch, movement from one patch 

towards another patch, or during movement between habitats 

(Bell 1990). Detection of a resource may be from a distance, 

from nearby or from within the resource itself (Prokopy and 
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Owens 1983). The resource as first perceived visually from a 

distance may be nothing more than the contrast of sky and 

horizon or the hue contrasts between vegetation and non-

vegetation. Detection of the resource from nearby may be 

accomplished by color recognition by those insects that can 

distinguish differences in color. Some insects that are host 

specific show a limited reaction to specific host plant colors 

(Moericke 1969). This may reduce the number of misguided 

landings on non-host plants. Visual detection of specific 

structures of the resource from within the resource itself may 

require further color discrimination abilities or perception 

of hue contrasts, shape and size (Prokopy and Owens 1983). 

THYSANOPTERA 

DESCRIPTION, LIFE HISTORY AND BEHAVIOR 

Most species of Thysanoptera are found in the tropics and 

temperate zones although a few species are found in arctic 

regions. There are many phytophagous species including gall-

making and inquiline species and some carnivorous species. 

Host habitats range from agricultural to urban, forest to 

grassland, and desert to scrub. The morphological diversity 

among species is extensive but difficult to appreciate due to 

the small size of most thrips which range from 0.5mm to 14.0mm 

in length (Lewis 1973). 
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The order is divided into two sub-orders, the Terebrantia and 

the Tubulifera which are separated primarily by differences in 

wing structure and female oviposition organs. Terebrantia 

females have a saw-like ovipositor located below the 8th and 

9th abdominal segments, which is used to insert eggs into 

plant tissue. Tubulifera females have a genital opening 

located between the 9th and 10th abdominal segments and 

generally lay eggs in clusters on the surface of plant 

tissues. Most species are winged, but wingless morphs have 

been identified (Lewis 1973). The Tubulifera are considered 

the more derived sub-order, exhibiting various levels of 

sociality (Crespi 1988a, Crespi 1988b). 

The mouthparts of thrips are characteristically cone shaped 

and asymmetrical, with the right mandible reduced and the left 

mandible modified into a stylet. Phytophagous species feed by 

piercing or "punching" and sucking the contents of plant 

tissues including leaves, flowers, fruit, new growth or young 

plants, as well as pollen, nectar and fungal spores (Lewis 

1973). Some thrips species vector viral diseases during 

feeding through an exchange of saliva and plant juices. 

The metamorphosis of Thysanoptera is neither totally 

holometabolous nor hemimetabolous, but is an intermediate 

(Lewis 1973, Brodsgaard 1987). Most authors describe them as 
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hemimetabolous (Lewis 1973). Heming (1973) terms this 

developmental category as remetabolous. Developmental stages 

in the Terebrantia include the egg, first and second instar 

larvae, pre-pupa, pupa and adult. Tubulifera have an 

additional pupal stage. Pre-pupa and pupal stages do not 

feed, lacking functional mouthparts during these stages, but 

may remain mobile (Lewis 1973, Heming 1973). 

The western flower thrips Frankliniella occidentalis 

(Pergande), is a member of the sub-order Terebrantia and 

family Thripidae. The genus Frankliniella was described by H. 

Karny in 1910 and F. occidentalis was described by T. Pergande 

in 1895 as Euthrips occidentalis (Brodsgaard 1987). It was 

first identified on the west coast of the United States, but 

is today distributed throughout the United States and is found 

in Canada, Mexico, Western Europe, New Zealand, in Southern 

Korea and Peru (Bryan and Smith 1956, Brodsgaard 1987). 

During the 1970's through the 1980*s F. occidentalis rapidly 

spread into most of these areas (Beshear 1983, Brodsgaard 

1987). F. occidentalis is a polyphagous species, having been 

found on over 200 species of plants within 59 genera 

(Brodsgaard 1987, Yudin et al. 1987), preferring pollen and 

nectar but also feeding on vegetative plant tissues, mite eggs 

(Trichilo and Leigh 1986) and freshly dead thrips (I. Terry, 

Personal observation). As a result of feeding and oviposition 
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damage it can be a serious pest of ornamentals, of various 

agricultural and greenhouse commodities. It is a primary 

vector of tomato spotted wilt virus, which can be of economic 

importance in some cropping systems (Ullman et al. 1989, Robb 

1989). 

Females are approximately 1.0mm in length, and exhibit at 

least three color morphs that range from light yellow to brown 

with an intermediate form (Bryan and Smith 1956, Brodsgaard 

1987) . Males are approximately half the size and one third of 

females and are light yellow in color (Bryan and Smith 1956). 

F. occidentalis is an arrhenotokous thrips species. Females 

lay fertilized (diploid) eggs that develop into female 

offspring or unfertilized (haploid) eggs that develop into 

males (Crespi 1990, Lewis 1973). Eggs are kidney shaped, pale 

in color and approximately 0.5mm in length (Bryan and Smith 

1956, Robb 1989). A female will insert eggs either partially 

or completely into plant tissue with her serrated, knife-like 

ovipositor. Larval and pupal developmental time is 

temperature dependent (Bryan and Smith 1956, Robb 1989). In 

a study by Robb (1989) developmental times were reduced as 

temperatures were increased from 15°C to 30°C although larval 

mortality increased at the higher temperatures tested (Robb 

1989). After eclosion, adults begin feeding and mating after 

about 24 hours (Bryan and Smith 1956). In captivity females 
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may live for close to sixty days and males about half that 

time (Bryan and Smith 1956). 

Little of the behavior of F. occidentalis has been studied. 

They are know to be diurnal (Lewis 1973) and recently the 

mating behavior of this species was described (Terry and 

Gardner 1990). Males are observed swarming and aggregating on 

white, artificial substrates primarily during the mornings 

throughout the southern Arizona rainy season (July-August). 

The swarming behavior described by Terry and Gardner (1990 and 

Terry unpublished data) is characterized by large numbers of 

males hovering and aggregating on specific colored surfaces, 

by aggressive male:male interactions that varies in intensity 

and duration and by females who land in the aggregations, 

immediately mate and then leave. Not only does the duration 

of copulation of mating pairs within the aggregations vary, 

but there is also considerable interaction by other males with 

a mating pair (I. Terry, personal communications and personal 

observations). Another characteristic of these aggregations 

is the male biased sex ratio, at times over 90:1 

(male:female). Swarming, aggregations, sparring and mating 

behavior have subsequently been observed on flower blossoms 

although in smaller numbers than those observed on artificial 

substrates (I. Terry, personal communications and personal 

observations). Other Terebrantian thrips species, Thrips 
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major and Thrips fuscipennis, have been observed on blossoms 

of Calystegia sepium (Kirk 1985b) in large numbers referred to 

as aggregations. Aggregations of Thrips major are male biased 

while those of Thrips fuscipennis are female biased. Mating 

behavior occurs within the aggregations on the petals of the 

flower blossoms. Also in association with thundery or stormy 

weather were mass dispersal flights in England of eight thrips 

species (common names for thrips are "thunder flies" or "storm 

flies") (Lewis 1973). 

RESPONSE TO COLOR 

Monitoring phytophagous thrips to determine species 

composition and density is most commonly accomplished by 

sticky trap, water trap, suction trap, sweep sampling. More 

detailed sampling of vegetation is done by destructive 

extractions with aqueous solutions or Buchner funnels and 

sampling of soil and litter. Although yellow-colored sticky 

traps are the most successful in catching phytophagous insects 

associated with foliage (Kirk 1984), some thrips are 

differentially attracted to colors other than yellow (Lewis 

1973). Using painted water pan traps, Lewis (1959) found that 

Frankliniella spp. are found in greater percentages in black 

and green traps than in white traps. Prior to 1973, Wilde 

(1962) found that another Terebrantian thrips, Taeniothrips 

sp., is found in significantly higher concentrations on white 
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sticky traps than yellow traps. Moffitt (1964) observed nine 

times more F. occidentalis adults on painted white boards than 

on yellow boards in a pear orchard. Beckham (1969), using 

colored plastic film and colored aluminum foil coated with a 

liquid adhesive, found that blue foil and white plastic are 

equally attractive to thrips associated with cotton when 

located adjacent to a cotton field. 

Walker (1974) performed extensive color tests both in the 

field and in greenhouses. Results indicated that 

generalizations about the color preference of thrips as an 

order are of limited value. There is great variation in color 

preference between species. Some border colors around the 

color cards tested reduce the thrips response to certain 

colors. Kirk (1984) tested several different colors, in a 

grass sportsground surrounded by wheat and potatoes, including 

UV and non-UV reflective white, yellow and blue as well as 

green and black. Like Walker (1974), Kirk found considerable 

variation in trap catch between different species of thrips. 

Thrips closely associated with grass foliage are found in 

greater density on highly UV reflective white traps than non-

grass foliage associating and flower thrips, which are found 

in greater density on yellow and blue traps and non-UV 

reflective white. Based on his results, Kirk suggests that 

flower feeding thrips are able to detect wavelengths shorter 
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than 400nm (UV) and that there are several broad correlations 

between an insect's ecology and color trap catches. Similar 

results to those seen in Kirks's experiments (1984), were 

obtained by Czencz (1987). Czencz determined that yellow, 

white and blue are the colors preferred by thrips species over 

green and red, and that specific color preferences vary 

between grass feeding thrips and polyphagous thrips. Also, 

responses to trap colors may be affected by other factors or 

the physiological state of the insect, and yellow traps may 

not be the most appropriate color for trapping all thrips 

species or for specific purposes. Highly UV reflective 

mulches have been shown to reduce the numbers of thrips 

collected on yellow sticky traps in tomato cropping systems 

(Scott et al. 1989). In another study Kirk (1987) found that 

two other factors, trap size and scent, in addition to color, 

may affect thrips densities. There was a significant linear 

relationship of increasing trap catch with an increase in trap 

size. 

In recent years several experiments have concentrated on color 

preference of F. occidentalis under field and greenhouse 

conditions (Yudin et al. 1987; Brodsgaard 1989a,b, Robb 1989, 

Gillespie and Vernon 1990, Vernon and Gillespie 1990). Yudin 

et al. (1987) determined that in a field of lettuce, the total 

number of thrips collected on non-UV reflective white traps is 
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significantly higher than on yellow, green, blue, red, orange 

and violet in two out of three experiments. In the third 

experiment, catches on non-UV reflective white, blue and 

yellow were not significantly different but were significantly 

greater than catches of thrips on red, orange, green and 

violet traps. 

In a study with ornamentals grown in greenhouse or glasshouse 

situations, Brodsgaard (1989a) performed tests to determine 

the optimum shade of color for sticky traps used to monitor F. 

occidentalis populations. Of several different blue colors 

tested, one attracts more thrips than the others as well as 

all other colors tested. This indicates that F. occidentalis 

not only distinguishes between different colors but also 

between different intensities of one color of blue. It was 

noticed that the highest trap numbers are on a blue color that 

has a higher percent diffuse reflectance than the other blue 

colors tested. Sticky traps of this color blue are an 

efficient sampling tool for detecting initial outbreaks and 

monitoring thrips populations in Danish glasshouses 

(Brodsgaard 1989b). 

Gillespie and Vernon (1990a) also performed experiments in 

commercial greenhouses where cucumber crops were grown on 2. lm 

high trellises. The effect of trap height and color on 
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numbers of F. occidentalis trapped, was conducted with the 

following results. At a height of 2.4m, blue, violet, yellow 

and white trap densities are not significantly different from 

each other in the number of thrips caught, but are 

significantly greater than green, UV reflective white and 

black traps. At 2.4m, (ie. just above the crop), blue traps 

have higher numbers of females than males compared with any 

other color and yellow has higher numbers of males. For the 

commercial yellow sticky trap tested at a height of 3.0m 

female counts are higher at this height than male counts. 

Additional work on cucumbers in greenhouses by Vernon and 

Gillespie (1990b) concentrated on response to color and 

changes in response to colors of the same hues but different 

intensities. There are strong responses on high intensity 

hues of blue, violet, yellow and white colors and responses 

are weak on high intensity hues of green, orange and UV-

reflective blue, white, yellow and violet. Reducing the 

reflectance intensity causes a linear reduction in response to 

the attractive hues but causes no change in response to the 

unattractive hues. From this study Vernon and Gillespie 

conclude that F. occidentalis is sensitive to UV (350-360nm), 

blue (440-450nm) and yellow (540-570nm) wavelengths and that 

quality (hue) , quantity (intensity) and interactions 

(saturation) of these wavelengths govern the response by 

thrips to these colors. They conclude that this is evidence 
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that F. occidentalis posses a visual system based on three 

photopigments, i.e., UV, blue and yellow-green. 

INSECT EYES 

MORPHOLOGY 

One to over 10,000 individual ommatidium in a variety of 

arrays and degrees of complexity make up the insect compound 

eye. A sensory element and an optical element together make 

up the ommatidia (Chapman 1982). The light gathering or 

optical element of the insect eye consists of a lens and below 

this, a crystalline cone, as found in eucone eyes. The 

crystalline cone is a product of the semper cells located 

below the lens, but may also be liquid or gelatinous, as in 

pseudocone eyes. This same area below the lens may simply be 

filled with a clear cytoplasm, not a product of the semper 

cells, as described in acone eyes. In yet another variation 

referred to as an exocone condition, the semper cells extend 

inward toward the retinula cells in refractile strands. Eyes 

in which the cone reaches the rhabdom are called apposition 

eyes, and those in which there is a clear zone light guide 

between the cone and rhabdom are called superposition eyes. 

In all cases, the lens and crystalline cone help focus the 

light entering the eye towards a light guide so as to maximize 

the light entering the rhabdom. 
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Photopigments are located in the rhabdomeres of the retinula 

cells that make up the rhabdom. The rhabdom is the sensory 

element of photoreception. It commonly includes rhabdomeres 

of seven or eight retinula cells although this is not true of 

all insects. Each cell has a nerve fiber, the postretinal 

nerve, that is the connection to the optic lobe. The 

photopigments are most commonly made up of a light energy 

absorbing molecule, or chromophore, bound to a colorless 

protein molecule. For example, retinal binds to opsin to form 

a molecule called rhodopsin, which in one of several possible 

geometrical isomers, is common to almost all animal visual 

systems (Shepherd 1988). Insects have two chromophores, 

retinal and 3-hydroxyretinal (Gleadall et al. 1989). In 

thirteen insect orders studied (Gleadall et at. 1989), three 

combinations of these two chromophores have been documented; 

retinal alone, 3-hydroxyretinal alone, and retinal and 3-

hydroxyretinal together. It is interesting to note that more 

than one of these situations can be found within one order. 

The light energy of a particular wavelength is absorbed by the 

rhodopsin molecule, splitting the opsin molecule from the 

retinal molecule causing a subsequent release of free energy 

and a resulting loss of color, i.e. bleaching. This release 

of energy leads to a change in the membrane permeability and 

so to a receptor potential (Shepherd 1988). The receptor 

potential is integrated within the optic lobe of the brain, 
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with connections that originate within the lamina and 

continues on to the medulla then to the lobula. From there 

the signal goes to the protocerebrum within the brain for 

processing and further integration. Here it is combined with 

other sensory information to affect different types of 

physical orientation or behavior in response to the visual 

stimuli (Shepherd 1988). 

SPECTRAL SENSITIVITY 

The spectral sensitivity of an insect eye is a function of the 

nature of the photopigments which provides the nervous system 

with the differential information necessary to code chromatic 

contrasts of objects (Menzel et al. 1986). Different visual 

pigments with absorption bands in different spectral regions 

result in different spectral sensitivities and possibly result 

in color vision (White 1985). In general, insects have a 

visible spectrum that extends from the ultraviolet (UV) region 

to the infrared region (IR), or from approximately 300nm to 

650nm or rarely, 700nm (Goldsmith and Berhard 1974, Chapman 

1982, Shepherd 1988). In general, insects possess ultraviolet 

and green receptors in one ommatidium and some insects also 

have a blue receptor (Meyer-Rochow 1982). Spectral 

sensitivity may differ from that expected from the analysis of 

photoreceptors for several reasons. Screening pigments and 

long, isolated rhabdomes both will have the effect of 
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increasing the sensitivity (White 1985, Chapman 1982). The 

light flux reaching the receptors of superposition eyes of 

many insects is regulated by movements of the screening 

pigment (Hamdorf et al. 1989). A twisting of the rhabdomere, 

optically coupled rhabdomeres with different rhodopsins 

coupled within a fused rhabdom, and a fused rhabdom itself 

will all have an effect on spectral sensitivity. 

Electrically coupled individual receptor cells, either through 

direct contact of neighboring receptors or through synaptic 

relationships between receptor axons (postretinal nerves) , may 

result in broadened spectral sensitivity. Another cause for 

broadened spectral sensitivity or double-peaked sensitivity is 

the possibility of the presence of two rhodopsins in the same 

retinula cell. The cuticular cornea may reduce the response 

of UV receptors below a certain wavelength and some colored 

corneas may act as interference filters. Specialized tracheal 

structures near the proximal end of the rhabdom serve as a 

reflecting tapetum that enhances sensitivity by reflecting 

back certain wavelengths. Wavelength specific receptors may 

be limited to ommatidia located in isolated areas such as the 

periphery of the compound eye and could be missed or 

overlooked depending on the technique used to determine 

spectral sensitivity (White 1985, Chapman 1982). 
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THRIP8 EYES 

The study of thrips eye morphology and physiology has been 

limited to only a few species, with little more than brief 

descriptions of the morphology of the eye. Species studied 

include Thrips physapus (Mazokhin-Porshnyakov 1983 and Risler 

1956), Hercinothrips femoralis (Moritz 1989), and 

Frankliniella fusca and Aeolothrips fasciatus, (these in some 

detail by B. Heming, personal communication). Thrips 

physapus have a large crystalline cone within a typical 

eucone, apposition eye (Mazokhin-Porshnyakov 1983). Although 

Moritz (1989) and Risler (1956) describe Thrips physapus and 

Hercinothrips femoralis as having acone eyes, Heming (personal 

communication) determined from extensive light microscopy that 

Frankliniella fusca and Aeolothrips fasciatus have eucone 

eyes. He also notes that the fully differentiated ommatidia 

are loaded with pigment granules such that details of the eye 

structure, other than the lens and crystalline cone, are 

difficult to discern. 

The compound eye of F. occidentalis is hemispherical in shape, 

in a lateral, anterior-posterior orientation with 60-70 

ommatidia, reddish to dark purple in color (Matteson, personal 

observations). F. occidentalis also has three dorsal ocelli, 

one anterior-medial and two posterior-lateral. An average 

cuticular lens is lO.Oum in diameter. Scattered across the 
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surface, between the cuticular lenses of each eye, are fine, 

short sensillae (Matteson, personal observations), which are 

probably mechanoreceptors (Meyer-Rochow 1975). Lenses are 

convex with a depression where one lens meets another. The 

eyes comprise approximately 10% of the surface area of the 

head and are very prominent in appearance. 

ELECTRORETINOGRAMS 

DETERMINATION OP SPECTRAL SENSITIVITY 

Dietrich Schneider, one of the earliest investigators of 

insect electrophysiological techniques, stated that the 

electroantennagram (EAG) is the recording of the summed 

activity of many receptors, as affected by many outside 

factors (i.e. chemical aromatics) (Personal communication). 

The electroretinogram (ERG) is also the recording of summed 

activity of many receptors, as affected by outside factors 

(i.e. electromagnetic radiation). The ERG records the 

response to light energy of many receptors in the eye and 

higher order neurons from within the optic lobe. The light 

energy is delivered to the eye at different wavelengths, 

generally from ultra-violet to red, at the same quantum flux 

per wavelength, usually measured in photons per second (Meyer-

Rochow 1982). The response is obtained by placement of a 

recording electrode in the retina and a ground electrode into 

the hemolymph of the insect and recording the change in the 
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potential difference between the two electrodes in response to 

the light stimulus. Within individual retinula cells, the 

absorption of light energy leads to a membrane depolarization 

which is propagated down the postretinal nerve. The extent of 

the depolarization depends upon the intensity of the stimulus. 

An extracellular recording measures the opposite of what is 

occurring within the cells, the hyperpolarization of the 

extracellular space equal to that of the summed 

depolarizations of many cells responding to the stimulus. 

An ERG is an accepted technique for determination of spectral 

sensitivity or more accurately, the spectral efficiency of the 

eye (Goldsmith and Bernard 1974). Spectral sensitivity 

reflects the absorptance spectrum (percent absorption) of the 

visual pigment. An ERG consists of determining the amount of 

energy at each wavelength to bring the response up to a 

specified magnitude. Spectral efficiency is usually a more 

gross measurement of the receptor molecule and consists of 

measuring the magnitude of response to an equal quantum flux 

at each wavelength. If the retinula cells are too small for 

intracellular recordings, ERGs are the principal way to 

determine how the eye reacts and what the insect actually sees 

(Meyer-Rochow 1982). 
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ERGs have been used to determine the spectral sensitivity of 

Coccinella septempunctata (Agee et al. 1990) and stable, horn 

and face flies (Agee and Patterson 1983). This technique was 

also used to aid in determining that Spodoptera exempta 

possesses a tetrachromatic visual system (Langer et al. 1979) . 

Experiments to determine the spectral sensitivity of two tick 

species, Hyalomma dromedarii and Amblyomma variegatum 

(Kaltenrieder et al. 1989) include ERGs as well as behavioral 

experiments which also indicate the extent to which spectral 

sensitivity, and thus, the potential for wavelength 

discrimination is realized (White 1985). In this work, the 

authors also conducted behavioral tests by observing the 

ticks1 phototactic responses to various wavelengths of light. 

They then compared the results of the ERGs with the phototaxis 

results. They observed that Amblyomma shows maximum response 

within a fairly close range between the ERGs and phototaxis, 

470nm and 480nm respectively. Hyalomma showed very different 

results with two phototactic peak responses, one at 380nm and 

the other at 500nm and only a single peak from the ERGs at 

470nm, which is not very close to either peak observed from 

the phototaxis experiments. They state that these data 

indicate that Hyalomma has at least two types of receptors. 

Pickens (1990) working with the face fly, Musca autumnalis, 

noted that results from ERGs correspond to behavioral spectral 

responses to light, but that colorimetric methods used, ERG's, 
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did not identify the kinds, sites within the eye, or 

sensitivities of individual color receptors. The results did 

indicate trichromatic vision under certain lighting 

conditions, and dichromatic vision under other lighting 

conditions. Other methods such as intracellular recordings of 

single photoreceptor cells, would be required to determine the 

kinds, sites or sensitivities of these cells (Goldsmith and 

Bernard 1974). 

Vernon and Gillespie (1990) have presented evidence, based on 

behavioral studies, that F. occidentalis may possess a visual 

system consisting of three types of photoreceptors, by 

definition photopigments, each sensitive to different 

wavelengths of light. In yet another study, Langer et al. 

(1978) determined that Spodoptera exempta eyes contain four 

different visual pigments, and where these are located within 

the cells of the rhabdom using microspectrophotometry and 

electron microscope techniques. Moericke (1969) determined 

that Hyalopterus pruni possess true color vision based on 

behavioral experiments with colored surfaces and different 

shades of grey. No shade of grey attracts as many aphids as 

color hues do. The grey shades represent intensity without 

color, and since the aphids react to color rather than to 

intensity, this indicates discrimination of color and thus 

color vision. 
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DETERMINATION OF F. OCCIDENTALIS SPECTRAL EFFICIENCY 

INTRODUCTION 

Frankliniellaoccidentalis (Pergande) (ThysanopterarThripidae) 

is a phytophagous species and a serious pest of some 

greenhouse, field and orchard crops. There have been numerous 

color preference studies on phytophagous thrips, including F. 

occidentalis (Wilde 1962, Moffitt 1964, Kirk 1984 and 1987, 

Yudin et al. 1987, Czencz 1987, Scott et al. 1989, Brodsgaard 

1989a,b, Gillespie and Vernon 1990, Vernon and Gillespie 

1990). Most of the early studies indicate conflicting 

conclusions for color preference by thrips species, but did 

indicate that preference may depend upon several factors: the 

thrips and it's host plant vegetation preference (flower 

feeders versus grass feeders); gender, age and mated status of 

thrips; weather conditions, crop conditions, and the contrast 

of the host plant with the background color. These factors 

have been shown to influence color preference in other insects 

(Agee 1983, Prokopy and Owens 1983, Czencz 1987) and may be 

important for thrips. 

For F. occidentalis results of some early tests were 

conflicting for color preference. The above factors may have 

influenced these results as well as other factors: the same 

colors were not used in every test; some tests were conducted 

in field situations and some in greenhouses and almost all on 
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different crops. More recently, studies have shown that 

greater numbers of thrips are found on non-UV reflective 

white, blue, blue-violet and yellow traps than on green, red, 

orange, black and UV-reflective white (Brodsgaard 1989a, 

Gillespie and Vernon 1990, Vernon and Gillespie 1990, Yudin et 

al. 1987). All of these studies except Vernon and Gillespie 

(1990) looked at the total numbers of adult thrips without 

differentiating males and females. Also, no indication of 

behavior, time of day or other environmental conditions are 

mentioned in many of these studies. No physiological studies 

have been done to determine the spectral sensitivity of F. 

occidentalis, although Vernon and Gillespie (1990b) 

characterized spectral responsiveness behaviorally and stated 

that this indicates spectral sensitivity. Studies with other 

insects indicate that a difference in behavior between males 

and females of the same insect species may be related to a 

difference in the spectral sensitivity (Jarvilehto 1985). 

F. occidentalis exhibits swarming behavior (Terry and Gardner 

1990) which is characterized by males hovering around and 

aggregating on certain flowers as well as on artificial 

substrates of certain colors. Aggregations are defined by: 

large numbers of males and highly male biased sex ratios, 

greater than 90:1 at times, whereas populations within plants 

are slightly female biased; aggressive interactions (with 
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varying levels of intensity) among males; and females that 

arrive within aggregations after the males, mate immediately 

and leave. Preliminary data (I. Terry unpublished data) 

indicated that some colors had few to no males aggregating and 

aggregations on other colors vary greatly in density. Because 

males form aggregations before the females enter for mating, 

it is possible that males respond to color and females respond 

to some factor of the male aggregation as well as to color 

during this swarming behavior. 

The purpose of this study was to determine by 

electroretinograms (ERGs) the spectral efficiency of both male 

and female F. occidentalis adults. Spectral efficiency 

consists of measuring the magnitude of response to an equal 

quantum flux at each wavelength. This information can help 

determine whether colors can be discriminated by this thrips 

and whether a sexual dimorphism in color preference or 

perception existed. 

METHODS AND MATERIALS 

COLLECTION AND REARING PROCEDURES 

Adult male and female thrips used during the initial 

development and refinement of the procedure were collected 

from rose blossoms located on the east side of the Forbes 

building on the University of Arizona campus. Collections 



34 

were made from May to June of 1990 at various times of the 

day, although they were most commonly collected before 9:00am. 

Preliminary sampling indicated that more than 95% of the 

thrips in the rose blossoms were F. occidentalis. The rose 

garden was maintained by University grounds maintenance 

personnel who trim back foliage, fertilize and water. No 

insecticides, fungicides or herbicides were used in this rose 

garden. Thrips adults were determined to be F. occidentalis 

(Pergande) by general morphological characteristics visible to 

the collector or under a dissecting microscope. Adults to be 

used in the analysis could not be rigorously identified to 

species as this would have required killing the specimen. 

Also, the electrophysiology rendered the individual, after 

testing, unusable for identification. Subsequently, at least 

ten individuals from each collection vial were sacrificed for 

identification to species. These individuals were placed in 

a mixture of alcohol, glycerine, and acetic acid (AGA) for at 

least 24 hours then mounted on a glass slide with Hoyers 

mounting medium. Specimens were identified to genus (Stannard 

1968) and to species (C. Cole unpublished key). 

Individuals for testing were aspirated from the blossoms into 

a small vial and placed in a refrigerator until needed. 

Several minutes prior to use, the vial was placed in the 

freezer compartment of the refrigerator to cool the thrips 
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down to a point where movement was inhibited and the thrips 

could then be manipulated with a paint brush. 

During early tests, after procedure development and 

refinement, adult males and females were collected from other 

locations. These locations included rose bush blossoms 

located on the north side of the Entomology Laboratory at the 

University of Arizona Agricultural Research Center, Tucson, 

cotton (Gossypium hirsutum L.) blossoms within a field located 

at the University of Arizona Agricultural Research Center, and 

cotton blossoms from plants in a greenhouse located to the 

west of the Entomology Laboratory at the University of Arizona 

Agricultural Research Center. Identification was made as 

described above. 

During later tests colony reared adults were used. A mass-

reared colony of F. occidentalis was started from the 

offspring of females that had been allowed to oviposit on 

green beans, then identified to species. These females were 

collected from roses or greenhouse cotton blossoms at the 

University of Arizona Agricultural Research Center. Modified 

Munger cells (Robb 1989) were set-up with bee-pollen and rose 

leaves. One female and one to two males, also collected from 

the rose or cotton blossoms with the females, were placed in 

a single Munger cell where they remained undisturbed from five 
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to seven days. At that time the males and females were placed 

in individual Eppendorf micro centrifuge tubes containing AGA 

for two to five days and then mounted on microscope slides 

using Hoyers mounting medium for later identification to 

species. Only those offspring of F. occidentalis females were 

transferred to a mass-rearing container. The container was a 

commercially available 10.2x10.2x15.2cm plastic box with a 

slide fitting lid (Ben Franklin Crafts). The lid was modified 

with a screen covered hole to allow for ventilation. This 

container was cleaned, surface sterilized for ten minutes with 

a 10% bleach solution and then rinsed with distilled water. 

It was then provisioned with two disks of filter paper placed 

in the bottom of the box, fresh, washed and dried green beans 

and pollen, either-hand collected from prickly pear cactus or 

bee-collected. Later individuals were added to the colony but 

differed from the initial individuals in that they were the 

offspring of females that had been isolated in 5cm dia. seal-

tight petri plates (Falcon) with or without males and allowed 

to feed and oviposit on green bean sections. Hand-collected 

or bee-collected pollen was also added to the petri-plates. 

The thrips colony was maintained in an environator at 25°C on 

a 16:8 light:dark schedule. The light source was a 20 Watt 

incandescent refrigerator lamp (GE). Green beans and pollen 
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were replaced at regular intervals depending on the amount of 

deterioration of the green beans. As the colony increased in 

numbers other containers were started with the offspring (F2) 

of the original first generation offspring (Fl). 

LIGHT DELIVERY SYSTEM 

Two separate light delivery systems were developed for this 

procedure, one for the wavelengths visible to humans from 

400nm to 620nm, and one for ultraviolet light at a single 

wavelength of 365nm. 

VISIBLE 

The equipment used to deliver visible light included a Bausch 

and Lomb Spectronic 20 spectrophotometer (Spec 20) . The 

sample well was modified so that a plastic fiber light guide 

could be fixed in position near the band slit. A more precise 

dial counter knob replaced the original intensity control 

knob. The Spec 20 was calibrated, at the Department of 

Optical Sciences, University of Arizona, using a model UV-444 

Silicon photodiode (EG&G) which was initially calibrated 

against a reference standard detector, known as an 

Electrically Calibrated Pyroelectric Radiometer (ECPR). The 

photodiode and radiometer were first intercompared in a series 

of stable, monochromatic light beams, and the output of the 
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UV-444 in /xA was compared to the output of the ECPR in /xW. 

The ratio of the photodiode (output) current to the (input) 

power in the light beam (as measured with the ECPR) gives the 

photodiode's absolute current responsivity in /1A//1W. The 

output of the Spec 20 was compared at selected wavelengths and 

dial intensity settings to the photodiode responsivity, which 

was then converted to photons per second per cm2 for a given 

wavelength. Wavelengths from 400nm to 620nm in 20nm 

increments were delivered to the thrips eye at equal quantum 

fluxes 5.3xl011 photons per second per cm2 irradiance. 

A 1mm dia. plastic fiber light guide (Edmund Scientific P2526) 

was fixed in position within the modified sample well to carry 

light from the Spec 20 to within 1mm of the thrips eye. The 

sample well shutter was mechanically opened and closed to 

provide onset and offset of light for a 5sec. exposure period. 

ULTRAVIOLET 

Ultraviolet wavelengths (UV) delivered at the highest 

intensities from the Spec 20 did not elicit a response from 

the thrips eye. A stronger light source was then obtained 

that delivered UV wavelengths at higher quantum fluxes. Light 

from a mercury arc was lead through a port by the same plastic 

fiber light guide material used with the Spec 20. The band 

width of the mercury lamp extended from far UV to infrared 
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wavelengths. Delivery of UV at 365nm from this system was 

accomplished using a black glass filter with 65% peak 

transmittance at 365nm (#5840-Newport Industrial Glass, Inc.) 

positioned at the terminal end of the light guide and a 365nm 

bandpass lOnm (half-height) filter (#F43,103-Edmund 

Scientific) positioned at the light source. This double 

arrangement was necessary due to the fluorescing properties of 

the plastic light guide. The visible light resulting from the 

fluorescing light guide was filtered out at the terminal end 

of the light guide with the black glass filter. This light 

source was calibrated in a similar manner to the Spec 20 and 

it was determined that 3. 2xl013 photons per second per cm2 were 

delivered by this system arrangement. 

TESTING 

Adult thrips were mounted dorsal side up on double stick tape 

(3M) on a test platform under a dissecting microscope (Wild 

microscope with 25x oculars). Two strips of the same double 

stick tape were then used to further immobilize the insect. 

One strip was placed across the thorax and the second strip 

was placed across the terminal segments of the abdomen (Fig. 

1). Glass microelectrodes pulled in a Kopf vertical puller 

and filled with insect saline (Hoyle 1953) were used for the 

ground and recording electrodes. The recording electrode was 

placed in the left eye and the ground electrode was placed in 
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the thorax (Fig. 1). A bright white-light work lamp was used 

as a stimulus to determine initially whether the preparation 

was satisfactory. Thrips were then dark adapted for five 

minutes. The electrode signals passed through a World 

Precision Instrument DAM 50, differential amplifier in the DC 

(direct current) mode, were observed, and recorded on a TECA 

Instagraph recording oscilloscope with output onto UV 

sensitive paper at 5.0mm/sec. (Fig. 2). The recorded voltage 

change per wavelength was later measured in millimeters on the 

hard copy and documented for later analysis. 

The strongest response by both males and females was 

frequently obtained from exposure to 540nm in early testing. 

Therefore, a standard of 540nm at l.77xl012 photons per second 

per cm2 was used. During testing the eye was stimulated at 

a single wavelength of 365nm and from 400nm to 620nm in 20nm 

increments, for approximately five seconds at each wavelength. 

Visible wavelengths were delivered in randomized order. The 

UV light guide was positioned within 1mm of the left eye and 

a wavelength of 365nm was delivered to the eye for five 

seconds, immediately after which the light guides were 

repositioned so that the Spec 20 light guide was now within 

1mm of the left eye. The insect was then dark adapted again 

for five minutes. The standard was tested first, and 

thereafter at every fourth stimulation and as the last 
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Figure 2. Organization of equipment used for electroretinograms. 
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wavelength tested. The eye was dark adapted for one minute 

between each wavelength tested and the standard. 

For each thrips tested, the response at each test wavelength 

in the order tested, was normalized to the response to the 

closest 540nm standard stimulation for that experiment. The 

normalized responses for each wavelength were averaged across 

individuals to give separate response curves for males and 

females. Responses to the 365nm wavelength were corrected for 

differences in quantum flux of the two systems to show an 

equivalent value to the visible wavelengths. 

Statistical analysis for testing the effects of sex, type 

(i.e. wild collected or lab reared) and sex by type 

interactions for each wavelength was done using General Linear 

Modeling (GLM) procedures. Further comparisons of specific 

wavelengths were done using single degree of freedom 

orthogonal contrasts. 

RESULTS 

Spectral efficiency was determined for 17 wild collected and 

4 lab reared males and 18 wild collected and 5 lab reared 

females. The intensity of responses varied between individual 

males and females. Early tests with wild collected insects 

indicated that seven of the original ten males had a double 
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peak response in the visible wavelengths (Fig. 3). One peak 

was between 500nm and 540nm (green) and the other between 

560nm and 580nm (green-yellow). None of the remaining eleven 

males in later tests showed a double peak response. The 

average of normalized responses for all males had a single 

peak of 85% efficiency at 540nm (green-yellow) and 67% 

efficiency at 365nm (UV) and females had a single peak of 88% 

efficiency also at 540nm and 127% at 365nm. There was never 

any response at 400nm for either males or females but, at 

420nm (violet-blue) a response of 8% by males and 10% by 

females was obtained (Figs. 4a,4b). At wavelengths longer 

than 540nm, a efficiency declined. Due to limitations of the 

testing system, no wavelengths higher than 620nm could be 

tested. At 620nm (yellow-red) a response of 25% for males and 

31% for females was observed. 

The model examining the significance of main effects, sex, 

type (i.e., lab reared or wild collected) and wavelength in 

addition to interactions among effects, indicated effects of 

sex (F=14.82, df=l,497, P<0.0001), type (F=51.93, df=l,497, 

P<0.0001) and wavelength (F=144.23, df=12,497, PC0.0001) were 

significant with a significant interaction between type and 

wavelength (F=2.24, df=12,497, P<0.0094) (Fig. 4a,b) and sex 

and wavelength (F=8.59, df=12,497, P<0.0001). Therefore, 

models examining the effects of sex and rearing condition on 
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the response to each wavelength were completed. Orthogonal 

contrasts indicated that females had significantly greater 

response efficiency than males at 365nm (F=9.1, df=l,18, 

P<0.00075), and 420nm for wild types only (F=3.3 df=l,40, 

P<0.007), with lab females less efficient than males at 420nm 

(F=6.3 df=l,40 P<0.02). Type effects were significant at most 

wavelengths (F>5.18 df=l P<0.0028) with wild types greater 

than lab reared types, but not at 365nm, 400nm, 420nm for 

males, 540nm and 620nm (F>1.59 df=l P<0.3404) (4a,b). 

The effects of sex, type and sex by type on the shape of the 

linear, quadratic and cubic components of the curves were 

analyzed in the visible wavelengths. Laboratory-reared 

individuals had a significantly greater linear component 

(average linear change) (F=5.69, df=l,40, P<0.0129), quadratic 

component (steeper drop around the peak at 540nm) (F=5.09, 

P<0.0259) and cubic component (changes in direction) (F=4.58, 

PC0.0385). There was no effect of sex or sex by type on the 

shape of the curves (Fig. 4a,b). 

In general, there was little difference between males and 

females of the same type and those differences were apparent 

at only a few wavelengths. There were significant differences 

between lab reared and wild collected for both males and 

females, with the wild collected type showing a stronger 
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response at most wavelengths. Significantly, wild and lab 

types showed no significant difference at the peak wavelength 

of 540nm. Female lab reared as well as the wild types versus 

all males, showed an increased sensitivity to UV at 365nm. 

DISCUSSION 

The results of the ERG's show that males and females both have 

a double peak of spectral efficiency. Both sexes peak in the 

green-yellow range at 540nm and in the ultraviolet near 365nm. 

Females are more efficient within the UV region but, both 

males and females have approximately equal efficiency to 

wavelengths in the visible region up to 620nm. Analyses 

indicated differences in spectral efficiency between males and 

females at only 365, and 420nm. The most significant 

differences in spectral efficiency were between wild and 

laboratory types. Significant differences were found at most 

wavelengths with the wild thrips having a significantly 

greater efficiency than laboratory reared thrips. Differences 

may be the result of developmental differences between thrips 

raised in the laboratory and those that developed to adulthood 

under natural conditions. Colony-reared individuals were 

subjected to several days of zero hours daylight, or 24 hour 

dark conditions unintentionally, due to a burned-out light 

bulb. The effects, if any, of these rearing conditions, 

cannot be determined from this study. 
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These results indicate that F. occidentalis males and females 

have two photopigments, one sensitive within the UV and the 

second sensitive to green-yellow at 540nm. There is no 

evidence for a third photopigment. This theoretically allows 

discrimination of colors in the wavelengths between the two 

peaks as found in cockroaches (Mote and Goldsmith 1970), 

assuming there is overlap of the two individual pigment curves 

and higher order neural organization required to make 

comparisons of the responses by the two photopigments. The 

lack of evidence from these tests for overlap of the two 

pigments may be due to subthreshold quantum flux levels used 

in testing and also, limitations in the range of wavelengths 

that could be tested with the UV system. 

From behavioral color response studies with F. occidentalis 

(Moffitt 1964, Brodsgaard 1989a,b, Yudin et al. 1987, Robb 

1989, Scott et al. 1989, Gillespie and Vernon 1990, Vernon and 

Gillespie 1990), blues, violets, yellows and white colors 

elicit a positive behavioral response, but few if any thrips 

are attracted by highly UV reflective hues, greens and red. 

Response to yellow may be a function of response to absolute 

reflectance or brightness rather than true wavelength 

discrimination. Yellow wavelengths at certain quantum flux 

levels would stimulate the green photopigment enough to elicit 

a response, where subthreshold quantum flux levels would not. 
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Response to blues and violets may also be due to brightness or 

to the discrimination of colors as indicated above. A lack of 

a positive response to red colors may be explained similarly, 

with red wavelengths being even further from the peak 

efficiency at 540nm, requiring even higher quantum flux levels 

to elicit a positive response. The lack of a behavioral 

response to UV by this species is an indication that the 

sensitivity to UV serves some purpose other than for 

orientation towards highly UV reflective surfaces. Most 

interesting, is the lack of a strong positive response to 

green hues. This may be explained in that, an insect that is 

within primarily green surroundings, may no longer respond to 

green unless it is much brighter. Given a different 

situation, the response to green may be much greater. 

Indications are that the difference in male and female 

behavior during swarming behavior periods is not the result of 

different spectral sensitivity but a complex behavioral 

response to many factors as yet undetermined. 
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RESPONSE TO COLOR DURING SWARMING AND NON-SWARMING BEHAVIOR 

INTRODUCTION 

Color is one component of the total visual input that some 

insects use when orienting towards a host. Colors and color 

contrasts within the insect's environment are used to 

distinguish between the ground and the sky (Prokopy and Owens 

1983), host and non-host plants (Moericke 1969) and also 

specific plant parts (Owens and Prokopy 1986). Response to 

and preference for color by many species of Thysanoptera have 

been the subjects of several studies (Lewis 1959, Wilde 1962, 

Moffitt 1964, Beckham 1969, Walker 1974, Kirk 1984 and 1987, 

Brodsgaard 1987, 1989a,b, Yudin et al. 1987, Czencz 1988, Robb 

1989, Scott et al. 1989, Gillespie and Vernon 1990, Vernon and 

Gillespie 1990). These studies refer to either the preference 

for colors or the response to color, where both terms are 

based upon the density of thrips on traps. The results of 

these studies indicate that color contrast and ultraviolet 

(UV) reflectance in addition to color hue, intensity and 

saturation, are factors that influence density. Also, 

response to these factors varies between flower feeding or 

grass feeding thrips species (Kirk 1984, Czencz 1988). 

Many recent studies, examining the effects of color, have 

concentrated on or included the western flower thrips, 

Frankliniellaoccidentalis (Pergande) (Thysanoptera:Thripidae) 
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(Moffitt 1964, Brodsgaard 1987, 1989a,b, Yudin et al. 1987, 

Robb 1989, Scott et al. 1989, Gillespie and Vernon 1990, 

Vernon and Gillespie 1990). These studies were conducted 

under a variety of cropping conditions (field, orchard or 

greenhouse), with different crops (pears, lettuce, tomatoes, 

ornamentals or cucumbers) and different sources for the colors 

used. There is variation among these tests in whether blue, 

white or yellow has the greatest density of F. occidentalis, 

although all three colors are consistently higher than the 

other colors tested including, green, red and UV reflective 

white. These tests use sticky traps to assess the number of 

adult thrips. This method gives an accumulated count of 

thrips landing on the trap over time but does not allow for 

direct observations of the dynamics of behavior on the colored 

substrate. 

Male aggregations of F. occidentalis have been described on 

artificial substrates as well as on some blossoms (Terry and 

Gardner 1990, I. Terry unpublished data). Males aggregate in 

numbers that range from a few to several hundred per 366cm2 

(surface area of substrate) . This swarming is generally 

considered a behavior used to attract or intercept receptive 

females for mating. Females enter swarms continuously, but 

stay only to mate and then leave. Swarming behavior is 

observed daily within a few hours after sunrise during the 
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southern Arizona summer rainy season, and generally swarms are 

not observed from late morning through the rest of the day. 

Preliminary studies, examining the response to color during 

swarming behavior of F. occidental is (Terry and Matteson 

unpublished data), indicated that the color or hue of the 

substrate influenced whether aggregations formed, the density 

of males in the swarms, and to a lesser degree, the intensity 

of male interactions within the aggregations. However, the 

effect of intensity or brightness of hue on density of either 

males or females was not tested. Few previous studies have 

separated male and female response to colors (Gillespie and 

Vernon 1990, Vernon and Gillespie 1990) and no study has 

examined the response to colors by males and females during 

different behavior periods. The purpose of this study was to 

determine any change in response by males or females to colors 

of different hues and intensities, between periods of swarming 

and non-swarming behavior. Initially, the effects of several 

factors were investigated over a wide range of swarming 

conditions using dynamic count observations. Further tests 

compared effects of colors during swarming and non-swarming 

periods with both dynamic count observations and sticky trap 

accumulated counts. This allowed for comparison of densities 

of thrips on colors by hue and intensity within a behavior as 

well as a comparison of relative ranks of colors between 
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behaviors for both sexes. The results of this study are 

discussed relative to the spectral efficiency of F. 

occidentalis determined from electroretinograms (ERGs). 

METHODS AND MATERIALS 

Two field tests were conducted at the University of Arizona 

Agricultural Research Center located in Tucson, Arizona. 

Gossypium hirsutum L. (cotton) was planted in the test field 

in April of 1990 and was irrigated at 10-14 day intervals. 

Surrounding the field were fallow plots to the north and east, 

a city street and urban apartment dwelling to the south and 

another cotton field to the west. The field was 31 rows (1.02 

meter row spacing) across and 91 meters long, with rows 

oriented north and south. Cotton was in bloom during the 

entire study period, early July through late August. 

EXPERIMENTAL UNITS AND SELECTION OF COLORS 

Individual experimental units within the test areas consisted 

of a painted plastic drain pipe section that was placed on a 

2.5cm x 5.1cm x 1.8m pine post set into a cement filled 3.8 1, 

metal can base. The post was stabilized in the field by 

burying it up to the rim of the can. Galvanized nails were 

placed every 30.5cm in the post to facilitate the placement of 

two 7.6cm dia. x 15.2cm long sections of painted plastic drain 

pipe (Home Depot) at various heights above the plant canopy. 
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Pipe sections were cut to length and painted with the colors 

chosen for testing. 

Two painted tubes of identical hue/absolute reflectance, were 

slipped over the top of the same wooden post with one tube 

positioned at the top canopy level of the cotton (bottom tube) 

and the other positioned approximately 61.0cm above the canopy 

level (top tube) (Fig. 5). Initially this method was used to 

determine whether swarming more commonly occurred at or above 

the canopy level. If the position effect was significant and 

consistent, then only one tube per post would be used in 

future testing. These tubes were set out daily on each of the 

posts in the field and collected in the evenings, or during 

periods of blowing, dusty or rainy conditions. Location of a 

color within a block was randomly chosen each day. 

Forty-five colors that spanned the range of visible 

wavelengths from violet to red were initially examined for use 

in color tests. Two commercially available sticky sleeves 

(Olson Products, "Stiky Strips" Yellow and Blue) were also 

tested and compared with similar hues chosen for these tests. 

A Beckman model DB-G Grating Spectrophotometer with an 

integrating sphere attachment was used to measure the percent 

reflectance of each of the selected colors and the two Olson 

Product sticky sleeves. A total of sixteen color/intensity 
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Figure 5. Tube position in relation to cotton canopy. 
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combinations were selected plus the two Olson sticky sleeves. 

Some hues had selections with both low and high absolute 

reflectance and some hues had selections with and without UV 

reflectance. 

The painted tubes used for the sticky traps in Test II, were 

wrapped with a 15.2cm x 30.5cm clear sticky sleeve (Olson 

Products-Stable Fly Trap) that completely covered the surface 

of the painted pipe section. The sleeves were fixed in place 

on the tubes with a 2.5cm binder clip and were removed and/or 

replaced as needed during the test. Painted tubes without the 

sticky sleeves were used for making direct observations of 

behavior and dynamic counts of adult male and female thrips. 

Also, in both Test I and Test II the direct observation method 

was used to determine periods of swarming and non-swarming 

behavior. Swarming behavior periods are characterized by: 

highly male biased aggregations of thrips, with sex ratios at 

times greater than 90:1 (male:female) (where populations 

within plants have slightly female biased sex ratios); 

aggressive interactions (with varying levels of intensity) 

among males including sparring behavior; and females that 

arrive within aggregations, mate immediately and leave within 

an average of 36 seconds. Alternatively, non-swarming periods 

are characterized by few if any thrips hovering and 

aggregating on surfaces, usually from late morning to early 
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evening. If, during a swarming period, densities on the tubes 

declined to ten or fewer males and males were no longer 

aggressive, then the swarming period was considered over. 

Preliminary results from observations made of several colors 

(Terry and Matteson unpublished data) indicated that the 

greatest swarming activity occurred on light blue colors. A 

light blue color was subsequently included as the standard 

during each day of testing and was used to determine when 

swarming behavior, as previously described, was occurring. 

An initial test, Test I, was conducted from early July to mid-

August and consisted of observations of male and female 

behavior and dynamic counts over time on each of the colored 

tubes. The objective was to determine the effects of several 

factors on densities of thrips observed during swarming and 

non-swarming periods: variation within the field, color hue 

and intensity, day to day differences (i.e. different 

meteorological conditions), and position above the canopy. 

Three blocks of each color were used to test for variability 

across the field within each date. Due to field size and time 

limitations with this test design, three blocks of all sixteen 

colors could not be tested on a single date. Therefore, 

groups of seven color combinations were evaluated each day 
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until all sixteen colors, in different combinations of seven 

colors each, had been compared with every other color for a 

minimum of three days. Each block within the field was 

arranged in two rows, three rows apart, with four units in one 

row and three in the other. The posts in one row were set off 

center from the posts in the other row. Blocks were spaced 

eight rows apart, or approximately 8.1m center to center (Fig. 

6) . For any single day, the design of the test was a 

randomized, complete block for the seven color combinations. 

Differences between the specific colors could thus be 

computed on any day. To make comparisons of all color 

combinations, an incomplete block design, with days serving as 

incomplete blocks, was used. Comparisons were also made of 

colors represented by both high and low absolute reflectance 

and UV and non-UV reflective color counterparts (e.g. white 

with and without UV reflectance). 

Observations of densities of male and female adults and 

documentation of behaviors (swarming or non-swarming) were 

made at regular intervals that began shortly after sunrise 

(0630hr MST) and continued throughout the day until late 

afternoon (approximately 1800 to 1900hr). The numbers of 

thrips and intensity of behavior observed during the previous 

observation period determined the interval of time between 

observations. In general, observations were made every thirty 
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Figure 6. Test I. Plot plan, arrangement of posts within the 
field. 
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minutes to one hour during non-swarming periods, and every 

fifteen minutes during swarming periods. 

A second test, Test II, conducted during mid to late August, 

consisted of making both dynamic observation counts on non-

sticky substrates and accumulated counts from sticky traps 

within a randomized, complete block design, with days serving 

as complete blocks. This test compared all eighteen selected 

colors during swarming and non-swarming periods based on the 

relative rankings of colors and thrips densities. 

In Test II, eighteen experimental units, one for each color 

chosen including the two Olson Products yellow and blue sticky 

sleeves, were arranged in six rows, four rows apart 

(approximately 4.1m), with three units within a row (also 

approximately 4.1m apart). This area was used to collect 

accumulated counts of thrips using sticky traps during 

swarming and non-swarming periods. Sticky sleeves were 

changed between periods of swarming and non-swarming behavior. 

Twelve meters to the south of this area, eighteen units were 

arranged in a similar design of six rows of three units each, 

approximately 3.7m apart (Fig. 7). Dynamic counts of male and 

female densities were made as in Test I. Both sticky trap 

counts and dynamic counts were used in the statistical 

analysis for comparison of colors. 
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Figure 7. Test II. Plot plan, arrangement of posts within 
the field for dynamic count observations and sticky traps. 
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STATISTICAL ANALYSIS 

Statistical analysis for testing the effects of several 

factors for both tests was done using General Linear Model 

(GLM, SAS 1985) procedures at P< 0.05 level of significance, 

unless otherwise reported. Factors included in the model for 

Test I were: color treatments, position above canopy, blocks 

(nested within days), and days, with days as the incomplete 

blocking factor, as described previously. Colors that always 

had counts of zero males and zero females were not included in 

this analysis since they were never greater than zero and were 

not tested with every other color for the minimum number of 

days. The maximum count found for each color within each 

block for each day during the swarming period was used in the 

analysis. Least square means (LSMeans) of square root 

transformed counts of males and females were calculated in the 

model and tests for significant differences from 0 were 

completed for each color. Further comparisons of specific 

colors or color combinations were done using single degree of 

freedom orthogonal contrasts with the Estimate command. 

Additionally, Analysis of Variance (ANOVA, SAS 1985) 

procedures with complete block designs (P< 0.05) for 

individual sets of days, were used to determine significant 

differences between cloudy and clear sky conditions on days 

with the same color combinations. Within the Test I data 

set, the light blue standard and white colors were tested, 
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using a variance component analysis, for the variability 

across blocks within the field relative to that across days to 

determine the field design for Test II. 

Factors in Test II were similar to those in Test I GLM models, 

except that there were no replications in the field within 

days and days were complete blocks. The data analyzed during 

dynamic counts represented observations made during swarming 

behavior periods only. Counts made during non-swarming 

behavior were very low to zero and as such were not analyzed 

by this method. Specific colors or color combinations were 

compared by single degree of freedom orthogonal contrasts. 

Accumulated counts from sticky traps during both swarming and 

non-swarming periods were analyzed with GLM models. 

Initially, a general model tested main effects of days, 

position above the canopy, color and behavior period on 

densities of thrips. The accumulated count for each color on 

each day for both swarming and non-swarming behavior time 

periods was standardized to an hourly rate, based on the time 

in the field, in order to compare densities between behavior 

periods. Reduced models were used if higher level 

interactions were significant. Non-parametric analysis of 

color rankings using Kendall's Coefficient of Concordance (Q) 

for more than two variables (Gibbons 1985) and Spearman's 
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Coefficient of Rank Correlation (R) for two variables (Zar 

1974), was done to determine whether relative rankings of 

colors were sixailar among dynamic counts and sticky trap 

counts during swarming and non-swarming periods for both males 

and females. 

RESULTS 

Sixteen color hue/intensity combinations and two commercial 

sticky traps (Table 1) were selected, from the forty-five 

examined, for field testing based on their absolute 

reflectance and peak wavelengths (Figs. 8a,b) in relationship 

to F. occidentalis spectral efficiency peaks (i.e., UV near 

365nm and green, 540nm) and reduced efficiencies (420-460nm, 

violet to blue and 600-62 Onm, red) determined from ERGs. 

Additionally, blue, green, yellow, red and white hues had 

selections with low and higher UV reflectance, and blue, green 

and violet had selections with both high and low absolute 

reflectance (intensity) (Figs. 8a,b). Those colors with peaks 

outside the desired wavelengths, low absolute reflectance or 

duplicates of other colors were rejected. 

Dynamic count observations from early tests indicated that 

numbers within swarms reached a peak in the morning hours and 

dropped to or close to zero for most of the day, with small 

peaks of activity occurring infrequently in the late afternoon 



Table 1. Test colors, names and manufacturers used in all color tests. 

Letter 
Test Name Code Commercial Name Manufacturer 

Blue Sticky BS Blue Stiky Strip SS612 Olson Products, Inc. 
Dark Blue DB Blue 8342-4280 Sinclair Paints 
Fluorescent Blue FB Fluorescent Blue-Acrylic-Liquitex Binney and Smith, Inc. 
Fluorescent Green FG Fluorescent GoGo Green Hobby Craft 
Fluorescent Red FR Fluorescent Red Consumers Paint Factory 

Fluorescent White FW Mattboard 
XliC • 
Colorworld Products 

Fluorescent Yellow FY Fluorescent Solar Yellow Hobby Craft 
Green G Green 8937-4283 Sinclair Paints 
Light Blue LB Blue 8343-1799+Snow Drift 1709 Sinclair Paints 
Light Green LG Green 8937-4282+Snow Drift 1709 Sinclair Paints 
Light Violet LV Medium Magenta Binney and Smith Inc. 

+Titanium White Acrylics-Liquitex 
Light Blue-2 LB-2 Blue 30-93964+White 94115 Sears Easy Living Paint 
Yellow-Green YG Yellow 8199-4282 Sinclair Paints 
Red R Stars and Strips Red Illinois Bronze Paint Co. 
Yellow Y Yellow Innovative Formulations 
Violet V Medium Magenta Acrylic-Liquitex Binney and Smith Inc. 
White W Snow Drift 1709 Sinclair Paints 
Yellow Sticky YS Yellow Stiky Strip SS612 Olson Products, Inc. 

o\ 
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(Fig. 9). Additionally, trends within a day were 

significantly, positively correlated for three example colors, 

light blue, white and light violet (Fig. 9). Dynamic count 

observations were not taken at the same time intervals each 

day as the time between counts depended upon the density of 

adults on the tubes and the duration of the active swarms. 

Therefore, the total number of counts varied from day to day. 

An accumulated count over time was not used in the statistical 

analysis because the number of counts in a day varied and it 

would result in biased counts by increasing the difference 

between colors with more thrips to even higher densities over 

those colors with fewer thrips. An average count was not used 

as it would decrease potential differences among colors 

depending upon how many low counts were made during swarming. 

Therefore, the maximum count of both above canopy and at 

canopy positions for each color within each block and date 

were used in further analyses. 

The initial analysis of Test I dynamic count observations for 

position effects above the canopy indicated significant 

interactions of position with both date and color as well as 

higher level interactions. When individual colors were 

examined for position and date effects, the colors with higher 

densities of males such as light blue and white, had 

significant position by date interactions, while colors with 
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Figure 9. Population density trends over a day during swarming 
and non-swarming periods, for blue, white and violet hues, Test I. 
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lower densities showed no differences in position and no 

significant interactions. For those colors with higher 

densities the position above the canopy that had the higher 

counts fluctuated somewhat randomly between the upper and 

lower canopy positions depending upon the day (e.g. light 

blue, Fig. 10) . Female densities did not differ significantly 

in the canopy position. Because the position effect varied 

for males, the higher number of either the upper or lower 

position in the canopy for each color, within each block and 

date was used in the dynamic count analyses for both males and 

females in Test I and Test II. Analyses that used average 

counts of upper and lower canopy positions or, either top or 

bottom position, agreed with the analysis using the maximum 

count (of upper or lower position) in terms of main effects 

and similar rankings among colors (Table 2), but specific 

significant differences among colors changed slightly. 

The model, examining the main factors of date, block nested 

within date and color treatments using the maximum count, 

indicated significant color and date effects (Table 2) and 

specific differences between colors were determined (Table 3) 

by orthogonal contrasts at P<0.05. Relative rankings were 

similar for males and females (R=0.9794 df=15 P=0.0005, 

Spearman rank correlation) although there was some variation 

in the specific position of the colors in the rankings. Color 
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Table 2. Analysis of variance F-tests for several types of measures for Test I, 
dynamic counts. 

MALE FEMALE 

Measure Variable dfa F P dfa F P 

Maximum Date 15 16.63 0. 0001 15 5. 13 0. 0001 
Block(date) 32 1.44 0. 0712 32 1. 16 0. 2715 
Color 9 69.42 0. 0001 9 35. 15 0. 0001 

Top Date 15 28.38 0. 0001 15 7. 55 0. 0001 
Position Block(date) 32 1.10 0. 3434 32 1. 14 0. 2870 

Color 9 42.16 0. 0001 9 33. 89 0. 0001 

Bottom Date 15 10.44 0. 0001 15 6. 10 0. 0001 
Position Block(date) 32 1.50 0. 0523 32 1. 52 0. 0464 

Color 9 61.71 0. 0001 9 31. 61 0. 0001 

Top/Bottom Date 15 22.43 0. 0001 15 7. 32 0. 0001 
Position Block(date) 32 1.42 0. 0671 32 1. 72 0. 0098 

Color 9 72.71 0. 0001 9 65. 32 0. 0001 

Average Date 15 20.86 0. 0001 15 6. 56 0. 0001 
Block(date) 32 1.32 0. 1299 32 1. 52 0. 0467 
Color 9 67.64 0. 0001 9 48. 85 0. 0001 

a df for Mean Square Error (MSE) = 192 for each analysis except Top/Bottom position 
MSE = 602. 
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Table 3. Least Square Means (LSMeans) of each color based on 
analysis of dynamic count densities of males and 
females, Test I. 

MALE FEMALE 

Color LSMeans8 pb LSMeans8 pb 

Dark Blue 4.106c 0. 0001 1.301c 0.0001 
Fluorescent Blue 7.656ab 0. 0001 1.479bc 0.0001 
Fluorescent Red 0.653e 0. 0890 0.429d 0.0014 
Fluorescent White 0.093e 0. 8245 0.060e 0.6748 
Fluorescent Yellow 2.585d 0. 0001 0.685d 0.0001 
Light Blue 7.699a 0. 0001 1.994a 0.0001 
Light Violet 6.543b 0. 0001 1.984ab 0.0001 
Old Light Blue 7.735a 0. 0001 1.964ab 0.0001 
Violet 3.294c 0. 0001 1.294c 0.0001 
White 6.521b 0. 0001 1.727b 0.0001 
Yellow 
Yellow Sticky 
Yellow Green 
Light Green 
Green 
Red 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

8 LSMeans, based on square roots of count data, presented as 
transformed data; those followed by the same letter are not 
significnatly different P<0.05, orthogonal contrasts. 
b P = level of significance, for rejection of HO: LSMeans = 0 
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selections with higher absolute reflectance and low UV 

reflectance, light blue-1, fluorescent blue, and light blue-2, 

along with light violet and white had the highest densities of 

males and females (Table 3). Those colors with less absolute 

reflectance such as dark blue and violet indicated lower 

densities of both males and females than the higher 

reflectance counterpart. The absolute reflectance did not 

affect the response to green hues as counts were never greater 

than zero. In addition to these colors, fluorescent white, 

yellow-green, yellow and red never indicated densities greater 

than zero. Fluorescent red indicated positive responses 

occasionally, but was only slightly significantly different 

from zero (males, P=0.089 and females, P=0.0014). 

Clear (<10% cloud cover) and cloudy (>80% cloud cover) 

conditions were compared for the response by males and females 

to specific colors on two sets of days (clear:cloudy = 4 

August:2 August, set 1; 14 August:16 August, set 2). There 

was a significant difference (Table 4) between the days tested 

for males, but not between cloudy and clear conditions. The 

cloudy day had higher counts on one set of days and the clear 

day had higher counts on the second set of days. Females 

indicated no significant differences (Table 4) . Relative 

rankings of colors did not change significantly (R>0.9471 

df=4, set 1 and df=7, set 2 P=0.0005, Spearman Rank 
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Table 4. Analysis of variance and F-tests of the comparison 
of cloudy versus clear days, Test I. 

MALES FEMALES 

Source of 
Variation dfa dfa 

14 August versus 16 August.6 

Date 1 4.65 0.0393 1 1. 79 0.1904 
Block 2 3.66 0.0378 2 9. 84 0.0005 
Color 7 42.62 0.0001 7 27. 44 0.0001 
Date*Color 7 0.54 0.7992 7 1. 99 0.0891 

2 August versus 4 August6 

Date 1 4.67 0.0426 1 1. 74 0.2039 
Block 2 0.91 0.4188 2 0. 35 0.7077 
Color 4 94.28 0.0001 4 21. 64 0.0001 
Date*Color 4 0.45 0.7711 4 1. 24 0.3307 

8 df for Mean Square Error 14 and 16 August = 30. 
df for Mean Square Error 2 and 4 August = 18. 

b Cloudy, x = 1.61; Clear x = 1.93. 
c Cloudy, x = 7.34; Clear x = 11.29. 
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Correlation) between clear and cloudy conditions. The 

differences between cloudy and clear days tested were 

relatively small compared with differences among other dates 

for light blue that were clear days (Fig. 10). 

Correlation analysis of dynamic counts across days of three 

colors, light blue, white and fluorescent yellow indicated 

that there was a positive, significant correlation between 

male and female counts of the same color (r=0.54 to 0.78, 

n>32, P<0.002). There was also a positive, significant 

correlation observed for males between light blue and white 

(r=0.52, n=33, P=0.002) and for females (r=0.65, n=33, 

P=0.002) but no significant correlation between light blue and 

fluorescent yellow or between white or fluorescent yellow for 

males (r<0.30, n>28, P>0.12) or females (r<0.08, n>28, 

P>0.66). 

A variance component analysis, comparing the day to day 

variance relative to the block variance within days for both 

light blue and white, indicated that the day to day variance 

was much greater than the block variance (>88% and <12%, 

respectively for light blue) (Table 5) for males with a 

similar trend for females. Therefore, in Test II, blocks in 

the field within days were not used and all 18 colors were 

included each day, with days used as complete blocks. 
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Table 5. Variance component analysis comparing estimated 
variance over dates relative to the block variance 
for two colors, light blue and white, Test I. 

Source of 
Color Variation 

Male 

Estimated 
variance % of 
component Variance 

Female 

Estimated 
variance % of 
Component Variance 

Light Blue Date 
Block 

White Date 
Block 

2.887 88 
0.394 12 

5.284 >99.9 
<0.001 < 0.1 

0.0553 99.8 
0.0001 0.2 

0.0997 79 
0.0270 21 
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For Test II dynamic counts, the effects of date and color were 

significant during swarming behavior for male and female 

densities as well as for sex ratio (proportion males) (Table 

6) . Relative rankings of colors within all three dependent 

variables were determined as well as specific differences 

between colors (Table 7). Relative rankings were similar 

between Test I and Test II dynamic count observations for 

males (R=0.9559 df=15 P=0.0005) and females (R=0.9619 df=15 

P=0.0005); however, specific significant differences between 

colors changed. For males, Test 1 and Test II dynamic count 

results differed in whether white, light blue-2 and light 

violet were included in the highest density colors with light 

blue and fluorescent blue (Tables 3 and 7) . Dark blue and 

violet both had lower densities of males than their higher 

absolute reflectance counterparts in both tests. Fluorescent 

yellow was significantly greater than the low to "O" density 

groupings, but lower than the higher density colors. Females, 

dynamic count results differed between Test I and Test II in 

whether fluorescent blue and white were included in the 

highest density colors (light blue, light violet and white) 

and whether dark blue was included with violet in the next 

lower density grouping. Yellow-green and fluorescent green 

never had a positive response on any day in Test I but did in 

Test II, although they were still not significantly different 



Table 6. Analysis of variance using maximum count of top or bottom position within the 
canopy for variables Date and Color, separated by behavior periods, Test II. 

Dynamic Counts Sticky Trap Counts 

Swarming Swarming Non-Swarming 

Source of 
Variation dfa F P dfb F P dfb F P 

MALES0 

Date 5 5.63 0.0002 5 12.46 0.0001 5 11.40 0.0001 
Color 15 36.18 0.0001 17 51.30 0.0001 17 17.83 0.0001 

FEMALES0 

Date 5 5.02 0.0005 5 7.93 0.0001 5 13.34 0.0001 
Color 15 31.65 0.0001 17 26.87 0.0001 17 48.47 0.0001 

SEX RATIO0 

Date 5 4.21 0.0017 5 17.87 0.0001 5 8.13 0.0001 
Color 13 5.75 0.0001 17 9.20 0.0001 17 3.23 0.0002 

a Mean Square Error (MSE) df = 75 for males and females, MSE for sexratio = 91. 
b MSE df = 85. 
0 Based on square root of count data (Males, Females) and arcsine (square root) of 
proportion data (sex ratio:males/total thrips). 

00 
H 



Table 7. Least square means for types of counts for males, 
females and sex ratios for each test color, Test II. 

M A L E S 
Sticky Counts 

Dynamic Non-
Counts Swarming Swarming 

Color LS Means8 LS Means8 LS Means3 

Blue Sticky — 5.83c 2.73de 
Dark Blue 5.32c 9.08a 4.02abc 
Fluorescent Blue 9.40a 9.76a 4.36ab 
Fluorescent Green 0.74ens 1.79f 1.41g 
Fluorescent Red 0. OOe 3. lOe 1.57g 
Fluorescent White O.OOe 2.32ef 1.10g 
Fluorescent Yellow 2.75d 4.96cd 2.8Ode 
Green 0. OOe 2.42ef 1.56g 
Light Blue 8.48ab 10.10a 4.72a 
Light Green 0. OOe 1.99ef 1.69fg 
Light Violet 8.02ab 9.34a 3.86bc 
Light Blue-2 7.63b 8.89a 3.87bc 
Yellow Green 0.46ens 3.Olef 1.90fg 
Red 0.17ens 2.43ef 1.51g 
Yellow 0.80ens 4.24de 2.39ef 
Violet 5.04c 7.47b 3.49cd 
White 8.61ab 4.45a 4.04abc 
Yellow Sticky — — 2.72ef 1.40g 

F E M A L E S 

Blue Sticky — 3.54de 2.49gh 
Dark Blue 1.23c 6.93ab 5.67ab 
Fluorescent Blue 1.96ab 6.56ab 4.85c 
Fluorescent Green 0.17ens 2.20f 1.92gh 
Fluorescent Red 0.17ens 3.58def 3.07efg 
Fluorescent White 0.17ens 2.03f 1.74h 
Fluorescent Yellow 0. 67d 3.43def 3.14ef . 
Green 0.00ens 2.15f 2.12gh 
Light Blue 2 . 08a 7.04ab 6.12a 
Light Green 0.00ens 2.04f 2.42gh 
Light Violet 1.96ab 7.48a 5.82ab 
Light Blue-2 1.93ab 6.10bc 5.26bc 
Yellow Green 0.00ens 2.96def 2.85efgh 
Red 0.00ens 2.87ef 2.74fg 
Yellow 0.17ens 3.97d 3.45e 
Violet 1.63bc 6.55ab 5.76ab 
White 1.84ab 5.45c 4.15d 
Yellow Sticky — 2.61ef 2 . 09h 
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S E X  R A T I O  

Blue Sticky — 1.08a 0.83a 
Dark Blue 1.43a 0.97ab 0.62b 
Fluorescent Blue 1.32ab 1.02a 0.77ab 
Fluorescent Green 0.00c 0.76c 0.57bc 
Fluorescent Red 0.00c 0.75c 0.49c 
Fluorescent White 0.00c 0.9lab 0.61b 
Fluorescent Yellow 1.28ab 0.97ab 0.73ab 
Green 0.00c 0.9lab 0.69bc 
Light Blue 1.19ab 1.01a 0.67b 
Light Green 0.00c 0.85bc 0.60b 
Light Violet 1.2lab 0.96ab 0.62b 
Light Blue-2 1.17b 0.98ab 0.63b 
Yellow Green 0.00c 0.88bc 0.61b 
Red 0.00c 0.72c 0.56bc 
Yellow 0.00c 0.86bc 0.62b 
Violet 1.17b 0.88bc 0.54bc 
White 1.28ab 1.07a 0.79ab 
Yellow Sticky 0.86bc 0.61b 

a = LS means, least square means of square root transformed 
count data (i.e., male, female), dynamic counts use the 
maximum count for the day and sticky traps use number 
caught/hr. 
b = LS means, least square means of arcsine (square root) 
transformed proportion data (sex ratio). 
c = Not calculated due to 0 counts. 
NS = Not significantly different from 0 at P>0.20, all others 
significantly different from 0, at P<0.0003. 
Means within dependent variable and columns followed by the 
same letter are not significantly different; orthogonal 
contrast. 
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from zero. Sky conditions during Test II were primarily clear 

with no rain storms occurring during this time. 

For the sticky trap counts from Test II, the effects of all 

factors (date, position and behavior period) and their 

interactions were tested in one general model for densities of 

both males and females. Results indicated that all main 

effect factors and most two- and three-way interaction terms 

were significant. The effect of position fluctuated from day 

to day, as in the dynamic counts; therefore, the maximum count 

of either top or bottom position, standardized to an hourly 

rate, was used. Overall, swarming behavior periods had the 

higher densities of males and females and sex ratios although 

there were interactions between color and position. 

Therefore, reduced models analyzing the effects of color were 

separated for swarming and non-swarming time periods. There 

were significant effects of color for dependent variables 

males and females as well as sex ratio (Table 6) for both 

behavior periods. The relative rankings and differences among 

colors for males, females and the sex ratio were determined 

for both swarming and non-swarming behavior periods (Table 7). 

Non-parametric analysis comparing ranks of colors of dynamic 

counts and swarming and non-swarming sticky trap counts 

indicated that there were positive associations in the 

relative rankings across test types (males: Q=35.3 df=15 
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P<0.005 and females: Q=40.5 df=15 P<0.001) and behaviors 

(males: R>0.9760 df=15 P<0.0005, 1-tailed and females: 

R>0.8132 df=15 P<0.0005, 1-tailed). However, specific 

significant differences between colors did change slightly 

between test types, behaviors and sexes (Table 7) . During 

swarming periods, blues, violets and white sticky trap counts 

had the higher densities of males and females. Densities on 

the commercial blue and yellow sticky traps were always 

significantly lower than the other respective blue and yellow 

colors for both males and females. Fluorescent yellow and 

yellow had densities significantly higher than the lowest 

density colors which were, fluorescent green, fluorescent red, 

fluorescent white, green, light green, yellow-green, red and 

yellow sticky. The changes in significant differences among 

colors between males and females during swarming periods were 

limited to whether white, violet or light blue-2 were included 

in the higher density colors (Table 7). 

During non-swarming periods, most blues, white and violet 

colors had the higher densities for males and females. For 

males, blue sticky, fluorescent yellow and yellow were 

significantly greater than the lowest density colors which 

were all greens, reds, fluorescent white and yellow sticky. 

For females, fluorescent red, fluorescent yellow, yellow green 

and yellow were significantly higher than the lower density 
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colors. Densities on the commercial blue and yellow sticky 

traps were again, significantly lower than the respective blue 

and yellow colors tested for both males and females. Changes 

in the significant differences among colors between males and 

females during non-swarming periods were limited to whether 

fluorescent blue, violet and white were included in the higher 

density colors (Table 7). 

Sticky trap count densities of males were 4.6 to 5.8 times 

higher and female densities were 1.3 to 1.8 times higher 

during swarming than non-swarming periods on higher density 

colors. Male densities were significantly greater than female 

densities (t=3.15 P=0.007) for swarming dynamic counts (9.5 to 

23.0 times on the highest density colors) and on the 

accumulated counts during swarming (t=3.23 P=0.006) (1.2 to 

3.0 times on the higher density colors). During non-swarming 

periods, female densities were significantly greater than male 

densities (t=7.67 P=0.0004) (1.2 to 2.7 times, on colors with 

higher densities). 

Similarly, changes in densities of males relative to females, 

sex ratios changed dramatically between behavior periods. The 

sex ratio (proportion males) from accumulated counts, averaged 

over all colors was significantly higher during swarming 

periods (ANOVA, P<0.0014, x=0.63, proportion males, back 
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transformed mean) than during non-swarming periods (x=0.36, 

back transformed mean), with a range of 28 to 52% males (Table 

7) . Sex ratios of dynamic counts were higher than those of 

sticky count sex ratios during swarming periods. Dynamic 

counts using all colors with measurable sex ratios, were 

heavily male biased, 80 to 98% males (Table 7). 

DISCUSSION 

Relative rankings of colors were similar between swarming and 

non-swarming behaviors and between males and females, but 

densities of both males and females changed between behavior 

periods. The density of males on sticky traps for most colors 

were significantly higher during swarming than during non-

swarming periods, as opposed to females which were only 

slightly higher during non-swarming than during swarming 

periods. This suggests that either more males are flying, 

hovering and landing, or that more of the flying males are 

landing during swarming periods than during non-swarming 

periods. Counts of hovering thrips and preliminary air 

sampling (Terry unpublished data) indicated that densities of 

males on tubes were positively correlated with the number 

flying. Based on the density change relative to sex ratio 

change between behavior periods, there was a greater change in 

the behavior (i.e. density) of males than females. 
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A comparison of the sex ratios between sticky trap and dynamic 

counts during swarming substantiates the behavior observed on 

the tubes. While sticky trap counts give accumulated landing 

rates over time, dynamic counts give the instantaneous landing 

and leaving rate (or give landing rates plus residence time) 

on the artificial surface. During swarming, males land and 

remain on the aggregation substrate while females land, mate 

and leave. At any observation period during swarming, the sex 

ratios would be highly male biased, but accumulated landing 

rate counts would be much less male biased. Similar behavior 

as to that observed on artificial substrates, has been 

observed on Calystegia sepium flowers with aggregations of 

Thrips major and T. fuscipennis in England (Kirk 1984a). 

Males swarm on the edges of flower petals and females enter 

swarms, mate and then leave. Females already on the flowers 

do not mate, but remain deep within the corolla of the flower 

and continue to feed. 

Since sex ratios during non-swarming periods were close to 

field population sex ratios, non-swarming counts may be 

measuring general dispersal of both sexes. Though 

aggregations of males did not form during non-swarming 

periods, males and females continued to fly and disperse. 

This indicates that males land on the colored substrates and 

aggregate during swarming behavior periods in response to 
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color and may not use other cues to locate a swarm site. 

Swarming periods may reflect male aggregation behavior for 

mating only and female dispersal flights that include 

searching for mating sites as well feeding and oviposition 

sites. Non-swarming behavior periods may reflect dispersal 

flights by males searching for feeding sites and females 

searching for feeding and oviposition sites, in response to 

cues that include more than color. Whether females respond 

to the densities of male aggregations on surfaces in addition 

to color cannot be determined from this study. 

Swarming F. occidentalis are observed primarily during the 

summer rainy season in Arizona and are characterized by 

periods of relatively high dew points (>12.5C versus <5.0C 

during the rest of the summer), and regular rain storms (Terry 

and Gardner 1990). Extreme changes in relative humidities and 

small changes in barometric pressure occur throughout the day 

and such changes may affect thrips behavior. The swarms occur 

during the mornings or periods just prior to storms, when it 

is relatively cool and vapor pressure deficits are lower than 

during the afternoons when there are periods of higher 

temperatures and lower relative humidity. Activity outside 

the protection of the plant microclimate may be restricted to 

short dispersal flights in the afternoon. Lewis (1973) also 

noted that mass dispersal flights of eight thrips species 
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occurred in association with periods prior to thunderstorms. 

Stormy weather may cue a general dispersal response for 

numerous thrips species as well as mating prior to long range 

dispersal for the sexual species. 

The effect of position above the canopy on aggregation 

densities was not clear. The location of the higher density 

of aggregations fluctuated between the top and bottom position 

for colors with higher densities. The position may have been 

influenced by canopy irregularity, with plant height in the 

field ranging from approximately 91cm to 183cm. Taller plants 

may have blocked the thrips line of sight towards some but not 

all lower tube positions. Also, the height males fly above 

the canopy may change from day to day due to the fluctuating 

height of the boundary layer of calm air above the plant 

canopy, as determined by the meteorological conditions (e.g. 

windy conditions, etc.). Alternatively, the position with the 

maximum count may simply be a result of where several males 

begin to aggregate and site of initial aggregation, may be 

partly random. Other males may be attracted to these same 

sites as a result of the presence of the initial males, with 

aggregations resulting. 

Significant area to area variation was found within the field; 

however, this variation was relatively small compared with the 
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variation between days. The day to day variation may be due 

to meteorological factors (heavy rain storms, fluctuating 

temperatures, generation times, etc.) that differ 

significantly between days. 

Among hues that had the highest densities of thrips were: 

blue, violet and white. Low to "O" density colors included 

green hues, some yellows, reds and fluorescent white. White, 

violet, light violet, fluorescent blue and light blue-2, 

shifted between the higher and medium density groupings. In 

some previous studies yellow is included in the colors with 

higher densities. Selections of blue and violet with greater 

absolute reflectance had higher densities than those with 

lower absolute reflectance selections. Absolute reflectance 

levels did not affect densities of thrips on green hues as 

high and low reflectance selections were never significantly 

different from zero. Other studies have observed similar 

responses in relation to absolute reflectance (Walker 1974, 

Vernon and Gillespie 1990) where attractive hues with higher 

absolute reflectance trap greater densities of thrips than 

those with lower absolute reflectance. 

Vernon and Gillespie (1990) observed that white with UV 

reflectance of 30% or greater at 365nm, violet and green hues 

with UV reflectance of 25% or greater at 365nm and blue and 
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yellow with 40% or greater at 365nm, have significantly lower 

densities of F. occidentalis than the same hues with lower or 

no UV reflectance (Vernon and Gillespie 1990). In the current 

study, the higher densities of thrips on fluorescent yellow 

may result from the higher absolute reflectance than the other 

yellow hues (90% versus 70% to 80%) or UV reflectance of 35% 

versus 14% at 365nm. UV in this amount, <40% at 365nm (Vernon 

and Gillespie 1990), may not be inhibitory and may be serving 

to attract more thrips. Other studies that report the amount 

of UV reflectance for the colors used (Kirk 1984, Brodsgaard 

1989a, Walker 1974, Gillespie and Vernon 1990, Vernon and 

Gillespie 1990) show 0 to low densities of flower feeding 

thrips on colors that have an absolute reflectance of 35% or 

more at 365nm. Grass feeding thrips show a strong response to 

colors with UV reflectance >30% at approximately 365nm. 

Present studies help support these results. Of the colors 

tested with UV reflectance, fluorescent yellow and fluorescent 

white had absolute reflectances of 30% or more at 365nm with 

the other fluorescent colors having 19% to 22% at 365nm. All 

other colors had absolute reflectance of <14% at 365nm. 

Fluorescent white, which had over 95% absolute reflectance in 

the visible wavelengths and approximately 78% at 365, more 

than 60% higher than the non-UV white and more than 45% more 

than fluorescent yellow, never caught significant numbers of 
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thrips. This contrasts with non-UV white, which was usually 

included in the higher density groupings. Fluorescent yellow, 

with 35% reflectance at 365nm, caught significantly fewer 

insects than blues, whites and violets, but always had 

significantly higher densities of males than several other 

yellows, which were in the low to "0" density grouping. 

Electrophysiological results of ERGs demonstrated that males 

and females have equal spectral efficiency. Both sexes 

exhibited a two peaked spectral sensitivity, one within the 

ultraviolet (tested near 365nm) and one peak at 540nm (green-

yellow) . There was strong spectral efficiency (>80% response) 

within green and green-yellow wavelengths with reduced 

spectral efficiency within blue and violet wavelengths (40% 

and 20% respectively) as well as red wavelengths 

(approximately 20%). These electrophysiological results 

contrast with the results of the field test where colors 

outside the peak spectral efficiency had the highest densities 

of thrips (Fig. 7) . Physiological as well as behavioral 

factors may explain the discrepancy between the behavioral and 

physiological response to color. Integration of visual 

stimuli within the central nervous system, higher level 

neurons and/or interactions between the green and UV 

photopigments may allow for the behavioral response to and 

discrimination of colors that are between the peaks of 
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spectral efficiency. Periplaneta americana was determined to 

have two peak spectral sensitivity, UV at about 365nm and 

green-sensitivity at 500-510 (Mote and Goldsmith 1970). When 

receptors sensitive at these wavelengths are stimulated, 

colors that reflect at wavelengths between these peaks may be 

discriminated despite the absence of specific photopigments. 

Blue and violet wavelengths may thus be discriminated when 

both the green and UV photopigments are stimulated 

simultaneously. 

Contrasts of trap colors, yellow, white, green, blue and red 

with the predominant surrounding background color of the plant 

crop increases the density of grass feeding and flower feeding 

thrips on traps (Czencz 1987) . Generally, traps of the same 

color as the background color have fewer total thrips than 

traps that contrast with the background color of the field. 

The cotton field used for this study had an overall dark green 

appearance to the human eye and those colors that showed the 

highest densities of thrips did contrast with the field color. 

Although red, to human eyes, contrasted with the background 

color of the field it consistently had some of the lowest 

densities recorded. Possible explanations for this are: there 

were no indications from the ERGs of a red photopigment or 

spectral sensitivity to red wavelengths and so discrimination 

of "red" would not be possible. The ability for insects to 
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discriminate red versus green wavelengths is rare. Due to 

technical limitations of the testing system, spectral 

efficiency to wavelengths above 620nm could not be determined 

if they existed. Yellow is also outside the peak efficiency, 

but greater densities of thrips were observed on some yellow 

hues than on the red hues. This may be a function of response 

to greater absolute reflectance rather than to wavelength 

discrimination. In a comparison of colors along the spectrum, 

yellow, at approximately 580nm, is much closer than red, 

approximately 680nm, to green within the spectrum and so 

somewhat closer to the peak efficiency of this thrips at 

540nm. Thus it would require a much higher quantum flux at 

680nm to achieve a response equal to that at 580nm. The 

absolute reflectance of the red hues tested in the field may 

have been below the threshold required to elicit a response 

and was far below that required to obtain a response equal to 

that obtained by the yellow hues. Peak sensitivity to green 

wavelengths may be used by flower thrips in long range 

orientation for location of the host area. Once within the 

host area, short range orientation towards flowers may be 

accomplished "using contrasts of plant parts. Males may 

recognize colored substrates that contrast with the crop 

background such as a flower, a potential resource site for 

feeding as well as finding mates. 
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The artificial substrates used in this test are considerably 

larger than potential natural resource sites such as flower 

blossoms. Even though the substrate color may be very similar 

to natural blossom colors, some component of the color, either 

hue, intensity or saturation may be different. A combination 

of unnatural size, contrast of substrate with background and 

color components, may result in the substrate serving as a 

supernormal stimuli (Staddon 1975, Kirk 1987) to begin 

aggregation. 

Both the commercial sticky traps tested were in the medium to 

low density groupings for all tests, with both blue sticky and 

yellow sticky, always lower in density than the other blue or 

yellow hues respectively, during swarming and non-swarming 

periods. Lower absolute reflectance than respective blue and 

yellow hues and a difference in the trap material itself, 

including the adhesive may be possible explanations for the 

lower densities observed. 

These tests show a strong change in behavior (i.e. density) by 

males and to a lesser extent by females, but no change in 

relative color rankings by either sex between behavior 

periods. This suggests that the color cues used are similar 

throughout the day and for different behavior periods. The 

colors, primarily blues, violets, whites and yellows, are 
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similar to flower colors. This lends support to males using 

resource based sites as their aggregation sites and suggests 

that F. occidentalis use the same cues when searching for 

mating sites as well as feeding and oviposition sites. The 

change in density of males and females between behavior 

periods may represent simply a change in density and not a 

strict change in behavior. However, males do not form 

aggregations during the afternoon, but they still disperse and 

orient towards flowers. Color may be only one of many cues 

used by both male and female F. occidentalis in general 

dispersal behavior possibly representative of non-swarming 

behavior. Only during mating periods, under specific 

meteorological conditions and only by males, are the 

artificial substrates acceptable as a location for 

aggregations. Mating activity may still occur in flowers 

during other times and not as exposed as during the morning 

swarms. Further testing is needed to compare the behavior of 

this species on flowers, with the behavior on artificial 

substrates to determine if other cues (e.g. pheromones, plant 

and floral aromatics) may be involved in swarming behavior 

SUMMARY 

Through the physiological technique of electroretinograms, 

ERGs, the spectral sensitivity of Frankliniella occidentalis 

was determined. Both males and females have a double peak 



98 

efficiency at 540nm, green-yellow and UV, near 365nm. Males 

and females had equal efficiency at 540nm but females had 

slightly higher efficiency in the UV. If the two 

photopigments overlap, as has been confirmed in other 

organisms, and if higher order central nervous system 

organization allows for comparison of the signals from each, 

then wavelengths between these sensitivity peaks may be 

discriminated . 

Field tests indicated that relative rankings of color remained 

the same for males and females between swarming and non-

swarming behavior periods. Colors with the higher densities 

of thrips included blues, violets, white and yellow while 

lower densities were observed on greens, reds, some yellows 

and highly UV reflective white. Significantly higher 

densities of males are observed during swarming than non-

swarming behavior periods and densities of males were 

significantly higher than females during swarming behavior 

periods. Female densities were slightly higher than male 

densities during non-swarming behavior periods and approaches 

a sex ratio that approximates that found in plant populations. 

Based on the density change relative to sex ratio change 

between behavior periods, there was a greater change in male 

behavior than in female behavior. 
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In a comparison of spectral efficiency and behavioral response 

to color in the field it is noted that spectral sensitivity 

peaks at green-yellow and highest densities of thrips are 

found on blues, violets, white and some yellows. The response 

to blue and violet may be explained by the possible ability to 

discriminate wavelengths between the efficiency peaks, which 

would include blue and violet. Because white has high 

absolute reflectance over the visible spectrum, it is not 

unexpected to observe high densities of thrips on white. 

Highly UV reflective white has been found in other studies 

(Kirk 1984, Brodsgaard 1989, Walker 1974, Gillespie and Vernon 

1990, Vernon and Gillespie 1990) to have a repulsive effect on 

flower feeding thrips, and was also observed in this study. 

Yellow has high absolute reflectance near the 540nm peak and 

therefore, high densities of thrips may be due to this higher 

intensity. Other studies have also obtained similar results. 

What is unexpected from the comparison of tests is the lack of 

a strong behavioral response to green wavelengths. Within a 

predominantly green surroundings, thrips may no longer respond 

strongly to green. Flower thrips, once they have located the 

green plant host, may respond strongly to the contrasting 

colors that is representative of flower colors and the 

increased brightness of those colors over the background 

color. The lack of response to red, a common flower color may 

be explained by the fact that it is rare for insects to "see" 
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red or have photopigments sensitive to red wavelengths. Red 

discrimination would be unlikely given the location of 

sensitivity peaks of this species. The reflectance intensity 

required to elicit a behavioral response may be more than 

would be found in a natural setting. Thrips are found on red 

flowers and this may result from using other cues such as 

plant aromatics. 

Gender differences in the spectral efficiency probably did not 

cause the difference in the magnitude of change in behavior of 

males and females between swarming and non-swarming behavior 

periods. More likely this difference results from complex 

behavioral responses by males and females to many factors that 

have yet to be determined. 
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