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ABSTRACT 

A model for the repellent effect of pyrethroid insecticides on 

insects was developed. Experiments were conducted using a small colony 

of honey bees in a flight cage. Conditioning to scented feeders 

allowed the separation of foraging bees from a single colony into 

treatment and control groups. Permethrin, cypermethrin, fenvalerate 

and flucythrinate were shown to be contact repellents to honey bees; 

exposure was primarily to the tarsi and ventral abdomen. The threshold 

dose of permethrin required to induce repellency was:a. 3.8 ng/bee. 

Repellency was fully reversible within 24 hours. No permanent effects 

on either memory or foraging efficiency were observed following acute 

exposure. 

x 



INTRODUCTION 

It is not uncommon for confl icts of interest to develop as a 

direct result of technological advances. Such has been the case with 

the development of organic insecticides; the exciting prospects for 

crop pest and disease vector control (and eradication) were rapidly 

tempered by the recognition of insecticide resistance i.n pest 

populations, the adverse effects on beneficial insects, and the 

potential environmental hazard produced by persistent organic compounds 

1n the biosphere. In spite of these problems, pesticides will continue 

to play an increasingly important role in food production for the USA 

and the world.·· Increasing world population levels, rapid urbanization, 

monocultural farming techniques and the demand for high quality food 

products all contribute to the requirement· for pesticides in 

agriculture, and it appears unlikely that any of these trends will be 

reversed in the foreseeable future. Thus, any conflicts which have 

arisen (or may in the future arise) due to the use of agricultural 

chemicals must be resolved in a spirit of compromise. Solutions to 

problems created by pesticide usage have come from the development of 

more specific and effective compounds, changes in farm management 

practices, and the acceptance that a certain level of negative effects 

must be tolerated in order to produce, transport and store the products 

I 
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required to feed and clothe a world population which continues to 

1ncrease. 

The negative impact of agricultural insecticides on the honey 

bee, Apis mellifera L. (Hymenoptera, Apidae), has been reviewed 1n 

earlier works (Shaw 1941, Todd and McGregor 1952, Rieth 1983, Rieth et 

a1. 1986); the problem has existed for over 100 years but became 

gr.eat ly exacerbated with the advent of synthet ic organic compounds. 

Honey bees are frequent ly exposed to insect ic ides because the flowers 

of many agricultural crops provide abundant nectar and also because 

Apis mellifera is the most widely used insect pollination vector. The 

latter case is due to the ease with which colonies are moved into areas 

requiring poll inat ion and to the wide range of flower types which honey 

bees utilize. It has been estimated that the value of crops directly 

and indirectly benefited by honey bee pollination approaches 20 billion 

dollars annually (Levin 1983, 1986). Integrated pest management 

strategies have been developed which minimize the impact of 

insecticides on honey bees (Atkins ~~. 1978). These include night 

applications (when bees are not in the field), safer formulations, 

reduced application when plants are in bloom and the use of selective 

insecticides. Unfortunately, injury to honey bee colonies due to 

pesticides remains a problem. 

An early approach to the honey bee-insecticide dilemma was the 

search for a chemical repellent which, when applied with a toxicant, 

would prevent contact between the insecticide and the bees (Bieberdorf 
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1960; Atkins ~!!!.. 1975a, Atkins ~!!!.. 1975b; Rieth 1983, Rieth et 

al. 1986). Research on honey bee repellents has so far proved futile; 

no repellent has yet been found which provides a stronger negative 

stimulus than the positive stimulus of abundant nectar. In the late 

1970's, however, field trials with a new class of insecticides, the 

pyrethroids, indicated that these compounds were repellent to insects 

in the following orders: Hymenoptera (Atkins ~!!!.. 1978, Gerig 1979), 

Coleoptera (Ruscoe 1977), Diptera (Shemanchuk 1981) and Lepidoptera 

(Ruscoe 1977, Saad ~!!!.. 1981). 

The pyrethroid insecticides were developed by using natural 

pyrethrins as models (Leahey 1985). The term pyrethrins refers to 6 

esters collectively found in pyrethrum! the dried and powdered flower 

heads of Chrysanthemum cinerariaefolium. McDonnell et al. (1926) 

relate the early history of the use of pyrethrum flowers as 

insecticides. Leahey (1985) presents a good introduction into the 

history of the chemical elucidation of the pyrethrins and subsequent 

development of their synthetic analogues, the pyrethroids. 

The first pyrethroid to be synthesized and subsequently 

developed for agricultural purposes was permethrin (Elliott et al. 

1973a, Elliott et a1. 1973b). This compound was light-stable, and 

therefore persistent, had very high insecticidal activity, and was 

especially effective against lepidopterous larvae. These factors 

allowed entry into the more lucrative insect icide markets, especi ally 

cotton, 1n spite of the complex and expensive synthetic chemistry 

required for its production. 
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Numerous authors report a repellent response of honey bees to 

pyrethroid insecticides: Atkins (1981) cites permethrin, Gerig 0979, 

1981) lists permethrin and fenvalerate, Shires and Debray (1982) report 

cypermethrin, Bos and Masson (1983) describe deltamethrin, Pike !£ !l. 

(1982) report permethrin, and Delabie !£~. (1985) cite cypermethrin. 

In spite of the large number of investigators reporting a repellent 

response of honey bees to pyrethroids, no clear unders tanding of the 

behavioral effect emerges. Atkins (1981) lists permethrin as a "true 

repellent preventing foraging bees from alighting on 

residue-contaminated plants as long as the residue is present at toxic 

levels", but does not attribute this effect to other pyrethroids. 

Delabie ~~. (1985) attributed the repellency of cypermethrin to the 

formulation ingredients. Pike et a1. (1982) observed that permethrin 

reduced overall foraging and induced "sustained flight behavior" in 

remaining foragers. Smart and Stevenson (1982) suggest that the low 

rate used for pyrethroid insecticides, which may be an order of 

magnitude less than for insecticides developed previously, may, 

together with repellency ~ account for the low hazard posed to honey 

bees by pyrethroids. 

Reports of repellency in other insect orders are no more 

revealing: Saad ~~. describe a generalized avoidance by lepidopteran 

larvae, Shemanchuk (1981) reports intoxication due to treated surfaces 

in Diptera adults, and Ruscoe (1977) reports inhibition of oviposition 

and feeding in Lepidoptera. Based on evidence in the literature, it 
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seemed probable that a single unifying description of pyrethroid 

induced repellency should be possible; repellency (1) has been reported 

1n the natural pyrethrins (for example: mosquito coils) (Chadwick 

1975), (2) was found in a range of insect orders, and (3) was effected 

by a number of pyrethroid compounds. Such a description would have 

important implications for the management of honey bee colonies in 

agricultural situations because a repellent effect on Apis mellifera 

could reduce the hazard posed to the bees during pest control 

operations. This dissertation reviews the development of a bioassay 

which uses the honey bee to model the repellent 'effect of pyrethroid 

insecticides. 

The bioassay was des igned to provide data which could be used 

to answer 7 specific questions: 1) are pyrethroid insecticides 

repelle.nt to honey bees?, 2) is repellency accompanied by mortality?, 

3) does the dose of insecticide affect repellency or mortality?, 4) is 

repellency induced by contact or olfactory exposure?, 5) what is the 

site of exposure?, 6) are memory and subsequent foraging affected by 

acute exposure to the insect ic ide?, and 7) are any behaviors apparent 

which may explain the repellent effect? 

In addi tion to these quest ions, a peripheral experiment was 

carried out once it became apparent that pyrethroid insect ic ides were 

repellent to honey bees. The study involved topical dosing of bees to 

determine the minimum actual dose per bee of permethrin that would 

induce the repellent effect. 



METHODS AND MATERIALS 

Development of the Honey Bee Repellency Bioassay 

The theoretical development of the honey bee repellency 

bioassay passed through three fairly well-defined stages before data 

of any value were generated. The first stage was spent devising Ii 

method of exposing bees to insecticides in a controlled environment 

which was comparable or analogous to a field situation. Stage 2 

involved finding a suitable control with which to contrast the 

treatment developed in stage 1. Stage 3 was spent developing a method 

of quantifying the observed repellent response which was amenable to 

description and analysis with available statistical techniques. 

The first stage in the development of the bioassay involved 

deciding on an appropriate route of exposure. Delabie ~ &. (1985) 

fed honey bees cypermethrin in sucrose syrup as a test for repellency 

(none was found at 100 ppm) and Stoner et a1. (1984) studied the 

chronic toxicity to honey bees of fenvalerate and fluvalinate fed in 

sucrose syrup (negligable effects were found at 100 ppm). Pyrethroids, 

however, are markedly lipophilic and nonsystemic so it is unlikely that 

honey bees ever ingest these insecticides in nectar. The mode of 

exposure is more probably entirely surface (contact). This distinction 

is important because the absorption, distribution and metabolism of 

these compounds is undoubtedly differe.nt for the two different routes 

6 
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of exposure. Initital experiments were carried out by spraying 

Pounce®, a formulated permethrin insect icide (kindly provided by FMC 

Corporation, Agricultural Chemicals Group, Philadelphia, PA, 19l03), on 

flowering buckwheat, Fagopyrum esculentum Moench, in a greenhouse 

containing a small colony of bees. When Pounce® was sprayed on the 

buckwheat, honey bees previously foraging on the flowers went back to 

the colony. Because no adverse effects such as dead bees were noticed 

around the colony, the theory of a repellent mode of action for 

permethrin to honey bees remained tenable, although unproven. 

A number of problems caused this approach to be abandoned. It 

was difficult to ascertain a precise dose level. Spraying plants 

invariably resulted Ln an uneven distribution of toxicant, and 

using a formulated (rather than technical) product introduced an error 

factor because the exact permethrin concentration was unknown. 

Quantifying the presumed repellent effect was difficult in this system 

and use of a control proved impossible because bees discontinued 

foraging even on unsprayed buckwheat plants, after the spray. It 

seemed unlikely that permethrin would have any olfactory repellent 

activity due to its very low vapor pressure of less than 10-6 mm Hg 

at SOGC (Merck Index, 10th Edition) so apparently bees were moving onto 

treated plants from untreated and subsequently repelled. At this 

stage, the development of the sucrose syrup feeder which allowed 

contact insecticide exposure (described in the next section) evolved 

fairly rapidly. 
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Stage two of the bioassay development involved finding a 

suitable control. A method was needed which would produce two separate 

foraging groups from a single colony. One group would serve for the 

treatment, the other would be the control, and the fact that both came 

from the same colony would hopefully 

environmental and behavioral uniformity. 

ensure some degree of 

While reading The Dance 

Language and Orientation of the Bees (von Frisch 1967), the idea of 

scenting each feeder with a different volatile odor was conceived. The 

specificity of a bee for a feeder was tested by marking bees at each 

feeder and monitoring their subsequent foraging patterns. 

Stage three, quantification, was initally carried out by merely 

counting the bees on each feeder and comparing treatment with control. 

This method was acceptable for any given replication because the bees 

generally worked both feeders equally, Le., approximately the same 

number of bees would be found on each feeder. A problem arose when 

comparing replications, however, because each replication was conducted 

with a different colony and the number of total foragers varied between 

colonies. Because foragers were already being marked to ascertain 

feeder constancy, it was a simple matter to begin using the percentage 

of marked foragers, rather than total foragers, as an indicator of bee 

activity. By marking the same number of foragers at each feeder for 

each replication the variance due to colony size was stabilized. 
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Honey Bee Repellency Bioassay 

Bioassays were conducted In either saran screen cages or a 

polyethylene greenhouse (Spangler and Moffett 1977). Each cage was 3.5 

x 11 x 3.5 meters and was supported by a tubular steel frame. The 

volume of the greenhouse was ca. 150 m3• Cages have the advantage of 

being portable and easy to erect, thus the number of replicat ions of 

the bioassay conducted concurrently depends on the availability of 

cages and of technical help to accumulate the data, not on available 

flight space. The primary advantage of a greenhouse is climate 

control. This is important because data were collected for three 

consecutive days and two days of data could be lost if the third day 

were disrupted by inclement weather. In addition, the bioassay may be 

conducted all year in the greenhouse. In cages, experimentation may be 

disrupted for extended periods during the winter. 

Eventually, the greenhouse was divided into two flight rooms by 

the addi tion of a saran screen placed lengthwise through it. Each 

flight space was 3.5 x 8.5 m in floor area. Two replications were the 

maximum that could be conducted concurrently by a single investigator 

due to logistical considerations. 



10 

The use of bees in an enclosed flight space was necessary to. 

control the number of foragers at the test feeders. In the open, 

foragers from the many other colonies in the area would have interfered 

with the study. Also, by limiting each replication to a single 

colony, variability between treatment and control could be reduced. 

The type of hive used was a five frame, queenright nucleus colony. The 

creation of a nucleus colony is explained in detail in Appendix A. 

Each replication of a treatment was conducted with a new (previously 

untested) colony to prevent any experimental error which might develop 

from multiple toxicant exposure. 

Each colony was trained to two feeding sites before an 

experiment was begun. This 'period of orientation generally lasted for 

3 or 4 days and resulted in relatively stable numbers of foragers at 

the feeders. A feeder is shown diagrammat ically in Figure 1; it was 

a plastic tray of sucrose-water syrup (50% vol/vol) with a round piece 

of styrofoam floating on the surface. Bees landed on the styrofoam and 

on the edge of the tray in order to imbibe syrup. 

The syrup in each feeder was scented with a slightly volatile 

oil (30 ppm). The two feeders in a flight space had different scents. 

Bees became conditioned to one or the other of the scents (von Frisch 

1967). 

lavender. 

Scents used were almond, wintergreen, spearmint, lime and 

A sheet of colored paper was placed under each feeder 

because it was thought this would speed up the conditioning process. 

One feeder received a blue sheet and the other yellow. After 



Figure 1. 

I 

I 

~ 

Diagram of feeder providing sucrose syrup to honey bees. 

11 

Top figure is styrofoam float, bottom is circular plastic 
tray; both are actual size. 
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conditioning, removal of the colored paper had no effect on subsequent 

foraging by the bees. Division of the foragers into two subpopulations 

provided a treatment group and a control group from a single colony. 

Fifty foraging bees were marked on the dorsal thorax with quick-drying 

orange or blue enamel paint at each site for subsequent recognition and 

quantification. 

Bees were exposed to potentially repellent chemicals as they 

foraged at one of the feeders. A sheet of filter paper slightly 

smaller than the styrofoam float was impregnated with a known weight of 

toxicant and then attached to the float with two thumb tacks. Exposure 

this way was by surface contact; no gustatory exposure was possible. 

Insecticides were applied to the filter. paper by first dissolving a 

known weight in a known volume of acetone and then applying 1 ml of the 

solution to the filter paper. Evaporation of the acetone left a known 

amount of insecticide. Filter paper was grade 613 from the 

Eaton-Dikeman Company, Mount Holly Springs, PA. Floats in the control 

feeders received filter paper treated with acetone only. 

Quantification of the repellent effect was carried out by 

counting the number of marked bees at treatment and control feeders 

every 10 minutes and comparing these as percentages of the 50 marked at 

each feeder. Treatments were administered for two consecutive days 

with posttreatment counts taken on day 3. On treatment days, 

pretreatment counts were taken for 0.5 hour and then the treated floats 

were placed in the feeders for 1.5 hours. The floats were removed from 
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the feeders after the counting period on day 1, to be used again on the 

second treatment day. Each replication was conducted with new 

treatment floats. On day 3, mortali ty was assessed by count ing the 

number of marked bees continuing to visit the feeders. This was 

accomplished by collecting and counting the marked bees, or by counting 

each marked, foraging bee as a drop of white paint was applied to its 

thorax. In the latter case, remarking the bee with white paint 

prevented counting any bee more than once. Comparison of the number of 

remaining foragers between treatment and control feeders gave an 

estimation of any lethality which was due to the treatment. Not all 

the marked bees continued to forage for the duration of the experiment; 

some of them changed activities within the colony, and others died of 

causes unrelated to the treatment. These factors were taken into 

account when assessing mortality by comparing the number of remaining 

foragers at the treatment feeder with those at the control rather than 

with the total originally marked. 

Insecticides tested in the bioassay are listed in Table 1. 

Chemical structures are shown in Figures 2-4. Permethrin was tested at 

four dosages to determine the no effect level for the bioassay and to 

assess the effect of dosage on the repellent effect. 

examined because it is the CX-cyano analogue 

Cypermethrin was 

of permethrin. 

(Pyrethroids with the a-cyano group are known as type II, others are 

type 1). Fenvalerate and flucythrinate were tested because they 

represent another type of pyrethroid in which the 

cyc1opropanecarboxylic acid ester is replaced by a phenylacetic acid 
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TABLE I. Technical Insecticides Examined Using the Honey Bee 
Repellency Bioassay. 

Cornmon Name Chemical Name Dose (mg) 

a 
permethrin 3-(2,2-Dichloroethenyl)-2,2- 0.1, 1, 10, 100 

a 
cypermethrin 

b 
fenvalerate 

c 
flucythrinate 

d 

dimethylcyclopropanecarboxylic 

acid (3-phenoxyphenyl)methyl ester 

3-(2,2-Dichloroethenyl)-2,2-

dimethylcyclopropanecarboxy1ic 

acid cyano(3-phenoxyphenyl)-

methyl ester 

4-Chloro~-(I-methylethyl)-

benzeneacetic acid cyano(3-

phenoxyphenyl)methyl ester 

4-(Difluoromethoxy)-a-(1-methyl-

ethyl) benzeneacetic acid cyano-

(3-phenoxyphenyl)methyl ester 

methyl parathion Phosphorothioic acid 0,0-

e 
methomyl 

dimethyl 0-(4-nitrophenyl) ester 

N-[[(Methylamino)carbonyl]oxy]-

ethanimidothioic acid methyl ester 
a) FMC Corporation, Princeton, NJ, 95.5% 
b) Shell Chemical Company, 98% 
c) American Cyanamid Company, Princton, NJ, 82.4% 
d) Chemical Services, West Chester, PA, 99% 
e) Dupont, Wilmington, DE, 98.7% 

1, 10 

10 

10 

0.1, 1, 10 

10 
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Figure 2. Chemical structures of permethrin (top) and cypermethrin. 
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Figure 3. Chemical structures of fenvalerate (top) and flucythrinate. 
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Figure 4. Chemical structures of methyl parathion (top) and methomyl. 
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ester. Methyl parathion and methomyl were organophosphate and 

carbamate insecticide controls respectively. In addi tion to these 

compounds Pounce® blank (insecticide-free solvent supplied by F'MC 

Corporation, Princeton, NJ) was examined to test for any repellent 

activity in the xylene-based aromatic solvents used to formulate the 

insecticide. Permethrin was also tested at 10 mg while covered with a 

brass screen (0.3 mm thick, 14 mesh per em) and at 1 mg combined with 1 

mg methyl parathion on the same filter paper disc. The former 

treatment tested for any olfactory repellent activity in permethrin and 

the latter examined the potential for the use of permethrln as a 

repellent to protect from the deleterious effects of other 

insecticides. 

Percent foraging and percent survivorship data were transformed 

as arcsin yry- to stablize the variance of the binomial data (Steel and 

Torrie 1980). Transformed data are used in Figures 5-23 so that the 

calculated standard deviation can be shown. Significant differences 

between treatment and controls were tested by calculating a 

t statistic. These were generated for pretreatment and treatment 

groups on days 1 and 2, for posttreatment groups on day 3, and for the 

survivorship data. 

Observations of the in-hive behavior of honey bees during the 

100 mg permethrin and 10 mg methyl parathion treatments were conducted 

using a three frame nucleus colony in a glass-sided observation hive 

(Dadant 1984, Lehnert 1971, von Frisch 1967, Eckert 1958, Shaw 1952). 
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Topical Application of Permethrin to Foraging Honey Bees 

Topical applications of known weights of permethrin in acetone 

were used to determine the approximate dose required to produce the 

repellent effect on a single bee. The insecticide solution was applied 

to the dorsal abdomen of marked bees as they foraged at feeders 

described in the previous section. Acetone only was applied to 

controls. The hand-held applicator was a 50 ul syringe equipped with a 

push buttom repeating dispensing device delivering 1 ul (Hamilton 

Company, Reno, NV). Bees were marked using numbered plastic tags 

measuring 2 mm in. diameter which were glued to the bees' dorsal thorax 

using clear fingernail polish. Bees were marked 24 hours prior to 

treatment and were foraging normally when treated. 

Bee activity was monitored for ca. 15 minutes prior to 

treatment to establish a baseline activity level. This was 

accomplished by noting each time that a bee with a given number 

reappeared at the feeding station. Bees typically made a complete 

foraging trip every 3 to 4 minutes in the greenhouse. Approximately 10 

bees could be monitored simultaneously in this manner. After a bee had 

been observed to make at least four round trips from the feeder to the 

colony, the treatment was applied. Tests conducted were 19.3, 9.65, 

3.9, 1.9 nanograms permethrin per bee and an acetone only control. 

Subsequent act ivities of the treated foragers were then followed for 

ca. 1 hour, and observations were conducted after 24 hours to 

determine survivorship. 



RESULTS 

Development of the Honey Bee Repellency Bioassay 

Seventy eight samples of 50 marked foragers (39 replications X 

2 feeders each) were followed to determine their foraging specificity 

for 48 hours. On the average, 97.2% of the bees foraged at a single 

feeder only. If the scent to wh ich the bees were cond i t ioned was 

replaced by another, foraging at that location would cease even though 

syrup was available. The range of foraging specificity was from 92% 12 

samples) to 100% 00 samples). The separation of bees from a single 

colony into two consistantly separate foraging subpopulations allowed 

the use of one feeder as a treatment site and the other as a control in 

tests designed to assess the behavioral effects. of insecticides. 

Honey Bee Repellency Bioassay 

Figures 5-19 show the results of 15 treatments applied to the 

floating plat form on the sucrose feeder in the repellency bioassay. 

These graphs were produced using the transformed data so that the 

standard deviation bars could be included. Treatments of 0.1 mg 

permethrin (Fig. 5) and 0.1 mg methyl parathion (Fig. 15) had no effect 

on the foraging of honey bees under the conditions of this experiment. 

The dose of 0.1 mg was below the apparent threshold dose for this 

method. A dose of 1 mg permethrin (Fig. 6) caused a reduction in 

20 
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foraging activity at the treated feeder relative to the control. 

Foraging returned to previous levels when the permethrin was removed 

showing that the reduction in foraging was not due to mortality of the 

foragers. The threshold dose for foraging inhibition by permethrin in 

this study was between 0.1 and 1.0 mg. Doses of 10 mg and 100 mg 

permethrin (Figs. 7 and 8) had effects similar to 1 mg; a reduction of 

foraging activity at the feeder when the treated float was used 

followed by a return to control activity levels when the insecticide 

was removed. These data show that even with very high doses, mortality 

was minimal for honey bees exposed to pyrethroids under these 

conditions. 

Figures 9-12 show that the effects of cypermethrin (tested at 1 

and 10 mg) fenvalerate and flucythrinate (both tested at 10 mg) on 

honey bees are similar to those seen with permethrin. Foraging was 

reduced when the insecticide-treated float was placed on the feeder, 

and returned to previous levels when the treatment was removed. 

No reduction in foraging was observed when the float treated 

with 10 mg permethrin covered with a thin brass screen (Fig. 13) was 

placed on the feeder. Apparently permethrin has no olfactory repellent 

activity. Figure 14 shows that under the conditions of this experiment 

the Pounce® blank was not a foraging activity inhibitor. 

Methyl parathion doses of 1 mg (Fig. 16) and 10 mg (Fig. 17) 

caused a reduction of foraging activity at both the treatment and 

control feeders on day 1. By day 2, foraging had returned to previous 

levels at the control feeder, but remained suppressed at the treatment 
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feeders due to death of the bees. Bees intoxicated with methyl 

parathion were extremely agitated on the comb; characteristic behaviors 

included running, fanning, tremors, and uncoordinated movements. These 

maneuvers attracted the attention of other bees, including nonexposed 

foragers who interrupted their activities in response. This may 

explain the reduction in foraging at the control feeder during methyl 

parathion treatment on day 1. Some of the poisoned bees were dragged 

to the entrance of the colony by other colony members and ejected. In 

contrast, bees poisoned with permethrin were much less act ive and did 

not seem to draw' attention to themselves. Some of these bees performed 

exaggerated grooming behavior (in anthropomorphic terms, they appeared 

itchy), and others were completely inactive. 

Figure 18 shows that when permethrin and methyl parathion were 

appl ied together on the treatment float at a dose of 1 mg each, the 

permethrin did not mitigate the mortality due to the organophosphate. 

However, no reduction was seen at the control feeder due to the 

treatment on day 1 as was observed in Figures 16 and 17 with methyl 

parathion alone. 

Figure 19 shows that 10 mg methomyl applied to the treatment 

float caused a reduction in foraging act ivi ty at the treatment feeder 

which was associated with the death of some of those foragers. 
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The remaining forager data, shown in Figures 20-23, correlate 

well with the foraging data; the reductions in foraging at the treated 

feeders caused by methomyl and methyl parathion were associated with 

mortality. The disruption of foraging activity induced by pyrethroids 

was not associated with mortality except for the test conducted with 

100 mg Permethrin. 

Figures 24-38 show the actual data for day 1 of each treatment 

so that a comparison with the transformed data may be made and the 

kinetics of the foraging reduction may be visualized. The values for 

the reduction in foraging activity seen in Figures 5-19 are not 

accurate because the transformation skewed the data, especially in the 

lower percentages. The actual reduct ion in foraging act i vi ty can be 

reliably observed from Figures 24-38. Raw data used to generate 

Figures 5-19 and 24-38 are presented in Appendix C, survivorship data 
I 

are reported in Appendix D. 

Figure 24 shows that a dose of 0.1 mg permethrin when applied 

to a filter paper disc placed on the feeder float had no effect on the 

subsequent foraging activity of the honey bees working at the treatment 

feeder. This dose of permethrin was below the apparent threshold 

effect level for this method. A methyl parathion dose of 0.1 mg (Fig. 

34) also was below the threshold level. 

No differences in effect were observed for the day 1 treatments 

of permethrin, cypermethrin, fenvalerate or flucythrinate when applied 

at doses of at least 1 mg in this study (Figures 25-30. Average 
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foraging activity levels of marked honey bees were reduced from a 

control value of between 20% and 30% to less than 10% during treatment. 

The foraging activity at the treatment feeders was never completely 

eliminated for any of the pyrethroids tested. Oualitative observations 

conducted during these tests showed that exposure to the insecticide 

was initially to the tarsi and ventral abdomens of the bees. Some 

insecticide may have also been transferred to the antennae and 

proboscis during grooming. 

Figure 32 shows that honey bees must physically contact the 

pyrethroid for the reduction in foraging activity at the treated feeder 

to occur. When a thin screen was placed over the insect icide, no 

difference Ln foraging activity between the treatment and control 

feeders was observed. 

Figure 33 shows that under the cond i t ions of th is study, no 

repellency was observed as a result of treating a feeder float with 50 

mg Pounce® blank. 

When methyl parathion was applied to the feeder float at doses 

of 1 mg (Fig. 35) and 10 mg (Fig. 36), foraging activity on day 1 was 

reduced at both the treatment and control feeders from above 20% to 

less than 5%. In contrast, the day I treatment of 1 mg permethrin plus 

1 mg methyl parathion caused no observable reduction in foraging 

act ivity at either the control or treatment feeders. Figure 22 shows 

that all three of these methyl parathion treatments resulted in 

significant mortality to those bees foraging on the treated float. 

Foraging was reduced to less than 10% in all cases. 



25 

Figure 38 shows that a dose of 10 mg methomyl resulted in a 

reduction of foraging activity at the treatment feeder from a control 

value of above 20% to less than 10%. 

Figures 39 and 40 compare the day 1 treatment curves (actual 

data) for permethrin and methyl parathion to show variations in 

kinetics between the two compounds. At 1 mg, foraging dropped off at 

about the same rate for both compounds. At 10 mg (Fig. 40), however, 

foraging activity was reduced to its minimum within ca. 20 minutes for 

permethrin while activity as a function of methyl parathion exposure 

continued for ca. SO minutes. 
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c::::::J CONTROL 
UlIIl.i TREATMENT 

PRE TREAT PRE TREAT POST 
DAY , DAY 2 DAY 3 

Mean percent of marked honey bees foraging as a function of 
treatment with 0.1 W8 permethrin. 

Treatments were administered for 1.5 hours each on days 1 
and 2. PRE: average pretreatment honey bee counts, TREAT: 
average honey bee counts during treatment period, POST: 
average posttreatment honey bee counts. During treatment 
periods, treated feeder platforms received insecticide and 
control platforms received acetone. During pretreatment 
and posttreatment periods, treatment and control feeding 
platforms received nothing. Transformed data used so 
standard deviation bars could be shown. 
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Mean percent of marked honey bees foraging as a function of 
treatment with 1 .g per.ethrin. 

Treatments were administered for 1.5 hours each on days 1 
and 2. PRE: average pretreatment honey bee counts, TREAT: 
average honey bee counts during treatment period, POST: 
average posttreatment honey bee counts. During treatment 
periods, treated feeder plat forms received insect icide and 
control platforms received acetone. 'During pretreatment 
and post treatment periods, treatment and control feeding 
platforms received nothing. Transformed data used so 
standard deviation bars could be shown. 
**Probability treatment = control <0.01 (paired t test). 
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Figure 7. 
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c:::::J CONTROL 
rztJ1lA TREATMENT 

PRE TREAT PRE TREAT POST 
DAY 1 DAY 2 DAY 3 

Mean percent of marked honey bees foraging as a function of 
treatment with 10 88 permethrin. 

Treatments were administered for 1.5 hours each on days 1 
and 2. PRE: average pretreatment honey bee counts, TREAT: 
average honey bee counts during treatment period, POST: 
average posttreatment honey bee counts. During treatment 
periods, treated feeder plat forms received insect ic ide and 
control platforms received acetone. During pretreatment 
and posttreatment periods, treatment and control feeding 
platforms received nothing. Transformed data used so 
standard deviation bars could be shown. 
**Probability treatment = control <0.01, *Probability 
treatment = control <0.05 (paired t test). 
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Figure 8. 
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c::::J CONTROL 
t'lllI1A TREATMENT 

PRE TREAT PRE TREAT POST 
DAY 1 DAY 2 DAY 3 

Mean percent of marked honey bees foraging as a function of 
treatment with 100 .g permethrin. 

Treatments were administered for 1.5 hours each on days 1 
and 2. PRE: average pretreatment honey bee counts, TREAT: 
average honey bee counts during treatment period, POST: 
average posttreatment honey bee counts. During treatment 
periods, treated feeder platforms received insecticide and 
control platforms received acetone. During pretreatment 
and posttreatment periods, treatment and control feeding 
platforms received nothing. Transformed data used so 
standard deviation bars could be shown. 
**Probability treatment = control <0.01 (paired t test). 
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Figure 9. 
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c:::::J CONTROL 
rlllllA TREATMENT 

PRE TREAT PRE TREAT POST 
DAY 1 DAY 2 DAY 3 

Mean percent of marked honey bees foraging as a function of 
treatment with 1 .g cypermethrin. 

Treatments were administered for 1. 5 hours each on days 1 
and 2. PRE: average pretreatment honey bee counts, TREAT: 
average honey bee counts during treatment period, POST: 
average posttreatment honey bee counts. During treatment 
periods, treated feeder platforms received insecticide and 
control platforms received acetone. During pretreatment 
and posttreatment periods, treatment and control feeding 
platforms received nothing. Transformed data used so 
standard deviation bars could be shown. 
**Probability treatment = control <0.01, *Probability 
treatment = control <0.05 (paired t test). 
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Figure 10. Mean percent of marked honey bees foraging as a function of 
treatment with 10 .g cypermethrin. 

Treatments were administered for 1.5 hours each on days 1 
and 2. PRE: average pretreatment honey bee counts, TREAT: 
average honey bee counts during treatment period, POST: 
average posttreatment honey bee counts. During treatment 
periods, treated feeder platforms received insecticide and 
control platforms received acetone. During pretreatment 
and posttreatment periods, treatment and control feeding 
platforms received nothing. Transformed data used so 
standard deviation bars could be shown. 
**Probability treatment = control <0.01, *Probability 
treatment = control <0.05 (paired t test). 
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Figure 11. Mean percent of marked honey bees foraging as a function of 
treatment with 10 .g fenvalerate. 

Treatments were administered for 1.5 hours each on days 1 
and 2. PRE: average pretreatment honey bee counts, TREAT: 
average honey bee counts during treatment period, POST: 
average posttreatment honey bee counts. During treatment 
periods, treated feeder platforms received insecticide and 
control platforms received acetone. During pretreatment 
and posttreatment periods, treatment and control feeding 
platforms received nothing. Transformed data used so 
standard deviation bars could be shown. 
**Probability treatment = control <0.01, *Probability 
treatment = control <0.05 (paired t test). 
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Figure 12. Mean percent of marked honey bees foraging as a function of 
treatment with 10 -s flucythrinate. 

Treatments were administered for 1.5 hours each on days 1 
and 2. PRE: average pretreatment honey bee counts, TREAT: 
average honey bee counts during treatment period, POST: 
average post treatment honey bee count s. During treatment 
periods, treated feeder platforms received insecticide and 
control platforms received acetone. During pretreatment 
and posttreatment periods, treatment and control feeding 
platforms received nothing. Transformed data used so 
standard deviation bars could be shown. 
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Figure 13. Mean percent of marked honey bees foraging as a function of 
treatment with 10 .g permethrin covered by screen. 

Treatments were administered for 1.5 hours each on days 1 
and 2. PRE: average pretreatment honey bee counts, TREAT: 
average honey bee counts during treatment period, POST: 
average post treatment honey bee counts. During treatment 
periods, treated feeder platforms received insecticide and 
control platforms received acetone. During pretreatment 
and posttreatment periods, treatment and control feeding 
platforms received nothing. Transformed data used so 
standard deviation bars could be shown. 
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Figure 14. Mean percent of marked honey bees foraging as a function of 
treatment with Pounce- blank. 

Treatments were administered for 1.5 hours each on days 1 
and 2. PRE: average pretreatment honey bee counts, TREAT: 
average honey bee counts during treatment period, POST: 
average post treatment honey bee counts. During treatment 
periods, treated feeder platforms received insecticide and 
control platforms received acetone. During pretreatment 
and posttreatment periods, treatment and control feeding 
platforms received nothing. Transformed data used so 
standard deviation bars could be shown. 
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Figure 15. Mean percent of marked honey bees foraging as a function of 
treatment with 0.1 ag methyl parathion. 

Treatments were administered for 1.5 hours each on days 1 
and 2. PRE: average pretreatment honey bee counts, TREAT: 
average honey bee counts during treatment period, POST: 
average posttreatment honey bee counts. 1)uring treatment 
periods, treated feeder platforms received insecticide and 
control platforms received acetone. During pretreatment 
and posttreatment periods, treatment and control feeding 
platforms received nothing. Transformed data used so 
standard deviation bars could be shown. 
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Figure 16. Mean percent of marked honey bees foraging as a function of 
treatment with I .g methyl parathion. 

Treatments were administered for 1.5 hours each on days 1 
and 2. PRE: average pretreatment honey bee counts, TREAT: 
average honey bee counts during treatment period, POST: 
average posttre"atment honey bee counts. During treatment 
periods, treated feeder platforms received insecticide and 
control platforms received acetone. During pretreatment 
and posttreatment periods, treatment and control feeding 
platforms received nothing. Transformed data used so 
standard deviation bars could be shown. 
**Probability treatment = control <0.01, *Probability 
treatment = control <0.05 (paired t test). 
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Figure 17. Mean percent of marked honey bees foraging as a function of 
treatment with 10 .g methyl parathion. 

Treatments were administered for 1.5 hours each on days 1 
and 2. PRE: average pretreatment honey bee counts, TREAT: 
average honey bee counts during treatment period, POST: 
average posttreatment honey bee counts. During treatment 
periods, treated feeder platforms received insecticide and 
control plat forms received acetone. During pretreatment 
and posttreatment periods, treatment and control feeding 
platforms received nothing. Transformed data used so 
standard deviation bars could be shown. 
**Probability treatment = control <0.01, *Probability 
treatment = control <0.05 (paired t test). 
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Figure 18. Mean percent of marked honey bees foraging as a function of 
treatment with 1 .g permethrin + 1 mg mathyl parathion. 

Treatments were administered for 1.5 hours each on days 1 
and 2. PRE: average pretreatment honey bee counts, TREAT: 
average honey bee counts during treatment period, POST: 
average posttreatment honey bee counts. During treatment 
periods, treated feeder platforms received insecticide and 
control platforms received acetone. During pretreatment 
and post treatment periods, treatment and control feeding 
platforms received nothing. Transformed data used so 
standard deviation bars could be shown. 
**Probability treatment = control <0.01 (paired t test). 



40 

40 
c::::J CONTROL 
U12'1ltl TREATMENT 

en 
0:: 
W 
C,!) 
« 
0:: 
0 u.. 20 
r-
Z 
W 
U 
0:: 
W 
a.. 

0 
PRE TREAT PRE TREAT POST . 

DAY 1 DAY 2 DAY:3 

Figure 19. Mean percent of marked honey bees foraging as a function of 
treatment with 10 .g metbomyl. 

Treatments were administered for 1.5 hours each on days I 
and 2. PRE: average pretreatment honey bee counts, TREAT: 
average honey bee counts during treatment period, POST: 
average posttreatment honey bee counts. During treatment 
periods, treated feeder platforms received insecticide and 
control platforms received acetone. During pretreatment 
and posttreatment periods, treatment and control feeding 
platforms received nothing. Transformed data used so 
standard deviation bars could be shown. 
*Probability treatment = control <0.05 (paired t test). 
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Figure 20. Mean percent of marked honey bees still foraging 48 hours 
after initiation of treatment with (A) 0.1 mg permethrin, 
(B) 1 mg permethrin, (C) 10 mg permethrin and (D) 100 mg 
permethrin. 

Treatments were administered for 1.5 hours each on days 1 
and 2; remalnlng foragers were counted on day 3. 
Transformed data used so standard deviation bars could be 
shown. 
**Probability treatment = control (0.01 (paired t test). 
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Figure 21. Mean percent of marked honey bees still foraging 48 hours 
after initiation c~ treatment with (A) 1 mg cypermethrin, 
(B) 10 mg cypermethrin, (C) 10 mg fenvalerate and (D) 10 mg 
flucythrinate. 

Treatments were administered for 1.5 hours each on days 1 
and 2; remaining foragers were counted on day 3. 
Transformed data used so standard deviation bars could be 
shown. 
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Figure 22. Mean percent of marked honey bees still foraging 48 hours 
after initiation of treatment with (A) 0.1 mg methyl 
parathion, (B) 1 mg methyl parathion, (C) 10 mg methyl 
parathion and (D) 1 mg permethrin + 1 mg methyl parathion. 

Treatments were administered for 1.5 hours each on days 1 
and 2; remaining foragers were counted on day 3. 
Transformed data used so standard deviation bars could be 
shown. 
**Probability treatment = control <0.01 (paired t test). 
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Figure 23. Mean percent of marked honey bees still foraging 48 hours 
after initiation of treatment with (A) 10 mg methomyl, (B) 
50 mg Pounce® blank, (C) 10 mg permethrin covered by 
screen. 

Treatments were administered for 1.5 hours each on days 1 
and 2; remalnlng foragers were counted on day 3. 
Transformed data used so standard deviation bars could be 
shown. 
**Probabi1ity treatment = control <0.01 (paired t test). 
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Figure 24. Percent of marked honey bees foraging at the indicated 
time interval as a function of treatment with 0.1 .g 
permethrin on day 1. 

Arrow indicates initiation of treatment. Actual data shown 
(no transformation). 
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Figure 25. Percent of marked honey bees foraging at the indicated 
time interval as a function of treatment with 1 .g 
permetbrin on day 1. 

Arrow indicates initiation of treatment. Actual data shown 
(no transformation). 



(I) 
0: 
La.I 
C) 

< 
0: o 

40 

30 

La.. 20 
I-
Z 
La.I 
(.) 
0: 
La.I 
a.. 

10 

47 

~ CONTROL 

-M- TREATMENT 

O+---r--.~~---r---r--'---~--r-~r-~--~ 
o 10 20 30 40 50 60 70 eo 90 100 110 

MINUTES 

Figure 26. Percent of marked honey bees foraging at the indicated 
time interval as a function of treatment with 10 8g 

permethrin on day 1. 

Arrow indicates initiation of treatment. Actual data shown 
(no transformation). 
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Figure 27. Percent of marked honey bees foraging at the indicated 
time interval as a function of treatment with 100 ag 
permethrin on day 1. 

Arrow indicates initiation of treatment. Actual data shown 
(no transformation). 
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Figure 28. Percent of marked honey bees {oraging at the indicated 
time interval as a function of treatment with 1 .g 
cypermetbrin on day 1. 

Arrow indicates initiation of treatment. Actual data shown 
(no transformation). 
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Figure 29. Percent of marked honey bees foraging at the indicated 
time interval as a function of treatment with 10 ag 
cypermethrin on day 1. 

Arrow indicates initiation of treatment. Actual data shown 
(no transformation). 
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Figure 30. Percent of marked honey bees foraging at the indicated 
time interval as a function of treatment with 10 8g 

fenvalerate on day 1. 

Arrow indicates initiation of treatment. Actual data shown 
(no transformation). 
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Figure 31. Percent of marked honey bees foraging at the indicated 
time interval as a function of treatment with 10 .g 
flucythrinate on day 1. 

Arrow indicates initiation of treatment. Actual data shown 
(no transformation). 
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Figure 32. Percent of marked honey bees foraging at the indicated time 
interval as a function of treatment with 10 ag permetbrin 
covered by screen on day 1. 

Arrow'indicates initiation of treatment. Actual data shown 
(no transformation). 
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Figure 33. Percent of marked honey bees foraging at the indicated time 
interval as a function of treatment with SO mg Pounce. 
blank on day 1. 

Arrow indicates initiation of treatment. Actual data shown 
(no transformation). 



tn 
0:: ..... 
C) 

< 
0:: 
o 

40 

30 

u. 20 
I-
Z ..... 
o 
0:: ..... 
a.. 

10 

55 

-e- CONTROL 

-M- TREATMENT 

O+---~--'----r---r---r--~--~--~--~--~~~ 

o 10 20 30 40 50 60 70 80 90 100 110 

MINUTES 

Figure 34. Percent of marked honey bees foraging at the indicated time 
interval as a function of treatment with 0.1 .g methyl 
parathion on day 1. 

Arrow indicates initiation of treatment. Actual data shown 
(no transformation). 
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Figure 35. Percent of marked honey bees foraging at the indicated time 
interval as a function of treatment with 1 .g methyl 
parathion on day 1. 

Arrow indicates initiation of treatment. Actual data shown 
(no transformation). 
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Figure 36. Percent of marked honey bees foraging at the indicated time 
interval as a function of treatment with 10 ag methyl 
parathion on day 1. 

Arrow indicates initiation of treatment. Actual data shown 
(no transformation). 
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Figure 37. Percent of marked honey bees foraging at the indicated time 
interval as a function of treatment with I ag permethrin 
+ 1 ag methyl parathion on day 1. 

Arrow indicates initiation of treatment. Actual data shown 
(no transformation). 
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Figure 38. Percent of marked honey bees foraging at the indicated time 
interval as a function of treatment with 10 .g methomyl 
on day 1. 

Arrow indicates initiation of treatment. Actual data shown 
(no transformation). 
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Figure 39. Comparison of day 1 treatments: I ag permethrin vs. 1 
mg methyl parathion. 

Arrow indicates initiation of treatment. Data is same as 
day 1 treatment lines in figures 25 and 35. 
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Figure 40. Comparison of day 1 treatments: 10.g permethrin vs. 
10 mg methyl parathion. 

Arrow indicates initiation of treatment. Data is same as 
day 1 treatment lines in figures 26 and 36. 
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Topical Application of Permethrin to Foraging Honey Bees 

Table II shows that 3.86 ng of permethrin wi 11 disrupt the 

normal foraging activity of a honey bee when applied to the dorsal 

abdomen. A dose of 1.93 ng did not have a negative effect on foraging 

relative to the controls. Figure 41 shows that the reduction 1n 

foraging is not absolute at 3.86 ng. The bees were still attempting to 

forage but were severely impaired. A bee would arrive at the feeder, 

appear disoriented and display exaggerated grooming movements. This 

information 1S shown indirectly in the bioassay where the level of 

foraging at the feeder never drops completely to zero as a result of a 

pyrethroid treatment. It appears that there is a degree of recovery 

from pyrethroid exposure where the bee exhibits poisoning symptoms 

while still attempting to forage. 



TABLE II. Average number of foraging trips per bee per hour, and 
percentage of foragers surviving after treatment with 
permethrin. 

Dose Permethrin Number of Foraging Trips Percentage of 
n (ng/bee) per Bee per Hour Survivors 

a 
15 acetone control 15.3 + 2.1 93% 

a 
20 1. 93 14.0 + 5.2 90% 

b 
20 3.86 2.2 + 3.0 90% 

b 
38 9.65 0.63 + 1.1 87% 

b 
20 19.29 1.2 + 1.5 85% 

Values marked with dissimilar letters are significantly different 
(p<O.OI, paired t test). 
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Figure 41. Percentage of treated bees seen at least once in the 60 
minute interval following treatment with permethrin in 
acetone to the abdominal dorsum. 
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DISCUSSION 

The effect of pyrethroid insecticides on honey bees which is 

commonly referred to as repellency appears to be a sublethal toxic 

response which results in generalized inhibition of activity. The dose 

of pyrethroid on the surface to which the bees are exposed is 

apparently not critical in determining if the effect is repellent 

rather than lethal; even at two orders of magnitude above the 

repellency threshold, permethrin caused only slight mortality in this 

bioassay. Honey bees must contact the chemical for the effect to 

occur, and exposure 1S initially to the tarsi and ventral abdomen. 

Insecticides may also be transferred to other body parts, including 

proboscis and antennae, during grooming. The xylene-based aromatic 

solvents used to formulate permethrin had no intrinsic repellent 

effect. When exposure to the toxicant was terminated, foraging 

returned to previous levels within 24 hours indicating that memory is 

not permanently affected by the insult. It seems probable that the 

rapidity of the repellent effect may be a factor mitigating against 

mortality; the exposure time may be inadequate for a lethal dose to 

accrue. 

The data presented provide an example of a sublethal effect for 

pyrethroid insecticides on honey bees. Previous reports have discussed 

some of the sublethal effects of insecticides on honey bees. Cox and 
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Wilson (1984) applied topical doses of permethrin to foraging honey 

bees and observed their subsequent behaviors in an observation hive. 

Treated bees made fewer total trips outside the hive and engaged in 

extended grooming activities. Smirle et al. (1984) showed that worker 

bee longevity is reduced upon sublethal exposure to malathion and 

diazinon. Schricker (1974a, 1974b) examined the effects of sublethal 

doses of parathion on the time sense and ability to indicate distance 

by honey bees, and found both behaviors to be impaired. The repellent 

effect of pyrethroids is apparently the first reported example of a 

beneficial sublethal effect of an insecticide on honey bees. 

The apparent effective dose of permethrin required to induce 

repellency is ca. 4 ng per bee. Smart and Stevenson (1982) report an 

LDSO of 110 ng per bee for permethrin. Atkins et a1. (l98I) list 

an LDSO of IS9 ng per bee for permethrin. LDSO values vary 

based on differences in experimental procedure between invest igators. 

Even after accepting this constraint, a factor of at least 20 separates 

the lethal dose from the effective repellent dose. From these data it 

appears that the potential for the accumulation of a lethal dose prior 

to the induction of repellency is probably limited to a few specialized 

situations under typical agricultural conditions. These might include 

application methods which create hot spots (i.e., small areas of very 

high concentrations of technical insecticide), and daytime applications 

which literally coat foraging bees with the toxicant. 
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The model described here is unique in that the effects of 

insecticides on honey bees could be assessed by comparing treatment and 

control groups which were dist inct subpopulat ions generated from the 

same colony. Independent foraging groups were generated by 

condit ioning each bee to forage at one of two sucrose syrup feeders 

which were identical in every respect except odor. Such foraging 

specificity as a result of conditioning bees to odors has been reported 

previously by Johnson and Wenner (1966). They reported that by 

inject ing an odor into the colony to which one group of bees were 

conditioned, they could stimulate that group to begin foraging. 

Depending on the sequence of in.iect ion of different odors, either one 

of the two groups could be sent out first. Conditioning of bees to a 

single odor has been used for a variety of experimental purposes 

including studies of communication (von Frisch 1950), ecology (Wells 

and Giacchino 1968), physiology (Takeda 1961) and applied attempts to 

increase bee activity on specific crops (Boelter and Wilson 1984, Free 

1958). An unexpected benefit of the use of conditioned bees in these 

experiments was that differences in effect between permethrin and 

methyl parathion became evident. 

The most obvious difference in effect between permethrin and 

methyl parathion was the high mortality associated with the latter. A 

second difference was behavioral; bees poisoned wi th methyl parath ion 

showed the typical signs of cholinesterase inhibition and this may have 

disrupted the activity of other, nonexposed foragers. In this 
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bioassay, control foraging was disrupted on day 1 but not day 2 because 

by the second day more than 90% of the treated foragers were dead. 

Bees affected by pyrethroids do not exhibit similar behavior and no 

reduction in foraging at the control feeder was seen. The disrupt ion 

in foraging of nonexposed foragers by methyl parathion may have serious 

repercussions for the colony above and beyond the loss of those 

foragers directly exposed. For example, if the activity of water 

carryIng bees is disrupted by the poisoning of nectar foragers, serious 

bee mortality may result from overheating of the colony. It is 

possible that the reduction in foraging at the control feeder after 

methyl parathion exposure at the treatment feeder was due to the 

transfer of insecticide in the colony rather than abnormal behaviors by 

exposed bees. This theory may not be valid based on the observations 

that there is no concomitant increase in mortality for control bees and 

that treated bees continue to forage even after sublethal exposure to 

methyl parathion. 

A third difference between permethrin and organophosphate 

exposure was the rate of the effect. Figure 40 shows that foraging 

continued for ca. 30 minutes longer after the initial exposure for 

methyl parathion than permethrin. This was equivalent to ca. eight 

more foraging trips and may explain why a lethal dose was not accrued 

with permethrin. The same effect is not seen in Figure 39; the decline 

in activity after initial exposure to permethrin was slower at 1 mg 

than at 10 mg. The exp1anat ion for this is not clear, but it is 
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possible that 1 mg was the threshold level for the bioassay (0.1 mg 

produced no foraging reduction at all). If most of the 1 mg was 

adsorbed onto the filter paper then it would take longer to acquire a 

repellent dose at 1 mg than 10 mg. 

Atkins (1981) recommends the use of permethrin as a repellent 

to be sprayed simultaneously with high risk insecticides, thereby 

reducing the bee hazard. Preliminary data from the model show that 1 

mg permethrin when combined with 1 mg methyl parathion (Fig. 18) 

offered no protection from the organophosphate. Atkins' data indicate 

that the repellent effect may be more pronounced after an early morn1ng 

spray (rather than midnight) presumably because the formulation has not 

dried. Sprays of 0.224 AI (active ingredient) kg/ha on 4 different 

occasions produced net dead bee counts of 0, 30, 47 and 74 bees, and 

suppressed visitation counts of 61, 62, 45, and 34 percent. In all 

cases the applications were put on between 5:40 and 6:50 a.m. and the 

ultimate bee hazard was low. Gerig (1981) also reports variable data 

and says that on some occasions the repellent effect was entirely 

absent. Apparently, the parameters affecting the repellent response in 

agricultural situations have not been fully elucidated. In the case of 

the bioassay, it is poss ib Ie that the low, near threshold rate of 

permethrin was not sufficient to reduce the level of foraging prior to 

the accumulation of a lethal dose of methyl parathion. Another 

possible explanat ion is that the effects of the two compounds were 

additive. Gaughan ~.!!.. (1980) report the inhibition of mouse liver 
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esterases involved 1n the hydrolysis of trans-permethrin by the 

organophosphate compounds profenofos, sulprofos and DEF. Such 

potentiation may also occur with methyl parathion. 

Delabie ~~. (1985) reported that the formulation ingredients 

of Cymbush® were repellent to honey bees. Figure 14 shows no repellent 

effect for Pounce® formulation ingredients. The apparent contradiction 

between our results is due to different routes of exposure 1n the 

tests. Delabie fed the Cymbush® blank 1n sugar syrup. 

reported here, exposure was exclusively contact. 

In the tests 

An average field rate for permethrin is 0.1 to 0.2 pounds per 

acre (FMC 1984). This is equivalent to 1.12 to 2.24 uf!,/cm2 of field 

area. The rate of 1 mg in this bioassay is equivalent to ca. 10 

This comparison shows that the efficacy of permethrin is 

reduced slightly in the bioassay relative to field conditions, probably 

because of the adsorpt ion of the compound on the fil ter paper. More 

importantly, this comparison gives an indication of what a massive dose 

100 mg represents (1 mg/cm2). This is equivalent to 10,000 LD50 

doses/cm2 , yet only 20% of the bees suffered mortality as a result of 

the treatment (calculated using nontransformed data). The reason for 

the observed safety of pyrethroid insecticides in these tests remains 

unresolved, but perhaps is related to the speed of action of the 

repellent effect which may prevent the accumulation of a lethal dose. 
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A comparison of data collected using the honey bee model of 

repellency with published accounts of field tests on the effects of 

pyrethroids to honey bees follows. The most obvious correlation is 

that with both data sets, pyrethroids reduce honey bee visitation 

without a concomitant increase in mortality (Atkins 1981, Gerig 1981, 

Pike.!:£.!!.!.. 1982). These authors and Delabie ~ &. (1985) also note 

that the effect is persistent, i.e., does not attenuate with time, as 

long as the insecticide is present. The effect is the same for at 

least 2 days in the model. Gerig (1981) reports that the effect is 

rapid; bee activity was reduced within 1/2 hour from the time of spray. 

Atkins' (1981) data show that the repellent effect is not 100%. As in 

this model, a part of the foraging population continues, or attempts to 

cont inue to forage. A very interesting observation made by Gerig 

(1981) and Pike ~!!.!.. (1985) concerned hovering flight (former) and 

sustained flight behavior (latter). This is apparently the same 

behavior that Atkins (198l) describes when he writes " ••• permethrin ••• 

preventing foraging bees fom alighting on residue contaminated plants", 

although he interprets this as an olfactory mode of action ("true 

repellent") • Figure 13 shows that there is no olfactory repellency 

from permethrin. The hovering behavior was seen in the greenhouse and 

it was generally accompanied by vigorous, excessive grooming behavior. 

The bees contacted the treated surface, and probably transferred the 

pyrethroid via tarsi to antenna and proboscis. The toxicant then 

irritated these sensitive tissues, provoking the exaggerated grooming 
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behavior. This may occur when the bee is in fl ight or when she is 

stationary. In the former case, if the bee is near a foraging source 

it may appear that she is being olfactorily repelled as she hovers. 

In discussing my work with colleagues and advisors, a number of 

people have expressed concern over the use of "repellency" in this 

context. The term is somewhat limiting because it conveys relatively 

little information about the behavior under discussion and because 

there is a tendency to associate the word with the typical olfactory 

response found in mosquito repellents. Most of the init ial work on 

insect repellents was a search for compounds which prevented contact 

with blood sucking arthropods (Dethier 1956). With the recent advances 

made in insect pheromone systems the term has now come to represent 

widely disparate phenomena. Because the term repellency is already 

widely used in the context of pyrethroid insecticides and because the 

term is not totally inappropriate in so far as it represents a negative 

taxis, it is my opinion that the use of "repellency" should be 

continued. The effect is probably better described as activity 

inhibition, rather than repellency however, because a variety of 

behaviors may be affected. For example, suppression of oviposition can 

probably not be usefully called a form of repellency, yet is certainly 

an effect of pyrethroids on some Lepidoptera (Ruscoe 1977). Perhaps 

the most critical factor in this discussion is that the activity 

inhibition induced by pyrethroid insecticides is a sublethal, transient 

effect. Most insecticides will suppress foraging; it is the lack of 
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concomitant lethality which inspired the use of the term repellency for 

pyrethroids. Activity inhibition may be similar in origin to 

knockdown, the rapid, generally reversible paralysis 

The 

commonly 

foraging associated with pyrethroids (Miller and Adams 1982). 

inhibition caused by pyrethroids in honey bees may differ from 

knockdown only in the manner in which the effect is manifested. 

Another helpful question which has been raised regarding this 

study concerns the use of honey bees which are foraging on sucrose 

syrup at artificial "flowers" and are confined in a greenhouse. The 

question is: are honey bees foraging in a natural manner under these 

conditions? The answer is most decidely negative; the situation is 

unnatural and contrived. The purpose of the study was to create a 

situation where data relating to specific questions about the repellent 

effect of pyrethroid insect ides could be generated I.n a controlled 

environment; the bioassay described in the methods section is a model 

system. Models are useful for approaching the answers to questions, 

but are only rarely definitive. They draw their strength from the 

degree of correlation between data from the model and data collected in 

the "real" world. 

One aspect of the model which is in no way artificial is the 

small colony (called a nucleus colony or "nuc"). The nucleus colony 

must be identical to a full-size colony in every respect except size 

for cons istant foraging patterns to be established in the greenhouse. 
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For example, if bees of a particular age are left out when the colony 

is put together, some integral element of the foraging process may be 

interrupted. Building, a nucleus colony from which the bees forage 

actively and promptly after being placed in the greenhouse is not a 

trivial problem, so the question has been dealt with in considerable 

detail in Appendix A. 

The similarity between published reports of pyrethroid induced 

repellency and the data collected using the bios assay technique 

described in this study indicates that the model presents a valid 

description of the effect. No di fferences in the repellent response 

were seen among any of the fOllr pyrethroids tested, suggesting that it 

is a feature of pyrethroids in general. The applied aspects of the 

effects of pyrethroid insecticides on honey bees have yet to be fully 

evaluated. The low risk in terms of bee mortality is an obvious 

benefit from these compounds. The effects on poll ination may be more 

subtle. Repellency may prevent pollen transfer and if the receptive 

period for the crop is short, use of a pyrethroid m~ght have disastrous 

results. Many problems in managing honey bees for polliuation result 

from pesticide applications on neighboring fields. In these cases, 

pollination of the target crop may be improved if pyrethroids, rather 

than other more lethal insect icides, are used on ad ;acent crops. The 

use of pyrethroids applied according to accepted integrated pest 

management practices (Atkins.!:!..!!.. 1978), will be most beneficial to 
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beekeepers. Drastic reductions in colony population due to insecticide 

control of pest populations can thus be avoided. The development of 

insecticides which are relatively safe for honey bees was a somewhat 

fortuitous event; the low risk was not planned. With management 

techniques based on the repellent response of pyrethroid insect ic ides 

to honey bees, ma.;or conflicts between the pest control and beekeeping 

industries could be greatly reduced or eliminated. 



CONCLUSIONS 

1) The response of honey bees after exposure to pyrethroid 

insecticides, which is commonly referred to as repellency, is a 

sublethal activity inhibition caused by contact with the toxicant. 

This may be analogous to the knockdown effect. 

2) In the model system, honey bees from a single colony are 

effectively divided into two foraging subpopulations. Bees exposed 

to pyrethroids apparently do not influence the behavior of 

nonexposed foragers. 

3) Intoxication of bees by methyl parathion may temporarily disrupt 

the foraging of nonexposed bees in the same colony. 

4) No permanent changes in memory or foraging efficiency were observed 

l.n exposed bees following acute exposure to pyrethroids. 

5) Dose of pyrethroid on the surface to which the bees are exposed is 

not a critical factor in the mitigation of mortality. 

6) The apparent threshold dose of permethrin required to induce 

7) 

repellency is ca. 

No differences 

3.8 ng/bee. 

in effect were seen 

cypermethrin, fenvalerate and flucythrinate. 

between permethrin, 

8) The xylene based aromatic solvents used in the formulation of 

Pounce® showed no intrinsic repellent effect. 
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APPENDIX A: NOTES ON NUCLEUS COLONIES AND HONEY BEE FLIGHT IN 
GREENHOUSES 

Producing the conditions which result in regular flight by 

honey bees in a greenhouse or flight cage is as much of an art as a 

science. Most of the following comments, made to explain observations 

on the bees' behavior, are hypotheses at best and may be little better 

than vague guesses. Nevertheless, the system described below works and 

is reliable. As an example, the presence of open brood in the nucleus 

colony ("nuc") seems to stimulate activity by foragers and therefore 

all nucs were made with one frame full on both sides with unsealed 

brood. No data was generated to support this observed behavior, 

however. This is a topic which is amenable to further exciting 

research but that is not within the scope of this dissertation. 

The general conditions which must be met within the nucleus 

colony in order to produce regular foraging behavior are: worker bees 

of all ages (larvae, pupae and adults), a laying queen, food, and empty 

comb. A generally stable environment with the temperature between ca. 

19° and 42°C, adequate light of the proper wavelengths, and a water 

source are also required. The easiest way to achieve the internal 

colony parameters was to use a nuc which had been flying freely for a 

month or more. In that period it had equi librated to the equal of a 

normal colony in every respect except size. A number of problems 

existed with this approach, however, especially because a large number 
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of nucs were ultimately used. The most common problem was the 

condition called plugged-out, in which the entire nuc was filled with 

honey. The queen thus had no place to lay eggs and normal activity was 

disrupted. This was an extremely COmmon situation, virtually 

guaranteed to happen whenever nectar was available for collect ion, 

because the colony was so small. A related phenomenon was swarming, 

which bees do whenever the nest gets crowded. This resulted in a shift 

in the age distribution within the colony resulting in altered foraging 

characteristics for at least 2 weeks. 

Another problem with using exist ing nucs was that the· total 

populat ion level was very difficult to control. In this bioassay, 

foraging levels between about 100 and 400 total bees per feeder were 

optimum. Too many bees and data were difficult to collect 

systematically, and with too few bees, foraging patterns increased in 

variability. For some greenhouse applications, this problem may not be 

severe. For example in a pollination ecology study where a single bee 

may be followed for extended periods, low levels of forager activity 

will not represent a problem. In this bioassay, however, the only 

reliable way to produce consistent foraging patterns in a greenhouse 

using numerous colonies in many replications over an extended period of 

time was to create each nuc de novo as it was needed. 
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Each nucleus colony was created by removing appropriate 

components from a full size colony. A nuc box which held five f .. ames 

was preferred; a four frame box would do, but the bees filled it up 

with syrup faster. A regular size 10 frame Langstroth hive body could 

also be used, but the additional frames created more work. The first 

components selected were three frames of brood, care being taken to 

include all stages in roughly equal proportions. The other. two frames 

were left empty for the queen to lay eggs in, and the workers to store 

syrup in. It was best if the brood combs selected were light, Le., 

low on honey. In the middle of a honey flow these were difficult to 

find and sometimes the honey was scraped off if it was an extremely 

heavy frame. 

While deciding which brood combs to use, a search was being 

made for the queen. When found she was placed with the brood in the 

nuc. The next step was to supply the nuc with the proper number of 

adul t worker bees of all ages. Having bees of the correct age was 

probably the most critical step in the entire process. For example, if 

scout bees were not included, foragers remained in the hive all day, 

and if middle age bees were left out, "tank" bees were lacking to 

receive nectar loads from foragers. It was not difficult inadvertently 

to neglect placing any foragers at all into the nuc box· under some 

circumstances. At certain times of the year, most of the foragers are 

away from the colony (except at night) and most foragers also had a 

tendency to leave the nuc as it was being made up since they are the 

most active fliers in the colony. 
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The method used to ensure the proper age distribution of bees 

in the nucleus colony depended greatly on seasonal considerations. 

The spatial distribution of bees within a colony is not entirely 

understood with respect to either age or labor specialization (Seeley 

1985) and this remains a fertile area for further study. The following 

method, however, has worked well. 

The easiest time to make up a nucleus colony was when the bees 

were in their winter cluster. Cool weather inhibited flight as the 

bees were shaken off the comb and into the nuc box, and because they 

were clustered, bees of all ages were together in a group. The best 

way to shake the bees was to put three frames inside the five frame 

box, leaving a gap in the center of the box (one frame to one side, two 

frames to the other). The frame with the bees of interest was then 

held in the gap and firmly jolted once downward with care being taken 

not to strike the box or other frames. The bees became displaced onto 

the bot tom of the box and then moved up onto the combs. When enough 

bees had been deposited in the box, the other two frames were added and 

the top closed. The entrance was blocked with screen before adding the 

bees so that when the top was in place, the bees were confined and 

ready to be transported. It was not easy to know how many bees to put 

into the nuc, but after making many nucs, one developed a feel for it. 

If most of the bees from a single deep hive box were transferred during 

winter cluster to the nuc, the activity level in the greenhouse was 

close to correct. A high initial population level for the colony was 
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necessary because the attrition rate In the greenhouse was very high 

before the bees became oriented. 

In the summer, bees were taken from throughout the hive to 

achieve a complete distribution of ages and labor specializations. The 

nuc was made with about 60% brood nest bees, the remainder were 

obtained from an upper super. During this time of year the bees could 

be very flighty, and it often helped to spray a 30% (vol/vol) sucrose 

In water solution on the bees and frames in the nuc to reduce flight 

activity. The extra moisture also cooled the nuc while it was being 

transported. If the bees were extremely prone to flight from the nuc, 

it was made up with brood nest bees only. The older bees were then 

added in the greenhouse by transporting the super full of bees under a 

screen cover separately. Once in the greenhouse, the bees were shaken 

into the nuc as usual (with syrup) and the fliers eventually found 

their way to their new home because there was nowhere else to go. 

Preparing a nuc from a full size colony left that colony 

without a queen. The queen could be replaced in a variety of ways, but 

the most reliable method used was to replace her with an existing nuc. 

When a new nuc was prepared from a colony, it was immediately replaced 

with one previously used in a test. No syrup or any other special 

treatments were necessary for the queen to be accepted. The colony was 

marked to prevent using it twice. Thus every replication in this study 

was done with a different queen. 
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The nucleus colonies were made from locations at least 2 miles 

from the greenhouse where the studies were conducted because this 

seemed to allow the foragers to orient eas ier in the new locat ion. 

This was essentially an educated guess based on the knowledge that when 

bees are moved less than a mile, many of the foragers will return to 

the old spot because the change was not drastic enough to induce them 

to reorient when they leave the hive. 

The greenhouse was equipped with an evaporative cooler and a 

heater for temperature control. The cooler also provided a water 

source for the bees. An interesting phenomenon was observed as a 

result of using a cooler in the greenhouse. The bees would begin 

foraging normally in the morning when the syrup was provided. If the 

cooler fan started up while the bees were foraging, however, foraging 

activity would cease. It took a few weeks of wasted time before the 

correlation was made that the cooler was the problem. Apparently, the 

rapid drop in temperature and rise in humidity and air movement 

approximated conditions forecasting a storm, so all the bees went home. 

The problem was corrected by turning on the cooler before the bees 

began foraging so no sudden change in the 'weather' would occur. 

The caged bees had no pollen source so it was provided for them 

in the form of a patty placed on the top bars of the nuc. The patties 

were prepared by adding together in an industrial baking mixer 8 lbs 

pollen, 8 lbs granulated sucrose and 8 lbs drivert sucrose with about 

The pat ties were fed at a rate of 1 1 b per week as a 

protein source for the bees. 



APPENDIX B: POTENTIAL FUTURE RESEARCH 

While conducting the experiments described in this 

dissertation, questions arose which would make profitable future 

research investigations but which did not directly pertain to this 

project. A description of thse research topics follows. 

1. Conducting LDSO Studies for insecticides using foraging, rather 

than caged, honey bees. 

Previous LDSO studies have used caged bees i'solated from 

the normal environment of the colony (Smart and Stevenson 1982, Atkins 

et a1. 1981). Generation of an LDSO by topically dosing marked, 

foraging honey bees with pyrethroids might show that the relat ive 

safety of these compounds is due in part to the social aspects of the 

honey bee life cycle. The LDSO value could vary dramatically 

between the two methods and it might be possible to determine those 

parameters respons ible for any observed differences. One potent ial 

factor is temperature; the honey bee colony is essentially 

homeothermic, a condition somewhat unique in the class Insecta. 

Pyrethroid insecticides have a negative temperature coefficient (are 

more active at lower temperatures). The relative importance of these 

observations is unkn·)wo. Collecting the data necessary to determine an 

LDSO with foraging bees would be extremely time-consuming due to 
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the intrinsic variability of the model system. A large number of 

replications would be required to overcome this source of error. 

2. Comparisons of insecticide treatments using the honey bee 

repellency bioassay. 

Data collected with the bioassay were highly variable. 

Comparisons between treatment means could not be made with confidence 

because some statistically significant differences were not logical. 

For example the day 1 pretreatment values for 10 mg permethrin and for 

50 mg Pounce® blank are significantly different when compared using a 

t test. Comparison of treatmen't means could be made in the future by 

either increasing the number of replications or by running two 

treatments in a single bioassay without a control. 

3. Bioassay modifications to improve sensitivity. 

In order for the dynamics of the foraging reduction induced by 

permethrin to be fully elucidated certain modifications in the bioassay 

would be needed. One change would be to accumulate data at more 

frequent intervals to increase sensitivity. Also, the technical 

insecticide could be applied to the filter paper in a nonvolatile 

solvent; the carrier would compete with the toxicant for adsorptive 

sites on the filter paper, increasing the availability of insecticide 

for honey bee exposure. This would hopefully also reduce differences 

in adsorptivity between compounds. 

4. Identify site of action of repellent effect. 

It was shown in this work that contact exposure was necessary 

for honey bees to be repelled by pyrethroids, and that exposure to 
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either the tarsi and ventral abdomen or to the dorsal abdomen would 

produce the response. The internal site of act ion for the repellent 

effect remains to be elucidated. The relationship between the 

repellent site of action and the lethal site of action 1S an open 

question; the lethal site of action is also unknown. Studies of the 

absorption and distribution of pyrethroids in honey bees over time, 

when coupled with behavioral dynamics information generated from (3) 

above, may give an indication of site of action. 

s. Evaluat ion of the use of pyrethroids to reduce the hazard from 

other insecticides. 

The data presented show that when permethrin was combined with 

methyl parathion under the conditions of this method, the lethality of 

the organophosphate was not reduced. Further work is justified both 

with the model system and in the field to determine those mixtures of 

pyrethroids with other insecticides which may reduce the hazard to 

honey bees posed by crop pest control applications. Each mixture must 

be evaluated on an individual basis to assure its efficacy and to avoid 

problems such as potentiation of toxicity or incompatibility of tank 

mixes. 

6. Partit ioning of foragers from a honey bee colony among different 

plants flowering concurrently. 

It was shown that two separate foraging subpopulations could be 

formed under the conditions of these experiments. The extent to which 

this occurs in the natural environment remains to be fully evaluated, 
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as do the internal colony parameters which result in such foraging 

patterns (Seeley 1985, Johnson and Wenner 1966). Additional question~ 

regarding how bees distribute themselves among numerous nectar sources 

could be examined in the greenhouse by providing one or two more 

foraging sites concurrently with the two already in use and following 

marked bees to assess the partitioning of foragers between these new 

scented sources of syrup. The greenhouse model system provides a very 

convenient method for approaching such quest ions. Obtaining simi 1ar 

data in the field would be very difficult and time consuming, but would 

be necessary to substantiate theories developed with the model. 



APPENDIX C: NUMBER OF MARKED BEES FORAGING AT EACH INSTANTANEOUS 
COUNTING PERIOD (RAW DATA). Counts were taken at 10 minute intervals. 
*indicates treatment applied for remainder of that day's counting 
period. 

0.1 m~ Permethrin 
Treatment 1 day 1 12 14 15 11 *12 14 16 13 15 12 13 11 

day 2 12 17 16 18 *16 15 14 11 14 10 12 8 
day 3 10 13 12 13 8 11 14 7 

Control 1 day 1 14 16 15 12 12 13 14 15 17 15 13 15 
day 2 11 10 12 17 15 16 12 11 8 9 15 12 
day 3 15 13 14 7 11 8 12 9 

Treatment 2 day 1 10 13 12 12 *12 13 9 10 11 12 9 12 
day 2 15 11 13 12 *10 14 16 12 9 11 16 12 
day 3 14 10 11 12 8 13 15 10 

Control 2 day 1 13 14 11 13 12 12 14 12 9 11 9 10 
day 2 16 11 13 ll~ 12 15 10 9 12 13 9 10 
day 3 12 13 10 11 15 8 11 12 

1 mg Permethrin 
Treatment 1 day 1 12 15 8 12 *11 7 9 5 3 1 6 2 

day 2 12 8 11 12 * 7 9 4 7 5 3 1 2 
day 3 10 16 9 10 11 12 10 11 

Control 1 day 1 11 10 16 8 12 14 9 13 6 11 12 10 
day 2 12 15 13 10 11 10 13 7 10 11 13 4 
day 3 12 9 11 10 8 13 11 11 

Treatment 2 day 1 9 12 7 10 *11 14 5 4 5 3 4 2 
day 2 8 12 9 11 *13 6 2 2 3 2 1 4 
day 3 9 11 10 7 8 9 10 9 

Control 2 day 1 8 10 10 11 8 12 10 14 8 8 10 11 
day 2 11 10 8 10 11 10 12 8 11 10 9 11 
day 3 6 11 9 6 8 10 8 11 

Treatment 3 day 1 14 9 11 11 *11 3 7 1 8 4 4 1 
day 2 10 7 8 10 * 8 5 5 4 3 2 1 3 
day 3 7 7 11 7 9 6 8 7 

Control 3 day 1 12 11 14 11 10 12 11 7 11 8 11 10 
day 2 9 8 8 11 10 11 9 6 8 9 4 7 
day 3 9 14 8 9 10 11 8 11 
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APPENDIX C.--Continued. 

10 mg Permethrin 
Treatment 1 day 1 15 11 15 14 *12 3 2 6 2 3 4 4 

day 2 13 14 11 7 * 5 4 6 4 4 6 3 6 
day 3 9 8 7 9 13 8 8 13 

Control 1 day 1 12 10 17 10 9 14 14 12 10 15 9 9 

day 2 10 7 11 9 8 12 6 6 9 6 13 12 
day 3 . 8 7 4 9 9 6 4 7 

Treatment 2 day 1 10 9 13 10 * 3 3 4 3 4 2 3 3 
day 2 11 11 10 14 * 4 1 2 2 2 2 4 3 
day 3 15 14 17 13 15 12 9 11 

Control 2 day 1 7 10 12 11 13 11 10 13 11 15 13 18 
day 2 11 8 13 15 17 15 10 14 15 11 7 12 
day 3 14 11 13 8 7 11 8 11 

Treatment 3 day 1 10 13 11 8 * 2 4 2 3 2 2 0 3 
day 2 10 9 8 9 * 3 5 4 0 4 0 1 0 
day 3 12 3 8 12 5 7 4 10 

Control 3 day 1 13 8 10 7 8 8 8 10 4 11 14 12 
day 2 8 9 9 7 10 9 12 9 7 8 15 11 
day 3 5 10 5 7 9 7 6 6 

100 mg Permethrin 
Treatment 1 day 1 10 15 13 9 * 3 4 0 0 1 0 1 0 

day 2 14 12 8 11 * 3 1 1 0 1 1 0 0 
day 3 9 8 7 7 5 6 7 6 

Control 1 day 1 15 17 13 12 16 13 8 11 6 10 11 7 
day 2 13 14 6 11 15 13 7 9 12 10 11 10 
day 3 12 8 10 11 10 11 12 9 

Treatment 2 day 1 13 18 7 11 * 3 2 0 2 2 1 1 n 
day 2 10 9 11 8 * 1 2 1 2 0 2 1 2 
day 3 6 6 7 6 8 8 7 6 

Control 2 day 1 11 15 13 16 9 12 11 12 7 10 11 10 
day 2 9 10 8 12 8 11 6 10 6 9 12 7 
day 3 9 7 6 11 8 7 5 9 

Treatment 3 day 1 13 11 9 12 * 5 3 0 2 2 2 1 3 
day 2 10 13 11 11 * 2 0 1 0 2 1 0 2 
day 3 8 6 5 8 9 8 8 10 

Control 3 day 1 9 11 13 13 12 12 14 14 9 11 11 12 
day 2 15 12 8 16 12 16 17 10 10 13 11 13 
day 3 11 9 10 11 12 8 9 11 
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APPENDIX C.--Continued. 

1 mg Cypermethrin 
Treatment 1 day 1 15 11 13 10 * 7 6 2 4 4 5 3 0 

day 2 13 15 14 12 * 9 10 7 6 5 8 9 4 
day 3 11 13 15 10 7 12 10 11 

Control 1 day 1 12 14 10 13 14 10 9 11 9 10 14 12 
day 2 8 13 10 14 13 12 11 14 8 13 10 12 
day 3 9 15 14 9 11 12 10 13 

Treatment 2 day 1 IS 10 13 11 *15 10 5 3 5 3 0 3 
day 2 10 13 15 11 * 9 11 11 7 8 5 8 9 
day 3 13 7 14 15 9 10 12 11 

Control 2 day 1 9 13 14 12 10 12 8 10 11 9 13 8 
day 2 15 12 13 11 13 12 10 15 8 9 13 11 
day 3 9 14 9 15 8 12 11 11 

Treatment 3 day 1 10 13 14 11 *12 14 7 6 8 3 5 2 
day Z 15 12 13 10 * 7 9 8 3 5 2 0 3 
day 3 7 16 12 12 11 14 9 11 

Control 3 day 1 12 13 15 17 8 12 11 7 13 14 12 11 
day 2 15 8 9 13 11 14 10 11 10 13 12 7 
day 3 17 7 13 11 12 9 10 13 

10 mg C~permethrin 
Treatment 1 day 1 13 15 10 12 *12 10 4 3 1 6 4 3 

day 2 12 16 U 13 * 9 7 3 4 2 2 3 2 
day 3 10 11 13 15 14 12 13 12 

Control 1 day 1 13 17 9 14 18 9 16 12 9 13 10 12 
day 2 14 13 16 11 12 13 12 9 11 16 10 7 
day 3 15 9 13 17 12 14 9 12 

Treatment 2 day 1 10 14 18 12 *11 9 3 3 2 4 2 3 
day 2 15 13 10 12 *14 11 3 6 4 4 6 2 
day 3 13 13 9 12 15 9 16 8 

Control 2 day 1 12 13 14 15 12 12 14 10 11 15 9 12 
day 2 12 13 14 10 13 14 13 9 12 10 14 7 
day 3 14 12 14 8 13 9 15 7 

Treatment 3 day 1 14 13 12 11 * 6 2 0 2 1 3 3 0 
day 2 7 11 15 9 * 8 4 2 2 3 1 3 4 
day 3 11 9 13 9 8 9 8 7 

Control 3 day 1 12 12 11 13 9 9 9 10 7 9 7 6 
day 2 13 11 10 9 15 12 11 12 12 8 8 9 
day 3 9 13 11 13 12 13 9 12 
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APPENDIX C.--Continued. 

10 mg Fenva1erate 
Treatment 1 day 1 12 13 7 10 * 6 7 5 4 6 4 5 5 

day 2 11 13 8 10 * 9 5 2 1 4 1 5 7 
day 3 8 10 11 7 8 10 9 11 

Control 1 day 1 9 13 8 11 11 14 12 11 13 8 10 13 
day 2 14 12 12 10 11 15 12 12 11 11 q 12 
day 3 12 11 8 10 13 7 11 12 

Treatment 2 day 1 14 9 13 11 * 9 6 3 2 3 4 5 4 
day 2 12 14 9 11 * 7 6 6 5 7 4 5 5 
day 3 9 11 12 8 11 14 7 12 

Control 2 day 1 9 12 7 14 13 11 8 6 15 14 9 11 
day 2 14 13 7 12 11 9 12 14 11 13 15 9 
day 3 11 9 13 12 8 14 10 12 

10 mg F1uc~thrinate 
Treatment 1 day 1 11 11 7 13 *12 7 8 6 6 7 6 5 

day 2 12 14 7 10 * 9 3 4 2 3 3 7 5 
day 3 9 12 10 7 8 9 11 9 

Control 1 day 1 9 12 11 9 10 12 10 11 14 11 10 12 
day 2 8 12 9 13 12 5 8 9 12 13 10 13 
day 3 11 8 10 12 9 7 13 8 

Treatment 2 day 1 15 13 10 11 * 5 3 3 5 2 6 4 6 
day 2 12 11 14 14 * 7 10 6 9 7 8 6 7 
day 3 10 11 13 9 11 8 12 7 

Control 2 day 1 13 15 9 11 12 14 13 11 10 12 12 13 
day 2 15 12 14 11 18 13 12 15 10 9 13 9 
day 3 12 14 12 11 13 15 10 12 

10 mg Permethrin Covered b~ Screen 
Treatment 1 day 1 9 8 13 11 *12 7 14 15 13 10 12 11 

day 2 12 10 9 11 * 8 7 14 11 13 11 10 8 
day 3 9 13 9 12 10 11 12 9 

Control 1 day 1 12 11 7 10 9 13 8 14 9 12 11 13 
day 2 7 8 13 12 7 14 9 11 10 8 12 14 
day 3 7 14 13 15 9 7 10 12 

Treatment 2 day 1 8 11 12 8 * 9 12 13 12 8 13 12 11 
day 2 8 9 12 11 *13 14 7 12 11 10 9 13 
day 3 10 12 11 13 9 13 12 9 

Control 2 day 1 14 12 10 13 9 12 14 11 9 11 7 12 
day 2 10 13 9 14 15 12 7 16 9 10 12 13 
day 3 12 8 14 13 10 11 13 12 
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APPENDIX C.--Continued. 

Treatment 3 day 1 12 14 16 9 *11 9 12 10 9 11 8 12 
day 2 10 9 12 8 * 7 13 15 8 9 11 12 10 
day 3 13 12 9 11 7 14 9 12 

Control 3 day 1 9 11 8 9 12 10 11 8 9 10 12 10 
day 2 10 7 13 9 8 7 12 9 11 12 13 14 
day 3 8 11 9 12 14 10 11 9 

50 mg Pounce® Blank 
Treatment 1 day 1 13 11 12 14 *17 13 10 12 11 12 15 11 

day 2 16 14 12 15 *15 16 13 12 17 15 13 12 
day 3 12 15 17 10 11 16 12 13 

Control 1 day 1 10 13 12 16 13 15 10 13 15 10 12 13 
day 2 15 12 17 15 13 15 16 10 12 13 14 13 
day 3 13 16 10 13 14 14 10 17 

Treatment 2 day 1 12 13 15 19 *13 10 15 13 16 16 15 12 
day 2 15 10 14 13 *18 16 15 10 14 17 12 13 
day 3 11 14 13 16 10 11 13 13 

Control 2 day 1 15 10 13 16 14 10 13 16 12 16 14 12 
day 2 14 11 13 14 12 13 15 17 13 12 14 10 
day 3 13 16 8 15 14 12 14 11 

Treatment 3 day 1 10 11 17 12 *15 14 16 13 19 9 12 17 
day 2 13 7 10 12 *13 14 10 15 17 9 19 11 
day 3 11 10 13 14 16 15 14 14 

Control 3 day 1 13 12 15 17 10 11 13 15 16 9 6 14 
day 2 12 8 9 13 16 15 10 14 13 17 13 11 
day 3 15 17 11 9 13 14 16 13 

0.1 mg Meth~l Parathion 
Treatment 1 day 1 . 12 15 11 14 *16 13 8 12 11 10 12 11 

day 2 12 13 16 12 *12 15 13 10 12 11 13 15 
day 3 11 14 12 15 10 12 7 10 

Control 1 day 1 12 11 15 12 10 14 11 12 13 10 11 8 
day 2 15 12 14 11 9 10 14 11 15 9 12 11 
day 3 10 9 12 14 9 9 11 12 

Treatment 2 day 1 9 11 17 11 *11 13 12 16 13 10 12 11 
day 2 12 13 16 14 *18 12 13 9 10 11 13 9 
day 3 11 9 13 8 9 15 12 10 

Control 2 day 1 15 10 14 9 10 11 12 8 7 13 10 12 
day 2 13 11 15 10 11 13 12 10 9 8 7 13 
day 3 13 11 15 8 13 8 11 12 
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APPENDIX C.--Continued. 

1 mg Methl:1 Parathion 
Treatment 1 day 1 12 14 13 11 * 9 7 7 0 0 0 0 0 

day 2 1 0 2 2 * 1 0 1 1 0 0 0 1 
day 3 0 1 0 0 0 0 0 0 

Control 1 day 1 11 13 14 12 14 12 8 13 0 0 0 0 
day 2 8 9 7 7 9 10 7 8 7 8 7 9 
day 3 11 12 10 8 13 9 11 11 

Treatment 2 day 1 9 11 15 12 *10 10 7 10 8 7 5 0 
day 2 0 0 0 1 * 0 0 0 0 0 0 0 0 
day 3 0 0 1 0 0 0 0 0 

Control 2 day 1 12 10 14 12 15 12 11 10 9 12 7 0 
day 2 8 10 11 12 10 8 11 9 7 12 11 8 
day 3 12 11 11 7 10 8 12 12 

Treatment 3 day 1 12 13 15 11 *10 9 12 7 5 7 2 O· 
day 2 0 0 0 0 * 0 0 0 0 0 0 0 0 
day 3 0 0 0 0 0 0 0 0 

Control 3 day 1 15 13 11 10 12 7 11 14 9 6 2 0 
day 2 15 7 12 11 10 11 14 8 12 14 9 11 
day 3 10 13 8 15 12 11 10 10 

10 mg Methyl Parathion 
Treatment 1 day 1 14 17 16 11 *14 7 4 7 1 0 0 0 

day 2 4 5 3 5 * 4 1 2 4 2 1 0 0 
day 3 0 0 0 0 0 0 0 0 

Control 1 day 1 13 14 12 13 10 15 12 6 5 0 0 0 
day 2 18 13 16 12 11 10 9 8 11 7 1 0 
day 3 13 15 12 9 11 8 11 13 

Treatment 2 day 1 8 10 6 18 * 6 9 8 6 4 1 3 2 
day 2 2 3 3 0 * 2 0 2 1 0 1 0 0 
day 3 0 0 0 0 0 0 0 0 

Control 2 day 1 9 12 9 10 13 11 14 5 9 5 4 6 
day 2 9 8 11 14 14 11 15 11 15 12 10 11 
day 3 11 8 15 16 15 10 12 9 

Treatment 3 day 1 13 12 9 10 *10 11 7 6 0 0 0 0 
day 2 1 2 2 1 * 1 0 1 1 1 0 0 0 
day 3 0 0 1 0 0 0 0 0 

Control 3 day 1 14 13 11 8 7 10 9 10 0 0 0 0 
day 2 11 9 13 15 11 5 9 8 8 6 0 0 
day 3 10 8 9 11 11 13 9 14 
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APPENDIX C.--Continued. 

1 mg Permethrin + 1 mg Methll Parathion 
Treatment 1 day 1 8 11 11 12 *11 10 9 7 8 7 4 7 

day 2 5 3 6 7 * 2 3 1 1 0 0 0 1 
day 3 2 1 1 1 1 1 2 0 

Control 1 day 1 12 13 9 12 14 12 8 11 10 12 7 9 
day 2 12 14 12 9 12 10 14 12 10 11 12 8 
day 3 10 8 12 13 8 12 11 8 

Treatment 2 day 1 9 11 10 11 *11 8 7 6 12 8 7 7 
day 2 0 1 0 0 * 1 0 2 1 0 0 1 0 
day 3 1 0 1 1 0 1 1 0 

Control 2 day 1 11 13 9 13 11 14 7 10 11 13 9 8 
day 2 8 15 12 10 10 11 15 8 12 11 13 11 
day 3 8 6 10 9 8 11 7 9 

10 mg Methoml1 
Treatment 1 day 1 10 14 11 9 *13 12 9 14 8 6 3 2 

day 2 12 8 7 9 *11 7 8 6 0 2 1 2 
day 3 7 5 3 6 4 7 3 5 

Control 1 day 1 10 12 7 14 9 13 15 8 11 12 10 15 
day 2 7 13 9 12 14 8 9 13 12 10 11 12 
day 3 12 7 13 11 12 9 14 15 

Treatment 2 day 1 12 14 8 12 *10 11 9 10 6 7 3 4 
day 2 13 12 11 12 * 9 10 8 6 7 3 3 0 
day 3 3 5 3 3 4 5 3 6 

Control 2 day 1 10 11 9 14 11 13 9 10 12 11 8 13 
day 2 15 10 12 10 12 9 10 13 11 7 12 10 
day 3 7 12 13 9 11 9 12 7 



APPENDIX D: HONEY BEE* REPELLENCY BIOASSAY: SURVIVORSHIP (RAW DATA) 

0.1 mg Permethrin 

1 mg Permethrin 

10 mg Permethrin 

100 mg Permethrin 

1 mg Cypermethrin 

10 mg Cypermethrin 

10 mg Fenvalerate 

10 mg Flucythrinate 

10 mg Permethrin covered by screen 

50 mg Pounce® blank 

0.1 mg Methyl Parathion 

Replication 
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1 
2 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 

1 
2 

1 
2 
3 

1 
2 
3 

1 
2 

Treatment 

45 
43 

36 
44 
35 

37 
39 
41 

33 
29 
29 

43 
40 
42 

42 
46 
36 

43 
42 

40 
42 

43 
47 
46 

41 
45 
42 

43 
47 

Control 

43 
41 

39 
37 
39 

38 
41 
39 

41 
43 
38 

43 
44 
45 

44 
43 
46 

45 
39 

38 
44 

44 
45 
43 

41 
42 
42 

39 
42 
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APPENDIX D.--Continued. 

1 mg Methyl Parathion 1 3 28 
2 1 35 
3 0 39 

10 mg Methyl Parathion 1 0 46 
2 0 39 
3 1 36 

1 mg Permethrin + 1 mg Methyl 1 4 37 
Parathion 2 1 39 

10 mg Methomyl 1 14 41 
2 21 43 

*50 bees marked for each treatment and each control. 
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