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The objective of this study was to evaluate the effects of sublethal 

lesticide exposure on temporal dlvlslon of labour and longevity in the honey b 

(A,uisme//iferaL.). Anumberof differentvariableswereexamlnedincluding 

dosage, various treatment ages (between 0 and 16 days old), number of exposures 

(one, two and three times), and type of pesticide (diazinon, cabaryl, or 

resmethrin). In addition, experiments were repeated withln and between years, 

and two hive types (observation hives and standard field colonies) were used. 

Data examined for each variable included l i fe span, and the f i rs t  day and duration 

of tasks commonly performed by workers. 

Both longevity and one aspect of division of labour, foraging, were affected 

by sublethal exposure to pesticides. The lifespan of newly emerged workers was 

reduced by a slngle wpllcation of diazinon in the observation hives and by a single 

application of carbaryl in the standard field colonies. In addition, older workers 

treated three times with diazinon had shorter lifespans than controls. For 

foraging age, diazinon-treated, newly emerged workers tended to begin foraging 

earlier than controls, while workers treated at a later age Md with three dosages 

of diazinon began foraging later. In most cases, treatment with pesticide also 

reduced the duration of foraging. few differences were seen in any of the other 

tasks examined. 

Treatment age, pesticide type, and number of treatments also had some 

effects on these aspects of honey bee behavlour. Newly emerged workers were 

particularly susceptlble, and repeated exposure to pesticides was deleterious to 

both young and older workers. Of the three pesticides tested, carbaryl caused the 

greatest reduction in longevity, w ith resmethrin intermedlate and diazinon the 



least harmful. To properly evaluate pestlclde effects, these factors should be 

considered In future research. 
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The honey bee ( Ap/s me////era L. Is an important component of modem 

agriculture. In the Westem World about one-third of manes total diet is  

dependent, directly and indirectly, on bee pollination (McGregor 1976). The total 

value per yew of commodities and crops that depend in  some way on bees for 

pollination has been estimated at $18.9 billion (U.S.) in  the United States (Levin 

1984) and $1.2 billion (Canadian) in Canada (Winston and Scott 1984). About 40 

major crops (each valued at greater than $1 million (US.) per yea)  in the U.S.A 

and 25 major crops in  Canada are obligately pol 1 hated by bees. An addl t tonal 70 

crops in the Unl ted States (McGregor 1 9761, some 1 05 crops In the tropics (Crane 

and Walker 19831, and over 135 economically important crops in  38 families 

worldwide (Free 1970) are known to benef it from bee pollination. 

An increased demand for food and fiber world-wide has led to larger-sized 

farms and increased acreage, mechanization, and pesticide use ( Atkins 1 975; 

Metcalf 1980; Wilson et a/. 1980). The development of modem agriculture has, in 

tum, led to a greater dependence on managed bees for pollination due to decreases 

in  native pollinators through habitat destruction and pesticide use. Of these 

managed pollinators, honey bees are the most important because they can be 

handled in  large numbers ( Joh~sen  1 984). Unf wtunately, honey bees ae 

susceptible to many commonly used pesticides, especially insecticides (Anderson 

and Atkins 1 968; Atklns 1975; Johansen 1 977, 1 979, 1 983; N.R.C.C. 1 98 1 ). The 

organophosphorws insecticides, acephate, diazlnon, dimethoate, fenitrothion, 

malathlon and parathion; the carbamates, cafbwyl and propoxur; and the 

pyrethoids, permethrin, decamethrin and fenvalerate, are al l  highly toxic to 

honeybees (N.R.C.C. 198 1 ). To maintain vlgorws pollinator populations while 

reducing pest populations to acceptable levels, the development of integrated 

1 



pest management systems which employ a combination of control methods is  

essential. 

Bee poisoning from pesticides has been a problem since the late 1800's 

(Johansen 1 977). Whi le poisonings are diff icult to document and of ten not proven, 

some examples of bee k i l ls  from pesticides show the extent of the problem. 

Beekeepers lost an estimated average of 62,500 colonles every year f tom 1 962 to 

1973 i n  Callfomla (Atkins 1975). In 1975 the loss of 3 1,000 colonles was 

estimated to have cost approximately $966,000 U S . )  to the Cal i f  orni an 

beekeepers (Siebert 1979). Pesticides such as carbaryl, malathion and methyl- 

parathion applied to corn and soybeans k i  1 led 440 and damaged another 1 370 hives 

of honey bees in  Iowa in  1978 (DeWitt 1979). When carbaryl was applied to 

asparagus in Washington in  1 979 an estimated 2000 colonies were destroyed or 

severely damaged (Player e l  ar! 1980). Repeated applications of insecticides to 

flowering cotton was thought to be the primary reason the number of bee colonies 

in Arizona were reduced from over 100,000 in 1964 to 53,000 in  1971 (Wilson et 

a1 1980). The a w a l  cost in  the United States of bee losses from poisonings has 

been estimated at $135 (U.S.) million (Pimental e l  a1 1980). 

In Canada large bee k i l ls  have also occurred. In 1981 the aerial application 

of propoxur in mosquito control programs in  Manitoba resulted in  3725 colonies 

damaged and $87,455 (Canadian) lost due to both   or honey production and bee 

k l l l  (Dlxon and Fingler 1982). In 1983 the Impact of malathion sprays were more 

severe. Compensation payments of $ 8 B . O  (Canadian) for honey losses, the 

death of 576 colonies, and the subsequent loss of an additional 2000 

overwintering colonies were made (Dtxon and Fingler 1984). Concern over 

pesticide poisoning have led Johansen ( 1977) and Atkins ( 1975) to rate It as the 

m b e r  one problem facing beekeepers today. 

A great deal of research has been focused on the lswe of pesttcides and 

h e y  bees. Most of thls work has concentrated on acute mortality studies, both 
2 



in the laboratory and the field. When rating pestlclde hazard, both types of 

studies must be considered, since it can be very difficult to relate laboratory 

studies In controlled condltions to the field (Atkins 1975; Bacilek 1982; Clinch 

198 1 ; Erickson et a/. 1983; N.R.C.C. 198 1). Often, conflicting results we found. 

Some pesticides, rated as highly toxic in the laboratory, have been found to be 

fairly safe in the field. The synthetic pyrethrins, such as permethrln, have high 

acute toxicities but are of low hazard in the field (Pike el a1 1982; Shires et ar! 

1984). This is due to two factors, low application rates needed to k i l l  pest 

organisms and a repellent action of the chemical. Laboratory studies a t e  

herbicides and fungicides relatively non-toxic t o  bees (Atkins 1975; N.R.C.C. 

1 98 1 ), yet, the phenoxy herbicides were found to reduce brood product ion (Morton 

and Mof f ett 1 972; Morton et a/. 1 974) and the fungicide mancozeb to cause adult 

mortality (Buckner et a/. 1976) in the field. 

Field results have been found t o  depend on a number of factors, including 

weather, application rate and pesticide ft)f'mulation. Methomyl, used in the more 

arid western states, was thought to be safe t o  use with honey bees. However, In 

Wisconsin it caused adult mortality and winter loss (Erickson et  a/. 1983). 

Higher losses of workers occur in hot, S m y  weather due to increased foraging 

under these conditions (Ste~enSOn 1 983). Climatic condl tions influence crop 

flowering, which in turn affects worker activity (Bacilek 1982). Formulations 

are also very important. Carbwyl is highly toxic to honey bees as a wettable 

powder spray and dust (Johansen and Brown 19721, but is safe for bees and 

effective against target pests such as the corn earworm in a newly developed 

formulation of micronized carbaryl suspension with a latex- based stlcker (Anon 

I 983; H ~ Y  and Harvey 1 982). Methyl parsthion is very toxic to honey bees. As a 

mkroencapsulated formulation it is collected with pollen and has caused severe 

losses to both adults and larvae (Atkins et a1 1 978; Rhodes et a1 1979; Stoner 

et al 1979, 198%). However, application of this formulation to smflowen 
3 



caused l i t t l e  adverse effects (Waller et  a/. l984a) and higher adult losses have 

been attributed to the emulsifiable concentrate formulation used in the above 

study and one other (Moffett e l  ak 1983). The systemic insecttcides such as 

dimethoate and phosphamidon are also of concern as levels sufficient to cause 

mortality have been found in the nectar of plants treated with these chemlcals 

(Barker et  a/. 1980; Jaycox 1964; Waller et  al. 1984). Therefore, 

formulatlon, application rates and methods, environmental and metertological 

conditions, and the crop maturity must al l  be taken into considerat ton when rating 

pesticide hazard to honey bees. 

The above studies suggest, however, that acute toxicity studies alone are 

not adequate to explain pesticide impact On honey bees. Poor ovewinterlng 

success, low brood and honey production, and queen loss have al l  been associated 

with pesticide spray programmes (Dixon and F ingler 1 984; Johansen and Brown 

1972; Melksham et  a/. 1 985; N.R.C.C. 198 1 ; Robinson and Johansen 1978). 

Connections between pesticide sprays and other problems such as disease have 

also been made (Morse 1 %I, 196s; Wahl and Ulm 1983, and the physiological 

condition of individual bees has been shown to affect pesticide sensltivlty (Wahl 

and Ulm 1983). Therefore, other areas of pesticide-pollination interactions in 

addftion to acute toxicity must be involved; one of these areas may involve the 

exposure to low, sublethal dosages of chemlcals. 

Within the last 10 to 15 years researchers have started to explore this 

problem. Many studles have focused on whole-colony effects. Chronic feeding of 

low dosages of pesticides to honey bees, such as acemate (Stoner e t  al. 1 985), 

carbaryl (Winterlin and Walker 19731, parathion, methyl-parathion and 

methoprene (Barker and Waller 1978a1, dimethoate (Barker e t  a/. 1980; Stoner et  

ak 1 983; Waller and Barker 1979; Waller et  a/. 1979) and carbofuran (Stoner e t  

al. 1982b) in sugar syrup, and diflubenzwon In sugar cake and syrup (Barker and 

Taber 1 977; Stoner and Wilson 1 982) and in water (Barker and Waller 1 978b), 
4 



adversely affected such colony characteristics as worker population size, honey 

production, food consumption and brood rearing, as we1 1 as worker survival. 

Acephate was also shown to reduce queen survival and brood production (Stoner 

e t  al. 1985). In addition these colonies were unable to rear new queens. 

Microencapsulated methyl-parathion fed in  pollen also reduced worker population 

and brood production (Stoner and Wilson1983). Herbicides fed in water were 

shown to reduce brood production (Morton et a/. 1 974). 

A few researchers have examined sublethal effects of pesticides on 

individual workers. Schricker and Stephen ( 1  970) found methyl parathion 

impaired the ability to ~~f'nmunicate the location of food sources to other 

workers. Time-trained bees treated with parathion returned to the station at an 

incorrect time the following day (Schricker 1974a) and when moved to a new area 

could not relocate a feeding station placed at a similar location (Schricker 

1974b). Smirle e t a 1  (1984)determined that low dosagesof diazinonand 

malathion could reduce w ~ r k e r  longevity. Foraging patterns can be affected as 

well. Bees treated with permethrin spent more time self-cleaning and less time 

f oraglng than did treated controls in  a study by Cox and Wilson ( 1 984). Robinson 

(1985) found methoprene, a lbe i t i n  high dosages, shortened worker l i fe  and 

reduced the age of both orientation and foraging. 

@te area that has not yet been examined i s  the effect of pesticides on an 

important aspect of honey bee colony fun~tlonlng, temporal divlslon of labour. 

Temporal dlvislon of labour can be defined as an ontogenetic sequence of 

activities performed throughout a worker's lifetime (Mlchener 19741, which tends 

to follow physiological changes in gland development. Generally, young 

individuals perform hive activities, while older workers undertake the more 

hazardous outside activities (Michener 1974; Wilson 197 1 ). Young workers 

perform such tasks as cleaning, comb buildlng and brood care, while older workers 

guard and forage (Free 1 965; Kolmes 1 98Sa; Lindawr 1 953; Ri bbands 1 952; 
5 



Sekiguchi and Sakagami 1966; Winston and P m t t  1982). Al l  of these studies 

stress the great variability and flexibil ity found in  the performance of various 

tasks. Seeley ( 1  982) delineated four distinct age castes: cell cleaning, broodnest, 

food storage and forager. The sharpest behaviwal demarcation i s  found in  the 

change from hive to field duties (Kolmes l985a). However, foragers can return to 

hive duties i f  needed (Free 1 965; L indauer 1 953). 

The factors inf lwncing temporal division of labour in honey bees are poor 1 y 

understood, but seem to involve internal colony conditions, external factors such 

as forage avai labi 1 i ty and weather condi tions, and worker age (Nowogrodzki 

1984). Colony growth and reproductive rates in  honey bees are related to brood 

area and population age distribution (Winston 1979; Winston el a1 198 1 ). 

Internal colony conditions can affect worker lifespan and task performance. For 

example, brood rearing was stimulated by the Presence of honey stores (Barker 

197 1 ; Ribbands 1952) and pollen collection by the presence of brood (Free 1967; 

Jaycox 1 970). a qwen (Jaycox 1 9701, pollen deprivation (Lindauer 1 953), and 

honey stores (Barker 1 97 1 ; R i  bbands 1 952). When deprived of wax, workers were 

more active and built more comb (Kolmes 198%). In addition, shorter worker 

lifespans were associated with brood rearing (Maurizio 1950; Neukirch 1982; 

V i  1 lumstad 1977; Woyke 1 984) and e s l y  foraging (Seklguchl and Sakagami 1966; 

Winston and Fergusson 1 985; Winston and Katz 1 98 1 1. It is  generally agreed that 

workers perform tasks in  an age-related sequence (Gary 1 975; Michener 1 9 7 4  

although foraging age and possibly other tasks can be dependent on colony 

population and the mount of msealed brood (Winston and Fergusson 1985). 

Environmental conditions also can influence task performance. In poor conditions, 

brood rearing decreased and In good conditions foraging increased (Free 1 9651, 

and colony population was correlated with the amount of brood in a poor forage 

year and longevity in a good one (Woyke 1984). In addition to genetic differences, 

environmental conditions influenced longevity and foraglng age (Wlnston and Katz 
6 



198 1, 1982). Thus, temporal division of labour i s  an interactive process that 

involves the integration by individual workers of internal colony and external 

environmental conditiom, as well as forage availablity and physiological age. 

Pesticides at both the acute and subacute levels have been shown to affect 

some of the factors involved In determining temporal division of labour, such as 

longevity, colony population, food col lect ion, and brood rearing. Longevity is  an 

economically important trait that Is correlated with honey production (Milne 

1 980, 1 985), and honey production also is  related to brood product ion, colony 

population and worker longevity (Woyke 1984). The relationship between the 

effects of pesticides and the stimuli for temporal division of labour has not yet 

been explored. These areas are important, especially when considering the 

objective of the beekeeper and the crop producer, to maximize colony population 

with peak nectar flow, thus producing a maximum honey yield and/or to maximize 

pollinatlor\ of crops. If even low dosages of pesticide alter temporal division of 

labour, this objective may not be met. 

pesticide-pollinator interactions also have not yet been adequately studied. 

Much of the current literature focuses on acute mortality studies, both the in 

laboratory and the field, and on determining losses due to pesticides. The lack of 

i n f m a t i o n  on this topic led the Subcommittee on Pesticides and Industrial 

O r g ~ i c  Chemicals of the National Research Council of Canada to state that 'there 

is  l i t t l e  information on the effects of long-term and repeated exposure to 

!nsecticides on bees' (N.R.C.C. 1 98 1 1. They recommended research into managed 

pollinators and pesticides be directed into this area. The limited number of 

studies on sublethal exposures of honey bees to pesticldes have shown a number 

of adverse effects in  colonies, such as reduced populations of both brood and 

adults, reduced honey production, and poor 0ve~l inter ing success, and on 

individual workers such as lower longevity and foraging success. However, these 

results pose a new series of questions. For example, i s  brood and honey 
7 



production reduced simply due to a smaller work force, or are there other factors 

involved? How i s  overwintering success altered due to pesticide exposure? Are 

workers that are exposed to pesticides more susceptible to disease and stress? 

Does pesticide exposure alter the regulation of temporal divlsion of labour? If 

so, how does this affect the colony as a whole? 

The purpose of this study was to examine one of these questions, the effect 

of exposure to low levels of pesticide on temporal divlsion of labour and longevity 

i n  the honey bee. The study of temporal division of labour i s  dif f icult  due to both 

a lack of overall understanding of the factors regulating it and inherent 

variablility. In a study of this kind it becomes important to evaluate general 

trends. Therefore, a number of variables, such as treatment age, different 

chemicals and number of exposures, were used, and repetition within the same 

year and over two summers was performed (Table I ) .  In addition, observation 

hives and standard f ield colonies were used. In this manner it was hoped that any 

effects and/or consistent patterns due to exposure to  low dosages of pesticide on 

honey bee workers would be fwnd. 



TABLE 1: Summary of the experiments on the effects of sublethal doses of three 
insecticides on honey bee longevl ty and temporal divlston of labour. 

Experiment Oate HlveType N u m k  of Trwtmmt Pestkid6 Number d 
~ u m b e r l  Hives Age (days)2 Treatments 

1 1 983, June ard July Observation 1 0 Diatlnon 1 

2 1983, Mey end June Observation 1 6 D i a z i m  1 

5 1985, May to July Observation 1 6 D l a 3 i m  1 

8 1985, July to 4 Observation 1 10,138~ 16 Diazinon 1,2&3 

9 1985,JulytoSeQt S M  s 0 Dlcnlnon, 1 
Carberyl and 
Resmethr tn 

10 1 985, JUV to Sept Standard S 14 ~ faz i r~nand  1 
mml 

bran this point in the text, experiments w i l l  be re f~red to by Experiment Number. 
~~tag~bexpressedasthenumberaddaysal taramer~~nca 
Z~he same colonies were used In Exp. 9 and Exp. 10. 



1. MATERIALS AND METHODS 

Glxmw 
A commercial formulation of the organophosphorous Insecticide dlazlnon, 

formulated as a 12.5% emulsifiable concentrate (Later's Diazinon, P.C.P. ~ c t  NO. 

1 1437, Later Chemicals Ltd., Richmond, B.C.1, was used. It was diluted In acetone 

(reagent grade) to the required ~Oncentat i~n. 

llEJums 
The test colonies were located at Simon Fraser University, Burnaby, B.c. 

Studles were conducted from April to August 1983 and 1985. Four-frame 

observation hives made of transparent castable polymethacrylate (Plex!glas*) 

were used for the experiments. These hives were kept indoors and had 

Plexiglas*covered entrance ramps 22 X 1 0 x 4 cm deep leading from the base of 

the lowest fame to outside. An angled Plex(glas@ slab was glued to the entrance 

ramp to force incomlng marked workers to enter the colonies with their labels In 

view. 

In 1983 three observation hives were used, each with two frames of drawn 

comb, two frames of foundation, 0.9 kg of worker bees, and a queen Two of these 

were "Dial-a-Bee" hives which had a moveable rfng with portholes to  allow the 

removal of workers w i thout dismantlhg t hlve (Pkkard 1980). In 1985 three 

observation hives conslstlng of one fnme each of honey, pollen and brood, one 
empty frame, enough workers to cover the combs, and a laying queen, were used. 

On 19 June, 1985 the hives used for single exposures at six days and 15 days of 

age (Exp. 5 and Exp. 6, Table 1 )  were found to be queenless, and they were 

10 



requeened on 20June. On 19July 1985 the queen was missing in  the hive used for 

repeated exposure (Exp. 8, Table 1 1 and the hive was requeened on 20 July. 

Colonies were manipulated only to  treat workers at the desired ages, to introduce 

test workers, and to feed sugar syrup as necessary to prevent starvation. 

Each year workers to be treated were obtained from a single colony (not one 

of the observation hives) to minimize genetic variation i n  response. Combs 

containing emerging workers were placed overnight in an incubator at 340C and 

50-70s R.H. Newly emerged workers were marked on the dorsal surface of the 

thorax w i th  colwred and numbered plastic labels (Opal ithplattchen, Chr. Craze, 

KG, Endersbach, West Germany), and either treated immediately or introduced into 

a test hive and removed and treated at the desired age. 

Treatments 
Honey bee workers were treated wi th  a topical insecticide application on 

the dorsal surface of their abdomens. An S.M. I. Mim/Pettor-A* was used to 

dispenseI 21 of treatment solution to  each insect. Workers were held by the hind 

leg w i th  forceps while insecticide Was applied. A grwp of workers was treated 

w i th  1 pl acetone as a control i n  a l l  experiments and some also contained an 

untreated group of marked workers as a second control. The bees were introduced 

into the proper hive by placing the treated workers into a jar  which was put over 

the feeding hole located at the base of the lowest frame opposite the entrance 

ramp. 

Acute t o x ~ c i  ty  tests ( L b )  were conducted t o  choose the dose range for 

sublethal exposure for newly emerged bees in 1983 and for a l l  treatments in 1985 

(Table 2). Between 40 t o  50 workers Were treated at each of the four to seven 

doses in the mortality tests. To determine L b  values for the newly emerged 

workers (0 days), individual bees were treated and placed into holding cages. The 

two older age goups (7 and 14 days) in 1985 were marked at emergence, placed 
11 
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into standard colonies, removed when they reached the appropriate ages (grasped 

by their hind legs with forceps and held in cages), treated and placed into holding 

cages. Sugar s y w  (50%) and water were w l i e d  ad libitum via gravity 

feeding bottles. Carbon dloxide was used to immobilize the older workers before 

exposure. Mortality counts were taken at 24 h and data analyzed following the 

World Health Organization method for insecticide susceptibility tests (Swaroop 

1966) and by regression analysis (MINITAB) (Zar 1984). The resultant regression 

lines were used to calculate doses corresponding to the desired mortalites. In 

1983 the approximate doses for treatment of older workers were the same as 

published in  Smirle ( 1983) (Table 2). 

For experimental purposes, doses approximating those causing 1 X ,  5X, 1 0% 

and 20% mortality were used in  1 983 (the same as those used by Smirle 1983) and 

SX, 1 0% and 25% mortality were used in  1985. In 1983, the number of workers 

treated at each dosage was between 20 and 30. In order to increase the sample 

size In 1 985, one dose (LD1 ) was omitted and at least 50 and up to 65 workers 

were then treated at each dosage. The highest dosage was changed to In 

1 985 to increase the 1 ikel ihood of obtaining adverse effects. 

Experiments containing single and repeated exposures were carried out in 

both years (Table I). Single applications were given to bees at 0 days of age 

(Exp. 1 and Exp. 4) and 6 days of age (Exp. 2 and Exp. 5) in 1983 and 1985. An 

additional age grw, 15 days old (Exp. 6), was added in 1985. Workers have been 

shown to begin foraging about this time (Michener 1974) and would then have the 

potential to be exposed to pesticides in the field. 

Three experiments were performed to examine repeated exposure to 

pesticide. In 1983 workers were treated at 0,4 and 8 days of age (Exp 31, and in 

1985 one group was treated at 0,3 and 6 days (Exp. 71, while a second was treated 

at 10, 13 and 16 days of age (Exp. 8). Treatments were closer together in 1985 



due to differences i n  observation schedules. Observations were done every second 

day i n  1 983 and every third day In 1 985. 

le E x D o s ~ ~ ~ S  ( L m > e r i ~ t s  1.2 4. 5. anedl 
For Exp. 1 thirty new ly-emerged workers were treated at each dosage on 8 

June in 1983 and for Exp. 4 at least 50 per dose on 20 May in 1985. In Exp. 2 on 17 

May in 1983, workers of 6-days old were removed through the portholes in  the 

'Dial-A-Bee0 hive by grasping their hindlegs w i th  forceps, treated, and 

reintroduced to the hive. Twenty workers were treated per dose. For Exp. 5 (6- 

day old) and Exp. 6 ( 1  5 day old) in 1985 the hives were taken apart, workers 

removed, treated, and returned to the reassembled hive, wi th at least 50 workers 

treated per dose. Treatments were done 26 May and 4 June for Exp. 5 and Exp. 6 

respectively. 

Re~eated FXDOSU~~S (Ex~eriments 3.7 and 82 

Three studies of the effect of repeated pesticide exposure were done. 

There were six treatments groups in each study: workers treated either 1) one, 

2) two or 3) three times wi th  the calculated LD,,,, and workers treated wi th  1 ~1 

acetone 4) one, 5) two or 6) three times as controls. in Exp. 3 ( 1  9831, newly 

emerged workers were treated before introduction, while the later treatments (4 

and 8 days old) workers were removed through the portholes in the 'Dial' of the 

hive. Treatments began on 30 Jwe w i th  at least 20 bees in each group. Exp. 7 

( 1 985) began 1 0 July when newly emerged workers were treated. Subsequent 

treatments were done at  3 and 6 days of age. The bees for Exp. 8 emerged 9 July 

and treatments were performed at  10, 1 3 and 1 6 days of age. At least 20 bees 

were treated In each group In 1985. The hives were taken apart to treat the older 

bees, then reassembled and workers returned as before in the single exposure 

experiments. 



Observations 
Observations of marked workers began the day after introduction to allow 

for any init ial rejection (usually (5% for untreated bees, this study and Winston 

and Punnett 1982). Both within-hive and entrance observations were made. 

W i n g  within-hive observations, frames were scanned and marked workers 

were recorded as performing one or more of the following tasks: 

( 1 )  clean: a ~~rker~lean~cellsOrremoves~ell tappings, dead larvae, 
pupae or adults from the hive; 

(2) brood: a worker inserts her head Into or enters a cell containing 
larvae or eats pol len; 

( 3 )  comb: a worker constructs new cells, repairs old cells or caps cells; 

(4) nectar: a worker recelves, ripens or eats nectar, or deposl t s  nectar 
into cells; 

( 5 )  groom: a worker uses her mandibles to clean the back, wlng 
articulations or wing of another worker; 

(6) fan: a worker stands in  the hive and fans her wings; 

(7) drone: a worker feeds or grooms a drone; 

(8) queen: a worker feeds, antennates or grooms the queen; 

(9) dorsoventral abdominal vibrations (DVAV): a worker vibrates the 
abdomen in  a vertical direction directly on the comb or while grasping 
another worker; 

( 10) dance: a worker performs the round or waggle cornmunicatfon dance; 

( 1  1) forage: a worker packs pollen into a cell, carries pollen or propolis in 
the cofbiculae, or dances; 

( 1  2) inspect: a worker moves through the hive at any rate and in  any 
direction or inspects cells for a brief period; and 

( 1  3) rest: a worker stands in hive motionless or gooms self. 



W i n g  the entrance observations the times of marked workers leaving and 

returning to  the hive and activities at the entrance were recorded. The following 

tasks were noted: 

( 1  ) entrance: a worker guards or fans at the hive entrance, 

(2) orient: flights lasting less than five minutes whereby young workers 
leave the colony, fly in circles in  the immediate vicinity of the hive 
and return to the colony (Winston and Katz 1982), and 

(3) forage: flights lasting flve minutes or longer, durlng which time 
workers collect nectar, pollen, propolls or water (Winston and Katz 
1982). 

F m r e s  Kx~eriments 1.2.4.5 anW 
In 1983 the observation hives were observed every second day until the 

bees were 45 days old. Hives were observed for three h o r n  each day, 1 - 1 /2 hows 

between 0800 and 1 200 and 1 - 1 /2 hours between 1 200 and 1 700. These periods 

consisted of 45 minutes of within-hive and 45 minutes of entrance observations. 

In 1985 observations continued until fewer than 10 bees remained alive 

(approximately 50 days of age). Observations were made every third day between 

1000 and 1700 h o w  and consisted of two hours, one how of within-hive and one 

hour of entrance observations. 

ed Fx~osures (EXDeflments 3.7 and a 
Observations were performed as previously described in  the single dosage 

experiments. Observations continued until fewer than 10 marked bees (a total of 

al l  of the treatments) remained allve, 35 days of age in 1983 and 50 days of age 

in 1 985. 

lMuQw= 
Longevity i n  days (the last day a worker was seen), the total nwnber of 

tasks performed, wtd the f i rst  day and duration in days (the number of days 

16 



between the f i rs t  and last day a worker was seen performing the task) of a 

specific task were calculated from the observational data. Longevity, number of 

tasks and the duration and f i rs t  day of foraging were analyzed for a l l  

experiments. Drone, queen, DVAV and dance are rare tasks and i n  no cases were 

there sufficient data (n 3) to analyze. Rest and inspect are common throughout a 

workers's l i fe  and therefore were not analyzed for f i r s t  day or duration. However, 

these were used to calculate the nwnber of tasks each individual performed. The 

rest of the tasks, including clean, brood, comb, nectar, groom, fan, entrance, and 

orient were analyzed only when sufficient data (n 2 3) were collected. 

Four experiments i n  the observation hives contained marked workers which 

were not treated wi th  either pesticide or acetone. These workers were 

considered as untreated controls and compared by t-test to acetone-treated 

controls (Table 3) (SPSSX) (Zar 1984). For further analyses, only treated controls 

were considered as few differences were seen between the untreated and treated 

controls In 1983 and no differences in  1985. 

EXDOSW~S (Exwiments 1.2.4.5 and 61 

Analyses of longevity, number of tasks and the first day and duration of 

specific tasks were done by oneway analysis of variance and the SNK multiple 

comparison test (SPSSX) (Zar 1 984). Only those workers seen the second 

observation day after treatment (72 hours i n  1 983 and % hours in 1 985) and 

beyond were used in  the analyses to  ensure only sub-acute results were included. 

Pe~eated E x ~ m -  

For the repeated exposures i n  the observation hives, longevity, number of 

tasks and first day and duration of specific tasks were analyzed. Init ial ly a 

comparison of diazinon-treated workers wi th  controls (acetone-treated) for each 

number of treatments (one, two or three) i n  each experiment was done by t-test 

(SPSSX) (Zar 1 984). Workers seen the second observation day after the spec! f i c  

number of treatments (72 hours in 1983 and 96 hours in 1985) were included in 
17 



TABLE 3: Cornparlson of acetone-treated and untreated control worker honey 
bees In observation hives (Experiments 2,4,5 and 6). 

Year Worker Age Categ#yl Mean + Standard ~ r r 2  slgnlftamd 
(deys) . ~reated untreated 

Number of Tasks 8.7 20.3 8.8 ~ 0 . 4  

Comb -1stOsy 11.321.3 9.1 20.6 
- Dwdh 4.0 ~ 2 . 3  8.9 + 1.5 

Nectar - lstw 11.1 ~1.1 11.6~1.2 
-Duratb 15.922.2 21.222.6 

Fan - lstDay 18.0~1.9 15.7~2.0 

Forage -1stOsy 23.521.7 22.121.9 - Dwcatim 7.5 22.0 15.9 22.7 

Number d Tasks 6.0 20.2 5.5 ~0.3 

Brood -1stDQ 6.6 2 1.3 4.9 2 1.2 
- Durath 4.4 ~ 0 . 9  5.9 + 1.7 



1985 0 Nectar -1stDuy 18.8 22.0 14.0 + 1.9 NS 
( a t .  -0~ratlon 13.8 22.0 14.6 23.2 NS 

Forage -1stDej 30.62 1.1 3 2 . 4 ~  1.4 NS 
-Duration 10.321.1 9.1 21.4 NS 

Forage -1stDay 24.8 2 1.5 22.9 23.0 NS 
-0uratlon 10.521.8 12.123.9 NS 

Number of T&s 5.7 20.2 5.9 ~ 0 . 2  NS 

Forage - l s t h  25720.8 26.821.1 MS 
- Duratlm 7.0 20.9 7.7 22.1 NS 

hlysis performed only where the number of dmmatlorw 2 3. 
?Tor each caleOory mean includes workers alive 72 hours alter exposure in 1983 and 96 hours after 

exposure in 1985; Lorrgevity expressed In days 1s the last dsy a bee was seen, Number of T&$ k the 
tdal number of tasks performed, Task - 1st is the first ds/ a task was sm performed, and Task - 
Duration e x p m d  In days is the time between the first and l& performanca d a task; and the number 
d obstlrvatb for W l t y  and number d tasks mn@s between 19 to 27 for Exp. 2,30 to 49 for Exp 
4,11 to44forExp5and 18to46forExp6andfortasks-MdayandWdh5ta 19 forExp.2, 
lOto40forExp. 4,6to33forExp.5and8to39forExp6. 

JPml l i t l eso l t -m,  NS = Nd Slgllfrnt, p ,0.05. 
i&xperlment * fm Table 1. 



the analyses to ensure only sub-acute results were included. This allowed the 

inclusion of those workers treated m e  or twice which began a task or died 

before the subsequent treatment date. Analyses of a l l  six treatments (pestlclde 

and control) in  each experiment were done by two-way analysis of variance (lee. 

control or dlazinon and number of exposures) and the SNK multiple comparison 

test (SPSSX) (Zar 1984). Only those workers seen the second observation day 

after the f inal treatment (72 hours i n  1983 and 96 hours i n  1985) were included 

i n  this analysis. 



2. RESULTS 

eriments 1.2.4. 

One statlstlcally slgnlf icant difference was found in  1983 (Table 4). In 

Exp. 1 longevity of bees treated at 0 days was reduced by pestlcide treatment. 

Three statlstlcally significant differences were found in  1985 (Table 5). 

For the task 'cleaning' In the 0 day treatment (Exp. 41, bees exposed to diazinm 

began earlier than controls in 2 of the 3 dosages. In this same treatment, 

foraglng began earller in the lowest dosage compared to the highest dosage. No 

slgniflcant dlfferences were found between controls and any pesticide treatment 

In the group treated at 6 days of age (Exp. 5). For workers treated when 15 days 

old (Exp. 61, entrance actlvites tended to begln later In pestlctde-treated bees. 

Re~eated Fx~osur(Ex- 

When pesticide-treated workers were compared by t-test to controls for 

each number of treatments, some statistically significant differences were found 

(Table 6). However, of the 12 dlfferences, eight were caused by single pesticide 

treatments and two each by pestlclde treatments of two and three times. 

For Exp. 3, control workers treated once began nectar-hand1 ing later and 

continued It for a shorter perlod of time than workers treated with dlazinon 

(Table 6). Controls treated three tlmes began foraglng earlier than pestlcide- 

treated bees. 

In Exp. 7, longevity was increased, the number of tasks was greater, brood 

care and nectar handling began later, and comb bui lding continued longer i n  

control workers treated once compared to dlazlnon-treated workers (Table 6). 

The duration of cleaning was greater i n  control workers treated twice w i th  

(text cont. p. 3 1 ) 
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Table 6: A comparison of control (acetone) and pesticide (diazlnon - LDlo) 
treatments of one, two or three exposures on longevlty and division of 
labour tasks of worker honey bees in observation hives (Experiments 
3, 7 and 8). 

Experl- categ#y2 Number ol 
mentl Treetrnents 

Number uf Tasks 

Clean -1stDuy 

- Duratlon 

Brood - lStW 

CaTIb - 1st Ds/ 

Nectcr -Ism' 

- Duration 

Gwwn - lstDs/ 

-Duration 

Entrance - 1 st DW 



Table 6: (Cont.) 

Foraga - 1st Duy 

- Duration 

Clean 

Brood 

Comb 

Nectar 

- 1stDay 

- Duratim 

- lstDs/ 

- Duration 

- lstW 

- D u r a t h  

- lstDs/ 

- Duretion 

NS 
NS 

0.04 

NS 
NS 
NS 

0.0 1 
NS 
Ns 

0.02 
NS 
NS 

NS 
NS 
NS 

NS 
0.03 
NS 

0.05 
NS 

NS 
NS 

NS 
NS 
NS 

0.0 1 
NS 
NS 

0.05 
NS 
NS 

NS 
NS 
NS 

(Cont.) 



Table 6: (Cont.) 

Experi- ~stegwy~ Number of Mm Standard Error2 significancd 
mmtl Trsatmmb Q~ntrol D iaz im  

7 forage - 1st Day 
( m t .  

Number of Tasks 

Clm - lstD8y 
- Duration 

Nectar -1stmy 

Forage - 1st Day 

Ik#lysis parformed only whew tha number d observations 2 3. 
%or each categ#y mean includes workers alive 72 tars after treatment in 1983 and 96 hours after 
treetment In 1985 for each number of treatments; Longevity expressed in days is the last dfiy a bee we6 
seen, Number of Tasks is the total number of tasks performed, Task - 1 st Ds/ Is the first day a taslc was 
seen performed, and Tesk - Duration exprsssed In days Is the time between the first and last 
performance of a task; and the number of obsmmtions for )ongevity and number of W s  ranges between 
14and34forExp. 3,27and59forExp. ?and 16and40forfxp.8,andfortnsks- lstdgrand 
duration, 13end32forExp3,5and38forExp. 7 d 9 d  19forExp. 8. 

$robabilities of t-test, NS = Not Significant, p > 0.05. 



acetone than those treated twice wl th  diazinon. 

Longevity was lower in  workers treated three times w i th  dlazinon as 

compared to controls in  Exp. 8 (Table 6). Control workers treated once began 

cleaning earlier, and control workers treated twice began nectar handling earlier 

than workers treated wl th  diazinon in  both cases. 

When al l  treatment groups (diazinon- and acetone-treated once, twice and 

three times) were analyzed by ANOVA, some statistically significant differences 

were found for Exp. 7 and Exp. 8, but not for Exp. 3 (Table 7). In Exp. 7, 

statistically significant results were obtained in four cases. The number of 

treatments affected longevity. Bees treated three times wi th  either acetone or 

diazinon lived shorter lives than those treated once or twice w i th  either 

chemical. Controls treated once lived the longest. Comb building showed a 

similar pattern, wi th  workers treated three times begining this task earlier. 

Foraging was significantly different in both init iation and duration. Workers 

treated once wl th  acetone began foraging later and continued longer than al l  other 

grows. Again bees treated three times wi th  either acetone or diazinon began 

foraging earlier than a l l  other groups. In Exp. 8, the number of tasks performed 

was higher i n  controls than i n  pesticide-treated workers. 
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1. MATERIALS AND t?ETHODS 

!2mmls 
Commercial formulations of insecticides were used. The organophos- 

phorous insecticide diazinon was formulated as a 12.5% emulsifiable concentrate 

(Later's Diazinon, P.C.P. Act No. 1 1437, Later Chemicals Ltd., Richmond, B.C.), the 

carbamate carbaryl as a 22.5% concentrate (Wilson Liquid Sevin. Carbaryl 

Insecticide, P.C.P. Act No. 17971, Wilson Laboratories Inc., Dundas, Ont.) and the 

pyrethroid resmethrin as a 0.25% solution (House Plant Insect Killer, P.C.P. Act No. 

1621 9, Later Chemicals Ltd., Richmond, B.C.). The formulations were diluted in 

acetone (reagent grade) to the required concentrations. Carbaryl was f i rs t  diluted 

(1: IO) w i th  disti l led water to facilitate further mixing wi th  acetone. 

I h t a k m a  
Test colonies were located at Simon Fraser University, Bumaby, B.C. 

Studies were conducted from June to September 1985. Workers used in the 

experiments were obtained from a single colony (not one of the experimental 

hives) and treated as ~reviously described In the observation hive studies. 

Three colonies i n  standard Langstroth deep equipment were used. These 

colonies consisted of two boxes (supers) wi th 10 frames each, enough workers to 

cover most of the frames, and a heal thy laying queen. A third super was added 1 0 

July to alleviate colony crowding. This super was removed 16 Aug. for honey 

extraction. Experimentation began 18 June and continued unt l l  5 Sept. for Hives 1 

and 3, and 1 Aug. for Hive 2. Queen problems occurred in Hlves 1 and 3. Hive 1 

was found to be queenless 10 Aug. and was requeened 16 Aug. Hive 2 remained 

queenright throughout the experiment A virgin queen was found and removed 
34 



from Hive 3 on 27 June. Subsequently, the queen appeared to be laying normally, 

but was superseded sometime before 18 July. 

llmmm 
The lnsectlcldes were applied as before. Acute toxlclty studies (LDS0) as 

descrlbed previously were done w i th  the three pesticides used i n  these 

experiments to determine the dosage range for sublethal exposure (Table 2). 

Doses causing approximately SW, 1 0% and 25% mortality were used for each 

pesticide. 

For Exp. 9 newly emerged bees (0-day group) were treated on 18 to 20 June 

wi th  the desired dosage of pesticide and placed in  the hive through the feeding 

hole i n  the top board. For this age group a l l  three chemicals were used. 

Treatments for Exp. 10 were done on 3 July for Hives 1 and 3, and 4 July for Hive 

2. The hives were taken apart and frames examined one by one. Marked workers 

were picked up by the hind leg, treated, held in  a cage unti l  a l l  treatments for 

that hive were completed, and reintroduced through the feeding hole as above. The 

number of workers treated per dose ranged from 50 to  65. Workers, treated wi th  

acetone only, were the controls for both Exp. 9 and Exp. 10. Only diazinon and 

carbaryl were used in  Exp. 1 0, because of normal worker death over the two week 

period and excessive time necessary to  find and treat workers. This le f t  a number 

of untreated workers as a second control group, exposed to  neither acetone or 

pesticide, i n  each of the three hives. 

Qhsmwas 
Entrance observations began on 22 June and continued every third day unt i l  

most of the bees were dead. Entrances were blocked wi th  wire screen for 15 

minutes, preventing any workers from leaving or entering, then the numbers of 

marked workers at the entrances were recorded for another 15 minutes. All 
3s 



returning workers were considered to be foragers. Every 10 to 1 4 days the hives 

were checked for surviving workers by removing and examining carefully each 

frame and recording al l  marked workers. 

Qawm.m3 
Longevity and the f i rs t  day and duration of foraging were analyzed. 

Longevity was determined as the mid-point between the last day seen and the 

subsequent day survivorship was examined Foraging was considered to  commence 

on the f i rs t  day a worker was seen outside the hive in  the entrance observations. 

Ouration of foraging was the number of days between the f i r s t  and last t ime a 

worker was seen outside the hive. 

Colony conditions were different for the three hives. Queen supersedure 

occurred within the f i rs t  month in  Hive 3; and a virgin queen was reared by the 

colony. Usually supersedure occurs when the queen i s  old or injured, laying poorly 

and producing an insufficient amount of queen substance (Butler 1 975; Michener 

1974). Queen loss has been shown t o  result i n  brood loss (Punnett and Winston 

1983; Winston 1979) and lower foraging and hive activit ies (Genrikh 1957). 

Longevity was reduced by increased brood care (Maurizio 1 950; Woyke 1 984). Hive 

1 also had queen problems. The queen was lost i n  the last three weeks of the 

experiment. At this time most of the marked workers i n  this colony had died. 

However, this may have caused a small delay i n  activit ies and increase i n  

lifespan. To evaluate the possible effects of the differences in colony conditions, 

the marked, untreated workers i n  the hives were compared by oneway analysis of 

variance and SNK multiple comparison test (SPSSX) (Zar 1 984) for each of the 

three categories examined. The three hives were significantly different in 

longevity and the first day of foraging (Table 8). Hives 1 and 2 were similar in 

duration of foraging but statistically different from Hive 3. Therefore further 

analyses were done separately for the three hives. 
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TABLE 8: Comparison of longevl ty and foraging of marked, untreated worker 
honey bees in the three standard hives. 

Category Mean 2 Standard Error1 Signlf icancez. 
Hive 1 Hive 2 Hive 3 

Longevl ty 22.2 t 0.7 ;d 19.5 2 0.4 b 39.6 2 1.2 c 0.0 1 

Forage - 1 st Day 23.5 2 0.7 a 20.6 + 0.6 b 43.1 2 1.2 c 0.0 1 
-Duration 2 . 8 ~ 0 . 3 a  2 . 4 ~ 0 . 3 a  4.2 2 0.6 b 0.0 1 

&or ash categay mean includes workers seen at least 2 days aft8r treatment; Largevlty expressed in 
deys is the mid-point between the last Qy seen and the subquent day surviwrship was examined, 
foraging - 1st Day 1s the first day faaglng was performed, and Foraging - Duration expressed in thys 
is the time between the first and last day foraging was observed; and the number of observstlons for 
l ~ l t y n n g e d f m 2 3 8 t o 2 4 9 a n d f w f ~ i n g -  lstdey~duratim,91 to 118. 

;1Probabilities of ANOVA F-b3t. 
aifferent letters in a row indicate si~~if lcant  differences in means by the SNK multiple comparison test. 



For each hlve, longevity and age of first foraging and duration of foraging 

were analyzed. The treated controls and the three dosages of each pestlcide in  

each age group Init ial ly were compared by oneway ANOVA Significant results 

were analyzed by Duncan's multiple range test (SPSSX) (Zar 1984). Then, to 

examine the effects of different pesticides, a l l  pestlcide treatments in  one age 

group were analyzed by twoway ANOVA 0.e. pesticide and dosage) and SNK 

multiple comparison tests in  the three hives (SPSSX) (Zar 1984). 



2. RESULTS 

Some stattstlcally slgniflcant differences were seen in  the three hlves 

when controls were compared to pesticide treatments (Tables 9, 10, 1 1). For Exp. 

9 (newly emerged bees) there were statistically signif lcant differences in  a l l  3 

hlves. In Hlve 1, ~arbary l  treatment reduced longevity (Table 9). Workers treated 

wi th  carbaryl at LD5 began foraging later than the controls and those treated wl th  

LD25. 

In Hlve 2, the carbaryl-treated bees again showed slgniflcant differences 

(Table 10). Workers treated w l th  the lower doses of carbaryl lived shorter lives 

than the controls and those treated wl th  LD25 and the Inltlatlon of foraglng was 

earliest in  bees treated w l th  carbaryl at L@ and LOlo. 

In Hive 3, slgnificant differences were found for two of the three 

pesticides (Table 11  ). For diazlnon, the duration of foraging was greatest in the 

LDzs dosage. Bees treated w l t h  a dosage of resmethrln at llved a longer l l f e  

than those treated w l th  elther L@ or LOlo, but were slmilar to the controls. 

For Exp. 10 (14-day old), only one difference was found in any of the three 

characteristics for any dosage of either diazlnon or carbaryl ln any hive (Tables 9, 

10 1 1 .  In Hive 2, foraging duration was signif icantly greater in controls than 

those treated wi th  carbaryl. 

Statistically significant differences were also found when treatments of 

a l l  three pesticides were compared (Tables 12, 13). In Exp. 9 (newly emerged 

bees) longevity was affected (Table 1 2). Carbaryl-treated bees lived 

significantly shorter lives than either dlazinon or resmethrin-treated bees in 

Hive 1; resmethrin-treated were intermediate and dlazinon-treated the longest 

lived. In Hlve 2, carbaryl, a1 though only at dosages L 4  and LOlo, had the lowest 

llfespan. Diazinon- and resmethrin-treated bees had similar lifespans. The 

(text cont. p. 47) 
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results for Hive 3 were not as clear. The shortest longevity was found in 

carbaryl LDS. Carbafyl-treated at LDlo and and resmethrin-treated bees 

were Intermediate, while diazlnon-treated workers once again had the longest 

1 i f espans. 

One statistically significant difference was found In foraging (Table 12). 

In Hive 1 carbaryl-treated bees tended to forage later than bees treated w i t h  the 

other two pesticides. 

For Exp. 10 (14 day old), only one statistically significant difference was 

found (Table 13). In Hive 3, workers treated w i th  dlazlnon at LD5 began foraging 

earlier than any other treatment, while those treated wi th  carbaryl at L h  began 

the latest. 

Survivorship was calculated for each treatment group in each hive. 

Workers were counted as swviving i f  seen at least once in either entrance 

observations or survlvmhip exarninat ions. Poor survivorship was found for 

groups treated when newly emerged w i th  carbaryl at a1 1 three dosages and 

dlazlnon at LD2S(Table 14). These were al l  treated on the afternoon of 18 June. 

Newly emerged workers treated in the morning of 18 June (acetone and diazinon 

LD5 and LDlo) and 19 June (resmethrin, a l l  dosages) had better survival. Two week 

old workers were found to have very good survivorship after treatment. 



TABLE 14: Survivorshipof acetmandpesticide treatedworkerhoneybeesin 
the three standard colonies. 

- - - - 

Worker Treatment % Survival1 
Age (days) Hive 1 Hive 2 Hive 3 

0 Acetone 
Diazinon - Lh 

- 4 0  

- Lo25 
Carbaryl - LOS 

- Lolo 
- LOzs 

Resmethrin - Lh 
- 40 
- Lo25 

14 Acetone 
Diazinon - LDS 

- Lolo 
- L02S 

Carbaryl - LOS 92.0 89.1 

' 40 92.4 89.1 
- L b  94.8 88.3 

l ~ o r k e r s  were counted as surviving i f  s e n  at leest once in either entrence ahrvations or 
swwiwwhip crxaminations. 



0. DISCUSSION 

The objective of this study was to examine the effects of sublethal 

exposure to pesticides on temporal division of labour and longevity in the honey 

bee. Experiments were conducted w i th  variables including treatment age, number 

of treatments, and pesticide type. The results indicate that exposure to low 

dosages of topically applied pesticide can reduce longevity and disrupt one aspect 

of temporal division of labour, foraging (Table 15). Other division of labour tasks 

were affected occasionally, suggesting that these tasks are less sensitive 

indicators of pesticide-induced stress. 

Lonaevi t~ and Foraaing 

Longevity was the most consistently affected t ra i t  of any of the categories 

studied (Table 15). It was reduced by both single and repeated diazinon 

applications in  the observation hives and by carbaryl in the standard f ield 

colonies. Newly emerged workers were more sensitive to pesticide treatment, 

w i th  six of the seven statistically significant differences seen in  this age group 

(Table 15). 

The fact that effects on longevity were not seen in  a l l  cases i s  not 

surprising, considering the number of factors which influence worker 1 i f  espan. 

Smirle e t  a/. ( 1984) studied the effects of sublethal doses of malathion and 

diazinon on the longevity of newly emerged and and two week old workers In both 

laboratory cages and standard f ield colonies. Longevity was reduced in  workers 

treated wi th  diazinon at emergence i n  f ie ld colonles and workers in  cages treated 

at two weeks of age wi th  malathion or w i th  diazinon. Experimental environment, 

treatment age, and type of pesticide were a l l  partly responsible for the reduction 

in  1 ongev i t y. 
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Longevity i n  worker honey bees can be influenced by other factors. Brood 

care (Maurizio 1950; Woyke 1984) and foraging early in l i fe  (Winston and 

Fergusson 1985; Winston and Katz 1981) were both shown to reduce longevity. 

Seasonal differences in  lifespan may also be related to worker activity, w i th  

short-1 ived summer bees being more act ive than long-l ived winter bees 

(Sekiguchi and Sakagami 1966; Tustain and Faulke 1979). In addition, 

anaesthetics such as carbon dioxide have been shown to reduce longevity (Austin 

1955; Simpson 1954; Tustain and Faulke 1979). Longevity appears to be a 

sensitive t ra i t  in honey bees that, under control led experimental conditions, can 

be used to measure the effects of stress in many forms including pesticide 

sensi t iv i  ty. 

Alterations in foraging age and duration were caused by the application of 

low dosages of pesticide in  1 1 cases. However, results were somewhat 

inconsistent (Table 15). The f i rs t  day of foraging began later in one case and 

earlier in  another after diazinon treatment. Carbaryl treatments reduced foraging 

age in  one case and increased it in  another, and diazinon- treated workers tended 

to forage for a shorter period of time than controls. In three cases, the highest 

dosages of pesticide resulted in  the longest foraging duration. 

Longevity and foraging are related. The transition to f ie ld activit ies is a 

cri t ical stage in a worker's l i f e  and foraging i s  generally thought to be a more 

hazardous occupation than hive activity (Lindauer 1953). The age at f i r s t  foraging 

was important in determining longevity of two honey bee races (Winston and Katz 

1 98 1, 1 982). When a 1 arge proport ion of the work force was removed from 

colonies, both the age at f i r s t  foraging and longevity were reduced (Winston and 

Fergusson 1985). Increased worker activity has been related to shorter 1 ifespan 

in  other studies as we1 1 (Free and Spencer-Booth 1 959; Sekiguchi and Sakagami 

1966). Therefore, these two characteristics hold the most potential for 

evaluating the effect of sublethal exposur to pesticides in the honey bee. 
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other Division of Labour Tasks 

Statistically significant effects on other tasks were rarely seen (Table 

15). This suggests that these tasks are not as sensitive to pesticide-induced 

stress as longevity and foraging are and that they cannot be quantified as easily. 

Nectar handling began earlier twice and later once. Cleaning began earlier once 

and later once. Other tasks such as entrance activities, grooming and brood care 

showed only one statistically significant difference in  al l  the experiments. In 

two experiments, the number of tasks performed was reduced by pesticide 

treatment. 

Regulation of temporal division of labour in honey bee colonies i s  very 

complex. Many authors have attempted to understand what determines the 

sequencing and timing of tasks, as well  as the intiation of new behaviours. 

Ontogenetic changes seem to follow changes in gland developement (Michener 

1974). However, what i s  emphasized by repeated studies i s  the great f lexibi l i ty 

i n  age of task performance. Stimuli such as colony population, worker age 

distribution, worker longevity, amount of brood rearing, amount of pollen and 

honey stores, availability of nectar and pollen in  the f ield and general activity 

levels as well as previous colony h i s t q  have a l l  been suggested as possible 

influences on foraging and longevity (Free 1 965; Lindauer 1 953; Maurizio 1 950; 

Winston and Katz 1981, 1982; Winston and Punnett 1982). A l l  these influences 

must be integrated by the individual worker and adaptations made depending on 

them. While age i s  involved, colony requirements seem to be more important in  

determining temporal division of labour in  the honey bee. 

Environmental conditions are also important especially during adverse weather 

(Free 1 965; Free and Spencer-Booth 1 % 1 ; Woyke 1 984). In general, bee activity 

including brood rearing and f waging i s  reduced under poor weather conditions. In 

addition, behavioural transit ions are delayed in a year of poor resources (Kolmes 

198Sa). Seasonal differences i n  honey bee longevity and foraging are also known. 
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The highest activity of bees was found to be i n  spring (Sekiguchi and Sakagarni 

1966) and during nectar f lows (Kolmes 1985a). 

Weather conditions may have had an effect in this study (Table 16). Early 

spring in  1983 was warm and dry, while much of June and July was wet and cold. 

Summer conditions were much warmer and drier In 1985, wi th  less than one mm 

of rainfall i n  July and only 60% of normal rainfall in June. It i s  somewhat 

dl f f icul t to  compare results from 1 983 and 1 985 due to  differences i n  

experimental setup and timing (Table 1 ). However, i n  1983 workers of Exp. 2 

(six-day old) had shorter lifespans than those of Exp. 1 (newly emerged) (Table 4). 

But a confounding factor was that Exp. 2 began earlier in the spring when 

conditions were more favourable. The very short lifespan and early foraging age 

in  the repeated dosage study in 1983 (Table 7) may be related to colony needs. 

This study was set up late in June following extremely wet and cold weather. 

Some warmer weather may have resulted in increased activity of these workers 

at  this time. The single dosage studies i n  observation hives in 1985 were done at 

the same time and differences In division of labour characteristics were probably 

more related to differences i n  colony conditions for the three hives (Table 5). 

Results i n  the standard hives may have been affected by weather conditions 

(Table 8). Rain in August may have prolonged l i f e  and foraging i n  Hives 1 and 3, 

while In Hive 2 workers had already died. Therefore, replication of experiments 

both within and between years can be very important. 

The task of foraging appears to be more sensitive to  outside influences 

than any other division of labour category. Foraging i s  normally the last task a 

worker undertakes, and only i n  unusual circumstances, such as a1 tered colony age 

structure, w i l l  a forager return to  hive duties (Free 1965; Lindauer 1953). In 

addition, specialization appears to  be common in foragers (Seeley 1 983; Sekiguchi 

and Sakagami 1966; Winston and Punnett 19821, while lacking i n  hive workers 

(Kolmes 1 985b). Hive workers often undertake a number of different tasks i n  one 
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TABLE 16: Mean monthly precipitation and temperature for the study periods 
i n  1983 and 1985 at Simon Fraser University, Burnaby Mountain, 
Bumaby, B.C.1 

Month Precipitation, mm Temperature, 'C 
1983 1985 Normal2 1983 1985 Normal2 

May 53.5 68.5 67.1 12.7 16.3 11.3 

June 139.0 50.4 59.2 13.1 19.5 13.6 

July 1 88.7 0.3 83.0 14.8 13.7 16.8 

August 39.6 68.0 90.4 16.7 11.5 16.8 

lFrom Monthly Recordings of Neterological Observations i n  Western Canada, 1983 
and 1 985, Can. Dept. Environ., Atmospheric Environ. Service. 

2Normal s based on the years 1 95 1 to 1 980. 



day and appear to perform work as they f ind it often leaving a task unfinished 

(Lindauer 1953). While the switch from task to task in most cases is hard to 

delineate, the change to foraging from hive activities has a distinct demarcation 

(Kolmes 1985a). For this reason it may be easier to see alterations in foraging 

age than other tasks. 

In addition, changes in foraging activity are often associated with changes 

in longevity. Both longevity and foraging age were reduced in colonies which had 

reduced worker populations (Winston and Fergusson 1985). Workers injected with 

juvenile hormone switched from brood rearing to foraging at an earlier age and 

also had shorter l ifespans (Jaycox 1976; Jaycox el ar! 1974; Robinson 1985). 

Exposure to carbon dioxide also reduced both foraging age and longevity in honey 

bees (Austin 1955; Ebadi e t  al 1980; Ribbands 1950). In this study, also, both 

foraging age and longevity were reduced by exposure to low doses of pesticide. It 

appears that these two categories are sensitive to changes in both internal and 

external influences and are useful measures of stress and activity in the honey 

bee worker. 

Treatment A@ 

Age differences in susceptibilities to pesticides in insects is  well known. 

In most cases, early larval instars are more susceptible than later ones, larvae 

are most sensitive just after a moult and adults most susceptible at emergence 

(Busvine 1971 ). The three insecticides used in this study were more acutely toxic 

to newly emerged worker than older workers (Table 2). Previous studies on acute 

toxici ty have shown newly emerged workers tended to be more susceptable to 

various pesticides such as toxaphene and DDT (Koch 1958/1959) and malathion 

and diazinon (Mayland and Burkhardt 1 970; Smirle 1 983). This may be due to a 

number of factors, most importantly differences in enzyme activities and the 

absorptivity of the cuticle. However, W and Ulm (1983) found older workers % 



were more susceptible to  some herbicides and fungicides, especially 

overwintered honey bees. 

Pesticide susceptibility can be affected by diet. In general, diets poor in 

nutritive content produce undernourished individuals that are more susceptable to 

pesticides (Busvine 1971 1. In the honey bee, physiological condition and pesticide 

sensitivity were found to be related. Different pollens and pollen substitutes 

vary i n  their nutritive content. Workers fed poor qua1 i ty  pollen showed increased 

suscept i bi  1 i t y  t o  pest icides (Wahl and Ulm 1983) and decreased longevl ty  

(Maurizio 1950). This effect was found in studies wi th individual workers as 

well  as whole colonies. The workers most sensitive to pesticides are 

overwintered bees which had cared for brood in the spring. It i s  thought that 

inadequate pollen consumption causes protein deficiency which affects the 

enzyme systems which decompose certain pesticides. In some cases activity may 

affect pesticide sensitivity. Brood care was shown to increase susceptibility in 

both honey bees (Wahl and Ulm 1983) and leafcutter bees (Johansen e t  a / .  1983). 

Effects of low doses of the three insecticides on longevity and temporal 

division of labour were more pronounced In workers treated when newly emerged 

than for those treated as older workers. The effect of pesticide on task 

performance may also have been different for the different age groups. Tasks 

tended to begin earlier in newly emerged workers treated wi th  pesticide 

compared to controls, while older workers tended to begin tasks later when 

treated wi th  pesticide. 

Stress in many forms has been shown to reduce longevity and alter 

behaviour i n  the honey bee. Narcosis i s  often used in  research on honey bees. The 

application of carbon dioxide has been shown to reduce longevity and lower 

orientation flights, hoarding behaviour, pollen collection and foraging age (Austin 

1955; Beckman 1974; Ebadi et aL 1980; Mardan and Rinderer 1980; Ribbands 

1 950). Low temperature exposure was also shown to reduce hoarding behaviour 
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(Mardan and Rinderer 1981 1. Newly emerged workers may be more sensitive to  

any stress, including pesticide exposure, than older workers. Smirle (1983) found 

in his study that younger workers always had shorter lifespans than older 

workers regardless of the conditions. He believed the stress of handling was 

more deleterious to newly emerged workers. The stress of handling may have 

been a factor in this study as well. Poor survivorship of one group of workers 

treated at emergence in Exp. 9 (Table 14) may have been a result of a handling 

problem. Newly emerged workers are just beginning their hive activities and the 

integration of factors involved in temporal division of labour. Stress, of many 

kinds including pesticide exposure, may be more harmful at this time. 

Exposure to  cool temperatures, carbon dioxide and the stress of captivity 

was shown to adversely affect neural functlon (Beckmann 19741, as was parathion 

(Stephen and Schricker 1970). It is possible that these neural changes may affect 

hormones which are involved in the regulation of temporal division of labour such 

as the jwenile hormones (Jaycox 1976; Jaycox et al! 1976; R ~ b i n s ~ n  1985). In 

addition adverse effects on older workers may be more difficult to detect. Their 

response may be more variable as past activity such as brood care and the 

consumption of poor quality pollen have been shown to increase pesticide 

sensitivl ty (Wahl and Ulm 1983). 

Peoeated EXDOSU~~S 

This appears to be the f i rst  time the effe c t  of repeated t .apical application 

of insecticides to individual workers has been studied. This aspect of pesticide- 

pollinator interactions in rarely mentioned in review articles on pesticide 

hazards (Anderson and Atkins 1 968; Atkins 1975; Johansen 1 977, 1 979, 1 983; 

N.R.C.C. 198 11, although recurrent exposure can be expected to be more common 

than single episodes in crop-grow ing regions. In the product ion of cotton as many 

as 12 applications of insecticides can be made over one summer. Heavy bee 
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losses have been attributed to this type of spray program (Moffet e t  ar! 1 979, 

1981; Wilson et  at 1980). 

When analyses compared pesticide-treated workers wi th  controls by the 

number of treatments, those treated as tenerals were more likely to be adversely 

affected (Table 6). This may be due to some of the factors previously discussed 

such as greater sensitivity to stress. However, other factors may be involved as 

well. Enzyme systems that metabolize foreign compounds including pesticides 

are found in most organisms (O'Brien 1967). Induction of these enzymes by 

zenobiot ics are known to occur and may be one reason why few differences were 

found in  the older age groups. In addition, enzyme levels in different ages may 

also vary. For example, foragers were found to have lower acetylchol inesterase 

concentrat ion than young workers involved in  brood care (Nazer e t  at 1 974) and 

therefore, lower susceptability to diazinon. 

When a1 1 treatments are compared, both the number of treatments and 

pesticide were found to adversely affect longevity and some temporal division of 

labour tasks (Table 7). For Exp. 7 (treatments at 0,3 and 6 days of age), controls 

treated once began foraging the latest, continued foraging the longest and 1 ived 

the longest. However, both the controls and diazinon-treated workers exposed 

three times had the lowest values. This suggests that repeated handling also 

caused adverse effects. These results are an important consideration i n  the 

design of future experiments and the development of a standardized bioassay. If 

repeated exposure i s  to be investigated, the associated controls must be used to  

evaluate the effects of handling on workers. Only through this type of approach 

can the effects of pesticide exposure be determined. 

Repeated pesticide applicatfon, i n  combination wi th  other factors, did 

affect longevity and temporal division of labour. This could have deleterious 

effects on the whole colony. Foragers which contact repeated f ield applications 

are more likely to die and also may collect less food. Other sublethal effects i n  

60 



the colony may occur, especially i f  contaminated foragers return to the hive, 

exposing young workers to sublethal amounts of pesticide which would effect 

their subsequent activity. 

Pesticide 

Pesticides were found to vary i n  their acute toxicities and sublethal 

effects on colony characteristics i n  this study. Resmethrin was the most acutely 

toxic chemical used to both newly emerged and older workers. Carbaryl was the 

least toxic to older workers, while close to resmethrin for the newly emerged 

workers (Table 2). Previous work shows similar relationships of the three 

chemicals to older workers (N.R.C.C. 198 1 1. 

There appears to be very l i t t l e  dose dependent relationships wi th  any of the 

three insectlcides used. O f  ten LDS and LOlo were the most severly affected and 

L& was similar to the control in a number of cases (Table 15). These results are 

diff icult to explain but may be related to the method of determining the doses 

used. In order to achieve a straight-line relationship, probit analysis i s  used 

(Swaroop 1966). This transformation tends to spread out the mortalities at the 

upper and lower ends. In addition, the confidence intervals are larger in  these 

areas. For this reason it i s  dif f icult  to determine accurately the concentrations 

necessary for the sublethal doses. Thus, there may be considerable uncertainty of 

the calulated lethal dose concentrations, which i s  reflected in  the inconsistent 

results due to dosages. 

Longevity of workers treated at emergence was the most affected by 

pesticide type. Carbaryl reduced longevity the most, w i th  resmethrin 

intermediate and diaztnon least harmful to newly emerged workers (Table 12). 

The sublethal effects of these three chemicals are, therefore, somewhat different 

than their acute toxici t ies as discussed above. However, survivorship was very 

low In  bees treated w i th  carbaryl at a l l  three dosages and those treated wi th  
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diazinon at a dosage of LOz i n  newly emerged bee (Table 1 4). These groups were 

treated at a different time than the others, and the results may reflect a handling 

problem. In a previous study the type of insecticide was also found to be 

important. Malathion was found to be less acutely toxic and less likely to reduce 

longevity than diazinon (Smirle et  a1 1984). 

Different pesticides i n  low dosages can affect honey bee lifespan and 

behaviour. Data of this kind, including both lethal and sublethal tests, should be 

considered in  the choice of pesticides for application to flowering crops or areas 

near to honey bees. For example, carbaryl, which i s  the least acutely toxic to 

older workers in  this study, has been found to be a serious beekeeping problem. 

High mortality to field colonies occurred in a number of cases (Anderson and 

Glowa 1 984; Erickson and Erickson 1 983; Johansen and Brown 1 972; Me1 ksham e l  

aI 1985). As well, carbaryl was shown to have the longest residual effect of the 

ten insecticides tested and was rated as highly toxic to honey bees (Mansour and 

Al-Jali 1 i 1 985; Mansour et  a1 1984). 

The results of this study should be of interest to beekeepers. Beekeepers 

strive to maximumize colony populations during heavy nectar flows and, 

therefore, increase honey product ion. In most agricultural areas, workers would 

probably contact pesticides while foraging. I f  pesticides, even at low doses, 

alter temporal division of labour and reduce longevity, sustaining colony 

population and good honey production w i l l  be diff icult. One encouraging result i s  

the higher susceptabi 1 i t y  of newly emerged workers. Bees of this age are less 

likely to contact pesticides as foraging does not normally begin unti l 

approximately two weeks of age. Older workers showed few effects due to  low 

dosages of pesticides. 

This work suggests that topically applied sublethal dosages of an 

insecticide can cause statistically significant effects on longevity and at least 

one task, foraging, i n  temporal division of labour In the honey bee. Other 
62 



important components such as colony requirements, environmental influences, 

worker age when exposed to a pesticide, and pesticide type may also influence the 

regulatlon of division of labour and worker longevity. The interaction of these 

factors i s  not yet understood. Future work should t ry to determine the relation- 

shlp between pesticide effects and the regulation of temporal division of labour. 



E. CONCLUSIONS 

The conclusions drawn from these experiments on the effects of sublethal 

pesticide exposure on temporal division on labour and longevity in  the honey bee 

are as follows: 

1. Slngle toplcal applications of low doses of lnsectlclde may 
reduce longevity and adversely alter foraglng. Other tasks of 
temporal division of labour were not consistently affected. 

2. Newly emerged worker honey bees are more sensitive to pesticide 
exposure than older workers. 

3. Repeated exposure to a sublethal pesticide concentration may 
also reduce longevl t y  and a1 ter foraglng. 

4. Of the three insecticides used, carbaryl was the most deleterious 
i n  sublethal doses, wi th  resmethrin intermediate and diazinon the 
least hazardous. 

5. Longevity and foraging are both sensitive indicators of stress and 
hold the most potential for use in  evaluating the effects of 
stress, lncludlng pest lcldes, on honey bee workers. 
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