
AN ABSTRACT OF THE THESIS OF

Achmad Nasroh Kuswadi for the degree of Master of Science
in Entomology presented on May 6. 1992

Title : Allogrooming Behavior of European Honey Bees Apis mellifera L.

Abstract approved :
Michael B rgett

Workers in colonies of European honey bees Apis mellifera L. clean their

nestmate's body by allogrooming behavior. This behavior may be initiated by

either grooming dancers or by the allogroomers themselves. The first occurs

less frequently (ca. 17 %) than the later (83 %). By using the inner edge of

mandibles, allogroomers comb the hairy parts around the receiver wing bases,

sites around which are unreachable by the receiver herself, and where adult

females of the tracheal mite Acarapis woodi and the ectoparasite mite A.

dorsalis commonly harbor. There are two groups of allogroomers : the

specialist, which grooms six or more nestmates within one bout of

allogrooming, and the non-specialist, which grooms fewer nestmates. A

specialist that groomed 132 nestmates in one bout was observed in this study.

Although allogrooming may be initiated by the grooming dancer, the

relationship between the two behaviors is negligible. Worker bees perform

allogrooming behavior more as a routine task rather than as a response to the

grooming dance.
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Sunlight intensity, and probably temperature, outside the hive influence

allogrooming intensity. The intensity increases during sunny days and

decreases at night. It also decreases when the day is cloudy or rainy. An

intensity of fourteen events per 1000 workers every two minutes was

observed during sunny days, so that all the workers in the colony would be

groomed ca. eight times within 24 hours.

There is very little temporal basis for allogrooming behavior. It is

performed by workers of any age above two days. Any nestmate, regardless

of age, can be groomed. However, it was observed that bees of foraging age

were groomed less frequently.
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ALLOGROOMING BEHAVIOR OF EUROPEAN HONEY BEES
APIS MELLIFERA L.

INTRODUCTION

Grooming behavior is a common phenomenon in some groups of animals

(McFarland 1982). By grooming, animals clean their own body surfaces.

Social insects, including honey bees, Apis spp., also clean their bodies by

grooming (Wilson 1971).

There are two types of grooming in honey bees, i.e. autogrooming or

self-grooming, and allogrooming or the grooming of nestmates. In

autogrooming, worker bees groom or clean their own bodies, usually by using

their legs; in allogrooming, worker bees groom their nestmates, mostly by

using their mouth parts.

According to Morgenthaller (1949), grooming in honey bees is induced

by parasites, particularly ectoparasites. It is assumed that the discomfort

caused by the parasites stimulates a worker bee to begin autogrooming. She

tries to clean her own body by using her legs so that her body moves in a

manner as if she were dancing, which has been termed the shaking dance

(Haydak 1945). This behavior is thought to invite other nearby worker bees to

groom her body, so that it is also called the grooming dance (Millum 1955).

Although speculation that grooming behavior in honey bees is associated

with the presence of ectoparasitic mites has long been stated, the role of the

grooming behavior in the removal of the mites was not well documented until



2

the observations of Peng et al. (1987). In a study on the resistant

mechanisms of the Asian honey bee Apis cerana F. against the Varroa

jacobsoni Oudemans brood mite, they observed that bees in a colony were

able to remove mites from the infested workers through grooming behavior.

When workers in a colony of A. cerana were infected with Varroa, they

immediately responded by cleaning their own bodies by brushing their heads,

thorax, and abdomens with their front and hind legs. By this autogrooming,

ca. 22.5 % of the inoculated mites were removed within 3 5 seconds. Bees

that failed to remove the mites then intensified the dance, inciting nearby

workers to approach and then clean their bodies. By this nestmate grooming

or allogrooming behavior, ca. 52.5 °A) of the mites were removed within 1 5

minutes. Thereafter, more adjacent bees joined the cleaning activity of the

unsuccessful bees so that they performed group allogrooming. Within 5 15

minutes the bees removed another 10.5 % of the mites (Peng et al. 1987).

The ability of the Asian honey bees to detect, possibly by either olfactory or

visual cues, the presence of mites in the brood cells during the nursing

visitation and to remove the mites was also observed (Peng 1988).

On the other hand, the European honey bee A. mellifera L. exhibited

a lower degree of such behavioral resistance. Only 16.6 % of the infected

bees performed either autogrooming, allogrooming, or group allogrooming, by

which only ca. 0.3 % of the mites were successfully removed (Peng et al.

1987).
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There are five common species of parasitic mites on the European honey

bee A. mellifera, i.e. V. jacobsoni and Tropilaelaps clareae Delfinado & Baker

which are native to tropical Asia, and Acarapis woodi (Rennie), A. externus

Morgenthaller, and A. dorsalis Morgenthaller, which are native to Europe

(Eickwort 1988). Although less likely than Varroa or Tropi /aelaps to be a

serious pest, A. woodi can become a limiting factor for successful beekeeping

with A. mellifera. A high level of infestation of A. woodi may cause significant

economic damage to the beekeeping industry because it may decrease colony

production, decrease brood production, and increase winter mortality of

colonies (Delfinado-Baker 1988).

A. woodi is an internal parasite of adult bees. The larvae and the adults

feed in the mesothoracic tracheae of the adult bees, where they pierce the

tracheal cuticle and imbibe the hemolymph of their host. However, female

adult mites do not transfer directly from the tracheae of one bee to the

tracheae of another bee. From the source host, the mites move to the wing

axillary and then into the vestibule of the prothoracic trachea of the new host

before entering the tracheae (Royce et al. 1988). This mode of transfer, and

the fact that the size of the mite, which is small {females measure 143 - 174

urn long x 77 81 urn wide (Delfinado-Baker and Baker 1982) compared to

Varroa, 1100 urn long x 1600 urn wide (De Jong 1990)), makes mite removal

via allogrooming a potential mechanism of control (Gary and Page 1988).
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The objective of this study was to observe the allogrooming behavior of

the European honey bee, with emphasis on: a) the sequential process of

allogrooming; b) the effect of environmental conditions on the allogrooming

intensity, and c) the temporal basis of allogrooming. The possible role of the

allogrooming in the removal of the tracheal mite A. woodi is discussed.
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REVIEW OF LITERATURE

Honey bees are highly eusocial insects. A colony of European honey

bees commonly consists of one queen, many drones and thousands of

workers. The queen is the sole reproductive female responsible for the

production of eggs. Drones have a single function, mating with queens, after

which they die. As implied by the name, most of the tasks in the colony are

performed by the workers (Winston 1987).

Workers activities

Worker bees in a colony are responsible for almost all tasks in

maintaining colony life, from building combs, foraging, to cleaning the hive.

These tasks are distributed among the workers in the colony generally based

on age. Finding out this pattern of task distribution , Rosch 1925, as cited by

Winston (1987), used the term "arbeitsteilung", which is commonly translated

as division of labor to refer to the temporal basis of the task distribution. That

worker bee activities are age related or have a temporal basis, actually, had

been realized much earlier (Butler 1609, cited by Winston 1987). The terms

such as division of labor, responsibility, work, duty, are now widely used in

textbooks. However, these are anthropomorphic terms that may lead to

misinterpretations. About the use of these terms Gary (1975) made the

following statement :
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"Obviously, these are man-biased terms. If one accepts these
terms literally, then it is logical to think that there must be some
kind of administrative hierarchy within a colony. The implication
is usually that the queen bee is somehow active in organizing the
activities or supervising the work that goes on inside the hive.
This idea was expressed in a similar manner by earlier writers
when they mistakenly called the queen bee the king, until the sex
was determined later as female."

That workers' activities are generally correlated with their age should

be explained in detail. Instead of being related to only one factor, age, the

behavior of the bees is in general related to many internal factors such as the

stage of development, hormones, various stimuli inside the body, and genetic

composition; and external factors such as light, humidity, sound, and

chemicals (Gary 1975).

Division of labor

At least 14 tasks performed by worker bees were observed by Winston

and Punnett (1982). The summary of their observations are presented in

Table 1. In general, younger bees act as "house bees", carrying out activities

in the nest, while the older bees are responsible for foraging outside of the

colony (Lindauer 1953). Younger bees 0 3 days-old, clean cells from which

they recently emerged. Until 6 days-old, they also feed older larvae. Bees of

6 12 days-old feed younger larvae. Bees from 12 days to 21 days old have

more varied jobs than younger bees. They clean the hive of debris and dead
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bees, pack pollen, build combs, cap cells, apply propolis, receive nectar from

the forager and ripening nectar. Bees of this age may also perform orientation

flights and guarding of the hive. More detailed descriptions of the workers'

tasks are given by Lindauer (1953, 1961), Hyot (1965), Gojmerac (1980),

Winston and Punnett (1982), Seeley (1985), Radionov and Shabarshov

(1986), Winston (1987) and Crane (1990).

When the physiological condition of the bees is observed, it is

demonstrated that the task performances are correlated with the development

and resorption of many glands in the workers' body throughout their life , (King

1930, cited by Winston 1987). Brood rearing and comb building activities in

a bee colony coincide with the enlargement of the mandibular, hypopharyngeal

and wax glands in the early life of the workers. The shift to other activities,

such as food handling, corresponded with a size decrease of these glands.

While the change to guarding and foraging are correlated with the decrease of

salivary gland size, after it reaches a maximum at the age of 15-25 days.

During this period the sting gland also produces venom and alarm chemicals

at its maximum rate, and according to Shearer and Bosch (1965), the

mandibular gland also changes from producing brood food to alarm

pheromone.
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Table 1. Mean ages and the tasks performed by workers (Winston and
Punnet 1982)

Tasks Mean age
(days)

Range
(days)

SD Sample size

Cleaning 9.0 0 - 52 11.4 752

Drone care 11.1 2 18 5.4 10

First brood care 11.2 1 - 43 7.5 251

Brood care 12.6 1 52 8.8 335

Comb building 15.2 1 52 10.0 2761

Patrolling 15.5 0 60 13.4 1431

Queen tending 17.1 1 - 49 13.1 61

Fanning 19.0 1 61 11.3 668

Resting 19.2 0 69 15.6 6383

Guard duty 22.1 4 - 60 16.3 84

Grooming 24.1 3 - 64 13.0 356

First foraging 25.6 3 65 13.4 694

Orientation flight 25.7 4 65 14.0 937

Foraging 33.5 3 73 13.7 1865

DVAV 40.0 5 64 10.4 303
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The work performance sequence is flexible. The colony requirements

and/or external conditions may shift the tasks performed. Bees which cannot

find any work suitable to their age will shift to other jobs (Lindauer 1953).

Observations by Winston and Ferguson (1985) showed that worker bees

forage at younger age in a colony where the older workers were removed than

those in a colony with no removal.

Grooming behavior

Grooming is common in many orders of the class Insecta. It has been

observed in Orthoptera (Lefevbre 1981), Diptera (Sutcliffe and McIver 1974,

Walker and Archer 1988), and Hymenoptera (The len and Farish 1977, Wilson

1971, and Jander 1976). In general, it is felt that insects groom themselves

to clean the surface of their body, particularly their antennae and wings, to

remove ectoparasites and to straighten their wings. In honey bees, grooming

is one task which is performed by the workers (Table 1).

This behavior was first observed by Haydak in 1928 (Millum 1955).

Most early reports on grooming in honey bees were on the grooming dance,

also called the shaking dance, rather than on the grooming act itself (Haydak

1945, Mil lum 1955). It was assumed that nearby workers are incited to

groom the dancer. According to Morgenthaller (1949) such type of dance was

stimulated by the presence of ectoparasites on the worker's body.
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Allogrooming has many functions. As in mammals and other groups of

animals, it may be associated with the cleaning of the integument. There is

also speculation that this behavior in bees is associated with the transfer of

queen substance, 9-keto decadonic acid (Butler as cited by Wilson 1971).

Another speculation has said that this behavior is induced by parasites,

particularly ectoparasitic mites (Morgenthaller 1949). The "discomfort" caused

by the parasites stimulates a worker to perform a shaking dance, also called

a grooming dance, that invites nearby workers to groom her body. In this

instance grooming, particularly allogrooming, is associated with the removal

of mites. Few data supporting the last assumption are available.

Recent studies show that allogrooming is actually one task among many

tasks in the workers' temporal division of labor (Table 1). Like other tasks,

studies have been made to determine if allogrooming is performed by workers

of a specific age class. There is no consistent opinion about the age at which

workers perform allogrooming. According to Seeley (1982) allogrooming is

performed by workers of an age ranging between 1 20 days, while Winston

and Punnet (1982) observed a range of 3 63 days. The later authors also

observed that occasionally some workers performed grooming throughouttheir

lifetime. For this small group of workers, allogrooming became their major task

(Winston and Punnet 1982). These bees are called grooming specialists. They

still perform other tasks, but at reduced frequency compared to those of non-

grooming specialists (Kolmes 1989).
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Grooming behaviors as a mechanism for control of ectoparasitic pests

has been observed in the Asian honey bee, A. cerana . This species of honey

bee apparently regulates V. jacobsoni infestation with an ability to remove the

parasitic mites from adult worker bees through allogrooming behavior (Peng et

al. 1987). As previously mentioned, the presence of mites induces grooming,

where upon the worker bees effectively remove mites from the hive.
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MATERIALS AND METHODS

Observation hives

Six observation hives were used in these studies. Three hives with four

combs and another three with two combs. Each hive contained a colony with

an open mated queen of heterogenic make up, obtained from a commercial

queen breeder in California. The colonies were established into the observation

hives in the spring 1991. Three colonies with new queens which were

obtained in spring 1991, and the other three with older queens obtained in the

spring 1990.

The hives were situated in a room of 4 x 6 x 2.5 m, in the Honey Bee

Lab. Oregon State University at Corvallis, OR. Hives I, 11, Ill, were attached to

the south wall, and hives IV, V, VI, to the east wall of the room. To facilitate

observation the glass walls was scaled with horizontal and vertical lines at a

five centimeter spacing so that arenas of 25 cm 2 were formed. The

temperature in the room was kept constant at ca. 24 ° C.

During the summer when bee colonies actively grew, the populations in

the hives were controlled by removing some bees to prevent overcrowding so

that swarming did not occur. A vacuum cleaner was used to remove the bees

whenever an excessive of bees were observed in the hives. The conditions of

the hives at establishment are shown in Table 2.
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Table 2. The conditions of the observation hives used in these studies

Hives Combs
Estimated
population Establishment Queen

I 4 3000 05/03/91 new

II 4 5000 06/13/91 new

III 4 6000 04/10/91 old

IV 2 3000 04/18/91 new

V 2 2500 05/18/91 old

VI 2 3000 03/29/91 old
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Sequential process of allogrooming behavior

It has been known that in the allogrooming behavior one bee may

consecutively groom more than one nestmate (Winston and Punnet 1982).

In this study, the process of allogrooming is defined as the behaviors

performed by an allogroomer beginning from the time when she starts

grooming a nestmate to the time when she stops grooming, which is when she

performs no more grooming within two minutes from the time she finished

grooming the previous bee. The sequential process of allogrooming behavior

was determined by recording the behaviors of workers that performed

allogroomings.

The behaviors were observed in colonies of bees maintained in glass

walled observation hive in the June and July 1991. Visual observations were

conducted on a total of 53 workers which were observed to be performing

allogrooming. Since one worker may groom more than one nestmate within

one allogrooming performance, a total of 553 grooming events were observed

in this study. At each allogrooming performance the following data were

recorded :

a. How it started.

b. The time spent for its performance.

c. How many nestmates were groomed by each groomer.

d. The time spent for grooming one nestmate.
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e. The time between grooming two workers.

f. Parts of the body groomed.

g. Position of the groomer against the receiver, and how these

positions changed.

A stop watch and a cassette recorder were used to assist in the observations.

Effect of environmental conditions

Like other activities, allogrooming behavior may be affected by

environmental conditions such as time of the day and weather conditions.

Allogrooming activity in the hives at different times of the day, and under

different environmental conditions of the day were observed.

A repeated measures design was employed (Milliken and Johnson

1984). Five observation hives were used. The allogrooming activity at each

observation hive was observed at five times per day; three times during day

light (at 09.00 h, 12.00 h and 15.00 h), and two during the night (at 20.00

h and 24.00 h).On each observation hive, 48 of the 25 cm2 observation arenas

were randomly chosen, eight of which were devoted to each observation time.

Observations were conducted on June 21 1991, when the sky was fully

covered by clouds, and during a sunny day, June 29 1991, when there was

no cloud covering. The outside ambient temperature was recorded at every

time of observation by using a tele-thermometer (Yellow Springs Instrument

Co. Inc.).
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Table 3. Ambient temperatures and solar radiation during the sunny and
cloudy days

Observations Sunny day (° C) Cloudy day (° Cl
June 29, 1991 June 21, 1991

Times:

08.00 h 16 15

12.00 h 22 18

16.00 h 20 17

20.00 h 19 16

24.00 h 14 14

Weather:

Solar radiation 401 Langleys 107 Langleys
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Data on weather conditions were obtained from the OSU Weather Station.

Table 3 shows the conditions on the days during these observations.

Data were collected as to the number of workers, and the allogrooming

events per two minutes found in each observation arena. The population in

the colonies was estimated by visually counting the number of bees on both

surfaces of each observation hive as per Burgett and Burikam (1985).

Grooming frequencies at each observation time, in term of the number of

allogroomings per 1000 workers per two minutes, were calculated by the

formula:

in which :

F = a/b x 1000

F = frequency of grooming behavior

a = number of grooming events observed within 2 minutes

in the 25 cm2 observation unit

b = number of workers in the 25 cm2 observation unit

An F test was employed to determine the difference in the allogrooming

frequencies among different times of the day, between day and night time,

between sunny and cloudy day and among different colonies. The SAS

computer program was used in analyzing the data (Freund et al. 1986).
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Association between allogrooming and autogrooming

Autogrooming in honey bees has been called the shaking dance or

grooming dance due to its association with allogrooming behavior. According

to Haydak (1945) allogrooming is initiated when a worker performs the shaking

dance, during which time a nearby worker then comes to groom the dancing

bee. To determine if an association between autogrooming and allogrooming

exists, correlations between the two behaviors were examined.

Both autogrooming and allogrooming in the observation hives were

measured three times, at 08.00 h., 12.00 h., and 16.00 h. as per the

methods used in the previous experiment. Data on allogrooming intensity were

plotted against those of autogrooming intensity. The regression was

computed with the STATGRAPHIC Version 5.0 computer program. Since

allogrooming intensity changes during day, a multiple regression computation

was applied to determine if there is any interaction between autogrooming and

time of day. The following model was used :

Y = Bo + SIX, + 82X2 + B3X3 + B12X,X2 + B13X1X3 B23X2X3 E

in which : Y = allogrooming intensity

autogrooming intensity

X2 = 1 for 08.00 h. observation

0 for else
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X3 = 1 for 12.00 h. observation

0 for else

Bo, B1, B23 = regression coefficient

E = error.

Allogrooming and the age of workers

Most behavior of worker bees is age related and duties are performed

on a temporal basis. These observations were to determine if allogrooming

also has a temporal basis. Observations on the ages of allogroomers and the

age of workers groomed were taken on introduced marked bees ( < 24 h old)

in the observation hives.

Marking and introducing bees

There were two problems involved in marking and introducing bees into

observation hives : durability of the marker and acceptance of the marked bees

in the observation hives. Bees have behaviors of removing any "dirt" from the

bodies of their nestmates, and rejecting non-siblings from their colony. In this

experiment I experienced many rejections of marked bees because the marked

bees did not come from the observation colonies.

Durability of many different markers, i.e. acrylic artist paints, nail

polishes, type writer correction fluid, modelling paint and quick drying
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automobile paint were tested. Since all the paints tested caused a high

rejection, some preconditioning of the bees was tried, i.e evaporating the fresh

paint odor, feeding the marked bees before the introduction, and allowing the

marked bees to acquire the hive scent during the introduction.

Observations

Two hundred newly emerged worker bees were marked and introduced

into each of the observation hives. Newly emerged bees were obtained from

brood combs taken from field hives and incubated at a constant temperature

(34 ° C). The emerged bees were taken daily from the incubator so that

groups of 0 - 24 hour-old bees were collected. The young bees were marked

with quick drying automobile paint (Smith 1972). A screen cage developed by

McDonald and Levin (1965) was used to facilitate the mass marking of bees.

The marked bees were then kept for ca. 60 minutes in the cage to reduce the

paint odor; sugar syrup (ca. 60 % solids) was offered to the caged bees before

the introduction into the observation hives. To increase acceptance by the

colonies, the bees were introduced slowly through a specially design device so

that the introduced bees acquired the hive scent before entering the hive, and

syrup was also offered together with the marked bees. With this method, ca.

40 60 % acceptance was obtained.
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The marked bees were observed for 30 minutes daily during the day

light conditions (13.00 16.00 h.). The number of bees that performed

allogrooming , and those that were groomed, was recorded.

Due to an unequal degree of acceptance of the marked bees by each

colony, and the unpredictable rate of mortality of marked bees in each colony,

a qualitative but not quantitative comparison was applicable to these

experiments. These observations were carried out twice : during July

(summer) and September (fall) 1991.
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RESULTS AND DISCUSSIONS

Sequential process of allogrooming behavior

Initiation of allogroominq

Allogrooming may begin when a worker bee performs a shaking dance

which is also known as the grooming dance. As explained by Haydak (1945)

and Mil lum (1955), a nearby worker may come to groom the "dancer". In my

work it was observed that only a small percentage of allogrooming is initialized

by a grooming dancer. Only 9 out of 53 allogrooming events observed were

initiated by a shaking dancer (Figure 1). The rest of the allogroomings were

initiated by the allogroomer themselves. They started allogrooming without

the invitation of shaking dancers.

These observations suggest that although allogooming may function in

parasitic mite removal, as indicated by Morgenthaller (1949) and demonstrated

by Peng et al. (1987), it is not the only function. Other functions may also

exist. It may function in the distribution of queen substance within colony for

example. This was also indicated by Butler as cited by Winston (1987).

Indications of the existent of functions other than parasitic mite removal is

also supported by the fact that the intensity of allogrooming in a colony

increased when some part of foragers in the colony were removed (Kolmes and

Winston 1988).
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Number of nestmates groomed

The frequency distribution of the number of nestmates groomed during

an allogrooming performance is presented in Figure 2. In this study I found

that one worker may groom one up to 132 nestmates within one consecutive

grooming period. However, most allogroomers only groomed one nestmate in

a grooming period. I classified allogroomers into two types, allogrooming

specialists and non-allogrooming specialists. Allogrooming specialists are

workers that groom more than six nestmates within one bout of grooming,

while non-specialists are those that groom fewer than six (Kolmes 1989).

According to Wilson and Punnet (1982) allogrooming specialists are

individual workers that perform allogrooming as their major task throughout

their life. There are only a few workers in a colony that become allogrooming

specialists. They still perform tasks other than allogrooming such as feeding

larvae, inspecting cells, autogrooming, capping brood, fanning etc. but with a

lower frequency. There is possibly some degree of genetic determination in

the grooming specialization (Frumhoff and Baker 1988).

In his observations, Kolmes (1989) found that within workers in a

colony 85 % never perform allogrooming, 11.2 % allogroom once, 1.3 %

allogroom twice, 0.3 % allogroom three times, < 0.1 % allogroom four times,

and 1.9 % allogroom four times or more. He found that about 1.5 % of

workers, or 11.5 % of allogroomers, became allogrooming specialists. In my

study, it was observed that about 22.5 % of allogroomer were specialists.



17 %
GER

83 %

DW

100 % I GR1 1-0- STOP
48 %

52%

x °10

INT

GR2

INT

GRn

it." STOP
17%

Pi- STOP

Figure 1. Process in allogrooming behavior

24

Legend :

GER : albgroomer
GR1-n : grooming 1st - nth

OW : dancing workers

SW : still workers

INT : intermediate behavior

still
walking

antenal cleaning

autogrooming

etc.

STOP : stop grooming



25

_\ .

NON-SPECIALISTS
fati
SPECIALISTS

111 I ir _111 W W Bi
2 3 4 5 6 12 14 18 21 26 50 52 55 77 88 132

NUMBER OF WORKERS GROOMED

Figure 2. Frequency distribution of the number of nestmates groomed by an
allogroomer



26

Grooming sites and positions

Like other mandibulate insects, honey bees allogroom their nestmates

by using their mandibles. With the inner edge of their mandibles, which have

comblike fringes, they comb the hairy surface of their nestmates' bodies.

Many different body parts may be groomed. It was observed in my study that

the propodeum and the area around the wing bases were the most frequently

groomed sites (93.2 %) (Table 5). Less common grooming sites were the

abdomen (2.6 %), the wings (2 %), the head (1.2 %) and the thorax (1.1 %).

While a worker grooms the area around wing bases, most of the time

she stands on the back or the dorsal part (39.6 %) of the abdomen of the

receiving bee, or the lateral site (45.4 %) with her body parallel to and in the

same direction as that of the receiver. But she might stand on the dorsal side

of the receiver's head (8.2 %) or stand beside with the position vertical to the

side receiver's body (10.1 %). Most frequently groomers did not remain in

one position but kept moving and changing from one position to another.

The fact that workers of A. mellifera allogroom their nestmates mainly

around the wing bases suggests that allogrooming behavior in the European

honey bee may have an important function in the removal of parasitic mites.

This could be a significant factor, particularly in the control of the tracheal mite

A. woodi.
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Table 4. Grooming sites and grooming positions

Grooming site Positions* Number of Percent % of total
observations

Propodeum and Pr-Back 340 39.6
wing bases Pr-Head 71 8.2

Pr-Side-Par 305 35.3
Pr-Side-Angl 87 10.1 93.2

Abdomen Ab-Back 10 1.2
Ab-Side 7 0.8
Ab-Ventral 6 0.6 2.6

Thorax Th-Back 7 0.8
Th-Side 3 0.3 1.1

Head Hd-Back 9 1.0
Hd-Front 2 0.2 1.2

Wing Wg-Any 17 2.0 2.0

* Pr-Back : grooming propodeum, standing on the back or dorsal side of
the receiver's abdomen

Pr-Head : grooming propodeum, standing on the dorsal side of the
receiver's head

Pr-Side-Par : grooming propodeum, standing on lateral side of the receiver's
abdomen, position of groomer parallel to the receiver's body.

Pr-Side-And: grooming propodeum, standing on the lateral side of receiver's
abdomen, position of groomer not parallel to receiver's body.

Ab-Back : grooming abdomen, from the back or dorsal side
Ab-Side : grooming abdomen, from the lateral side
Ab-Ven : grooming abdomen from the ventral side
Th-Back : grooming thorax from the dorsal side
Th-Side : grooming thorax from the lateral side
Hd-Back : grooming head from the dorsal side
Hd-Font : grooming head from the front side
Wg-Any : grooming wing from any
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Acarapis woodi is an endoparasitic mite colonizing the trachea of worker

bees. However, observations have shown that when they move from the

infected bees to new host bees, they move into the wing axillaries and then

into the vestibule of the prothoracic spiracles before entering the trachea

(Royce et al. 1988). A. dorsalis, an ectoparasitic mite, colonizes the dorsal

groove of the thorax ()bay 1989) and is also frequently found around the wing

base during the migratory period between hosts.

Time for allogrooming

A grooming event may last from one second up to 334 seconds, with

the average of 28 seconds (Table 5). In a multiple grooming event, an

allogroomer grooms several nestmates consecutively. During this period, she

will finish one worker and move to the next closest worker. However, she

may also perform other intermediate movements such as walking, mouth part

cleaning, antenna! cleaning, or even the shaking dance, so that it can take one

up to 71 seconds before she begins to groom the next bee (Table 5).

The non-allogrooming specialists groom one to six nestmates per bout,

while the specialists groom more than six nestmates (Kolmes 1989). This

study recorded that in average the non-specialists groomed many fewer

(1.7 + 1.1) nestmates compared to the specialists (43.8 ± 35.4 nestmates)

(Table 5).
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Table 5. Number of workers groomed and the time spent by allogrooming
specialist and non-specialist.

Observations Range Mean + SE *

Numbers of workers groomed:

Non-specialist 1 - 6 1.7 + 1.1 a

Specialist 12 - 132 43.8 + 35.4 b

Time per allogrooming bout (seconds):

Non-specialist 4 - 519 102 + 113 c

Specialist 425 4945 1716 ± 1312 d

Time per grooming event (seconds):

Grooming worker 1 334 28 + 33
Between grooming 1 - 71 13 + 11

*) Rows with the same letter are not significantly different based on an
F test at 95 % LSD.
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Consequently, the non-specialists also devoted less time per bout of

allogrooming task than the specialists. The non-specialists spent 102 ± 113

seconds as compared to 1716 ± 1312 seconds with by the specialists

(Table 5).

Effects of environmental conditions

Behavior of insects is affected by environmental conditions, such as sun

light, temperature and humidity. Many bee activities, such as foraging for

nectar and pollen, are regulated by internal factors of physiological time clocks

that trigger certain behaviors at a specific time of the day so that the behaviors

are performed at a rhythm of ca. 24 hours (Gary 1975). This type of cycle is

termed a circadian rhythm.

In this study, the differences in the allogrooming intensity at different

times of the day were observed to determine if the behavior is affected by the

conditions outside the hive. Differences in allogrooming intensity between day

(diurnal) and night (nocturnal) were determined. The effect of weather (sunny-

cloudy conditions) was also investigated.

Day-night activity pattern

Data on the frequency of allogrooming behavior at different times of the

day, during sunny and rainy/cloudy days are shown in Figure 3 and Table 6.

During sunny days, a pattern of higher activity during the day light was
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Table 6. Allogrooming intensity (events/1000/2 minutes) at different times
of the day and different weather conditions

Time Sunny * Cloudy *

08.00 h. 13.7 ± 5.8 abc 3.0 ± 1.8 cd

12.00 h. 15.9 ± 4.7 ab 5.6 + 2.7 bcd

16.00 h. 18.2 + 5.8 a 2.1 ±2.1 d

20.00 h. 6.7 + 5.4 bcd 2.6 ± 1.3 d

24.00 h. 6.5 + 1.3 bcd 2.4 ± 1.5 d

*) Mean + Standard Error; n = 5. Rows with the same letter are not
significantly different based on F test at 95 % LSD.



25

32

20-
N
OOO
703- 15-
Cll

CD>

10-

vi

8 5-

Cloudy

Sunny

08.00 12.00 16.00 20.00 24.00
Times of the day (hours)

Figure 3. Allogrooming intensity at different times of the day, under different
conditions of ambient light (bars = Standard Error).



33

followed by a lower intensity during the night time. The allogrooming intensity

in the colonies started to increase soon after sun rise; this was 13

allogrooming events every two minutes per 1000 workers at 08.00 h. The

intensity continually increased to 16 allogrooming events at noon (12.00 h.),

and to 18 allogrooming events in the afternoon (16.00 h), before it decreased

to seven allogrooming events in the evening (20.00 h). The intensity was

constantly low during the night time; seven allogrooming events occurred at

mid night (24.00 h.).

Allogrooming intensity in the colonies during day and night are presented

in Figure 4 and Table 7. An F test on the data shows that the intensity during

the day time was significantly higher than during the night time (P < 0.1).

Sun light may affect the grooming behavior indirectly. During the day time,

when bees are foraging the grooming intensity may increase due to the

decrease of the bee density in the hive. During the night time, the workers

stay in the hive and grooming intensity decreases due to the increased bee

density.
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Table 7. Allogrooming intensity (events/1000/2 minutes), day vs. night

Hive Day * Night *

1 16.5 ± 5.7 a 3.8 ± 2.3 b

2 11.0 + 5.6 ab 2.3 + 1.3 b

3 7.8 + 4.1 ab 10.8 + 5.6 ab

4 3.6 + 2.3 b 1.1 + 1.1 b

6 10.7 + 2.5 ab 4.0 + 2.4 b

MEAN 9.9 + 1.9 c 4.4 + 1.4 d

* Mean + Standard Error; rows with the same letter are not significantly
different based on an F test at 95 % LSD.
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Effects of weather

The bees flew to forage during sunny days, but due to decreased sun

light (Table 3), stayed in the hives on cloudy days. A similar allogrooming

pattern, but with lower activity, was evident during cloudy or rainy days, when

few to no bees undertook foraging (Figure 3 and Table 6). Under these

conditions allogrooming activity was constantly low at all the times of

observation, compared to those during sunny days, both at diurnal and at the

nocturnal periods.

Allogrooming intensity was slightly higher in the morning, and increased

to reach a peak at noon. Probably due to lower light intensity, during cloudy-

rainy conditions the grooming intensity in the colonies decreased earlier, at

16.00 h. as compare to at 20.00 h. under sunny conditions (Figure 3 and

Table 6) .

Averages of allogrooming intensities in the colonies under sunny and

cloudy conditions are presented Figure 5 and Table 7. Weather conditions

appeared to affect allogrooming intensity. The intensity decreased during

cloudy days, when the light intensity and temperature were lower (Table 4).

An F test on the data shows that allogrooming intensity during cloudy days

was lower than those during sunny days (P < 0.04).

It seems that the allogrooming activity was affected indirectly by the

sun light. It increased during the day light period when there was active

foraging, and decreased during the night time when all the workers stayed in
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the hive. This study also demonstrated that allogrooming decreased under

cloudy conditions, when the sun light intensity outside the hive was low and

foraging activity drastically decreased.

It was calculated that the average allogrooming intensity during sunny

days was 12.2 events per 1000 workers every two minutes (Table 8). These

data may be interpreted to mean that (assumption that the allogroomers

always groomed different workers) during a sunny day the entire worker

population would be groomed within every ca. three hours. Or, every worker

in the entire population would be groomed almost eight times every 24 hours.

The average allogrooming intensity during cloudy days was 3.2 events per

1000 workers every two minutes (Table 8). Under cloudy days the entire

worker population in colonies of honey bee would be groomed every 12

hours, or the entire worker population would be groomed ca. twice within 24

hours.
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Table 8. Allogrooming intensity (events/1000/2 minutes), sunny vs. cloudy
days

Hive Sunny * Cloudy *

1 20.0 + 5.6 a 2.8 + 1.9 c

2 14.0 + 6.0 ab 0.9 + 0.9 c

3 14.6 + 5.3 ab 3.4 + 1.4 c

4 2.9 + 2.1 c 2.2 + 2.2 c

6 9.2 + 3.5 bc 6.8 + 2.2 bc

MEAN 12.2 + 2.2 d 3.2 + 0.8 e

* Mean ± Standard Error; rows with the same letter are not significantly
different based on an F test at 95 % LSD.
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Association between allogrooming and autogrooming behavior

Early thought about allogrooming was that this behavior was closely

associated with autogrooming behavior. According to Haydak (1945) and

Millum (1955) an allogrooming event is initiated by an autogrooming

performer. A worker grooms her nearby nestmate which performs

autogrooming or shaking dance. Probably this is true to a certain extent, at

least for the Asian honey bees A. cerana. In their experiments Peng et al.

(1987) demonstrated that when a worker of A. cerana failed to remove Varroa

mites from her body, by autogrooming, another worker(s) help her remove the

mites by allogrooming.

Relationships between allogrooming and autogrooming intensity at three

different times of day are presented in Figure 6. Intensity of allogrooming

behavior was not affected by autogrooming during any of the observations.

There are negligible correlations between the two; the square of coefficient of

correlation at 08.00 h. observation (R8)2 = 0.006 , at 12.00 h. observation

(R12)2 = 0.073, and at 16.00 h. observation (1318)2 = 0.078 .

Results of this study indicate that in A. mellifera, worker bees perform

allogrooming more as a routine task rather than as a response to autogrooming

performance of other workers. The frequency of allogrooming performance is

affected by the time of the day and the weather, as demonstrated in the

previous experiments. This species of honey bee, unlike A. cerana, gives a

lower behavioral response to the presence of Varroa, which in A. cerana
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induce both autogrooming and allogrooming. Probably this is because Varroa

is originally a parasite of A. cerana, and not of A. mellifera. Theoretically, the

behavior of A. cerana is an adaptation to the presence of the parasite.

Whether allogrooming intensity of A. mellifera is affected by the presence its

own parasites , e.g. Acarapis woodi, like A. cerana by Varroa, needs further

study.

Allogrooming behavior and the age of workers

Marking and introducing bees

Since marked bees were observed during their full life span, a durable

marker is needed for these experiments. In the observation hives, worker bees

biting and removing markers from the thorax of their nestmates were

frequently observed. During the trials, I found that acrylic artist paints,

correction fluids, and nail polishes were easier to remove by bees. For that

reason, a quick drying automobile paint was used in the experiment.

Age of allogroomers

The age of allogroomers was examined in order to determine if a

temporal basis for allogrooming behavior exists. Observations on the ages of

allogroomers were carried out in July and September of 1991 by introducing
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marked bees of known age into four colonies in observation hives; the number

of marked bees and those that performed allogrooming behavior were recorded

daily for 30 minutes. Marked bees had a shorter life span in the summer than

in fall. In the July observation period, no marked bee were found in the

colonies after 26 days, while in September they were found as old as 50 days.

Winston and Punnet (1982) and Seeley (1982) reported different

results on the age when workers of European honey bee perform allogrooming

behavior. According to Seeley allogrooming was performed by workers

between 1 20 days old. According to Winston and Punnet it was performed

by those of between 3 63 days old. Figure 7 shows the age of worker bees

that performing allogrooming behavior according to my observations. The

differences between summer and fall observations are apparent. In summer,

allogrooming behavior was performed by worker bees from two days old up to

22 days old, while in fall by those of 3 up to 48 days old. These differences

should be interpreted as due to the shorter life span observed in summer bees.

No more marked bees were observed after 26 days in the summer, and after

50 days in fall.

These data support a hypothesis that allogrooming behavior is performed

by workers of all ages, from about two days old up to a few days before they

die. This suggests that there is very little temporal basis for allogrooming

behavior. However, not a consistent number of allogroomers from day to day
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was observed, both in summer and in fall; it decreased over time due to the

decreased number of marked bees in the hives.

Age of receivers

Data on the ages of the allogrooming receivers are presented in

Figure 8. The allogrooming receivers in summer were from one day old up to

25 days old, near the end of their life span. Similarly, the allogrooming

receivers in fall were also workers from one day old to near the end of their life

span (48 days). These findings indicates that there is no specific age for the

allogrooming receiver; worker bees allogroom nestmates of any age.

The number of receivers observed from day to day was inconsistent.

It decreased over time, and there was no receiver observed at the age

between 21 24 days during the summer, or between 30 45 during the fall.

Those periods were the times for the workers to fly for foraging (Winston

1989), so that most of the marked bees might be foraging during the day light

observation periods. The number of marked bees in the colonies decreased

over time due to mortality.
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SUMMARY AND CONCLUSIONS

Although allogrooming might be initiated by a worker bee that performs

a grooming dance, most allogrooming is initiated by the allogroomers

themselves, without an invitation from another worker. This is especially true

for the allogrooming specialists that performed multiple grooming. Only 17 %

of the allogrooming events observed were initiated by shaking dancers.

Grooming sites were primarily on the propodeum and around the wing

bases; 93 % of the recorded allogrooming positions were those in which

workers groomed these sites. This is the site unreachable by the worker

herself, which is also the refugium for female adult Acarapis woodi before they

enter and colonize the trachea. By using the mandibles, which have comblike

inner surfaces, the allogroomer cleans the area around wing bases. The

process lasts from one second up to 180 seconds (the median = 17 seconds).

While allogrooming, a bee stands on the dorsum or lateral side of the receiver.

Less common grooming sites were the abdomen (2.6 %), wings (2 %), the

head (1.2 %) and the thorax (1 %).

An allogroomer groomed one up to 132 bees within one consecutive

grooming period. However, most bees groomed only one or two workers per

bout. Bees which groom less than six workers are classified as non-

specialists, while those which groom more than six are termed allogrooming-

specialists. Specialists are a few individual workers in the colony which
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perform allogrooming as their primary task; for prolonged periods they invoke

multiple receiver bees.

Allogrooming intensity was not affected by autogrooming or shaking

dances. Correlation between the two behaviors was negligible, indicating that

worker bees performed allogrooming more as a routine task rather as a

response to autogrooming performance.

Allogrooming behavior does not appear to be directly influenced by a

circadian rhythm. This behavior was performed by workers both in day and

night. However, allogrooming behavior intensity in colonies is indirectly

influenced by the sun light outside the hives. In general, allogrooming activities

were higher in the day than in the night, and were higher during sunny days

than on cloudy days.

In general, the activity pattern of allogrooming on a sunny day is :

begins to increase in the morning (13 events/1000 worker/2 minutes at

8.00 h.), and continues to increase through noon (16 events/1000 workers/2

minutes at 12.00 h.) until it reached a peak in the afternoon (18 events/1000

workers/2 minutes at 15.00 h.). It decreases again in the evening. The

activity was constantly lower during the night, six events/1000 workers/2

minutes both at 20.00 h. and 24.00 h.

The activity in cloudy/rainy days has a similar pattern: higher during the

day and lower during night, but with less intensity. It was constantly low both

in the day and the night time as compared to sunny days. The average
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allogrooming activity was ca. three events/1000 workers for every two

minutes on a cloudy day, as compare to twelve events/1000 workers for every

two minutes on a sunny day. With such allogrooming intensities, the entire

population of worker bees in a colony would be groomed within three hours

on a sunny day, or within 12 hours on a cloudy day. Within a 24 hours typical

period, the entire population would be groomed twice on a cloudy day, and

almost eight times on a sunny day.

There is very little temporal basis for allogrooming behavior. In summer,

when the maximum life span or workers is ca. 25 days, it was performed by

bees of 2 - 22 days old; while in fall, when their maximum life span was ca.

50 days it was performed by bees of 2 - 48 days old. This task was

performed by worker bees of almost any age. Bees groom any worker almost

regardless of the age. However, the number of receivers of foraging age is

low, since the number of marked bees in the hives during the day light hours

is also low at these ages, due to mortality and, foraging bees spent the day

times outside the hive.
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