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ABSTRACT

Currie, Robert Wi11iam. M. Sc. The Universitv of Manitoba

Some factors affecting the orientation of drone honey bees

ô¡ t nÏ'a r
t vuLvugr 10Q'

rlctd
/tI Anì C hê | |\..r¡v :i:4j L.)

The acceptance, longevity and survival of drones introduced into

honey bee colonies, along with the effects of age, apiary layout and

coloured hives on the number, direction, and distance that drones "dríft"

\.7ere examined Ín this studv.

Drones of knov¡n ages vrere marked and introduced into colonies of

honey bees. These colonÍes were examined on a regular basis before the

time of drone flight and the numbers and locatÍons of marked drones were

recorded.

The acceptance of introduced drones appeared to be related to climatic

conditions. Days with cool temperatures, rain and few hours of "bright"

sunshine vlere correlated with low drone acceptance. More drones were

accepted by queenless colonies than queenright ones.

The mean longevíty of adult drones was 13 t 3.3 days. The

longevity of drones in queenless colonies was similar to that found in

queenright colonies.

Drones first drifted at 5 days of age but generally began drifting

at 7 days of age. Large proporÈions of drones drifted from their paren¡

colonies by 13 Ëo 15 days of age. Many drones drifted more than once;

some drifted to as many as three hives. Drones continued to drift until

at least 24 days of age.



X1

Drones drifted between hives that were spaced up to 150 m. apart

and some drifted to other apÍary layouts up to 450 m. away.

Drones appeared to show directional tendencÍes when driftine. In

rows that faced north or south drones tended to drift more to the west.

and in rows facing east or wesÈ drif t r¡¡as greater towards the south.

The proportion of 13-15 day o1d drones that drÍfted from the

parent colony utas 48%. None of the apÍary layouts tested controll_ed

drift completely. However, when coloured boards, horseshoe ravouts, or

paired colony layouts vrere used, numbers of drones drifting appeared to
be reduced.
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Introduction

Workers often make orientation errors and enter other colonies.

The drifting of worker honey bees can result Ín unbalanced colony popula-

tions, and in the transmission of bee diseases causing management problems

in commercÍa1 apiaries. The orientatÍon of '¡orkers in Manitoba has

been exrensivelv researched by Jay (r965, I966a,b, r968, r97r). Queens

also make orÍentation errors. Orientation errors made bv queens can

reduce the success of mating. The orientation of queens was studied

by Dixon (1979). OrienËation errors nnade by drones can resul-t in the

transmission of bee diseases and may resurt in reducecì success of

matings. Although drones are thought to drif t tr^/o to three times more

than workers (Free 1958), little research has been done on the ori_en-

tation of drones. This study was conducted to deterrnÍne what faccors

influence the orientatíon of drones, how much they drlft, how far thev

drift, and if apiary layouEs that reduce the drifting of workers (Ja'

1966a,b, 1968) can reduce the driftÍng of drones.



CHAPTER I

LITERATURI RE\¡ DI.]

In t roduc t. ion

Drones are male honey bees and are not involved in the collection

of either pollen or nectar. They spend a great deal of tirne inside the

hive yet do not contribute to the maíntenance or defense of Ít. Their

only knotun functÍon is mating wÍth virgin queens. Because drones do not

contribute to brood production, polrination or honey production, they

have been researched far less than workers and queens. Research on

drones could aÍd breeding programs, help in controlling the spread of

bee díseases and improve Èhe efficÍency and quality of rnating.

In this study it was necessary to obtain large numbers of drones

of the same age for use in experiments. Therefore information relevant

to the rearing meËhods used, is included in this review.

Aspects of drone biology including the survival of adults, the

acceptance of drones by colonies, the purpose of drone flight, the areas to

r,¡hich drones f1y, and the tíme of day at whích drones fly are important

to an understanding of drone orientation and therefore are also revierved

here.

Growth and Development of Brood

The queen lays male eggs in the larger (drone) cells (I^/oyke 1963a,

Koeniger 1969) . Drone eggs harch within 4B-r44 hours (phillios rgzg.



I^Jedmore 1932, A11en 1959).

The larvae are fed by worker bees until the drone cel1s are capped.

colonies rearing drones require much pollen (Bichtler rg5z). cell

capping usually.occurs 6 days after the eggs hatch (ll1en 1959, Matsuka

et a1 - 1973) . After the cells are capped the larvae spin a cocoon; this

takes about 54 hours (Jay 1964). The prepupal stage lasrs abour 80.2

hours and pupal development takes about 8-17 days (mean 10 days, Jay

1963). The imago remains in the ceIl for about 20 hours before

emergence.

Most studies report the

24 days (Jay 1963). However

peripheral areas of the hive

length of development was 25

from 20-28 days (Jay 1963).

likely caused by varÍations

^-o ^J¿+-J) U.

total duration of the immature stâeeq rô hp

, Fukuda and Ohrani (1977) found thar in the

, where colonies usually rear drones, the

days" Total developmental time can range

Fluctuations in developmental time are

from the normal brood nest temperature of

Regulatíon of Drone Brood by the Colonv

Lack of food and adverse envÍronmental condÍtions can decrease drone

production by colonies (Hofmaster rgz7, Allen 1963, Taber Lg64, Fukuda

and Ohtani 1977). l,Jorkers regulate the ar¡ounÈ of drone brood by eating

it (ld'ryke I97l).. Eggs and unsealed larvae are eaten more often rhan is

sealed brood (Fukuda and Ohtani L977).

0n1y 55 "87. of. the eggs survive to the adult stage (Fukuda and Ohtani

1977). Survival is lowest in the egg and unsealed brood stage. SurvÍval

in the capped brood stage is stable regardless of the month or time of

year. Hor¡ever, drone prepupae (in the capped stage) are sensitive to



vibration and temperature changes (Gontarski

brood in autumn is greater in queenless than

(l,joyke I977) .

1957). Survíval of drone

in queenríght colonies

Reports on the length of life of adul-t drone honey bees have been

highly varÍable. Averages of 54 days (Howell and Usinger 1933, Lavrekhin

1947) 2r.2,22-8, and 23.5 days (witherelr rg72, Jaycox 1961, Drescher

1969) have been found. Kepena (f963) found rhar 5Oi( of rhe drones died

before 21 days of age. Drones can rive up to a maximun of 66 days

(iùÍthere11 1965a).

some authors belíeve that drone life spans vary seasonally. Garofalo
(1972) found average 1ífe spans to be 37 days in spring and 40 days in
sunmer, and Fukuda and ohtaní (1977) found the ¡nean length of life of
drones to be 13.89 days in surilner and 32-42 (mean 3g.09) days in autunrn.

The mortality rate of drones is higher than that of workers,

especially during Èhe first fíve days afËer emergence (Fukuda and ohtani
r977). However, morrality is relatively lorv unril the first 5-r0 days

after emergence, afrer whÍch the death rates increase sharply. Thís

period corresponds to the begínning of flight actívity (wirhere rL rgi2,
ohtani and Fukuda r977). The percentage of drones surviving decreases

with increased number of flights and increased age (withere rr rgTz) .

Flight activity appears to greatly increase the mortality of drones.

oertel (1956) suggested that the amount of food carried, the age of the

drone" iÈs natural enemies and deaËh through mating, influence the

survival of drones during flight. wiËhere11 (rg72) suggests rhat narural_

enemies are the most important factor influencing morÈality of drones in



5

flight" Birds and possibly dragonflies may be major predators of drones.

I^Jorker bees take their fÍrst flÍghts aÈ a later age than do drones

and as a result their period of high mortalÍty comes at a later age than

does that of drones (Fukuda and ohtan i rg77). Drones have higher
survival rates later in the season which probably result fron decreased

flight acrivity in autumn (Fukuda and Ohtan í Lg77) .

Fukuda and Ohtaní (1977) found that the shape of the survival_ curves
did not ehange and life expectancy of drones !ùas not ]owered by the
process of crone eviction by workers in the falI. However, it was

suggested that few drones may have been evicted fror,r these colonies
because the colonies had many young drones and abundant honey stores.

Adult Behaviour

Drones have never been observed feeding v:hire outside the co1on1,.

Mindt (1962) found that drones, returning to colonies, have empty honey

stomachs, ÍndicatÍng that no food is ingested on frights. Drones can

receive food from worker bees (oertel et ar. 1953, Free 1957, orosÍ_pal
1959" Bobrezecki 1968) and consume honey from cerrs (phillips r9zz, Free

7957) ' Drones are fed almost exclusively by workers for the first three
days of their adult rife (Free rg57). Drones continue to receive
occasional meals from workers until they are r7 days o1d" Drones

occasionally beg food frorn other drones but no food transfer occurs

beËween them (ohtani 1974). Drones do noÈ regurgÍtate food for workers
(under natural conditÍons) (Hoffman 1966). Drones have a diurnal feeding
rhythm with maximum food consumpÈion occurrÍng at l2:30-13:30 hours

(Burget r973) " Thís corresponds to rhe oerlod before fltght activiry.
Drones have a preferred temperature of 35o C. in the hive (catritt
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and Lustick 1976). However" Èhermal preferences may vary with age

(Ohtani and Fukuda 1977). Younger drones tend to prefer the warner parts

of the hive (sealed brood area) and older drones stay in the cooler areas

(empty comb area).

Drones also show phototropism and are strongly photopositive at a1l

stages of their adult life after one day of age (Berthold and Benton 1970) .

Expulsion of Drones

In the fall or under periods of nectar dearth, drones are forced to

the outsÍde combs of the colony by the r¡orkers, then to the walls, and

finally to the bottom boards before being expelled from the colony

(Levenets 1956 ). The expulsíon of drones is a very gradual process

taking several weeks Ín the falI (Morse et a1 . 1967). No more than I0-i5

drones are evÍcted per day. Drones are noÈ evicted from queenless

colonÍes even if l-ittle forage is available (Free rg5l, hroyke rg77) .

certain workers specialize in aggressive acts (Dathe 1975) . Free

(1957) has shor,¡n that young drones (6.9 days old) receíve food from young

v¡orkers (9.8 days o1d) år rhe same Eime as older drones (23.0 days o1d)

are being attacked by older rvorkers (2L.2 days o1d) . Workers bÍte drones

and pu11 Ëhem from the hive, but do not sring Èhem (Mindr 1962, ohÈani

1974" Free 1957).

Factors that may infruence the rejection of drones by a colony

include: environmental temperature, Ëhe presence of workers with

developed ovaríes, the presence of a queen, the amount of sealed and

unsealed brood, the activity of the colony, the amount of forage

collected, the amount and condiËion of honey sÈores, the strain of bees

and their odour(Alber 1955, Levenets 1956 , Orosi-PaL 1959, Taber 1964,
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llorse et al' 1967" Holmes and Henniker r972, Free and williams 1g75, Free r97l)

êc¿"e-l- ¡elgri¡r

Drones must be sexually mature so Ehat the queen can be successfully

fertÍ1ized. Sexual maturity has been assessed on the basis of a number

of different criteria. Drones 9-23 days old will pursue virgin queens

(ZnarlikÍ and I'forse 1963b). They will everr genitalia when l0 days o1d

or older but most evert between the ages of 13-23 days (Kurennoi 1953b,

Ruttner 1966). Englert (1967) found that matings involving drones under

1/, .1^.,^ ^ç ^^^ ^r¿+ oays or age are unsuccessful. The concentratÍon of sperm in the vas

deferenËia and seminal vesicles of drones is greatest at 8-9 days of age

(Jaycox 1961) but an optimal number of sperr,r enter Èhe queen's spermatheca

when drones are 14 days of age (I'royke and Jasinski r97B) .

Present data indÍcate that drones ¡nust be at least 9 days o1d to

allow successful mating with the queen, the optimal age being about 14

days .

Sex Pheromones

Drones are attracted to queens by pheromones released from the

queen's mandibular glands (Gary Lg62). The most attractive fraction of

Ëhe rnandíbular gland secretions is 9-oxodec-2-enoic acid (Gary 1g62,

BuËIer and Fairey 1964). Two isomers of 9-oxodec-2-enoic acid exist. a

cis and a Ërans i-somer (loolittle et a1. 1970) . Drones are 200-400

times nore sensitive to the trans acid than the cis acid.

The sex pheromone appears to be attractive only above heights of

5-10 n. (Gary 1962" Ruttner and Rutrner 1971). The heighr at which

attractance occurs varies with wÍnd speed (Butler and Fairey 1964).

Drones can be atËracted from a maximum distance of 60 m. away (Butler and



Fairey 7964).

ïlatÍng

several drones mate ¡-¡ith a single queen (Triasko Ig57 , Roberts 7944,

h'oyke 1956). Taber (1954) predicted up ro 20 drones could mare wirh a

queen' In temperate clímates an average of 7 drones mate with a single
queen (Peer 1956, Taber and wendel 1958). The number of drones maring

with a queen nay be higher in subtropical climates (Adams et al. rg77) .

Thus large numbers of drones must be reared to obtain successful- matings

wi-th queens (Konopacka 1968). sr-aden (1920) found 59 drones per queen

rlrere required ín an isolaË.ed mating station on an Ísr_and.

Drones mate with queens outside the colony (Rotrrschíld 1955)

completing the maËing process while in flight (Gary 1963, woyke and

Ruttner 1958). However, drones do occasÍonally pursue queens that are

walking on the ground (Dixon IgTg) and pairs can drift to the qrouncj

whil-e mating (tJieghtman 1951) .

Drones are initially attracted from the windward side by the queen's

pheromone (Gary 1963). Attractance of drones is greatest at wind speeds

of.5-7 m./sec. but mating is hindered at wind speeds of greater than

5 m./sec. (Bo1'Shakova L}TB). Drones cannot detect concentration
gradients of the sex pheromones and probably use anemoËaxis in locating
the queen (Butler and Fairey 7964). lnlhen the queents scent is detected
drones fly directly upwind for abouÈ 9 m. or untir- the queen is siehted.
This cycle is repeated untÍl the queen is found, the drone becomes coo

fatigued or it loses the scent entirely" Drones may not be able to
respond to the queents odour in sti1l air.

visual sËimulÍ are as important as orfactory stímur_i in assistine
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drones in locatíng queens (Strang 1970). while on mating flights drones

must pass within 1 m. of a queen to see her (Butler and Fairey 1964).

Drones are more attracted to darker col_ours and more compact shapes

(Strang 1970, Gerig LgTr). Moving objects appear to be more attractive
Ëhan staÈionary objects (Gary 1963).

Drones are also attracted to drone svrarms whlch form quickly once

the first fer': drones have found the queen (Gary 1963). Elusíve movemenrs

of the queen provide a distraction within the s,¿¡arm that results in
drones collectívely darting in one direction to form what is termed a

"drone comet". comets disintegrate quÍckly if Èhere is no object to
fo11ow.

Drones approach queens from the posterior ventral sÍde and orient
to the rowest end of the queen (Gary 1963). rn normal flight the queen,s

abdomen is held lower than its head. The position of the drone and

queen while mating is drone superior (Gary 1963).

Drones mate and separate from the queens within I-6 sec. of
mounting (Gary and I'fartson 197i). Drones die wíthin 0-l9B mÍns. (mean

92.4 mins.) after their geniralia are everred (witherell 1965a).

Location of Mating

lJhether drones locate queens on mating flights or whether queens

l-ocaËe drones is stil1 not c1ear. Many authors bel_ieve that drones

gaÈher regularly to mate with queens in areas termed "drone assembl_ies,,

(Ruh 1960, Jordan 1967, Kobel Lg67 " cooper 1969) or "drone congregaÈion

areas" (¡tuller 1950,Zurarllcki and I'lorse 1963a, RuÈtner and Ruttner 1963,

Gerig 1969, Strang 1969) . Congregation areas are defined as areas where

drones gaËher regularly, in a location that remains constant over ti.me"
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irrespective of Èhe presence of a queen (Ruttner and Ruttner 1971).

Drones fol1ow virgin queens (or sex attractant lures) vígorously

v¡ithin congregation areas but only short disËances beyond them (Zmarliki

and Morse 1963a, RutËner and Ruttner 1963, r965a, GerÍg rg72). Drones

fJ-y over congregation areas for lo-15 minutes before returning to their
hive (Ruttner and Ruttner 1971).

Some evidence has been found to support the theory Ëhat congregation

areas exÍst. Drones are attracted in greater numbers to sites farther
from an apiary than to sites closer to it (Zmarliki and Morse 1963b.

Ruttner and Ruttner 1966, 1971). Drones f1y to congregation areas

regularly and revisit the same congregation areas (Ruttner and Ruttner

1963, 1966, 1968). The geographical locarion of congregarÍon areas

remains constant over tÍme (Ruttner and Ruttner 1965b, 196g, rg72,

Strang 1970). Drones of different races and different species of honey

bees use the same congregation areas (Ruttner and Ruttner 1972, Rurtner

r973). Queens returning from mating flights have usually maÈed with

several drones or not at all (Ruttner 1966). This may indicate that only

queens that find congregation areas, successfully mate wj_Ëh several

drones.

Drones are thought to locate congregation areas primarily on the

basis of visual cues (Ruttner and Ruttner 1972). Drones may f1y towards

near and distant physical features of the landscape (Ruttner and Ruttner

1966) " BoundarÍes of congregâtion areas appear to be marked by some form

of verticar relief in the landscape (Strang rg7o, Ruttner and Ru¡rner

l-97I) " Light intensity may also be used as a cue to mark boundaries in
congregation areas (Praagh and Ruttner 1975). congregation areas are

usually found in hilly or mountainous regions (Doo1ÍÈt1 e 1892. Ruttner



RutËner 1965c, strang 1970). rn frat country, congregation areas

not v¡elI defined (Ruttner and Ruttner 1965c).

The alternate theory to the use of congregatÍon areas for matÍnE is
that drones fIy at random and are attracted to the queen during her

maÈing f1íght by her sex pheromones. Butler and Fairey (1964) suggest

that Ehe rapidity rvith which drones find queens may indicate that drones

are abundant and widely disoersed and that queens have an efficient
system of attraction. Butl-er and Fairey (1964) found no areas in which

drones congregated. They poinÈed out that there is no evidence that
queen honey bees are atÈracted by drones. ThÍs seerned especialll,
unlÍkely as drones k/ere so highly adapted to locatÍng queens. occasions

in which drones have been heard or seen in certain praces may be the
resul-t of the presence of queens in those places. Butler and Falrey
suggested that the presence of a crippled queen in an area may result Ín
Ëhe queents scent persisting for several days and result in drones

congregatÍng at places rvhere they had previously smelled a queen.

Fliehr Acrivitv

The earliesÈ that drones begin to f1y is four days after emergence

frorn the ceIl (Hov¡ell and usinger 1933, Kurennoi 1953a, Kepena 1963).

All drones have usuarly taken their first flight by t5-rg days of age

(Hor¡ell and Usinger 1933, KurennoÍ 1953c, Drescher L969). Reporrs on the
average age at rshích drones make first flíghts vary; 5-7 days of age

(Hov¡ell and usinger 1933), 6-10 days (by g2-902 of drones) (Kurennoi

1953c), 9-12 days (by 78 .62 of drones) (Kepena 1963) or 9-rB days

(Drescher 1969). wiËherelr (1970) found thar rhe average age of firsr
flighÈs r¿as 7,96 days"

dl¡ u

are
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Drones usually f1y only later in the day. I1ost authors berieve

drone flight begins between ll:00-14:00 hours (mean 12:2g h.) and ends

between 16:00-i8:oo h. (mean 17:22 h.) (Howelr and usinger 1933,

Kurennoi 1953c, oertel 1956, Lavrekhin r960, Ruttner 1966, Taber 1963.

Drescher 1969' Tuchashvili 1969, Garofalo L972, Strang Ig7I, Bolrshakova

1978). Maximum flight activity occurs between i4:00-16:00 h. (mean

15:07 h.). Drone flíght acrivity can begín as early as 09:00 h.

(Tuchashvili 1969).

Time of flight for Apis merlifera drones is temporally separated

from Apis cerana, Apis florea, Apis dorsata and Apis indica, (Lavrekhin

1960, Ruttner et ar. 1972" KoenÍger and i'ijayagunasekera 1976). peak

periods of flight activity for A. florea, A. cerana, A. indica and

A. dorsata are 13:30 h., 16:30 h., 17:00 h. and 1g:20 h. respectlverl,
(Koeniger and liijayagunasekera r976, Lavrekhin 1960). The peak period

of fright actÍvity of A. mell-ifera was around 15:00 h. Temporal

separation of flight Ís necessary because virgin queens of A. fl_orea.
Â l^-^-+^A' oorsaEa' A. cerana' and A. mellifera all use 9-oxodec-Èrans-2-enoic

acid as a sex attractant for drones (Shearer et al., 1976). Tuchashvili
(1969) has shov¡r that slight variations in drone flight time can occur

between strains of A. mellífera. A Mid-Russian strain fleru betr.¡een

10:00-17:00 h. with peak activity occurring between 14:00-16:00 h." rvhile

a Kuban strain flew beÈween 9:00-lB:00 h. with peak activÍty between

15:00-16:00 h. However, considerable variation in flight times can occuï

between colonies, the flight times of drones beÍng dependent on rnany

envÍronmenËal factors (Taber 1964). Therefore, it is difficult rn i'rloo

if variations in flight time report.ed between strains of drones are

sígnificanr 
"
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The flight rhythm of drones can also vary seasonally. Taber (1964)

found that average drone fright time was 14:00-16:00 h. in June, bur was

2 hours earlíer in April. Taber hypothesized that drones f1y at a later
time, and flight becomes more concentrated when temperatures become warmer

and days become longer as the season progresses. This hypothesis is
partially supported by Bol'shakova's (r978) findÍngs that towards rhe end

of the flight season the length of the flight day was reduced from 4 to
2 '5 h ' Drones were also found to accumulate around tethered queens

between 15:00-16:00 h. in June bur from 14:00-15:00 h. later in the

season. rt appears that the average time of day for drone fligrrt may

reach a peak in mid-summer and declÍne again towards fal1.
Drone f1íght occurs at the same time of day in díffetent geographic

locations and different time zones (Lavrekhin 1960, Taber 1964). Taber

proposed that a circadian rhythm exÍsts to control drone flight Eime. He

suggested thaÈ drones may set their internal cl-ocks Ín the mornins usinp

lÍght as a cue.

A number of other environmental factors influence flight activitl,
and one' or a combination of these, ilâY control time of drone flight.
These factors include temperature, wind speed, hr:mídÍty, and light
(Bo1'shakova 1978" Howell and usinger 1933, r.ritheretr 1970). Drones

usually fl-y at temperatures above t8-20o c. (Ruttner Ig76" Bolrshakova

1978)" Drone flight can occur at between 15-1Bo c" (Drescher 1969,

Bo1 f shakova 1978). However, frights at these temperatures r,rere only I-2
mínutes long (Drescher 1969). Howell and usinger (1933) found rhat
drone flight activity r,Jas not correlated wÍth ambient temperature.

Flight activity peaked about 2 hours after the dairy temperature vras at

a naximum (ar 13:00 h.) and drones did nor fly at 10:30 h. when
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temperatures were equivalent to temperatures at the tine of peak flieht
activity (ar t5:00 h.).

I^lind speed also influences f light acÈivity. Bo1'shakova (r97g)

found Èhat drone f1Íght v/as not affected by rvinds of up to 7m./sec.
(25'2 kn'/h')' oertel (1956) found that released drones could not rerurn
to col-onies if temperatures \À7ere low and wind speed r¿as 8-16 km . lhr. .

Howel1 and usinger (1933) found a s1íght íncrease in wind velocity each

day at the time of drone flíghr bur they believed that wind dÍd not
initiare flight behaviour.

Drone flight ti-me may be regulated by rerative humidity, or the

evaporation rate of the environment (Howell and usinger 1933, witherell
1970) ' Howell- and usinger (1933) found that the saruraring power of the
environment had a curve similar to Ëhat of the Èemperature, except that
Èhe peak \'ras at 14:00 h.. Relative humidity was more crosely related to
peak flight acriviry (Horue11 and usinger 1933, i,rÍrherelr rgTr). Drones

flew at times of the day (r4:00-16:00 h.) when relatÍve humidity was

lorvest (302). However, if drone flight time ís regulated by relative
humídity, it is difficurt to explain why drones are attracted by queen

pheromone l-ures in higher numbers and at faster raËes as the humidity
increases (BoltShakova 1978). Queens attracted the greatest number of
drones at 70-802 relative humidity"

HowelL and usinger (1933) believed that lighr intensity was on11

important in regulating drone flíght time late in the day (at around

17:00 h") rshen intensity r¿as low enough to prevent fright. ultraviol_et
light intensity is knov¡n to increase from 2g5.5 uu. at 10:30 h. to
307 uu. at L6:38 h. and corresponds very well v¡ith Howell and usinger,s
flight time curve (Luckiesh in Howell and Usinger 1933). It is thoushr
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that variations in ultraviolet light may be

regulating drone flight tl_mes than actual 1

Usinger f933).

a more important factor in

ight inrensity (Howe11 and

Tuchashvili (1969) found that flight acrivíty decreased with
decreased light intensity. Drones in shaded colonies stop flying if
light intensÍty is reduced by cloud even though drones from unshaded

colonies keep flying (Taber Lg64). Bo1'Shakova (197g) measured

cloudiness on a scare of one to ten and found that cloudiness up to a

scale of 8 did not affect flight activity but few drones fl-er¿ when the

sky was completery overcast. Drones in hÍves faci.ng south-easË ffew

earlier than did drones in hives facing south-west (Taber 1964). This
may result from drones perceiving light from the sun's rays at the hive

entrance in the southæast facing hives at an earlier time than by those

in the souËh-west facing hives.

Tf environmenÈal condítions (1ight, temperature, wind clouds) were

unfavourable for flight on preceding days, drones flew earlier on the

next day (Oertel 1956, Taber 1964). several factors have been correlated
with the fright ti¡ne of drones but it is not knorun v¡hich, if any, of
these factors provide cues stimulatÍng drone flight activíty, or if an

internal rhythm is involved. Factors r¿hich may provide a time cue are:
perceptÍon of light in the mornÍng, relative humidity, evaporation rates,
EemperaËure' light int.ensity, fluctuations in the ultraviolet specËrum

(Howell and Usinger 1933, I^Jirherel]r Lg7O, Taber Lg64).

Drones f1y chiefly for the purpose of mating but also make fl-iehts
for orientaÈion and defecaËíon (I,Jithere11 1971) " Howel_1 and usineer
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(1933) found drones make shorter flights (1-6 mins.) for orientation and

longer flights (25-30) for mating. However, l,lirherell (1971) found some

7 day old drones made flights of 40-68 mins. in duration. As these

drones rsere not yet sexually mature and, therefore, must have been on

orientation flights, l,Jitherell suggested the definition of ,'orientation

flights" should be based on age criteria and not on flight durations.
The first to fifth flights for orientation usually rast from 1-6 mins.

(Howel-1 and Usinger 1933, Drescher 1969).

Fright duration varies wÍth v¡eather, age, flight experÍence, time

of day, time of year, and quantíty of food carrÍed (Garofalo I9:'Z, Hov¡ell

and usinger 1933, witherell 1971). Drones take shorter flighrs, 4.6_10

minutes long on cloudy or windy days (Witherell 1971). Duration of
flights tends to increase r¡ith increase in age (witherell 1971). The

rongest flights were taken by drones 31-40 days of age. older drones,

r¡ith the most flight experience made the longest flights. FlÍghts in
all age classes of drones tended Èo be longest during the period of peak

flighr acrivity (14:00-16:00 h.). The fÍrsr flíght of the day rended to
be the rongest (32.øo!zl.82 mínutes) while rhe second and third ftighrs
averaged 15.84 (tZO.56) minutes and 29.84 (tfS.45) minutes respecrively.
subsequent frights varied berween 1-49 ninutes. Garofalo (r972) found

flight duration varied with time of year. Average flight duration was

26 rnins. in spring and 36 mÍns. in summer. rJitherell (1971) suggested

that flight duration of drones r,ras also regulated by the amount of food

carried in the crop. This theory is supported by orosi-pal (1959) who

found that drones seldom feed before taking orientatÍon flights.
The duration of flights is highly variable and can range up Èo

3 hours and 27 minutes long. !ùithererr (rg7r) found that wiÈhour
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considering age and other facÈors, mean flight duration was 32.56 (!zz.agl
minutes' This figure Ís close to the flight durations reported by other
authors for maring flights; 20 mins. (Butler 1939), 10-60 nins. (mean

30 mins.) (Drescher 1969) " 25-30 mins. (Hor¡erl and usinger 1933).

Drones return to Ëhe colony from flights presumably because their
food reserves are depleted (Free rg57). Time spent in the colony berween

flights tends to decrease as flight frequency increases (lrrithererl l97l).
rnterflight tine between the first and second flights was significantly
longer than in Èhe succeeding hive stays. Duration of hive stays between

flights was longer after flights of greater than 60 minutes than for
flights of 30 minutes. However, the difference in hive stay times were

not statistÍcal1y different. The mean length of time spent in the colony

between ftights reporred are 17.rL!24.42 mins. (vrirherell 1971) , 2r.56!
22-79 mins. (Ifikhailov 1928), and 3-4 mins. (Irinderhoud 1932).

Nurnber of Flights

Drones can make up to 94 (mean 25) frights over their life span

(t{ithere11 1971). Half of the drones fly 30 or more rimes and 13 .52 fry
60 or more times. Drones are reported to make beÈween 2-g frights and

average betr¿een 2-4 fri-ghrs per day (Kurennoi 1954, Drescher 1969) .

Howell and usinger (1933) reported an average of 3.1 flÍghts per day and

I'/ítherell (1971) found drones seldom made over 3 flights per day. The

number of flights per day can be as high as 17 (Howell and usinger 1933).

Area of Flight

Drones are Ëhought to occupy the flight

above ground 1evel while ¡.¡orkers range 1 to
and Ruttner 1963). Drones fly between 10 to

regíon betrveen 10-40 m.

I m. above ground (Ruttner

30 m. above tree t^n È,ai-l.¡
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Speed of flight is esrimated ar around 6_10 mph. (12_10 km./h.) (Oerrel

1956) ' Drones are thought to consume more honey during flÍghts than do

¡uorkers and can carry enough honey reserves to fly several kilomerers.
Ðrones returned to colonies from up to 5 km. away in capture/release

tests (Levenets Lg54,Konopacka 196g) . However, only a fer,.r drones (ZZ)

returned from that dÍstance. Fifty percent returned from 1 }cn. and g07j

returned fron 200 m. a\,ray from their original corony. Ruttner and

Ruttner (1966) found that drones f1er^¡ to areas up Èo dÍstances of 5 km.

on a regular basis and could fly ro areas up to distances of 7 k¡r. peer

and Farrar (1956) and peer (1957) studied the nating of the honev bee and

found that matings between queens and drones occurred across disrances

of up to 10.1 miles (16 km.). rf queens fly a maxi¡num of 5 km. (Rutrner

and Ruttner 1971) this r¿ould indicate that drones courd f1y dístances of
up to 11 km. on mating flights. Ho.ever, drones f1yíng that far do not
necessarily have enough food reserves to returrÌ to the hive.

Peer (1957) found that the success of mating between queens and

drones from dífferent colonies was lower as the distance between col-onÍes

increased' Queens that mated successfully wiËh drones from coronies that
were 16.2 km" apart began laying eggs aÈ rater dates than did queens

mating with drones from col-onies 6.1 to 9"8 km. aÞart.

0rientation to Èhe Colony

Drones that are unsuccessful on mating flÍghts, or which are on

orÍentation flights, must reÈurn Ëo their colony for food and shelter.
The process of how drones orient to their home colonies is poorry

undersÈood" capture and release tests have shovm that drones can reEurn

to Ëheir colonies within 46.5 minutes from 5 km. away (Levenets 1954).
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The direction from colonies, where drones r¡ere released, has no effect on

t.he rate or success of returns (Oertel 1956).

0erte1 (1956) found that drones could successfully return ro

colonÍes even if both antennae r.rere removed; thus they apparently do not

use antennae in orienting. It is probable that they use only visual cues.

Oertel attempted to determine if drones used the sun to help them locate
theÍr hive. Drones were confined in a tent and prevented from seeing the

sun or the sky. Drones found their ruay back to the colony in the forenoon

and afternoon whether the sky was cloudy or not. This led oerter to

conclude that drones do noÈ use Èhe position of the sun as an aid in
orÍenting to theÍr colony. However, if drones have a biological clock

they may be able Èo keep track of sun position internally and compensate

for the differences in it.

Oertel (1956) felt drones used landmarks to find rheir way back ro

the hive. No tests have been done as yet to verify this hypothesis.

However, Ruttner and RuEtner (1966) and Strang (1970) have shovm that

drones may use optical cues in Ëhe form of near and dísÈant physical

features of the landscape in the location of t'congregation areas,,.

Bees have been shov¡n to have magnetic remanence (Gould et aI. 1978).

If placed in total darkness on a horizonËal plane, workers eventually

orient theír dances towards the cardinar points of Ehe compass (Gould

1980). A honey bee possesses a subsÈance called magnetite which may be

used in the detection of magnetic fields, Honey bees have a higher

sensitivity to fluctuations in the earthls magnetic fíeld than do homing

pigeons. I't is possible that fluctuations in the earthrs magnetic field
may aid drones in orienting to their home colonies using a ueÈhod simllar
to that used by pígeons.
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Khalifman (195I) concluded Ehat drones placed in different colonies

tended to remain in the colonies to which Èhey were more closely relateci.

Differences in brood food were thought to cause this "change in homing

instinct". It was proposed thaÈ if brood combs are placed in sErange

colonies Ëhis may contribute to subsequent "drifting". Drifting Ís the

movement of drones to colonies other than their original colony. Adult

drones rvere marked and then placed in differenE colonies and the percent-

age of drones drif ting back to Ëhe colonies in r,¡hÍch they were reared,

rvas measured. As these drones rnust have been at least of flighc age

(6-7 days o1d) to be able to drift from these colonies, it seems more

1ikeIy that these drones picked up the colony odours as adults. I,,hen

placed in colonies with simÍlar odours, drones may remain more closely

allied to these colonies than to colonies that \./ere not related.

Drones aPPear Èo retain a memory of the cues they use in orienting

to their home colony. Foged (1953) found that colonies, noved more than

1 kr.l. away fron their origÍnal sites, had worker and drone bees returnÍng

to the old site. Two days later 2/Z of the bees returning r,¡ere drones.

Bees continued to return for up to 4 days and were mostly drones. This

indicates that the drones must have retained some forrn of menory of the

location of the o1d site for a period of at least 4 days.

Butler (1939) suggested that drifting of drones rnay be influenced

by weat-her, time of year, and the presence or absence of virgin queens.

Butler (1939) marked drones in four colonies and noted their presence in

colonÍes throughout Èhe season. Only 6 drones drifted Ehroughout the

season and only one was found Ín a mating nucleus. Butler concluded that

virtually no drift of drones occurred betr^¡een hives in his apiary,

despite the fact ÈhaÈ there vrere droneless nuclei with virgin queens
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presenr. Levenets (1951) found rates of drift of. r.752, L.47ü, and .g5z

repectively for rËalian, Bashkír and caucasian stocks of bees. rt was

concluded that drift does not vary signifÍcantly between differenE races

of drones. DrifË generally occurs on the first orientation flight and

then chiefly to the strongest hives in the rorüs. Drones generally remaÍn

in colonies to which they first drift. Levenets found queenless colonies

and colonies with virgin queens, did not attract or retain drones. Hor*,-

ever Free and Spencer-Booth (1961) found that more drones from queenright

col-onies drifted to queenless, than to queenright colonies. Drones

expelled from queenrÍght colonies did not drift to queenless ones.

Drones were reported to drift 2 to 3 times as much as do workers

(Free 1958, 1961). The percentage of drones drÍfting ranged between

8.6-802 between tría1s. Goetze (1954) placed colonies of A. mel1ifera

¡nellifera bees in an apiary contaínÍng A. me11Ífera carnica_ and Iigustica

colonÍes. hhen colonÍes of A. mellifera were subsequently examined, just

over half the drones present had originated from carnica or ligustíca

colonies. witherell (1965b) had levels of drifË of ll.43y. and l-2.z5z.

He also concluded that drones drift more readily to a nearby hive than

one that i-s farther a\{ay. Twelve percent of marked drones drifted to a

colony 30.5 cm. west, rvhile "25% drifted to a colony 3.g m. east. Drones

also fly to hives that face different directions than their or^¡n hive.

Drones as Vectors of Disease

Drones are potential vectors of honey bee dÍseases because:

1" they are susceptible to the same microbíc and parasític infections as

are workers, 2" They retain the po!¡ers of flight when diseased, 3. they

drift between colonies (Moreaux 1953).
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Drones are susceptible to acarine mites, Forrest disease (virus),

sacbrood (virus) and an infective dysentery (l'foreaux 1953, 1959). Drones

of all age groups can become infected with Nosema apis (Bailey 1972).

However, fewer drones than workers became infected wiËh Nosema in

enzootically Ínfected, undisturbed honey bee colonies. Drones are as

susceptible as workers to the sacbrood virus (Bailey and Fernando 1972).

The sacbrood virus does not affect the'lonspvitv of drones but infected

drones f1y at an earlier age than do non-infected drones.

Drones transmít these diseases when drifting between colonies.

Drones from colonies severelv infected with acarine disease are stilI

^Ll^ +^ gl-. --L:ourc Lv rry, *,,.1e this is noL so with infected workers (I4oreaux 1953) .

Drones have been irnplicated in transferring acarÍne dÍsease to a colony

30 m. away. Hanko andLemakova (1971) found that high frequencies of all

age groups of drones infected with Nosema apis flerv to neíghbourÍng and

dÍstant colonies. The ability of drones to maintaÍn and propagate

pathogens of honey bees, along with their tendencies to drift between

colonies and abÍIiËy to continue flying r,¡hen diseased, make them serious,

potential vectors of bee diseases. Further studies on the transmission

and spread of bee diseases between colonies and apiaríes should take into

consideration the role of drones as Dotential- vectors of bee diseases.



CHAPTER II

I.IATERIALS A.r\D ¡ÍETHODS

General Methods

Drones \,rere reared from a yellow strain of bees in single storev

Langstroth hives containing 7 to 8 frames of worker bees. Drone comb

was placed between brood combs of colonies for one day to alfow the

comb to be cleaned by the worker bees. The queen was placed on the

drone comb and enclosed wÍthin a single frame queen excluder; thus the

queens were "forced" to lay eggs in the drone comb. These colonies will
be referred to as trstarter coloníes". Frames !¡ith eggs were removed

from the queen excluder after two days and placed between frarnes of

r¿orker brood r¡ithin the starter colonies.

Worker brood and young worker bees were added contÍnually to the

starter colonies Ëo maintain the worker population and to help prevent

Ëhe destruction of drone brood. During períods of honey flow "starter
colonies" were supPlied with boxes containing empty comb to prevent the

drone comb from being filled v¡ith honey by the worker bees.

trrrhen the drone brood was in the capped stage, ít was transferred

from the "starter colonies" to Itrearing colonÍestt. The ttrearing colonies"

consisted of double storey hives containing l6 to 18 frames of worker bees.

Drone brood r,Jas transferred from the rrstarÈer colonies" because the
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proportion of drone brood in a colony nrust not be too high or the workers will
eat the brood (A11en i958). Drone brood was transferred to rearing colonies
when it v¡as capped because at this sËage of developrnent ít can be handled

with the least damage (Fukuda and ohtana Ig77). Drone brood was incub-

ated in the rearing colonies until the 23rd to 24th day of Íts develop-

At 23 days from the time the eggs vrere laid all adult drones were

brushed off the frar¡es of drone brood whÍch were then transferred from

the rearing colonies to an incubator set at 3CPc. Drones were arLowed

to emerge in the íncubator overnight and were then marked the nexE morn-

Marking Technique

Drones were marked using a modified version of the HarrÍs technique

(r979). A 3cc. disposable plastic syringe wíth a curved plastic tip
(Berthole¡ ' unpublÍsheC) was used to mark the drones. Syringes were filled

with " Pactra Aero Gl-oss" dope. one to three dots of different colours
were applied to the thorax of each drone.

Drones, reared from dífferent colonies, were ar-r_owed Èo thoroughrl,

mix Ín the incubator prior to beíng marked" All drones were marked wíth-
in 15-20 hours after emergence so that their ages could be determÍned over

time' They were all r¡arked at the Uníversity of Manitoba apiarv after
which they were transported to the test sites.

Handling and Transportation of Marked Drones

Marked drones were picked up by the hind 1eg using forceps. They

were then stored, and transported in plastic cylinders, l25nn. J_ong by

44 mm. in dfameter, The cylinders were enclosed at one end wíÈh a 16 mesh
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plasric screen and had plastic lids on the oÈher end (w.H.o. 1963).
The tubes were lined w-lth l6 mesh plastic screen to provide a surface that
the drones could grip' No more than 50 drones were placed in each contaÍner.
water and honey v/ere provided for the drones through the screened end of
the tube. Drones were transported in these containers until they were

introduced to colonies; they were stored no longer than 6 hours.

Description of Colonies

All experimental colonies consisted of single storey Langstroth
hives excePt for the large square experiment in which 5 frame nucl_ei
were used' All hives were painted white, had similar lids and bottom boards
and were placed on hive stands 9 cm.hígh. At the beginning of each

experiment, colony populatíons were equalized (i.e. colonies consisted of
the equívalent of 3 frames of worker bees, 3 frames of brood, and one

queen) ' Additional boxes had to be added to the hives of the isolated
colony experimenÈs (in t9g1) to prevent swarming.

Introduction of Marked Drones to Col_onies

Hardware cloth with g nm.squares (i.e. three squares to the inch)
was placed between the brood chamber and a hive box. The híves were then
lef t f or 10 minutes to alrow the bees Èime to "settle do\,¡n,, and then
100 drones (per hive) ¡¿ere released onto the hardware cloth. The bees

were then gently smoked after which hive lÍds were placed on top of the
empty boxes.

Al_1 drones r,lere introduced in the evening

The hive boxes and hard¡¿are cloÈh were removed

Èhe drones had joined the colonies by passing

just prior to sunser.

the follorving day after

through the screen.
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Data CollecÈion for Experj.ments

ColonÍes r4rere examined to determine the number of marked drones

that had survived and to r¿hat hives they had drÍfted. Colonies were

examined early ín the morning before drone flight began (Í.e. before

9:00 a.m.) and the number of marked drones found in each hÍve was recorded.

All frames, lids, wall-s and boÈtom boards of the hives were examined. In

addition each hive used in an experiment and each hive within 80C n. \a,as

searched for marked drones.

Most experiments consisted of hives placed in rows which r¡ere numbered

one Ehrough five frorn left to right as the observer faced the enrrances.

Hives were examined one day after Èhe marked drones were introduced and

when drones were 7, 13, i5 and 21 days old. If weather conditions prevented

drone flight, examinations were delayed one day. In some experiments how-

ever ' extra examinations r¡rere done between the 7, 13, 15, and 2I day peritris.

Experimental Sites

In t9B0 three experi-rnenËs were conducted at the University of }lanÍtoba

Ld¡uuu5.

All other experiments in I980 and l98l were conducted at the

University of Manitoba Gl-enlea Research Station.

Scale Colony and l^leather Records

A "scale colonyttwas placed on a platform scale at the University

site in 1980 and 1981. I,Ieight gains and losses \rere recorded Ëo deter-

mine when the nectar flow took place.

WeaÈher data r¡ere obtained from Environment Canada for the two sites

(i.e. lrtrinnipeg rnternational AÍrport and Glenlea Research station).
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Rain' wind" hours of bright sunshineo and mean daily temperature records
lrere recorded.

Exper imen t s

Data obtained using the general methods described above were used in
the determination of acceptance of drones by colonies, the longevÍty and

survival 0f adult drones, and their drifting behaviour. unless stated
otherwise the methods forlow those outr-ined Ín the general methods.

colonÍes were examined to determine the percentage of drones accepted
by colonies on each date when drones r¡/ere introduced durÍng 19g0 and

1981' ExaminatÍons of colonies were done on the day after introductíon
and when drones were six days old. The percentage of drones accepted by

different col_onies on a partÍcular date v/as averaged.

rn I980 drones were introduced to colonies located at the universitv
site on three occasions (i.e. 3 July, 7 July, and I0 July). All 0ther
introductions in r9B0 and rgg] took place at the Gr-enlea site.

rn 1980, drones were introduced into 3 colonies each on 3 Jury,
7 Ju1y, I0 Ju1y, 20 July, and on 25 July; into 4 colonies on 14 Augusr,
and into 6 colonies on each of 15 July and IO August. rn r9gr, drones

were introduced Ínto r colony on 13 August; 2 colonies on each of 26 June

and 12 August,3 colonies on each of 9 July and 31 July;4 colonies on

each of 20 July and 28 July; B colonies on 3 August and Ínro 13 colonies
on 10 August.

IntroductÍons were also made into

2 colonies on 20 July and into I colonv

queenless colonÍes in l98l, into

on 31 July and 3 August.
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The LongevÍtv and Su]yival of Drones

Drones Èhat were Íntroduced to

drone survival and longevity by cont

marked drones ü;ere no longer found.

in all of the colonies examíned (i.e

recorded.

colonies v¡ere also used to determine

inuing colony examinations until

The number of marked drones found

. including drifting drones) v.rere

The mean longevity of adult drones was calculated (using a frequency

distribution) from the ntnnber of drones that were accepted by a co1onl,

one day after introduction. The class mark of the last age class of

drones dying was the midpoint bet\,reen the age of the drones on the

last examination when they ¡,¡ere found in colonies and their aqe on the

next day.

The survival of drones was determined in 3 different colonies at the

University site on 3 July 1980. Al-1 other drone survival trÍa1s were

conducted on 26 July (2 colonies), 9 Jury (3 colonÍes), 20 July (4 coloníes) ,

3I July (2 colonies), 3 Augusr (6 colonies), and 12 Augusr (l colony).

The longevity and survÍval of drones in queenless colonies was recorded

on 20 July, 31 JuIy, and 3 Augusr.

Drone Loss from an fsolated Colony vs. Loss and Drift from Groups of Colonies

Drones were introduced into coloníes located at least 2 km. from

any other colonies. Thus no drifting of drones to other colonies was

probable. The percentage of drones survivÍng in these colonies was

compared simultaneously to that of drones in groups of híves where drones

drifted. The survíval of drones in the groups of colonies !;as deËermined,

by two methods' one including the drifting drones and one excludins the

drifting drones.
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The survival of drones in isolated colonies rras compared to the

survíval of drones from groups in four trials durÍng 1981. Two trials

were conducted begÍnning 29 June, one begínning 9 Ju1y, and one beginning

12 August. The arrangement of the groups (see page 34 ) of colonies was

not the same in all four trials. The trial shown in figure 30, includes

data from the arrangement of hives Ín the 1 m. experiment (figure 1).

The tríals shor^¡n Ín figures 3l and 32 include data from the arrangement

of hives in the 5 m. experiment (figure 2). The tría1 shov¡n in fio,,re 3?

includes data from the arrangement of hives in the 50 m. experiment.

To compensate for variation in the acceptance of marked drones

introduced to different colonies Ín the "foss" t-ri:lc lfiorrreq 30-33) a

"base line count" was done before drone flight began (i.e. before drones

were 7 days old). Subsequent survivaf of drones was calculated as a

percentage of the base line count.

Effect of Age of Drones on Drifting

The ef f ect of the age of drones on their d¡i f t íno ï,ehrr¡ì nrr¡ çsg

tested in a roiv of 5 coloníes (see straight ror,' experiment page 9).

Marked drones less than 12 hours old. were introduced Ínto three hives in

the row. The colonies were examined every one to Ehree days (see table

2) to determine the number of drones that drifted.

The drifting of individually marked drones was also examíned. Thls

experiment \,ras repeated in two different groups of hÍves. In one trial

the marked drones were introduced into the large square layout shorn'n Ín

figure 6" Ten drones vrere placed in the centre colony of each row. In

the second trial, 20 individually marked drones were placed in the centre

hive of the arrangement of híves shov¡n in figure 2 " colonies were

examined 5 times (see Èables 3 and 4) and drifting of marked drones
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Figure I Arrangement of hives in
indicates the colony into which

the i n. experiment. (The "x"
drones were introduced).

Figure 2 Arrangenent of hives in
indicates the colony into which

the 5 ¡0. experiment. The
drones were inEroduced).
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Figure 3 Arrangement of hi-ves in the 50 m. experiment. (The "x"
indicates the colony into r.¡hÍch drones were introduced).
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was recorded.

Distance. In the one metre experiment hives were arranged as shoL¡n Ín

figure I . Four hives uTere placed at the cardinal points of the compass

I m' from the central hive. All hive entrances faced souÈh. The marked

drones were introduced into the cenÈral colony. Colonies were examined

and the total number of drones that drifted to the four surroundins

colonies was recorded. The direction of the hives to which drones drifted
was also noted.

rn the 5 m. experiment híves were arranged as sho¡,rr ín fi-gure 2

EÍght hives were placed at distances of 5 m. around the cenËral hive.

Drones were introduced into the central corony. rn the 5 m. trial (a)

all hive entrances faced south, but Ín the 5 m. triars (b and c) alr hive

entrances faced north (see table 6 ).

The arrangement of hives Ín the 50 m., 100 m. and 200 m. experiments

are shov¡n in figure 3 ; hives were placed at 50 m., 100 m. and 200 n. respec-

tively. Four hives were placed around the central colony at the cardinal

poÍnts of the compass. The marked drones rvere introduced into the central
colony of each group.

Drift between Apiarv Layouts. The distance and direction that drones

drifted between apiary layouts (i.e. groups of hives) rùere recorded trvice

during 1980. In the first trial, Èhree separate apÍary layout experiments

were placed in a norÈh-souÈh line as shov¿n in fÍgure 4 . rn a second

trial five apiary layouts were arranged in an east-vrest line as shov¡n in

figure 5 . The numbers of drones driftíng between the apiary layoucs

ü¡ere recorded 
"
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Large Square. The "large square" consisted of four rows of five hives

spaced I m. apart to form a square (see figure 6 ). The four rov¡s faced

the cardinal points of the compass with their hive entrances facine the

outside of the square (see figure 6 ). lfarked drones were placed in the

centre colony of each ror"'. The direction of drift wÍthin rows and betr.¡een

rows of the square \tas recorded. The proportion of drones driftins from

each row was also noted. This experirnent was replicated twice (on i5

July 1980 and l0 July tgBI).

Straight row. The direction of drift was also measured in rows facing

vtest. The rows consisted of 5 híves spaced I m. apart r'rith all entrances

facing \,rest. Marked drones were íntroduced into colonies in positíons

l,3,and 5 (see figure 7 ) except for Ehe trial conducted on 15 July, 1980

where drones were introduced only to the centre colony. Five replicates

of this test were conducted (3 July and t5 July i980; 20 Ju1y, 3 August

and l0 August 1981).

Paired coloníes. The direction of drone dríftinq was also recorded in

paired colonies that were placed I m.apart with hive entrances facing

south (see figure 8 ) . Marked drones were placed in both colonies.

Three replicates of this trÍal 1¿era cnnrì,,¡rprl l1 5 August 1980, 20 Jul1' ,

and 28 July 1981).

Drifting of Drones trüithin Dif ferent Apiary La,r¡outs

Straight rows

To determine the amount of drone drift. data were obtained from

straight roq/ experiments and large square experiments. The colonies were

examined when Èhe drones were between 13-15 days o1d. The proporËíon of
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Figure 4 Arrangement of
is represenred UV O ) .

three apiary layouts. (Each apiary layout

Fígure 5 . Arrangement
is represenred bye

five apiary layouts. (Each apiary layourof
).
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Figure 6 ' Arrangement of hives in Èhe large square apÍary ravout.



39

543?t
r._tr trr[l-J

2[J

3E

4[]

5[]

Fl:u u ,--nI lls

no

Ss

flz

Ir

tr

trtr8trtr
12345



40

drones driftÍng from the parent colonies v¡as recorded.

Drift. The percentage of drift from the parent colonv was calculated for

each specific age group. The number of drones found in colonies outside

the parent colony was divided by the total number of drones found in all co]onies

of the same age. This yields the proportion of drones that drifted from

the parent colony.

The straight row apiary layout r¿as also used as a "control" in

experiments to comPare the amount of drift that occurred in different

apiary layouts. Controls were done concurrently with the apiary layout

experÍments. The pattern of drone drífting \tithin the straíght row lay-

out was also examined.

0ffset entrances

Drift was examined in a straight row of hives \"Jith offset enErances

arranged as shown in f igure 9 . Five hÍves rrrere spaced one meÈre apart.

Hives I and 4 had entrances angled N.W., hÍves 2 and 5 had hive entrances

S.W., and hive 3 faced \,iest. Marked drones were introduced into hives

1,3, and 5 Ín the row. Three replicaÈions were done (on 15 July 1980,

3 August 198I and 10 August 1981)"

Coloured boards

Drift was examined in a straighÈ ro\,r of five hives spaced Im. apart

that had coloured boards placed over their hive entrances. The arranseÍ€nt

of the coloured boards, and the colonies which received drones are sho\rrì

ín figure 11. Four trj-als were done in 1980 and 1981, Two of the trials

had coloured boards over the entrances of hives 1,3, and 5 (10 July

1980, 15 July 1980) v¡hile the other two Èrials had coloured boards over
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Fieure 7 Arrangement of hives in Èhe straight row apiary layout.

Fieure 8 . Arrangement of hives in the paired colony apiary layout

Fisure 9 ArranÊement of hives in the offset entrance apiary layout '

Figure 10" Arrangenent of hives in the horseshoe apiary layout.
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Figure 11. Arrangement of hives in the coloured board apiary layouts.
(The colours of the boards Dlaced over the hive entrances are indicated).
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the entrances of hives 2 and 4

Èrial on 10 July was performed

r,¡ere conducted at the Glenlea

Horseshoe

(3 August, 1981, 10 August, 1981). The

at the UniversÍty sit,e. The other trials

site.

Hives in the horseshoe layout r¡rere spaced one metre apart as shor¡n

in figure 10. Drones r.7ere introduced into hive 3. The hive entrances

faced towards the outside of the horseshoe. Three trials of the horse-

shoe design \rere done. 0n 15 Julyr 1980, the horseshoe faced south and

in 1981 the horseshoe faced west in trials on 3 August and 10 August.

PaÍred Colonies

(see paired colonies p.35). To determine the amount of drifl

occurring between paired colonies, the drift occurring frorn both colonies

was pooled.

Statistical Analysis

Comparisons of drone acceptance by colonies and of the mean longev-

ities of drones were analyzed usÍng t-tests.

Drone drift in the 1 m., 5 m., 50 m., and 100 m., experiments h'as

t.ested to see if it conformed to a random (or poisson) distribution by

using a Chi-square. The direction of drift in the 50 m. experiment was

analyzed using a binomial distribution.

The analysÍs of the direction of drone drift and Ehe comparisons

betv¡een the amount of drifÈ in differenË apÍary layouts were based on

ChÍ-souare criEeria.
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CHAPTER III

l(Þ)ULI Þ

Acceptance of Drones L¡troduced ínÈo Colonies

The Ínitial acceptance of drones by colonies ranged from 39 to

962 in 1980 (mean 70t7.9) and 33 to 847" (rnean 5815.6) in i98i

(figures i2 and 14). Signíficantly more drones \rere accepted by the

time they were 6 days oId in 1980 (mean 58t7.4) than in 1981 (mean

38!6.2) (P<0.05) (figures t3 and 15). Twelve percent anà 202 of the

drones died betr¡een the first and second exanination in 1980 and I9BI

respectively.

The ínitial acceDtance of drones was significantly greater in queen-

less colonies (P<0.05) than in queenríght colonies (figure 14). Howeyer,

the nurnber of drones acceDted by queenless colonies by the time drones

were 6 days o1d was not significantly greater than in cueenríght colonies

(P>0.05). The nurnber of drones accepted into a queenless colony on 20 Jul1',

1981, was lower than the number accepted into queenrÍght colonÍes.

Temperature, precipitatíon, hours of bright sunshine and scale colonv

data for the oeríods during which drones r¿ere introduced in 1980 and

1981 are sho\^¡n in f igures 16 to 23.

Drone LongevÍtY

The mean longevity of adult drones ranged frorn ñineteen da1's

to seven days (table i ). The mean longevity of drones
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from all dates sampled throughour 1981 was 13 I 3.3 days (taUte l).

No drones lÍved longer than 51 days in this study (figure 25).

The mean longevity of drones in queenless colonies was not sisnif-

icantly hÍgher Èhan in queenrighr colonies (P > 0.05).

Survival Curves

The number of drones, accepted by a colony, vüas often less than 502

(figures 26 to 29) . Survival rates of drones i¡ere fairly constant from

the time of the first examination (second point on graph) until the end of the

preflight perÍod.(i.e. before 6 days of age) on 3 July, i980 and 12 Augusr,

1981 (figures 24 and 26). However Ín Ëhe other trials some drone mortalitv

did occur Ín the preflight period (figures 25 and 27 to 29).

The number of drones accepted by queenless colonies ruas higher (I2

to 50"/.) but survival rates ¡¿ere similar after introductÍon (figures 27

to 29).

Drone Survival in Isolated Colonies vs. Survival in Groups of Colonies

The number of drones survÍving in Ísolated colonies ¡^¡as simÍlar to

the number surviving in groups of colonies when drifting drones were

included (figures 30 to 33). However the number of drones surviving in

groups of colonies vras up to 50% lower (see figures 30 to 33) Ëhan

in isolaÈed colonie s if dríf t ins drones r¡rere not included .

Effect of Age of Drones on DrifÈing

Generally, drones did not drift until they were seven days old

(table 2). Observations from later experiments indícated that drones

could drift as early as 5 days of age (e.g. table 16,3 August, 1981).

However, drifting by 5 and 6 day old drones r4/as rare. The proportion of
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drones drifting from the parent colony indicaÈed that large numbers of

drones (667") drift by the time they are 15 days old (table 2). The prop-

ortion of drones drifting from the parent colony tends to increase with

age.

Drones can make more than one error in orientation (table 3). Drones

made as many as 3 changes in positÍon between hives r¡íthin three examina-

tÍon periods (table 3, triaf A). Although low nr¡nbers of drones ¡¡ere used Ín

tests (because of the difficulty in marking large numbers of drones wj-th

Índividual markings), the results indicate that drones often drifted more

than once. Some that drifted more than once, actually drifted back to

the parent colonY.

The number of drones that changed hives between examinations re-

mained faírly constant (taUte 4). However, there appears to be a slightly

greater number of bees (not significant) changing híves in the l3 day

examination (tría1 A, table 4) which coincides with the large numbers

of 9 to 13 day old drones that drifted (shown in table 2). Fífty-two

to 54l¿ of drones did not drift from their parent colonies (table 3).

The Distance and Direction that Drones Drift

The distance of drift. Drones drifted to colonies I m., 5 m., 50 m.,

and 100 m. from the central colony (taUte S). Drones did not drift to

the colonies that r¿ere 200 ¡n. a\,ray. Between 29-632 of I3-2I day o1d

drones drifted to colonies at dÍstances up to 50 m. (table 5) " The

percentage of drones drifting from their parent colonies, to colonies

at disËances of 100 m. e Þras 15 to I7"/. (table 5). Drones 8 days old did

not drift farther Èhan 5 ¡0. (table 5).
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Direction and distance. In the 50 rn. and 100 m. experiments (fígures

35 and 36) drift rrras not random (P.0.Ol); drones drifted only to the

colonles north and south of their parent colony (table 6). In the 50 m.

experiment (trial A) drones drifted to the colony in the north. The 50 m.

experiment (trial B) and the 100 m. experiment were done concurrently

starting on 12 August, 198I. In the 50 m. experiment (trial B) drift

r^ras greater to the col-ony ín the south than in the north (P < 0.05)

(table 8). In the I00 m. trj-a1 drones drifted only to the south (table B)

l"lind data for the dates on v¡hich the 50 and 100 m. trials were conducted

are presented in table 7 "

In the I m. experiment drÍfting of drones was not random (P < 0.05);

i.e. significantly more drones drifted to the east and wesÈ than to the

north and the south (P <0.05) (table 6). In the 5 m. experiments (trials

Aand B) the drifting of drones was not significanËlygreater to an1'sÍngle

hive (P > 0.05)

The drifting of drones in the 5 rn" experíment, trÍa1 C, was not

randoa (P < 0.001); 16 drones drifted to the colony in the norlh-v¡est

position.

Direction and Distance of Drift Between rv Lavouts

Up to 6O% of the drones drifted beÈween different apiary layouÈs

(í.e. groups of hives) (tables 8 and 9). hrhen groups of hÍves were

arranged in a north-south line (table 8 ); significantly more drones

drifted from the centre groups (2) to the groups 40 m. south than to the

group 40 m. north in (3 of 5 readings P < 0.05). When five groups of

hÍves lrere arranged in an east-tdest line (table 9), the drifting of

drones from group 3 was greater to apiary layouts in the west than to
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those in the east; however" this trend was sígnificant in only one of 3

examinations (P < 0.0I).

More drones from group 3 (table 8) drifted to groups 40 m. north

than to colonies 80 m. north (P < 0.05 in 4 of 5 examinations). However

the drifting of drones from group I was greater to the group 80 m. south

than Èo the group 40 m. south (tab1e B) P.0.05 in 3 of 5 examinations).

Drones drifted between groups (1 and 5) that v¡ere 450 m. apart,

table 9. Drones also drifted between groups (1 and 2) that were separated

by 150 m. (rable 9).

Direction of drift in rov¡s. In rows facing north, signÍficantly more

drones drifted to the colonies west of the centre colony Ín replicate I

(P < 0.05 ín 2 of 4 trials), but in replicaLe 2o signifÍcantly more drones

drÍfted to the colonies to the east of the centre colony (P < 0.05 in

3 of 4 trials) (taUte 10¡. In rows facing south, drone drifting was

greater Èo the west of the centre colony ( in 2 of 4 examinations, P < 0.05

i-n replicate I and Ín I of 4 examinations in replicate 2, (P . 0.0I). In

rov¡s facing east more drones drifted to the colonies to the south in both

replicates I and 2 (P < 0.05) in I of 4 readÍngs Ín both trÍals I and 2.

Drones from the row facing wesÈ showed no significant tendency for drift

to either the north or south of the centre colony in either replicate.

Drones also drifËed between Ëhe rows of the large square (table 11),

Drift from a side (row of hives) of the square tended to be higher to

sides of the square Ëhat r,¡ere ad j acent to it , than Eo the side that f aced

directly opposÍte (tables 13 and 14). The two exceptions to thÍs general

tendency of drone drift r¿ere (i) the drones drifting from the east row

in replicaËe I, in which large numbers of drones (6-10) drifted to the west
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row and (2) the drones from the south row in replicate 2 where a single

drone was found in the north row. In replicate I the west row received

significantly nore drones from the north and south row than did the other

rords (1n 5 of 6 trials P < 0.05 or greater).

The proportion of drones drifting from their parent colony rr'âs Dot

slgnificantly different in ror¡s facing different directions (figures 34 and 35)

Although no directional tendency of drift was observed in the rows

facing west in the large square experiments (table 10), other experiments

that were conducted using rows of hives facing west did show a directíonal

Èendency for drone drift. Drift from the centre colony (in a row of 5 hives)

was examined in fÍve trials with a total of 24 exami.nations.

Drift was signifÍeantly hígher towards the south on l1 examinations

(P < 0.01 or greater) and significantly higher Èowards the north once

(P < 0.025). In the 12 examinations where Èhere was no sisnificant drift

to eÍther directÍon, drift v¡as higher towards the south 9 times (ta¡te tZ).

Other data and analyses are sho\^rn in table 12.

Drift from hives (1 and 5) at the ends of the rows also Índicated a

weak tendency for higher numbers of drones to drift towards the south

(from hive 1) than towards the north (frou hive 5) (see table 13). Drift

was significantly greater towards the south in 3 examinations (P < 0.05

or greater) and was not signifÍcantly greater tov¡ards the north. In

examinations where there rdas no significant difference in drift to either

direction, drift was greater towards the south 9 ti¡nes, greater towards

the north 7 times and equal in both directions twÍce.

Direction of drift in paíred colonies. The directional tendency of drift

from paired colonies facing souÈh is sho¡yn in tables 20-22. Drift was
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measured in three trials with 14 hive examinations (tab1e 14). The amount

of drift was significantly greater towards the west (frorn hive 2) on

8 examinations, (P . 0.05 or greater). In examinations where there was

no significant difference in drift to hives in either dÍrection, drift was

higher tqwards the vrest 5 times and higher Èowards the east once (table i4)

Effect of Apiary Lavout on the Nu¡nber of Drones that Drifted

Amount of drift occurring in straigh! fo¡qe. The proportion of 13-15

day o1d drones drifting in straight rows is shov¡n in table 36. The per-

centage of drones drifting from the parent colony ranged from 10-B0Z and

the total dríft during I9B0 and L98I was 492 (tab1e 15).

Offset entrance lavout. The use of apiary layouts r,riÈh offset entrances

dÍd not significantty reduce drifting of drones below the 1eve1s found ín

controls (see table 16). The drifting of drones in thís pattern was often

higher than the control layout but was signifícantly higher (P < 0.005)

only during one examination.

Coloured board layout. The proporËions of drones drífting in apiary layouts

with coloured boards above the hive entrances, are shov¡n in tables 17 and 18.

In the trial conducted on 10 July 1980, the results of examinations done

when drones \rere 7 to 13 days o1d \rere not considered because a virgin

queen rras present in hive three.

Drifting in the coloured board layout was significantly lower than

in controls on only 2 of 14 examÍnations in the four trials (p.0.05).

In the 12 examination in which drift was not sÍgnificantly different from

the controls, drift truas lower on B examinations (table 19) "
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Horseshoe lavoul. Drift from colonies in a horseshoe formation was

significantly lower than in controls on 2 of. L0 examinations in 3 trials

(p.0.005 or greater). In the I examinations in which drift in the

horseshoe layout r.¡as not sÍgnificantly different from the controls, drift

was lower on 8 examinations (table 19).

PaÍred colony lavout. Drift from colonies in the paired colony layout

was significantly lower than in controls during 4 of 12 examinations in

3 trials (rable 20). In the 8 examinations in which drift in the paired

colony layout \n¡as not significantly different from the controls, drift

was lower on 6 examinations (table 20) "

The Pattern of Drift Within AÞiarv Lavouts

Straight rows. In straight rows of 5 colonÍes placed 1 m. apart, the

drifting of drones \,ras not consistently hígher from the centre colony

of the row than from the end colonies of rows (see figures 36 to 38).

Aside from the direction ef fect mentioned earlÍer, drift \,74s not

consÍstently higher to any hives in the row (table 2L).

Offset entrances.

22. Drift ü/as not

Drift in the offset entrance layout is shor^m ín table

consistently higher Eo any colonies in Ëhe ror'u.

Coloured board layout. In the trial conducÈed on 10 Ju1y,1980, many

drones drifted to the centre colony of the row during examinatÍons done

nhen drones r¡rere between 8-12 days old (table 23). During this perÍod a

virgin queen emerged in the centre colony of Èhe row" The cenÈre colony

of the row had a yellow board over the hive entrance (figure 11). In

oÈher trials, colonÍes ¡sith yellow boards over Èhe hive entrances (hive
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5 on 15 Ju1y, 1980 and hive 4 on 3 August and 10 August, 1981) did not

atËract drones (see table 22).

Horseshoe. In the horseshoe layout (figure 10) most drones drifted from

Èhe centre colony to the colonies on either side of ít (table 24).

Paired colonies. The DatÈern of drift in paired colonies is described

in the section on direction of drone drifting (see page 5l).
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Figure 12. The mean acceptance of drones introduced into colonies on
åL^ J^., ç^1 1,L¡rE uéJ rvrror"ring introductÍon for specif ied dates during 1980. The
vertical bars indicate standard errors.

Figure 13. The mean acceptance of drones introduced into colonies (when
drones were 6 days o1d) for specified dates during 1980. The vertical
bars indicate standard errors.
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Figure 14. The mean acceptance of drones introduced into colonies on
Èhe day folJ-owing introducÈion for specífied dates durÍng 198i. The
vertÍcal bars indicaEe standard errors and Q.L. indicaÈes accprrrânnê
into queenless colonj-es.

Figure 15. The mean acceptance of drones introduced into colonies (when
drones were 6 days old) for specffied dates during 1981. The vertical
bars Índicate standard errors and Q.L. indicates acceptance ínto
queenless colonies.
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FÍgure 16 The mean daily temperature throughout the summer in 19g0.
The dates on which drones were introduced are indicated with arro\^7s.
Dates with poor drone acceptance are indicated by a t'0".

FÍgure 17 " The mean daily temperature throughout the sunmer in 198I.
The dates on r¡hich drones were introduced are indicated wÍth arroLìs.
Dates with poor drone acceptance are indicated bv a "0t'.
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Figure 18. The daily preciptation rhroughour rhe su¡mer of i9g0.
The dates on which drones were introduced are indÍcated with arrows.
Dates with poor drone acceptance are indicated by a "0".

Figure 19 " The daily precipratlon throughout the summer of l9gl.
The dates on whÍch drones were introduced are índicaËed wíth arrows.
Dates with poor drone acceptance are indicated by a tt0".
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-Èigure 20. The hours of bright sunshine throughout the summer in l9gO.The dates on v¿hich drones were introduced are Índicated r¡ith arrows
Dates with poor drone acceptance are indicated bv a "0t'.

Figure 21 . The hours of bright sunshine throughout the sunmer in l9gl.The daÈes on r¡hich drones were introduced are indicated with arrows.Dates with poor drone acceptance are indicated by a ,,0',.
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Figure 22. Cumulative weight gaÍn of scale colonies during the summer
of 1980. The dates on'¡hich drones were inÈroduced are indicated
with arrows. Dates with poor drone acceptance are Índicated by a "0,'.

Figure 23. Cumulative weight gain of scale colonÍes durÍng the suuuner
of I981 " The dates on vrhích drones r.rere íntroduced are indicated
with arrou¡s. Dates with poor drone acceptance are índÍcated by a "0".
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Figure 24. survÍval curve of aduft drone honey bees on 3 July, I9g0(from 3 colonies).

Figure 25. survival curves of adult drone honey bees on 26 June, Iggl(--D- from 3 colonies) and on 9 July, 196l @_- f rom2 colonies).

Figure 26" survival curves of adult drone honey bees on 12 August, Iggl@_ frorn one colony)
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Figure 27. survival curves of drones from four queenright coronies( ) and from one queenless colony( ) (20 JuIy, 1981).

Figure 28 . survival curves of drones from one queenrÍght colony( ) and from one queenless colony
o_.-=.--) (3I JuIy, t 98l ) .

Figure 29 " survival curves of drones from six queenright colonÍes( ) and from one queenless colony( (3 Augusr, 1981) "
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Figure 30 . survÍva1 curves of drones from groups of colonies where
drÍfting occurred (lm. experj:nent) and from isorated colonies
where drones dÍd not drift.

Figure 31. survival curves of drones from groups of colonies where
drÍfting occurred (sm. experiment) and from isolated colonies
where drones did not drift "
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FÍgure 32. Survival curves of drones from
drifting occurred (5m. experiment) and
where drones did not drift.

groups of colonÍes where
from Ísolated colonies

Figure 33. Survival curves of drones
drifting occurred (50n. experiment
where drones did not drift,

from groups
) and from

of colonies where
isolated coloni-es
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FÍgure 34. Proportions of drones drifting from each of four rows of
hives that faced the cardinal points of the compass (large square
experiment) in 1980.

Figure 35. Proportions of drones drifting frour each of four rows of
hives that faced the cardinal poinËs of the conpass (Iarge square
experiment) in 1981,
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Figure 36. The difference in Ëhe proportion of drones drifting from
the centre colony and the end colonies of straight rows (3 July 1980) .

Figure 37. The difference in the proportion of drones drifting from
the centre colony and the end colonies of straight rows (3 August
1981) .

Figure 38" The difference in the proportion of drones drífting from
the centre colony and the end colonies of sÈraight rows ( 10 August

1981) .
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Table t. Mean longevity of adult drones l.ntroduced into colonies (including
driftinp rìroncs)

Date Èrial Number of Mean longevity
<.¡f adult drones **began colonies

26 June 2

9 July 3
20 July 4

*20 July 1

3i July I
Ja!ãJI Ju-Ly I

3 August 5
:k3 August I
12 August I

Seasonal mean

17.8 t 1.45
12.4 t 1.07

Q ? + 1 /,^

7.7
1i.8
r5.4
10.0 r 0.93
r2.4

| / á + { /l

* Queenless colonies
/:;k flgs in days, wÍth standard errors



Table 2

80

drones on the proportlon drifting from theirFffpnt nf:op nf
parent colonies.

Age
({9¡s)

¿

J

4

7

9
ìl

13
15
t7
19
22
25
29

Total number
found *

269
266
266
266
258
206
113
84
62
53
38
I1+
I
I

Number and percent
drifting from parent

^^1 ^-,,LUrV¡r Y

0 (0:¿ )
0 (0)
0 (0)
0 (0)
6 (2)

6r (30)
s8 (sr ¡
43 (sr¡
41 (66)
31 (6r;
26 (68)
13 (93)
7 (88)
I (100)

;l Drones introduced into three colonies
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Table 5 The number of
of 1 m., 5 m.,

drones drifting to colonies
50 m. . 100 m. and 200 m.

placed at distances

Nt¡-¡ber and Percentase Drif tÍn from Parent cofonvAg"
( days )

R

13
i5
2L

-lii-0 (02)
3r (4e)
18 (3r¡
20 (s7)

\ ¡¡;'r ;l

4 (5i!")
rs (41)
l s (46)
6 (2e)

5 0n* ;\:"

0 (02)
20 (63)
r0 (61)
I r (ss)

I rìnm:k

o (oz)
4 (r7)
4 (i7)
3 (15)

200ni

0
0
0

0

;! Onc renlicate
*zk Thrpp ran'l'í^^+^-reyraLéLEÞ

>t:Ì:t fr¡o renl ìr.efgg
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Table 7

õ)

The daily direction and speed of the prevailing wÍnds for the
periods in which the 50 m. and 100 m. experiments were conducted.
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Table 12. Direcrion of drift
faced u/est.

from centre colonies in rows of 5 hÍves that

Date*

3 Juì--v-

19 80

15 July
1980

20 July
1981

3 Aug.
i981

10 Aug.
198 r

Age
( days )

9
11

13
t5
T7

t9
22
25

I
11

15
LB

I3
15
2T

23

l
I3
15

6

B

t0
IA

T4

ToÈa 1
found

77
40
3t
20
19
13

9

)z

15
16

ti
I1

8

31
24
T2

9I
87
54
30
30

ts)
I ?\
rs)

(1t¡
(8)
(0)
(40)

0 (02)
I (4)
6 (40)
5 (31)

o (oz)
0 (0)
0 (0)
0 (0)

9 Qe7:)
2 (8)
2 (r7)

r (r"/")
i0 (12)
4 (8)
I (4)
I (4)

2r (272)
17 (43)
rB (sz¡
r4 (70;
10 (s3)
8 (62)
B (89)
3 (60)

2 (4i()
3 (13)
6 (40)
4 (2s)

r (ez)
I (e)
I (13)
I (20)

I (32)
7 (2e)
r (8)

3 (32)
26 (30)
30 (s6)
18 (72)
26 (e0)

¡.9.*:k

n. s.

n. s.
n. s.

P<0. 025
¡.5.;t;k

D¿^ n l

P<0.001
P<0.001
P<0 .00 I

Number
drifted north

J

o

4

3

z
I
0
2

(42)

Number
drÍ fted south

Direction and
síg,nificance

s P<0.001
s P<0.025
s P<0.005
S P<O. OI
s P<0.025
s P<0 .025
s P<0.005
$ ¡.9.**

S

ò

l\

S

S

S

S

S

N

S

S

S

S

S

r" Date on rvhich experÍment began.** Not signÍficant p>0.05.
S More drones drifted south.
N More drones drifted norËh.
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Table 13. Direction of drift from end colonies in rows ^E - ,ur ) n]-ves tacing rrest.

Drift from hive I Drift from hive 5

Date*

.I OQN

3 Aug.
1981

l0 Aug.
i 981

Aoe
(days)

Y

1l
ì?
t5
I7
I9
2L

ö

I3
15
2T
23

7

13
t5
2I

o

8
t0
tl
I4

Total
found

74
39
30
ZJ
I4
I
z

T4
T4

8
2

9
8

91
78
57
¿J

t8

Number
drifted

To tal
found

47
20
20
I4
tl
t1
I

2I
15

ö
J

13

3

9I
73
52
¿5
I4

Number
drift ed

ru Ju.ty
19Br

r 3 (187")
14 (30;
7 (23)

10 (43)
s (36)
6 (7s)
2 (100)

r (42)
3 (21)
3 (2r)
s (63)
0 (0)

r (r1z)
6 (7s)
3 (60)
2 (67)

3 (32)
28 (36)
4r (72)
r3 (s7)
is (83)

9 (rez)
2 (t0)
7 (3s)
7 (57)
s (46)
4 (36)
I (100)

0 (02)
2 (r3)
6 (40)
I (r2)
2 (40)

I (617)
2 (40)
I (33)
3 (r00)

3 (37.)
16 (22)
20 (3e)
s (22)
3 (21)

Direction and
s Ígn if icance

- n.s.*'*
S n.s.
N n.s.
N n.s.
N n.s.
S n.s.
S n.s.

S ¡.s.**
e-^
\Ì-
S n.s.
N n.s.

\l - ^ r!
r\ 11.5. '!,\

S n.s.
S n.s.
N n.s.

S n.s.
s P<0.05
s P<0.005
s P<0.025

* Date on which experiment began.
** Not significant p>0.05.
S More drones drifted south.
N More drones drÍfted norËh.
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Table I4. Direction of drift from paired colonies with hive enrrâncpq
facing south.

Drift from hive I Drift from hive 2

Date*

15 Aug.
19 80

28 July
r98t

Aoe
( dsys )

10
i3
t5

7

t0
1J
15
20

7

T2

I5
2l
24
28

Tota l
foun d

47

29

q

¿o
¿o
')l

r6

10

Number
drifted

z

5

(47")
(7)
(tt¡

(02)
(0)
(1)
(0)
(0)

(7i:)
(7)
1 t0)
(6)
(0)
( 1o)

0
0
l
0
0

2

2

t
0
I

To tal
found

OJ

50

o

q

40
39
JLI
1'7

Numbe r
drifted

20 July
198 I

0 (0r.)
r8 (33)
12 (24)

r (r7z)
2 (40)
3 (60)
4 (Bo)
2 (s0)

s (13ij)
rB (46)
17 (s0)
L7 (63)
12 (sz¡
4 (100)

Direction and
qionific¡n¡o

[ ¡.5./<:k
I^J P<0.005
i,l P<0.05

lr/ ¡. g .:'r;"-

W n.s.
W n.s.
l{ P<0.05
W n.s.

W n.s.
w P<0.01
h, P<0 .025
l{ P<0.01
I.J P<0 .005
ll P<0.05

'k Date on which experiment began.
'.\:k Not signif ican P>0.05 .

E More drones drifted east.
W llore drones drifted west.
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Table 15. Amount of drone drift from a row of 5 colonÍes spaced I m. apart
(by drones l3-15 days o1d).

Pprcent¡ oc ¡l,ri F r
Trlal Total found Number drifted frnm n:rent.^-..'F--._-

l
2

4

6

7

I
9

10
1i

Total

56
?7

40
57
10
t2
LJ

t0
24
57
3l

30
T7

10
34
I
4

T2

1

9

35
T7

542
46
25
60
t0
38
80
l0
38
6T

46
3s5 170 48i(
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Table 16. The
the amount

amount of drift in offset
of drift in controls.

entrance apiary J_ayouts vs.

Date*

l5 July
I 980

Fvno --
imenf

lf

A

t1

Âoe

( da-vs )

7

7

11
ll

I4
t4

Total
found

Number in
n, rên t

2s6
r54

58
56

26
4I

63
106

34
45

20
14

65

34
15

30
10

I7
B

Numbe r
dri fted

I ìrì f f

re duce d

5
(

7

7

1J

13

15

15

2I
2I

263
161

97
LI7

56
86

63
114

53
9i

37
48

20
38

21

7 (32)
7' (32)

3e (40)
6 1 (sz¡

3o (s3)
4s (s2)

o (0"a)

8 (77.)

t9 (:a¡
46 (s1)

17 (46)
24 (s0)

7 (3s)
28 (74)

s (s6)
1e (et)

T)eorpo nf
ei n-.'€-i ^^- ^^urÃ¡¡r r aLéltLË

tl . Þ . ^ ^

Þ¿fl ô(

n.s.

n.s.

N*o

No

No

A
P.

3 Aug.
1981

10 Aug.
198 1

r (2"/")
2 (62)

D ( 1)l
4 (2r)

1o (25)
3 (16)

7 (2e)
I (s)

R

n

B

B

No

No

No

No

No

No

10

4

2

A
B

A

B

A

B

^
B

ö
B

ð
ö

13
13

l5
15

¿l

¿l

66

40
I9

40
19

24
I

No

r E5

* Date on which exneriment
** Not signíficant p>0.05.
A Control layout.
B 0ffset entrance layout.

hp orn
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Exper- Age Totaf Number in Nr¡nber Drift Degree of
DaËe'k iment (days) found parent drifted reduced significance

A 14 56 26 30 (s3Z)
B 14 52 32 zo (3gy.j Yes ¡ . s -;k;';

l0 July A 17 44 23 2r (48)
I98o B I 7 27 23 4 ( r5i Yes P<o. os

A 20 32 15 17 (s3)
B 20 2g tg I0 (36) res n ' s.

Table 17. The amount of drift in apiary layouts with coloured boards (on
hives 1,3, and 5), vs. the amount of drift in controls.

A 6 263 256 7 (3"A)
B 6 i4 73 L (rz) Yes n's'*'!

15 July A 9 I98 151 47 (24)
1980 B 9 56 4/.1 IZ (21) res n's'

A t 5 56 26 30 (54) ÀÌ^B 16 50 20 30 (60) r\o n's'

;l Date on which experiment began.
*;" Not signíf icant P>0 .05 .

A Control layout.
B Col-oured board layout.
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Table lB.
hives

The amount of drift in
I and 3) , vs. the amount

apiary layouts with col-oured boards (on
of drift in controls.

Da t eJ,

Fvnp r-

irnen t
Aoe

( days )

t3
13

15
15

2T
2T

To ta1
found

3 Aug.
1981

I0 Aug.
r 981

B

A
B

A

B

I9
2

1I
2

ì1

2

8
8

IJ

t3

I5
15

5

7

l

Number in
paren E

19
)

10
2

10
2

Number
drifted

DTIIf
reduc e d

Ileoroe n f

eion'í f ie a¡e a

n.S.*tt

DzÂ ô (

n. s.

0 (0%)

0 (02)

I (r0)
0 (0)

i (40)
o (0)

0 (02)
| (4't)

r o (32i()
c (0i.)

e (38)
2 (20)

4 (33)
3 (30)

0 (0)
r (100)

No

rE5

Yes

No

Yes

No

A

B

A

B

A
B

A

B

31

28

2l
i3

i5
8

9

7

U

31

29

31
I3

24
10

T2

IO

J

1

* Date on r¡hich experiment began.
** Not significant P>0.05.
A Control layout.
B Coloured board layout.
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Table 19. The
amounÈ of

amount of drift in horseshoe
drift in controls.

apiary lavouts vs. the

Date*
Exper-
imen t

Aoe
( days ) found

52

z3
15

i5
11It

16
o

1t
I

Number in
paren L

3 Julv
t98I

o (oz)
0 (02)

1 (10)
0 (0)

I (10)
0 (0)

Yes

No

No

No

Yes

lgÞ

Yes

Yes

B

50
q/,

i9
q

3
5

7

I

ö

8

I1
11

15
15

18
18

'to

10
2

19
3

11
2

8
8

13
t3

15

i5

10
n

9

0

I

7

7

13
13

15
15

B

ð
tf

B

2 (4"/.)
0 (02)

4 (17)
1o (77)

12 (80)
6 (ss)

e (s6)
5 (83)

Number Drift
dri fted reduced

ttêorÞÞ ^1
cioni f inenno

n.s.^^

n.s.**

n.s.

P<0.005

P<0.00i

15 July
t 980

B

ö
Þ

B

B

B

B

10
I

10 July
19 81

JI
JO

¿4
30

t2
).4

.) 'l
LL

36

30

(32"t)
(o'/.)

( 38)
(0)

(2s)
(7)

* Date on which experíment began.
** Not sígnificant P>0.05.
A Control layout.
B Horseshoe layout.
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raDle zu. Ihe
amount of

amount of drift in
drift in controls.

naired eolony apiary layouts vs. the

Date *
Expe r-
imen t

Aoo
( days )

7

7

10
I0

13
I3

15
t5

7

7

1J
l3

15
t5

20
20

2I
2T

Tot al
found

Number in
paren L

¿)o
t25

151
115

45
78

,,.

81

59

¿v

13
36

25

15 Aug.
I 980

20 July
19 81

/X lrr l\t

IOAl

B

B

d

D

A
D

125

r98
117

81
99

57
98

Number Drift
drifted reduced

Degree of
significance

n.s.**

P<0.001

P<0. 0 l

P<0.00t

n. s, **

n.s.

D-^ nl

7 (32)
o (0"t)

47 (24)
2 (2)

36 (44)
2r (2r¡

3s (61)
17 ( 17)

re (367.)
r (72)

r7 (40¡
4 (40)

7 (3s)
4 (40)

s (s6)
2 (25)

(36"Á)
(rL"/.)

(46)
(31)

(3s)
(3s¡

(loJ
(42)

r E5

B

B

B

D

34
13

20
o

13

4

o

37
10

20
10

9

I

19
7

I7
20

7

19

5

1B

7

7

13

t5
i5

53
I4 Yes

No

D

53
66

37
65

20
55

9

B

Yes

rcÞ

A

B

B

* Date on which experiment began** Not significanr p>0.05
A' Control layout.
B Paíred colony layout.



Table 21. The number of
row layout.

dronec dri ftino l6

99

each hive wÍthÍn a straight

Age
(days) 1

I 3**

rì

3**

1

3**

)

I

6**

Híves to which drones drifted
Da te*

03/07 /80 ls

15/07 /80 1s

03/08/81 1s

r0 /08 /81 1s

12

?** /,

20

01

t2
l1** 1

00

60

1A\

002

9**01

002**

alJ4)

200

l0** 0 i

009**

4

4

5

2

I

1

1

45

4t

12

42

* Dace on which Erial began.
;\'À !'liys into which drones were introduced.



Table 22. The number of drones
entrance lyout.

100

drifting to each hive within the offset

UdLE''

Aop

\ud_vÞ,,, I

]g**

15

o

12

r2x* 3

03
11

12
g;l* 0

20

00

Hives to which drones drifted

I 0**

J

0

I

I J*;l

4

1

L

ts/07 /BO T4

03/08/Br 13

l0/08/81 ts

4lJ4)

511

5**I3

417

a,J¿+)

000
q*-* I rìV

003

DaÈe on which trial began.
Hive into v¡hich drones Ìì,ere introduced
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Table 23. The number of
coloured board

drones drifting to each hive within the
layout s .

Âoe
(days)

i0

IU

1n

I

9**

I

t1

2 6**

o

l

I J*;';

Hives to which drones drifted
Date*

r0/07 /80

rs/07 /80

9

9

9

03/08/81 10

r0/08/81 13

'It

Q:.1'* fl

t^

¿U

^tJ4)

lôrì U

o^^44

^ 
l. iñ¡rv + L>^^

1

ì

l-¿+ -l

n^

t2

00

45

01

t2

OI
J

8**

* Date on which trial beean.** HÍve into r¿hich drones !üere inrroduced.
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Table 24" The number of drones driftíng to each hive within a horseshoe
layout.

^È^ Hives to which drones drifted
Date* r^7,,^r I 2 3 4 5

\ v;J - / 

-rs/'7/Bo ; r 7 J*:! 2 o

03/07 /8r 15

10/07 /81 ls

00I3**10
0 0 1** 0 0

* Date on which trial began.
*:l l-liys into which drones were introduced.



I03

CHAPTER IV

DISCUSSION AND CONCLUSIONS

Acceptance and Survival of Introduced Drones

The acceptance of drones that were introduced into colonies varied

throughout Ëhe season in 1980 and 1981 (figures 12 and 14). The number

of drones that were accepted by colonÍes Lras high early Ín the season and

hígh in the post honeyflow period in both 1980 and 1981 (figures 12 and

14). The Ínitial loss of marked drones may have resulted from, pai.nt

markings falling off, death from injury during narking, introductÍon or

transport and from rejection of drones by the workers of the colony.

The rejection of drones by the workers of the colony ís probably the

most important variable affecting the acceptance of drones into a colony.

VarÍation in the number of drones accepted on different days apoeared

to be correlated to the clírnatic conditions occurring at Ëhe time of drone

introductíon, Temperatures, on introduction dates with poor initial

accepEance r¡ere below 18oC. (figures 16 and 17). The "hours of brisht

sunshineil lrere generally lower on dates with poor accePtance than on

dates with "better" acceptance (figures 20 and 2i). Precipitation often

occurred on the days prior to ÍntroducËion, or from the tÍme introduction

took place until the first examination was conducted (fÍgures 18 and 19).

Drone acceptance varied throughouf the period when there vlas a nectar

flow (figures 22 and 23). Acceptance of drones by colonÍes was high on

13 August, 1980 and 19 August, 1981, when the nectar flow had begun to
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taper off (figures 22 and 23).

Poor drone acceptance caused by weather condítions may result from.

a reduction 1n the amount of forage collected by workers (Free 1971) or

1ow temperatures (Morse et al. 1967, Taber 1964) which can cause workers

to re.ject drones. Condítions that prevent \.rorkers f rom f oraging are .

low hours of bright sunshine, rainfa11, and 1ow temperatures all of which

occurred on dates with poor acceptance of drones. Hor,¡ever, good acceptance

of drones was obtained in both years (1980 and 19Bl) after the maín honey-

flow was over ín August. Although poor lreather on days before drones

were introduced to colonies may affect the acceptance of drones by

preventing worker foraging, the weather conditions from the time of

introduction until the first examinatÍon of coloníes was done were prob-

ably more Ímportant. Rainfall and low temperatures duríng this period

appeared to greatly reduce the success of introducing marked drones.

The envÍronmental conditíons occurrins âr rhe tiue of drone Íntroduction

are probably rnore iruportant than the time of year.

Loss of drones did occur between the inítial examination and the

second examination (at sÍx days of age) before most drones began flying.

The number of drones lost during the preflight period (before 6 days of

age) was greater (222) in 1981 than ín 1980 ( 137") . The higher numbers of

drones that were rejected by workers in the preflight perÍod Ín I981

may have been caused by ådverse environmental condÍtions thaÈ caused the

workers to expel the drones from the colony.

The survival curves indicate Èhat survival rates of drones durine

the preflight period can be quite stable (figures 24 and 26). However,

in some trials many drones I'Jere rejected in the preflight period (fígures

25 and 27 to 29). Identical narking and introduction Ëechniques were
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used in all trials and appeared Ëo cause IÍttle drone rnortality after

the initial examinaËion fn the preflÍght period (figures 24 anð 26).

Therefore, lt is probabl-e that the drone loss observed in the preflighr

period (figures 25 and 27 to 29) is chiefly a result of the rejecrion of

drones by the workers of the colony.

The number of drones that \,Jere successfully introduced into differ-

colonies on the same day aLso varíed. The difference Ín acceptance

be due to índividual col-oniest characteristics.

ColonÍes r¿ithout queens tended to accept more drones than colonies

with queens (figure 14). Queenless colonÍes have been shov¿n to be more

tolerant of drones than queenright ones (Free r9j7). The initial

accePtance of marked drones into queenfess colonies was higher than in

queenright coloníes (figure 14). However, the acceptance of marked

drones by queenless colonÍes by the tíme drones were 6 days of age \,ras

not consistently higher than the number accepted by queenright colonies

(figure 15). A1so, the mean longevities of drones in queenless colonies

were not consistently higher than in queenright colonies (tab1e 1). rt

appears therefore, that although the inítia1 introduction of marked drones

vJas aore successful Ín queenless colonies than queenright colonÍes, the

survíva1 rates of drones after their introduction to queenless colonles

were not conslstently higher (see also figures 27 to 29).

There also appears Èo be differences in the tolerances of different col-

onies to drones. Although al1 colonies were of about equal size and located

in the s¿rme general areae some colonies retained fer^¡ drones.

The survival of drones during flight may be influenced by : the

amount of food they carry on flights, the age of the drone, predation

from natural enernies and death through mating (oertel 1956) " Drone
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^,,---isurvival during flight may also be related to their ability to relocate

their colonies r¿hen returning from flights. Drones do not feed while

outsÍde the colony (Ilindt 1962) so any drones that fail to successfully

reorient to a colony die.

The survival rates of drones drop sharply when drones are older than

7 days (figures 24 Eo 29). This period corresponds to the beginning of

flight activity (Wither:eII I972, Fukuda and Ohtani I972).

The longevity of adult drones during the srmrner of 1981 averaged

1. r^--^ r+^ti ^ 1)- This is mrreh lawer than the mean-l onpevifierf J u4JÞ \ LdUIE Lt . ^^¡ev.l f OWç¿ Ll¡Ol¡ LrrC ¡ueur¡ ¿v¡r¿lL vf Lr9ô

reported by : Howell and Usinger (1933), Lavrekhin (1947) , Jaycox (1961) ,

Kepena (1963), Drescher (1969), Garofalo (I972) and Witherell (I972) ,

who found that drones lived an average of 2l- to 54 days" However, it

is close to the mean longevity reported by Fukuda and Ohtani (L977) of

13.89 days during the sunmer season. (0f interest, Ís that Fukuda and

Ohtani found that the I enpth of life of drones later Ín the season

averaged 32-43 days).

Factors that nay have decreased the survival of drones, in this

study, include: higher drone rejection by workers as a result of adverse

environmental conditions, increased predation, and higher rates of

disorientation when locating colonies. The ability of drones to locate

their colonies in Èhis study may have been lowered because of the study

site" Prairie conditions provide few visual cues to aid drones in

locating their colonies when returning from flights.

h'lany drones that failed to locate their parent colony were found in

oÈher colonies. These were included in the calculation of adult longev-

ity. However, drones that drifE to other colonies may not survive if

they do not "happen Èo locare" the colonies to which they drift. The survival
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curves trom grouPs of colonies thaE included drifted drones ürere simil-ar
to the survlval curves of drones from isolated colonies but the number

of drones surviving from the parenr colony (excluding driftÍng drones)
was much lower Èhan the survÍval curves from isolated colonies (figures
30 to 33) ' This indicates thar driftíng drones should be lncluded in
the determÍnation of drone survival because the survival rate of drones
r'7as not greater (than in isolated colonies) r¿hen the driftlng drones v/ere

included.

The sharp drop in drone survival after drones are older than 7 days,
indicates that few drones survive until they are sexually nature. Drones

do not become sexually mature untÍl they are at r_east 9 days ord and

the optimal age of sexual maturity is about 14 days o1d (Znarliki and

Morse 1963b, I,ioyke and JasinskÍ l97g). The mean length of life (12.gg

days) found in this study r¿as lower than the optÍna1 age of sexual matur-
ity. Thus it may be necessary to rear large numbers of drones i-n

order to obtain successfur mating of queens under l-Ianitoba

conditions.

The calculations of the percentage of drones drifting fron theÍr
parent colony are probably lower than they should be because iË is not
knor,rr how many times drones changed positions beËween readings or how

many drones may have drífted back to their parent colony.

Drones first began drifting when they reached 5-7 days of age (tables
2 and i6). ThÍs period corresponds to the age when drones first begin

to f1y fron the colony" Drones can fly when four days old (Howel1 and

usinger 1933) but usually begin to fly at an average of 7.96 days
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(I{itherel7 1972).

Large numbers of drones drift between the time when drones were 7

to 13 days old (talte 2¡. All drones have usually nade thelr firsr

flights when 15-18 days o1d (Howe11 and usinger 1933, Kurennoi 1953c,

Drescher 1969). Levenets (i951) stated t.hat driftinø of rìroncq generally

occurs on their first orientatlon f1íght while Free (1958) found that

most r,rorker bees drif t on their "plry" or orientation f lights. rn

this study, large numbers of drones began to dríft durÍng the time when

drones were makinp theír firct flighfs which nay indicate that a large

proportion of drones drÍft on their initial orientation fliehts. How-

ever' fhe drifting of drones continued past the age by which all drones

v/ere supposed to have made their fírst flights (over 18 days o1d) (table

4) . This indlcates that the drifting of drones does not only occur on

their first orientation fliehts.

Levenets (1951) concluded that drones generally remaln Ín the

colonies to t¡hich they first drift. The results of the índividuallv

marked drone experiment (tab1e 3) indicate that although many drones drift

only once (23 to 31 percent), drones frequently (15 to 25 percent)

drift at least 2 or 3 times. Therefore, drones do not always remain in

the colonies to r¡hich Ëhev fÍrst drift.

It appears that when drones begin to fly, large numbers (51 to 667.)

drift from the parent colony by 13 to 15 days of age (tab1e 2) but as

indicated in table 4, drift contínues at a fairly consÈant rate even as

drones get o1der.

The Distance that Drones Drlft

Drones drifted bet.ween colonies that were up to 150 u, apart (table
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5). The proportion of drones drifting Èo colonies up to 50 m. away

was high (29 to 63%) but fewer drones (I7%) drifted to colonies 100 m.

a\¡¡ay. Drones did not dríft between hives that were 200 m. aÞart. rt

aPPears that the amount of drone drÍft.ing may decrease wíth increased

distance beËween hives but only at distances of over 50 m.

I'Jitherell (I956b) also found that drones drifted more readilv ro a

nearby hive than to one which was farther away. He found that 12 Dercenr

of marked drones drifted to a colony 30.5cm. west whí1e 0.25 percent of

marked drones drifted to a colony 3.8 m. east. The leve1 of dríft observed

by Witherell and the distances drones drifted appeared to be lower than

those found in this study. The dífferences in the amount and discance

of drone drifting found betrueen this study and l^iítherell-'s (1965b) mav

result from, the method of calculating the proportÍon of drones driftíne

(dÍscussed below), the number of visual cues present ín the two study

areas, or the dífferent arrangement of hives used.

This study '"¡as conducted under prairie condítions where few

cues vrere present to aid drones in orienting Èo their colonies.

el1 (1965b) conducted his experiment in Massachusetts where there

have been more visual cues. The drones in witherell's studv mav

orientated better to their ov¡n colonies because more visual cues

Dresent.

visuaf

Wither-

may

have

\rere

Hor¡ever, because of Witherellts experimental design no conclusions

about Èhe amount of drifting occurring to hives at either distance can

be made" The arrangement of ltlitherell's hives resembled a paired colonv

arrangement, which was shov¡n Ëo reduce drift in this study. A1so,

(in this study) when hives were placed in rows facing south Èhere ,qras a
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grealer tendency for drones to drift towards the west than the east.

If Èhis directional tendency is present in MassachusetÈs (whích is at

a sirnilar'latitude 43o n. to this study site of ¿go ¡¡.) Ëhen there may

have been more drift to the far colony if it were placed 3.8 m. west

rather Ehan east "

The Direction of Drone Drift

Hives were placed at equal dístances around a central hive that

contained marked drones. Drones tended to drift more frequently to certain

hives. The directions of the hives to which drones drifted appeared to

vary with the distance between hives. At short distances (of 1 m.) more

drones often drÍfted to hives in the east and west than to hives in the

north and south. hTl¡en híves were farther apart (between 50 m. to l_00 n.)

drones drifted only to the hives in the north and souËh.

rn Èhe 50 n. trÍal A, drift was predominantly to the hive to the

north (table 6). In the 50 m. trial B, more drones drifted to the south

than the north and in Ëhe 100 m. trial, drones only drifted to the south.

Drifting to hives 50 to 100 m. a\,Iay appeared to be correlated to wind

data (table 7).

The prevailing r¿inds during the 50 m. experiment trial A (from 6

August, 1981 to L2 August, 19Bl) were predominantly northerly. The

prevaÍling winds during the 50 m. experíment Èria1 B and the 100 m.

experimentu whÍch ran concurrently from 17 August, 19g1 to 30 August,

1981, were predominantly southerly. hrhen hives \rere spaced 50 m. and

100 m. apart drones drifted only to Èhe colonies that v¡ere dor,rnwind or

upwind. However, more drones drifted to colonies upwind than dor^,nwÍnd.

wind can affect the drifting of v¡orker bees (Jay 1965), but workers
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generally drifted to hives that were dorønwind. Butler and Fairey (1964)

found that drones fly upwind when they detect the queen,s sex pheromones

and they suggested that queens may f1y upwind on nuptiar flights. As

more drones drifted to the hives on the upwind side when returnÍng from

flights this may indicate that the preferred direcrion of flishr of
outgoing drones is upwind.

The pattern of drone drift changed when the hives were more tlghtly
spaced (when hives were 1 m. and 5 m. apart). I.rlhen hives were I m. apart
more drones tended to drift Èo the colonies to Èhe east and west than to
the north and south for unknowrì reasons (table 6). In the 5 m. trials
" A and B" drift vras not signifieantly greater to any hive.

The colony in the north north-west position in the 5 m. experÍment

tría1 c (table 6) recej-ved large numbers of disoriented drones. This

colony had a much larger populaËion size Ëhan the other colonies 1n the

pattern' Levenets (1951) found that drone flight occurred chÍef1y to the

strongest hives in the ror./s. colonies that have large populations of
workers nay be able Èo support more drones and as a result may reject
fewer drifting drones.

Direction of drone drift in rows. Marked drones placed in hives in
cenÈres and ends of rows (of 5 hives) consistently drifted more in
direction along a roü7 than in the other direction. The directÍon"
the row towards which drones drifted, depended on the direction the

faced.

the

one

^ l ^- ^4r urtå

Drones placed in the centre hive of rows

tended to drift more tovrards the qTest than to

drift in the norÈh row (replicate 2) (table 10)

facing north or south

the easr (table l0). The

r"ras greater towards the
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east than towards the west. However, both col0nies to the west of the
cenÈre colony had lov¡ worker populatíon sizes that dwindled further as

the experiment progressed. These colonies may have been unable co

support many drifted drones because the nur¡ber of drones a colony can

support is related to the size of Íts l¡orker population and conditions
of food srores (Free Ig77) .

Drones from the centre hives of rows facing east or vrest tended to
drif t more to\,üards the south than to the north (taUte B¡ . Althouph
drift from the west row of the large square r^ras not consistentlv pre¡ier
towards Èhe south, results from straight ro\¡/ experiments facing west

indicated that drone drifting !üas predominantly towards the south (tab1e

L2) ' This was indicated not only by drones from Èhe centre colonj-es of
the row but also by drones from Èhe end colonies of rows (tabre 13). The

significance of Èhe directional tendencies of drift observed wilf be

díscussed below.

A directional tendency of

colonies, between the rows (in

apiary layouts.

drone drift r.¡as also noÈed in paired

the large square), and between seÞarate

ht:en marked drones were placed in paÍred hives with hive entrances
facing south" the drifting of drones v¡as much higher from the east hive
to the !,7est one, than from the r¿est hi-ve to the east one (tabre 14).

Drones within Ëhe large square design often drifted between the rows

of hives that formed the sides of a square. The drifting of workers in
a large square design was studied by Jay (1966a,b, 196g, 1971) bur workers
rarely drifted between the rows. Drones usually drífted to the tv¡o sides
of the square that were perpendicular to the side of the square that Èhe

drones originaÈed from, raËher than to the row on the opposite side of
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the square (table 11). However, many drones from the east ro\n' (table 11)

did drift to the \rest row. More drones drifted to the west row from the

other sides of the square than to oEher rows in the large square. There

did not appear to be any strong tendency of drifting to the south row

from the other rows.

Although the proportion of drones drifting from different rows

appeared to be lower in the west and south ro'¡s there llas no significant

difference in the numbers of drones drífting from the rol"7s that faced

different directions.

Drones also drÍfted between apiary layouts (groups of hives) even

though the groups rrrere widely spaced. Three groups of hives were placed

40 m. apart in a line running north-south (figure 4) " More drones from

the centre group (group 2) drifted to the group 40 m" south (group 3)

than to the group 40 m. north (group 1) (table 8). Drifting of drones

between 5 groups of colonies placed in a line running east-west also

occurred (figure 5) (table 9). However, ít is difficulr to conclude

anything about the direction of drift from any group in the rorv except

for group 3 because the other four groups of hives consÍsted of apiarl' 1ay-

outs that reduced drone drift. Group 3 was located in the centre of the row

of groups and consisted of a rorl of 5 hives spaced 1m. apart facing \,/est.

More drones from group I (figure 39) drifted to grouPs in the wesÈ(groups

1 and 2) than to groups in Èhe east (groups 4 and 5) (tab1e 9).

Jay (1966a, 1968, 1971) found a strong tendency for worker bees to

move to\,Jards the south along rows facing east-\^/est and a v-eak tendency

for drones to drift vrestvJard along rol,ts facing norEh or south (in

temperate regions)(14o 38' N., g7o Og'I,{.). Jay suggested that the

direcÈional preference of drifting rlrorkers may have been influenced by
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the souËherly position of the sun in Ehe sky (ín Manitoba) and the

apparent wesÈward movemenÈ of the sun across the sky during Èhe day.

This test bras repeated by Jay (1971) in Jamaica (18o O0', 7Oo AS'w-¡

r¡here the sun passed directly overhead. I,Jorkers drif ted more to the

west than to the east along ro\,ts of the large square and no tendency for

drift towards the south \,¡as noted.

In this study drones showed a strong tendency for drift towards the

south in rows facing east or r¡¡est. However, drones also showed a very

strong tendency of drift towards the west in rows facing north or south.

This study \"¡as conducted in the same location as Jay's temperate

experimenËs (at t4o 38- N.,97o Og-w.). It appears that if the sun's

positíon does influence the direction that workers drift in rows it also

influences the drÍftíng of drones.

The reason drones may have drifted very strongly in a westerly

direction (when workers showed a weak tendency for drift towards the

west) may be related to the position of the sun during the time of drone

flighr. Peak flight activity of drones occurs from 14:00 to 16:00 hours

(Taber L964). During this period in the afternoon the sun's position in

the sky was in the west. It appears that the sun's posiÈion or the

apparent movement of the sun across the sky may ínfluence the dÍrectÍon

that drones drift in rows.

If drones do use the sun's position to aid in orientation this may

explain why more drones drifted to the \,rest roI,r of the large square and

why fewer drones drif ted f rom the r"rest rovr than f rom other rov'¡s. The

westerly position of the sun may have allowed drones in rows that faced

west Eo oríent more accurately Èhan the drones from other rol¡rs.

Oertel (1956) concluded that drones probably used landmarks rather
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than the sun in orienting to their colonies. However, Ít is possible

thaÈ drones may use a combination of sun and landrnark orienÈation to

find their colonies. Under prairie conditions where few landmarks are

available drones may be more deÞendent on sun orientatíon than landrnark

orientation.

The Arnount of Drone Drift

The amount that drones drift is reported to range from nil to 80

percent (Butler 1939, Free 1958). The amount of dríft found in different

sÈudies may vary with: the sampling technÍque used, the method of calcu-

lating drift, the age of the drones at the tirne of sampling, the apiary

layouÈ used, the environmental conditions, and the topography of the

^+..J-, ^-^^ÞLguV d!Eé.

Some authors reported that small proportions of drones drift lhorr.rpen

0 and 12 percent) (Butler 1939, Levenets 1951, Witherell 1965), while

others have found high proportions of drone drift (30 to 50 percent)

(Borchert 1928, GoeÈz L954, Free 1958).

Butler (1939) found virtually no drÍfting of drones occurred in hís

apiary. However, sysÈematic searches of all colonies at regular intervals

were not done" Levenets (1951) found that betr¿een .58 to 1.75 percent of

drones drifted to other coloníes. Free (1958) criticized the method

Levenets used to calculate drift because it did not take into account the

number of drones left in the parent colony. Thus, Èhe proportion of

drones v¡hich had drifÈed could not be ascertained.

l,litherell (1965) found more drones drifting (11 to 12 percent) than

did Levenets (1951) or Butler (1939) " Ilowever, Wítherell marked drones

of unknor^¡n ages. Some of these drones may have drifÈed at least once
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before (from other coloníes), or may not have been of flight age when the

colonies vrere searched for marked drones. Wither 11 calculated the

proportions of drones drifting from Ëhe total number of drones marked

and not from the total number surviving when colonies were searched.

This method did not give a true indication of the proportion of drones

drifting from the parent colony because many of the originally marked

drones r¡ou1d die by the t ime the coloníes rdere examined. The apiary 1a)'-

out Witherell used may also have reduced drone drift. The marked drones

were placed in a colony rvith two colonies placed on either side. One

colony was 30.5 cm. avray and the other 3.8 m. away. This arrangement ís

similar to a paired colony arrangement found to reduce drifting of

drones in thís study"

Goetz (1954) determined that just over half of the popuJ.ation of

drones that \,¡ere present in a colony placed in an apiary were of a different

race than that colony and had drifted to that colony. Hov¡ever, this

estimate gave no Índication of the proportion of drones that drifted to the

colony from other colonÍes.

Free (1958) calculated the proportÍon of drones Ehat drifted frorn

their parent colonies and found drift ranged from 8.6 to 80 percenÈ. The

proportion of drones that drifted Ín 9 replÍcates was 21 percent. Free

pointed out that this nethod also underestimates the amount of drift

that occurs because it gives no information about drones that drift to

other colonies and return, or how much drones drift betvreen hives after

they leave the parent colony. Free (1958) examíned colonies for marked

drones when they were 7 or 14 days old. This study indicated that few

7 day old drones drifÈed, but by the tÍme drones l¡rere 14 days old rnuch of

the drift had already occurred (tab1e 2 ). Unfortunately, Free díd not
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separate his data on Ehe basis of age criteria so ít cannot be determined

which of the replicates v¡ere sampled when drones were 7 days old and

which were sampled when they were 14 days o1d. ff Free (1958) had made

all of his comparisons using 14 day old drones he may have found that

higher proportions of the drones had drifted.

This study also indicated that a high proportíon of drones drifted

from their parent colonies. Drift r¿as calculated using Free's (1958)

method (the proportion of drones drifting from the parent colony) but the

age groups of the drones were also considered. The proportions of drones

over 21 days old, that drífred from the parent colony could be as hígh as

100ií. However, these high percentages of drift can be misleading because

the number of drones surviving over 21 days of age is low. Since most

drones appeared to drift by the time drones lrere 13 to 15 days o1d, and

enough drones were still remaining, the amount of drone <irifting was

measured beÈween the ages of 13 to 15 days (taUte tS). The apÍary layout

in which the amount of drift r"7as measured (a straight rov¡ of 5 hives

placed I m. apart with entrances faeing west) was chosen because this was

thought to be an apiary layout that dÍd not reduce drifting. The amount

of drone drifting ranged from 10 to B0 percent which is quite símilar to

the range of drone drift found by Free (1958). However, the proportion

of drones that drifted over ai-I 72 replicates lùas much hÍgher (48.7

percent) (table 15) than the amount of drift found by Free (21 Percent).

The differences in the proportíons of drone drifting between this study

and Free's may resulf from, the difference in age grouPs sampled, the

apiary layout, or Ëhe topography of the region" All trials in this study

were conducted on the prairie where there are few visual orientation cues.

A more accurate determination of drift was done by using individually
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marked drones. Fifty-Èvro to fifty-four percent of marked drones did not

drift (or 46 to 48 percent did drift) during the sampling period (samp1Íng

ended when drones r,rere 21 to 24 days o1d) (table 3). This agrees with

the estimate of the proPortion of drones that drifted from their parent

colony, found ín this study (48-l Percent) (table 15)'

The proportion of drones drifcing varied between trials (table 15).

All trials were conducted on different dates throughout 1980 and 1981.

Jay (1965) found no seasonal differences in the level of i¿orker drÍft in

the monËhs of }lay to August, but environmental factors such as wind did

influence worker drift. The variation in the proporËíon of drones drÍfting,

of Èhe same age, in the same apiary layout, examíned during June to August

may have resulted from differences in the climatic conditions occurring at

Èhe specifÍc tímes that trials were conducted buË no seasonal trend was

noted.

Free (1958) compared the leve1 of drone dríft to the level of worker

drift and found that drones drifted 2 to 3 times more than did workers.

Jay (1966,1968) examined the dïifting of worker bees ín straight rows of

5 hives spaced l m. apart facing south. Data from his experiments

indicated that the proportion of worker drift ranged from 4.0 to 87 per-

cent. The proportion of workers that drifted during 17 replicates vTas

43.3 percenr. This level of worker dríft is only slightly lower than the

levels of drone drifting found in this study (49 percent). Although these

results seem to indicate that the levels of drone drift are similar to

Ëhe 1evels of r¿orker drift, this may only apply in conditions where both

workers and drones are provided with fer+ orienÈation cues. Free (1958)

compared drone drifÈing to worker drifting in a paired apiary layout that

can reduce drifting in workers. Workers drift very 1itt1e beÈween members
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of a pair (Jay 1966b) but this study indicated that up to 427. of drones

do drift between members of a paÍr. Workers may drift less than do

drones in apiary layouts that are designed to reduce drift. This may

occur because workers orient Èo colonies better than do drones. Alter-

nately, the number of orientation errors made by workers may be similar

to those made by drones, but errors made by drones are observed because

drones may be accepted into foreign colonÍes more readíly than are workers.

Drones that make orientation errors would be accepted by foreign colonies

and noted when colonies were examined, but workers making orientation

errors may be rejected at the entrance and may eventually return back to

their colonies.

The Effect of Apiary La ouE on the Driftin of Drones

Some apiary

bees (Jay 1965,

l*i f +-:-^gI It LlrlÈi.

Straight rorvs. Drift from the apiary layouts Èested were compared to

drift from a straight row of 5 hives placed one metre aPart. This Pattern

was used as a rrcontrol" because it was an apiary layout in which there

vras no attempt to control drift through increasing visual cues. ThÍs

pattern was also used as a "control" in worker drifting experiments by

Jay (1966 a,b, 1968).

In straight rows, more \,¡orkers drifted from hives in the centre of

rows than from the hives on the ends of rows (Jay 1968). However, the

drifting of drones in this study did not apPear to be consÍsÈently

greater from the centre hives of rows than the drifting of drones from

the hives aÈ the ends of roúrs (figures 36 to 38). Marked workers from

'l ¡rrarrf c l-h¡t

1QAl,a h lq68l

shown to reduce

tested for the

riri f tino

ir effects

ín worker

on drone\tere
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the end and centre hives of the rows tended to drift more to the ends of

rows than to other hives ín the row. There r,ras no apparent Èendency for

hives at the ends of rov/s to receive more drones than the hives in the

middle of rows (table 21).

Offset hive entrances. Workers can use the sun as a compass to orient

Li.,^^ -1^^^l ^+rlrvEÞ PfdLEu dL

angled to face

(Jay 1966b). How-

did not reduce

(l,Ji1son f971) and can detect the differences between

different angles. When hive entrances Ín rows were

different directions driftins of \,rorkers rdas reduced

ever, the use of rov¡s of hives with offset entrances

drifting of drones (table 16).

Drifting ín the offset hive entrance pattern v¡as often higher Èhan

in the controls (table 16). The poor orientation by drones within the

Pattern using hives with angled entrances suggests that, if drones do use

the sun as a compass to orient to theír colonies, theír use of the conpass

may not be as efficient as workers.

The reason Èhat the rate of drone drift was higher in the offset

entrance apiary layout than in Èhe controls is unclear. The drones did

not appear to drift more to the hives that were angled in the same direc-

tion (table 22) "

Coloured boards above entrances. Worker bees can recognize colour dÍffer-

ences (Wilson I97I). The placement of coloured boards above hive enrran-

ces reduced the drifting of worker bees (Jay 1965). Drones placed in

rows t¿Íth coloured boards over hive entrances drífted slightly less than

they did in control rows (tables 17 and 18). Although drones oriented

slightly better in colonies wíth coloured boards this does not necessar-

i1y mean that drones can recognÍze differences in colour. Drones may
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just be detecting differences in shades of grey between the different

coloured boards.

When drones \rere between 7-LZ days old a virgin queen emerged ín

the centre colony of the coloured board experi-ment (on 10 July' 1980)'

This colony appeared to attract large numbers of drones (table 23) '

During one of the 50 m. distance trials, a virgín queen emerged and was

present in the colony for a brief period of time before Ít was noticed

and removed. During this period many drones drífted to that colony' It

appears that virgin queens may attract drones to the hives in which vÍrgins

are found. The attractiveness of drones to Èhe cenËre colony of the

coloured board experimenË did not apPear to be due to the colour of the

board over the entrance (ye}low) as other colonies Èhat had yellow boards

(hive 5 on 15 Ju1y, 1981 and hive 4 on 3 August and 10 August, 19BI) did

not attract drones (table 23). It appears as though drones may be

attracted to virgin queens in colonies. Butler (1939) and Levenets

(1951) found that vírgin queens in the hive were not attractive to drones'

Driftíng ín the row with coloured boards was slighËly lower than the con-

trols after the virgin queen r,las no longer Present '

Horseshoe. Fewer drones drifted in horseshoe patterns than in control

patrerns (table 19). When drones did drift in the horseshoe layout it

was usually only Eo the colony on either side of the parent colony (table

24). Drift may have been lower in Èhe horseshoe layout because the hives

faced different directions or because hives vtere not placed in a straight

1ine.

Paired colonv layout. Fewer drones drifted between paired colonies

facing south than in Ehe conÈrols, Most of Èhe drift thaÈ occurred
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between the colonies of a pair was chiefly in one direction (from the

east to the wesE) (table 14). I,Iorkers rarely drift between the colonies

making up the pair (Free 1958), However, in apiary layouts using ror.¡s of

paired colonies, workers frequently drifted from one side of a najr ro

hives on the same side in the other pairs of hÍves in the row (Jay 1966b).

Drones did not drift between different pairs in this study. However, the

paÍrs \rere not placed in a straight row and were placed 25 m. apart. The

paired colonies used by Jay (1966b) r.¡ere arranged in a straÍght line and

were much closer together. rn Jayts experiment the hives were spaced

5 cm. apart and the pairs \"rere spaced 1m. apart.

Drifting Between Apiary Lavouts

Large percentages of drones drifted betr¡een dífferent apiary layouts

though the groups of colonies were widely separated (tables 8 and 9). rn

both of these trÍa1s the separate groups of colonies were placed in

fields in a straiohf lino lfio"rgs 4 and 5). DrÍft occurred between the

apiary layouts though the groups of hives vrere spaced 40-150 m. apart.

In 1981, five different apiary layouts were tested in the same field and

the disËance between hives was much lower (25 m.). The different groups

of hÍves were placed throughout Ëhe field so groups v¡ere not in line with

each other. Few drones drifted between groups of hives arranged in the

field in this manner. Fewer drones appeared to drift when groups of

hives were not placed in rows Èhough the groups r¡7ere closer together.

Although paired colonies e ror{s with coloured boards and horseshoe

patterns tended to slightly reduce the drifting of drones, none of these

layouts controlled drift completely. Drone drift may be difficult ro

control because drones are readily accepted into foreign colonies. hrhen
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drones make orienËaËion errors they may tend to accept the first colony

they find.

Drones can disseminate many bee diseases (Moreaux 1953' 1959'

Bailey 1972, Bailey and Fernando 1972, anð ilanko and Lemakova i971) ' This

study has shor^¡n that high proportions of all age groups of drones drift

between colonies; many drones dríft more than once; many drones drift

between rows facíng different directions, including to rows facing the

opposite directíon; drone drift occurs between hives spaced uP to 150 m'

-ñ.Ér¡ m.n\7 .r-ones drift between apiary layouts; some drones drift up
dPdL L t ¡l¡4rrJ ur \

to 450 m. away from their original colony. These asPects of drone

behaviour make drones serious potential vectors for Ëhe spread of bee

diseases in commercial apiaries. Apiary layouts that reduce drone drift-

ing may help to control the spread of bee diseases rvithin or betrveen

commercial apiaries.
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