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ABSTRACT

The effects of cblony size and reproductive timing on theﬁfiff
number, sdx, survival, worker. weights, and rates of comb. -
building of offspring produced by temperate-evolved honey pees
(Apis mellifera ligustica L.) were examined.

 Parental colony size as measured by the number of workers

in fhe colony at swarming was correlated with the number of
workers invested in offsbring colonies ana the number of gueens
produced, but not with ~ drone production or the number o§<ﬁﬁz//a
offspring colonies produced. Worker production pkibr to winter
was anlimportant factor in determining the drone production and
survival of post-swarming colonies. The offspring quéens”which
.inherited the parental nest survived considerably 1longer than
either prime swarm.or afterswarm colonies, presumably due to the
advantage of inheriting an establishéd nest.

Drone emergence peaked just prior to swarming, the period
when most unmated Queens were available. The protandry exhibited
by héney bee colonies in drone production was probably due to

kS

male-male’ competition for mating opportunities. High droﬁéﬂ
B

i

production by colonies initiated from prime swarms and%
afterswarms reflected an attempt to reproduce prior to winter[
since the probabilities of either a second swarming cycle within
the same year and/or survival through the wiﬁter were low for
swarms, - _ -

The number of workers 1in hived sw?rms was positively

>

correlated with emergent worker weigﬁfs\igom the first brood,

™
,
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total amount of comb constructed, and the pé?centage of dene»
éomb built. The tendency of small >swa£m£/ to’ produce 1lighter
workers was probably due to poor nutrition caused by a lack of
workers to perform nursing and foragihg’;asks.'The rate of total
comb production was rapid, with 90% of all comb being built
within 44 days of colony~foun3ing. Drone comb construction beganr
an average of 22 days after colony fouhding, with 90% of the
‘drone comb being built within 42 days after the first drone

cells were initiated. By rapidly constructing drone comb, swarms

were able to produce large numbers of drones before winter.

A1
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Some ‘'advanced thinkers' are of the opinion than anyone‘who

differs from the conventional opinion must be in the right. This

is a delusion; if it were not, truth would be easiér to come by

than it is. There are infinite possibilities of error, and more

cranks take ﬁp‘ﬂnfashionable errors than unfashionable truths.
Bertrand Russell 1950

from Unpopular Essays
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I.AINTRODUCTIdN | f \

Few organisms are as\sel;%studied as the honey bee (Apis
mellifera L.). It 1is the sol;\;pbjéct of research for several
university departments and research centres and has ‘several'
journals devoted specifically to it. This is partly due to its
econohic,importance in agricultural systems but also because of
its unique bioiogy,vand relativé»ease of access and manipulation
for study. One area of intensive research recently has focused
on £he reproductive biology of honey bees, mainly because of
interest in life history patterns. Also, there 1is economic

interest 1in attempting to breed honey bee s¥®ocks (Goncalves and

Stort 1978) and in the introduction and rapid spread of the

africanized or ‘'killer bee' (Apis mellifera adansonii) into
South and Central America (Taber 1985).
In honey bees, the production and nature of male and female

offspring differ widely from each other. Queens (reproductive

-

females) are reared during colony suﬁercedure or swarmihg.
Superceduré is the replacement of old, failing gqueens and may
occur anytime during the growing season (Gary and Morse 1962).
The cueé causing workers to replace the Qqueen afe: a lack of
queen substance, her inability to lay viable diploid eggs, or
her laying a predominance of male haploid eggs (Butler 1957).
Workers remove diploid eggs or larvae younger than 3 days fromi
‘woerr cells and place them into vertical cells called queen

cups, or build cups around existing egg or larval-cbntainindﬁ

P



cells. Usually, the first queen to emerge kills all the other
gueens and becomes _the heQd of the colony. This type of
reproduction is unplanned but occurs freguently'because of the
relatively short average egg laying lifespan of queens, between
2-3 years (Butler 1875).

Swarming is the more common. method of producing female
offspring. The factors initiating swarming are complex butait is
generally agreed that thére is a necessary set of primary
stimuli which 1leads to a szfies of events culminating in
swarming (Winston et al. 1880). Swa&wing usually Aoccurs in
spring during or after a périod of resource abundance. The
collected resources are diverted into brood prodUction leading
to a rapid increase in worker population and an increase in the
proportion of younger workers; These eventsﬁdecrease the titre
of gqueen substance in the colony and cause workers to build
gueen cups (Butler 1954; Boch aﬁd Lensky 1976; Lensky and
Slabezki 1981; Baird and Seeley 1983). The queen lays female
diploid eggs or wquers move female diploid eggs from worker
¢¢lls to the gueen cups. Laying and movement of eggs into gueen
cups continues for 1-2 weeks, producing any different-aged
gueens. As the first larvae pupaté; the pagyent queen leaves with
most of the adult workers in a prime swarm and establishes a new
colony wusually within 100-1000 m. of the old nest (Seeley and
Morse 1978; Seeley et al. 1979). The parent gueen continues to

lay eggs until a couple of days prior to leaving, resulting in

much immature brood in the colony when the prime swarm leaves.
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Sevéral days later, a daughter gueen emerges and may IeaQé in an
afterswarm with some of the remaining\workers; Afterswarming may
occur 0-4 times (Otis 1980; Winston 1980). Eventually, the
worker population declines and a queen emerges, kills tﬂe other
gueens and inherits the former parental nest and remaining
worker and drones. Afterswarm queens mate several days after
settling at a new nest site, while the gueen which inherits the
former parental colony mates several days after she assumes
control of the colony (Laidlaw 1979). B
There are three interesting aspects to the production of
females. First, the inclusion of workers in the definition of
the female offspring 1is important"because without workers a
gueen probably has no chance of survival. Second, there are two
types of females. (offsbring colonies) produced; afterswarms
which disperse and the queen which inherits the former parental
nest. Thifd, ‘the prime swarﬁ contains the parental gueen and
hence represents the fate of the pgrd{t colony after producing
females.
| Drones do not overwinter but are reared within the first
few weeks of foraging in spring. Rui}Per (1966) and Gary (1975)
provide good reviews of drone mating behaviour. Briefly, mAting
occﬁrs at congregation areas which are generally located 0-4 km.
from the former parental nest., Drones aerially patrol the
congregation site, chasing almost any small dark object which
passes -through the area, even small pebbles thrown by

researchers. Eventually, a female flys through the congregation.
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area and a group of 100-3001drone5 begin pursuit. Mating occurs
wvhen a single drone alights on the queen's dorsal surface;
everts his penis, copulates and ejaculates with a loud, audible,
'pop'. After mating, the drone falls to thé ground and dies,
having eviscerated himself during mating. The qQueen removes the
remnants of the male genitalia from her vagina, and may mate
several times aurihg the same nuptial flight.or returns to the
colony and workers will remove the _remnants of the male
gehitalia (Taber 1954; Triasko 1956; Woyke 1956). Queens matin§>
during a period of bad weather may obtain a small quantity of
sperm and argffrequently superceded shortly after establishing a
colony (Ruttner 1956). Inclement.weafher‘(or possibly a lack - of
drones) can cause up to a 24 day iﬁterval between the firgt and
last mating flight " (Alber et al. 1955). Witherell (1972)
reported drones making 25 mating flights during the average
adult lifespan of 21.2 days with a 96.2% probability of a drone
returning from a mating flight. Fukuda and Ohtani (1977) fo%nd
the mean lifespan of drones was 13.9 days in June, 32.1 days in
July, 42.6 days in Augbst and 39.7 days in September. The
shortness of the lifespan in dune was thought to be related to
increased flight activity due to better weather or the presence

of more unmated queens. The lower survivorship of drones in

September is attributed to the rejection of drones from colonies

in late fall (Free and Williams 1975). v
There 1is some controversy over the number of times that a

gueen mates, with different methods giving different results

\
§



ﬂAdamSjet al. 1977 review various methods of estimation). The
best method of estimating the number of matings wuses the
ihtroductidn of unmated quéens which are homozygous for a mutan£
recessive allele into a polymorphic population. The subsequent'
di;tribution of phenotypes in surrounding hives can be used- to
determine the average number of matings. Taber and Wendel (1958)
estimated an average 7 to 10 matings per queen from four
different popﬂiatibns located in temperate North America. Adams
et al. (1977) used a similar method in Brazil and estimated the
average number of matings to be 17.3. The lower temperate
average was attributed to the greatér unpredictability of
weather conditions allbwing quéens mating flights on only 1 or 2
days.

Recent studies on the reproductfve biolégy of honey bees
have focused primarily on the adaptive nature of their unusual
pattérn vof reproduction (Seeley 1978; Seeley and Visscher 1985;
Otis 1980; Page 1981; Winston et al. 1981). These studies have
usually failed to integrate the production of male and female
offspring as an overall reproductive strategy.‘bf the parent
colony. Also, they have not followed the effect of these factors
on male and female offépring success. The first part of this
thesis examines the effect of colony size and time of year in
determining the sex and extent of energy invested in offspring.
The offspring and parent were monitored to determine the effects
of their initial size and date of issue on drone production and

survival. The emergence patterns of drones were also monitored .



throughbut the year and integrated with the annual pattern- of
unmated queens. The second and third sections discuss the growth
of swarms after hiving. - The amount of worker brodd, ratio of

brood/worker population and weights of workers in the first

. - A
brood are examined in section two. The amount, type, and rate of
C o

comb building in colonies are giamined in the third seetion.

[
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II1. THE EFFECT OF,REPRODUCTIVE TIMING AND COLONY SIZE ON THE

SURVIVAL, SIZE AND SEX OF OFFSPRING

Introduction C e

In seasonal temperate <climates, both parental size and.
reproductive timing are critical factors 1in determining the
extent and sex of offspring produced. In part' this is’ because
winter weather 1is a major source of mortality, and many.life
histories and repfoductive cycles are adapted to ~ accumulating
.enough resources to survive the winter. Offspring born too‘éagly
may be small in size and do poor}y‘because the parent was not
fully mature at reproduction., Offspring born too late may also
do poorly because they 1lack sufficient time 'fo mature and
accumulate resources prior to winter. The actual timing of
reproducfion and the extent and sex of offspring producéd are
the result of complex trade-offs Aand interactions between
parental siée, offspring size, ;ime of year, cost of offspring,
parent and offsﬁring growth'rates and chances of surv&ying the
winter. | 7

The adaptive gqualities of honey bee colony size and
reproductive timing are revealed when we examine closely the
swarming and drone rearing cycle in temperate climates. Swarming
usually occurs in the ‘spring ‘and is initiated by parental

colonies when resources are abundant, but in order for colonies



to swarm in spring, they must begin to rear workers in
mid-winter so that they can -reach sgfficient population to
swarm, Colonies which swarm early in spring are better able to
recover, survive the following winter and swarm earlier the next
year (Seeley and Visscher 1985). Similarly, colonies produce
drones and drone comb throughout the growing season, but spring
éhd early summer 1is the peak production period <{Free and
Williams 1975), dueﬂ to the high incidence of swarming and
unmated queen availability in early May and June (Page 1981). A
colony's success in mating 1its drones is p;obably largely
determined by the number of drones reared, rather than by
diverting energy into prodﬁcing‘a larger-sized drone. Free and
Williams (1975) reportéd that the proportion of droné brood
, rearedAin colonies increased with colony size until above a
worker population} of 10;060—20,000 adults, then the proportion
remained relatively constant, a£ 8-29% debending‘on the colony
(Allen 1965; Free and Williams 1975; Page and Metcalf 1984).
Past studies of honey bee life history have focused on
either swarming or drone production without integrating them
into an overall strategy of male and female reproductidn. For
example, studies on drone production have been performed while
swarm prevention technigues were‘ applied to colonies (Allen
1965; Free and Williams 1975; Page J981; Page and Metcalf 1984).
Also, the effect’of reproduction on parent colonies has not been
well-studied. The objectives of \this study were to relate

offspring ‘prbductién and parent and offspring success to



reprod%%tive timing-and colony size in unmanaged honey .bee

colonies, concentrating oﬁ!;hree specific topics:

1. The effect of colony worker population on the number, size,
and sex of offépring produced.

2. The efféét of the date of swarm issue and swarm size on
drone and worker production‘énd colony survival.

3. Seasonal ehepgénce patterns of drones ‘relative to the

availabilipy/of unmated queens.
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Mater?als and Mefhods

?n 1982 aﬁd 1983 a total of 14 cblonies (7 colonies each
yéér) located at an apiary in Fort Langley B.C., Canada (lat.
49° 10' N, long. 122° 35' W) were monitbred for swarm
‘production, During both years captured swarms were hivéd at a

second site 2 km from the first site.
. ' e T T

— -,

To initiaté colonies, overaintered hives were reduced to a
éingle 42 L Langstroth hive box in March of each year. This
colony size was chosen because it is the modal size of feral
colonies (Seeley and Morse 1976; Winston et al. 1981). Each
colony contained approximately 6-8000 worker bees, its o;iginal
queen, 7 frames of brood, and 3,frames of pollen and honey.
Colonies héd :\mean of 7.8 % @rone comb (range 4.4 - 15.9 %).
Since there were always more drone célls in each colony than
were used during the maximum amount of drone brood rearing, the
amount of drone comb was not a limiting factor for drone
production. All bees used in this study were originally imported
from California. “ »

Colonieg'wére inspected weekly throughout the season and
more frequently during the swarming period. The numbers of quéen
eggs, larvae, pupae and emerged adults were recorded prior to
-and during swarming. “

Both prime swarms and afterswarms were captured using a

double-layered nylon mesh bag, and when possible queens were

placed in a small cage for the queen's protection during

10
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handling. Each swarm was weighed and hived into 'a standard- 10

frame Langstroth hive. Frames had 2-4 cm strips of wax along the
top'which guided comb building, otherwise 1w9rkers céﬁsttucted
all the comb. A subsample of 10-20 workers was removed from the
swarm, weighed, and the éVerage worker weight calculated. The

number of workers in a swarm was calculated by dividing the

swarm weight by the average worker weight. Queens were \reléased,

-

from cages within two days after swarms were hived. At the end

of the swarming period the number of adult workers and drones

remaining in the former parental colony was determined by

shaking adults froﬁ the hive into a small screened box and a
subsample of bees was removed, killed? and separated intd
workers and drones. The queen was placed in a small cage and
hung on the inside of the box. The bees which took flight were
allowed time to clustér on the outside of the box. The subsample
and box were weighed and the densifj and percentage of drogés
and workers in fhe colony calculated. The numbers of immature
workers and drones were estimated (described below) and the
values for adults and immatures summed to estimate the <colony
populatibn. The former parental colony population after swarming
was calculated only in 1983, |

To estimate the cumulative worker and drone production.and
emergence patterns for a colony, the area of sealed brood for
each caste was measured throughout the season. This was done by
placing a clear plastic grid marked out in 5 x 5 cm squares over

—

the brood on one side of each frame, estimating the number of

11



sealed cells fhr each quadrat, and doubling that value to
determine the:dGZOny total. Sealed worker broéa were‘measured\in
both years for all éolonies, while the drone cells were measured
in 1982 for swarms ohly‘and'in 1983 for all colonies. By setting
the interval between brood measurements egual to the géaled
brood period (13 days for workers and 14 days for drones), if

was possible to determine the number of workers or drones

emerged during a season. Sealed brood survivorship factors were,

used to adjust for mortality during that stage, .985 and .936

for workers and drones respectively (Fukuda'and Sakagami - 1968;

‘Fukuda and Ohtani 1977).

All colonies were inspected weeﬁf;/’:;?;ugh the fall and

winter to determine mortality dates. Colony mortality was

determined at queen death because colonies have no eggs to. rear

 replacement queens with in the fall and winter. The mid-point

- between the queen death date and the- previous inspection date

was used as the date of colony death.
Virgin queens in afterswarms were considered available for
mating from the time ‘they were released into their new hive

until 2 days before the first eggs were observed in the colony

(Laidlaw 1979). The queen which inherited the former parental

nest was considered available for mating from when the other

virgin queens were killed until two days before the first eggs

appeared in the colony. The number of drones available for

mating was determined from emergence data.

12
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T- testé‘Nkjfﬁg_ﬁperformed on ‘the means of the various
parameters measured in 82 and 1983. No stat1st1cal differences
could be found between yg%rs for any of the parameters measured,

' ' ' N . ‘ L :
~hence data for 1982 and 1§&3fweré\Pooled for the remainder of

A
;

the analysis. -

13\



Results .

A totai of 30 swaggé\were produced in the é years of study,
12 iﬁ 1982 and 18 in t§é3. Of these, 14 were prime swarms, fO
were 1st afterswarms, 4 were 2nd ?fterswarms and 2 were 3rd
afterswarms. The average numbers’éf offspring colonies produced
were 1.86 and '2.57 per parental colony 'in 1982 and 1983
respectively, and over the two years‘averaged 2.2 offspring
colonies per parental colony annually (Table 1I). All of the
origiﬁal colonies swarmed at least once during the year except
for a single colony in 1982. One of the hived prime swarms in.

each of 1982 and 1983 swarmed a second time that season.

-Worker;‘Queén, and Drone Production in Pre-Swarming Colonies

The mean humber of eggs reared to adult virgin quéens
'during a swarming cycle was 10.2 per colony (Table I). The
survivoréhip of queens to the end of eéch developmental stage
was 0.911 (egg), 0.743 (larval), and 0.534 (pupal). Of the
queens reared to adulthood, 21.6% inherited an afterswarm or the
former parental colony, and the rest were killed by the new
gueen or workers. ' .

There was a positive correlation between the:number'of
gueens reared and the worker population at swarming (P<0.05,,
Fig.'1). However, there was no correlation between the number of

queens reared and the number of drones produced prior to

?warming (p>0.25, Fig. 1) nor with the number of offspriné
& S ’ :
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Table I; Summary of Colony Reproductive Characteristics

Characteristic

X * S.E. Range
Reproductive rate per colony 2.2 .3 0 -4
No. of adult queens reared during
Swarming 10.2 r* 1.6 4 20
No. of drones produced prior to _
swarming, including immatures 2,400 * 450 660 3,960
No. of workers produced prior to ﬁ .
swarming, including imma;ureéf 42,100 * 4,300 28,300 61,300
Swarm and Offspring Sizes
{(no. of workers)

" Prime swarms 19,930 + 2,860 6,500 -~ 34,300
Afterswarm 9,250 * 1,060 4,300 15,700
Remaining afterswarms 11,030 £ 2,620 4,800 26,700
All offspring colonies 21,930 * 4,900 12,500 47,300

No. of workers produced after
swarming -
Prime swarm 55,530 * 7,600 19,540 - 86,400
Afterswarm 38,760 +-9,720 1,600 109,200
New queen in original colony 70,320 *+ 6,810 24,980 109,800
No. of drones produced after
swarming
Prime swarm 3,690 * 850 0 8,200
Afterswarm 830 * 470 0 6,600
New queen in original colony 550 = 220" 0 1,600
Survival following swarming, days
L
Prime swarm 160.0 £ 11.5. 88 204
Afterswarm 132,9 * 15.4 51 216
New queen in original colony 195.2 113 312

15.7
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colonies produced (P>0.09, Fig. 1). The average worker and drone
ﬁopulation sizes reared prior to swarming were 42,100 and 2,400,
respectively, and the average number of workers whiéh went to
offspring colonies was 21,930 (Table I). The worker population
at swarminé was not correlated with the number of drones
produced prior to swarming (P>0.10, Fig. 1) nor with the number
of offspring colonies produced (P>0.25, Fig. 1), but ﬁas
positively correlated with the number of workers in offspring

_ colonies (P<0.05, Fig. 1).

Lj%
Swarm Size, Drone and Worker Production, and Survival Time
There was a significant difference between the number of
workers in prime and afterswarms (t-test, P<0.05). The mean
prime swarm size was 19,930 workers while the mean first
afterswarm size was‘9,250 workers., The average size of second
and third afterswarms was 11,030 workers (Table 1). The earliest
swarm issue dates were 1 May, 1982 and 17 april, 1983, while the
latest swarm 1issue dates were 6 July, 1982 and 15 June, 1983.
The median dates for prime swarm issue were 10 and 21 May, in
1982 and 1983 respectively, while the median afterswarm issue
dates were 14 and 18 May, 1982 and 1983, respectively.

“The mean cumulative worker prbduction at the.end of the
season by prime swarms, afterswarms and the virgin qQueens which
inherited the original colony were 55,530, 38,760, and 70,320
workers, respectively (Table I); differences between afterswarms

and the 1inherited colonies were significant (P<0.05, ANOVA and

16



Figure 1: Correlations between worker population (including
brood and adults) at éwarming, the number of workers in
offspring colonies, the number of gueens and drones reared, and
the number of offspring produced; R-values are given for each
correlation;¥P<0.05 confidence levels are denoted with an

asterisk.
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subsequent Neuman-Keuls test). The mean drone production by
prime swafms, afterswarms and. the queens which inherited the
original colonies were 3,690, 830 and 550 drones, respectively
(Table 1); differences between prime swarm and both afterswarm
and the inherited colonfiproductions were significant (P<0.05,
ANOVA and subseguent Neuman-Keuls test). No other combinations
of either cumulative worker producti;h or drone production after
swarming were significantly different (P>0.05).

The average survival times fbllowing swarming were 132,9,
160.0 and 195.2 days for afterswarms, prime swarms and the
original colony with a new queen, respectively. Theré was é
significant difference/ between afterswarm survival and the

: ST
survival of the daughter which inherited the fafmer parental
colony (P<0.05, ANOVA and subsequent Neuman—Keuis test, Table

¥

!
1). There were. no other significantly different pairs of

A )

. Y
survival means. gy

Correlation path analysis was perfofmed tglderive a_ model
of 1interaction between the effects of swarm size, date of swarm
issue, drone production and worker production on swarm surv{val
(Sokal and Rohlf 1969). Only the number of workers reared was
correlated with swarm survival (P<0.005, Fig. 2;. However, swarm
size and date of swarm issue were indirectly related to éwarm
survivai, since these factors were correlated with- worker
number. Drone reéring was not correlatéd with swarm surVival

(P>0.,25). Swarm size and worker production were positively

correlated with drone production, while date of 1issue was

18
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Figure 2: Correlations between swarm size, date of swarm issue,
worker production, drone production, and survival of colonies

initiated from swarms. All r-values are P<0.05.

194"



~

awi]
[BAIAING
wiemg

4

880 o

anss| Wuemg
awily 4o ale

0LS°0-

990~

paieay
SJ910M
10 J1aquinN

m 0CLO o

L6E0

Qo

paieay
‘sauo0i(]
4O J3QWINN

£99°0

SUEMS
Ul SJIDIOM
40 JaquInpN

19b



rd

negatively correlated (P<0.05, Fig. 2).

Drone and Virgin Queen Emergenée Patterns -

" Drone emergence was protandrous, -preceeding female
eﬁergencg (Fig. 3, top). The first peak of drone emergence
occurred on 21 BApril, 1983, 2 days prior to the first
availability of virgin queens for mating. This peak was composed
entirely of drones producéd by the pre-swarming parental
cdlbnies. A depression in drone emergence then occufred as

- offspring Qqueens mated and afterswarms and prime swarms
constructed’ nests and began worker production. The second major
peak of drone emergence occﬁrred on 14 July and was due to drone
production by offspring colonies (afterswarms and the inherited
original coloﬁy) and the colony established by the prime swafm
(Pig. 3, bottom). The greatest number of drones was produced

during this period by prime swarms, followed by afterswarms and

the inherited original colony (Fig. 3, bottom; Table 1I).

20



Figure 3:'Téb: Temporal emergence péﬁtef% of drones per colony
compared to the number of unmated reproductive females in the
population. | /

| Bottom: The total number of,drones emerging daily in
pre-swarming colonies, colonies initiated from prime swarms and

afterswarms, and the post-swarming inherited parental colony.
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Discussion

This study has demonstrated that colohy' rgproducéive
characteristics affect .the parental colony size, timing of
reproduction, initial offspring and prime swarm colonf sizes,
and the growth of the worker populatioﬁ prior to wihter.
Pre-swarming parental colony size, as measured by the total
number of wogkers in the colonies at "swarming, was positively
correlated with the number of workers invested in offspring
colonies (Fig. 1). The lack of correlation between swarming
colony size and number of offspring colonies indicates that
large colonies divide into larger‘swarms rather than producing
more smaller—sized swarms. This may be due to the strong
posTtive relationship between swarm size and subsequent worker
and drone production and colony survival (Fig. 2). | ‘

Colony size at swarming aiso was positively correlated with
the number of queens reared, which was unexpected since the
number of colonies broduced and requiring new gqueens did not
increase with colony size. This correlation was not due to
energetic restrictions on small colonies Dbecause the cost of..
rearing queens is relatively small compared to that of the large
number of drones and workers reared (Haydak 1970) . The
survivorship of immature queens (about 50%) was lowér than that
found for immature drones and workers (over 90%) by Fukuda and

Sakagami (1968) and Fukuda and Ohtani (1977), perhaps indicating

an increased sensitivity to mortality factors such as disease,
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parasites, temperature, or humidity. Larger colonies may be able
to reduce the mortality in immature‘queens'due to these factors.
Lower survivorship and overproduction‘of queens also could be
related to the genetic heterogeneity of workers withinrcolonies.
Due to polyandry, workers of the same father have a higher
degree of relatedness than bother patrilineal worker groups
(Hamilton 1964). This could result in competition and
?%terference of - queen production between worker patrilineal
groups inya colony. However, it is not clear why this faotor
should be expressed more in large colonies than small colonies.
There was no relationship between swarming colony size and
drone production, which differs from other studies indicating a
strong positive correlation (Allen 1965; Free and Williams 1975;
Page and Metcalf 1984). The results may have been due to the
limited variability in colony size caused by the use of a single
nest size which colonies outgrew prior to swarming. Hence, the
range of colony sizes measured may not have included a large
enough wvariation to produoe significant correlations with drone
production. There is some support for this interpretation, since

measurement of more widely varied colonies founded by offspring

" and prime swarms did yield a significant increase in drone

-

production with worker population.

The second objective of this study was to examine the
effect of the date of swarm issue and swarm size on drone and
worker production and colony survival. There was a strong

,difference in survival time between queens in swarms (parental

—

-~
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and offspring) and the daughter which inherited the former

parental colony. R:ésumabl&, the increased survivbrship was due
to -an adyantage gained by inhe;itance of an already cpnstructed

nest and éome storéd resources, allowing fhese col;nies'to place
much of the ihitially collected resources iato worker brood
rearing (Table I). On the other hénd, swarms must devote a great
deal of their  initial energy to construction of a new nest (sée
Chapter IV). The survival time of swarms was correlated with the
number of wofkers_ reared after thving, which in turn was
influeﬁced by theqswarm size and date of swarm issue (Fig. 2).

Large. initial worker populations in colonies result in the nest

being constructed more quickly (see Chapter IV), better colony

" thermoregulation, 1increased foraging, better brood care, and

more effective colony defence,-thereby’increasing'colony grbwth
and enhancing swarm survival, éimilarly, colonies swarming early
in the season had more time to collect and store resources and
rear brood prior to winter. This is particﬁlarlyvimportant in .
Southwestern British Columbia because the major nectar flows
occur in late April and ﬁay. There were no direct correlations
of eilher swarm size or daﬁe ofnswarm issue with swarm?initia;eé
colony survizgl, possibly because colony mortalit# usua}ly
occurred in late fall to early spring, when the workers fr?m the
initial swarm had perished.

Honey bees are protandrous, with males emerginé' prior . to

queens and the peak of male emergence preceeding the first

‘kgueens becoming available for mating (Fig. 3). The unmated queen

A
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population curve was characterized by a high initial peak and
low - flat tail; the discontinuities in the distribution were due
to the small sample size rather than to gaps in quéen
availability. Two  proximal f;ctors influenced the  female
availability - qurvé. First, the majority of colonjes began
‘swarming in May, so most females were available for matiné,in
May and June. Second, there were several periods of bad weather
during June which prolonged the time wunmated females were
available. |

The popﬁlation of emerdging drones was divided into two
subpopqlations, early drones originating from pre-swarming
parental colonies =~ and later -drones produced by\ colonies
initiated from prime swarms apd offspring colonies (Fig; 3; Pagé
1981). The timing of the first drone emérgence peak so as to
precede the first emergence of unmated queens by . two days was
not ,surprising; since all pre-swarming colonies initiated drone
production prior /to gueen rearing and subseguent s&arming.
Duringbthe-pOSt—swarming pef&od, the drone emergence patterns of
the prime swarm and fospring.coloniés were mére dispersed and.
asynchronous (Fig. 3) with larger swarms prqpucing more drones
(Fig. 2). Colonies initiated from prime swarms produced the
first dfones,' since they cdﬁtained larger 1initial worker
'popPlations. The former parental nests were the second group to
peak in drone production during the post-swarming period. The

late drone production by afterswarms relative to prime swarms

and the inherited <colonies can be attributed to their smaller
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worker populations and construction of nests‘relatively late in
the seasén. [

The availability of féaales early in the season was related
to the timing of colony initiation and its effects on colony
success. As we have shown, the survival of<o£fspring cblbnies
"increases if they are initiated early, which strongly favdurs'
sp;;ng gueen production and swarming. For drones, male - male
competition is the most likely.explanation for their emergence
peak preceding gueen emergence. First, in honey bees, therg is
fierce competifion améng drones-to mate females (Gary 1963), and
protandry 1is favoured sincé eafly - emerging drones have more
6pportuhities to mate than those which emggge after the first
queens become available. Second, male emergence should precede
female emergence when male lifespan is shorter than the lengﬁh
of female avéilability (Wiklund and Fagerstrom 1977). In such
cases, drones which emerge too early may not survive until the
majority of females /become availablé, hence, the peak of male
emergence should precéée the appearance of available females.
The average adult lifespan of drones is 21 - 43 days (Witherell
1972; Fukuda and Ohtani 1977}, and in this study unmated females
were available for 74 days, from 5 May td 18 July, and the first
females appeared 2 days after the peak in drone emergence;
Third,. if post-emergent mortality of males 1s greater than.
pre-emergent mortality, then colonies sﬁould produce drones

prior to the time of female availability (Iwasa et al. 1983).

Fukuda and Ohtani (1977) found pre-emergent mortality to be
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lower than post-emergent mortality in drones, and again this
study confirmed that colonies initiated spring drone production
so that emergenée preceéded female évailabiiify for matiﬁg.

During - the post-swarming periodj the amount of drone
rearing per colony decreased, but the tal drone préguctiOn in
the population gﬁ;ngreater than during the pre-swarming period
(Fig. 3). The inc;easeé number of colonies partly éxplains the
increase in total drone production but does not explain why
colonies rear so many drones when there is a decrease in female
availability. One possible explanation is that colonies cannot
predict the degree of male competition becausé of wvariance and
| unpredictability in the numbgr and size of other offspring
colonies. Also, if winter survival for most colonieé ‘is
unlikely, then resources stored énd used for worker production
might be put into drone production in an attempt to reproduce
prip{r to the onset of(wihter. While these males may not mate
witﬁ\ swarm-related females, there would be  some females
avaifable due to estéblished colonies superceding failing queens
(Gary and Morse 1962; Allen 1965).

The importance of vcolony sizé and reproductive timing in
temperate climates is demonstrated by the general trend of
increasing reproductive rates with decreasing latitude; 2.2
-éo%onies/year in Fort Langley, B.C. (lat. 49° 10'N), and 3.6
colénies/year in Lawrence, Kansas (lat.-38° 57'N) (Winston 1980)

for european-derived bees, and 8.4 - 11.5 colonies/year for

tropically-evolved africanized honey bees in French Guiana,
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South America (lat. 10 43'N) (Winston et al. 1981). Data froh
Ithaca, New York (lat. 43° 20'N) also supp&rt this conclusion
for temperate bees, ‘althougb only the frequency of colonies
swarming annually (0.92) was recoraed and not the total
reproductive rate (Seeley 1978). The higher reproductive rates
in Kansas and Ffench Guiana were dﬁe to increases in the number
of afterswarms and swarming events per year. The longer length
of thé\\growinqﬂ season and the increase in diversity-"and
availabil;zy\”/;fi flowe;ing plants with decreasing latituae
(Fischer 1960) probably explains the trend in reproductive rates
- for . temperéte-evolved bee races. Faqr tropically-evolved bee
races, both climate and predation are the major factors which
influence their 1life history patterns. Lack of a severe wintgr
reduces the need for large nests and storage of gopious
quahtities of honey in- tropicallf;evolvéd béqs, resuiting in
smaller colonies which swarm morei frequently. Similarly,
vertebrate and inveftebrate predation and competition influence
colony size, reproductive rates, timing of reproduction, anQ
nest site location in tropical bee races (Winston et al. 1981,
1983; Seeley et al. 1982).

In conclusion, the shortness of the foraging period and the
severity of winters allow only a brief period 1in spring when
swarm producg}éﬁ is successful. Drone production is linked
closely to the swarm cycle because the majority of new .gueens
are produced at that time, Drone production'ahd survival of

post-swarming colonies depends on worker production and in turn
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the size of swarms and the timing of swarm issue play an.

important role in determining the extent of drone and worker

production,

Future studies should involve the integration of ultimate_‘
causation factors with the present populational and behavioural
data. Of particular interest would be to étudy the role ofr;in
selection and intra-colony genetic relaﬁedness én determining

overall reproductive patterns.
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III. THE 1INITIAL BROOD REARING PATTERNS IN.. NEWLY FOUNDED

. -COLONIES

JIntroduction

In this chapter I examine the influence of swarm size on
‘initial brood rearing characteristics of newly4founded colonies.
Studies done in & beekeeping context; using established, managed
colonies, suggest  two ways that> the size of the worker
pqpulation might affect new colonies. First, colony size is
positively cofrelated with total brood production and éppéafs to
be negatively correlated with the ratio of brood to workers
(Farrar 1932; Free and Racey 1968} Moeller 1961; Nelson and Jay
1972; Smirl and Jay 1972). Second, worker weights appear to be
influenced by coloﬁy size, with heavier Qorkers being produced
in mid-summer wheh colonies are largest (Levin and Haydak 1951).

~The objective of this chapter was to determine the effects
of swarm size on brood production, brood/worker ratio, and

worker weight in newly-founded coclonies.
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Materials and Methods

Prime 'swarms and afterswarms ‘used in this section
originated from colonies located in Fort Langely, B.C. In 1982,
7 colonies produced 7 prime swarms and 6 afterswarms (2 prime
swarms were not caught)f In 1983, 10 colpnies produced 10 prime

%

swarms and 11 afterswarims (4 prime swarms and 2 afterswarms were

not caught). All of the prime swarm queens were Italian stock

'( A. m. ligustica) imported from California the previous spring.

Swarms were caught, hived and their size estimated using the
same method as described in the previous chapter;,Newly hived
swarms Qere frequently inspected and the progress of egg laying
and larval development noted. The area of sealed worker brood
was estimated as previously described. The sealed brobd per
worker ratio was determined by dividing thé sealed brood area
when the first workers emerged .by the size of the swarm
population.

We were fble to predict the emergencer of the first worker

'brood, whin: occurred 25-35 days after the swarm was hived. At

th;t time, frames of sealed brood about to emerge were placed in
an incubator at 32° C and 50% relative humidity. Emerged bees
wefe removed every hour and placed in a cooled jar for 10
minutes, slowing movement and allowing easier weighing. Fifteen
workers from each hive were weighed individually on é Mettler H
20T balance. Workers with physical defects fsuch as damaged

wings,‘deformed abdomens, poorly develdped legs, etc. were
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discarded. |

Cgil size was détermined by measuring the width of 16 cells
in a row. Comb was categorized as dark or 1light, corresponding
to o0ld or new comb respectively, Sample locations for comb
measurements were determined using a random number generator. A
pair of random coordinates was plotted on a frame grid with.
half-centimeter sguares. Once 1ocatéd, the nearést cell and the
next nine cells to its right wére measured. Fifteen -measurements
were recorded in each colony for each type of comb. Cell sizes

were recorded only for colonies in 1982.
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Results
. In 1982, swarming occurred from 1 May to 6 July. The ~mean
‘prime swarm population was 20,400 workers (S.D;=9,100, range
6,600-34,300 workers) while afterswarms héd a mean of 7,400
- workers (S.D.=2,720, range 3,200-11,300 workers). In 1983,
swarming occurred from 17 April to 15 June. The mean swarm size
was 19,700 workers for prime swarms (S.D.=8,020, range 9,400-
35,100) and_12,800 workers for afterswarms. (S.D.=7,600, range
5,700-15,700) . ( |

Over the two years, individual worker weights were 87.6 to
150.5  mg. Emefgeﬁce weights of the first brood were qorrelated
with the initial swarm apopulation in 1982 (r=0.624), 1983
(r=0.374) and both years pooled (r=0.511) (P<0.01 in all cases,
Fig. 4). The amount of sealed brood présent when the first
workers emefged was also correlated with the swarm size'in 1982
(r=0.689, P<0.05), 1983 (r=0.638, P<0.01) and both years pooled |
(r=0.641, P<0.Q1)(Fig; 4). The total sealed brood weight (sealed
brood x mean worker weight) was positively correlated with swafm
size for 1982, 1983 and both years pooied (r=0.760, 0.623 and
0.658 respectively, P<0.05). However, the - sealed brood
area/worker‘ratio and swarm size showed no correlations in 1982,
1983 or both years pooled (r=0.278, -0.068 and. -0.186,
respectively, P>.05, Fig. 5). An arcsine transforﬁation was
performed or the brood/worker ratios prior to analysis (Sokal

¢

and Rohlf 1969).
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Figure 4: Top: The,relatibnship between;the méan emergent weight
of workers from the initial broods of neﬁly founded colonies and
the number of workers in the founding swarm. o
Bottom: The relationship between the amoﬁnt of sealed
brood present in colonies at the>time of first worker emergence

+

and the number of workers in the founding swarm.
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Figure 5: The relationship between the sealed brood per worker
ratio at the time of first worker emergence and the number of

workers in the founding swarm.
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‘The brood areas and emergent workér weights ‘were compared
‘for prime and afterswarms of comparable sizes (n=6, €,600-16,300
and n=12, 4,3002 to 15,700 . respectively). There were no
significant differences in worker weights or brood areaS‘betﬁeen
~prime and afterswarms (P>0.10, Mann Whitney test).

An ANOVA detected no significént differenc¢s for cellfsi;e
between new and old combs within a colony (P>0.10) nor betweeng
colonies (;>0.10).J The mean width of 10 cells-for o;d and new

comb for all colonies was 5.25 cm (S.D.=0.046 cm).
)
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Discussion

~

The resulﬁs’ demohstrated that colonies'founqjé by more
populoﬁs swarms produced more brood (Figs. 2,3,4) which agrees
with other studies showing a positive relétiPnship betwéen
colony size and brood production:(Farrar 1932; Free and Raéey
1968; Moeller 1961; Nelson and Jay 1972; Smirl and Jay 1972).
Those studi¢§ also‘”ﬁply that less populous éoldnies compensate
for their .relatively low brood production by increasing the
brood/worker ratio, and suggest fhat brood to worker ratios are
negatively corrélated,rwith colony population. Michener (1964)
. suggested that higher brood rearing efficiency per female 1in
less populous colonies may be a feature of other social
Hymenoptera as well. Howevér, my results from colonies founded
by swarms showed no relatioﬁship bét&éen,swarm size and’the
brood/worker ratio. |

The difference between my results and those of previous
studies may have been due to differences in temporal caste
structure and -the . tasks feqﬁired' for swarms and managed
colonies. Established coloniés have an older age distribution of
workers (Winston et al. 1981), and contain drawn comb and stored
honey. In contrast, swarms havé a very distinct age structure
skewed towards youngerrwaker§ (Butler 1940; Meyer 1956; Winston

and Otis 1978), and need to construct comb and collect nectar

and pollen. In swarmé, younger‘Qorkers which would normally rear

brood may change to comb building and foraging tasks; this may
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explain the lack of a relationship between swarm size and worker

brood rearing efficiency.

- The weight of the first workers to emerge in newly founded
colonies. wvas positively correlated with the size of the swarm
(Fig. 4). Worker weight in honey bees can be influenced by a
number of factors ’including nurse bee number and age, colony
size, cell size, availability of nectar and pollen, interruption
ndf. food supply, disease, and time of year (reviewed by Jay 1963
and -Levin and Haydak 1951). In my 'experiment only nurse bee
characteristics,‘ colony size, nutrition, and cell size might
have been important, since the other factors were either similar
for all colonies or did not occur, such as,diSeaSle )

Celi size was not influenced by swarm population and did
not 'affecf worker weights. This result is ﬁnique for
cell-building social insects, since other examples of worker
weight differences in young colonies have been correlated with
cell size differehces. These include the bumblebee Bombus

the wasps Vespula vulgaris and V.

's

ruderatus (Pomeroy 1979)
germanica (Archer 1972) and possibly tropically evolved
Africanized hqney_pggs Fggenﬁly introduced tO»SOUth America from
Africa?(unpublished observatioﬁs,,winston; Winston et al, ﬁ983).

The worker population and possibly fhe number of nurse bees

in incipient colonies may have influenced worker weight by

providing better nutrition and care to brood in larger colonies.

Colonies founded by more populous swarms would have more worker§-.

, 5 .
available for all tasks including foraging, thermoregulation,
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and brood care, resulting in more brood and heavier workers. The

~ -

~—

number of nurse bees may be especially important 1in colonies

founded by small swarms because such swarms have fewer young

workers of the ages typically associated with brood care.’

Consequently, 'brood rearing tasks in less populous colonies may
‘be performed by older workers, resulting in decreased weight and
longevity of the newly-emerged workers (Haydak 1963).

The productlon of llghter workers in colonies founded@ by

small swarms could be explalned by two hypotheses. First, this:

patteru*could be due to energetlc constralnts under which less

populous swarms are operating. This is supported by our results

showing that the total weight of brood produced by larger
colonies (sealed ‘brood X average Qorker weight) was positively
iCorrelated ;ith foulding swarm size.

Colonies founded by less populous seatms could produce
lighter workers not due to energetic constraints but beeause
lighter workers were adaptive in that situation . There is some

evidence that light workers ﬁigh; Affect caste structure and

provide for more nurse bees. Kerr and Hebling (1964) suggested

that lighter workers perform in-hive tasks while heavier workers

matere faster to perform outside tasks. This is the case for
some Bombus sbecies (Alford 1970; Cumber 1949: Garofalo 1978;
Richerds 18946). Also, Oster and Wilson {1978) proposed that
small colonies are more sensitive to energy 1loss through
predation. Smaller workers are less conspicuous and, even if

captured, represent a lower energy loss than large workers.
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Larger colonies may be less sensitive to the loss of workers and

can produce heavier workers which might be more efficient

foragers.

At this point constraint factors on worker weight, such as

- worker population and {Lévjnumber of nurse bees, cannot be

‘separated from the potential advantages of lighter worker
production. Further experiments manipulating swarm size and
worker age distribution are needed “to investigate the

relationship between colony population structure and worker

weights,

-
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IV. COMB CONSTRUCTION BY NEWLY FOUNDED COLONIES

Introduction

Many social insects build nests which are integral to _thé
.;olony's survival, growth‘and reproduction. Theée nests may be
elaborate and often represent a considerable' investment in
resource collection and metabolic energy ‘frbm secretions of
insect-produced construction matefials. Two aspects of nest
architecture are particularly important in determining a
colony's féproductive success, nest size and cell structure.
Large colonies generally produce a higher proportion of
reproduttives, and may change from worker to rgproductive brood -
rearing earlier than. small colonies (Oster and Wiléon 1978).
- Also, in some cell-building sdcial insects, nest architecture
partially determinés caste structure and the sex ratio of
reproductives, since workers and both male and female
reproductives generally are reared in different-sized cells
(Michener 1974).

In perennial colonies such as those of t%e honey bee (Apis
mellifera L.), a nest may survive for many yea;s. However, most
of the nest construction takes place during a colony's first
year, and cbaracteristics of foundihg sﬁarms which affect nest

architecture will influence subsequent growth and reproduction

for a colony's lifetime. Factors such as swarm size, date of
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issue, worker age° distribution, genetic relatedness, and
engorgement with nectar could be important in determining both
nest size and the ratio of worker and male cellytypes.

aney bee nests are often found in cavities such as hollow
logs, and- are éomposed of a series of vertidally -hanging wax
combs produced by glands in the abdomens of workers. Two‘sizes
‘of hexagonal cells are constructed in the comb; workers are
reared in the smaller cells and drones are reared in the larger
cells. Queen rearing ig berformed in 10-20 vertical; conical
cells which are destroyed when queen rearing is completed.
Recent studigs of nest architecture have examined cavity
characteristics by which swarms choose nesting sites (Jaycox and
Parise 1980; Rinderer et al. 1981, 1982; Seeley 1977; Seeley and
Morse 1976, 1978), the density of feral nests (Avitabile et al./;D
1978; Taber 1979), nest characteristics ihvolved in predator
avoidance (Seeley et al. 1982), comb building patterns in
semi-managed colonies (Allen 1965; Free 1967; Free and wiliiams
1975; bwens»and Taber 1973; Simpson 1969; Taber and Owens 1970)
and the influence of nest size on reproduction . (Otis 1980;
Winston #@#nd Taylor 1980; Winston et al. 1981).

The objectives of this chapter were to investigate the
influence of swarm size and date of 1issue on\ total comb
production and the ratio of worker to drone cells :}

colonies

founded by swarms. S
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Materials and Methods . -

Prime swarms and afterswarzg were ¢o{1ected upon emergence
from unmanéged colonies locatédd in Fort Langley, B.C., Canada..
Swarms were caught, hived and their size estimated using the
technique described in Chapter II. The arithmetic mean number of
workers in swarms and the dates of issue are ﬁfesented in
Chapter III.

Measurements of comb area were made in mid-Qctober to
mid-November each year, after comb building had ceaseé for tﬁe
‘season; Each side of a frame was traced onto a clear plastic
sﬁeet of mylar, and the areas of drone and worker comb were
méééuféd‘with a planimeter.: In 1983, the pattern of comb
buildfng was récorded every 10 - 14 days throughout the;season‘
by placing a clear plexiglass 'sﬁeet marked out in 5x5 cm
quadrats over the frame and estimating the drone and total comb
present. These figures were divided%by the final amount of comb
at the end of the year to calculate the relative amount of comb
built tﬁroughout'the‘yeaf.

There were no statistically significant differences between
1982 and 1983 for the size of swarms, the amount of comb
constructed _of the percentage of drdne comb built (Mann-Whitney
U test, P>0.10 in all cases). Therefore, the 1982 and 1983 déta
were pooled for the remainder of the analyses. Prior to
statistical analysis an arcsine trénsformat;on was performed on

the percentage of drone comb constructed (Sokal and Rohlf 1969).
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The dates of swarm issue for-1982 and 198§‘zere combined‘by
placing them on a similar scale. The earliest swarm to emerge
(April 17, 1983) was used as the first date of this scale and

all other swarm dates were placed relative to this date.
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Results

During 1982 and 1983, the tofal amount of comb constructed
by colonieé varied from 1,460 cm? to 15,940 cm?, wifh a mean of
9,480 cm? (S.D. 4,552 cm?). A significant positive correlation
was found between swarm size and the total‘ amount‘ of comb
constructed (r=0.590, P<0.01, Fig. 6, top). A ‘sigﬁificant
negative correlation was found between date of swarm issue and.
the totgl émount of comb produch (r=-0.484, P<0.05, Fig. 7,
top). A multiple correlation using swarm size and date of swarm
issue as independent variables and total amount of comb
construéted as the dependent variable increased the <correlation ~
coefficieﬁt to r=0.593 (P<0.01)., There was no significaht
correlation between the sizes Sf swarms and the date of~ swarm
issue (r=0.121, P>>0.05).

In 1982 and 1983, colonies constructed from 0 - 34.7
percent drohe comb with a geometric mean of 8.1 pe;cent. The
percentage of drone comb was positively correlated with swarm
size (r=0.4%8, P<0.05, Fig. 6, bottom) and was negativély
correlated with the date of swarming (r=-0.456, P<0.05,‘Fig; 7,
bottom). A multiple correlation using swarm size and date of
issue as independent variables increased the r-value to 0.796
(P<0.01).

Generally, dréne comb was constructed in the lower cofners
of the combs. Less freguently, it was located in the center of

outer combs. During the two study years, seven colonies built no

. 45



Figure 6: Top: The relationship between the total amount of comb
constructed and the swarm size (number of workers).
Bottom: The relationship between the percentage of

drone comb constructed and the swarm size (number of workers).
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Figure 7: Top: The relationship between»the>tota1 amount of comb
constructed and the relative time of swarm issue.
Bottom: The relationship between the percentage of

drone com

constructed and the relative time of swarm issue.
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O
drone comb at all (1 in 1982, 6 in 1983). The average swarm s1ze
‘'of the ‘dolonies which constructed no drone comb was 9 600 ‘
worters, while the - average swarm size of colonies which
constructed drone comb was 16,200 wofkersh(P<0.05,-rank:sum‘u
‘test). Colonies which built drone comb origineted from swarms
_emerging» earlier 1in the season than cdlonies which built no
drone comb; the average dates of issue were 12 and 28 Mé&
respectively, (P<B.0§, rank sum test). L

Colonies 1n1t1ally showed hlgh rates of czmb constructioh,
with 90% of all‘ comb being bu1lt within 44 days after h1v1ng'
(Fig. 8). Drone comb constructlon began a meanﬂvf/zz days after
hiving (range. 4-52 days) with 90% of drene comb belng bu1lt"
within 42 days after‘the tirst drone cells appeared (Fig. 8).

.
o

The percentage of drone mb was plotted against the total

- amount of comb constructed .an alyzed with a least squares

regression (P<0.001 Fig. 9). Similar data from Otis (1980) for

Africanized bees (A. m. scut&llata) in So}mh America were also

ahalyzed with a least squares regression (P<0.001, Fig. 9). &

t-test comparison of'the slopes showed the relationship for
’ ‘ . .,

European-derived bees to have a significantly greater slope than

LY

that for Africanized bees (P<0.001).



Figure 8: The mean percentage of total comb constructed weekly
by colonies after swarms were hived in 1983 (solid line), and
the mean percentage of drone comb constructed following the

appearance of the first drone cells in colonies (dotted line).
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Figure 9: Th§ relationship between the percentage of drone comb .
and the total amount of comb constructed by colbnies.of
tropically-evolved africanized bees in South America (Otis 1980)

and temperate-evolved european bees in British Columbia. Data

‘were'plot;eqﬂgnﬁ analyzed on the transformed scale shown on the

left axis; for comparison the untransformed scale is shown on

the right.
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Discussion

Swarm size and date of jissue were important factors ‘in

determining the total ™ a

founded by natural swarms. Swarm size showed a significant,

- positive correlation with total comb construction, while date of

issue showed a significant negative correlation (Figs. 6, top,
7, top). Large swarms have more workers to perform colony tasks
necessary for comb building, such as nectar collection and wax
proauction. This effect 1is particularly important during the
iqitial phase of comb production, since new workers do not
eciose rénd mature to comb building age uptil 35 - 40 days after
colony founding, by which time almost all thé comb has been
constructed (Fig. 85. This rapid rate of comb construction is
critical to colony growth and survival, since comb . is. required
for brood rearing, food rstorage, and thermoregulation, and
serves as a communication medium for féraging dances- (von Frisch
1967), dorso-ventral vibrations (Fletcher 1978a), d queen
footprint pheromone (Lensky and Slabezki 1981)2///////faqx\\\

The importance of the swarming date to/comb construcgion /’
. i 4

‘ ' f - .
was likely due to the greater availabili;i//gf nectar 1in E%mr/

field during the earlier part of the seasorf, which workers could

‘utilize for wax production. This datel” effect was not due to

colonies having insufficient time to construct comb before the

winter, since 90% of comb was. constructed within 45 days of

colony founding, and the median swarming dates were 4 and 1 June
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in 1982 and 1983, respectively.

There was also a significant positive cbrrelation between
swarm size and tht percentage of drone comb constructed, and a
siénificant negative correlation between perceht drone Vcomb
production and the date of issué (Figs. 6, bottom, 7, bottom).

Colonies founaed from small swarms of less‘than 10,000 workers
often produced no drone comb at all. Taber and Owens (1970) and

Free and Williams (1975) found similar relaf?npéhips between

colony size and drone comb aproductioh in experimentally
manipulated honéy .bee colonies.” Thé _diminished or compléte
absence of drbne cbmb construction in colonies vfpuhded.by
smaller swarms couid be explained by a colony's resource |
allocation priorities. Small colonies collect less nectar and
construct less comb than large colonies, aﬁd since drones do 'no
work and consume colony resources, they are a liability to
coloﬂy growth. Thus,’small colonies would not be expected to
produce drbne comb until they were larger and had sufficient
resources for comb construction. Similarily, the;22i§ay delay in

the initiation of drone comb production was probably due to.the
: f ey

~

priority of worker comb. ;

The effect of swarm issue date on drone comb construction

could have been due to nectar availability in the field and/or a

i

seasonal influence. A rapid decrease or cessation of nectar . \
' . ;

input decreases the tolerance of “colonies to adult and immature-c_ <

.__,,4;

drones and stops drone comb production (Free and Williams 1975).

This would have affected late-swarming colonies.the most, since
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their drone comb was constructed from late July to September,
when nectar was not availablg in the Fort Langley area. Managed
colonies in the northern hemisphere build most of their drone
comb from mid-April to late Méy (Free 1967), P;eceding drone
brood rearihg and emergence 'which occurs a few weeks later
(Allen 1965; Free and Williams 1975; Chapter II). By producing
drone comb and rearing drones in the spring, adult drone
emergence precedes the peak of reproductive swarming and
availability of virgin queens (Page 1981; Chapter II)t\\f\\\
Temperate and tropically-evolved honey.bee.races differed
in the percentage of drone comb censtructed at similar icolony
sizes (Fié. 9). Tropical Africanized honey bees in South America
produced a larger percentage of drone comb at small colony sizes
than temperate-evolved ‘European ‘races. These différences were
likely due to different selective factors in their respective
" habitats (Winston et al,. 1983} Fletcher 1978b). In general,
colony mortality is higher 1in the tropics, and the greate:
percentage of drone comb built by small tropical colonies may
reflect an effort to produce some reproductives before the
colony 1is lost to predation. In contrast, temperate-evolved
honey bees suffér less predation but mdst have a large . worker
population and ,pleﬁtiful stores to survive Zhe winter,

Therefore, 'small colonies of temﬁ?rate-evolved races do not

initially allocate as much resource to drone ¢omb production,

‘but rather emphasize worker comb more than Africanized colonies.

At comb areas above 14,000 cm?, large temperate-evolved colonies
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~placed more emphasis on drone comb~produciion. Since Otis (1980)
only recorded two tropical colonies above this size, it 1is not

. clear whether larger tropical colonies might also increase

investment in drone comb.
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V. CONCLUSION

The results of this study raise several interestihg
questions concerhing the adaptiveness and evolution of honey bee
reproduction. In general, the long winters and short foraging
seésoh; seem to -be limiting factors for the survival of fetal
honey bée cqlonies in temperate climates (Seeley 1978, Seeley
and Visscher 1985, Winston 1979). Ideally, a parental colony
should reproduce early with a large investment to ensure the>
success of its offspring.\Despité a'relétivelyvearly initiation
of the swarming cycle and a large investment by parent coibnies
into offspring colonies, the low rate of colony reproduction and
vsurvi§al‘indicatés that Southwestern British .Columbia may be
approaching the northern limit of the feral honey bee range. In
most areas, the feral population is composed of swarms escaped
from managed colonies. Each spring and summer the number of
feral colonies willxﬁncrease ‘greatly because of swarming by
vovefwintéréd?feral énd’maﬁaged colonies. However: since few will
‘sufvive the winter, their reproduétive success depends priqgfily
-on drone prodﬁction and mating prior to winter.’Fdrther, these
drones must mate with quee?s from managed colonies or strong
feral colonies which are lgkely to.survive the winter.

" There are two sources of queens availablé for mating;
swarm-related queéns and those produced due to superéedure. The

large peak of drone production preceeding and during swarming
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can be explained by the availability .of éwarm-related . queens.
However, the majority of 'post-swarming drones, particulafly
those produced late 'ih_ the season, coﬁld only mate with
supercedure Qqueens. The stronger emphasis on supercedure queené
would increase the variability when queens would be available
»because gueen replacement caﬁ_ occur at any time of the year.
Also, beekeepers use a variety of swarm control methods on
managed colonies with vgrying efficacy which disperses swirming
more evenly throughout the . season, Both supercedure" and
availability of swarm gueens frém managed colonies would favour
post-swarming drone production in ferél colonies. \

Alternatively, there is some question whether the behaviour
of the <colonies- used 1in this sFudy was adaptive.‘, Tﬁe
reproductive patterns observed could be adapted to the longer
growing season of California where the bees were imported\ from.
Inifially, it was thought tpat California and British Columbia
were similar enough to assume that éaliﬁornia-imported bees/were
adapted to  British Columbia's climate. Honey beés hé@e beeﬁ
5import¢d to British Columbia‘ from California since\%\1858
(Turnbull, undated5. Subsequently, impo.’ olon%gs have had
swarms escape which have successfully survived, producing a
small vigble ' feral population. However, the bees used E; this
study were not previously exposed to localﬁ,cdnditions aqg\;had
not under gone local seléction pressures and may not have bgen
‘adapted to local <conditions. Adaptation to a more southe:ﬁ

T ———

’ ' i
latitude would cause colonies to produce drones over a longer
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per rod becausel.swarming would occur” over a longer period in
California. Coionies may have been unable to  adjust ’drohe
~ production to the lack of gueens caused by the shorter season iﬂ
British Columbia. Also, the 1late emerging and smaller sized
af;ersw;rms may have survived in milder climates. Uﬁfortunagély,
this study does not contain the data to address this topic. ‘

The problem of adaptation can be extended to all honey bee
populations. At the crux of the problem is the close association’
‘between managed and feral colonies. Briefly, adaptation can be
defined as, 'the solution to a problem set by nature', (Dunbar
1982). The concept requires _that organisms acguire,iu5ually‘
through selection, characters. that make them suited to a
particﬁlar environment.‘ A particdlar character can onlyvbe
considered adaptive when shown to 'be better sﬁited go the
environment than an alternétive cﬁaracter. The involvement of
‘man in the biology of an organism does not neccesgarily negate
the possiblity of adaptation. Organisms can adjust to man as
they wou;d any other element in the environment. The major
problem in ‘assessing honey bLee adaptations is determining
whether ﬁ;naéement practiceé have remained constant enough from
the point of wview of the bee for!iselection to operate.
Historically, honey bees have been 'kept' by man since }before'
the primitive-Egyptians, and were introduced intb North America
in 1622 (Crane 1975), The questibn of adaptation in Southwestern
British Columbia depends on whether a significant portion of the

genes carried by swarming colonies find their way back into the
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managed population prior to winter. If drones produced by
swarming _colonies are able to Vsuccessfuily‘,mate;’ then the
'reproductive patterns observed in this study “may ‘beA

.

evolutionarily stable; However,‘<if the drones arevunable to .
successfully mate then the behaviour observéd in this study %may
be géographically miéplaced or selection Cahnot produce - -
3 adaptations fast enough to keep up with managemént pfactices. To
test Dbetween these poésibilities will reguire data on‘drone
mating success and the subseqguent success of the qdeens 'Fhéy
mate with. | ’
Whether the behaviour of feral honeybeeé is adaptive or
not, the evolution of honey bees 1is of interest becauseuft
contains two subpopulations which interact, a feral ahd managed
population. - The general patté;ﬁ of this interaction is that
swarms are produced in the spring and summer by strong_ferai angd
managed colonies. These colonies grow, prbduce drénes, and
posgibly mate back into the managed population. Thus, _the
production of drones lafe in £he season may bé advantageous in
that those drones may mate with managed queens~yh3ch'aren likely‘
to survive the winter. The dependehce of feral colonies on the
managed population increases with an kincrease in latitudg
because the longer winters result in a decrease- in fefal colony
~survival. In tropical areas such as South America and Africa,
the effect of managed coloniesl on EE}al colonies would be

considerably less because of the higher survival of feral

colonies (Otis 1980, Winston et al. 1980) and the lesé advanced
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‘forms of manaégment kCrane 1975).
By contrasting the 'big—baﬁ%ﬂ reproductive strategy of
temperate~evolved eusocial Hymenoptera such as bumblebees
(Bombus spp.), it is possible to fugtherkdemonstréte limitations
of the;co;ony fiSsion’stréteg¥tutilizedwby honeybees. Bumblebee§
colonies sacrifice all colony resources$ in- the1 late féll and
Ewitch ‘from ‘producing worker to male ané/feﬁale reproducﬁives.
As these reproductives emerge they "mate- and the fem;E;ﬂ )
reproductives .diapause,Fhrough the winter along. They emerge iy
the following spring and start a new colony which will repeat
the cycle the follo;ing year. The queens ahﬁ the colonies are.
annual and are destxoyed durihg the winter. In such a %st;ategy,f
the relative effects of colony size and timing of réproduction,.
are reduced because there is no direct investment of* workers
into reproductives as in swarming. The releasé of reproduétives
at the end of colony growth allows for‘ maximum’ output _without

AN

having to save resources for the future. Also, by :inot

maintaining a"iarge worker populattgi and\\iist,' bumblebee

b4

populations place a greater portion of t g energy collected each . -
yeér into producing reproductives. This :straté€y has "probably

s ) / i .
allowed Bombus spp. ;fo extend its raﬁge further into colfer

1 Fa

climates than honey bees (Wilson 1971).
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