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Development Times of Honey
Bee Castes from Egg to Adult
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Different food - high JH in Q larvae >
inhibits “programmed cell death” >
more ovarioles
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The same pheromone is important for
mating with drones

Context dependent: drones do not
respond to the same pheromone while
inside the hive. Only while flying in the
“drone-congregation” area.

We do not know what is the switch

9-ODA
9-HDA (cis)
9-HDA (trans)

HOB

HVA

10 Hydroxy 2-decenoic acid

2-Heptanone
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The only fecal stuff that smells good...
only by the virgin queen!

Virgin queens produce a chemical (in her
defecation) that repels workers:

Chemical name: C‘Hg

o-aminoacetophenone. C

Whose egg is it? The queen’s or the workers?

We cannot tell, but the workers can!

Workers can recognize the source of eggs

Worker—laid male eggs

5 10 15 20
Hours from introduction of transferred eggs

FIG. 1 Time course of egg removal for worker- and queen-iaid male eggs
within the brood area of a colony. (Data from

trial 4, expenment 2.) Ratnicks, F. L. W. & Visscher, P. K. Nature 342, 796-797 (1989




The kin structure of the big family

QUEEN

DRONE

SUBFAMILY
R =0.75 <R=0.25-> R=0.7

Why do workers police?
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Numbers game: to determine the degree of relatedness between a worker and her nest-mates, follow

the arrows, multiplying the values on each route and adding the products.

The police state, Nature, 2002

Sound communication:

Queen piping ,0

Worker policing:

The removal of worker eggs by other
workers (usually workers of another
subfamily).

Policing requires that

1). Workers have the ability to distinguish
queen eggs from worker eggs.

2). Workers do remove worker laid eggs
under natural conditio

Dufour’s gland
(alkaline gland)

Fia. 537-_REPRODUCTIVE ORGANS, ETC.,
F QUEEN BiE.

acid gland and 2, its duct; 3, alkaline g['md
blnsa copulatrix ; 3, ovary: 6, oviduct
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Worker piping in honey bees (Apis mellifera):
the behavior of piping nectar foragers

9 April 2002 / Revised: 2 December 2002 / Acceptad: 4 December 2002 / Published online: § February 2003
-V

Workers also pipe!, but now called a stopping signal

Ah\lnm This study investigates the brief piping signals  |ntroduction
signals™) of honey workers by exploring the

context in which worker piping occurs and the identity  Animal commu

and behavior of piping workers. Piping was stimulated 1o achieve cox

ties often rely greatly on communication
n between members. Colonies of
reliably by promating a colony's nectar foraging activity, social insects, with their many individuals, provide easily
demonsirating a causal connection between worker piping  available and controllable model systems for the study of
and nectar foraging. Comparison of the behavior of piping the role of communication in task coordination. The
versus non-piping nectar foragers revealed many differ- foraging communication system of honcy bees (Apis

hive, started to dance earlier, spent. more time dancing
and spent less time on the dance floor. Most piping  (e.g., von Frisch

ol

ing is c

dancars, vel not all A8%) wemble dancers _waggle dances, tremble dances, shaking

ences, e.g., piping nectar foragers spent more time in the  mellifera) has received special interest, Jrll its role for the
i [ fi ell

1967; Secley 1995) Ilunq bee nectar
signals (approximately 99%) were produced by tremble foraging involves several communication signals (e.g.,
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To fertilize or not: that is the question

Sensors on forelegs tell cell size

Fertilized eggs Unfertilized eggs

The queen as a robot:
Larger cell: drone
Small cell: worker

2 A':ﬁ ellifera (and A. cerana);
nwEs confined to drone comb only,
afly 100% workers in drone cells!




Hypothesis 1 :

Smart queen: if she only has access to

drone frame, and it is late in the season
(August-September), she will lay mostly
workers in drone cells -- no point to rear
drones late in season because few

queens to mate by then.

Test: if queens are confined to drone
frames at different times of the year, one
should see drone proportions in drone
cells DECREASE.

—8— Quend
——  Queend Old

Percent of drones in brood

June July Aug Sept

Season

It worked! As season progressed, proportion of
drones decreased (more workers in drone cells)

33

Another queen tidbit

Unmated queens, like workers will produce only drones (no sperm to ferlize
eggs)

However, Apis mellfiera capensis (cape bee), unmated queens or workers can
produce female offsprings at a high rate 60%ish. By fusing the polar body back
to the original cell during meiosis.

Our bees will have about 1% for unmated virgin queens. But usually only for the
eggs from the first few days.

Queen mating statistics

Queens left their nucs on 2.20 + 0.98 flying days (min. 1; max. 5),

Most of the nuptial flights (82.49%) taking place between 13:00 and 16:00 h
(Figure 2).

The earliest and latest departure time: 11:50 and 17:38 h, respectively.

Number of recorded flights per queen was 5.04 + 3.11 (min.1; max. 16),
with a maximum of seven flights of one queen on one day.

Daily number of nuptial flights per queen was 2.30 + 1.35,
with a mean duration of 17.69 £ 13.19 min (min. 3.08; max. 57.07; Figure 3).

Insects 2014, 5(3), 513-527;
doi:10.3390/insects5030513



Photos from Sue Colby

Drone flight periods
Sabah, Borneo

Drone Biology % flights

ones have no father (haploid!)
All their sperms are clones (100% identical)
Most drones are haploid, but inbreeding results in diploid drones
Diploid drones are sterile and eaten by workers before 4™ instar
Sexually mature around 10-12 days (queens: 5-6 days).
Mating flights between 3-5 pm.
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Drones fly to “drone congregation areas” to mate 20
They die during mating (endophalus explodes)
They get kicked out of the colonies in the fall 197
0 - 1 f f f f f

2 13 14 15 16 17 18 19 hours

Fig 1. Daily flight activity of drones of five Sabahan Apis species. Aa = A andreniformis; Ac = A cerana;
Ad = A dorsata; Ak = A ikovi; An = A i i

From Duay, DeJone and Engles (2002)

. Flight performance and sperm production affected by Varroa 231
Drone sperm numbers:

Table 1. Flight performance and sperm production of drones in relation to the level of pupal infestation by Jarroa
destructor. Mean values, m = median, SD = standard deviation, r = range. d = diminished in relation to the controls.

1. Varroa mites reduce sperm numbers

Degree of pupal infestation of the drones Duration of the test flights Number of spermatozoa
7 Unparasitized N=64. N=68
2. Apistan reduces sperm numbers : g ¥ 7540441
m = 7.475.000
i SD =2.812.780
(Rlnderer et al" 1999) *-2727" r=2.5x10°- 128 x 10°
3. Smaller drones (drones reared in workers cells) One female mite per No3
brood cell X =5.734.623
m = 4.200.000
have less sperms SD=3.574.404
22°15" r=1x10°-13.5x10°
d=-24%
Two female mites per N=16 N=31
brood cell ¥ =216 X = 4.192.258
m=2'27" m = 3.550.000
SD = 1'40™ SD =2.506,754
r=009"-601" r=1x10°-9.5x10°
d=-67% d=-45%




Smaller drones have less sperms (Schluns et al 2003)

Correlation between wing size and sperm numbers CO n trOI I | n g g en et| cS | n b reed | n g

.- 1. Isolated mating yard (20 km)
2. Lots of drones (flooding, saturation)
3. Instrumental insemination

4. Late hours mating

46 48 5.0 5.2 5.4 5.6 58 6.0 6.2 6.4 6.6
wing size {mm)

Figure 2. Correlation between wing size (measured as the distance A-R on the wing) and sperm number of
small and large drones (r = 0.49: P < 0.001: n = 83): the small drones had wing measurements smaller than
5.7 mm.
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