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SUMMmary

Low-survival larvae produced by two inbred queens were used 10 investigate whether a diei of
royal jelly protected diploid drone larvae frem being caten by the worker bees. The larvae were
hatched in an incubator, and one group was fed on bee milk and the other on roval jelly for 1,72 or
3 days before being transferred to dronc cells in a colony,

Out of 689 larvae transferred 48:2%, survived after one day in the coleny, and 31-1 Y% were finally
sealed,  Signiicantly more diploid drones in the groups left in an incubator for 2 days were sealed
than in the groups kept there for 1 or 3 days, but there was no significant difference between the
percentages of diploid drones reared and sealed in the groups fed on roval jelly and on bee milk.
Royal jeily does not, therefore, confer any additional protection on the diploid drone larvag, and bee
milk can be used egually well,

Introduction

The author has shown in previous papers that diploid drone larvae can arise in
the honeybee (19634), but that the larvae are eaten by the workers within six hours
of hatching from the eggs (19635). The larvae are viable {19654) and can be reared
outside the colony (1963¢), although this method is very inefficieat. In order to
rear these drones efficiently to the imago, factors controlling their destruction in a
colony were studied; the author showed that the workers eat diploid drone larvae
in either worker (19635) or drone cells (19655), but that they eat fewer larvae when
these are placed on royal jelly within queen cells (1965¢) or when the larvae are
initially reared for two days on royal jeliy in an incubator and are then transferred
to drone cells in a colony (1969). The questions therefore arise whether the royal
jelly diet protects the drone larvae from being eaten, and if they must be fed on royal

jelly before being transferred to drone cells in the colony or whether they can be
fed on bec milk.

Materials and Methods

Diploid drone larvac were obtained from two sibling-mated queens producing
low-survival brood, which consists of 50%, females and 509 diploid drones (the
latter normally being eaten as newly hatched larvae by the workers),

The low-survival larvae were hatched in an incubator and then divided into
two groups in each experiment: (1) those fed on royal jelly (R), and (2) those fed
on bee milk (B). The royal jelly was taken from queen cells with a jelly spoon,
and bec milk was collected from worker cells with a micropipette: larvae of the
same age as those to be fed were present in both types of cells from which food
was taken.

* This investigation was supporied in part by a research grant from the United States Departinent
of Agriculture, authorized by Public Law 480.
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In the first four experiments all the larvae were reared 1n the mcubator for
3 days and then transferred to drone cells in the colony. In later experiments the
larvae were again reared in the incubator, but they were transferred {on the same
day), when 1, 2, or 3 days old, to drone cells in a queenless coleny. Each cell with
a transferred larva was marked, and the survival of these larvae was checked (1)
the next day, (2) after 2 days and (3) after the cells were sealed, when the sex could
be easily determined from the convex capping on drone larvae and the flat capping
on worker larvae,

The “t” test was applied to results from the two groups (R and B) of larvae
transferred at the age of 3 days, and an analysis of variance was applied to all the
data of Experiments 4-8, in which larvae were kept in an incubator for 1-3 days.
In one case when no data were available {(Experiment 5, larvae 3 days old) an estimate

- . B4-tT — G
of the missing value was calculated by the equation X = Ef __1 1; =1 where r and ¢

were, respectively, the numbers of replications and treatments, B and T were,
respectively, the numbers of the observations made 1n the replication and treatment
containing the missing unit, and G was the total number of all observations, Least
significant differences (0-05) were calculated only where the F value for the treatment
was significant. In the tables, Isd (0-05) are given only for columns containing ail
data. Lsd for columns with missing data were calculated (they were a Little higher),
but were used for interpretation only. Table | shows the numbers of larvae trans-
ferred to the drone cells in the colony, and these totals formed the basis far the
percentages given in 21l other tables.

TaBLE 1. Number of low-survival larvae fed with bee milk (B} or royal
jelly (R) in an incubator for 1, 2 or 3 days, and then transferred to drone
cells int a colony,

EERL LY

No. of days in incubator

Exp. — Total m. larvae
ne. 1 2 3
B R B R B R

} — — — — 10 10 20
2 — —- — - 21 11 32
3 — — — - 16 9 25
4 38 44 29 19 26 41 107
5 21 28 28 25 — — 102
) 27 14 i5 6 4 6 w2
7 2T 23 21 28 17 16 124
B 22 21 17 16 15 16 107

Total 135 130 113 Bb 11% 109 639

Results

Aceceptance of larvae after one day

Out of 689 low-survival larvae transferred to the colony, only 332 larvae (48-27)
were accepted by the worker bees, and the rest were eaten during the first day.

Table 2 indicates that there was a tendency for the larvae fed on bee milk in the
incubator to have a rather better initial acceptance rate in the colony than the larvae
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TasLE 2. Percentage acceptance of low-survival Jarvae one day after transference
to the colony; see Table 1.

No. of davs in incubator

Exp.
Hel, I 2 3
B [ 24 B R B R
1 — — — — W0 600
2 — — — — 856 363
3 — — - — 31-2 555
4 43-1 356-3 72-4 684 384 292
5 476 428 64:3 520 — {1y —{
6 51-8 642 800 500 a0 333
7 666 65-2 476 500 470 437
B 4008 295 35-5 158-7 333 .00
Mean (diet)
Exp. 1-8 50-8 35-5
Exp. 4-3 49-8 476 &30 478 42-2 312

Isd (0-05) = 1577

Overall mean (diet)

Exp. 4-8 B, 512 R, 430
Mean {agzs)
Exp. 4-8 487 539 36-7

Isd {0-05) = 12-16

(1), (*) Missing data are, respectively, 427 and 31-7 (see text),

fed on royal jelly, but this difference was not statistically significant in any of the
three age groups.

The effect of the length of time for which the larvae were reared in the incubator
15 also shown in Table 2 (Experiments 4-8). The 2-day group had the highest
acceptance rate (53-9%7), and this was significantly higher than that of the 3-day
group, but not significantly higher than of the l-day group. Larvae fed on bee
milk for 2 days had a significantly greafer acceptance rate than those fed on it for
3 days, and also a highly significantly greater acceptance rate than those fed on royal
jelly for 3 days.

Thus low-survival larvae fed on bee milk in an incubator are as readily accepted
in a colony as larvae fed on royal jelly.

Further rearing of larvae

Two days after transferting the larvae into the colony, 275 of them (39-9%)
still survived instead of 48-29, so 8-3% alive on the previous day had now been
caten. Comparing the percentages of larvae accepted initially (Table 2) with those
of larvae reared further (Table 3), heavy losses occurred in Experiments 5 and 6,
indicating that factors other than age and food were operative,

The means given in Fable 3 show that a slightly higher percentage of larvae
fed on bee milk than on royal jelly were reared for two days in the colony, but the
difference was not statistically significant. In Experiments 4-8 there was no
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TapLe 3. Percentage of low-survival larvae reared for two days after transference
ta the colony; see Table 1.

Neo. davs in incubaior

Exp, :
ne, 1 2 3
B R B R B 4
1 — — —_— a— 00 50.0
2 — — — — 856 363
3 —_ —_— — — 312 355
4 - 36-3 72-4 o684 346 29-2
5 238 178 571 480 ) —(
b T3 71 133 333 71 -0
) 66-6 652 476 50-0 47-0 437
8 40-8  28-5 35-5 18-7 26:6 187
Mean {diet)
Exp. 4-8 361 310 452 437 288 229
Overall mean (diet)
Exp. 4-8 B, 373 R, 32:2
Mean (age)
Exp. 4-8 33-5 44-4 250

isd (0-05) = 971

(1), (3 Missing data are, respectively, 29-3 and 254 (see text),

significant difference between the two diet groups, but significantly more of the
larvae transferred at two days old were reared by the bees than those of the younger
and older age groups.

Sealing of worker and diploid drone brood

Of 689 larvae transferred initially, 214 (31-1%) were sealed; there were 122
drones (57-0%), 85 workers (39-7%) and 7 unclassified (3:3%). After pupation the
drones were dissected, and the size of the testes confirmed that all were diploids.
The number of workers sealed was significantly less than the number of drones,
probably indicating that conditions in drone cells were less satisfactory for rearing
workers than for rearing drones.

Table 4 shows that the original diets had little effect on the final percentages
sealed, and that workers and diploid drones were found among all groups of iarvae
kept in the incubator on the two diets for different periods.

Significantly more drone larvae were sealed 1n the groups transferred after two
days than in the one-day and three-day groups. There was no significant difference
in percentages sealed between the one-day and three-day groups.

Conclusions

Considerable variation in the results of different experiments prevented a clear
assessment of any other factors influencing the survival of the diploid drone larvae,
apart from the age of transference and the type of food. It is clear that the optimum



173

TABLE 4. Percentage of sealed worker and diploid drone larvae: see Table 1.

Mo, davs in incubator

Exp. 1 2 3
na. B R B R B R
male female male female male female mule female male female male female

S - — —  — 400 100 100 300
- - — - w— 285 428 272 90
— - — —  — 124 00 555 00
26 158 45 00 482 172 20 420 38 105 T3 218

95 00 36 00 142 35 (120 00 - — (3 —

37 37 7Tt 00 133 00 333 00 71 00 00 0O
333 333 347 304 285 190 350 150 293 176 187 250
272 136 142 46 294 58 124 63 200 &6 124 63

= B R R S

Mcan
Exp. 48 153 33 12-8 7-0 26-7 9.1 227 127 15-1 33 0-6 133

Mean {diet, sex not determined)

Exp. 48 286 19-§8 35-8 35-4 24+0 22-9
Mean (age) .
all larvae  24-2 356 23-5
Exp. *B{dmnﬁs only 140 247 12:3

Isd ((-035) for droncs = 10-7

—— - —_—

Overall mean (diet)
all larvae B R, 263
Exp. Lg{drnnes only B, 19 R, 154

(1), () Missing data are, respectively, 3-1 and 2-1 (sce text),

time of transferring larvae to the colony was after two days in the incubator (as
found earlier by Woyke, 1969), and also that bee milk was no less suitable as a diet

in the incubator than roval jelly.
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