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Summary

During 34 continuous observations of hive emrances avevaging 7 hours a dayv, 3% of brood
disappeared from 3539 cells zecorded. Mo bwood ot parts of brood could be found in the hive, and
pone were seen being carried out of it. 1t is therefore conchaded that the brood that disappeared
was eaten by the workers.

Records of 6608 eges and the individuals arising from them showed that the youngest brood was
most likely, and the oldest least likely, to be eaten. There were vignificent differences between
spring, summer and autwmoe.  Brood survived to emergence of the aduit at 758015 in spring,
§0--90%, in sumemer, and 50~75%, in autumn, Sigaificantly more drone brood than worker brood
was eaten, Similar survival rates were found (For worker and for drone brood) in gueenright and
gueerkess colonies in spring and summer, by in suinmy, sigoificently more of both survived in
queerless (759 than in gqueenright {(30---85%.) colonies. Thus, by degueening a celony in aunvmn,
its efficiency in drone rearing could be vatsed to that in spring and summer, Suyvival rate of brood,
resulting from the action of sex alleles, should be tested on very voung brood.

Introduction

To get maximum production from honeybes colonies {Apis mellifera), the beekeeper
manages them se that they have the highest population of workers during the main honey
flow, Queens that lay many eggs are preferved. But adults do not develop from all eggs
deposited by a queen; she population of workers may be lower from one queen that lays
many eggs than from another queen that lays fewer eggs but whose progeny have a bigher
survival rate. The efficiency of brood rearing may depend on genetic as well as environ-
mental conditions, which may themselves markedly affect the gemetic resuits, and the
conclusions to be drawn.

The yearly cycle of brood production of dpis melfifera has been investigated by
Rriinmich (1922), Nolan (1925), Bodenheimer (1937), Moclier {1958), Adlakha (1872},
Bornus et al. (1974), and Gerig and Wille (19751 The daily egg production of queens
was calculated from the measured amount of brood, Drone brood production was In-
vestigated by Allen (1958, 1965), Weiss (1962), Louveaus, Mesquida and Fresnaye {1972),
and Free and Williams (1975). But in 1924 Mexill had found a marked discrepancy be-
tween the number of eggs deposited and the amount of scated breod resulting fromu therm.
This was later confirmed under different conditions by Montagner (1962), Tukuda and
Sakagami (1968), Free and Williams (1975), Woyke (1976a, 1977) and Gardfalo (1977).

According to Sturtevant (1920) and Woodrow {1941}, brood killed by disease, or
‘ unwanted * drone brood {Weiss, 1962), s carried out of the hive by the workers. But
several authors have pointed out that when brood is infected {Schulz-Langner, 1956) or
when colony conditions are absiormal {Myser, 19525 Naullean, 1960; Mewron & Michi,
1974), larvae are eaten by the worker bees, This also happens with diploid drone larvae
{Woyke, 1963}

The present invertigation was carried out 1o see whether workers eat brood in 2 normal
colony, whether there is a seasonal variation in this, and whether the beekeeper can alter
brood-rearing efficiency of a colony by simple operations. If so, it should be possible to
increase the efficiency of rearing valuable bee material, and to prolong the bee breeding
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season by rearing drones in the autums, Knowledge of the officiency of rearing brood in
different development stages should also enable us to choose the right method for testing
the susvival rate of brood that is determined by sex afleles.

Materials and Methods

Alrogether more than 8500 cells with brood were individuslly investigated several times

in this study, which was divided ingo two main parts.

1. The first part investigated whether cannibalism occurs in normal honeybee colonies,
Kaown numbers of worker and drone cells containing sealed and tnsealed brood
were marked with the aid of special stencil plare.  After the comb was returned to the
colony, a black plastic sheot was placed on the bive floor, and the entrance was
observed continuously for several hours, to observe whether the bees removed any
larvae out of the hive, The remmining brood was then counted and the plastic sheet
exarmned, )

2. The second part of the study investigated the number of larvae of each sex that were
caten in different vearing conditions in daee semons of the year,

Figst, an empty comb was ingerted in the centre of a brood nest, in which & naturally
mated queen laid eges. Next day, the comb was taken out of the colony, and the werkers
brushed off without shaking the comtb. An area about 140 cm® was marked in the central
part of the comb, where 200-230 eggs were recorded. The queen was restricted on aneother
comb with & queen-exchoder cover Tor the next 3 days, until the epgs haitched, The comb
under observarion was kept in the brood nest from which it was taken, being removed for
coanting when the eggs were 3 days old, when the larvas were 1, 3 and 6 days old (at
sealing time), 10 days old, and at the pupal stage 16 and 21 days after the eggs were
deposited. The number of surviving brood at each age was recorded twice; in the morning
anet 12 b later. The following were caleniated: (o) percentage of larvae of each known age
that disappeared during these 12 hours; (b} perceniage of eggs initially recorded that
gave rise o brood survivisg to the age in question. To prevent drving of larvae and
larval fhod, the comb with eggs and nnsealed brood was wrapped in a moist towel during
each serics of counts, leaving only a few cells uncovered at a time.

A similar investigation was conducted with drone brood, but using fewer epgs, usually
about 1540, ‘

The investigations on both worker and drone brood were repeated in 6 colonies,
imtervals of g fow days, Three of the colonies were queenright and three were degueened
shortly beforchand. The whole experiment with 6 colonies was carried out three times:
in spring (20 April--20 May), sunumer (1 June—5 July) and sutumn {10 August—
15 September).

Fisher's analysis of variance (split-plot design) was apphied, and Student’s t-test was
nsed to find significant differences between the means.  Since the percentage of brood
that disappeared did not have 2 normal distribution, the Bliss transformation was applied
te the data before an analysis of variance was made,

Results

Do worker bees eat the brood?

At first, records on unsealed and sealed brood were cordducted without determining the
exact age of the brooad, Between 28 April and 5 June worker brood was recorded and the
hive entrance observed during 131 observations lasting from 3 to 6 hours each (Table 1A).
The hive entrance was watched altogether for 36 hours, From 1177 cells containing
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umsealed brood, 63 individuals (5-49,) disappeared, and from 295 sealed cells 5 (1-79)
Between 5 August and 12 September, drone brood was recorded and the hive entrance

watched (Table 1A). From 336 cells conmining unsealed brood, 36 individuals (10-7%)
disappeared; out of 124 sealed brood 1 (0-8%,) disappeared.

TarLe 1. Brood disappearing during perieds of continuous observation of hive entrances,

Observations Total no. Brood
Brood Age of _ Duration brood cells disap pwmﬂg
Stage brood No, £y observed No.

A, Worker and drone braod (age sov Enown)

Worker 11 3G
unsealed e 17T 63 B4
sested o 295 3 17
Drone 5 5
unsealed ot 336 36 107
seated . e 124 1 08
Total | i6 61 1932 105 540,

B, Worker broad of knowwon age

Eggs 23 3 16 651 27 43
Larvae (1 day) .4 3 10 510 2% 3.6
Larvae {3 days) & i1 16 582 16 27
Larvae {6 days} & 3 10 So0 o 15
Larvae (10 days} 13 2 10 363 2 -5
Pupae 16 2 1w - ) 395 0 4]
Papas 21 2 10 . MY 4] 0
Toral 14 180 3607 6 239,

Mext, worker broed of known age was recorded, and the hive entrance was watched for
18 10-hour periods. Table 1B shows that 04 1%, of brood of different ages disappeared
during the observation perieds. A total of 76 (2- 1) eggs and larvae disappeared out of
the 3607 recorded, Thus, with the records in Table 1A, brood disappeared from 181 cells
out of 5538 (3-3%,). The recorded brood represented ondy & very small part of the rotal
brood present in the colonies observed.

While the entrance of the hive was being watched, bees were seen 1o carry out particles
of debris, cappings of cells, hamps of pollen, and parts of adult bees like antennae and
fegs, but no larvs or part of a laeva was seen bebng carried during the 241 hours. Neither
did examination of the plastic sheet after cach observation period reveal any lavva or
part of one,

It was therefore deduced thar the disappearing brood was esten by the workers, and
in the rest of the paper it is assumed that this was so.
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Efficiency of brood rearing in three seasons in different conditions
Percentages of brood paten in the 12 hours betwesn morning end evening counts are
presented in Table 2. Brood of all ages except the oldest {(pupa), were saten within sach
12-howr observation period. Therefore analysis of variance was applied to data for
larvae and pupac 3-16 days ofd. "T'able 3 shows that the value of ¥ calenlated for age was
much higher than the mbulated value, This means that the celation between the disap-
pearance rate and the age of the brood was very highly significant, the youngest brood
being extenn most and she oldest brood least. Swagistically significans differcnces were
found between the mean percentages of brood eaten at different ages, but neot between
larvae 1 day old and 3 days old, or between sealed brood 13 davs znd 16 days after
egg deposition. N interaction was found between age and season or combinations,
Therefore, in all the conditions studied, the voungest brood was caten in the highest
percentage and the oldest in the lowest percentage.

Table 3 shows also a very highly significant effect of season on the rate ar which brood
was egtent. Table 2 shows that the brood was exten least in summer (1-34%,) and mest in
auturnn (3-519%). {After the Blisy transformation, 722 for spring, 5-48 for the summer,
957 for avtumn, 54 g == 140 The diffivences between, all the seasons were highly
significant.

Very highly significant relattonships were found berween the rare of disappearance
and the four combinations of factors (Fable 3): worker and drone brood in quesnright
angd queentess colonies {Table 2). Grouping the data on the basis of the sex of brood
{Tabie 2) showed that more drone brood than weorker brood was eaten within 2 12-hour
period (after trapsformation, &-61 worker and 8-24 drone broed, Id m == 10815
P < 0-001,

Tapte 3. Analvsis of varance for data in Table 2, after Blivs wansformation.

Dagrecs N F orab,

Source of af af Mear Ia
variarion Freedom Sqrares sgHare el 003 G-003xwx
Seasons 2 6423 AHE-12 36 3wy 3-40 G646
Combinations 3 180-68 G023 6 -{dwnn 301 552
Season x Combin-

ation 4] 27902 46 53 & Hhxsx 2053 4- 24}
Error (a) 24 23920 G967
Subtotal 35 130313
Age b 241875 48395 66 - Bdxyx 225 3-35
Age 2 season 10 12471 1247 173 Lol
Age ¥ combination 15 17242 149 1-59 1-75
Age x season X

combingtion ¢ 27498 977 1-35 155

Error (b) 120 86902 724
Totat 215 5164-01




Tanry 4. Percenteges of brood reaved o differcut stages, by bess in

i n different resring conditions in different soasons, caloulated in relation to the aumber

of epgs.
Laroag
Ny, By Pry
Rearing conditions eges 3 davs 1day 3 days & days pupas Pupae
Brood Colony Arge of brood {davs from ovipogition)
5 3 4 3 g i3 i6 21

Spring
Worker with gueen EE: G52 80-5 86-3 81-8 810 814 814
Worker QUESIiess 3 Y70 41-8 87 -6 84-% 835 82-8 822-8
Drome with quesn 467 952 884 82-0 75 756 749 Td- g
Drone gqueeniess 397 95-8 B39 82-8 FER 50 =0 750
Fumner
Worker with gqueen 734 97 -4 95-3 92-2 OG0 5394 8G-4 89-4
Worker guicenions 737 79 5.2 a2-5 99-0 #2-3 853 823
Dyreone with quesn 839 74 93-2 855 H8-2 87-3 BY-0 87-0
I3one quesnless 309 $6-5 892-7 857 85-7 §3-2 82-2 82-2
Auturnn 3
Warker with gueen 383 G3-5 838 756 732 67-2 674 §7-0
Worker quegniess 533 5.7 87-6 82-% Ti-8 761 750 TG0
Dyone with gueen 402 850 781 7i-1 239 387 540 53-4
Drone queeniess 458 963 g1-7 86-4 82-7 B Ti-F 759




e

Table 3 shows a very highly significant interaction between seasons and certain com-
binations. The progress of the efficiency of broed rearing in the different combinations
in the three seasons is presenved in Table 4. In carly spring (April in Poland) a lower
percentage of drone brood (75%) than of worker brood {81-839,) was reared to emergence,
but almost identical percentages in queentight and in queenless colonies,

In summer, both worker and drone brood were reared in very simifar percentages in
queenright and in queenless colonies (82-89%1),

The survival rate of brood in awtumn wes very different in the four combinations.
Brood survival in queentight colonies (worker 674, drone 534%,) was lower than in queen-
less colonies {worker 76%,, drone 76%,). Yt appears that brood survival in autumn could
be significantly increased in a colony by dequeening it.

Comparing the scasons, the percentage of brood eaten was:

L significantly lower for worker brood in summer than for drone brood in spring;

2. significantly higher for almost any brood in queenright colonies in autemn than for
any brood in spring;

3. similar for any brood in queenless colonies in autuwmn to any brood in spring;

4. mostly, significansly higher in sutwmpn than for any brood in any conditions in summer;

5. but simitar for drone brood in quesnless colonies in autumn, to those reared in any
conditions in summer (no significant difference).

Thus by dequeening colonies in autumn, drone rearing can be made as efficient as in

Spring or summer,

The smallest variations between the four combinations occurred in stromer, and the
highest in awtumn. Survival of brood in individual colonies in the two seasons is presented
in Fig. | and Fig. 2. Fig. | shows that survival of brood in the three colonies was very
similar in summez, although some variations occurred. The greavest differences were for
drone brood in queenless colenies. The survival rates of brood in individual colonies in
spring (not presented here) were similar to those in summer. Tig. 2 shows greater differ-
ences between the three colonies in auromn than in sumimner, and most in the rearing of
dronc brood by queenright colomies. Although individual colony differences in brood-
rearing efficiency were found, they were not high between similar colonies mvestigated
at the same time.

Discussion

Not alf broed is reared to the aduit stage, and the daily rate of egg deposition of a queen
cannot be assessed by estimating all the brood, or sealed brood only, as has commonly
been done; these estimations are useful in giving 2 general picture of the broed-rearing
activity of a colony in a particular period and conditions. Due to appreciable losses during
larvai development, survival rate of brood depending upon sex alleles must be judged at
an early larval stage, unless the pollen and nectar flows are just right for maximal efficiency
of hrood rearing.

Why does all the brood not survive in a colony? This is a complex question. Doubtlesy
some of the lacvae disappear from the action of the homozygous sex alleles (Mackensen,
1951}, but these are eaten within 6 hours after hatching (Woyke, 1962}, Montagner {1962)
found that after the comb with eggs was replaced, the percentage of brood reared depend-
ed on the presence of sealed brood and the distance of the larvae from the queen. Fukuda
and Sakagami (1968) suggested that brood mortality is mainly attributable 1o physiologi-
cally conditioned weaknesses; normally this would kIl only a fraction of the brood.
Gardfalo (1977) supposed that brood mortality is caused by genetic factors similar to the
homozygosity of X alleles,
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What bappens to the brood that disappears from the vells? According to sorne authors,
remains of brood killed by European (Sturtevant, 1920}, or American foul brood (Wood-
row, 1941) drop to the hive floor and are carried out of the hive by workers. Welss (1962)
observed this with drone pupae in the middle of July. Bur Schulz-Langner {1956)
suggested that infected as well as starved larvae are caten by the workers, even before
they die. Rothentwhler (1964) found a siriking difference between resistant and soscepti-
ble lines of honeybees in removing discase-killed brood, Sowe authors bave shown that,
in unuswa) conditions, brood is caten by the workers. Myset (1952), using an observation
hive, observed ingestion of eggs in cells of a comb under a queen-excluder cage, where
the gueen was forced to lay eggs.  Stmilar observations were made by Sakaganmi (1968)
on eggs laid at the periphery of the brood area in an observation hive. Naulesu (1960}
and Mewton and Michl (1974) saw sealed brood being eaten after the cells wore manually
upcapped. Nauleauw soggested that worker bees might transport larvae w other cells,
Wayke (1963) reported thar wotkers ate live diploid deone larvae, and also that in an
observation hive workers with a normal quesn ate eggs and Tive larvac.

The present investigation shiows that brood disappears—and is exten—in the centre of
the brood nest in normal colomies throoghont the season. Thorough observations made
by the author on thousands of wnsealed brood sometimes vevealed dead larvae in cells
taken from normal colonies, and many of these larvas bad a supply of food, Partly eaten
larvae were also encountered, and these werve not dead when sating commenced, because
peristaltic and respivatory movernents were still visible. Lictle is needed to induce workers
to eat larvae: altering the pesition of 4 brood comb in the hive may be so. In the Indian
bee (Apis cerana tndica), merely inspecting & drone comb and veplacing it can Jead 1o some
or all the brood in it being eaten.

It is thus concluded that, of the disuppearing brood, a high proporrion at least is eaten
alive.  Races—and colopies——are likely to have differeat genetic predispositions to cat
live brood. In Apis cerane tndica, well grown larvie were caten in the highest proportion
(Waovke, 1976}, whereas in the present stady on Apis mellifera, larvae were most commonly
catent at 1-3 duys old, The variations Hnked with seasons and other conditions show that
such predisposition 15 not solely genetic; for instance brood mortalicy was higher in
queenright than in queenless colomies. Suppression of canaibalism seems to depend more
upon the ability of the workers to rear the brood. This is not determined by the total
worker population of a colony, but by the population of workers capable of rearing brood
in relation to the population of brood to be reared (survival was higher in queenless
colomies). This is supported also by the reduction of survival rate in Apis cerama indica
alter an srtificial increase in the amount of brood in the colony, Wovke, 1977).

There are more workers (and more nurse bees) in relation to the armount of brood 1o be
reared in autumn than in swmniner; yet relatively more Jarvae were eaten in agtusmn than
in sumner.,

The higher survival rate of broed when the pollen supply was good, and in colonies to
which pollen combs were added {Woyke, 1977), suggesis that shortage of pollen releases
cannibalistn in the honevbees, Doull (1974) and Taber {1973) showed that the workers
eat mostly pollen that is close to the brood area (within 3-4 cm), and do not respond to
pollen farther chan 7 om gway.

Pollen may be available in one comb, and not in anothes, or even in another part of
the same comb. So the bees with no pollen nearby, eat brood instead, and are thus able o
produce food for the queen and for larvae, With the decrensing day length in autunu,
pollen and nectar fBows drop off; the bees” far-body builds up, and less bee milk is pro-
duced. These processes are lnked with an increase in cannibalisnn. We still do not know
whether the bees eat larvae that sre in the contre of the brood nest because they are weak
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(due to insufficient or improper food), or by chance, becavse these larvae are the most
accessible protein food ; perhaps both fictors operate.
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