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SUM MARY

Queens producing scattered brood were obtained by sibling mating for two or three generatlons
A total of 33 521 individual observations, together with counts of 9634 eggs and larvae, were carried out
-on the brood these queens produced Oniy about 509, of the brood normally survwed But when the
- eggs were screened and left in normal conditions in the hive, or kept in favourable conditions outside it,

nearly ali of them hatched. The hetchabthty of egﬂs of these queens was in fset sxmﬂar to that of eggs laid

by queens producing normal brood. . | B
C Counts made every three hours on brood of low survnal rate showed that these eges also hatched S
-~ when left unsereened tn the htve but that a hlgh proportlon of the Iarvee dlsappeared w1th1n the next
- few hours., . C

o Ina parallel study mth brood kllled by freezmg, dead larvae in the hwe dtsappesred very qulckly,- |

but dead eggs could remain up to 5 days Brood of low survival rate seemed to disappear more qmckly o

| thsn normnl brood, so the homozygosny of loeus X does not cause the eggs to be Iethal

INTRODUCTION

Ifa queen is rnated to a c]oseiy related drone, she is very likely to produce scattered

. brood Adults develop only from a proportion of the eggs laid in worker cells. The same

gthmg sometimes occurs. when a queen mates with a drone not closely related to her.

. It has been believed that a series of alleles exists in the honeybee (Apis mellifera)
5 ?'whteh are viable in heterozygous eggs but lethal in homozygous eggs. For example an

: - xalxb X xb mating results in half the femhzed eggs bemg heterozygous (xa/.xb) and

- viable, and half homozygous (xb/xb) and inviable. _
- 'The problem has been studied by Mackensen (1951 ]955) Latdlaw Gomes and
- Kerr (1956), Rothenbuhler (1957), and Hachinohe and Jimbu (1958). Daily counts of
- eggs and larvae showed that the greatest loss occurred between counts on the third
and fourth days, just at the time of hatching. It was therefore concluded that the homo-, -
: Zygous eggs are lethal and do not hatch. _
- We had intended to investigate the stage at which the eggs dte and to determine -
“the sex of these eggs. But we found no disturbance in the embryonic deve]opment and o
| -an mvestlgatmn was therefore started on the hatchlng of these eggs.. ' o

MATERIAL AND METHODS |

Fwe queens mated w1th closely related drones and one naturally mated, were
~ used in the present mvesugattons which included 33 521 individual observations and
- counts of 9634 eggs and larvae. Detailed information is gwen in Table 1. Besides the
 test on survwal rate of brood, hatchability was mvestlgated altogether on 4971 eggs.
The largest number of observatlons (16 281) were those on hatchabﬂity and the time
at which the brood disappeared. T T .
- Virgin queens were msermnated mth the semen of one drone on a brother—-smter
or uncte-meee system. When they were laymg, a test for survwal rate of brood— |

R “This mvestlgatlt}n was supported in part by a gram from the Umted States Department of
..Agrlculture author:zed by Pubhc Law 480 S R T |
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'.correspondmg to the Vlablht}f or hatchablhty test Qf Mackensen—-—was camed Uut as
follows. After the queen, free or caged under a queen—exduder cover, had laid eggs ina
comb for one day, she was caged under the same covei on another comb. On the same
day a piece of cardboard, in which a rectangular hole had been cut, was placed over the
comb, and all normally deposited eggs within tlie area so marked were counted. The -

counts were repeated in the eame manner- on the ﬁfth day, when the youngest lawae
wereﬂnedayold S - S |
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To ﬁnd mxt how many eggs hatched the queen was aaged on ac ﬂmb wuh a queen- -
- excluder cover for 12 hours. Then she was moved to a new area, and the eggs covered
with a screen that prevemed the bees from touching them. In the first experiments

~ the eggs were covered immediately after the queen was moved but in others 72 hours

- afterwards. In further experiments the comb with the eggs was taken from the hive
~and put in an mcubator at 34-5%; some pieces were also cut out and placed in the incu-
~ bator in a Petri dish with a little water at the bottom The amerged larvae were counted

~ on the 4th day after egg laying started. _ - -

 The proportion of larvae which hatched out wa determmed by counting indi-
~ vidual larvae under a dissecting microscope with a magmﬁcatwn of 15-40x. Larvae
~ completely hatched, or covered with small patches of chorion, were classified as emerged.
- Larvae covered with chonon on the head ventral szde and t1p of the a.bdamen were '. |
- clasmﬁed as partly hatched. | L | L

'~ 'To find out at what stage the brood of Iow ,.Juwwal rate dlsappeared from the
comb in the hive, the following observations wer e made. The queen was. allowed to
 lay eggs as described above, and after she had been moved to a new area, the comb was

| ~ left in the hive for 72 hours (from the beginning of egg laymg) The comb, together with

the bees covering it, was then removed from the hive every 3 or 6 hours and the number
- of remaining eggs and larvae counted. At first the number of eggs and larvae in each row

- of cells was counted; later the contents of cach cell was recorded The ] impression left

~in the comb by the queen-excluder cover made it possmle to ﬁnd thc same Tow and

- ':_'.-cell each time.

 To find out when eggs and larvae Anown- to Zae dead dlsappear from thelr celis
B '.a comb with hatchmg eggs, contammg both eggs and larvae, was chosen. All this brood

- was killed in a deep freezer at —5°C., the comb being alternately frozen and defrozen

for 3 days; in the last experiment it was frozen at —20°C. for a day. The combs were
':-_'f":i'-'-,defrozcn in an 1ncubator at 34"’C and then mserted into the brood nest of a hwe (" ] %



When the combs cantalmng cggs were put m an mcubator the hatchablhty nf thc e

' '-fr..'eggs was low. This was found to be due to the low humidity in the incubator. When :

small- section of the same comb was put in an mcubator m a Petn dlSh Wlth a httle
. water at the bottom, almost all the eggs hatched ' IR -
o These: data show that when the eggs of a. queen producmg bmod of low . survwal'f

.'f‘-_?i___"_rate are in normal condltmns in the hwe er m favourable condltmns outmde lt all nr-‘_"

| 3 _'TABLE 3 Hatchab:hty ef 3297 eggs lald by chﬁ'erent queens, pmducmg brood of low or hlgh survwal rate-_
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queen was eaged or kept away by a queen exciudef) The dead eggs and larvae remammg
in each cel] ef a determmed area of the eomb were then reeerded every few hours.. o

RESULTS

The 111bred CIOSSES Were ‘made for two and three generauens many queens of

'.these matings were unfortunately superseded so that at the end of this experlment only o

- five queens remained, four in 1961 and a new one'in 1962 | |
' To establish the number of alleles observations were made on the survwal rate of -

- the breed 'I he results are m.ven m Table 2. The %urvwal rete of the brood of the three';

TABLe 2 ‘Survwal rate ef werker bmed produced b},f dlﬂ'erem queens o |

. “--.._-_._

Queee'ne,” Mez‘fee'_e_;f..*:-:fe;;e F\fe eg | - No. larvae _Percemage. o -
- | o faid 1 after 5 -days | survival
. 264 | brother-sister |- - 290-_-”- 124 1 42:8 ]
| ; - :i. . 334 _ﬁ,' 161:_ N - 48-8.
B L -'363._ _w_ﬁ '_ 7. | | 45-8
265 . | brother-sister { % -5 | 615
T o 316 168 - - 32-8
b 4 123 o2
266 | brother-sister | 141 - | 58 . 41-1
B s -{'-'f 124 i.‘ . . Y -~ 671?_'7--  -_n_
0 273 tunclemiece {0 137 i 113 825 .
o o 21z 2 995
- | N T —
B L] { naturai STy 13 973
| . | | | i7¢ 159 o 903
Total | - . !'. 258 | 1394' |

'queens frem bmther—szster matmgs was abeet 30 %, mchcatmg a twe-allele fratermty .
The survival rate of brood of the queen mated on the uncle-niece system and of the
 queen mated naturally, was much higher. This indicates three or more allele fraternities. -
~ The 1962 queen no. 58@ was a daughter ef queen ne 266 She also produced brood_.

" of low survival rate. . o o - o

Do low-survival eggs hatch or not? | -
~ The next experiment was carried out in order to- dlscover whether the eggs of a

o queen producing brood of a low survival rate hatch or not, the cells containing the

 eggs being covered with a screen. Table 3 shows that almost all eggs laid in the centre of
- the comb hatched, 1rrespective of whether the queen laying them produced brood of
~ low or high survival rate. Eggs near an edge of the eemb dld not hatch because the |
| temperamre there was too low. S o | :
. ‘When the eggs were left in the hive untﬂ the tlurd day after bemg 1a1d and were
B then screened only a few hours before hatching, they hatched well, whether laid in the
“centre or at the side of a eem‘b and whether the queen laymg them produced bmod of

- lew or lugh survwal rate.
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"almost all hatch Then' hatchablhty is m fact sumlar to that of eggs lald by queens -
-_produemg ‘brood of h1gh survival rate, o . |

‘It can thus be seen that 51bhng matlng does not result ina decrease of the wablhty

'-._'of the eggs. Eggs of such queens are viable, and do hatch. So far as this problem is:
concerned, therefore it is mcorrect to speak of eggs of hlgh or low hatchablhty, or of

'-_lethal eggs

'Ar what sz‘age does the brood d:sappear?

-To determine what kind of brood dlsappears from the comb and at what age

T 'more frequent counts (every 3-6. hours) were made on brood of three queens producmg;- -

‘brood of low survival rate. The results, given in Tables 4 and 5, show that on many

| "oceasmns most of the eggs hatched, and that the larvae then. dlsappeared from the cells;
The detailed records showed that often all eggs in a row of cells would hatch- before?f”’? _

_ the larvae started to dlsappear Only for 7-21% of brood (average 14-99%) was it im-"
-'poss1ble to say whether the brood d1sappeared as egg or larva. The rest of the disap- o
- pearances (about 30 9% of the brood) certainly occurred in the larval stage L

To obtain more detalled data, individual records for each cell were taken every 3

hours these results are given in Table 6. An average of 6:4% of the brood dlsappearedf .
-in the 3 hours before the emerged larvae were seen, and it cannot ‘be said for certoin.

- whether the egg or the larva disappeared. But larval food was found in a proportion'

of the cells for which the kind of brood that disappeared was unknown (1 7% of all o
- fbrood), and a residue of larval food in a cell indicates that the larva probably emerged'i.z'_" |

in it. This would reduce the percentage of unclassified dlsappearances to 4-79: the

~ remainder were' dlsappearances after the emerged- larva- was seen.. The most common,'- o

- period of disappearance was the first: six hours after hatchmg B |

These results show that, contrary to current behef it 18 not the eggs but the larvae

. -_that disappear.

“The frequenf removal of combs from the hive dld not increase the rate of dlsap-j_'l |

- pearance of the brood, but rather deereased it, suggestmg that this disturbance of the
colony mterfered with the bees ac,tmtles in removmg the larvae of low survxva] rate

- from- their cel]s

. _:'Cm: nurse bees te[! uhethe: an egg is dead or ghpg‘? L

The questions arise whether the worker bees are able to dlstmgmsh dead eggs from

| 'lwe ones, and whether they quwkly remove dead eggs. To answer these queshons combs

- from the previous experiments containing eggs that did not hatch were put in the eentre -'

- of the brood nest. The queen was caged on another comb under a queen-exciuder cover. -
The comb containing the dead eggs was exammed 2-3 times a day. In one expenment -

the dead eggs disappeared after a few hours. In three other experlments some eggs
‘were found to remain after 1, 2 and 4 days respectlvely These expenments show that_.- L

bees do not remove dead eggs Very quickly. . | .
To obtain more detailed data, and to compare the tlme of dlsappearance of dead

| eggs and dead young larvae, individual records were made for each cell contammg an
egg or larva killed in a deep freezer. Table 7 shows that the greatest number of dead o
larvae dlaappeared during the hrst 3-6 hours after ‘being put into the hive. The perlodsf;._ B
of dlsappearance of dead iarvae and larvae of a queen producmg brood of low survival

rate were anrmlar But kﬂled eggs took a Iong tlme to dlsappear and some dead eggs-_.
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remamed in the eells even after ﬁve days Kllled brood of low surwvai rate dlsappeared
- from the cells more quickly than killed brood of a naturally mated queen. Jt may be that
. -the bees could distinguish brood of low su vwal rate from normal brood even after it
~had been killed. Killed brood of low survival rate dlsappeared most quickly when it
- 'was put into the brood nest of a celeny already havmg such broed But the. comb in
~ question had been frozen for 2 days at —35°C. and for 3 days at —20°C,, and this long N
L freezing period may have caused fundamental changes in the structure of eggs and .
- larvae. Nevertheless it is possible that the beesin a colony having brood of low survival .

- rate are more se11s1t1ve than those m normal colomes te the presence of abnermal brood*
- in the hwe ' ' ' SRR Lo e e
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. . CONCLUSION _ ; o
o These results show that if the eggs of a queen producmg brcmc& of Eom survzvaE |
. rate did not hatch, they would not be removed so qulckly from the cells. When a queen

- producmg brood of low survival 1ate lays eggs, the eggs hatch, and it is the very young

larvae which dlsappear from the cells of the comb Thus the homozygosﬁv at locus ).
'. _does not cause the eggs to be lethal. | | - | 7
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