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| | SUMMARY |
Four mblmg-mated queens producmg brood in worker cells af which 509% survived were

 selected; controls were one unmated queen and one mated natura.lly at randnm The number .'
- _-.af chromosames was investigated in eggs 4 - 10 hours old. -

It was confirmed that the ‘disappearing’ larvae in worker cells from the s:tbhng-mated
' queens were drones. Of eggs laid by these. queens in drone cells 97-6% showed 16 chromo-
somes, whereas 32 chromosomes were found in 95-89% of eggs laid by the same queens in
‘worker cells. So the sﬂﬂmg-matﬂd queens producing brood of 50% survival rate lay eggs in
worker cells which are virtually all fertilized, and the 509 of these larvae which are normally
~ eaten by the workers, develop from fertilized eggs; they are males, but diploid in origin.
Dmnes can thus dwelﬂp not only fmm unfertlhzed but also fmm femhzed eggs | o

M‘ROEUC’I‘IGN

From Dz:(erzon s time (1845) until a few years ago it was gcncrally accepted
that drone honeybees (Apis mellifera) deve lop only from unfertilized eggs. In a
~ series of earlier papers the author has however presented data which also support
a oompletely zZygotic origin of drone larvae (Wayke 1963a, b). Later data showed
that these drones developed from eggs into which spermatozoa entered (Woyke,
- Knytel & Bergandy, 19664, b), and that these males inherited characters of their
~ father (Woyke, 1965b). A more detailed history of investigations on dromes
develapmg from ferulized eggs has been given by chke et al. (1966b).
_ Drones of this new type were reared after their mothers had been mated to
- 'a closely related partner. But the process of fertilization of an egg by spermatozoa

- in inbred crosses of the hcmeybee is not known to occur. One can therefore
suppose that the male tissue of the new drones was not the result of fertilization,
- but that it derived either from a female pronucleus which remained unfertilized
in spite of the entry of a spermatozoon, or from both male and female (ununited)
pronuclei, or from the pronucleus of a spermatomcn which entered the egg but
‘did not unite with the egg pronucleus. Several examples of this last phenomenon
hmfe been described (Re}theﬁbuhlar G{}W&}}. & Pa.rk 195 2: Drescher & Rothen-
buhisr 1963, 19@) |

It would seem that a good way to test the zygotic fmgm caf the drone in
quesm‘m would be to count the number of chr mosomes in eggs from which the

' mwmganm was mpmmd in part by a reseamh gmat fmm the Umted States

| Bapamnent of Agncalmiae, amhanzeei by Public Law 480.
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new drones hatch, as dcscnbed in the prehmmary rf-port of part Of the. matenal

- presented here (Woyke & Knytel, 1966). After the maturation process is finished
- (Nachtsheim, 1913) 16 chromosomes can be seen in unfertilized eggs and 32 in

' feruhzed eggs. Sanderson and Hall (1948) using 1mpmved modern smear tech-
~ nique, and ﬁxatmn and- stammg in aceto-carmine or aceto-orcein, found in malc.

 and female eggs in all stages exclusively 16 and 32 chromosomes respectively. In

~ blastoderm (Petrunkemtsch 1901) and in Iarvae (Rlsler 1954), polyplaldlzatlon-

takes place and a "eater number of chmmosomcs can be found. Merriam and '
~ Ris (1954) found high degrees of polyplmdy in various tissues of queen dmne and
worker. Since no dxstmgulshmg cytological differences can be seen in somatic
tissues of individuals from fertilized and unferuhzed eggs, it appe:ars that eggs in

o eaﬂy cleavage Would be best for ‘the present study

Complete or partial dxplczds might occur in. the honeybee m}t enly as a .
_ result of the union of egg and sperm pronucleus. Therefore eggs with the diploid
 number of chmmosomes can be referred to as fcrtlllzed only 1n rclatlm to the
- genetic mvestlgatlons prehmmanly reported (Wﬁyke:, 1965c Woyke & Aska,. -
1966) R L . o
_ MATERIAL AND METHODS __ _
Eggs were collected from four s:blmg—mated queens producmg scattered |

brood, from one queen mated naturally at random and producmg normal brood,
and from one unmated queen pmducmg only drone brood. Altogether 375 eggs

were investigated, 125 from drone cells, and 250 from W{Jrker cells of which 200 -

- were laid by the Slblmg-mated quecns More ’thaﬂ 70 m chromosomes were. :
counted. o |

Several quecns wh,lch are dlscussed in fche prevxous paper (Wayke, Knytel & -

Bergandy, 1966b) were art1ﬁc1ally sxblmg-mated -After testing for survival rate

- (Woyke, 1963a) four quecns pmducmg brood of 50% survival rate were chosen;

- two (770 and 881) were of the first generatmn of m’blmg—mated and were each‘

~ inseminated with semen fro ‘one drone only (1-2 and 09 cu. ‘mm. respwtlvcly) |

- The two others (882 and 385) reprasented the second g&neratmn of gueens produc-
" ing brood of low survwal rate; they were msemmated with 2-5 cu. mm. of semen

from several brothers. The test for surwval rate was oonducted on an average
Gf more than 650 eggs of each queen. . . -
To establish once again that the 50% csf Iarvae (fthose mormally eaten by
worke.rs) are drones, the eggs laid by three queens—two of the first inbred

~ generation (770 381) and one of the seccmd (885}—W¢rc hatched in an incubator.
The larvae were reared further in. the incubator (que-en 770-—W0yke 1963b), in

- queen cells in the colony (831—-—W0yk¢ 1965d) or in drone cells (335——-W oyke,

1965¢). The larvae of the three queens were sexed when one day old (W 0 yke, _
1963a), when 4-5 days old (W{}yke 1963c), m' after the cells were sealed
" To find the best stage of eggs, those of 4—6, 6 -8 and 8- 10 hours old were
investigated. Since mitosis was ebsewed in all the eggs. eggs at any age between
4 and 10 hours were collected for further mvestzgatmn Queens were covered

‘under a queen-excluder cage on a comb for 6 hours, then the combs with eggs were
put for 4 hours into an mcuba,u}r at 345 °C. and mgh humidity. Cyteloglcal |
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investigations were carried out on 25 eggs laid in drone cells by each of the sibling-
mated queens and the virgin queen, and on 50 eggs laid in worker cells by each
of the same inbred queens and by the naturally mated one. -

The eggs were fixed in Petrunkewitsch’s fluid, and the sections stained in
- Heidenhain’s iron haemotoxilin and counterstained wzth eosin. Chmmmomes were
' countcd usually in 8 metaphase pla.te,s of each egg. .

RESULTS
Charac'terwtzcs of brood produced by the expertmem‘ai queens | |
The queen mated naturally at random produced brood of whloh 949/
‘survived. In the worker combs in the colony only compact worker brood was |
visible. The four instrumentally sibling-mated queens 770, 881, 882 and 885
- produced brood in worker combs which survived in the colony in the proportions

- 434%; 49-4%; 52-0% and 43 4% respeetwely The sex alleles were thus reduced
here to two only. |

Hlstelt}glcal exammﬂn (W oyke 1963a) of 22 larvaﬁ of queen 770, hatched
m Work&r cells in an incubator and reared there for one day showed 10 males and
12 females. Rearing such larvae of queen 881 in queen cells in a colony gave 11
males and 16 females 4 -5 days old, and rearing the larvae of queen 885 in drone
“cells (Woyke, 1965¢), gave 168 sealed drones and 98 workers. Imagmal drones
were reared from eggs laid in worker cells by this 51blxng-mat¢d queen. The
results obtained by thﬁ last two methods at the time the cells are sealed do not
reflect the sex ratio in hatching larvae. Nevertheless, both examinations showed
- that queens producing brood of low survival rate also laid in worker cells eggs

~ from which females as well as males dﬁveloped as Iin earher axpenmagts (Woyke,
1963a b, 1965a). -

- The chromosomes

~ The chromosomes in honeybce eggs are very small and it 18 dlﬁ'tcult to count
their exact number. It can only be established with great difficulty whether there

are 15 or 16 chromosomes in the metaphase plate, or 31 or 32. But it is very
easy to dIStngllish betwean the haplozd and diploid numbers ( 16, 32).

- Number of chmmmc}ms in eggs from drone cells

" The haploid number of chromosomes was found in all metaphase plates of
80-99, — 1009 of the eggs laid by the four individual sibling-mated queens (Table
1). The total percentage of such eges (89 49,) is very close to that for eggs laid
by the unmated queen (90-5%). In 3 eggs laid by queen 881 and in 4 laid by 882
~ {entries 13-6% and 1% 09,) 16 chromosomes were counted in some metaphase
plates and 32 in others of the same egg. The total ;}@rcemage of such eggs laid by
all the sibling-mated ::gnﬁens (& 2%) 18 snmiar to that for the unmsemmated queen
9:5% - |

( /Ejnce the diploid number of chmm@mm@s was feund only in some plates, and
 the uninseminated queen could not lay fertilized eggs, it may be assumed that
here either early anaphases were investigated in some plates instead of the meta-
phases, Or that p@iypimdizatmﬁ had occurred. The first altematwe was confirmed
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by the observation of the neighbouring spindles where two separated plates of
chromosomes were already visible. | _ - D
Thus all the above eggs should be regarded as possessing the haploid set of
chromosomes, and thus as unfertilized. This leads to totals of 97-6% for unfer-
tilized eggs laid by the sibling-mated queens, and 1009 for the uninseminated
queen. . S

TasiLe 1. Number of chromosomes in eggs lﬁid in drone cells by an unmated and the sibling-mated '

- o | Yo €ggs | :
Sibling- No. eggs No.eggs Y eges withn - Y eges
mated examined with withn = and2n with 2n
queen no. | mitosis chromosomes chromosomes  chromosomes
770 25 2. 955 00
881 25 22 819 - 136
882 25 21  80-9 - 19:0 _
885 25 - 20 100-0 Q-0 -

© O A
1 &

Total I | o | |
sibling- - 100 | 835 | 89-4 8-2 2:4
mated — - | |

Uxmmted' - - | | S |
queen 25 21 | 90-5 = | 9-5 - 0-0

Total 125 106 896 85 19

One egg laid by each of two sibling-mated queens (Table 1, entries 4-3%)
was found in which many more than 16 (about 32) chromosomes were seen in all
the metaphase plates. These two eggs, representing 2-4% of all those laid by the
four sibling-mated queens, must be assumed to have the diploid set of chromo-
somes, i.e. these two eggs could be fertilized. This unexpected result may be due
to the fact that the queens were artificially forced to lay the eggs in drone combs
by being caged under a queen-excluder cover. In circumstances like this it may
even happen that a queen ‘unwilling’ to lay unfertilized eggs lays fertilized eggs in
all the drone cells, but this was not so in our experiment. -

Another possibility is the union of two egg pronuclei. . o

We may assume that the eggs laid in drone celis by the sibling-mated queens
were practically all unfertilized, with a single set of chromosomes, like those from
the uninseminated queen. | | .

Number of chromosomes in eggs from worker cells | | |

Among the eggs laid by individual sibling-mated queens m worker cells,
0. 1. 1, 2 (giving entries 0%, 2-5%, 2-4%, 49% in Table 2) were found in which 16
chromosomes could be counted. In all 2:49, of these eggs were found to have the
haploid set of chromosomes. In addition, in one egg laid by each of three sibling-
mated gueens (entries 2:3%, 2-4%), 16 chromosomes could be counted in some
plates and 32 in others. In accordance with the explanation given earlier, these
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three eggs (1-8% of all laid by the sibling-mated queens) must be taken as
unfertilized. These three eggs, together with those containing exclusively the
haploid set of chromosomes, give a total of 4-2% of all eggs laid by the sibling-
mated queens which must be accounted unfertilized. This percentage is far too
low for the eggs to be those from which develop the 50% of the larvae which are
eaten by the workers..

- On the other hand no metaphase plate with. 16 chromosomes was found in
eggs laid by the naturally mated queen, i.e. no unfertilized eggs were found. This
suggests that lack of fertilization of some of the eggs laid by the sibling-mated
queens was caused by the small amount of semen used in the insemination (0-9 -
2'5 cu. mm.), and that it has nothing to do with inbreeding. |

The diploid number of chromosomes was found altogether in 928 % of the
eggs laid by all the sibling-mated queens (Table 2), a percentage very similar to
that for the naturally mated queen (94-79%). All these eggs were fertilized.

A few eggs were found with 32 chromosomes in some metaphase plates and
64 in others of the same egg (Table 2); these led to a relatively lower percentage of

TABLE 2. Number of chromosomes in eggs Iaid in worker celis by a queen mated at random, and by |
those sibling-mated producing 509, of drone brood (eaten by the workers) .

' Yo €825 Vo €88
Sibling-  No. eggs No. eggs % eggs with n Y% eggs with 2n
mated  examined with - withn and 2n with 2n and 4n
queen Ro. mitosis  chromosomes chromosomes chromosomes chromosomes
770 50 43 0-0 23 90-7 7-0
&81 50° 40 2*5 0-0 97-5 0-0
882 50 42 2+4 2-4 90-5 - 47
885 50 41 4 9 2°4 92-7 -0
Total - . |
stbling- 200- - 166 2-4 1-8 928 3-:0
-Naturally -
mated 50 38 0-0 0-0 94-7 5-3
queen — | |

Total 250 204 20 1-5 93] 3.4

eggs with 32 chromosomes from queens 770 and 882. Since eggs with a high
chromosome number were also laid by the queen mated naturally at random, the
phenomenon can have nothing to do with inbreeding. It was probably due to
- observation at early anaphase, or to polyploidization. At any rate the eggs were
certainly not haploid and must be regarded as fertilized. Thus the queen mated
naturally at random laid eggs in worker cells 100-0% of which had the diploid
number of chromosomes; of the eggs laid by instrumentally sibling-mated queens
in worker cells, 92:7% to 97-7% (total 95-8%) had the diploid number of chromo-
somes (last two columns of Table 2). We may assume that all these eggs were

fertilized.
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CONCLUSIONS
It is known that sibling- mated queens produce brood in worker cells of which

509, consists of drone larvae, which are eaten by the worker bees. It is shown

_here that eggs laid in drone cells by 4 such queens had 16 chromasomes whereas
95.8% of their eggs laid in worker cells had 32 chromosomes, i.e. were fertilized.

Whether we regard all the eggs laid in worker cells by these queens as being
fertilized, or only the observed 95. 8%, the percentage is about twice as high as
the 50% of larvae which survive in the hive (females). Consequently the other
balf of the brood (wnsxstmg of male larvae normally eaten by the worker bees)

must also develop from fertlhzed eggs, and these dmnes are thus diploid in
ongln | ' -
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