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Woyke, J.*

HOW TO DETERMINE THE SEX OF LIVING HONEYBEE LARVASt

The necessity for the practical determination of sex of larvas arose
during investigations carried out in the Apiculture Dept. of Agricultural
University in Skierniewice on the development of drones from fertilized
eggs under laboratory conditions (Woyke, 1962, 1963 a, b, ¢).

The determination of larval sex was indispensable to ensure that part
of fertilized eggs have produced drone larvas.and in order to know which
have survived or perished, and ultimately to be able to compare the
viability of hatched drone larvas with those of workers in the neighboring
comb cells. In order to rear the larvas further their sex has to be deter-
mined in advance in living specimens. Every beekeeper in any case
requires an easy method of identifying the sex of the larvas without resort-
ing to a fixing and staining procedure. .

Previously published descriptions of the external sexual character
were based on dead, fixed and stained specimens and they proved to be
absolutely inadequate for the determination of living material.

In view of the above difficulties the authors of the present paper have
tried to work out a method suitable not only for the practical determination
of the sex of the living specimens but one that will also avoid the damage
of larvas, lowering their viability if not the outright killing of the material.
The method should enable to determine the sex of larvas without taking
1t out from the comb cell or rearing dish. The only handling allowed could
at most be the raising of the larval abdomen to examine the sexual
characters. Turning over the larvas in the royal jelly or mixed food could
led to clogging of larval spiracles and consequently to suffocation.

- Dex of older, but not yet sealed larvas, can also be determined by
their size, since worker larvas are larger than drone larvas of the same
age. This method, however, cannot be applied when larvas of various age
are reared under laboratory conditions which alter to a certain extent

*Aplculture Dept. of Warsaw Agricultural University (SGGW), Skierniewice.
1This investigation was supported in part by a grant from the U.S. Depart-
ment of Agriculiure, authorized by P.L. 480.
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their development. It has likewise no value when the drone larvas are
reared from fertilized eggs since the development of such larvas is largely
unknown. The only sex criteria under such conditions are the differences
in the rudiments of external parts of the reproductive organs in the drone
larvas and, additionally, the sting rudiments in the females. Under-
standably, the inner reproductive organs cannot be used in the determina-—
tion of sex of the living larvas. Only the external sexual structures or
those visible through the thin cuticle may be compared.

Review of the Literature

The rudiments of the external parts of reproductive organs of the
drone larvas were described by Michaélis (1900) and Zander (1900, 1016).
The former author studied the entire larval specimens, which had been
stained and fixed, the other investigated microtomic slides.

The female rudiments of the reproductive organs were studied on
microscopic slides and described by Léschel, Meier and Zander in one com-
mon paper (1916). The sting rudiments of an older, fixed larva were also
described by Nelson (1924).

A comparison of the external sexual characters of the youngest larvas
was made by Zander (1914) in preliminary note to the above cited paper.
A similar study but based on histological slides was also carried out by
Woyke (1963 b). The descriptions of the rudiments of the external reproduc-
tive organs as well as that of the sting, can also be found in the basic hand-
books dealing with the bee anatomy, by Zander (1922) or Snodgrass (1956).
However, these are mostly not original descriptions but are based on works
by the authors cited above. '

- As may be seen from the above, the descriptions of the rudiments of
the external sexual organs or that of the sting of living larvas are still
wanting. |

To compare the external sexual character of the living larvas with
those in the dead fixed -ones, the descriptions of these features observed
In the subsequent larval stages must be first considered. - -

According to Zander, Loschel, Meier (1916) and Woyke (1963) the
sexes can be distinguished on microscopic slides in larvas within six hours
of hatching. In the drone larvas a thickening of the epithelium which
forms one elongate imaginal disk is visible on the ventral side of the
twelfth segment. This disk constitutes the rudiments of the future external
parts of reproductive organs. Such thickening occurs in the female on the
ventral side of three abdominal segments — on the tenth and eleventh
segments as paired structures and on the twelfth segment as a single plate.
Woyke (1963) gives a microphotograph of a one-day-old larva of female
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and male in which the differences of the abdominal structures are clearly
visible. According to Meier these are visible only on the inner side of the
epidermis and cannot be observed externally.

A further development of the external parts of reproductive organs
is described by Michaélis as follows: in the second larval stage a pit
develops on the twelfth abdominal segment, on the wall of which a strong
growth of epidermis takes place producing in the subsequent stage two
posteriorly directed processes which grow gradually. Just before pupation
the processes begin to protrude outward from the pits. Their apices are
then situated at the same level as the margines of the “pockets’” but they
are still mostly hidden inside. During pupation two new processes are
formed. According to Zander the initial two processes split at the apex
within the sixth day of hatching. The median pair of processes becomes
transformed during the further development of the drone larva into a pair
of median plates, known as penis valves, which close externally the open-
ing of the reproductive organs. The external pair of processes produces
a pair of parameral plates situated externally with respect to those
previously described. ' -

According to Snodgrass (1956) the first stage of development of the
external reproductive organs of the drone “appears at a later stage” of the
larval life in a form of an oval disk with two processes. The development
of the sting and of rudiments of the reproductive organs 1s, according to
Loschel and Meier, similar in the worker and queen larvas. On the second
day of larval life the sinking of the imaginal disks of the eleventh and
twelfth segments can be observed. On the following day two directed
posteriorly processes grow out of pockets of the eleventh segment and four
processes appear from the pockets of the twelfth segment. These processes
grow longer and adhere closely to the skin surface beneath the chitin
cuticle. This stage lasts until the sixth day after hatching. In the further
stage of development of the worker and queen larvas processes of the
eleventh segment will become the lancets of the mature sting. The median
pair on the twelfth segment will unite to form stylet, and those of the
outer pair will form the oblong plates and the seath lobes. Imaginal disks
of the tenth abdominal segment do not produce folds until at the end of
larval development. They form a pair of oviducts and a part of the vagina.

Method

A proportion of the investigated larvas were fixed at various stages
of development for identification and a comparison with descriptions of
fixed and stained larvas published previously. For fixing, hot water,
Carnoy or Gilson fluid were used and the larvas were subsequently
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preserved in 75%o alcohol. Some larvas were preserved in alcohol without
a previous fixing. The fixed and preserved larvas were not stained for
subsequent study. : '

The main attention was devoted to living larvas. First, combs with
drone eggs were placed in a bee colony or were selected inside. Then
a small surface, 10X15 cm large, was selected in a comb. In order to find
this surface again during later investigation, a row of cells was purposedly
destroyed on the two adjacent margins of the selected rectangle. This
procedure was applied to all selected combs and they were subsequently
placed back into the hives. The combs were taken out and checked every
day under a microscope whereby hatching time and progress in the
development of bee and drone larvas in particular cells was systematically
noted. The sexual ‘characters already investigated on fixed larvas were of
particular interest. Any differences found in the morphology of the two
sexes were the object of detailed scrutiny. For better observation some-
times the head or the posterior end of the larva were carefuly raised with
the aid of a grafting or a preparatory needle. Although the main considera-
tion was devoted to practical methods of determination of the sex of larvas
within their cells and such larvas were the principal subject of investiga-
tion, some of the larvas were nevertheless taken out of their cells for
a more thorough scrutiny under the microscope. Attention was, however,
mainly paid to those characters which were already observed in larvas
inside the cells. | | |

The examination of larvas in comb cells was carried out under a stereo-
microscope Mst 130 which was fixed on a column stand. This stand made
possible an examination of comb cells even when they were placed at
a certain distance from the frame bar. Illumination with an ordinary
microscope lamp proved insufficient, particularly in the case of smaller
larvas. A direct light could not penetrate the cells due to their depth; the
bottom of the cells thus remained poorly illuminated. Excellent results
were obtained with the application of a prism for vertical illumination. It
made possible good illumination of the cell bottom, and the larva resting
on it — of any size — could be observed perfectly. Such illumination was
thus employed for the present investigation and the comb was placed
horizontally under the microscope. | - o '

Resulfs

The rudiments of reproductive organs and of the sting were clearly
visible in the fixed larvas, temporarily preserved in 'alcdhol — even in the
ones that were not stained. It is:probable that a scrutiny of stained
specimens at an earlier stage of development could provide a better picture
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of some anatomical details. Still, even the above simpler method was
adeguate for a comparison of the development of the said organs in
particular larval stages with the existing descriptions. The examination of
the fixed specimens showed that all described processes of the imaginal
disks which produce the external reproductive organs and the sting in
a further stage of development of the larvas, are situated beneath the ex-
ternal layer of the epidermis. | '
| The sexual characters of the living larvas displayed at first sight con-
siderable differences when compared with those of the fixed specimens.

In the young 1-2-days-old larvas of drones and bees no visible
differences in external anatomy was observed. Even a close scrutiny under
the microscope of larvas extracted from their cells did not reveal any
distinct differences. Neither imaginal disks nor any processes were visible
in this stage. Within three days of hatching, however, feebly marked
imaginal disks could be seen on the ventral side of the respective segments.
The disks were marked as white spots on more transparent ground on
larval body. In the drone larva such white spots were visible in the
posterior part of the twelfth segment. No processes under the outer layer -
of the skin were, however, observed. In the worker larva the most con-
spicuous was the last disk on the twelfth segment, likewise in the form of
a whitish spot. It was found in the anterior part of the segment — thus
situated closer to the head as compared with a similar disk in the drone
larva. The disk on the eleventh segment was much less conspicuous and
that on the tenth segment was hardly noticeable at all and sometimes com-
pletely missing. The processes — possibly sting rudiments — were likewise
wanting under the outer layer of the epidermis in this period. It happened
often, too, that the imaginal disk of the penultimate abdominal segment,
usually in from of a whitish spot, was the only disk conspicuous in the larva
in question. Thus, within the third day of hatching the only imaginal disk
visible in both' the drone and bee larvas was the one on the twelfth
abdominal segment. Although the location of these disks along the longi-
tudinal axis of the body differed in the drone and the female bee to
a certain extent, this characteristic proved to be an insufficient criterion
for the determination of sex. Thus, it seems that a realiable method for
determination of sex during the first three days after hatching is still
wanting. - , |

According to Bartholf (1925) the larva undergoes four moults within
3.25-3.5 days of hatching. Thus a four-day-old larva had usually already
undergone the fourth moulting. In those four-day-old larvas which had
already cast the skin or which were just being in the process of doing so
a strange phenomenon was observed. After illumination, all imaginal
disks emitted a greenish-blueish light. Such larvas, with a fluorescence
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effect, are presented in Fig. 1. All disks — those on the head, thorax or
even abdomen — showed such fluorescence. In the head some fluorescent
lines and spots were observed but it was difficult to distinguish definite
areas here. On the ventral side of all thoracic segments, however, the
imaginal disks of legs were discernible in the form of distinct marks.
Similar areas which constitute the imaginal disks of wings were situated
at sides of the second and third thoracic segments.

Fig. 1. Four-days-old living worker larva with fluorescent imaginal disks on the
thorax and abdomen.
Fig. 2. The abdomen of four-days-old living worker larva with fluorescent imaginal
disks on tenth, eleventh and twelfth segment.
Fig. 3. The abdomen of four-days-old living drone larva with single fluorescent
imaginal disk on twelfth segment.

In the females the fluorescent disks of the reproductive organs and of
the sting were found on the ventral side of the tenth, eleventh and the
twelith body segments (Fig. 2). The-ﬂuorescence, however, was confined
here to the margins of the disks. In addition, various spots and lines were
seen inside the disks. Of the abdominal imaginal disks, the pair on the
tenth segment proved to be the smallest. It was partly situated in the pos-
terior part of the segment behind a trachea. These disks were elongated
and tapered toward lateral body sides.

Similar disks but considerably larger ones were found to be situated
fairly symmetrically on the eleventh body segment at both sides of the
trachea. The largest disk was on the twelfth segment and it was situated
In its anterior part. The disk was oval in shape and slightly bent anteriorly.
In its median part two fluorescent incisions — an anterior and posterior
one — could be sighted: thus, it was unclear whether this was one single
disk or two merged together. Fluorescence was also observed in the middle
of the right and left side half of the disk. The trachea linked with the said
disk is smaller than the ventral one of the tenth segment. Under the outer
layer of the epidermis irregular formations could be seen but the rediments
of the sting visible on fixed specimens and described in previous papers,
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in the same stage of development, were not found. Thus, the greenish-
blueish fluorescence induced in a pair of imaginal disks on the ventral
side of the tenth and eleventh body segments and in one disk on the
twelfth segment is a characteristic feature of the four-day-old female lar-
vas and can be used in their identification. _

Fluorescent disks on head and thorax, similar to those found in female
larvas, can also be observed in four-day-old drone larvas. On the abdo-
men, however, only one such a disk is visible; it is seen on the ventral side
of the twelfth segment and its shape is similar as that of the female larva
(Fig. 3). The only difference is a backward bending of the disk by contrast
to a forward curving in the female larva. Morover, the disk in question is
situated slightly closer to the posterior margin of the segment than in the
female larva. A fluorescent incision cutting into the anterior and posterior
margin of the disk is likewise found. A fluorescence also occurs in the
center of the right and left half of the disk. The imaginal processes —
present and described in the fixed bee larvas — were, however, not visible.
The abdominal disk connects with a smaller trachea than the one found
on the ventral side of other segments.

Thus, the presence of one fluorescent disk on the ventral side of the
twelfth abdominal segment is characteristic of the living four-day-old
drone larva.

All disks described above are also seen on the subsequent days after
hatching both in bee and drone larvas. However, the fluorescence becomes
weaker every subsequent day.

Conclusions

(1) The imaginal abdominal disks of the living and of the fixed larvas
differ considerably.

(2) The sex of living larvas can be determined easily and without error
on the fourth day after hatching.

(3) The greenish—blueish fluorescence of the imaginal disks on the
abdominal segments makes possible the determination of the sex of the
living larvas. Fluorescent disks on the ventral side of the tenth, eleventh
and the twelfth segment are characteristic of the females, whereas only
one such abdominal disk on the ventral side of the twelfth segment indi-
cates the drone larva. The fluorescence of the disks gradually wanes in
both sexes on subsequent days..
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