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Summary

Altogether 9815 measurements were made on the head and its parts in 269 haploid and 295 diploid
drones, 109 queens, 248 and workers. All individuals originated from 12 queens of Apis mellifera
ligustica, A. m. adansonii, their backcrosses and some hybrids.

The head, and all its parts and appendages measured, were larger in diploid drones than in
haploid drones. But relationships with the same characters in queens and workers were different;
somediploid drone characters were super-male,others were intersex,and others were caste characters.

Introduction

After a method of rearing diploid drones of Apis mellifera had been established (Woyke,
1969a), it was possible to make comparative studies on them. Preliminary measurements
of morphological characters of approximately 300 diploid drones were presented by
Woyke (1971a) at the 23rd International Beekeeping Congress, but the 6 tables submitted
were unfortunately omitted from the published paper; the full details were, however,
included in the final report for the USDA (Woyke, 19715).

In 1967 Kerr and Nielsen had suggested that homozygous X/X males are more female-
like than haploid males, but Woyke (19714, 19715) showed that diploid drones show many
super-male characters. Exceptionally, the testes are much smaller (Woyke, 1973), the
mean volume being commonly one-tenth that for haploid drones. But testes of diploid
drones of Apis mellifera adansonii were comparatively larger, with a volume 0-2 to 0-5 of
that for haploids originating from the same queens (Woyke, 1974). The number of
chromosomes found in spermatocytes, and the DNA content in spermatids, were found
to be twice as high in diploid drones as in haploids (Woyke, 1975).

Patches of diploid drone tissue in mosaic drones were described before diploid drones
had been reared. Rothenbuhler (1957) found that the diameter of diploid facets in mosaic
drones was approximately one-eighth greater than that in haploids, although this was not
confirmed by Drescher and Rothenbuhler (1964).

Recently Chaud-Netto (1973, 1975) reported investigations on different characters of
Apis mellifera adansonii diploid drones. Surprisingly, the characters of diploid drones
determined by individual measurements, or by counts on 16-20 individuals (number of
chromosomes, number of spermatozoa, weight of testes, number of hooks on the hind
wing, etc.) fell into two separate groups, or into a dimodal distribution. Of the two groups
(or modes) for diploid drones, one was typical for haploid drones.

Materials and Methods
Most bees investigated were reared in 1967-68 in the apiary of the Department of Genetics,
University of Sdo Paulo, Brazil, but the hybrids were reared in Poland. Table 1 shows
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the total number of diploid and haploid drones, and of queens and workers, that were
used; they all originated from 12 queens. Altogether, 295 diploid drones were investi-
gated. Owing to injury, some characters were measured on 1 or 2 fewer individuals. A
total of 9815 measurements of the head and its parts were made.

The following races and crosses were used:

1. Apis mellifera adansonii, all mother-queens being sisters mated to brothers;

2. Apis mellifera ligustica, all mother-queens being sisters mated to brothers;

3. backcross of Italian queens to drones from F, hybrid queens of the two above
races (the mother-queens were sisters of the Italians, but two (125, 131) were mated to
drones from one F, queen and the third (167) to drones from another one);

4. three hybrid queens, mated to their brothers, but not related to each other or to
any other queen investigated.

Both backcrosses and hybrids are referred to in this paper as crosses between the
different races.

Each queen was inseminated instrumentally with the semen of one drone only. Queen
excluders were kept on hive entrances until the queen started to lay eggs, and usually for
much longer.

Only queens producing brood of 509, survival rate were used for further investigations.
Three queens of each combination were selected. Queens inseminated with semen of
1 drone only (1/8 to 1/10 of the normal amount in natural or instrumental insemination)
may start by laying unfertilized eggs in worker cells, or otherwise do this much sooner
than queens normally inseminated do. Therefore it was necessary to eliminate immediately
any queen producing brood in worker cells that the bees sealed with drone cappings.
If this was not done, haploid drones would be reared as diploids. The diploid drones
were reared from larvae taken from worker cells by Woyke’s method (19692, 19695).

The haploid drones, as well as queens and workers, were reared normally. Combs or
cells were caged a few days before emergence of the adults, which were then killed and
preserved in 709, alcohol. Before preservation, the newly emerged drones were dissected,
and their diploidy verified by the small size of the testes. Later, measurements were made
of the head and its parts (Fig. 1) with a micrometer eyepiece in a stereoscopic microscope.
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F16. 1. Identification of characters measured.

Length and width of head shown in A (female) and B (male), also
length of antennal flagellum. Length of labium and of labial palp
shown in C. Length and width of mandibles shown in D (left
to right : worker, queen, drone), and of labrum in ¥,
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The insects were not boiled before being fixed (because the reproductive organs would
also be studied), and therefore the length of the labium can be compared only within the
material investigated, and not with measurements on specimens prepared by other
methods.

Student’s t-test was applied to find statistically significant differences between means.
The following designations are used in the Tables: se, standard error of the mean; 0, no
statistical difference; x, P<0-05, i.e. significant; xx, P< 0-01, i.e., highly significant;
xxx, P<0-001, i.e. very highly significant. Different letters against two means indicate
that they are significantly different.

Results

Fig. 2 represents a diploid drone. It looks slightly larger and more stocky, and it has a
larger head, then the familiar haploid drone.

g

4

FiG. 2. Diploid drone honeybee (Apis mellifera) about 4.

Table 2 and Table 3 show that the mean length and width of the head were once larger
in queens and once in workers. The overall average length was almost identical for queens
and workers, the width greater for queens. Both types of drone had a head larger than the
female head. The head was significantly larger in diploid than in haploid drones originat-
ing from all queens except one hybrid. The larger head of the diploid drone is one of the
characters by which it can be distinguished from the haploid drone, often visually. The
diploid drone head thus showed a super-male character.
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TaBLE 1. Numbers of bees measured.

Queen Diploid  Haploid

Race ‘ no. drones rones Queens  Workers
128 25 23 8 8
African . 141 25 25 12 25
146 24 . 25 12 25
144 25 25 2 8
Italian 154 23 —_— 15 25
155 23 25 —_ 7
125 25 25 15 25
Backcross 131 25 25 13 25
167 25 25 11 25
273 25 21 —_ 25
Hybrids 439 25 25 9 25
582 25 25 12 25
Total 295 269 109 248

The diameter of middle ocellus of the queen was mostly larger than that of the worker
(Table 4), but the difference was not statistically significant. Ocelli of both types of drone
were much larger than those of the females, and the mean diameters were always larger
in diploid than in haploid drones, but differences between only 5 of 11 pairs of means
were significant. The overall mean diameter of ocelli of diploid drones was highly signifi-
cantly greater than that of haploids.

In the compound eye, the mean size of the facets (estimated from the sum of the length
of 10 facets) was always greater in the queen than in the worker (Table 5). Facets were
almost twice as long in both types of drone as in the females. Facets of diploid drones
originating from all the queens were very highly significantly larger than those of haploid
drones. The length of diploid facets was on average 1-12 that of haploids (1/8 longer).
This character is quite useful for distinguishing haploid from diploid drones: in all the
drones, very few values overlapped, and these were for drones originating from two queens
only. The mean range of the length of 10 facets was mostly 0-339—0-433 mm in haploids
and 0-440—0-500 mm in diploids.

The average length of the antennal flagellum was greater in all worker groups than in
the corresponding queen groups (Table 6). The overall mean was very highly significantly
greater for workers than for queens. Thus a shorter flagellum is characteristic of the
female better developed sexually. In both types of drone the flagellum was almost 1-5
times as long as in the females. In one backcross and one hybrid cross the flagellum of
diploid drones was significantly shorter than that of haploids. But in all other groups,
either there was no significant difference between the two groups, or diploids had a
significantly longer antennal flagellum than haploids.

Tables 7and 8show that the labrum of queens was longer and wider than that of workers.
It was smaller in both types of drone than in females. But the diploid drones had a
significantly longer labrum than the haploids, in all except two crosses (queens 167, 273),
where the differences were not significant. The mean width of the labrum was significantly
greater in diploid drones than in haploids (or there was no significant difference). No
mean width significantly smaller in diploid than in haploid drones was found. So the
size of the labrum of diploid drones was between the small labrum of haploid drones and
the large female labrum: it shows an intersex character.
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Queen mandibles were shorter but very highly significantly wider than those of workers
(Table 9, Table 10); both types of drone had smaller mandibles than the females. The
mean length for diploid drones was significantly lower than that for haploids in one hybrid
cross only. In diploids of pure race, and of some crosses, all mean lengths were highly
significantly greater than in haploids. The mandibles were significantly wider in diploids
than in haploids, or there was no significant difference between them. The overall mean
length and width of mandibles were significantly greater in diploids than in haploids.
So mandible size in diploid drones also shows an intersex character.

The lengths of the labium and the labial palp are highly correlated; both are about 16
times as great in workers as in queens (Table 11, Table 12). Both averages were highly
significantly greater in diploid drones than in haploids (in all groups except three crosses
of different races where there was no significant difference). The overall mean lengths of
the labium and labial palp were very highly significantly greater in diploid drones than
in haploids. The most interesting result, however, is that the lengths of the labium and
the labial palp in both types of drone were intermediate between the lengths in the queen
and in the worker. The mean lengths found in haploid drones are closer to those in the
queen, and those in diploid drones are closer to those in the worker. In this respect, the
diploid drone shows a caste-like character.

Discussion and Conclusions

Results are summarized in Table 13. The head and its parts and appendages were larger
in diploid than in haploid drones, but their dimensions bore different relationships to
those in the queen and worker:

(a) For the size of the head and of its parts, including the antennal flagellum, the sequence
(in increasing size) was Q/W, H, D: diploid drones thus showed super-male charac-
ters.

(b) For the size of the upper mouthparts (labrum, mandibles) the sequence was H, D,
Q/W; diploid drones showed an intersex character.

(¢) For the length of lower mouthparts (labium, labial palp), the sequence was Q, H,
D, W ; the diploid drone was closer to the worker, and the haploid drone closer to
the queen: the drones showed caste characters.

All three types of character (super-male, intersex, caste) were thus found in the head of

the diploid drone.

Of the characters studied in this paper, three were investigated by Chaud-Netto (1973,
1975). For length and width of head, he found no significant difference between haploid
and diploid drones, whereas the results reported here show highly significant differences
between all groups of haploid and diploid drones. He found a significantly shorter
antennal flagellum in diploid than in haploid drones, whereas here the diploid antennal
flagellum was found to be the same as, or highly significantly longer than, that in the
haploid drone. Characters of the head of diploid and possibly triploid workers were found
by Chaud-Netto to be similar to or much smaller than those of diploid workers originating
from 3 sister 4. m. adansonii queens. The antennal flagellum of possibly triploid workers,
which are considered to be more masculinized, was significantly shorter than that of
diploid workers. But in the honeybee a shorter antenna signifies feminization, not
masculinization. There are thus significant differences between the results presented by
Chaud-Netto (1973, 1975) and Woyke (1971a, 19715) and in the present paper, although
the]investigations used the same material in the same apiary. A possible explanation of
these differences will be put forward in the final paper of the present series, after further
data have been presented.
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