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Summary

A total of 9268 measurements were made on abdominal segments 4 and 5 of 271 diploid and 264
haploid drones, 109 queens and 236 workers, originating from 12 queens of Apis mellifera adansonii,

A%is rlrltelh'fera ligustica and some crosses. Also 518 diploid and haploid drones were weighed indi-
vidually.

Abdominal segments of diploid drones were larger than those of haploids. Out of 12 characters
studied, 4 were smaller in the females, and as many as 8 were larger in at least one female caste,
than those in the haploid drones. Therefore the size of certain abdominal parts of diploid drones
showed different relations fromthose of haploids and females. Foursegment sizes showed super-male

character and out of 8 others, 4 showed caste character, 2 intersex, 1 female and 1 super-female
character.

haThe pure race diploid drones were about 259, heavier than the haploids, showing a super-male
character.

Introduction

This paper presents the first biometrical investigation on the abdomen and on the weight
of diploid drones, and provides comparisons with haploid drones, workers and queens
(Woyke, 1977, 1978).

Materials and Methods

The same bees were used as in Parts 1 and 2. Abdominal measurements were taken of
271 diploid drones, 264 haploid drones, 109 queens and 236 workers. The bees originated
from 12 queens of Apis mellifera adansonii, A. m. ligustica, backcross of Italian queens to
drones from F, hybrid queens of the two races and some hybrids. Tergites and sclerites
of abdominal segments 4 and 5 were measured. When possible 25 individuals of each line
originating from the 12 queens were sampled (Woyke, 1977, Table 1). During dissection
of the reproductive organs several abdomens were lost or damaged, and therefore some
characters were measured on fewer individuals. Only one abdomen was available from
two queens originating from No. 144, and therefore no standard error of .the mean for
that queen is given in Tables 1-12. A total of 9268 measurements were made, Fig. 1
showing their exact locations.

The weights of 272 diploid and 246 haploid drones, 0-1 day old, originating from 12
queens were obtained by the following method. The diploid drones were reared as
described by Woyke (1969), and the queens, workers and haploid drones by standard
methods. They were caged for a few days before they emerged from the cells as adults.
All newly emerged individuals were collected daily, and the haploid and diploid drones

* This investigation was supported by a research grant from the Fundaciio de Amparc 4 Pesquisa
do Estado de S3o Paulo, Brazil and from USDA authorized by Public Law 480.

** Present address: Bee Division, Agricultural University, Warszawa, Ursynow, Poland.



207

weighed. All were then killed, and the reproductive organs of the drones dissected
(Woyke 1973, 1974). The insects were preserved in 709, alcohol, until measurements
could be made of tergites and sclerites of segments 4 and 5 (Fig. 1), numbered according
to Snodgrass (1956).

Student’s ¢ test was applied to find significant differences between overall means.

D

F1G. 1. Identification of abdominal characters measured.
A Length (1) and width (w) of tergite.
B Queen, C Worker, D Drone: Length of sternite with lateral apodemes (l2) and without them (1),
width with front apodeme (wa) and without it (w).
E Queen, F Worker, D Drone: Areas circles in B, C, D, enlarged tc show point on tergites to which
the length without apodemses was measured.

Results

Fourth abdominal segment
The tergite of segment 4 was longer in the queen than in the worker (Table 1), and both
types of drone had longer tergites than the females. The African diploid drone and some
backcrosses had longer tergites than the haploids. No significant differences were found
between the two types of drone in pure Italian and some crosses, but very highly signifi-
cantly shorter tergites were found in diploids from one hybrid line. The overall mean
length of this tergite was very highly significantly greater in the diploids than in haploids.
Thus the length of tergite of diploid drones shows a super-male character.

The queens had much wider tergites than the workers (Table 2). Most of the diploid
drones had wider segments than haploids, but statistically significant differences were
absent in some lines, and in some crosses significantly narrower tergites were found.
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was significantly higher than in haploid drones, but in two further samples it was signifi-
cantly lower. No significant differences were found in any other samples, or between the
overall means, for the two types of drone. So the cubital index of diploid drones showed
a typical male character.

The number of bristles covering the forewing (Fig. 2) has not previously been used to
characterize bees. The wings of the queen have twice as many bristles as those of the
worker (Table 7). Thus this character could be used for determining the extent to which
an individual is queen-like or worker-like. As the number of wing bristles also varied
greatly between bees of different races, this character might also be useful in their identifi-
cation. The wings of both types of drone had half as many bristles as worker wings.
Although the number of bristles on diploid drone wings was highly significantly lower
than that on haploid drone wings, this also indicated a super-male character.

- - Fl -
- i - P -
- e ™ .
—~
- ~ —~ 5 3
~ Ny .
—-
—~
o <. == ~ .l o
— -
.
- . lll B 5 el R =
-
-
—- — -
~~ —
— —~
- —d
— ‘ — -
" g —
-
5 oL . ] i — —— -
o -4 ~- -
—- -
- - s - -
—~- — —— -
~ 4 -
- —— -
i /
h e - R e A

F1G. 2. Bristles covering upper surface of discoidal cell of forewing.

Hindwing

The number of hooks on the hindwing of the queen was significantly lower in the queen
(18-2) than in the worker (207, Table 8). Haploid drones had significantly more hooks
(21-4) than females. Diploid drones had highly or very highly significantly fewer hooks
(19-0) than haploids. Thus the number of hooks characteristic for diploid drones was
between those for queens and workers, showing a female character.

Hindleg

The queen hind tibia was longer than that of the worker (Table 9), and the drone tibia
longer than female tibia. The mean length of the diploid drone tibia was very highly
significantly greater than that of the haploid, in lines originating from all queens except
the hybrids and one backcross. The overall mean length of the diploid drone tibia was
very highly significantly greater than that of the haploid. Thus an extra-long tibia shows
a super-male character.
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The overall mean width of tergite 4 was higher in diploid than in haploid drones. In
relation to the females, the sizes of the drones were between those of the queen and worker.
The width of tergite for diploid drones (2-923 mm) was closer to that in the queens
(3199 mm), while the width for the haploids was closer to that in the workers (2:231 mm)
than to that in the diploids. Here the diploid drone shows a caste character. The import-
ance of including queens in the comparison should be noted: had they been omitted, the
width of tergite for diploid drones would be classified as a super-male character.

The sternite (with the lateral apodemes) was longer in queens than in the workers
(Table 3). The sternites of both types of drone were longer than those of the females.
In most cases diploid drones had significantly longer sternites than the haploids, but in
one pure line, and the hybrids, the difference was not found to be significant. In all
diploid drones sternite 4 was very highly significantly longer than in the haploid samples,
thus showing a super-male character.

The sternite without lateral apodemes was longer in queens than in workers (Table 4),
and also longer in diploid than in haploid drones, the one exception being hybrid line
273, but this was not significant statistically. In all other lines the sternite was highly
or very highly significantly longer in diploid drones than in the haploids. Length of
sternite was found to be one of the best abdominal characters to use for discriminating
between diploid and haploid drones. The difference between the overall means of this
character for the two types of drone was very highly significant. The sternite of the
haploid drone was shorter (4-973 mm) than those of the females, and the length for diploid
drones (5-123 mm) was between those for the workers (5-052mm) and the queens
(5-482 mm). Thus the length of sternite 4 without apodemes showed a female character
in diploid drones. It is important to make two sets of measurements (with and without
apodemes) when assessing this character, as the presence of apodemes changes it from
female-like to super-male.

Sternite 4 (with the front apodeme) was much wider in queens than in workers
(Table 5). The diploid drones had significantly wider sternites than haploid drones in all
pure lines and backcrosses. Diploid drones usually had very highly significantly wider
sternites than haploids. The measurements for drones were between those for the females,
the width of the diploid drone sternite (2:962 mm) being closer to that of the queen
(3-691 mm), whereas that of the haploid (2-847 mm) was closer to the worker (2829 mm).
Here the diploid drone shows a caste character, although if the dimensions for the queen
were ignored, this diploid drone character would be considered super-male.

Sternite 4 without the front apodeme was also much wider in queens than in workers
(Table 6). Most of the diploid drones had wider sternites than the haploids, but in 11
lines sampled the difference between them was statistically significant in only three. No
significant difference was found in five other lines, and significantly narrower diploid
sternites were found in three crosses. The overall mean was still significantly higher in
diploid than in haploid drones. The sternites of both types of drone were narrower than
those of the females, and this dimension for diploid drones was closer to the female than
that of the haploids. Thus in diploid drones the width of sternite 4 without the apodeme
shows an intersex character. Again, different relations with the females can be obtained
if the apodemes are included in the measurements.

Fifth abdominal segment

The relations between the dimensions of the tergites and sternites from segment 5 were
very similar to those found in segment 4 (Tables 7-11). The length of tergite 5 (Table 7)
discriminates better between diploid and haploid drones than does its width (Table 8).
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The length of sternite 5 without lateral apodemes (Table 10), when compared with that
of sternite 4 (Table 4), was the best dimension to use for discriminating between the
two types of drone. The width of tergite 5 without the apodeme was the least reliable
discriminating value (Table 12). The relations of different dimensions between the two
types of drone and the females were also almost identical for segments 4 and 5, and
probably apply to other segments as well. The one exception is the relation of length of
sternite 5 without the apodemes (Table 10). The sternite of the haploid drone (4-966 mm)
was shorter than those of the worker (4-979 mm) and queen (5181 mm), the diploid drone
having the longest sternite (5-235 mm). Thus the length of sternite 5 of diploid drones
showed a super-female character, while that of sternite 4 showed a female character
(Table 4).

Weight of drones

It is already known that the weight of a worker bee is about 100 mg, and that of a queen
about 200 mg (e.g. Woyke, 1971). Table 13 shows that drones were heavier than females,
and that diploid drones originating from all queens were heavier than haploids. In total,
diploid drones were 36-1 mg or 16-0% heavier than haploids. The pure line diploid
drones were on average 32-0 to 68-2 mg heavier than haploids (13-1 to 30-3%,, average
239%,). Thus weight of the diploid drone shows a super-male character.

Discussion and Conclusions

The results are summarized in Table 14. They show that out of twelve abdominal charac-
ters studied in haploid drones, four were larger, but as many as eight were smaller, than
those found in at least one female caste. The segments of diploid drones were larger than
those of haploids. Therefore the size of diploid segments was sometimes between those
of the haploids and the females; sometimes they were in increasing-size sequence in the
opposite direction to females. Thus diploid drone abdomen size varied in its relationship
to those of haploids and females:

(a) For the length of tergites and sternites 4 and 5 the sequence was W, Q, H, D: diploid
drones thus showed super-male character. The weight of diploid drones showed the
same character.

(b) For the width of tergite and sternite with the front apodeme, the sequence in both
segments was W, H, D, Q: diploid drones showed a caste character.

(¢) For the width of sternites 4 and 5 without the front apodeme, the sequence was
H, D, W, Q: diploid drones showed an intersex character.

(d) For the length of sternite 4 without the lateral apodemes, the sequence was H, W,
D, Q: the diploid drone showed a female character.

(e) For the length of sternite 5 without the lateral apodemes, the sequence was H, W,
Q, D: the diploid drone showed a super-female character.

Without taking into account the measurements of the queens, the diploid drone body

parts showing caste characters would be considered super-male. Out of twelve abdominal

dimensions studied, four showed super-male character, four caste character, two intersex,
one female, and one super-female character.
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