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Summary

A total of 10 758 measurements were made on the thorax and its appendages of 269 haploid and
295 diploid drones, 109 queens, and 248 workers. All individuals originated from 12 queens of
Apis mellifera ligustica, A. m. adansonii, their backcrosses and some hybrids.

The structures measured were mostly larger in diploid than in haploid drones. The number of
bristles on the forewing and the number of hooks on the hindwing were lower in diploids, and the
cubital index was similar in the two types of drone. The relationships for the same characters in
queens and workers were different; diploid drone characters were variously super-male, male or
female, or caste characters.

Introduction

Preliminary reports (Woyke, 1971a, 19715) and Part 1 of this study (Woyke, 1977) have
already been published.

Materials and Methods

Using the same individual bees as in Part 1, 10 758 measurements of the thorax and its
appendages were made. Altogether 295 diploid drones, 269 haploid drones, 109 queens
and 248 workers were investigated. They originated from 12 queens: Apis mellifera
adansonii, A. m. ligustica, backcross of Italian queens to drones from F; hybrid queens
of the two races, and some hybrids. Usually 25 haploid and 25 diploid drones from each
queen were investigated (Woyke, 1977, Table 1), but due to damage some characters
were measured on slightly fewer individuals.

Exact locations from which the measurements were taken are shown in Fig. 1. The
length of the thorax measured was the actual length, not the total length,

The bristles covering the forewings were counted using a grid (8 X 5 squares) in the
% 10 eyepiece of a binocular microscope. Using the X 5 objective, the wing was placed
so that the grid occupied the larger area shown in Fig. 1, and the bristles covering the
upper surface were counted using the X 10 objective, in the smaller area in the centrum of
the discoidal cell, which measured 0-760 mm X 0-457 mm (0-361 mm?2). In all subse-
quent investigations the focus of the microscope was adjusted so that the area viewed
measured exactly 0-8 mm X 0-5 mm (0-40 mm?),

The methods of statistical analysis were the same as in Part 1.

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

** Present address: Bee Division, Agricultural University, Warszawa, Ursynoéw, Poland.
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F1G. 1. Identification of characters measured.

Length and width of thorax (scutum) shown in A, and thickness of thorax in B. Length and width of
hind basitarsus of worker shown in C, and of queen in D. Length and width of hind tibia and
basitarsus of drone shown in E. Length and width of forewing, and rectangle in which bristles
covering discoidal cell were counted (see text), shown in F.

Results

Size of thorax

Tables 1, 2 and 3 show that the thorax of the queen was significantly longer, wider and
thicker than that of the worker. The drone thorax (both haploid and diploid) was much
larger than those of the females. Diploid drones of pure races, and of some crosses, had
a thorax very highly significantly larger than the haploid. In two or three crosses no
significant differences were found between mean sizes of haploid and diploid drone
thoraces; however, diploid drone thoraces were never found to be significantly smaller
than those of haploid drones. The overall means for the three dimensions of the thorax
were very highly significantly greater in diploid than in haploid drones. Thus the size
of the thorax of diploid drones showed a super-male character.

Forewing
The forewings were all longer in queens than in workers (Table 4) and wider (Table 5) in
all but 3 samples. The means for both length and width of forewing were greater in
queens than in workers. Wing size of both haploid and diploid drones was greater than
that of the females. Diploid drones of pure races had significantly or very highly signifi-
cantly longer and wider wings than genetically similar haploid drones. However, the mean
wing length of one backcross line (167) and width of one hybrid line (439) were signifi-
cantly lower in diploid than in haploid drones. Overall length and width of forewing were
very highly significantly greater in diploid than in haploid drones. Thus forewing dimen-
sions in diploid drones showed mostly a super-male character.

The index of the forewing was mostly higher in queens than in workers (Table 6),
but much lower in both types of drone. In 2 samples of diploid drones the cubital index
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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.
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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 hind tibia was wider in the queen than in the worker. In diploid drones the overall
mean width of tibia was very highly significantly greater than in haploid drones. The
widths of tibia for both types of drone (diploid 117 mm, haploid 112 mm) were between
those of queens (119 mm) and workers (1-11 mm). The width of the diploid drone tibia
was closer to that of the queen, and that of the haploid drone was almost identical to that
of the worker. Thus the width of the diploid drone tibia showed a caste character. This
exemplifies the importance of including the queen in all comparative studies. If tibial
width had not been measured for queens, this character would have been considered
super-male in diploid drones. Table 10, however, shows that the relation between tibial
width in both types of drone and the females varied in different lines. Width of tibia
showed intersex character in diploid drones originating from one African queen (128),
and super-male character in diploids originating from the other two. The mean values for
diploid Italian drones were between those for queens and workers, thus showing a female
character. The tibial length of diploid drones derived from backcrosses showed a caste
character. Since no significant difference was found between the tibial lengths of haploid
and diploid drones derived from hybrid queens, those diploid drones showed a male
character.

The hind basitarsi of the queens were all longer than those of the workers (Table 11),
but the width relation varied (Table 12). The overall mean length was greater in the
queens, but the width was the same. The basitarsi of both types of drone were longer and
wider than those of the females. The overall means of both dimensions were very highly
significantly greater in diploid than in haploid drones. Thus the size of basitarsus of
diploid drones showed a super-male character.

Discussion and Conclusions

Most differences between the mean values for haploid and diploid drones were significant
in pure lines of bees and in their backcrosses. Many of the differences for hybrid lines
were not significant, Results are summarized in Table 13.

TABLE 13. Size of different parts of the thorax of haploid (H) and diploid (D) drones and
of queens (Q) and workers (W) arranged in order of increasing size (mm or no.)

Table

no. Thorax parts Smallest Larger Largest D character
1 Length of thorax W 2-98 Q 3-58 H 4-28 D 459  super-male
2 Width of thorax W 3-05 Q 3:65 H 4-53 D 479 super-male
3 Thickness of thorax W 3-95 Q 5-05 H 58 D 6-10 super-male
4 Length of forewing W 9-07 Q 9:82 H 12-01 D 12-34 super-male
5 Width of forewing W 3-11 Q 3-22 H 3-93 D 3-99 super-male
6 Cubital index D 1-77 H 179 W 2-28 Q 2-55 male
7 No. bristles on forewing D 26-9 H 30-3 W 66-1 Q 124-5 super-male
8 No. hooks on hind wing Q 18-2 D 190 W 20-7 H 21-4 female
9 Length of hind tibia W 3-24 Q 370 H 4:04 D 416  super-male

10 Width of hind tibia W 1-11 H 1-12 D 1-17 Q 119 caste

11 Length of hind basitarsus W 2-03 Q 2-37 H 2-61 D 2:67 super-male

12 Widthofhindbasitarsus W,Q 117 W,Q 1-17 H 1-28 D 1-33 super-male

Mostly, the thorax and its appendages were significantly larger in diploid than in
haploid drones, but the number of bristles on the forewing and the number of hooks on
the hindwing were significantly lower, and the cubital index was similar in haploid and
diploid. The dimensions of the drone thorax showed different inter-relationships from
those of the queen and worker, and four types of character (super-male, male, caste and
female) were found:
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(@) For the thorax, forewing, and most dimensions of the leg, the sequence (in increas-
ing size) was W, Q, H, D.

The sequence for the number of bristles on the forewing was nearly reversed,
D, H, W, Q. In both sequences the diploid drones were farthest away from the
females, thus showing super-male characters.

(6) The cubital index was similar in diploid and haploid drones, thus showing a
male character,

() For the width of tibia the sequence was W, H, D, Q. The diploid drone was closer
to the queen, and the haploid to the worker: the diploid drone showed a caste
character.

(d) For the number of hooks on the hindwing the sequence was Q, D, W, H; diploid
drones showed a female character.

Of the characters presented in this paper, 7 had been studied by Chaud-Netto (1975);

5 gave results considerably different from those he obtained. He reported that diploid
drones had a shorter thorax than haploids, whereas our diploid drones from African queens
had a very highly significantly longer thorax. Chaud-Netto reported a 037 mm difference
in length of forewing between diploid and haploid drones, whereas our difference for
African drones ranged from 0-45 mm to 0-72 mm. Also, he found that the hind tibia was
smaller, whereas here it was very highly significantly larger for African drones. Chaud-
Netto found the tarsal length to be 0-20 mm shorter, whereas here it was 0-01 mm
shorter (once) and 0-15 mm longer (twice). Thus the thorax and its appendages reported
here were larger in diploids than in haploids, while they were smaller (or the differences
were lower) in Chaud-Netto’s studies. The two sets of results will be discussed later.
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