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Karyotype evolution is one of the most
important aspects of the whole evolution
ary process (White, 1964). The orders
which are closely related phylogenetically
to Hymenoptera are: Strepsiptera, Coleop
tera, Raphidioidea, Neuroptera, Megalop
tera according to Wille (1960) and many
earlier authors and Diptera, Mecoptera
and Trichoptera according to l\1artynova
(1959). The overwhelming majority of the
species in these orders are diplo-diploid.
The chromosomic catalog of Makino (1951)
cites sex determination of the type XX
females and XY or XO males for all these
orders except for the Trichoptera and cer
tain Coleoptera. In Coleoptera, mecha
nisms like XV, XO, parachute Y, X IX2-O,

neo-X, three cases of arrhenotokous parthe
nogenesis, and one case of thelytokous
parthenogenesis are found (White, 1954;
Smith, 1971). In Trichoptera, males are
XX and females XV, making Wille's ideas
seem more likely. The great majority of
hymenopteran species have arrhenotoky,
that is, they are haplo-diploid organisms.
However it is quite possible that, due to
its origin from a diplo-diploid group, the
genomes of many present day species still
contain many genes that would provide
better adaptive value in a diplo-tetraploid
system than in a haplo-diploid one. In
order to reach a diplo-tetraploid state for
a gene or a group of genes, the species could

1 This paper is dedicated to Dr. Caryl P.
Haskins in recognition of his devotion to science
and society. It is part of the communication
presented at the "Caryl P. Haskins Symposium on
Social Insects," 26 Feb. 1971, in Washington D.C.
The research received the support of the State of
Sao Paulo Research Foundation (FAPESP), the
Rockefeller Foundation (New York) and the
National Research Council (Brazil, CNPq).
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follow one of the following five paths: du
plication, repeats, iso-chromosomes, poly
somy and polyploidy. Once polyploidy is
attained, some genes which would be of
greater adaptive value in a haploid system
could come back through mutation, dele
tion, loss of a chromosome, or Robertsonian
fusion (which produces a small deletion).

Muller (1925) proposed the hypothesis
that complex sex determination mechanisms
would prevent polyploidy in animals. How
ever, when the gene number for sex deter
mination is small, if polyploidy conferred
better adaptation in some niches, sex genes
would be rapidly reorganized in order to
produce perfect males and females. The
chromosome numbers published for all bees
(Table 1) suggest that polyploidy origi
nated independently at least 5 times:
1) From an ancestor of Augochloropsis
sparsilis n = 8, to Pseudoaugochloropsis
graminea n = 16; 2) from an ancestor of
Leurotrigona muelleri n = 8 to Frieseo
melitta (3 species) n = 15; 3) from an
ancestral Trigonini n = 9 to Plebeia (6
species) n = 18; 4) from an ancestor of
Melipona quadrijasciata, Melipona margin
ata and other species n = 9 to M elipona
quinquejasciata n = 18; 5) from an ances
tor of Apis jlorca n = 8, to Apis cerana and
Apis mellijera n = 16. These facts indicate
that some 65% of the total number of
known species of bees (assuming our sample
is random) are either polyploid or of poly
ploid origin; there were at least 5 or 6
independent events for establishing the
doubling of chromosomes, implying that
such a mechanism is very important in the
evolution of bees (Kerr, 1952). Another
possible conclusion is that the number of
sex genes should be small, very likely a
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TABLE 2. Comparison of data for Morabinae and
Bees.

few major genes. There are two femaleness
loci (x, and Xb) with two alleles each
known in Melipona, and in Apis mellijera
only one femaleness locus with 12 alleles
(x! to Xl:!) is known (Kerr, 1969; Macken
sen, 1951).

Among 19 species of bees with n = 18
and n = 17 chromosomes, 10 have n = 17;
in all these 10 species it is easy to detect a
chromosome larger than the others and pre
sumably the result of Robertsonian fusion.
Since fusions only happened, in our sample,
in diplo-tetraploid species, it is reasonably
easy to know which two chromosomes fused
(observing the pairing in prophase, and/or
grouping the chromosomes by size and cen
tromere position) ; among these 10 there are
4 independent fusions. One other group of
Robertsonian fusions may have occurred in
the Hypotrigona and Frieseomelitta group.
Leurotrigona muelleri has n = 8 chromo
somes, while Frieseomelitta (both sub
genera) have n = 15; also Hypotrigona
braunsi (from Angola) has n = 14 (H.
gribodoi, from M ocambique also has n =
14, however they may be synonymous).
These data suggest a possible polyploid
intermediate n = 16 followed by one fusion
(Frieseomelitta n = 15) or two fusions (H.
braunsi, H. gribodoi n = 14). Therefore,
14 of 24 species have single fusions, and
one species has two fusions; our data indi
cate 6 independent fusion origins. The fre
qeuncy of independent fusions was 6/24
(= 25%); from this one would expect two
fusions in 6.25% of the cases, a value which
is not statistically different from what
was found (1 in 24, or 4.2%). It is worth
comparing our data with those obtained
by White (1964) for 160 species of Aus
tralian grasshoppers of the subfamily
Morabinae (Table 2).

Morabinae Bees

Fusions

Dissociations in the X
Polyploidy (ancient or recent)

21.3%
o
o

25%
o

67%

White suggests that the lack of dissocia
tions in the X has its root in the fact that a
dissociation in the X would give the heter
ogametic sex two sex determining mecha
nisms segregating independently, leading to
disturbances in sexual differentiation. Since
in the Hymenoptera there is no hetero
gametic sex, and no dissociations were
found, it is possible that some other reason,
based on the haplo-diploidy itself, should
be looked for.

The basic chromosome number in A pis
and meliponids is n = 8; therefore, species
of Melipona with n = 9 may be tentatively
interpreted as having originated through
polysomy. If this is the case, its rarity sug
gests that its establishment is difficult.

No case of tetravalents has been found
in females of Plebeia species (n = 18) nor
in females of any other diplo-tetraploid
species. Actually, tetravalents would not
be expected even in relatively recent poly
ploids, since diminishing of pairing is
achieved rapidly by natural selection. Sears
and Okamoto (1958) found a gene in chro
mosome V of wheat that reduces affinity
between chromosomes, reestablishing order
in the meiotic pairing in hexaploids.

However, in males there is strong pairing
of chromosomes during meiosis of some
presumed diplo-tetraploid species, in such
a way that Kerr (1952) erroneously re
ported Plebeia droryana as having n = 9
chromosomes, since only diakenesis was
observed at that time. In Meliponula
bocandei, paired homologs are seen with
greater clarity; in first and second meta
phase, 18 chromosomes are counted. This
suggests that natural selection has not acted
to reduce the effects of the pairing protein
(Stern and Hotta, 1968) as in females. It
is likely that such a mechanism, that would
cause the chromosomes to stick together,
was very important in the possible origin
of the Hymenoptera from a diplo-diploid
stock with AAXX females and AAXO
males. The subsequently originated AX
haploid males would have a tendency to
segregate the chromosomes with production
of aneuploids (Hartl and Brown, 1970).
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C':<YTRIGONA N=17

(TETRAGONA) N=17

(TETRAGONISCA) N=17

APIS (APIS) N=16

APIS (MEGAPIS) N=8

APIS (MICRAPlS) N=8

N=18M.OOI7ASC~TA

MELIPONA N=9

N=17

(PLEBEIA) N=18

(PARATRlGONA) N=18

(PLEBEIELLA) N=18

(FRIESELLA) N=18

N=9,
N=B+1

MELIPONULA N=18

DACTYLURINA N=17

AXESTOTRIGONA N=18

CLEPTOTRIGONA N=18

(TRIGONA) N=17

PARTAMONA N=17

(FRIESEOMELITTA) N=15

(DUCKEOLA)N=15~

CELETRIGONA ~1= 15

H GRIBODOI f"=14
N=16

LEUROTRIGONA N=8~

N=B

B(F) ATRATUS N=20

N=t:B (F)MORIO N=20

/XYLOCOPA N=16

ISEPEOLUS N=16 N=8 ?

EXOMAlOPSIS N,~8?
FIG. 1. Diagram of relationships among genera and subgenera of social Apidae and respective chro

mosome numbers. Hypotrigona gribodoi, from Mocambique (probably equal to H. braunsi, from
Angola) Bombus morio and B. at rat us have been cited under species names since it is expected that
numbers different than those shown may be found. Three non-apid genera are mentioned iLsepeolus,
Exomalopsis and Xylocopa) because they belong to the near family Anthophoridae. M. quinque
fasciata is the only Melipona species with the number of chromosomes different than 9.

An excess of pairing protein in male meiotic
cells would make those chromosomes stick
together and they would then migrate all
to one pole in the abortive first division.
It is very likely that the persistent nuclear
membrane (intra-nuclear spindle in the

first division) was selected for this same
function.

The phylogenetic interrelationships
among genera and subgenera of Apidae are
being studied by taking into account mor
phology, ethology, caste determination, nest
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type, communication, endocrine system,
etc. Diagrams of relationships have been
presented by several authors (Michener,
1944; Kerr and Esch, 1965; Cruz-Landim,
1967, Kerr, 1969) based on the available
information. For the special case of the
family Apidae all the previous data have
been combined with the analyses of the
chromosome numbers mentioned in Table
1 in order to produce Figure 1.
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