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SUMMARY

Using the approach of Mahalanobis it was desclosed that workers of Melipona quadri-
fasciata are, as far as the external morphology is concerned, closer to males than to
queens of this species. A preliminary interpretation of this is given based in a slight
modification of the BriTTeN and Davipson hypothesis (batteries of genes) applied to the
sex determination system of these bees. There are two sets of sex genes : one set that
acts in the embryo and determines ovary or testis and another that acts in the prepupal
stage determining the transformation of the imaginal discs and tegument in adult
female or adult male structures. A preliminary hypothesis for gene regulation is pro-
posed for both sets. The mode of action of the second set implies that a substance
produced by food above a given limit acts on the integrator genes x* and x® (with two
alleles each) and these put a receptor gene (Rx* + x*) into action that by its turn, put into
action the gene (or genes) for femaleness; Melipona workers are females inside (have
ovaries) but are almost males in the outside, tegument, eyes, wings). The place of action
of the juvenile hormone in this battery has not yet been experimentally determined, but
this working hypothesis put it prox;isorily in the beginning of the battery.

(1) This paper received support from the State of Sdo Paulo Research Foundation
(FAPESP) and CAPES (Coordenacido do Aperfeicoamento de Pessoal de Nivel Superior).
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ZUSAMMENFASSUNG

Geschlechts Bestimmung bei Bienen.
Ill. Kastendetermination und genische Kontrolle bei Melipona.

Mittels der von Mahalanobis vorgeschlagenen Anndherungsmethcde wurde entdeckt,
dass die Arbeitsbienen der Melipona quadrifasciata, soweit es sich auf die dussere Mor-
phologie bezieht, den Drohnen ihnlicher sind, als den Koniginnen dieser Art.

Eine vorliufige Deutung dieser Tatsache wird hier gegeben; sie beruht auf einer leicht
geinderten Anwendung der Hypothese der Gen-batterien von BriTrex und Davipson auf
das System der Geschlechtsbestimmung dieser Bienen.

Es gibt 2 Gruppen von Geschlechtsgenen : eine Gruppe wirkt im Embryo und
bestimmt die Eierstécke oder Hoden; die andere wirkt in der Vorpuppenstufe und
bestimmt die Transformation der Imaginalscheiben und Tegumente in ausgewachsenen
weiblichen oder minnlichen Strukturen.

Eine vorlaufige Hypothese fiir Genregulation wird fiir beide Gruppen vorgeschlagen.
Die Wirkungsweise der zweiten Gruppe verlangt, dass eine durch Nahrungsmittel erzeugte
Substanz, oberhalb einer gegebenen Grenze, auf die Integratorgene x* und x® (jede mit
2 Allelen). wirkt, und dass diese dann ein Empfangsgen R(x® 4 x%) anregen, das dann
seinerseits das Gen (oder die Gene) fiir Weiblichkeit aktiviert; dazu auch das Gen .V der
letzten 2 Ganglia des Ventralnervenstranges, das Verschmelzung bestimmt, oder n, das
sie micht bestimmt.

Die Angriffsstelle des jugendlichen Hormons in dieser Batterie wurde noch nicht
experimentell bestimmt; aber diese Arbeitshypothese legt sie vorliufig in den Anfang
der Batterie.

INTRODUCTION

Unlike the situation in Apis, males and workers of Melipona are more noti-
ceably similar to one another than either is to queens. This paper compares the
similarity between the males, queens and workers of Melipona guadrifasciata and
Apis mellifera using multivariate distance measures (Mahalanobis D2). Using
these results sex and caste determination in these bees are analysed.

MATERIAL AND METHODS

Forteen males (sons of workers), twelve workers, and ten virgin queens (sisters of
the workers), all from one same hive of Melipona quadrifasciata were measured for
14 characters. Twenty nine males, 30 queens and 29 workers of the same hive of Apis
mellifera were measured for 21 characters. All measurements are given in arbitrary
units read directly in the micrometer without transfering to metric system. The data
processing for obtaing the Mahalanobis D? followed the steps described by Rao (1952) and
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two programs, for IBM 1130 and HP 9810-A, were developed by Mr. Luiz Anronio
F. Bezerra under the instructions of Dr. Francisco A. Moura DusarTe. In all figures,
D (the square root of D?) was used since it can be more easely put in a graph. The data
in table II were collected by Prof. José Craup NETTO.

RESULTS

The resulis are summarized in table I and figure 1 for Melipona quadrifasciata
and in table II and figure 2 for Apis mellifera.

Workers in M. quadrifasciata are intermediate (fig. 1) between males and
females (D equal to 52.02) while in Apis mellifera (fig. 2) workers are as

WORKERS

24,76 23,33
{55,286 152,02}

Fie. 1. — Relative distances (D, of Mahalanobis)
among 10 virgin queens, 12 workers and 14 QuEeNs vy MALES
males of the same hive of Melipona quadri- 1100,00)
fasciata. Fourteen characters were used. The
numbers in parenthesis are the distances transformed in relation to the distance
between "queens and males made equal to 100. See that workers are intermediate
to males and queens.

ABB. 1. — Relativabstinde (D bei Mahalanobis) zwischen 10 unbefruchteten Kéniginnen,
12 Arbeiterbienen und 14 Drohnen desselben Stockes der Melipona quadrifasciata.
14 Charakteristiken wurden gemessen. Die eingeklammerten Zahlen sind Relativ-
abstinde, bezogen auf 100 willkiirliche Einheiten der zwischen Kéniginnen und
Drohnen bestehenden Abstinde. Man sehe, dass die Arbeitierbienen den Drohnen
niher sind, als den Koniginnen.

WORKERS
F16. 2. — Relative distances (D, of Mahalanobis)

among 30 virgin queens, 29 workers and

29 males of the same hive of Apis mellifera

18,25 33,21 adansonii. Twenty-one charactes were used.

(59,93} 109,06} The values in relation to the distance between
queens and males made equal to 100. Workers
and queens are practically equally distant from
the males.

QUEENS 30,45 MALES .

{100, 00) ABB. 2. — Relativabstinde (D bei Mahalanobis)

zwischen 30 unbefruchteten Kéniginnen, 29 Ar-

beiterbienen und 29 Drohnen desselben Stokes der Apis mellifica adansonii.

21 Charakteristiken wurden benutzt. Die Werte in Bezug auf die Abstinde zwischen

Koéniginnen und Drohnen wurden gleich 100 gesetzt. Arbeiterbienen und Kéniginnen
sind praktisch Aquidistant von .den Drohnen.

different from males (109) as queens are to males (100). In order to meore easily
visualize this statement, figures 1 and 2 show in parenthesis all the data in
uniform units, by making the distance between drones (perfect males) and queens
(perfect females) equal to 100.
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TasiE 1. — Mean and variance for 1% characters of Melipona quadrifasciata. The measure-
ments are in units of the micrometer ocular, not transferred to metric units.

TageLLE 1. — Mittelwerte und Abweichungen von 14 Charakteristiken der Melipona quadri-
fasciata., Die Messeinheiten sind die des Okularmikrometers, nicht in Millimeter

iibertragen.
Queen Worker Male

Characters Mean Variance Mean Variance Mean Variance
Costal wing nerve............. 51.4 1.1556 67.92 7.1742 66.21 1.2582
Median wing nerve............ 28.0 0.6667 37.58 4.0833 37.07 0.6868
Anal-1 wing nerve............. 29.1 0.7667 38.67 3.3333 37.93 1.4560
Width of anterior wing........ 23.6 0.4887 29.50 1.5455 28.14 0.4396
Number of hamuli............. 10.6 0.2667 11.83 0.1515 11.14 0.2851
Width composite eye.......... 8.9 0.3222 14.08 0.2652 14.14 0.1319
Width 3rd abd. segment....... 65.7 4.0111 67.92 10.9924 60.93 4.9945
Width of mesoscutum.......... 43.6 0.9333 50.92 4.0833 49.36 3.3242
Length of scape............... 38.3 0.2333 37.75 1.4773 28.14 0.7472
Total width of head........... 51.7 1.1222 61.42 7.3561 59.29 1.2967
Total length of head........... 40.9 0.3222 47.50 1.90691 45.57 1.6483
Ocelorbital distanee ........... 26.9 0.3222 29.25 1.1136 25.64 0.5549
Width of clipeus.............. 25.6 0.2667 26.50 0.6364 25.29 0.9890
Clipeorbital distance .......... 18.5 0.2778 15.08 0.8106 11.64 0.7088
TaLe II. — Means and variances of 21 characters of queens, workers and males of

Apis mellifera. Units are in millimeters.

TaBetlE II. — Mittelwerte und Abweichungen von 21 Charakteristiken der Kdoniginnen.
Arbeiterbienen, und Drohnen der Apis mellifica. Messeinheiten in Millimetern.

Queen Worker Male
R, e SN M’_*\’—'\/\,'_\

Mean Variance Mean Variance Mean Variance
Width anterior wing........... 3.29 0.0058 2,96 0.0043 3.90 0.0153
Length posterior wing.......... 6.92 0.0177 5.98 0.0100 8.61 0.0543
Length radial cell.............. 3.25 0.0040 3.07 0.0041 4.40 0.0103
Total length of thorax......... 5.62 0.0402 4.35 0.0216 6.44 0.0760
Length of head................ 3.85 0.0157 3.49 0.0151 3.96 0.0204
Length anterior wing... v 9.52 0.0213 8.61 0.0149 11.77 0.0581
Width of head................ 3.92 0.0044 3.77 0.0113 4.47 0.0088
Width posterior wing..... [P 2.16 0.0059 1.70 0.0080 3.06 0.0074
Width radial cell.............. 0.50 0.0017 0.45 0.0011 0.68 0.0019
Length femur of median leg... 2.81 0.0052 2.13 0.0060 2.88 0.0079
Length tibia of median leg..... 2.17 0.0117 1.91 0.0027 2.34 0.0061
Width tibia of median leg...... 0.96 0.0027 0.47 0.0069 0.34 0.0013
Width femur of median leg.... 0.81 0.0038 0.55 0.0043 0.49 0.0012
Length femur posterior leg..... 3.26 0.0056 2.44 0.0033 3.29 0.0081
Length tibia of posterior leg... 3.77 0.0113 2.96 0.0153 4.09 0.0098
Width tibia of posterior leg.... 1.26 0.0033 1.10 0.0029 1.18 0.0033
Length tarsus of posterior leg.. 4.07 0.0294 3.57 0.0217 4.13 0.0235
Length of flagelum............ 2.65 0.0035 2.61 0.0030 3.98 0.0128
Length of scape............... 1.39 0.0017 1.22 0.0015 0.74 0.1775
Length pedicelum ............ 0.26 0.0006 0.23 0.0012 0.26 0.0019

Width of basitarsus of posterior
leg ... 1.20 0.0040 1.05 0.0026 1.23 0.0025
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DISCUSSION

Why is the worker so similar to males in Melipona? This is clearly a
problem of gene regulation; many explanatory schemes were tried and the one
which best fits the available data is the battery of genes proposed by BRITTEN and
DavipsoN (1969, 1971). The hypothesis of BrirTEN and DavipsoN derives from
the theory of gene control and corresponding experimental facts of JacoB MonoD
and LworF, and, it is our opinion that is would be better to call regulator (R)
instead of integrator (I) genes, operator (o) instead of receptors (R) and structural
protein gene instead of producers (P.). The hypothesis of BRiTTEN and DAVIDSON
(1969, 1971) defines the folléwing elements : sensor genes (S) succeptible to the
action of hormones, vitamins, and byproducts of other genes; integrator genes (I)
that are put to work (in the production of activator RNA) by the sensor genes;
receptor genes (R) that are put to work under the action of the activator RNA
produced by the I genes; producer genes (P) that are put to work by the R genes
and produce the enzymes or polypeptides needed for the metabolism or deve-
lopment of the individual. We should like to know to which of these 4 classes
of genes (S, I, R, P) do the genes, x°, x* and x? (that are part of the gene battery or
batteries that confers femaleness) belong and how do they act. Trying all the
four classes it becomes evident that they are integrator genes (see the model
in fig. 4 to 10).

Sex in Hymenoptera is determined by a set of femaleness determining genes
which are completely or almost completely additive, in balance with a set of
maleness determining genes which are slightly additive (Cun#a and Kerr, 1951;
KerR, 1975, 1974 a). The complementary multiple alleles z°, that in total
(Apis, Bombus, Melipona) or partial (Tetragona) heterozygosis determines the
development of ovaries, are considered femaleness genes that have lost the addi-
tive property unless heterozygous (KERR, 1975, 1974 a); their action is in the first
days of embryo development. Demonstration of the existence of two sets of
genes (one femaleness determining and one maleness determining) was provided
by GarérarLo and Kerr (1974), working with aneuploids of the bumblebee
Bombus atratus. The slight additiveness of the maleness genes was shown by
Cuaup (1974) working with haploid and diploid males and with diploid and
triploid workers of Apis mellifera.

Caste in Melipona is mainly determined by two major integrator genes x2
and xb, in another battery of femaleness genes, whose action is during the larval
and, specially, in the prepupal stage (Kerr and NierLsen, 1966; Kerr, 1969,
1974 a). These two genes have two alleles each : x2; and x3,, xb, and xb, (literature
in KERR, 1969). Homozygosity for any allele produces a worker (e.g. x®,/x2,,
xb,/xby; x2,/x2,, Xb,/xb,; etc.) while the double heterozygotes are queens (x2,/x2,,
xb,/xb,) if well fed but are workers if not well fed. Haploids (x2,, xb;; x2;, Xb,;
X%y, xb,; x8,, xb,) are males (references in Kergr, 1969, 1974 a). Diploid drones
occur in Melipona if a hive is inbred (Camarco, 1974), due to homozygosis of the
feminizing gene x°.
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The number of characters affected in caste determination is enormous (in the
head, thorax, and abdomen, including development of ovaries and associated
organs). These characters begun development in a given moment : all or none.
This rules out the possibility of the x* and xP genes being either R or P. There
is a sharp threshold for caste differentiation : If the Melipona larva receives
sufficient food to become a pupa heavier than 80-85 mg, then heterozygotes will
become queens; if the amount of food is insuficient, the imago will be a worker
with masculinoid characters. This suggests that the amount of a hormone or
other substance is important to bring into operation the S genes. All these facts
suggests that the x# and xP loci and possibly x¢ are « integrator genes ».

The gene N affects the union (if the prepupa is double heterozygote) or lack
of union (if the prepupa is homozygous for any of the 4 caste alleles) of the two
last abdominal ganglia and in many lines is independent of the amount of food
(Kerr and NieLsEN, 1966). This suggests that until the prepupal phase, the
sensor genes that control x#, P are acting and are putting them to work. The
sensor genes could only stop acting at the end of the prepupal period. It is
important to mention that at this moment the size of the corpora allata diminish
(Wirtz, 1973) and can not furnish much juvenile hormone. Also, if the genes x*
and x? (that are genetically independent) are not regulator genes, we would have
the odd circumstance of N being strongly linked (no crossing-over so far
detected) with two independent genes.

The gene x° (described in Apis mellifera by MAcKENSEN, 1951, and recently
discovered by Camarco, 1974, in M. quadrifasciata) is the first sex locus to enter
into action (about 24 to 36 hours of embryonic development), since it determines
ovary, and is not under the same control as x* and x%; at this stage the food of
the alveolus is not important. These two genes (x2 and x?) act during the larval
stage and in the prepupal life.

The mechanisms found for male and female determination are put in figure 3
in the presumed evolutionary sequence. Fo represent femaleness genes (Fo is the
ovary determiner); after, they become complementary through mutation, and are
represented by x° and xo;, xob;, Fa and F? are femaleness genes that act in larval
and prepupal stages, M* and MP represent maleness genes. The following geno-
types can be inferred as being involved in the sex determination (the black bar
separates the genes that act in the embryonic stage from the ones that act in the
prepupal stage) :

1. Primitive Hymenoptera, specially the endogamous microchymenoptera
(CunHA and KERR, 1951; KERR, 1974 o) :

(n) FoFo; MaMa|; FaFa; MP M — females.

(2n) Fo; Ma|; Fa; MP = males.

2. Apis mellifera (MACKENSEN, 1951; WovkE, 1963; Cuaup, 1974) :

(2n) xo, xo,; MaMa|; FaFa; MbMd = females.

(2n) xo,x°,; MeMa|; FaFa; MPMP = diploid males (most have underdeve-
loped testes, probably due to the presence of one more Fo gene).

(n) x°,; Ma|; F2; MP = haploid males.
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TRIGONA QUADRANGULA TYPE BOMBYS ATRATUS TYPE
HETEROZYGOTE IS FEMALE (20R 1) HOMOZYGOTE IS DIPLOID MALE (3)
DOUBLE HOMOZYGOTE IS DIPLOID MALE(L OR 1 DOUBLE HETEROZYGOTE IS FEMALE (1)

MANY ALLELES X°\1AND x°2 MANY /ALLELE/S x°'anp x°2
a 1
Xa/X 3 x% /x°21,~ x°12 x022 Xa/Xa; xol‘l/xozl‘_ x°12/x°22
m'/m’,- m2 [ m? ml/mt; m?/m?

APIS TYPE
HETEROZYGOTE IS FEMALE ()
HOMOZYGOTE IS DIPLOID MALE (1)
o o ca cb cb / 7/ 2
X1/Xnﬁ"1 /X35 xF [x§
m! /m1 ; mz/mz

x§/f°
MELIPONA TYPE
DOUBLE HETEROZYGOTE IS QUEEN
HOMOZYGOTE IS WORKER(2) @
N ca o\

m
a

x? /xtz’ N fa/f
mt /m?, mZ/mz BRACON TYPE

HETEROZYGOTE IS FEMALE(—;-)
HOMOZYGO/TE IS DIPLOID MALE (1)

NEODIPRION TYPE
HETEROZYGOTE IS FEMALE(%OL%)
DOUBLE HOMOZYGOTE IS DIPLOID MALE
N
x%® 10 x93, x°P ¢ x
\ 3 1 3
m1/m1 5 mz/m2
oa a* _ob/ ob
X/ x xS /x >
m! /m1 ; mz/m2

x?toxg
1/1; Gy [ Gy
/

x‘i‘/xg;fa/f.a

mi/mi ; mgv/mgv
o o/a a
xy /[t ]
m1/m1;m2/m2

x§ /1, 12/

m’/m1 5 mz/mz
)

9/, 17/ ¢
m1/m1; mz/mz
A

DIPLO-DIPLOID ANCESTRAL
XX= 9 X0 = 6

Fi16. 3. — Except for the unknown diplo-diploid ancestral stock, the mechanisms found
in the sex determination of Hymenoptera are summarized in this figure, redrawn
from KerR 1974 b and made up to date. The genes f°, x° and m* act in the embryo
phase, and the genes f*, x*, x>, m? act in the prepupal phase.

ABB. 3. — Mit Ausnahme des unbekannten Diplo-Diploid Vorfahrenstockes sind die in der
Geschlechtsbestimmung gefundenen Mechanismen in dieser Figur, nach KERR 1974, b.
zusammengefasst wiedergegeben und zeitgemdss vorwdrtsgebracht. Die Gene f°, x°
und m* wirken in der Embryophase; die Gene f*, x*, x® und m? wirken in der Vor-
puppenphase.
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3. Bombus atratus (bumble bees} {(GarOFaLo, 1973; GardéraLo and KEggg,
1974) :

(2n) xoa, xor ; xob, xob ; MaMe|; F2Fa; MbMP = females.

(2n) xoa xon ; xob, xob ; Mz M= |; FaFa; MbMd = diploid males (with under-
developed testes).

{n) xo& ; xob, Ma|; Fa; MP = haploid males.

In this case, it looks that a splitting of the original gene fo took place.

4, Trigona (Tetragona) quadrangula (TareLmo, 1973) :

(2n) xoa xoa ; xob, xob ; MaM=[; FaFa; MbM> = normal females.
(2n) xoa xoz ; xob xob ; MaMa|; FaFa; MbMP normal females.
{2n) xos, xo8 ; xob xob . Ma Ma|; FaFa; MPMP = normal females.

Notice that in this case one heterozygous x is enough for production of
females. This sugests duplication of the original genes x° (and not splitting as
in Bombus atratus). ‘

(2n) xon x°ﬂ;; xob xob 3 MaMa|; FaFa; MbMP = diploid males.

(n) xo2; xob ; Ma|; Fa; Mb = haploid males.

n

5. Melipona species (KERR, 1948, 1969, 1975, 1974 a; KERR, STORT, MONTENEGRO,
1966; Camarco, 1974) :

(2n) xo, x0,; MaMa|; x2 x2,; xb, xb,; MbMP = fertile females (queens).

(2n) xe, xo,; MaMa|; xs, x2,; xb; xby; MbMP = workers with underdeveloped
ovaries and external male-like morphology.

(2n) xo; xo,; MaMa|; xa xs,; xb, xb;; MbMb = workers with underdeveloped
ovaries and morphologically male like.

(2n) xo, x0,; MaMa|; xs,x8,; xb, xb;; MbM> = workers with underdeveloped
ovaries and male like ‘appearence.

(n) xe,; Ma|; Mbxa, or x%,; Xb, or Xby; MP = haploid males.

(2n) xeo, xo,; MaMa]|; xa xa; xbxb ; MdMb = diploid males.

In this case a splitting of an original gene in x» and x® is suspected. It is not
known, at the present, if these two genes act under the action of juvenile hormone
or if they act producing juvenile hormone at the end.

Taking all these facts in consideration, the genes x° of Apis and Melipona,
ao2 and xob of Bombus atratus, and x# and «» Melipona can only bé integrator genes
and the following schemes can be suggested :

a) For the control of the major femaleness gene or genes that determine the
ovaries : see figures 4, 5 and 6. The a° alleles are complementary and they
only produce a complete, functional activator RNA if the alleles are different.
Po represents the enzymes of polypeptides essential to trigger ovary development.

b) For the conirol of the femaleness genes that determine the female morpho-
logical characters in the last stages of the prepupa: see figures 7 to 10. The
imaginal discs pass through complex development and the same basic genetic
constitution produces queen, worker, or male. The figures 7, 8, 9 and 10 indicate
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Fic. 4, 5 and 6. — Genic control of sex
determination genes which act during EXAMPLE OF ?:x? xg
embryo development in Apis mellifera. x@ aXx0
The model tries to fit known facts \\ _m
with the BriTTex and DavipsonN hypo- T2 x3° 5 e 2 n‘;“ a5

thesis. Figure 4 indicates x% and x° A_C-YIVATORR
1

as Integrator genes which are comple- 3§ s T2 3 & §

mentary, activating the Receptor R*°, - M RM

and in turn P° which produces the (Ml IVATOR ANA P
polypeptide (or enzyme) which deter- M e - BAM

mines cell proliferation in the ovary [sM—=————=acTIVATOn ""A
segment. Figure 5 shows that whith 2P0 2PM THEREFORE THE BEE IS FEMALE
incomplete activator RNA (since the

bee is x%, x%), R* will not act and P° Fia. 4.

will not produce ovary determiner
protein. Figure 6 shows the case for
haploids. In both figures 5 and 6 cell
proliferation is activated in the posi- oIPLOID BEE X§ XT

tions which develop in testes. a ax9

-
ApB. 4, 5 und 6. — Genische Kontrolle X 1 334 5 \\<1/-/ RJXO4 5 LE°]
E

der Geschlechtsbestimmungs-gene, die 5 B8 CoMPLE ri—/\——._ﬂ
wdhrend der Embryoentwicklung in 7 3 5 ACTIVATOR RNA™S 3T 4.5 [P°]
™ aM PPis not produced

Apis mellifica wirken. Das Modell ver- G} ! T CTIVATOR ANA =3 =

sucht die bekannten Tatsachen mit der

Hypothese von BRiTTEN und Davipson g e RM

in Einklang zu bringen. Abb 4 bezeich- (s AicTivATOR RNA
net x° und x°% als Integratorgene, die 2PM==pO THEREFORE THE BEE IS A DIPLOID MALE
sich erginzen, indem sie den Empfiin-

ger R, und darauf den Produktor P° FiG. 5.

aktivieren. Dieser produziert den Poly-

peptid (oder Enzym), welcher in dem

Eierstocksegment die Vervielfaltigung

der Zellen bewirkt. Abb. 5 zeigt, dass HAPLOID BEE X

R* mit unvollstindigem Aktivator o ! X0

RNA nicht wirkt (das die Bienen x°%, (=g ——3__ — meommen—B__ —7]
X% sind), und dass das den Eierstock 5%, T2 TETACTIVATOR ANATT 555

bestimmende P° kein Protein erzeugt. M e RM
Abb. 6 zeigt den Fall fur Haploide. In | SMF—=——ma=s ACTVATOR ARAS—t————rf p W]

Abb. 5 und 6 wird Zellenvervielfilti- £M=.. pO THEREFORE THE BEE IS A HAPLOID MALE
gung an den Stellen aktiviert, die sich
in den Hoden entwickeln. Fie. 6.

the possible control of the genes x2 and xb. Since in the scheme it is obligatory
to have a single receptor gene R(** + x") xa and xb may have resulted from a
breakage in an original large x gene, very likely the same one still existing in
Apis, Bombus and Trigona. Figure 9 indicates that, either the gene acts under
the influence of the juvenile hormone or is the battery that produces it, its action
follows a threshold : below a certain level something does not work and the male
genes supplant the female effect. Caste determination appears to follow this
same principle in the Trigonini; however, in Bombus and Apis the level of
expression of the controller gene is dependent on the amount of hormone present.
Intermediates between the castes are therefore easily found in these two genera.
It must be emphasized that the present status of the research does not localize
the action of the juvenile hormone in the S genes, or directly in the I genes;
it may be that they are the final product of the first battery that would act in
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a
X3 . R {Xa+ Xb) o N X? A(Xes Xb] .
st ns OOt L —
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Fi6. 7 to 10. — Genic control of sex determination genes which act during prepupal

stage of the bee development, in Melipona quadrifasciata. Five cases are pre-
sented : figure 7 and 9 present the heterozygous bee, respectively well fed and
undernourished; figure 8 and 9 present the case of a homozygote, respectively, well
fed and undernourished; figure 10 shows the haploid condition.

ABB. 7 bis 10. — Genische Kontrolle der Geschlechtsbestimmungs-gene, die wdhrend der
Vorpuppenstufe der Bienenentwicklung in der Melipona quadrifasciata. Fiinf Fille
werden dargestellt. Abb. 7 und 9 reprisentieren die heterozygotischen Bienen, wohl-
genidhrt beziehungsweise unterernihrten. Abb. 8 und 9 zeigen den Fall einer wokl-
genihrten beziehungsweise unterernihrten Homozygote. Abb. 10 zeigt den Haploi-
zustand.

a second battery that would be the actual femaleness genes. Only future research
will clarify this point.

Both in cases of poorly fed Melipona female prepupae or when one x2 or xb
alleles is homozygous, the femaleness gene battery stops, the maleness genes take
over and the insect, that already has ovaries, develops strong masculine external
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characters. Therefore, a worker is female inside but almost male outside. This
explains why workers of M. quadrifasciata are more similar to males than to
queens as shown by multivariate analysis (fig. 1).
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