May 3, 1946

Haploidy as a Factor in the Poly-
morphic Differentiation of
the Hymenoptera

x StavLEY E. FLANDERS

University of California
Citrus Ezxperiment Station, Riverside

Polymorphism, or the existence within a species of
two or more adult forms of the same sex, is character-

istic of many insects. " In the Hymenoptera, poly--

morphism appears to be an effect of nutritional dif-
ferences which oceur during ontogeny (13, 14, 16).

The degree of polymorphic differentiation appar-
ently varies with the developmental stage in which
differentiation is induced. Differentiation indueced
during the larval stage, as in the honey bee (16), and
Melittobia chalybii (14), is much less marked than that
induced earlier in development during the primordial
germ cell stage, as is apparently the case in the alter-
nating generations of the gall wasps (Cynipidae)
7, 9).

- Polymorphism plays an important part in the econ-

omy of a species when it forms the basis of a social
organization, as in the aculeate Hymenoptera and the
Isoptera (ZTermitidae).

In the Hymenoptera, however, the occurrence of
polymorphism is limited by haploidy, a phenomenon
unknown in the Isoptera, in which the sexes are
diploid and equally polymorphie (210). In the Hymen-
optera only the female is normally diploid, and
polymorphism is largely limited to that sex. This is
not because haploidy in itself is inimical to poly-
morphism, for species exist in which polymorphism
is limited to the haploid male (Z, 13).

It would appear that the relatively low incidence
of male polymorphism in hymenopterous species is
an effect of the male not being subjected to the con-
ditions which cause polymorphic differentiation or, if
so subjected, of not being able to reach maturity.

Haploidy is known to be lethal in several species
of parasitic Hymenoptera (11, 12, 15), nonpolymor-
phic as well as polymorphie. It is signifieant that
haploidy appears lethal only in species which show a
disinelination to oviposit before mating (5).

In most species that oviposit as readily before as
after mating haploidy is rarely, if ever, a faetor in
the failure of the egg to hateh. It is evident, there-
fore, that haploidy may be lethal only if it is asso-
ciated with some condition of the egg brought about
by the disinclination to oviposit.

Most Hymenoptera are highly specialized in their
selection of sites for the deposition of their eggs.
Consequently, it is not surprising that in many species

SCIENCE

565

of Hymenoptera, particularly in those in which the
female is long-lived, oGsorption occurs if suitable
oviposition sites are lacking (4). When the rate of-
egg deposition is relatively low, a relatively high pro-
portion of the eggs deposited may be partially ab-
sorbed. In a mated female such eggs are more likely
to be fertilized than eggs deposited rapidly and not
subjected to the oGsorptive process.

Whiting (17) has observed that in Microbracon he-
betor more nonhatching. eggs were obtained from
females mated with related males than from females
unmated or mated to unrelated males. The higher
mortality of the eggs from the close-crosses in M.
hebetor is reported by Whiting as due to the lower
viability of the diploid individuals. Since it is quite
possible that females mated with related males are
more disinelined to oviposit than females mated with
unrelated males, the former may deposit more par-
tially absorbed diploid eggs than the latter. Such eggs
may account for the polymorphism exhibited by inbred
stocks of Microbracon (6). '

In species in which the unmated female is disin-
clined to oviposit, the haploid male progeny are pro-
duced the greatest numbers when oviposition by mated
females oceurs at the maximum rate. It is then that
the highest proportion of eggs eseape fertilization and
oosorption is at a minimum (2).

If the haploid hymenopterous egg, upon losing part
of its eontent by absorption while in the ovariole, loses
its eapacity for hatching, it may regain this capacity
by becoming diploid through fertilization. This prob-
ably would be necessary if polymorphic differentiation
is determined by the partial absorption of ripe ovarian
eggs (8).

In this connection it should be noted that in poly-
embryonic species it may be the. mere addition of
sperm to an egg that enables that egg to produce
more embryos (3) than it would if unfertilized.

It is significant that in endoparasitie species—that
is, species which place their eggs in position to ab-
sorb nutrient from the host—polymorphism appears to
be limited to the haploid individual (1, 13). It is
known in the ease of the endoparasitic Trichogramma
semblidis that polymorphie differentiation is deter-
mined by the kind of host,

Polymorphic individuals in species in which dif-
ferentiation is determined by the partial absorption
of the ripe ovarian egg (which is a point about mid-
way in ontogeny) should be more strongly differ-
entiated than the queen bee and worker and less so
than the alternating generations of certain gall wasps.
The oGsorptive process apparently has a graduated
effect on the eggs which would allow for the fullést ex-:
pression of the polymorphic potentialities inherent in
the germ plasm.
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In the Hymenoptera, polymorphism finds expres-
sion commonly in diploid individuals, rarely in hap-
loid individuals. In many, if not all, polymorphiec
species, under natural conditions, the production of
diploid eggs greatly exceeds that of haploid eggs.

In social species the low incidence of male poly-
morphism may result either from the mortality of
the partially absorbed unfertilized egg, from the fer-
tilization of all the partially absorbed eggs deposited,
or from the relatively small nutritional needs of hap-
loid individuals.

References

Anais Acad. Brazil Cien., 1944, 16,
Ent. Soc. Amer. Ann., 1939, 32,
1942, 85, 108.

CosTAa LiMA, A. DA.
73-78.

FLi&NDzEeRS, STANLEY E.
FLANDERS, STANLEY E. J.
FLANDERS, STANLEY E. J. econ. Ent., 1942, 35, 283.
FLANDERS, STANLEY E. J. econ. Ent., 1943, 36, 802.
FLANDERS, STANLEY E. Amer. Nat., 1943, 77, 479-480.
FLANDERS, STANLEY E. Amer. Nat., 1945, 79, 122-141.
FLANDERS, STANLEY E. Science, 1945, 101, 245-246.
KiINSEY, ALFRED C. Waterman Inst. Sci. Res. Publ.,
1929, 42, 1-5717.

10. LigcHT, S. F. Quart Rev. Biol., 1942, 17, 312-326.

11. MCCOLLOCH, JAMES W., and YUASA, H.’J. econ. Ent.,
Pmc roy. Soc. Edinb., 1923, 43, 51-71.

1914, 7, 219-22
12, MAcGHT. R T.
13. SavrT. Grorcr,  Parasitology, 1937, 29, 539-553.
14, Scumirprr. Rvoorr G.  Biol. Bull 1933, 65, 338-354.
15. ScHMIEPER. Ruporr G, Biol. Bull., 1938 '74: 256-266.
16. WHrrLck, WiLLliamMm MORTON. New

econ. Ent.,

oPASTRE N =

The social insects.
York : Harcourt Brace, 1928. Pp. 37
17. WHITING ANNA R. Amer. Nat., 1940 74 468-471.

Carcinogenic Substances From
Pituitary Glands of Cattle

Henry K. WACHTEL
Cancer Research Laboratories, Fordham University

" The diseovery of carcinogenie chemical substances

suggested that in certain conditions analogous sub-
stances are produced within the organism and thus
become responsible for ecancerous growth.

Schabad (12, 14, 15) obtained a lipid extract from
the liver of a patient who died of stomach cancer, and
this extract, when injected into white mice, induced
malignant tumor growth in some of the animals
treated.”

In further investigations Schabad, et al. (4, 5) pre-
pared extracts of human livers from eancerous as well
as noncancerous individuals. Of the white mice in-
jected with these extracts about one-third died within
the first few months of the experiment. A number of
animals which lived to an age of more than 8 months
following the first injection developed malignant
tumors.

The findings of Schabad were confirmed by other
investigators (1-3, 13, 16~19).

It must be added that Menke (10, 11) injected lipid
extracts from human mammary eancers into white
mice, and of 36 mice injected, 7 developed sarcomas
after 7 to 14 months.

The above experiments indicate that carcinogenic
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chemical factors of a lipid nature are present in'the
cancerous as well as in the normal organism. Thus,
the question arises as to the origin of these sub-
stances.

For investigation of this problem we employed our
previous studies, which indieate that the pituitary
gland is connected in a hormonal way with the de-
velopment of cancer (6, 7). We therefore examined
extracts of the pituitary gland for presence of car-
cinogenic hormonal factors.

EXPERIMENTAL

In our experiments fresh pituitary glands from cat-
tle were freed from adjacent tissues and the anterior
and posterior lobes of the gland carefully separated.
One hundred posterior lobes or 50 anterior lobes were
used for the preparation of each lipid extract.

The glands were extracted with acetone, ethyl ether,
and alcobol, and the brownish oil obtained was sus-
pended in sweet almond oil and injected subcu-
taneously into white mice of our own breeding. Our

‘purebred strain of mice has a low incidence of

spontaneous tumors (two mammary tumors in 1,700
mice).

The amount of extract obtained each time varied
from 300 to 800 mg. The animals received 10 to 30
mg. each as a single injection, no difference in the
effects being noted with variation of the dose within
these limits.

Four extracts were prepared from the anterior
pituitary, and 32 white mice were given a single in-
jection of the extracts.

Seven mice died during the first 4 months of the
experiment. Of the remaining 25 animals injected
with the anterior lobe extracts, 9 developed malignant
tumors: 4 females developed breast cancer (after 7,
7, 10, and 14 months), 1 male and 1 female developed
carcinoma at the site of injection (after 13 and 6
months), 1 male and 2 females developed liver cancer
(after 8, 9, and 8 months).

Of the 16 animals which died without developing
tumors, the individuals survived as follows: 3 for 7
months, 3 for 8 months, 2 for 10 months, 1 for 11
months, 2 for 12 months, 3 for 13 months, 1 for 14
months, and 1 for 19 months.

Of the four extracts prepared from the anterior lobe,
one caused no malignaney in the animals injected,
while another provoked 5 various tumors in 6 injected
mice. The remaining two extracts provoked malig-
naney in 20.6 per cent of the animals injected.

Five extracts were prepared from the posterior
lobe of the pituitary gland, and 35 animals were glven
a single injection of the extracts.

Twelve mice died during the first 4 months of the
experiment. Of the remaining 23 animals injected,



