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SEX DETERMINATION AND FEMALE REPRODUCTIVE DEVELOPMENT IN THE GENUS
Schistosoma: A REVIEW

J. T.RIBEIRO-PAES(1) & V. RODRIGUES(2)

SUMMARY

Parasites of the genus Schistosoma were among the first metazoans to develop separate sexes, which is
chromosomally determined in the fertilized egg. Despite the occurrence of specific sex chromosomes, the females of
most Schistosomatidae species do not complete their somatic development and reach no sexual maturity without the
presence of males. Indeed, the most controversial and at the same time most fascinating aspect about the sexual
development of Schistosoma females lies on discover the nature of the stimulus produced by males that triggers and
controls this process. Although the nature of the stimulus (physical or chemical) is a source of controversy, there is
agreement that mating is a necessary requirement for maturation to occur and for migration of the female to a definitive
final site of residence in the vascular system of the vertebrate host. It has also been proposed that the stimulus is not
species-specific and, in some cases, not even genus-specific. Despite a vast literature on the subject, the process or
processes underlying the meeting of males and females in the circulatory system have not been determined and as yet no
consensus exists about the nature of the stimulus that triggers and maintains female development. In the studies about
their role, Schistosoma males have been considered, at times pejoratively, the brother, the muscles or even the liver of
females. Indeed, it still remains to be determined whether the stimulus responsible for female maturation involves the
transfer of hormones, nutrients, neuromediators, mere tactile stimulation or a combination of chemotactic and
thigmotactic factors.
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INTRODUCTION

Parasites of the genus Schistosoma, by being dioic, were
among the first metazoans to develop separate sexes, thus
representing an exception among trematodes of the Digenea
subclass, whose members are hermaphrodites’ %-8-8_ The
current dioic characteristic may have resulted from a gradual or
abrupt evolutionary process from the protandry or protogyny
stage reached by the hermaphrodite ancestors (proto-
schistosomes). With the separation of the sexes and the
consequent need for cross fertilization, the evolution of
schistosomes must have been accelerated by the joining of the
genomes of males and females parasitizing different hosts such
as birds, migratory mammals, or even reptiles of the mesozoic
era” ™. The occurrence of specific sex chromosomes, however,
did not garantee complete female somatic development, nor
sexual maturity and, for most of the Schistosoma species, the
female development can only be fully accomplished in the
presence of males’ %77,

The different hypothesis formulated to explain the nature
of the stimulus that determines and controls the somatic and
reproductive development of females may be grouped into four
categories: | — insemination or transfer of substances with
sperm, 2 — nutritional supplementation, 3 — hormonal influences,
and 4 — tactile stimulation®-'%. In this review we shall analyse
the different hypothesis concerning the Schistosoma female
sexual development highlighting the role played by the male in
this process.

SEX DETERMINATION

The hypothesis that sex may be chromosomally determined
in the genus Schistosoma was raised at the beginning of the
century and gained support with the study published by
CORT?* in 1921. On the basis of his own observations and as
well as of others, the author proposed that “sex in schistosomes
is determined in the fertilized egg and all the cercariae coming
from a single miracidium are of the same sex”.
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The determination of the occurrence of sex chromosomes in
the family Schistosomatidae, however, was preceded by a long
period of speculation about the exact number of chromosomes in
the schistosomes which lasted throughout the first half of the
century** %19 Only with the advances in cytogenetic
techniques (Giemsa staining and C-banding techniques) did it
become possible more precisely to establish a karyotypic
pattern for S. mansoni and other species in the family
Schistosomatidae.

In 1960, SHORT & MENZEL'? reported that the diploid
chromosome number of nine species of schistosomes was 16, as
confirmed in later studies''® """ '3 A series of studies were
carried out since using cytogenetic techniques of higher
resolution to define or compare the karyotypes of different
species in the family Schistosomatidae® 37336109 110- 111, 114,

Up to the 1960°s prevailing view was that male
schistosomes corresponded to the heterogametic sex, with
females thus being homogametic’'. In a study of meiotic
chromosome preparations (pachytene squashes), MENZEL &
SHORT (1960)® suggested the occurrence of heteromorphic sex
chromosomes (XY) in females of Schistosomatium douthitti and
Ornithobilharzia mansoni. The occurrence of Barr bodies in
interphase nuclei of S. mansoni cercariae was later reported.
Cercariae that developed into males presented two Barr bodies,
whereas cercariae that gave origin to females had only one Barr
body®®. Subsequent studies confirmed these findings and
established the fact that the females correspond to the
heterogametic sex'’-* "%, ATKINSON (1980)* proposed the
ZW representation for heterogametic schistosome females in
accordance with the nomenclature rules established for other
species such as frogs, birds and butterflies' 72,

SEX MATURATION OF FEMALES

The first reference to this aspect of the biology of
schistosomes was part of the observations attributed by CORT
(1921)* to YOKOGAWA (unpublished results). This
researcher, by inoculating S. japonicum cercariae from a single
mollusk previously infected with one miracidium, obtained
unisex infections in which the worms did not reach somatic or
reproductive maturity.

The systematization of the study on the sexual
development of females started with the studies of SAGAWA et
al. (1928)°2 and SEVERINGHAUS (1928)%, in which was
shown that S.japonicum females from unisex infection did not
reach reproductive maturity and presented a smaller body size
than that of females from bisexual infections. This phenomenon
was later described for other species of the genus Schistosoma
such as Schistosoma haematobium, S. bovis and S.

mansoni's‘ 58.62. ]28.

Before continuing the discussion of this intriguing and still
polemic aspect of the biology of schistosomes, it should be
pointed out that in other genera of the family Schistosomatidae
such as Schistosomatium douthitti and Heterobilharzia
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americana the females show less dependence on males'% 108 123,
However, even though the unmated females of these species
present normal sexual development, their body size continues to
be smaller than that of mated females?. S. mattheei females
represent the only well established exception within the genus
since they can develop and produce eggs in the absence of males,
although the eggs produced in general are nonviable!*. A recent
publication® reported that eggs with motile miracidia were
obtained from unisexual females of S. haematobium parasitizing
hamsters, in contrast to results previously reported by SAHBA
& MALEK (1977)% who only obtained infertile eggs and
nonviable miracidia in mice. According to the interpretation of
KHALIL & MANSOUR (1995)%, S. haematobium females may
also present full parthenogenesis and the discordance between
these two reports may be due to the differential susceptibility of
the hosts (hamster/mouse).

A series of morphological-comparative studies of females
from uni- and bisexual infections has been conducted over the
years. Although the differences in body weight are the most
obvious ones, changes at the microscopic level have been
documented. ERASMUS (1973)?7 carried out a detailed
comparative study at the ultrastructural level between females
from uni- and bisexual infections with S. mansoni in which he
observed, among other findings, that unisexual females presented
immature vitelline cells as well as incomplete development of
Mehlis glands and ovaries. These findings were later confirmed
in other reports®*'°%192 These degenerative alterations
observed in the vitelline giand and ovary were similar to those
detected in paired females kept in in vitro cultures 447,

As expected, the structural alterations were accompanied
by, or rather, were due to a series of metabolic alterations
observed in unmated females whose primary determinant
probably was the absence of some physical and/or chemical
stimulus supplied by the male. Comparative analyses of Ca, P,
K, Mg and S content between females from single and mixed
infections showed that the amount of calcium was significantly
lower in unisexual females than in females from mixed infections.
The amount of the other elements was similar for females from
both single and mixed infections® '*’. Antigenic differences
between females from single and mixed infections have also been
reported?.

Some characteristics related to nutrient uptake among
females from single and mixed infections are discussed below.

MALE DEVELOPMENT

There seems to be, if not a consensus, at least a strong
current in the literature proposing the fact that male
development occurs normally whether or not females are
present®, although physiological and antigenic alterations have
been reported among males from uni- and bisexual infections
such as increased utilization of aspartic acid among unmated
males? and qualitative differences in the humoral response to
glycoprotein between males from uni- and bisexual infections?. It
has also been reported that males from unisexual infections are
more active®.
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Classically, two well documented exceptions have been
reported for the subfamily Schistosomatidae: males of S.
Jjaponicum from unisexual infections grow more slowly and
show a smaller body size’*°7 and males of Heterobilharzia
americana remain slender and straighter than paired males™. It
has been postulated that in these particular cases male
development may be controlled at least in part by females®'.
More recently, KHALIL & MANSOUR (1995)" reported a
considerably significant reduction in body weight among
Schistosoma mansoni and S. haematobium males from unisexual
infections. This aspect of schistosome biology deserves
reconsideration in view of these new findings.

WHAT DO MALES DO?

Indeed, the most controversial and at the same time most
fascinating aspect about the sexual development of Schistosoma
females is to discover the nature of the stimulus produced by
males that triggers and controls this process. As PAUL BASCH
(1990)7 asked: “What does the male Schistosoma really do?”

The reply to this intriguing question has been pursued for
several decades. Today it is accepted that the male stimulus is
necessary not only for females to achieve their full somatic
development and reproductive maturity, but also for them to
remain in this condition’*-57.75,

Sexually mature (adult) females of S. mansoni from bisexual
infections, when transplanted surgically to different hamster
strains or Nile rats (a fact that would simulate unisexual
infection), start to present degenerative alterations in worm size,
vitelline gland and ovary. These changes were observed by light
microscopy in the vitelline glands at 3 days and in the ovary at 6
days post-transplantation'®. In an electron microscopy study,
atypical vitelline cells were detected on the 2" day post-
transplantation. Both the ovary and the vitelline cells presented
disorders in cell differentiation and turnover as well as large-
scale cell death®.

Similar results have been obtained using another approach.
Animals with mixed S. mansoni infections were treated with
oxamniquine, a fact that resulted in differential mortality
between parasite sexes. Some females of the residual worm
population remained unpaired and showed reduced body weight
as well as degenerative alterations of the vitelline glands®?. It
may be questioned whether the degenerative changes observed
were due to the deleterious effects of oxamniquine on the
parasite. This hypothesis, however, proved to be improbable
when a new series of experiments was performed in which the
females presenting the degenerative alterations cited above at the
somatic and reproductive level were paired and transferred to
recipients hosts (Nile rats). On the 3" day post-transplantation
these females presented unequivocal signs of somatic
development and sexual maturation.

These results confirmed data obtained by others,
demonstrating that the degenerative alterations presented by
female schistosome in the absence of males are reversible since

when these females were paired they recovered body growth and
reproductive activity even after months of involution's %,

According to MOORE et al. (1954)%%, the main stimulus for
sexual maturation of S. mansoni females may be supplied by the
males during fertilization. At present, the sex maturation of
females and their oviposition rates are not considered to be
dependent on intact testes, viable sperms or any other substance
secreted together with the sperm®-'%2. Males that become
anorchid after X-ray treatment or surgical transection can
stimulate the egg-laying and maturation of females as efficiently
as intact males*¢!. Other investigators have shown that female
development may occur in the absence of sperm in the
oviduct®?7, Tt has also been observed that both paired and
unpaired females from bisexual infections, when transplanted
from mice to recipient hamsters presented sperms in their
fertilization chambers, but unpaired females presented
degenerative alterations, and formed eggs were seen only in
paired females'®.

The hypothesis that the sex maturation of females depends
on the transfer of a hormone produced by males was first raised in
the 1920°s°>?7, but the hormonal hypothesis gained strength with
the later discovery of pheromones in insects™ and, on the basis of
observations made in the animal kingdom as a whole, was
considered to be an attractive proposition to explain the sexual
development of schistosome females* '*. The hormone ecdysone,
which is related to regulation of the molt cycle and plays a key
role in the formation of insect eggs! !> !342:49.63.69.9 " wag also
detected in S. mansoni males and correlated with the development
and sexual maturation of females® 66791128 Recently,
GIANNINI et al. (1995)% observed that innoculating Tamoxifen
in hamsters infected by S. mansoni resulted in somatic
alterations of the parasites females and their eggs.

The more general hypothesis about the possible transfer
of some product synthesized by males, with the consequent
sexual development of females, involves not only hormonal
participation but also the transfer of nutrients such as
glucose? 2223, cholesterol**7* 7%, polypeptides and gly-
coproteins'®*, or some type of messenger such as a reu-
ropeptide'. According to some investigators, male/female’
contact may result in alterations of the characteristics of
permeability and nutrient uptake in specific regions of the
female tegument. These changes may occur rapidly and in
specific regions®”®. Some experimental data favor this
hypothesis. A 35 to 40% increase in [*H]-thymidine, which
represents an indirect measurement of DNA synthesis, was
obtained after unpaired females of S. mansoni were placed in
contact with males?- 2. Pairing of females from single sex
infections with male worms also resulted in an elevation of
[*H]-tyrosine uptake®'. Considering that tyrosine is avidly taken
up by vitelline cells?®, this parameter was proposed as a
possible criterion to assess the sexual development of females®!.
Indeed, histochemical analyses have shown that vitelline cells, in
addition to nutrient stores for embryo development, also present
globules containing precursor egg wall material''”- '3, The
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process of egg wall formation is thought to involve oxidation of
tyrosine residues to quinones under the action of the enzymatic
system phenoloxidase!® % 3!-68.84.87.130.136 " Being highly
unstable molecules, the quinones may react with amino and
sulfhydryl groups of adjacent proteins, leading to the formation
of a rigid wall or protective capsule's-%+ 131136,

Still within the context of the possible transfer to females of
a product synthesized by males, ATKINSON & ATKINSON
(1980)° reported the existence of a 66 kDa polypeptide that is
synthesized by males and transferred to females. The absence of
this polypeptide in females or its transfer to them has not been
confirmed in other studies’. SHAW et al. (1977)'* also
suggested that females from unisexual infections were stimulated
by ether- and acetone-soluble male extracts. This result,
however, seems to occur only in one particular S. mansoni strain
(Cardiff females) in which the vitelline cells of females can
develop in the absence of males™. KUNZ et al. (1995)32
proposed a hypothetical scheme in which the proliferation of
the vitelline cells is controlled by an inductive signal acting as a
mitogen, thus stimulating the mitotic proliferation of the
vitellaria stem cells. The authors suggested a series of molecules
participating in the signal transduction in S. mansoni as possible
candidates mediating the process of vitelline cells proliferation.

Another line of thought, having ROBINSON (1960)* as its
precursor, emphasizes the role of tactile stimulation in the sexual
maturation of females. The importance of the tactile stimulus was
shown in an interesting experiment carried out by POPIEL &
BASCH (1984b)”7. Males and females were cut into segments and
paired in different arrangements and combinations. Unisexual
females paired with small male fragments presented vitellogenesis,
which, however, was limited to the region of contact.

An innovative hypothesis was raised by VOGEL in 1941'#
to explain the sexual development of females. This investigator
proposed that the deficient muscle development of females may
impair their nutrition and full somatic development. This
approach emphasizing the importance of males in the process of
nutrition of Schistosoma mansoni females was taken up again by
GUPTA & BASCH (1987b)*" and discussed in more detail in an
interesting article later published by PAUL BASCH (1990)’.
According to this investigator, the need for high reproductive
efficiency has obliged present-day females to sacrifice some of
their structural elements such as the pharyngeal and locomotor
muscles. These losses have led to dependence on the male,
whose well developed musculature may permit physical
transportation as well as stimulation of growth by pumping
blood inside females. The males may guarantee the survival of
the species “not by donating sperm but by offering muscle”.
The growth and development of females may occur as the result
of nutritional assistance “and not as a result of any mysterious
growth factor emanating from the male”.

Attributing female development simply to a chivalrous

nutritional assistance on the part of males is a proposal that has
stirred some controversy. According to SMITH & CHAPPEL
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(1990)", the sex reversal observed in paired males may be a sign
of the existence of chemical messengers released to regulate
development. Indeed, homosexual pairing between males has been
observed in different schistosome species* %1, Well-developed
males embracing small and sexually immature males is a
phenomenon usually observed in this situation, except for S.
douthitti whose males involved in homosexual pairing present the
same size and sexual maturity> %12 On the basis of these
observations it has been proposed that inhibition of the somatic
and sexual development of males involved in homosexual pairing
may be due to the same mechanism or pheromone responsible for
the somatic and reproductive development of females® '¥.
BASCH & GUPTA (1988)° did not detect the occurrence of
female reproductive structures at the histological level. According
to these investigators, the morphological alterations of “inner”
males (stunted, with poorly developed testes) may be explained in
nutritional terms; in this case, however, the male within the
gynecophoral canal would have limited access to host blood.

Another aspect of the biology of schistosomes which is
surrounded by a series of doubts has to do with the factors that
guide the meeting of males and females in the vertebrate host.
Evidence that worm pairing in vitro and in vivo seems to be
chemically mediated has been obtained for several species of
hermaphrodite trematodes*** . For §. mansoni it has been
proposed that components a human fecal lyophilized
preparation have an attractive effect on mated worms®. On the
basis of these assumptions, several studies were undertaken to
detect the presence of chemical mediators responsible for the
meeting of schistosomes. The data published in the literature are
sometimes contradictory. IMPERIA et al. (1980)* consider the
attraction between males and females to be chemically mediated,
with males emitting pheromones that attract females. CHILDS
et al. (1986)" proposed that males may be attracted by
supernatant fluids from 72 hour cultures of female parasites.
Documentation of the behavior of males and females in culture
by means of time-lapse video tape photography showed that
males respond more vigorously to females than females to
males”. This attraction between worms occurs with and without
barriers®?, and worms of the opposite sex, when separated,
present predilection for mating with their original partner'®*'%,
MICHAELS (1969)° postulated the existence of highly
differentiated receptors in both schistosome sexes, which may
be responsible for mating and mating position. Attempts by the
author to identify the class of compounds involved in attraction
between males and females were unsuccessful.

The predominant view today is that if the meeting of males
and females is chemically mediated the response to the stimulus
must not be species-specific. On the basis of cross-mating
studies in three systems, i.e., Schistosoma mansoni /
Schistosomatium douthitti / Heterobilharzia americana?,
Schistosoma haematobium / S. intercalatum'® and Schistosoma
bovis / S. curasoni®, it has been proposed that pairing may be
processed in a fully random manner. ARMSTRONG (1965)*
postulated more emphatically that pairing may result from
thigmotaxis (by means of trial and error) rather than chemotaxis.
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More recent results, however, support the idea of the existence
of a “specific mate preference system”'?* ',

Although the nature of the stimulus (physical or chemical)
is a source of controversy, there is agreement that mating is a
necessary requirement for maturation to occur>”’ and for
migration of the female to a definitive final site of residence in
the vascular system of the vertebrate host'?’. It has also been
proposed that the stimulus is not species-specific and, in some
cases, not even genus-specific. Experimental interspecific®* '
and intergeneric® '% cross-infections have been obtained in
which the females reach sexual maturity and produce viable eggs.
There is also indirect evidence that hybridization may occur in
nature between sympatric species'® 36373 119 134133 Trye
hybridization, however, must occur only between species
belonging to the same group, i.e. phylogenetically very close
species such as Schistosoma mansoni and S. intercalatum'" .
The production of viable eggs in interspecific crosses involving
less phylogenetically related species (Schistosoma mansoni and
S. haematobium, for example) may be due to the phenomenon of
parthenogenesis and not to true species hybridization™*" ',

Another aspect about which there seems to be some
consensus is the difference and independent action between the
stimulus for reproductive morphogenesis and the stimulus for
somatic development. According to ARMSTRONG (1965)%,
sexual maturity may be a consequence of the tactile stimulus,
whereas somatic maturity may depend on a specific substance
such as a pheromone transferred via the tegument.

FINAL REMARKS

Despite a significant number of papers on the subject, the
process or processes underlying the meeting of males and
females in the circulatory system have not been determined and
no consensus exists about the nature of the stimulus that triggers
and maintains female development.

In the studies about their role, Schistosoma males have been
considered, at times pejoratively, the sexual pair, the brother, the
muscles or even the liver of females” %, Indeed, we still must
determine whether the stimulus responsible for female
maturation involves the transfer of hormones, nutrients,
neuromediators, mere tactile stimulation or a combination of
chemotactic and thigmotactic factors.

What do males really do? This is almost a paradoxical way of
closing a review about the sexual maturation of females. But all
clues indicate that the secret rests there and this is definitely a
question that should keep researchers busy for a few more years.

RESUMO

Determinacéo do sexo e desenvolvimento reprodutivo das
fémeas no género Schistosoma: uma revisao

Os parasitas do género Schistosoma situam-se entre 0s
primeiros metazodrios que desenvolveram sexos separados,

determinado cromossomicamente no ovo fertilizado. Apesar da
ocorréncia de cromossomos sexuais especificos, as fémeas de
Schistosoma ndo atingem a maturidade somadtica e sexual sem a
presenga dos machos. Na verdade, um dos aspectos mais
controversos e, a0 mesmo tempo, mais fascinantes, envolvendo
o desenvolvimento sexual das fémeas estd em se desvendar a
natureza do estimulo que controla e mantém tal processo. Muito
embora a natureza do estimulo (fisico ou quimico) seja motivo de
controvérsia, concordam os mais diferentes autores que o
acasalamento é um requisito indispensdvel para que ocorra a
maturagdo e migragdo das fémeas para o sitio definitivo de
permanéncia no sistema vascular do hospedeiro vertebrado.
Admite-se, ainda, que o estimulo ndo & espécie-especifico e, em
alguns casos, nem mesmo género-especifico. N&o obstante a
existéncia de um nimero considerdvel de artigos dedicados ao
tema, ndo ha um consenso sobre o processo (ou processos) que
controla(m) o encontro de machos e fémeas no sistema
circulatério do hospedeiro vertebrado, bem como estd por ser
determinada a natureza do estimulo, oriundo dos machos, que
controla e mantém o desenvolvimento somdtico e sexual das
fémeas. Ao longo dos anos os machos de Schistosoma €m sido
considerados, por vezes pejorativamente, os irmos, os
mdsculos ou o figado das fémeas. Em sintese, resta saber se a
natureza do estimulo responsdvel pelo desenvolvimento das
femas envolve a transferéncia de hormonios, nutrientes, a mera
estimulacio tatil ou a combinacdo de dois ou mais desses fatores.

REFERENCES

I. AHMED,R. F.; HOPKINS, T. L. & KRAMER, K. J. - Tyrosine glucoside hydrolase
activity in tissues of Manduca sexta (L): effect of 20-hydroxyecdysone. Insect
Biochem., 13: 641-645, 1983.

2. ARMSTRONG. J. C. - Mating behavior and development of schistosomes in the
mouse. J. Parasit., 51: 605-616, 1965.

3. ARONSTEIN, W. S. & STRAND, M. — Gender-specific and pair-dependent
glycoprotein antigens of Schistosoma mansoni. J. Parasit., 70: 545-557, 1984,

4. ATKINSON, K. A. — Chromosome analysis of Schistosoma rodhaini (Trematoda:
Schistosomatidae). Can. J. Genet. Cytol., 22: 143-147, 1980.

5. ATKINSON, K. H. & ATKINSON, B. G. - Biochemical basis for the continuous
copulation of female Schistosoma mansoni. Nature (Lond.), 283: 478-479, 1980.

6. AWWAD, M. & BELL, D. R. — Faecal extract attracts copulating schistosomes.
Ann. trop. Med. Parasit., 72: 389-390, 1978.

7. BASCH, P. F. - Why do Schistosomes have separate sexes? Parasit. today, 6:
160-163, 1990.

8. BASCH. P. F. & BASCH, N. — Intergeneric reproductive stimulation and
parthenogenesis in Schistosoma mansoni. Parasitology, 89: 369-376, 1984,

9. BASCH, P. F. & GUPTA, B. C. — Homosexual male pairing in Schistosoma
mansoni. Int. J. Parasit., 18: 1115-1117, 1988.

10. BASCH. P. F. & NICOLAS, C. — Schistosoma mansoni: pairing of male worms
with artificial surrogate females. Exp. Parasit., 68: 202-207, 1989.

11. BECAK. W.; BECAK, M. L.: NAZARETH, H. R. S. & OHNO, S. - Close
karyological kiniship between the reptilian suborder serpentes and the class
aves. Chromosoma (Berl.), 15: 606-617, 1964.

12. BERTELLA. N.; SAYAH, F. & BREUZET, M. — Cuticulogénese et évolution des

ecdystéroids chez 1" embryon de Labidura riparia (insect dermaptere). C. R.
Acad. Sci (Paris), 318: 579-584, 1995.

341



RIBEIRO-PAES, J. T. & RODRIGUES, V. - Sex determination and female reproductive development in the genus Schistosoma: a review. Rev. Inst. Med. trop. S. Paulo,

39(6):337-344, 1997.

20.

2

22.

24.

25.

26.

27.

28.

30.

33.

. BEYDON, P.; PERMANA, A. D.: COLARDEAU, J.; MARINIERE, M. &

LAFOND, R. - Ecdysteroids from developing eggs in Pieris brassicae. Arch.
Insect Biochem. Physiol., 11: 1-12, 1989.

. BREMOND, P.; THERON, A. & ROLLINSON, D. - Hybrids between

Schistosoma mansoni and S. rodhaini: characterization by isoelectric focusing
of six enzymes. Parasit. Res., 76: 138-145, 1989.

. BRUMPT, E. - Action de hotes définitifs sur I'évolution et sur la sélétion de

sexes de certain helminthes hérbegés par eux. Ann. Parasit. hum. Comp., 14:
542-551, 1936.

. BRUNET, P. C. J. - Sclerotins. Endeavour, 26: 68-74, 1967.

. CHILDS, J. E.; SHIRAZIAN, D.; GLOER, J. B. & SCHILLER, E. I. - In vitro

orientation of male Schistosoma mansoni to extracts derived from female
Schistosoma. J. chem. Ecol., 12: 1729-1738, 1986.

. CLOUGH, E. R. - Morphology of reproductive organs and oogenesis in bisexual

and unisexual transplants of mature Schistosoma mansoni females. J. Parasit.,
67: 535-539, 1981.

. CORDINGLEY,J. S. - Trematode eggshells: novel protein biopolymers. Parasit.

today, 3: 341-344, 1987.

CORNFORD, E. M. = Schistosoma mansoni, S. japonicum and S. haematobium:
permeability to acidic amino acids and effect of separated and ur.separated adults.
Exp. Parasit., 59: 355-363, 1985.

. CORNFORD, E. M. — Influence of mating on surface nutrient exchange in

Schistosomes. J. chem. Ecol., 12: 1777-1796, 1986.

CORNFORD, E. M. & HUOT. M. E. - Glucose transfer from male to female
Schistosomes. Science, 213: 1269-1271, 1981.

. CORNFORD, E. M. & FRITZPATRICK, A. M. — The mechanism and rate of glucose

transfer from male to female schistosomes. Molec. Biochem. Parasit., 17: 131-142,
1985.

CORT, W. W. — Sex in the trematode family Schistosomatidae. Science, 53:
226-228, 1921.

DEN HOLLANDER, I. E. & ERASMUS, D. A. — Schistosoma mansoni: DNA
synthesis in males and females from mixed and single sex infections. Parasitology,
88: 463-476, 1984.

DEN HOLLANDER, J. E. & ERASMUS, D. A. - Schistosoma mansoni: male
stimulation and DNA synthesis by the female. Parasitology, 91: 449-457, 1985.

ERASMUS, D. A. — A comparative study of the reproductive system of mature,
immature, and *“unisexual™ female Schistosoma. Parasitology, 67: 165-183,
1973.

ERASMUS, D. A. — The subcellular localization of labelled tyrosine in the
vitelline cells of Schistosoma mansoni. Z. Parasitenk., 46: 75-81, 1975.

. ERASMUS, D. A. - Structural and metabolic changes in female Schistosoma

mansoni following male stimulation. J. chem. Ecol., 12: 1755-1764, 1986.

ERASMUS. D. A. - The adult schistosome reproductive biology. In:
ROLLINSON, D. & SIMPSON, A. J. G., ed. - The biology of schistosomes.
From genes to latrines. London, Academic Press, 1987. p. 51-82.

.ESHETE, F. & LO VERDE, P. T. — Characteristics of phenol oxidase of

Schistosoma mansoni and its functional implications in eggshell synthesis. J.
Parasit., 79: 309-317, 1993.

. EVELAND, L. K.; FRIED, B. & COHEN, L. M. = Schistosoma mansoni: adult

chemoattraction with and without barriers. Exp. Parasit., 54: 271-276, 1982.

FOREYT, W. J.: SAMUEL, W. M. & TODD, A. C. - Fascioloides magna in
white-tailed deer (Odocolieus virginianus): observations on the pairing
tendency. J. Parasit., 63: 1050-1052, 1977.

342

34.

37.

38.

39.

40.

4

42.

43,

44.

45.

46.

47.

48.

49.

50.

w

53.

FRIED, B. & GIOSCIA, R. M. — Tentative identification of cholesterol as a
chemoattractant for metacercarial pairing in Leucochloridiomorpha constantiae
(Trematoda). J. Parasit., 62: 326-327, 1976.

5. FRIED, B.; TANCER, R. B. & FLEMING, S. J. - In vitro pairing of Echinostoma

revolutum (Trematoda) metacercariae and adults, and characterization of worm
products involved in chemoattraction. J. Parasit., 66: 1014-1018, 1980.

. GIANNINI, A. L. M.; LINHARES, S. V.; CARIDE, E. C.; BRAGA, VM. M. &

RUMJANEK, F. D. — Molecular aspects of Schistosoma mansoni female
maturation. Mem. Inst. Oswaldo Cruz, 90: 179-184, 1995.

GROSSMAN, A. I.; MCKENZIE, R. & CAIN, G. D. - Sex heterochromatin in
Schistosoma mansoni. J. Parasit., 66: 368-370, 1980.

GROSSMAN;, A. L.; SHORT, R. B. & KUNTZ, R. E. — Somatic chromosome of
Schistosoma rodhaini, S. matheei and S. intercalarum. J. Parasit., 67; 41-44,
1981.

GROSSMAN, A.1; SHORT.R. B. & CAIN, G. D. - Karyotype evolution and sex
chromosome differentitation in schistosomes (Trematoda, Schistosomatidae).
Chromosoma, 84: 413-430, 1981.

GUPTA, B. C. & BASCH, P. F. - Evidence for transfer of a glycoprotein from male
to female Schistosoma mansoni during pairing. J. Parasit., 73: 674-675, 1987a.

. GUPTA, B. C. & BASCH, P. E. — The role of Schistosoma mansoni males in

feeding and development of female worms. J. Parasit., 73: 481-486, 1987b.

HAGEDORN, H. H. — The role of ecdysteroids in reproduction. In: KERKUT,
G. A. & GILBERT, L. 1., ed. - Comprehensive insect physiology, biochemistry
and pharmacology. Oxford, Pergamon Press, 1985. v. 8. p. 205-262.

HASEEB, M. A.; EVELAND, L. K. & FRIED, B. - The uptake, localization and
transfer of [4-"*C]cholesterol in Schistosoma mansoni males and females
maintained in vitrro. Comp. Biochem. Physiol., 82A: 421-423, 1985.

HASEEB, M. A.; EVELAND, L. K.; FRIED, B. & HAYAT, M. A. - Transmission
electron microscopic observations on lipid release in Schistosoma mansoni
maintained in vitro. Int. J. Parasit., 15: 49-53, 1985.

IKEDA, K. & MAKINO, S. - Studies on the sex and chromosomes of the oriental
human blood fluke, Schistosoma japonicum Katsurada. J. Fac. Sci. Hokkaido
Imp. Univ., 5: 57-71, 1936.

IRIE, Y.; BASCH, P. F. & BASCH, N. — Reproductive ultrastructure of adult
schistosome grown in vitro. J. Parasit., 69: 559-566, 1983.

IRIE, Y.; TANAKA, M. & YASURAOKA, K. — Degenerative changes in the
reproductive organs of female schistosomes during maintenance in vitro. J.
Parasit., 73: 829-835, 1987.

IMPERIA, P. S.; FRIED, B. & EVELAND, L. K. — Pheromonal attraction of
Schistosoma mansoni females toward males in the absence of worm-tactile
behavior. J. Parasit., 66: 682-684, 1980.

KANG, S. H.: FUCHS, M. S. & WEBB, P. M. — Purification and characterization
of dopa-decarboxilase from adult gravid Aedes aegypti. Insect Biochem., 10:
501-508, 1980.

KARLSON, P. & LUSCHER, J. -~ Pheromones: a new term for a class of biologically
active substances. Nature (Lond.), 183: 55-56, 1959.

. KHALIL, S. B. & MANSOUR, N. S. - Worm development in hamsters infected

with unisex and cross-mated Schistosoma mansoni and Schistosoma
haematobium. J. Parasit., 81: 8-11, 1995.

2. KUNZ, W.; GOHR, L.; GREVELDING, C. et al. — Schistosoma mansoni: control

of female fertility by the male. Mem. Inst. Oswaldo Cruz, 90: 185-189, 1995.

LEE, C. U. - Certain biological and pathological aspects of schistosomiasis
japonica as studied in hamster (Cricetulus griseus). C. R. Cong. Int. Méd. trop.
Hyg., 4: 373-386, 1932.



RIBEIRO-PAES, J. T. & RODRIGUES, V. — Sex determination and female reproductive development in the genus Schistosoma: a review. Rev. Inst. Med. trop. S. Paulo,

39(6):337-344, 1997.

54.

55.

56.

57.

58.

59.

60.

6

62.

63.

64.

65.

66.

67.

68.

69.

70.

7

72.

73.

74.

75.

LEE, H-F. — Life history of Heterobilharzia of the raccoon and others animals in
southeastern United States. J. Parasit., 48: 728-739, 1962.

LE ROUX, R. L. - Hybridization of Schistosoma mansoni and S. Rodhaini.
Trans. roy. Soc. trop. med. Hyg., 48: 3-4, 1954,

LIBERATOS, J. D. & SHORT, R. B. — Identification of sex schistosome larval
stages. J. Parasit., 69: 1084-1089, 1983.

LO VERDE, P. T. & CHEN, L. - Schistosome female reproductive development.
Parasit. today, 7: 303-308, 1991.

MALDONADO, J. F. & HERRERA, F. V. — Schistosoma mansoni infection
resulting from exposure to cercariae proceeding from single naturally infected
snails. Puerto Rico J. Hlth., 25: 230-241, 1949.

MANSOUR, N. S.; SOLIMAN, G. N. & El ASSAL, F. M. - Studies on
experimental mixed infections of Schistosoma mansoni and S. haematobium in
hamsters. Z. Parasitenk., 70: 345-357, 1984,

MENZEL, M. Y. & SHORT, R. B. — Pachytene chromosomes of three species of
schistosomes. J. Hered., 51: 2-12, 1960.

. MICHAELS, R. M. — Mating of Schistosoma mansoni in vitro. Exp. Parasit.,

25: 58-71, 1969.

MOORE, D. V.; YOLLES, T. K. & MELENEY, H. E. - The relationship of mature
worms to the sexual development of female Schistosoma mansoni. J. Parasit.,
40: 166-185, 1954,

MUTANI, A.; CHRISTENSEN, N. O. & FRADSEN, F. — A study of the biological
characteristics of a hybrid line between male Schistosoma haematobium (Dar
es Salaam, Tanzania) and female S. intercalarum (Edea, Cameroum). Acta trop.
(Basel), 42: 319-331, 1985.

NEZ, M. M. - Gametogenesis in Schistosomatium douthitti (Cort). J. Parasit.,
40 (suppl.): 37, 1954,

NIRDE, P.; TORPIER, G.; DE REGGI, M. L. & CAPRON, A. - Ecdysone and
20-hydroxyecdysone. New hormones for the human parasite Schistosoma
mansoni. FEBS Lett, 151: 223-227, 1983. :

NIRDE, P.; DE REGGI, M. L.;: TSOUPAS, G. et al. — Excretion of ecdysteroids by
schistosomes as a marker of parasite infection. FEBS Lett., 168: 235-240, 1984.

NIRDE. P.; DE REGGI, M. L. & CAPRON, A. - Fundamental aspects and
potential roles of ecdysteroids in schistosomiasis. An update overview. J. chem.
Ecol., 12: 1863-1884, 1986.

NOLLEN, P. M. — Digenetic trematodes: quinone tanning system in eggshells.
Exp. Parasit., 30: 64-72, 1971.

O’CONNOR, I. D. - Ecdysteroid action at the molecular level. In: KERKUT, G.
A. & GILBERT, L. I. Comprehensive insect physiology biochemistry and
pharmacology. Oxford, Pergamon Press, 1985. v. 8. p. 85-98.

OHNO, S. - Sex chromosomes and microchromosomes of Gallus domesticus.
Chromosoma (Berl.), 11: 484-494, 1961.

. PARAENSE, W. L. & MALHEIROS-SANTOS, J. - O sexo do Schistosoma

mansoni nas infestagdes produzidas por cercarias de um tGnico molusco. Mem.
Inst. Oswaldo Cruz, 47: 35-49, 1949,

PESSOA, S. B. - Parasitologia médica. 6. ed. Rio de Janeiro, Guanabara Koogan,
1963.

PITCHFORD, R. J. — Observations on a possible hybrid between the two
Schistosomes S. haematobium and S. mattheei. Trans. roy. Soc. trop. Med.
Hyg., 55: 44-51, 1961.

POPIEL. I. - The reproductive biology of Schistosomes. Parasit. today, 2: 10-15,
1986a.

POPIEL, 1. — Male-stimulated female maturation in Schistosoma: a review. J.
chem. Ecol., 12: 1745-1754, 1986b.

76.

71.

78.

79.

80.

8

82.

83.

w

84,

85.

86.

87.

88.

89.

90.

91.

92.

93.

o

94.

9

[

96.

POPIEL, 1. & BASCH, P. F. - Putative polypeptide transfer from male to female
Schistosoma mansoni. Molec. Biochem. Parasit., 11: 179-188, 1984a.

POPIEL, . & BASCH, P. F. - Reproductive development of female Schistosoma
mansoni (Digenea: Schistosomatidae) following bissexual pairing of worms
and worms segments. J. exp. Zool., 232: 141-150, 1984b.

POPIEL, I. & BASCH, P. F. - Schsitosoma mansoni: cholesterol uptake by
paired and unpaired worms. Exp. Parasit., 61: 343-347, 1986.

POPIEL, I.; CIOLI, D. & ERASMUS, D. A. - Reversibility of drug-induced
regression in female Schistosoma mansoni upon pairing with male worms in
vivo. Z. Parasitenk., 70: 421-424, 1984a.

POPIEL, 1.; CIOLI, D. & ERASMUS, D. A. — The morphology and reproductive
status of female Schistosoma mansoni following separation from male worms.
Int. J. Parasit., 14: 183-190, 1984b.

. POPIEL, I. & ERASMUS, D. A. - Schistosoma mansoni: changes in the rate of

tyrosine uptake by unisexual females after stimulation by males and males extracts.
J. Helmint., 55: 33-37, 1981.

POPIEL, 1. & ERASMUS, D. A. — Schistosoma mansoni: the survival and
reproductive status of mature infections in mice treated with oxamniquine. J.
Helmint., 56: 257-262, 1982.

RAGHUNATHAN, L. & BRUCKNER, D. - Identification of sex in Schistosoma
mansoni cercariae. J. Parasit., 61: 66-68, 1975,

RAINSFORD, K. D. - The chemistry of egg-shell formation in Fasciola hepatica.
Comp. Biochem. Physiol., 43B: 983-989, 1972.

READ, A.F. & NEE, S. — Male Schistosomes: more than just a muscle? Parasit.
today, 6: 297, 1990.

REY, L. — Bases da parasitologia médica. 2 ed. Rio de Janeiro, Guanabara
Koogan, 1992.

RIBEIRO-PAES, J. T. & RODRIGUES, V. - Electrophoretical and histochemical
characterization of Schistosoma mansoni phenol oxidase. Comp. Biochem.
Physiol., 111B: 69-74, 1995.

ROBINSON, D. L. H. - Egg-laying by Schistosoma mansoni in vitro. Ann.
trop. Med. Parasit., 54: 112-117, 1960.

ROLLINSON, D. & SOUTHGATE, V. R. - The genus Schistosoma: a taxonomic
appraisal. In: ROLLINSON, D. & SIMPSON, A. J. G ., ed. The biology of
schistosomes. From genes to latrines. London, Academic Press, 1987. p. 1-49.

ROLLINSON, D.; SOUTHGATE, V. R.; VERRUYSSE, J. & MOORE, P. J. -
Observations on natural and experimental interactions between Schistosoma
bovis and S. curassoni from West Africa. Acta trop. (Basel), 47: 101-114, 1990.

RUMIJANEK, F. D.; BRAGA, V. M. M. & KELLY, C. - DNA binding proteins
of Schistosoma mansoni recognizing an hexanucleotide motif occuring in genes
regulated by steroids. Comp. Biochem. Physiol., 94: 807-812, 1989.

SAGAWA, E.; OGI, K. & SUMIKOSHI, Y. - Study concerning the influence of
sex on the growth of animal bodies. 1. report. Experiment of Schistosoma
Jjaponicum. Trans. Jap. path. Soc., 18: 494-500, 1928.

SAHBA, G. H. & MALEK, E. A. - Unisexual infection with Schistosoma
haematobium in the white mouse. Amer. J. trop. Med. Hyg., 26: 331-333, 1977.

SCHAEFFER, J.: KRAMER, K. J.; GARBOW, J. R. et al. - Aromatic cross-links
in insect cuticle: detection by solid-state “C and "N NMR. Science, 235:
1200-1204, 1987.

. SCHILLER, J. E.; SHIRAZIAN, D. & CHILDS, J. E. - Time-lapse video tape

documentation of chemical orientation by Schistosoma mansoni in vitro. J.
chem. Ecol., 12: 1739-1744, 1986.

SEKERIS, C. E. & FRAGOULIS, E. G. - Control of DOPA-decarboxilase. In:

343



RIBEIRO-PAES, J. T. & RODRIGUES, V. — Sex determination and female reproductive development in the genus Schistosoma: a review. Rev. Inst. Med. trop. S. Paulo,

39(6):337-344, 1997.

97.

98.

99.

100,

101

102,

10

‘s

104.

106.

107.

108.

109.

110.

112.

114.

1

116.

7.

(¥

KERKUT, G. A. & GILBERT, L. I, ed. Comprehensive insect physiology,
biochemistry and pharmacology. Oxford, Pergamon Press, 1985, v. 8. p.
147-164.

SEVERINGHAUS, A. E. - Sex studies on Schistosoma japonicum. Quart. J.
micr. Sci., 71: 653-707, 1928.

SHAW, J. R. = Schistosoma mansoni: pairing in vitro an development of females
from single sex infections. Exp. Parasit., 41: 54-65, 1977.

SHAW, J. R. — Elemental changes during sexual maturation in Schistosoma
mansoni. J. chem. Ecol., 12: 1765-1775, 1986.

. SHAW, J. R. & ERASMUS, D. A. - Schistosoma mansoni: an examination of
the reproductive status of female from single sex infections. Parasitology, 82:
121-124, 1981.

.SHAW, M. K. & ERASMUS, D. A. - Schistosoma mansoni: changes in elemental
composition in relation to the age and sexual status of the worm. Parasitology,
86: 439-453, 1983,

SHAW, J.R.; MARSHALL, I. & ERASMUS, D. A. - Schistosoma mansoni: In
vitro stimulation of vitelline cell development by extracts of male worms. Exp.
Parasit., 42: 14-20, 1977.

.SHIRAZIAN, D. & SCHILLER, E. C. - Mating recognisation by Schistosoma
mansoni in vitro. J. Parasit., 68: 650-652, 1982.

SHIRAZIAN, D.; CHILDS, J. E.; HAWKINS, J. T. & SCHILLER, E. L. - Mating
preference in Schistosome mansoni. J. chem. Ecol., 12: 1713-1723, 1986.

5.SHORT, R. B. — Inter-generic crosses among schistosomes (Trematoda:

Schistosomatidae). J. Parasit., 34: 30, 1948.

SHORT, R. B. - Sex studies on Schistosomatium douthitti (Cort, 1914) Price,
1931 (Trematoda, Schistosomatidae). Amer. Midl. Nat., 47: 1-54, 1951.

SHORT, R. B. — Uniparental miracidia of Schistosomatium douthitti and their
progeny (Trematoda: Schistosomatidae). Amer. Midl. Nat., 48: 55-68, 1952.

SHORT, R. B. = Chromosome and sex in Schistosomatium douthitti. J. Hered.,
48: 2-6, 1957.

SHORT, R. B. - Sex and the single schistosoma. J. Parasit., 66: 4-22, 1983.
SHORT, R. B. & GROSSMAN, A. I. - Conventional Giemsa and C-banded

karyotypes of Schistosoma mansoni and S. rodhaini. J. Parasit., 67: 661-671,
1981.

.SHORT, R. B.: LIBERATOS, J. D.; TEEHAN, W. H. & BRUCE, J. I. -

Conventional Giemsa-stained and C-banded chromosomes of seven strains of
Schistosoma mansoni. J. Parasit., 75: 920-926, 1989.

SHORT, R. B. & MENZEL, M. Y. - Chromosomes of nine species of schistosomes.
J. Parasit., 46: 273-287, 1960.

.SHORT, R. B.; MENZEL, M. Y. & PATHAK, S. — Somatic chromosomes of

Schistosoma mansoni. J. Parasit., 65: 471-473, 1979.

SHORT, R. B.; TEEHAN, W. M. & LIBERATOS, J. D. — Chromosomes of
Heterobilharzia americana (Digenea: Schistosomatidae) with ZWA sex
determination, from Louisiana. J. Parasit., 73: 941-946, 1987.

SKUCE, P.J.; JOHNSTON, C. F.; FAIRWEATHER, I. et al. - Immunoreactivity
to the pancreatic polypeptide family in the nervous system of the adult human
blood fluke, Schistosoma mansoni. Cell Tiss. Res., 261: 573-581, 1990.

SMITH, S. W. & CHAPPELL, L. H. - Single sex Schistosomes and chemical
messengers. Parasit. today, 6: 297-298, 1990.

SMYTH, J. D. & CLEGG, J. A, — Egg-shell formation in Trematodes and
Cestodes. Exp. Parasit., 8: 286-323, 1959.

344

118.

119.

120.

12

12

I

12

)

124.

125

126.

128.

129.

130.

131.

132,

133.

134,

13

136.

[

SOUTHGATE, V. R.; ROLLINSON, D.; ROSS, G. C. & KNOWLES, R. J. -
Mating behavior in mixed infections of Schistosoma haematobium and .
intercalatum. J. nat. Hist., 16: 491-496, 1982.

SOUTHGATE, V.R.; VAN WIIK, H. B. & WRIGHT, C. A. - Schistosomiasis at
Loum, Cameron; Schistosoma haematobium, S. intercalatum and their natural
hybrids. Z. Parasitenk., 49: 145-159, 1976.

STANDEN, O. D. - Sex studies on Schistosomatium douthiti (Cort, 1914)
Price, 1931 (Trematoda: Schistosomatidae). Amer. Midl. Nat., 47: 1-54, 1953.

.TAYLOR, M. G. - Hybridization experiments of five species of African

Schistosomes. J. Helminth., 44: 253-314, 1970.

TAYLOR, M. G. - Further observations on the sexual maturation of female
schistosomes in single sex infections. J. Helminth., 45: 89-92, 1971.

.TAYLOR, M. G.; AMIN, M. B. A. & NELSON, G. S. - Parthenogenesis in

Schistosoma matheei. J. Helminth., 43: 197-206, 1969.

TCHUEM-TCHUENTE, L. A.; IMBERT-ESTABLET, D.; DELAY, D. &
JOURDANE, J. - Choice of mate, a reproductive isolating mechanism between
Schistosoma intercalatum and S. mansoni in mixed infections. Int. J. Parasit.,
23: 179-185, 1993.

. TCHUEM-TCHUENTE, L. A.; IMBERT-ESTABLET, D.; SOUTHGATE, V. R.

& JOURDANE, J. - Interspecific stimulation of parthenogenesis in
Schistosoma intercalatum and S. mansoni. J. Helminth., 68: 167-173, 1994,

TCHUEM-TCHUENTE, L. A.; SOUTHGATE, V. R.; COMBES, C. &
JOURDANE, J. — Mating behaviour: are paired worms always faithful. Parasit.
today, 12: 231-236, 1996.

.TORPIER, G.; HIRN, M.; NIRDE, P.; DE REGGI, M. & CAPRON, A. -

Detection of ecdysteroids in the human trematode Schistosoma mansoni.
Parasitology, 84: 123-130, 1982.

VOGEL, H. — Uber der Einfluss des Geschlechtspartners auf Wachstum und
Entwicklung bei Bilharzia mansoni und bei Krewzpaarungen zwischen
verschiedenen Bilharzia-Arten. Z. Bakt. Parasit. infek., 148: 78-96, 1941.

VOGEL, H. - Hermaphrodites of Schistosoma mansoni. Ann. trop. Med.
Parasit., 41: 266-277, 1947.

WAITE, H. J. H. = The phylogeny and chemical diversity of quinone-tanned
glues and varnishes. Comp. Biochem. Physiol., 97B:19-29, 1990.

WAITE, H. & RICE-FICHT, A. C. - Presclerotized eggshell protein from the
liver fluke Fasciola hepatica. Biochemistry, 26: 7819-7825, 1987.

WEILER, C. & OHNO, S. - Cytological confirmation of female heterogamety in
the African water frog (Xenopus laevis). Cytogenetics, 1: 217-223, 1962.

WELLS, K. & CORDINGLEY, J. S. = Schistosoma mansoni: eggshell formation
is regulated by pH and calcium. Exp. Parasit., 73: 295-310, 1991.

WRIGHT, C. A.; SOUTHGATE, V. R.; VAN WIJK, H. B. & MOORE, P. J. -
Hybrids between Schistosoma haematobium and S. intercalatum in Cameroon.
Trans. roy. Soc. trop. Med. Hyg., 66: 413-414, 1974.

WRIGHT, C. A. & ROSS, G. C. - Hybrids between Schistosoma haemarobium
and S. martheei and their identification by isoelectric focusing of enzymes.
Trans. roy. Soc. trop. Med. Hyg., 74: 326-332, 1980.

WRIGHT, T. R. F. — The genetics of biogenic amine matabolism, sclerotization,
and melanization in Drosophila melanogaster. In. SCANDALIOS, J. G., ed.
Advances in genetics. London, Academic Press, 1987. v. 21. p. 127-222.

Recebido para publicagdo em 12/03/1997
Aceito para publicagio em 14/11/1997



