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Masculinization in a Hermaphroditic Female of the
Mosquitofish Heterandria formosa
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Abstract A masculinized female of Heterandria formosa is described for the first time. In size it ranges
with 28 mm total length between adult males (17-20 mm) and adult females (35-40 mm). A masculinized
anal fin of about 5 mm length is clearly evident. Rays I and II are reduced as in normal males. Rays III
to V are elongated and show features of a developing gonopodium. The remaining rays VI to VIII show
the expected shape of a “normal fin.” The genus-specific hook which normally originates in the anterior
ramus of ray IV and the proximal serrae which derive from the posterior ramus of ray IV are absent in
the masculinized analis. The gravid spots of pregnant normal females are absent. The causes for the
formation of a masculinized anal fin in a female of H. formosa are still unknown. In the masculinized
female a hermaphroditic gonad is found in which female and male sections are readily distinguishable.

The female regions are dominant.
vitellogenesis showing a thin zona radiata.

and mature spermatozoa simultaneously occur in the gonad, is unique among fishes.

The oocytes of the hermaphroditic gonad are in the stage of

The male regions with spermatozoa and Sertoli cells are

distributed throughout the ovarian tissue. This mode of hermaphroditism, in which both mature oocytes
maphroditism in this species (Riehl, 1980). This

The mosquitofish Heterandria formosa Agassiz,
1853 is a very small viviparous fish which belongs to
the family Poeciliidae. In common with most poe-
cililds, H. formosa displays strong sexual dimor-
phism. Adult males are usually only one-half (20
mm) the size of mature females (up to 40 mm). The
anal fin of males is modified for the transfer of sperm
packets into the female genitalium during copula-
tion. This analis modification is called gonopodium.

Gonopodia do not normally occur in female poe-
ciliids, but they can be induced experimentally by
androgenic hormone treatments (Turner, 1941,
1942; Takahashi, 1975) or plant sterol treatments
(Denton et al.,, 1985; Howell and Denton, 1989).
Strongly masculinized females were also found in a
natural population of Gambusia affinis holbrooki
inhabiting a stream which receives paper-mill efflu-
ents (Howell et al.,, 1980). Recently Rasotto and
Zulian (1989) reported about abnormal hermaph-
roditic females of Gambusia affinis holbrooki from a
hot spring in north-eastern Italy with similar mas-
culinized characters.

Masculinization in females of Heterandria formosa
has not been observed before. The presence of
spermatozoa in the ovary of nulliparous adult fe-
males indicated the occurrence of an abnormal her-

observation appears to be unique, because H. for-
mosa is the only known species of fish in which
mature spermatozoa and eggs are found simultane-
ously in the gonad.

These hermaphroditic females in H. formosa gave
a first hint of masculinization in females in this
species. During a study on the reproductive biology
of H. formosa a single specimen with a hermaphro-
ditic gonad was discovered which showed both
physical secondary male and female sexual charac-
teristics. The characteristics and the morphology of
this hermaphroditic gonad are reported below.

Materials and methods

Heterandria formosa was kept in aquaria measur-
ing 50 X35X30cm and reared with the usual meth-
ods. Juveniles were isolated after birth and kept
solitary in small translucent plastic boxes during
adolescence to prevent sperm storage.

For demonstration of fin rays by light microscopy
a modified method of Spalteholz was applied as
described in a previous paper (Riehl and Schmitt,
1981).

For scanning electron microscopy the specimen
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Fig. 1. Morphology of the gonopodium in a normal male of Heterandria formosa. a: The gonopodium consists
of the rays INI-IV. The bones are stained with a modified Spalteholz method. X 7. b: SEM micrograph of
the tip of gonopodium. Note the genus-specific hook of the anterior ramus of ray IV. The posterior ramus
of ray 1V shows proximal serrae. x30. G, gonopodium; H, hook; NF, normal fin; PS, proximal serrae; 1+

I1, 111, 1V, V, rays of analis.

was fixed with 2.5% glutaraldehyde in veronal ace-
tate buffer at pH 7.3 for 24 hours. After washing in
the same buffer dehydration was carried out in a
graded series of acetone. The specimen was dried in
a Balzers critical point dryer, mounted on a brass
support with conducting silver and then coated with
a 30nm thick layer of gold in an Emscope SC 500
sputter coater. The specimen was examined with a
Leitz AMR 1000 scanning electron microscope at 30
kV.

For transmission electron microscopy the herma-
phroditic ovary was fixed in 3% glutaraldehyde in
cacodylate buffer with pH 7.4 for 4 hours. After
washing with the same buffer sections of the ovary
were postfixed in 2% osmium tetroxide, dehydrated
in a graded series of ethanol and embedded in Aral-
dite. Ultrathin sections were stained with lead cit-
rate and examined with a Philips EM 301.

Results

The gonopodium of a normal male. In adult

males the anal fin measures up to 10 mm and the
number of rays varies from 8 to 11. The rays are
identified from cranial to caudal by roman numbers.
The analis is subdivided into three distinct parts: 1)
The anterior is considerably reduced in size and
contains rays I and II. 2) The central section is the
true gonopodium as it serves for the transfer of
sperm. This function is achieved by an elongation
and modification of the rays III to V. 3) The
posterior part includes rays VI to VIII/IX/X/XI and
is referred to as “normal fin” (Fig. 1a).

Ray III is the strongest and the main supporting
element of the gonopodium. Rays IV and V are
dorsal to ray I1I. They are composed of an anterior
and a posterior ramus. All rays consist of bone
segments. In some poeciliids ray III bears spines but
in H. formosa these spines are strongly reduced. Ray
IV is comparatively thin and its anterior ramus
forms a hook that is genus-specific (Fig. 1b). The
posterior ramus of ray IV shows proximal serrae and
ray V has a canoe-like appearance (Riehl et al,
1978).
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Fig. 2. Micrograph of the masculinized hermaphroditic female of Heterandria formosa. a: The arrow points to

the gonopodium-like analis.

Gravid spots are absent on either side of the abdomen. X3.

b: SEM

micrograph of the masculinized gonopodium-like analis in this female. X 19. G, gonopodium-like analis;

NF, normal fin; [+1I, rays of analis.

The gonopodium of the hermaphroditic female.
Fig. 2a shows the hermaphroditic female of Heter-
andria formosa. Its 28 mm total length places it
between adult males (17-20mm) and adult females
(35-40mm). The masculinized anal fin of about 5
mm is clearly evident (Fig. 2).

Rays I and II are reduced as in normal males.
Rays III to V are elongated and show the features of
a developing gonopodium. The remaining rays VI to
VIII are neither modified nor reduced and show the
expected shape of the “normal fin” (Fig. 2b). The
genus-specific hook originating in the anterior ramus
of ray IV and the proximal serrae derived from the
posterior ramus of ray IV are absent in this specimen
as are the gravid spots which appear in normal
pregnant females on both sides of the abdomen.

Ultrastructure of the hermaphroditic gonad. The
ovaries of normal Heterandria formosa are paired,
sac-like organs in the dorsal posterior of the body
cavity and measure between 6 and 12mm. The
capsule of the ovary consists of several layers of
smooth muscle which are covered externally by the

peritoneum.

The gonad of the hermaphroditic female has a
length of 7mm and does not visibly differ from those
of normal females. It is not separated into male and
female regions. In the electron microscope, how-
ever, the female and male sections of the gonad are
readily distinguishable (Fig. 3). Serial sections
showed considerably larger female regions. The
male regions with the expected spermatozoa and
Sertoli cells are distributed throughout the ovarian
tissue. They occur without any topographic regu-
larity in the ovary. Other germinal and somatic
components, e.g. Leydig cells, were not found. The
Sertoli cells were identified by means of their large
nuclei, their amount of microtubuli, their processes
and the fact that they rest on the basal lamina.

Vitellogenic oocytes (stage 111 according to Arndt,
1956) adjoin spermatozoa and Sertoli cells (Fig. 3).
In common with other viviparous fishes, the oocyte is
enveloped by a thin zona radiata (1.5 um) which
peripherally faces an intercellular space of variable
width as known from many other teleost species.
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Microvilli of the oolemma and the follicle epithelium
project into this space. The oocytous microvilli pass
the zona radiata. The follicle epithelium consists of
elongated cells and is located next to the intercellular
space. The follicle epithelium is surrounded by a
well-developed basal lamina. A theca folliculi is
apparently lacking, whereas a mono-layered theca
folliculi occurs around the oocytes of normal fe-
males. The Sertoli cells which encircle the spermato-
zoa adjoin the described basal lamina. The sperim
heads are aligned in a horseshoe-shape and face the
Sertoli cells (Fig. 3).

Discussion

Gonopodia do not normally occur in female poe-
ciliids. Gonopodia and other secondary sex char-
acters have been experimentally induced by the treat-
ment of females with the androgenic hormone
(ethynyl testosterone) (Turner, 1941, 1942). This
hormone induced gonopodial development in young
female Gambusia affinis. Similar experiments have
been performed on the guppy (Poecilia reticulata)
and the swordtail (Xiphophorus helleri) with testos-
terone propionate (Régnier, 1938) and on guppies

: 4

Fig. 3. TEM micrograph of the hermaphroditic gonad. Note oocyte in state of vitellogenesis and mature
spermatozoa. The heads of spermatozoa are aligned in a horseshoe-shape and face the Sertoli cells. A
vitellogenic oocyte adjoins spermatozoa and Sertoli cells. X 3,220. BL, basal lamina; CG, cortical granule;
FE, follicle epithelium; IS, intercellular space; LY, lipid yolk; MP, midpieces of spermatozoa; OP,
oocytoplasm: SC, Sertoli cells; S, sperm heads; T, tails of spermatozoa; Y, yolk; ZR, zona radiata.

with methyltestosterone (Takahashi, 1975). These
androgens induced gonopodial structures in the
female anal fins of both species.

Apart from androgens a variety of other condi-
tions or agents have been shown to induce mascu-
linization in female poeciliids, such as treatment with
chorionic gonadotropin (Baldwin and Li, 1942),
X-rays (Vivien, 1952), incomplete hypophysectomy
(Vivien, 1952), old age (Essenberg, 1926), parasites
(Wurmbach, 1951) and paper-mill effluents (Howell
et al., 1980; Howell and Denton, 1989).

In 1980 Howell et al. observed a puzzling situation
in a population of Gambusia affinis holbrooki which
inhabited a stream polluted by pulp wastes from a
paper-mill. All females within this population were
abnormal. They showed a well-developed, male-like
gonopodium and displayed typical male reproductive
behavior. This led Howell et al. (1980) to hypoth-
esize that some chemical substances or combination
of substances associated with the paper-mill effluents
was exerting a strong androgenic effect upon this
population. Histological data showed that the atyp-
ical females were not sex-reversed and did not have
abnormal ovaries. The masculinization did not in-
terfere with ovarian development or the ability to
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copulate and to produce offspring. In 1981 Bortone
and Drysdale discovered a second population of
Gambusia with masculinized females which were
collected also in a stream polluted by paper-mill
wastes.

These reports prompted Denton et al. (1985) to
look for compounds in paper-mill effluents with
androgenic effects on female Gambusia. It was dis-
covered that paper-mill wastes contained the plant
sterols beta-sistosterol and stigmastanol. Further-
more, it was shown that a relationship between these
plant sterols and added Mycobacterium smegmatis
existed. Females exposed to the microbially de-
graded stigmastanol developed male-like gonopodia
within six days.

In 1989 Rasotto and Zulian found a population of
Gambusia affinis holbrooki inhabiting a small hot
spring near Padova in north-eastern Italy. The
females were masculinized and one showed a her-
maphroditic gonad. This gonad contained a few
degenerating vitellogenic oocytes and developed
testicular tissue with many cysts of spermatids and
spermatozoa. Despite the presence of spermatozoa
in the gonad, this individual lacked a functional
gonopodium. The reason for the masculinization
remained unclear. Further investigations aim to
identify possible environmental influences.

The hermaphroditic females of H. formosa which
were described in a previous paper (Riehl, 1980) did
not have the masculinized anal fin that has been
pictured here. The absence of the gravid spots on
each side of the abdomen is to be expected because
these females were kept and reared isolated from
males.

The causes for the formation of a masculinized
anal fin in a female of H. formosa are still unknown.
Masculinization due to environmental factors, e.g.
plant sterols as reported for Gambusia, can be ex-
cluded. Furthermore, old age or parasites does not
apply here either because the specimen studied in this
paper was five months old when it was fixed and
examined. The phycomycete parasite, Ichthyophonus
hoferi, commonly infects a number of fishes and
undoubtedly has caused masculinization in various
live-bearing aquarium fishes (Atz, 1964). There was
no evidence of such an infection in H. formosa. One
can suggest a possible correlation between the oc-
currence of the hermaphroditic gonad and the ap-
pearance of the gonopodium-like analis in this
female. Additional investigations will be necessary
to confirm this supposition.

Hermaphroditism in fish can be expressed in a
variety of ways, including normal and abnormal
forms (e.g., Takahashi and Sugimoto, 1978; Brusleé,
1987). In normal hermaphrodites the condition of
the gonads is the same in all specimens and ontogeny
persists throughout in most if not all members of the
species. Hermaphroditism is regarded as abnormal
when these specimens occur rarely in a given species
of fish. Abnormal hermaphroditism is generally
distributed wider than the normal form. In syn-
chronous hermaphrodites distinctly divided male and
female parts of the gonad are active simultaneously
and in some species self-fertilization has been sug-
gested.

In many fish species oocytes are reported from the
testis, e.g. in catfishes (Srivastava and Sathyanesan,
1971), cobitids (Lodi, 1980), esocids (Dominguez
et al., 1989), cichlids (Peters, 1975) and serranids
(Smith, 1971). Testicular oocytes stop growing
when they have reached a certain size, e.g. 200 um in
cichlids (Peters, 1975). Testicular oocytes never
reveal vitellogenesis and remain “blocked” in the
previtellogenic stage. Later they become atrophic
(Reinboth, 1967; Bruslé and Brusl¢, 1975; Lodi,
1980). In most accounts a zona radiata has been
observed to be absent in testicular oocytes.

Compared with the above, oocytes of masculinized
hermaphroditic Heterandria formosa attain the vitel-
logenic stages and these oocytes are surrounded by a
thin zona radiata which is of similar appearance as
that of normal oocytes. Mature spermatozoa are
present at the same time in this hermaphroditic
gonad. These observations agree with those reported
by Riehl (1980) from two hermaphroditic, but not
masculinized females of H. formosa. To date sex
reversal has not been reported in H. formosa and
more attention has to be paid to this observation
before unequivocal results are available.
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