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Pseudohermaphroditism in Ilyanassa obsoleta

(Mollusca: Neogastropoda)

Abstract. Field studies, a rearing and maintenance program, and a transfer exper-
iment have shown that anomalous male traits found in some female Ilyanassa obso-
leta are an expression of environmentally controlled pseudohermaphroditism. The
particular pattern of pseudohermaphroditism discovered in this species has not been
reported previously from any other group, but may be characteristic of the Neo-

gastropoda.

Females with a penis have been found
in a number of apparently dioecious neo-
gastropod species in which most individ-
uals are clearly male or female (/-12).
The female’s penis is located on the head
behind the right cephalic tentacle, just as
the male’s is; it is sometimes ‘‘vestig-
ial,”” but in other cases resembles the
male’s organ in both size and shape (/-
9). In some females a ‘‘sperm duct’
leads up to the penis, and the oviduct is
convoluted, resembling the male’s vas
deferens (I-4). Although they possess
male sexual traits, these penis-bearing
females are not simultaneous hermaph-
rodites. Dissections, gonadal smears,
and histology have shown that they have
a complete female system and produce
ova, but their male system is incomplete,
the testis being absent (/-6).

Several hypotheses have been pro-
posed to explain this phenomenon. The
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most notable is that the snails are pro-
tandric hermaphrodites that first func-
tion as males, then change into females,
losing the testis but keeping male sec-
ondary traits (¢, 12, 13). But sex ratio
and size frequency analyses done on
populations of two species having some
females with male structures have failed
to provide any evidence of sex change
6, 11), and the hypothesis has not been
tested experimentally.

The study of anomalous sex traits in
neogastropods has been hampered by
the similar coloration of the male and fe-
male systems in most species, which
makes the distinction between males and
penis-bearing females difficult 6, 13, 14).
The mudsnail Ilyanassa obsoleta, a neo-
gastropod in which some females have a
penis (3), differs in this regard; males
have a bright red-orange testis, whereas
the females have a white ovary and a
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white egg capsule gland with red lips. It
is thus simple to tell whether a dissected
I. obsoleta with a penis is actually a
male, or a female with male traits. This
made I. obsoleta well suited for a study
of anomalous sex traits.

I examined over 10,000 I. obsoleta
from more than 70 populations during a
10-year period. Each snail was cracked
and removed from its shell; its sex and
any anomalous sexual traits were record-
ed. To assure the accuracy of sexual
identifications, I examined the entire re-
productive system, not just a single diag-
nostic feature.

Female I. obsoleta with male traits
were found to be common; however, the
percentage of females having a penial or-
gan varied greatly between sites. Al-
though a complete range of population
types was found, at many sites no fe-
males with a penial structure were ever
collected; in many other locations nearly
all the females examined had a penis of
some kind (Table 1). The two extreme
population types showed no geographi-
cal pattern. They did not appear related
to sex ratio, and males were not scarce at
the sites where most females had a penis
(I5). Repeated samples revealed that
male traits were present year round at
the sites where females had them. The
female’s penis was lost at the end of the
reproductive season, just as the male’s
was, but in both sexes a penial bump re-
mained from which a new penis later de-
veloped.

Most populations, including some fol-
lowed for 10 years, stayed the same year
after year. At those sites where females
originally lacked male traits (for ex-
ample, Newport River Causeway, North
Carolina), they continued to lack them
during the survey period. Where females
originally had a penis (for example,
Bogue Sound, North Carolina), females
had penial organs throughout the study.
This was true even where populations of
the two extreme types were located
within the same sound or estuary and on-
ly a few kilometers apart. This con-
sistency cannot be explained either by
genetic isolation or by low recruitment
rates, since the larvae of I. obsoleta have
a long planktonic existence (/6), and im-
mature forms comprise a large portion of
the populations each year.

Males with a female character, the
eggcase-molding foot gland, were also
found; this anomaly has not been report-
ed before from any neogastropod. Such
males were very rare, and their occur-
rence did not appear related to the pres-
ence of penes in females.

Immature I. obsoleta form distinct
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year classes that can be recognized read-
ily (/7). Examination of these individuals
disclosed that although they lack a gonad
and sex ducts until about 2'/2 years after
metamorphosis, some have a bump or
other penial structure in the same loca-
tion as the adult’s penis; this appears as
early as 3 weeks after metamorphosis.
There are no previous published reports
of such sexual traits occurring in imma-
ture neogastropods. Immature forms
having a penial structure and those lack-
ing it were not distributed randomly
among the populations sampled (Table
1). In those populations where the adult
females lacked male traits, immatures
with a penial bump and those without it
were present in an approximate 1:1 ra-
tio. In populations where most adult fe-
males had a penis, all the immatures had
a penial structure also. This pattern sug-
gested that 1. obsoleta, like some other
molluscs (/8), has alternative patterns of
sexuality; at some locations it acts as a
dioecious species, with those immatures
having a penis developing into males,
those without developing into females; at
other sites the snails function as pro-

tandric hermaphrodites, with all imma-
tures developing first into males, then
some or all changing into females later,
retaining part of the male system from
their previous sexual phase.

To test this hypothesis of alternative
sexuality, I collected I. obsoleta from
two populations that displayed the two
extreme sexual patterns. The secondary
sex traits of live uncracked snails were
then ascertained by holding each snail in
a bowl of seawater set on a microscope
stage, until the animal fully extended its
head and foot. Immatures were exam-
ined for a penial bump, adults for a pen-
ial organ and a pedal eggcase-molding
gland. The snails were marked to in-
dicate their source and sexual character-
istics, then placed in identical outdoor
tanks at the University of North Caroli-
na’s Institute of Marine Sciences. The
tanks were close together, but there was
no communication between them, and
they were covered with wire mesh to
prevent the snails from escaping.

Table 2 shows the design and expected
results of the four experimental groups.
In tank 1 were placed 200 immatures

Table 1. Occurrence of penial structures in female and immature 1. obsoleta. Data from nine
representative sample sites, showing the number of females without a penial structure (¢ %),
females with a penial structure (29 ¢9), immatures without a penial structure (imm?®), and im-
matures with a penial structure (imm?¢) collected.

Type of
Sample site Type of female immature
Q9 QdQd imm®  imm®
Bird Shoals, Beaufort, North Carolina 59 0
School Marsh, Wrightsville Beach, North Carolina 59 0
Radio Island, Beaufort, North Carolina 103 0 13 13
Folly Creek, Virginia 78 0 179 167
Newport River Causeway, Beaufort, North Carolina 467 0 153 118
Bridgeport, Connecticut 2 56 0 96
Banks Channel, Wrightsville Beach, North Carolina 3 98 0 123
Bogue Sound, Morehead City, North Carolina 29 651 2 124
Lewes, Delaware 15 1188 0 1404

Table 2. Rearing and maintenance experiment. Symbols: 3 8 = males; ? ¢ = females without
a penial organ; 29 2¢ = females with a penial organ; imm® = immatures without a penial or-

gan; imm® = immatures with a penial organ. Numbers in parentheses indicate the numbers of
individuals recovered.
Sal_nple Population Initial Expected results Actual results
site type groups
Tank 1
Folly Dioecious 100 imm? 100 percent 3 & 100 percent & 8 (72)
Creek 100 imm® 100 percent @ 9 100 percent ? ¢ (81)
Tank 2
Lewes Protandric 200 imm? 100 percent 8 & 48 percent 3 & (84) plus
52 percent 29 29 (92)
Tank 3
Lewes Protandric 500383 Some 9%99 100 percent & & (400)
Tank 4
Lewes Protandric 250 3 3 plus An increase in per- 50 percent & 8 (241) plus
250 @9 @9 centage of females 50 percent 93 29 (246)
1408

from Folly Creek, Virginia, a ‘‘dioe-
cious’ population. Of these, 100 had a
penial bump; the other 100 lacked such a
structure. It was hypothesized that those
with a penial organ would become males,
those without would become females. In
tank 2 were placed 200 immatures from
Lewes, Delaware, a ‘‘protandric’’ popu-
lation. All these possessed a penial or-
gan, and it was hypothesized that all
would become males. In the third tank,
500 males from Lewes were maintained
in isolation from females, while in tank 4
were placed 250 males and 250 females
from the same site. The snails in tank 4
were not marked to indicate their sex. It
was hypothesized that if the Lewes pop-
ulation were protandric, some of the 500
isolated males would become females,
and the ratio of females to males in the
last tank would increase.

The snails were put in the tanks in
May, at the end of the reproductive sea-
son, and kept there through the summer
nonreproductive period. When the ani-
mals entered reproductive condition in
the fall, they were removed from the
tanks, cracked, and examined. The im-
matures from Folly Creek developed as
expected (Table 2). All with a penial
bump became males; all without became
females. But the immatures from Lewes
did not all develop into males. Approxi-
mately half of these immatures with a
penial bump developed directly into pen-
is-bearing females without passing
through a male phase. The data did not
depart significantly from results *ex-
pected if potential females and potential
males were present among the Lewes
immatures in a 50:50 ratio (x2 = .364;
P > .5). Furthermore, none of the iso-
lated males became females, and there
was no significant change in the ratio
of males to females in tank 4 (x> = .05;
P > .75).

The basic sexuality of the two I. obso-
leta populations is thus the same, despite
the extreme differences between them in
the occurrence of male secondary traits
in immature and adult females. In both
kinds of populations, potential males and
potential females are present among the
immatures in an approximate 50:50 ra-
tio. And, in both, each immature be-
comes either a male or female when it
reaches sexual maturity, then retains
that sexual identity.

Thus I. obsoleta is a dioecious species
in which anomalous sex traits occur in
some individuals; this type of sexuality is
called pseudohermaphroditism (/9). The
terms male and female pseudo-
hermaphrodite have been used to de-
scribe the two forms of this sexual state,
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but these suffer from ambiguity and awk-
wardness. 1 propose that a male with
false female traits be called a pseudo-
gynous male and be symbolized 3¢, and
that a female with false male attributes
be termed a pseudandric female and be
symbolized 9.

The pseudohermaphroditism of I. ob-
soleta appears to be the first demon-
strated instance in the molluscs of this
type of sexuality, which is known pri-
marily from vertebrates (/9). The kind of
pseudohermaphroditism displayed by 1.
obsoleta is very unusual. The marked
differences between populations, the
correlation between the degree of pseud-
andry in adult females and the preva-
lence of penial organs in immatures, and
the maintenance of population character
despite apparent genetic exchange, to-
gether form a pattern that has not been
reported in any other group of pseudo-
hermaphrodites. Furthermore, this pat-
tern suggests that in 1. obsoleta pseudo-
hermaphroditism is environmentally
controlled. This hypothesis is supported
by the results of a transfer experiment I
conducted between a pseudandric and
nonpseudandric population, using 400 I.
obsoleta. Normal males transferred be-
tween the sites showed no change. But
every pseudandric female moved to the
nonpseudandric location either lost all
male traits or kept only a small penial
bump, while all their controls at the
home site retained large penes. Similar-
ly, some nonpseudandric females moved
to the pseudandric location developed
male attributes, while all their controls
remained free of any male characteristics
20).

I also examined other neogastropods
to determine how common anomalous
sex traits are within the order. I found
such traits in almost every species I col-
lected, thereby increasing from 18 to 34
the number of species and subspecies in
which they are known; these include
members of all four superfamilies (27).
Also, although they are not as extensive,
my field data on Urosalpinx cinerea, Nu-
cella emarginata, Eupleura caudata,
Nassarius vibex, Fasciolaria lilium hun-
teria, Terebra dislocata, and others bear
a striking resemblance to those on 1. 0b-
soleta. Populations differ in the preva-
lence of penial structures in adult fe-
males; the occurrence of these traits is
related to the proportion of immatures
bearing a penial organ; and populations
maintain their character even when near
different populations of the same species
(20). These strong parallels indicate that
environmentally controlled pseudo-
hermaphroditism may be a major sexual
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phenomenon in the Neogastropoda and,
indeed, may be the basic sexual pattern
in the order.

MARTHA GARRETT JENNER
Curriculum in Marine Sciences,
University of North Carolina,
Chapel Hill 27514
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Substance P: Evidence for Diverse Roles in

Neuronal Function from Cultured Mouse Spinal Neurons

Abstract. Mouse spinal neurons grown in tissue culture were used to examine the
membrane mechanisms of action of the peptide substance P. Two functionally dis-
tinct actions were observed, one being a rapidly desensitizing excitation, and the
other being a dose-dependent, reversible depression of excitatory responses to the
putative amino acid neurotransmitter glutamate. These effects on excitability sug-
gest that substance P may play more than one role in intercellular communication in

the nervous system.

The presence of the peptide called
substance P (SP) in specific neurons and
pathways in the central nervous system
(CNS) (/) has prompted many investiga-
tions into its role in neuronal function
(2). Discrete pharmacological appli-
cations of SP onto central neurons in
vivo and in situ alters their excitability
(3-10), suggesting that the peptide medi-
ates specific synaptic transmissions in
the same way as a neurotransmitter (3,
7-9). The relatively slow time course of
some SP responses (¢, 6, 7, 10) and the
finding that SP depresses responses to
other putative neurotransmitters (/7, 12)
have led to the suggestion that the pep-
tide may not function as a neurotransmit-
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ter 4, 6, 7, 10, 11, 13). We have used
dissociated mouse spinal neurons grown
in cell cultures as a model system to
study the membrane mechanisms of ac-
tion of SP, and we report here that the
peptide clearly has at least two opera-
tionally distinct actions on membrane
properties, including a rapid excitatory
effect.

Spinal neurons were dissociated from
13-day-old mouse embryos and grown in
tissue culture for 2 to 3 months according
to methods described (/4, 15). The neu-
rons, growing as a monolayer in a plastic
petri dish, were then brought to the mod-
ified stage of an inverted phase micro-
scope and viewed at X250 magnification
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