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HERMAPHRODITISM AMONG NORTH AMERICAN
FRESHWATER MUSSELS!

Henry van der Schalie

Museum of Zoology
The University of Michigan
Ann Avbov, Michigan 48104, U.S.A.

ABSTRACT

Information on the extent of hermaphroditism among the freshwater mussels
of the rich naiad {auna of the U.8. A, is fragmentary. In this study the gonads
of 1,871 specimens belonging to 97 species in 32 genera were histologically ex-
amined, using the paraffin block technigue for sectioning. Only 4 species in 2
unionid subfamilies were shown to be dominantly hermaphroditic (monoecious);
3 in the Anodontinae: Anodonita imbecillis, Laswigona compressa and a close
relative L. subuividis and I in the Lampsilinae: Carunculina parva.

Sporadic hermaphrodites were found in another 22 species or forms belonging
to 17 genera in 2 families. Usually such individuals appear to be predominantly
of one sex, with only a small amount of gonad tissue of the opposite sex. One
ambisexual specimen was found in the Margaritanidae, in Mavgaritifera mar-
garitifera, among 24 specimens sectioned representing 2 genera and species.
In the Unionidae accidentally monoecious individuals occurred in all 3 subfami-
les. Among the Unioninae, with 567 specimens (34 species, 11 genera)examined
such individuals were found in 9 species {or forms) of 5 genera, i, e., in Elliptio
dilatatus, E. productus, Fusconaia ebenus, F. flava, Gonidea angulata, Pleuyro-
bema covdatum, P. ¢. coccineum, Quadrula quadyrule and Tritogonia vevrucosa.
In the Anodontinae, with a total of 479 specimens (20 species, b genera) sectioned,
sporadic hermaphrodites were demonstrated in 5 species belonging to 4 genera,
of which 2 are the genera also containing the predominantly hermaphroditie
species; 1. e., they occutred in: Anodonta covpulenta, A. grandis footiana and
Lasmigona complanata as well as in Alasmidonle mavginata and Stvrophitis vu-
gosus, In the Lampsilinae, with a total of 801 specimens (41 species, 14 genera)
sectioned, the condition was detected in7 further species representing 6 genera,
i.e., in: Aclinonaias ellipsiformis, Lawmpsilis caviosa, Leplodea laevissima,
Propteva alata, Ptychobvanchus fasciolavis, P. subtentum and Villosa (Micro-
mya) ivis.

This rather extengive survey of American naiades shows that they are gener-
ally dicecious. Whether or not hermaphroditism appears in animals confronted
with difficult environmental conditions, as has been previously suggested, re-
mains an open guestion.

One of the best summary analyses of -

sexual differentiation among pelecypod
mollusks wag published by Coe (1943).
He indicated that among the 10,000 odd
‘species of bivalves about 400 were known
to deviate from the strictly dioecious or

unisexual condition and stressed that in
these every grade of sexual differenti-
ation and of ambisexuality was found,
Hermaphroditism could be complete,
partial or occasional. Among the nor-
mally hermaphroditic (ambisexual, mo-

IThis paper was read at the Second European Malacological Cengress, Copenhagen, August, 1965

and abstracted in Malacologia, 1966,

¥ has now been brought up to date in minor details.
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noecious) marine species studied, some
exhibited alternative sexual phases, in-
cluding functional hermaphroditism. Not
only could species of the same genus
differ considerably in sexualitybutthere
existed variability in different indi-
viduals of the same species or in single
individuals at different periods of life.
Similarly, the distribution of ovogenic
and spermatogenic tissues also showed
great variation. The observed variability
ig attributed to the interplay between
multiple hereditary sex differentiating
mechanisms and environmental factors,
though evidence as to the influence of the
latter yet needed further and moredirect
experimental proof.

Asg regards freshwater mussels, the
sphaeriids are all known to be her-
maphroditic, but relatively little is known
about the extent of hermaphroditism in
the larger forms. As late as 1926,
Pelseneer noted that the number of
freshwater mussels investigated in this
respect was not great. That the unionid
Anodonia may show the condition has
been known for a long time., Weigensee
{19186}, in a scholarly article on the sex
of Anodonta, thoroughly reviews the
observations made since the fime of
Leeuwenhoek in1722: he states (onp 275):

“Seit der Arbeit von Lacaze-Duthiers

Uber den Genitalapparat der Lamelli-

branchiaten wurde die Frage nach der

Geschlechtsverteilung bei  Anodonta

nicht mehr zum Gegenstand einge-
_henderer Untersuchungen gemacht,

Seit diesem Zeitpunkt war man der

Ansicht - und diese Ansicht finden wir

in fast allen heutigen Lehrbilichern

vertreten - dass sowohl Anodonia als
auch Unio in der Regel getrennt-

geschlechtlich seien. »2

Zrranslation: “Since Lacaze-Duthiers’ [1894]
work on the genital apparatus of the lamelli-
branchs, the question of sex distribution in
Anodonla has not been made the object of
further detailed investigation. The general
view held since that time - a view to be found
in almost all textbooks today - ig that Ano-
donta, as well as Unio, are, as a rule, of
separate sexes.”

Hermaphroditism in British Anodonia
was intensively studied by Bloomer
{1930, 1934, 1935, 1939)., Pelseneer
(1920) quotes Schierholz’s report of
Mavgaeritifeve a8 an occasional her-
maphrodite in Germany. In the U.8.A,
Sterki (1898) recognized hermaphro-
ditism in 3 unionids: Anodonta imbecillis,
Carunculing parve and Fusconaia flava.
In the latter 2 genera for the first time
Orimann {1812) noted, however, that most
of the Unioninae have separate sexes.
The histology of the gonads of Caruncu~
lina pavva was later studied by Tepe
{1943).

The aim of the present study was to
investigate the extent of hermaphrodit-
ism among the numerous Sspecies of
freshwater mussels (Unionacea) and, if
possible, to gain information on factors
that may serve to induce hermaphro-
ditism. During the past several years
material was collected from widely dis-
tributed locations, and 1,871 specimens
belonging to 97 species (or forms) in 32
genera (Table 1) were histologically ex-
amined. The distributionof these species
as to family group was as follows: 2
species in the Margaritanidae; and, in
the Unionidae, 34 species in the Uni-
oninae, 20 in the Anodontinae and 41 in
the Lampsilinae.

The specimens were anaesthetized
{usually in sodium nembutal) and killed
and fixed {mostly in Bouin's fluid). They
were then serially sectioned in paraffin
and stained with haematoxylin and eosin,3

RESULTS

In the preseni study, only 4 unionid
species have been found tobe dominantly
hermaphroditic (Tables 1, 2), while spo-
radic, sometimes partial hermaphro-
dites were found in 22 species distributed
in all families and subfamilies (Tables 1,

3'I‘he investigation is continuing. To date an-

other 2000 specimens have been quick frozen
and sectioned with a eryostat (& microtome
designed to cut frozen tissue). So far, no
essential differences from the results re-
ported in this paper have been found.
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TARLE 1. North American freshwater mussels sectioned to determine
zex- (97 species; 32 genera)

Species Nos. sectioned

MARGARITANIDAE (2 species; 2 genera)

Cumberlandic monodonta {Say) i2
*Marygavitifera mavgavitifera (Linnaeus) 12
24

UNIONIDAE (95 species; 30 genera)
Unioninae (34 species; 11 genera)

Amblema boykiniana {Lea)
Amblewma costata (Rafinesque)
Amblema costata plicata (Say)
Amblema neislevii (Lea}
Antblema pevuviang {Lamarck)
Amblewma pervplicata (Conrad}
Cyclonuias tubevculeta (Raf.)
Elliptio buckleyi (l.ea)
Elliptio complanatus (Dillwyn)
Elliptio cvassidens (Lamarck)
*Elliptio dilatatus (Raf.}
Elliptio fratevnus {(L.ea) 8
*Elliptio producius {Conrad) 9
Elliptio sloatianus (Lea) 8
6
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Elliptio stvigosus (Lea)
Elliptio tuomyi (Lea)

Fusconaia bavnesiana {Lea) 6
*Fusconaia ebenus (Lea) 35
*Fusconaia flave {Raf.) 68
Fusconain succissa {Lea) 34
*Gonidea angulata (Lea) : 12
Lexingtonia dolabelloides (Lea) 7
Megalonains gigantea (Barnes) 2
Plethobasus coopevrianus (Lea) 1
Plethobasus cyphyus (Raf.) 1
*Pleuvobema covdaium (Raf.) 38
*Pleurobema covdatum coccinenm (Conrad) 35

Pleurobema pyviforme (Lea) 8
Pleurobema stvodeanum (B, H, Wright) 7
Quadyula cylindvica (Say) 4
Quadrula pustulosa (Lea) 23
*Quadrula quadvula (Raf.) 85
Quadiyula quadrula speciosa (Lea) 2
* Tritogonia verrucosa {Raf. ) 9

567

Anodontinae (20 species; 5 genera)
Alasmidonta calceolus (Lea) 86
*Alasmidonta mavginata (Say) 48
Alasmidonta undulata (8ay) 4

Anodonta couperiane Lea 6
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Table 1 (contd.)

Species Nos. sectioned
Anodontinae (contd. }

*Anodonia covpulenta Cooper 35
Anodonta californiensis Tea g
*Anodonte grandis fooltiana (Lea) 12
Ancdonta cateracta Say 2
Anodonta hallenbeckii Lea 1
**Anodonta tmbecillis Say 105
Anodonte wmarginala Say &
Anodonte suborvbiculata Say 5
Anodentoides ferussacianus (Lea) 38
Aveidens confragosus (8ay) 14
*Lasmigona complanale (Barnes) 3
** Lasmigona compressa (Lea) 25
Lasmigona costata (Raf,) 8
**Lasmigona subvividis (Conrad) 2
*Stvophitus rugosus (Swainson) 64
Strophitus undulatus (Say) 9
479

Lampsilinae (41 species; 14 genera)
*Actinonaias ellipsiformis (Conrad) 206
Cavunculinag covvunculus (Lea) 6
**Carunculing parva (Barnes) 14
Carvwrculing vesicularis (Lea) 15
Dysnomia compacta (Lea) 1
Dysnomia tviguetva (Raf.) 8
Lampsilis anodontoides (Lea) i0
Lampsilis anodontoides flovidensis (Lea) 1
*Lampsilis cariosa (Say) ki
Lampsilis claibovnensis (Lea) 27
Lampsilis clavkiana (Lea) 1
Lampsilis dolabvagformis (Lea) B
Lampsilis excavata (Lea) 7
Lampsilis fasciola (Raf.) 44
Lampsilis hydinna (Lea) 8
Lampsilis siliquoidea {Barnes) 41
Lampsilis siliquoidea vosacea {DeKay) 18
Lampsilis splendida (Lea) 11
Lampsilis subangulate (Lea) 6
Lampsilis tampicoensis (Lea) [
Lampsilis ventricosq (Barnes) 20
Lawmpsilis venivicosa cohongovonfa (Ort.) 8
Leptodea fragilis (Raf.)} 18
*Leptodea laevissima (Lea) 72
Ligumia nasuta (Say) 26
Medionidus simpsonianus Walker 9
Obliquaria reflexa Rafinesque 10
Obovaria subrotunde (Raf.) 3
Plagiola lineolata (Raf.) 5
*Propteva alata {Say) 14
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Table 1 (contd. )

Species

Nos. sectioned

Lampsilinae {contd.)

Propteva purpurate {Lamarck) 2
* Piychobranchus fasciclaris (Raf.) 22
*Ptychobranchus sublentum (Say) 18

Tyuncilla donaciformis (Lea) 11

Truncilla truncata (Raf.) 1

Villosa (Micromya) fabalis (Lea) 4
*Villosa (Micvomya) iris (Lea) 77

Villosa (Micvomya) lienosa {Conrad) 11

Villosa (Micromya) nebulosa (Conrad) 4

Villosa (Micvomya) ogeecheensts {Conrad) 3

Villosa (Micromya) vibex (Conrad) iy

801
1,871

*Qceeasionally hermaphrodites

**Dominantly hermaphrodites

3}, Some of these species are discussed
in the following. Data illustrating the
gonadal picture in 27 specimens belong~
ing to 23 species or forms are given in
the legends to the figures.

I. Margaritanidae

Mavgaritifera mavgavitifeva
{Linnaeus}
Fig. 4

This long-lived circumpolar pearl
producing musselis interestingin sever-
al respects. Comfort (1957) wrote: “If
the 100-year estimate of longevity in
M. margaritifera (L.) is correct, it is
the longest-lived invertebrate known. A
life span of this order in the wild would
imply an exceedingly low adult mor-
tality.” Subseqguently Hendelberg {(1960)
reported that the species could live, at
least, 118 years, As already indieated,
Schierholz (quoted by Pelsencer, 1920)
found 1 hermaphrodite among B0 speci-
mens from northern Germany that he
sectioned, while Hendelberg {1960)failed
to find any in a series of 20 specimens
from arctic Sweden,

In 1962 I collected Margaritifevafrom
Bole Cat Creek in Yellowstone National
Park, Wyoming, U.8.A. One of a series
of 12 specimens sectioned was her-
maphroditic (Fig. 4).

II. Unionidae
a. Unioninae

Paraffin sections were made of 567
specimens of this subfamily, represent-
ing 34 species. While none were found
to be regularly hermaphroditic, 9 were
found to be occasionally so, as detailed
in Tables 1 and 3. Ortmann {1912) had
already clearly stated that most of the
Unioninae had separate sexes. He also
noted that the gonadal tissues of these
mussels were highly colored, showing
various tints of orange, pink or bright
crimson. While it has been stated that
this ecloring is associated with eggpro-
duction, Ortmann’s studies {: 244) would
indicate that the color may be found in
males as well as females. He asserts
that there is “no relation of these colors
to sex.” My own observations corrobo-
rate his statement.
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Fusconaia flava
(Rafinesque)
Figs. 8, 9

So far as I can determine, Sterki
(1898) was the first and only one to indi-
cate that this species “had a few acini
producing ova in the gonad charged with
copious sperm.” The distinction, he ex~
plained, was particularly easy because
of the bright crimson color of the ova.
The animal’s visceral mass indeed often
shows a striking coloration. Inthe spring
of 1962, a large collection of Fusconaia
flava was made in the headwaters of the
Grand River in Michigan. Some animals
in this series were orange, others white.
When an equal number of each were
sectioned, the proportion of males and
females was about equal, which tends to
support the view that visceral coloration
is not associated with sex. The her-
maphroditic individuals figured were
taken in 1959 and 1960 from Ore Creek,
a tributary in the Saginaw drainage.

b. Anodontinae

In this subfamily 479 specimens repre-
senting 20 species were sectioned (Table
1}." Of these, 8 species had hermaphro-
ditic gonads: in 3 of these species or
forms the condition was found to be
dominant (Tables 1, 2}; in the 5 others
the condition is rare (Tables 1, 3). Four
of the species showing hermaphroditism
are discussed below,

Anodonta imbecillis Say*
Fig. 1

Again Sterki (1898) was the first to
notice that all of the specimens of Ano-
donta imbecillis he examined were
gravid. He found “ova and sperma in
various proportions.” The species is
reported to be dominantly monoecious.
It is also of interest that 3 character-
“igties, i.e., the hermaphroditic state,
the lack of elevated umbones and the

4The related species Anodonta henvyana Lea
and A. gibbosa Say have not been sectioned in
this study, but from preliminary examination
it would seem that they are not monoecious.

supposed metamorphosis without para-
sitism, induced F¥. C. Baker (1927) to
establish the genus Ulferbackia. How-
ever, Mary Tucker (1928) showed clearly
that Anodonia imbecillis does have a
normal fish host, the green sunfish,
Apomolis cyanellus.

Many yvears ago, (1940} I made serial
sections of specimens of this species
from the Ann Arbor, Michigan, area. It
was evident that the acini composing the
male elements were characteristically
located along the sides of the visceral
mass and were not as widely distributed
a8 the acini containing the eggs. More
recently I examined animals congidered
to belong to this same species, from
Hillsboro River in Florida. It came
somewhat as a surprise to find that the
sexes of that population were geparate.
In a recent paper, Johnson (1965) reports
a hitherto unrecognized species of Ano-
donta, which he calls A. peggvae, also
giving Hillsboro River as one of the
localities. This report suggests thatthe
difference in the sexual condition ob-
served betweenthe northern and southern
forms, thought to be one of geographical
strain, might even be specific, a moot
point.  Johnson, incidentally, corrects
the spelling of the specific name im-~
becillis to imbecilis,

Anodonta grandis footiana {Lea)
Fig. 15

Observations by Boycott and Oldham
led Bloomer (1930, 1934, 1835, 1839) to
extensively investigate the sex conditions
of Amnodonta cygnea (L.) in the British
isles., From the structure of the gonad
he suspected possible sex reversal
(1934). Studying the ratios of males,
females and hermaphrodites in various
populations (1939) he found these constant
for, but varying between, populations.
His stimulating papers aroused our curi-
osity and our interest in Anodonta grandis
Say, the most common North American
species, about which, in contrast to 4.
imbecillis, no information was available.
As reported by van der Schalie & Locke
(1941), gonads of a lake form of this
species, A. grandis footiana were
sectioned and hermaphroditism was
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TABLE 2. The only North American naiades in which hermaphro-
ditism is the dominant condition

Families Species
MARGARITANIDAE none
UNIONIDAE:
Unioninae none
Anodontinae Anodonta imbecillis Say (Fig. 1)

Lasmigona compressa {Lea) (Fig. 2)
Lasmigona subvividis {Conrad)

Lampsilinae Carunculing porvve (Barnes) (Fig. 3}

TABLE 3. Species of North American naiades in which hermaphro-
dites were occasionally found

MARGARITANIDAE
Mavrgavitifeva margavitifera (Linn. ) (Fig. 4)
UNIONIDAE
Unioninae

Elliptio dilatatus (Raf.) (Figs. 5, )

Elliptio productus (Conrad) (Fig. 7)

Fusconaia flava (Raf.) (Figs. 8, 9)

Fusconaia ebenus (Lea)

Gonidea anguluta (Lea) {Fig. 17)

Pleurobema covdatum (Raf.)

Plewrcbema covdatum coccinewm (Conrad) (Figs. 10, 11)
Quadrula quadrula Raf.

Tritogonia verrucosa (Say) (Fig. 12)

Anodontinae

Alasmidonta marginata (Say) (Figs. 13, 14)
Anodonta covpulenia Cooper (Fig. 16)
Anodonta grandis footiana {Lea) (Fig. 15)
Lasmigona complanata (Barnes) (Fig. 18)
Strophitus vugosus {Swainson} (Fig. 19)

TLampsilinae

Actiononaias ellipsiformis(Conrad} (Figs. 20, 21}
Lampsilis cariosa (Say) (Fig. 22)

Leptodea lacvissima (Lea) {(Fig. 23)

Propteva alata (Say) (Fig. 24)

Ptychobranchus fasciolavis (Raf.) (Fig. 25)
Ptychobranchus subtenfum (Say) (Fig. 26)

Villosa (Micromya) ivis (Lea) (Fig. 27)
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FIGS. 1-9. Gonadial tissues of some North American naiades showing various
degrees of hermaphroditism {stain: haematoxylin and eosin).

FIG. 1. Ancdonta imbecillis (Say). Huron River, sbove Ypsilanti, Washtenaw Co., Michigan.
May 256, 1940. Henry van der Schalie, Collector. Specimen: 5 years old. Normal hermaphro-
dite with male and female tissues separated so that male gonad is found along the upper and outer
sides of the visceral mass. (Original photomicrograph taken at X 100),

FIG. 2. Lusmigona compressa (Lea). Ore Creek, b mi. below Hartland, Michigan. June 9,
195%, Henry van der Schalie, Collector. Specimen: 82 mm long, 5 years old, gravid. A typical
and normal hermaphrodite with eggs in one follicle and sperm developed in ancther. (Taken at
X 125}

FIG. 3. Carunculina pavva (Barnes). Tenhnessee River, Station 3, near New Johnsonville,
Tennessee. October 16, 1964. John M. Bates, Collector. Specimen: 27.5 mm long, 8 yeats
old, not gravid. A normal hermaphrodite with male and female follicles separate. (Taken at
X 125).

FIG. 4. Mavrgavitifera marvgavitifera (L.). Pole Cat Creek, just south of Yellowstone Park,
Wyoming. August 15, 1962, Henry van der Schalie, Collector. Specimen: 234 mom long, 5 years
old, not gravid. Note that male and female follicles are separate. (Taken at X 125).

FIG. 5. Ellipiio dilatatus (Raf.). Cranberry Creek, Byron, Shiwassee Co., Michigan. June
5, 1961. Henry van der Schalie, Collector. Specimen: 87 mm long, 8 years old, not gravid.
Mainly female, but with male tissue developing in female follicles; eggs seem to be developing
normally. (Taken at X 125).

FIG. 6. Eliptic dilatatus (Raf.}. French Creek, trib. Allegheny River, 5 mi. north of Mead-
ville, Pennsylvania. July 17, 1961. MacKenzie Keith, Collector. Specimen: 4 years oid, 61 mm
long, gravid. Spermafogenesis clearly evident in female follicles. (Taken at X 125},

FIG. 7. Eliptio productus (Conrad). Savannah River, above Reoute 301 bridge, south of Allen-
dale, 8. Carolina. June 24, 1864. John M. Bates, Collector. Specitnen: 59 mm long, 6 years
old, not gravid. A small amount of normal female tissue present in a preponderantly male
apecimen. (Taken at X 125).

FIG. 8. Fusconaia flave (Raf.). Ore Creek, 1 mi. northwest of Hartland, Livingston Co.,
Michigan. May 22, 1960. Henry van der Schalie, Collector. Specimen: 74 mm long, 12 years
old, not gravid. A female with only a small amount of spermatogenesis in wall of follicles.
(Taken at X 125).

FIG. 9. Fusconaie flava (Raf.). Ore Creek at Clyde Road, helow Hartland, Livingston Co.,
Michigan. June 25, 1958. Henry van der Schalie, Collector. Specimen: &8 mm, 11 years old,
not gravid; predominantly male with only small foci of female tissue and eggs tending to be sup-
pressed, (Taken at X 100). '
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FIGS. 10~18. Gonadial tissues of some North American naiades showing vari-
ous degrees of hermaphroditiam (stain: haematoxylin and eosin).

FIG. 10. Pleurobema covdatum coccineum (Conrad). South branch Cranberry Creek at Byron,
Shiawassee Co., Michigan., Nov. 21, 1960. Henry van der Schalie, Collector. Specimen: 35 mm
long, 3 years old, not gravid; mostly female tissue with only a small amount of discrete male
follicles. (Original photomicrograph taken at X 100).

FIG. 11. Plewrobema covdatum (Raf.). Tennessee River, above New Johnsonville, Tennessee.
Nov., 11, 1$63. John M. Bates, Collector. Specimen: 80 mm long, 17 years old, not gravid;
appears to be about hall male and half female with eggs poorly developed in follicles with sper—
matogenesis in walls, (Taken at X 100).

FIG. 12. Twitogonia vevrucosa (Raf.). Guadalupe River, 1/2 mi. west of Sequin, Guadalupe
Co., Texas. August 22, 1962. John M. Bates, Collector. Specimen: 66 mm long, 5 years old,
not gravid; mainly female with patches showing spermatogenesis. (Taken at X 125).

FIG. 13. Alaswidonta mavrginata (Say). River Raisin, Sharon Hollow, Washtenaw Co., Michi-
gan., July 20, 1962. Henry van der Schalie, Collector. Specimen: 41 mm long, 3 years old,
not gravid; evidently a female with patches of sperm developing in walls of follicles; eggs do not
seem normal in development. (Taken at X 125).

FiG. 4. Alaswmidonte marginata {Say). Powell River, at U. 8. 25 E, Claiborae Co., Tennes~
see. June 23, 1861, B, Dazo apd H. van der Schalie, Collectorg. Specimen: 62 mm long, 10
years old, not gravid; evidently sex quite mixed so that many egg follicles have spermatogenesis
in walls with eggs often suppressed in development. (Taken at X 125).

CFIG. 15, Anodonla grandis footiana {Lea). Zukey Lake, Lakeland, Livingston Co., Michigan.
May 11, 1940. Henry van der Schalie, Collector. Specimen: 7 vears old; mostly male with only
small amount of female tissue which seems to be normal in development. (Taken at X 128).

FIG. 16. Awmodonfa covpulenia Cooper. Tennessee River, slough along yiver at mile 97.7,
near New Johnsonville, Tennessee. Oetober 16, 1964. John M. Bates, Collector. Specimen:
81 mm iong, b years old, gravid:; eggs do not appear to be developing normally and spermato~
genesis appears in walls of some follicles. (Taken at X 125).

FIG. 17. Gonidea angulata (Lea). Snake River, near Bliss, Idaho. August 18, 1962. Henry
van der Schalie, Collector, Specimen: 117 mm loag, 15 years old, not gravid; a typical her-
maphrodite with both male and female tissues well developed. (Taken at X 125).

FIG. 18. Laswmigona complanata (Barnes). River Rouge, Michigan. October 1, 1962. Carol
Geake, Collector. Specimen: 170 mm long, 12 years old, gravid; the gonad appears to be mostly
female but with scattered spermatogenesis in the walls of many follicles. (Taken at X 125}
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FIGS. 19-27. Gonadial tissues of some North American naiades showing vari-
ous degrees of hermaphroditism (stain: haematoxylin and eosin}.

FIG. 19. Strophitus rugosus (Swainson). Inlet to Zukey Lake, Livingston Co., Michigan. July
14, 1860. Bonifacio Dazo, Collector. Specimen: 56 mm long, 4 years old, gills not clear as to
gravid state; mostly male with only 2 smali amount of female tissue. (Original photomicrograph
taken at X 125).

FIGS. 20 & 21. Actinonaias ellipsiformis (Conrad}. Ore Creek, at Clyde Road, near Hartland,
Livingston Co., Michigan. Henry van der Schalie, Collector. Specimen: &7 mm long, 10 years
old, not gravid; one of most unusual hermaphrodites observed in that male and female tissues
quite thoroughly mixed. (Taken at X 125).

FIG. 22. Lawmpsilis carviosa {Say). Potomac River, Point of Rocks, near Fraderick, Maryland.
September 22, 1962, John M. Bates, Collector. Specimen: 100mm long, 8 years old, not gravid;
eggs in poor development but in discrete follicles; some spermatogenesis in walls of poorly de-
veloped female foilicles. (Taken at X 125).

FIG. 23. Leptodea laevissima (Lea). Tennessee River, at mile 97. 7 near New Johngonville,
Tennessee. October 16, 1964. John M. Bates, Collector. Specimen: 55 mm long, 3 years old,
gravid; mostly female but with small foci of what appears to be developing sperm. (Taken at
X 128).

FIG. 24. Propteva alata (Say). Loke Erie, at 32 feet depth near Middle Sister Island, Ohio.
August 22, 1962, Yarl Hiltunen, Collector. Specimen: 66 mm long, 5 years old, gravid; mainly
fernale tissue but with a hermaphroditic trend shown by an incipient spermatogenesis. (Taken at
X 1003.

FIG. 25. Ptychobranchus fasciolavis (Raf.). Little Portage River, above Toma Road, Wash-
tenaw Co., Michigan. Bonifacio Dazo, Collector. Specimen: 69 mm long, 9 years old, gravid;
mainly female but with small areas of spermatogenesis scattered throughout the glandular
masses. (Taken at X 125).

FIG. 26. Piychobranchus subfenfum (Say). Powell River, at U.8. 23 E, Claiborne Co., Ten-
nessee. August 23, 1961, B. Dazo and H. van der Schalie, Collectors. Specimen: 82 mm long,
15 years old, neot gravid; a female with clear-cut patches of male tissue with follicles showing
poor development of eggs. (Taken at X 125).

FIG. 27, Villose {(Micvomyea) ivis (Lea). River Raisin, Sharon Hollow, Washtenaw Co., Michi-
gan. July 20, 1962. Norman Reigle, Collector. Specimen: 33 mm long, 3 vears old; female
with gills about spent; mainly female, but with unusually abundant spermatogenesis appearing in
walls of many female follicles. (Taken at X 100).
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demonstrated in 2 out of 14 specimens,

Lasmigona compressa {Lea) and
L. subviridis (Conrad)
fig. 2

All 25 specimens of Lasmigona com-
pressa collected from several creeks in
Michigan were hermaphroditic. This
species is widespread and unique in that
it is able to occupy very minute creeks
and streams - places in which often no
other mussels are found.

A closely related eastern species of
similar ecology, L. subuviridis, has also
been found for the first time tobe domin-
antly hermaphroditic (2 out of 2 ex-
amined). The relationship of these 2
species is uncertain,

Strophitus rugosus {Swainson)
Fig. 19

Among others, a series of 64 speci~
mens was collected in a creek con-
necting 2 lakes in Livingston County,
Michigan, in every month of the year,
The hermaphroditic condition was ob-
served in only 1 specimen. There was
a clear-cut separation between the male
and female tissues. The animal was
collected on July 14, 1960, andthere were
sufficient eggs in a normal state toindi-
cate that the specimen was a functional
hermaphrodite.

¢. Lampsilinae

In this subfamily 801 specimensrepre-
senting 41 species were sectioned (Table
1); B species belonging to 7 genera were
found to be hermaphroditic; one, Carun-
culina parva was regularly ambisexual
(Tables 1, 2) and 7 species were oc-
casionally so (Tables 1, 3).

Carunculing parva (Barnes)®
Fig. 3

Hermaphroditism in this species was

STwo other species of Carunculing, C. cor-
vunculus (Lea) and C. vesicularis (Lea), col-
lected in southern states, were not found to
be monoecious.
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reported at an early date (Sterki, 1898),
Tepe (1943) carefully studied the his-
tology of the gonads. He reporied the
occasional presence of hermaphroditic
acini that contained eggs as well as
sperm and made the following statement
regarding this condition:

“In most instances it was observed
that eggs enclosed in male follicles were
smaller (20-24 microns} than eggs from
strictly  temale  follicles  (40-100
microng). The eggs in essentially male
follicles werefree from germinal epithe-
Hum, and their small size doesnot seem
to indicate immaturity. Both eggs and
gpermatozoa appeared mature in all the
individuals, which would seem to indicate
that this hermaphroditic condition does
not represent a phase in a periodic sex
reversal.”

Our studies on 14 individuals from the
Tennessee River show essentially the
same conditions.  All individuals ex-
amined were hermaphrodites; 2 of them
also had acini with both eggs and sperm.

Actionaias ellipsiformis
{Conrad)
Figs. 20, 21

In an earlier study (H. & A. van der
Schalie, 1963) some 200 specimens of
this species were collected over an ex-
tended period. It was found that the
gonads remained undifferentiated for the
first 2 years, All specimens 2 years
old or older were either distinctly male
or female, except for one hermaphro-
dite. This specimen was the largest
(68 mm) of a series of 25 individuals
taken late in June from Ore Creek,
Livingston Co., Michigan, of which 13
were gravid and 12 non-gravid. It was
criginally considered a female because
the lower posterior portion of the outer
gill showed a small amount of marsupial
tissue. At that time the animal was
reaching the end of the spring glochidial
shedding period, but there was enough
gill modification to show it was function-
ing as a female. Its hermaphroditic
condition was not discovered until the
gonads were sectioned, whenitwasfound
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that male and female tissue was quite
thoroughly mixed® This mussel, with
10 annuli on the shell, was the oldest of
the sertes. On the chance that this her-
maphroditic condition might be associ-
ated with senescence, the other large
specimens of this series were re-
examined, but results were negative.

Villosa (Micvomya) ivis (Lea)
Fig. 27
A specimen of this species has also
been found fo have similarly mixed gonad
tissue,® simultaneously producing eggs
and sperm.

DISCUSSION

Hermaphroditism in moliusks is sup-
posed to be derived from an originally
dioecious condition. Some authors
emphasize that the condition tends to
appear in situations when the animal is
confronted with difficulties in its normal
reproductive  activity. Hence her-
maphroditism might be an adaptive
mechanism, giving the species some
evolutionary advantage.

Now that almost 100 North American
naiad species have been studied, it has
become evident that among this large
and highly evolved group relatively few
are regularly hermaphroditic. Es-
sentially the situation is similar to that
in the marine lamellibranchs in which
also there are comparatively few species
that are monocecious. Among the naiades,
only the Anodontinae andthe Lampsilinae
appear to have species in which the con-
dition occurs regularly and only 4 species
are invoived: 3 in the former sub-
genus and 1 in the latter. All of the
sporadic cases that were detected in 22
species or forms clearly belong to the

bThe unusual condition of the gonads of the 2
specimens here gquoted has been recently
discussed (van der Schalie, 1969). It was
stressed that the simultaneous production of
eggs and sperm is guite uncommon among
freshwater mussels.

category that Coe (1943: 156) considered
as accidental or developmental ambi-
sexuality. Under this heading he stated:

“Even in species which are otherwise
strictly of separate sexes there may be
an occasional individual with functional
hermaphroditism. These can allbe con-
sidered as resulting from deviations in
the developmental processes due to a
failure of the sex-ditferentiating mecha-
nism to function normally. The pro-
portion of spermatogenic and ovogenic
tissues in the genad is highly variable,
some individuals having approximately
equal parts of both sexual types, while
others are principally one sex, with but
few cells characteristic of the opposite
gex, This type of sexuality is more
conunon in the pelecypods than in most
other groups of animals and it occurs
frequently in young individuals at the
first reproductive season. In certain
local races of oviparous oysters, clams
and mussels it is possible to determine
whether the initial sexual phase is normal
or accidental,”

In the pregent study specimens from
species found to be regularly hermaphro-
ditic presented a “normal” histological
picture, with male and female tissues,
resp. acini separate, a situationthat was
also  encountered in Margaritana,
Strophitus and Gonidea. The other oc-
casional hermaphrodites, however, were
as a rule predominantly of one sex, with
only some tissue or cells of the other
sex developing in or among the follicles
of the dominant sex,

The various occasional hermaphro-
dites detected were certainly not re-
stricted to, or prevalent in, young indi-
viduals, But Coe does not quote only
age as a factor connected with modifi-
cation of the sexual state, Temperature,
resp. season, and several other factors
have alsc been incriminated. Thus, for
instance, nutritional disturbances of the
Bombay oyster apparently resulted in
an increasedproportion of males, where-
as in years and locations favoring rapid
growth, Virginia oysters had a large
proportion of females, Habitat has been
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considered to play a role: Weisensee
(1916: 282) claimed to have observed
that the dioecious condition was normal
for Anodonta cygnea living in rivers,

while those living in impounded waters _

tended to be hermaphroditic,

In other instances variation is attri-
buted to heredity per se: Coe (1943)
reports races with different heredity in
the Virginia oyster., Bloomer (1939}
reports populations of Anodonia cygnea
in which hermaphroditism was relatively
more common than in others in a con-
stant manner. From the findings re-
ported in this survey, it appears quite
possible that wide-ranging species, such
as Anodonta imbecillis, may not be her-
maphroditic throughout their whole
range, so that northern forms may differ
in thig respect from the southernrepre-
sentatives (? A, peggyae). Sucharegion-
al difference was recently shownto exist
(van der Schalie, 1965) in a freshwater
gastropod, Campeloma, which in the
northern United States is partheno-
genetic, no males being known from that
region.

Though interesting to speculate on,
Weisensee’s contention as to a direct
influence of the environment would, ac-
cording to his own testimony, need much
additional investigation before it could
be plausibly substantiated. Although a
wide cross-section of the North Ameri-
can mussel fauna has now been sampled,
including mussels Iiving in streams as
well ag in lakes, it has not beenpossible
s0 far to demonstrate any environmental
factor that would indicate any causal
relation with sexuality. The extent of
ambisexuality and the mechanisms pro-
ducing it still remain open questions.
Studies would need to be intensified so
a8 to cover species in greater detail,
i.e., atdifferent ages, seasons and locali-
ties. Such investigations are not easy
because gonad smears or Sections must
be made to discover hermaphrodifism
and ample material must be procured.
While it would be of interest to explore
factors {chemical, physical, ete.} that
might perhaps serve to induce sex

changes in the naiades, this group un-
fortunately does not lend itself readily
to laboratory experiments. However,
investigations are continuing. Arrange-
ments have been made for the procure-

ment of Mavgavitana from the Rocky

Mountain regions of the U.S.A. during
the active season of the year, anda study
to determine the sex ratios of geveral
commercially important mussels is be-
ing conducted by the University of Michi-
gan in Kentucky Lake, Tennessee, andin
the Muskingum River in Ohio.
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RESUME

L’HERMAPHRODISME CHEZ LES MOULES I’EAU DOUCE
I’ AMERIQUE DU NORD

H. van der Schalie

lL.es informations sur Vexistence de 1"hermaphrodisme parmi les moules d'ean
douce de la riche faune des U.8. A., sont fragmentaires, Dans cette étude, les gonades
de 1871 exemplaires appartenant & 97 espéces et 32 genres ont été examinées histo-
logiquement, par la technique des coupes 4 la paraffine. Seulement 4 espéces parmi
2 subfamilles des unionides se sont montrées essentiellement hermaphrodites (mono-
igues); 3 chez les Anodontinae: Anodonia imbecillis, Lasmigona compresse et (espéce
toute proche) L. subvividis; 1 chez les Lampsilinae: Carunculina pavva.

Des hermaphrodites accidentels ont été trouvés chez 22 autres espéces ou formes,
appartenant i 17 genres et 2 familles. En général, de tels individus ont généralement
un sexe dominant, avec seulement une faible quantité de tissus de 1'autre sexe. Un
spécimén ambisexué a été trouvé chez les Margaritanidae, chez Margaritifeva mar-
garilifera, parmi 24 spécimens sectionnés représentant 2 genres et espéces. Chez
les Unionidae, des hermaphrodites accidentels se rencontrent dans les 3 subfamilles.
Parmi les Unioninae, sur 567 spécimens (34 espéces, 11 genres) examinés, de tels
individus ont &t& trouvés dans 9 espéces (ou formes) et 5 genres, soit: Elliptio dila-
tatus, E, productus, Fusconaia ebenus, F. flava, Gonidea angulata, Plewrobema cor-
datum, P. c¢. coccineum, Quadrula quadrula et Tvitogonia verrucosa. Parmi les Ano-
dontinae, sur un total de 479 spécimens (20 espéces, 5 genres) sectionnés, des her-
maphrodites accidentels ont été mis en évidence chez 5 espéces appartenant 4 5
genres, dont 2 sont des genres comportant aussi des espéces hermaphrodites; ¢, a.d.
qu’'ils se rencountrent chez: Ancdonia covpulenia, A. grvandis footiana et Lasmigona
complanata ainst que chez Alasmidonta mavginala et Stvophitus rugosus. Chez les
Lampsilinae, avec un total de 801 spécimens (4! espéces, 14 genres) sectionnés, le
phénoméne a &t& & nouveau trouvé chez T espéces représentant 6 genres, c.a.d. chez:
Actinonaias ellipsiformis, Lampsilis cariosa, Leptodea lagvissima, Propleva alaia,
Ptychobranchus fasciolaris, P. subtentum et Villosa (Micvomya) ivis.

Ce relevé, i peu prés complet des moulesd’eau douce américaines, montre gu’elles
sont généralement dioiques. La question reste toujours posée de savoir, si oui ou
non, Vhermaphrodisme apparaft chez des animaux placés dans des conditions de
milieu difficiles, comme cela a &t& antérieurement suggéré.

AL,

RESUMEN

HERMAFRODITISMO EN ALMEJAS DE AGUA DULCE
DE NORTE AMERICA

H. van der Schalie

La informacidn existente acerca de la amplitud del hermafroditismo en la rica
fauna de naiades de U.5.A. es fragmentaria. Para el presente estudio se examinaron
las gonadas de 1871 ejemplares pertenecientes a 97 especies de 32 géneros, usando
cortes de bloques de parafina. S&lo 4 especies, en dos subfamilias de unidnidos,
mostraron ser dominantemente hermafroditas {(monoicos); 3 en los Anodontinae:
Anodonta imbecillis, Lasmigona compressa y (1a estrechamente emparentada} L. sub-
vividis, vy 1 en los Lampsilinae: Cavanculina pavva.
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En otras 22 especies o formas, pertenecientes a 17 géneros y 2 familias, se en-
contraron hermafroditas esporadicos. Usualmente estos individuos parecen ser
predominantemente de un sexo, con sdlo una pequefia cantidad de tejido gonadal del
sexo opuesto. Un ejemplar ambigexual se encontrd en Margaritanidae, en Mavgariti~
feva margavitifera, entre 24 ejemplares secclonados que representaban 2 géneros y
especies. En los Unioninae, individuos accidentalmente monoicos aparecieron en las
3 subfamilias. Fnire los Unioninae con 567 ejemplares (34 especies, 11 géneros)
examinados, tales individuos se encontraron en 9 especies (o formas) de 6 géneros:
Elliptio di latatus, E. productus, Fusconaia ebenus, F. flava, Gonidea angulala, Pleuro-
bema covdatum, P. c. coccinewm, Quadvula guadyula,y Tritogonia veryvucosa. Enlos
Anodontinae, con un total de 479 ejemplares (20 especies, 5 géneros) seccionados,
hermafroditas esporidicos se mostraron en 5 especies de 4 géneros, de los cuales 2
géneros son los que también contenian las especies predominantemente hermafroditas;
las 5 especis son: Anodonta corpulenta, A. grandis footiana, Lasmigona complanata,
Alasmidonta mavginata y Strophitus rugosus. En los Lampsilinae con un total de 801
especimenes (41 especies, 14 géneros) seccionados, la condicion fue detectada en
otras T especies representantes de 6 géneros: Actinonaias ellipsiformis, Lampsilis
cariosa, Leptodea laevissima, Propteva alata, Ptychobranchus fasciolavis, P. sub-
ternum v Villosa (Micvomya) ivis,

Esta inspeccidn de un caracter mas bien extensivo de los naiades americanos,
muestra que ellos son generalmente dicices, Queda aun por resolver la cuestidn si
el hermafroditismo aparece o no en los animales gue confrontan condiciones ambi-
entales dificiles.

J. 1 P,

ABCTPAHT

TEPMASPOOMTU3M ¥ CEBEPO- AMEPUKAHCHK
NPECHOBOMHMY MOILIILCKOEB

. BAH-IEP [MEAIM

0 repmadpoIdTHAIME Ccpenl NpecHCOROTIHHX HaAiwd, $ayda  xoTopux B CIA
oueHL OOTaTa, W3IBECTHO OUelb.Malo. B HacTosue#l craThe DACCMATPHBADTCR
DEIYALTATH TUCTQIOTWUECHOTO W3YHUeHMA TOHal 3THX MOMJNOCKOB, NUAYUSHHHX OF
1871 skseMnaspa 97 BUNOB W3 32 poack. LId Cpesos MCNOALIOB&LMCH napabdu-
HOBHE CJIOHM.

Jwis 4 sMEa w3 2 goncesmeBeTs YHUOHMI SBIM IPEMMYyUSCTBEeHHO MepMadpoiu-

THEMA (OZHCOOMEMMA). D270 3 puaa w3 Anpodontinae: Anodonte imbecillis, Laswmigong
compressa ¥ OIMBKOPOACTBeEHMH L. subwividis 1 onuH Bui usLampsilinae Carvunculina
parvea.

Cnopaguueckuit repmadpoanTiem GHJ oTMeUeH ¥ 22 BUACE WuK $HopM, CTHOCH-
mMxed ¥ 17 pomaMm U 2 cemefcTeaM. OCHUHO Taxue ©oo0W ¢ BUAY RaXyTCHd ORHO-
OONBMM, AWMIE ¢ HeGoJelloH YACTHD TOHAAH IPOTHRONCACKEODC Hoda. UXHA ABY-
moxas ccofs OHIa HaflZeHs cperw MapTapuTHHUA- Marvgevitifeva wmavgoritifera, us
24 PRIEMINADOE, HA KOTODHX OHIWM CcAeXaH: CDe3H,IPeACTaBISRT I BHAa ¥ BU-
za. M3 Unionidae cJayuafiHo oRHOROMHEE 0CO0WM ORAM BCTPeUYeHH BO BCeX ThexX
nonceMeifcTsax., Cpenl OPCCMOTPEHHEX 587 3W3SMIAXEPOB (34 supa u 1i,poEOB)
Taxue oqcofU OHAM Halners y 9 BUIAOB {wau dJOpM) W3 © pomgoB. Aro: Elliptio
dilatatus, E. productus, Fusconaia ebenus, F. flava, Gonidea angulata, Plewvobema covdatum,
P. ¢. coccineum, Quadvula quadvula W Tritogowia verrucosa.
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iz 479 uay 33 GHISMIIERGHE  Anodontinae (20 BV S BOOTE ), CHoDéa-
TAUYE CKUE repMafnoiMTHI Y GHE 0T g 3 4 pOEGE. W3 HUX 2 oTHo-
CHIAMCE XK PORaM, Takze WUMeRIMM e repMedpCInTHEE BMAR. B7T0:
Anodonte covpulenta A. grandis foofiana 1 Laswmigona complanata , a Taxwe Alaswmidonta
marvginala M Stvophitus vugosus. V3 Lampsilinge Ona nsyuen 801 sksemunsap (471 suna
s 14 POACE); yRAapauHMe BHIIE OCOCEHHGOTU OTMEUSHW ¥ 7 BULOB W3 8 [STEer
& uMeNo: Aetinonaias elipsifovmis, Lampsilis caviosa, Leptodea laevissima, Propterva alata,
Ptychobvanchus fasciolavis, P. subtentum u Villosa (Micvomya) tvis.

ITH NOBCHIBHO BHCTEHCUEHNE KCCASNOBAHWA AMEDVUKSHCKMX HESOWA [T0K&2 &V,
UTO OHM FBAAXTCH OPeUMYHCCTBEHEC DAIACILHONDOIHMUA. BONPOC O TOM, HOSBIA-
erTcd Ju repMadpoRMTHIM ¥ EMBOTHHX B TPYEHMX YCJACEWAX CYULSCTBOBAEUL, 00 Té-
ercd MOK& CTHPHTHM.
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