leads to a reduction in devsity of
“satellite DNA and probably to a
e enrichment of adenine and thy-
- may be conceived that the ini-

once deachcd from the
ontinues fo function in the

because molecules es-
adenine and thymine

ple homologic lhdt pm!mh!v emst
ng the polymbrs very rich in' ade-
ecand thymind, The existence of
s%mL over betwleen different mnle-
5 of cytoplasmiic DNA s, “more-
e suggested by the work of Hudson
W Vinograd (78} This cxistence is
indicated by the fact that (sce
ie-1} the cross between a pt and a
stramn produces, the absence of
dreatment, new straing that have a
cellite: DNA density different from
zt'of either of the parents.

¢ theory that we have set forth hag
__ildvantage of explpining the sup-
séiveness phenomendn, Mills ef al.
.‘rf‘.}'_ _hzxvc demonstrated that molecules
m an RNA virus, replicating in vitro
be sublected to a seldctive pressure.
his sclective force is simply the
ssity to replicate quickly, it evolves,
ier ‘2 certain number of, generations,
a new type of viral RNA that
iplies much more quickly than the
tinl one. The greater speed of repli-
n s due to the fact that the new
lecule is shorter and th a greater
We think

3 Rncwn as suppressiveness.
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Two Unusual Unionid Hermaphrodites

Abstract. In a survey of the gonads of 97 species of North American frosh-

water mussels representing 39 genera, only
roditic (monoccious). Among several or
were unique in that the same follicles in

four species were found to be hermaph-
her “oceastonal” hermaphrodites, two
the gonads produced eges and sperm

simultanecusly. Evidently the control mechaniom failed to funétion normally in
these species [Actinonaias ellipsiformis and Villosa {formerly Micromya} iris
(Lea). Thiv simultancons production of egrs and speri is apparently quite un-

usual among mollusks.

In view of the rapid depleticn of
the mussel fauna, considerable effort has
heen made to collect and preserve prop-

erly relaxed and  fixed specimens.
Paraffin sections of 97 species, te-
presenting 59 genera, have been ex-

amined to determine 1o what extent
thesc animails are monoecious or dioe-
cious (7). The mussel fauna group is
clearty dioecious (gonochoristic) with
only four species (about 4 percent)
found to be usually hermaphroditic
{monoecioys or ambisexual), Among the
1871 specimens sectioned, only one
specimen  each of two species, rep-
resenting  two  genera, appeared  ah-
normal, sperm and eggs being produced
simultaneously in the same follicles.
While hermaphroditism is widespread
among animals, the reasons for its de-
velopment are poorly known., Several
authors (2) have suggested that & may
function in the survival of species liv-
ing in habitats where the success of
the reproductive progess becomes dif-
ficult. Since most of the specimens col-
lected in the same habitats and under
similar conditions as the two featured
here were normal, dicecious specimens,
the theory that for these two specimens
conditions were unfavoerable seems un-
tikely, Although Purchon (33 concluded

that “in the majority of cases, her-
maphroditism is an adaptive feature of
evolutionary advantage to the species,”
he also indicated that there are perhaps
stimuli other than environmental causes
that account for this monoecious devel-
opment. In addition to the strictly genet-
ke factors, he indicated that the change
may be initiated by the gonad itself
since in the male phase there is a heavy
consumption of nuclcoproteins in the
production of spermatezoa. The ratio
between nucicoproteins and cytoplasm
may be upset af-a certain point so that
sex-reversals are automatically affected.
Whether genetic, hormonal, or cvio-
genetie, the reasons for the sex changes
observed in freshwater mussels are,
vet, unknown,

Paraffin sections of 238 specimens of
Actinonaias ellipsiformis (Conrad) have
heen studied. Males and females were
clearly separable {108 females to 130
males). However, one specimen was an
anusual hermaphrodite, Tnsteat of hav-
ing a predominance of male or female
and a small focus of tissue of
the opposite sex (occasional hermaph-
roditesy  as  found in a number of
other groups {71, tissues were extensive-
ly mixed so that it appeared that the
mechanism of sex’ control was most

a8

tissue
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frreguine (Fig. 1), Almost’ every pos- o Although the predominantly female
sible combination from acini that are  specimen of Villosa (formerly
purely male or female (o those that  AMicromya) iris (Lea) is not as extreme
simulrancously  produced  sperm and  in the way the male and female phases
ova within the same follicle occurred.  are mixed within the gonad, the simul-
The animal from which this Ussue tancous production of both sex ele-
came was the oldest (estimated to be  ments i, nevertheless, a prominent
feast 10 vears old) in the series of  feature of its development.

12 males and 13 females. On the Most of the eggy were developing
- chance that senescence may have been  pormally (Fig. 1) and the gill struc-
a factor, the next largest specimen  ture of this specimen had the scars of
C(measuring 67 mm and about § years  spent marsupia  from  the previous
old) was also examined; it was a nor-  spring. However, the walls of the acind
mal male. The hermaphrodite evident-  as well as the contents of the same
coby produced mormal eggs since the  fellicles show simultaneous spermato-
" posterior part of the outer pills stll genesis and oogenesis. The male as-
showed signs of having functioned as  peets were nof nearly as well developed
marsupia. This specimen, then, s o as in Actinonaias ¢ hpsrfomm‘

functional female hermaphrodie pro- Cae (5} and Bacei (6) have classified
Cducing eggs and sperm simultancously.  the tvpes of hermaphroditism in mol-

P 0l

Fig. 1. Gonads of two species of freshwater mussels showing the simultaneous Pro-
duction of eggs and sperm in the same follicles. (A-DD) Actinenuias eliipsijormis
(Conrad); with (A) at low power (x 30) and with (B), (C); and (D} at high
power (2 120) showing a view of three areas in the same gonuad., Spermatozenesis
is distributed i the walls whereas egas are being produced from nurse cells; others of
normal appearsnce occur in the lumen of the acinus, The same development is also
shown in Villosa (formerly Micromyay iris (Lea) (E) and (F), with (F) taken at
® 30 magnification and (F) at » 126, Both species were collected with a series in
Michigan— Actinonaios ellipsiformis (Conrady at Ore Creek below Hartland, Michigan,
on 25 June 19359 (H. van der Schalie) and Fillosa iris (Lea) at River Raisin, Sharon
Hollow, Michigan, on 20 fuly 1962 (Norman Reigle),

1534

counterpart Lasmigona  subviridis

lusks. Apart from the two specimeng
discussed here, the number of mussels
with hermaphroditic tendencies are’re

atively few. Apart from a number of ihiv
mussels that are (/) “occastonal” he J
maphredites, there were no members of I“_,‘(;J
the subfumily Unionlnae among Tthe lvers
. CERTS

usuul hermaphrodites, there were thr :
among the Anodonfinae, and there v Act
one in the larpe subfamily Lampsilina he l
(%] = 2 < I

When the “reasons” are considered fot '
it . E qued
the usual hermaphroditic species becom he o
. . . . & C

ing monoecious, the possible explan

N fate

tions are far from clear. :
mo
In the case of Anodonia Iiﬂbl.(‘l” ) 3
SCTin
the best serics are taken in impounded o
. N n the
waters above dams. 1t might be argued iy
wi

that the impoundment may represent ag
evanescent situation, but it does. not
expiain why several other species-that
may occur with it did not develo
hermaphrodites. However, the S':}::'
type of habitat also secems to besth
stte in which another hermaphrodite,
Carunculina parva, is usually found
abundance. There is now evidence th
what appears to he the same, ¢
closely related species of Anodonta’ !
hecillis in the south, Is dioecion FUUSS |
Lasmigona compressa (and s easses ower

cules «
9, Ge

most abundant and best adapted 1o ‘*v._’ﬁ-ﬁ ac
“small crecks far in the headwaters? ALIG
drainages. During low-water stages st ighly
‘rivalets would be the first to dry, pl'a Shaec
ing these animals in a very precario ion m
‘situation. In such habitats Lasmig nediug
compressa is often the only-mussel Twa
be found, and one might assume h he det
maphroditism is necessary for its) free o

vival, In this-connection an effort I is nirace)
being made to/obtain properly ip
served and fixed animals of Uniome
tetralasmus, which also occupies an
auspicious habitat in that it invades
glochidia on fish} low-lying grou
along rivers during flood periods, B
ing the low-water stages, the mus
remain in aestivation in the ground
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