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representing  the class Telecypoda
may be found every grade of sexual
dilteveniintion, from species that are
= strictly of separate sexes to those that
are almest invagiably functionally hermaphroditic.
Lven two species belonging to the same genus may
differ considerably in sexuality.  And in a rela-
tively fow species the functional sexual phase of
some or of all the individuals may change during
the animal’s Hlctime. Indeed there are some
species in which nearly every normal individual
experiences several alternating male and female
sexual phases.  Hermaphroditism may  likewise
be complete, partial or coccasional.

Because of these wide variations in the expres-
slon of sexsality, not only in different species but in
different fndividuals of the same specics and at
different periods of life, the bivalve mollusks
promize to ofler evidence of seme importance
toward an waderstanding of the general problem
of sexuality in organisms.  This evidence must be
examined as to its bearing on embryology, physi-
oloey and genetics,

Except in those species that are strictly of
separate sexcs {unisexual, or dioecious) the gonad
containg the antecedent cells of both eges and

sowrm. Asa meneral rule the male cells matare in
advance of the female colls, wherehy the initial
phase of fupctional sexuality is mate, Such indi-
viduals are said to be protandric.  Less frequently
the initizl phase is female and the individual is
proterogynous.  Dn functional hermaphrodites the
srrenthy.

Hwicdual experiences two

and sperm develop oo
When cach no

ot inove ablerpative sexual
to

]

treat the spermeproduci
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have less stgailicance than sonw tinves i
supposed, since 1t s obvious that i twice e

individualy are found in one of these phase o

the other, that may be merely an impi o0
one of the phases lasts twice as fong as the oo
It might also mean that some are older than oth

The sexual conditions in the pelecypods o
sometimes further eomplicated by the oceurne
of neoteny, or juvenile sexuality. In such o
the individual may fomm a small number of games
when it 13 very yvoune amd only a soall fne

of its definitive stze,  Thiz juvenile phase a
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e species, however, definite prool of

ol clinpes of wexgal phase expericnced by

individhal can be obtnined by marking the

il f;‘-! slecrving the sextalily ab succeeding
This is likewise feasible with
sut wilh other formy,

periocda,

e ltopunds, as the wond-
Dot Bivadves, that s neg puossible and recourse
siwst be daud fo observations of the gurmnds of many
il known ages. In the
sivisrous spocies the presence of embryos or
frvae i the gill chambers or mante cavities is
ient evidence as to the character of the pre-
el sexuad phase,

With these facts in mind a brief surve 2y of the

wality of the whole ”mul) of bivalves may be
For mo.c than h.ﬂf lha total ny mbcr

enl Individuals  of

[RE

srhitken.

usn]c::{trih(‘.(i. Tor lLL others, ap-
sualely 90 per cont are reported as of separate
T
0l the 10,000 deseribied SPRCHeS are known

AVt ar

soer that tvpe of sexaality is inforred,

i from o strletly dinecious, or uni

weept for an occasional ease of

her-
avdue to an ahnormality of develops

L,
Tocdi
sube O hose speeles that are normally monoe-

s functionally hermaph roditie, produc-
aned sperm at the same time, while others
des of mixed sc\mhiy or chinges
suahiny at some period of ife,

+ have no copulatory OTEANS oF
Loroexterna] sexwal characteristics, with the
s that in certain dioccious specics  of
sio, dalarte sndd o fow other generit the bwe sexe 5,
it
Tl H!h: rwise i s necessary Lo examine

e
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vopeleey o

can hin distinguished by the shape of

winaed unless 3t is possible to ubserve the
Wt during the act of spawning,  Acees-
»osenund organs are absent with the exception
Uvesicles, found only in Nylophaga
bichuria, and the brood chambers on the

ol various far \’I[)(i[‘()ub S}.J(.?Ci(;h.

ST

PEVELOPMENT OF PRIMARY GONADS

P sexuality of any individual o bviously de-
< primarily upon its hereditary character-
|=|<l these first find expression in the gonads,
wently the history of the gonads must he
s inarder o obtain reliable information
#ive 1o the prospective sexuality of any in-
:ze;i?,
“primary gonads arise from a pair of ger-

mival prismondie situated I (he posterior porfion
of the Dody, ventral to the pericardium and
close proximity to the viscoral ganglia and the
renal ongsns. Bach of the primordia develops
into & profusely Branching systom of fellicles syp-
rouudi ing the intestine in the MCSOSAMG, or vis-
ceral mass,  In the mussels the gonads extend also
inte the mantle lining bolh valves of the shell and
in Awomia into the mantle on the right side of
the body.

The constituent cells of cach follicle scon he-
come differentinted into nutritive follicle cells
and primary gonia.  Ii the individual i3 to become
hermaphroditic the primary gonia seon give rise
to codls of two types, clearty distingnishable ag
spermatocytes and ovocvtes.  But even in dioe
cious species there may be indications of ambisex-
uality in the primary gonad and some ovocytes
are often formed in the carly spermary.  Such

ovocytes undergo cytoi_ysis during spermatogencesis,

A AMBISEXUALITY: MONOBCISM

For convenienee of reference the varione arades
of ambisexuality may he considered as conaisting
of the four following categories: (1) functional
ambisexuality (Functional he rmaphroditiam), (2)
consceutive sexuality, (3) rhythntical conscoutive
sexuality, and {4) alternative sexual itv. Sinee
the terms “hisexual” and “hisexuality’ as curre nily
used by different writers may indicate either g
maonoecieus condition of an individual or a dioe-
cious condition of a species they may well be
avoided. The term “ambisexual,” if used strictly
with reference to individuals he aving gonads con-
posed of hoth male and female sexual cells, is less
ambiguous than either bisexual or hermaphroditic,

L. Functional ambisexnality (Functional
kermaphroditism)

Functional hermaphroditism is found in nearly
all phyla of invertebrates and in cvery phyvlum
of plants. There i3 here no incompatibility be-
tween tha male and female sex organs and both
types of sexual cells may be produced simultane-
ously.  Not infrequently, however, this condition
is preceded by a brief period of maleness or oc-
castonally of femaleness,  Tn some of these species
the extent of protandry is increased by unfavor-
able conditions and can be controlled experi-
mentally,

(@) Normal. This implies a strictly monoe-
clous, or ambisexual, condition, with the con-
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currenl production of gaumetes of both sexuud
types by ench individual, T osome species the
male and femalke clements are in separate gonads,
with separate efferent ducts; in others there are
mate and female portions of a single gonad, while
51l others have both spermatogenic and ovogenic
colls in the same Tollele, A leadency toward
protandry is general but some individuals dis-
charue hoth types of gametes at the same tine
and somue of the coes are capable of sell-fertill-
zation.

Among the better known of the strietly her-
maphroditic pelecypods are cortain spedies of Pee-
fers, Gewnr, Tride Tizele, Anobonla, Kellia,
Thracia, and other genera of the suborder Ana-
Gnacen, Cardinn, Pisidiem, Sphaerium, Mus-
Porowye, Silenie, Cycas, and al leas

1,

Tn a comsiderable proportion of these

5 are fertilized within the mantie cavity

awid the voung complete development to the adult
form in brood pouches on the gills of the parent.
The ribbed scallop (Pecten drradicnsy may be
ciken as a typieal example of functional her-
maphoriditism,  In this and other species of the
genus the spermatic tissues occupy the dorsal
portion of the gonad and the ovarian tissues the
much larger ventral portion.  The two portions
are not demarcated morphologically but are
readily distingnished in sexually mature individ-
pals hecause of the differences in color, the sper-
matic tissues being creamy white and the ovarian
issucs deep pink. Both eggs and spermatozon
are discharged through the same effcrent ducts.
Both types of gametes mature at about the
satme time, although there is a tendency toward
neatandry, and a considerable portion of the sperm
will usually be discharged belore any of the egis
are spawned.  In other individuals hoth eggs and
sperm are discharged simultancously and scif-
fertilization may somctimes occur {Gutsell, 1931),
Tn nature the spawning of ene individual, followed
by the presence of gamictes in the water prosumably
¢ reaction in many other
individuals in the vicinity. Simultancous spawn-
ing and cross fertilization will then be general in
the poputation.  Furthermore, certain individuals

initiates a covrespondin

appear ta be self-sterile.

In other species of the same genus, as P. opor-
cularls and Po omavimas, some individuals are
distinctly protandric at cach spawning scason,
nearly all of the sperm being discharged before

the cges of Uhe same fndividual become Tadly Fiir

Other individuals are evidently  proferogynes
There is thus a brief pertod when the bulividuiv
morphologically hermaphroditic but functinaat
male and another peried when it is functonds
fermate, with an intervening stage when it
functionally bermaphroditie. A similar conditio
s found in P. lefionrifes vor. smoneiimeris o
the const of Southern California. Protamdey ©
more {requent than proterogyny. T
sexuality 15 consequently intovmediate hitwe s
such forms as are sirictly hermaphroditic a
those that cxperience conseeutive male and fems

s Lyt

sexual phases,
Tn one spoecies (Teredo dicgensis) of

boring molinsks most of the mature

are functionally hermaphroditic, foll
primary protandric phase. The gonads af
seasons of the year on the coast of Southers Co

fornia usually contaln ripe sperm and maine v
Experimental self-fertilization & alten [
T.arvae are present in the brood ¢t

gills at ail scasons of the year,  In addition ot
¥

farviparous hermaphrodites the population e
tains a very small percentage of individuals ks
as true males. In the latter the ovocyles av
aborted,

The successive sexual phases of this species e
be indicated by the following schematic repr
sentation:

Primary male phase ... True male {exceptional)
Primary male phase ... Functional hermapiind:

In a species of cockle (Cardium corbis), of U
Pacific coast, the eggs and sperm are prodic
simuitancously in adjacent follicles of the gosd”
(Edmondson, 1020), This is the case abo w
. crassum and C. serrtion, although O el
dioecious.  The Pisme clam (Tieela stdloron)
hermaphroditic, but as a general rule the spe
and eges do not mature at the same time (G
mouth, 1920), Consequently the conditions
seldom faveorable for self-fertilization. Thew
a general tendency toward protandry, lor i
hermaphroditic condition of the adult & i
quently preceded by a primary male phase
young individuals,

by Aceidenial or developmental.  Tveninspe
which are otherwise strictly of separate sexesth
may be an occasional individual with functie
hermaphroditism. These can all be considered .




SEXUAL DIFFERENTIATION TN MOLLISKS 1

sedting fromn deviations i the developmenial

sencemea e Lo the failnre of the secdifferens-
valine mechanism Lo lunction nonwally, The
sropnrtion of speriatogenie and ovogenic tizsues
o the gonad s highly variable, some individuals
Bavhng approxinmately caust parts of hoth sexual
sepew, while others are principally of one sex, with
Baton few colls charaeteristic of the opposite sex,
sagality is omore common in the

s bype of
ecypods than in most other groups of animals

ioccurs most frequently in young individuals

renraductive season. In certadn local

el mtissels itis

Ao oystors, chums

tormine whother the inttial sexual

foor accidental henmaphroditism.

saxisatity

voirmnlics o singde chanuge

i od wide vecurrence, be

g but

a1 classes of moltus

pivvla of vertebrates, including annclids,

i
sderms, nemerteans and crustaceans, as well

arsore plants and a fow Gshes. Most of the

certebrates of this fype experience but a single
coge of sox, usaally from male to female. An

anping of the bwo sexund phases may produce

perid of hermaphroditism, at which time

rtilization may occur.  Other representatives
the swtifie jgroups may experience 2 rhythmical
i ith regnlarty alternating male and fe-

1l

Blatological basts of this type of sexuality

wpends upen the presence of an casentiadly ambi-
ail gonad) assoclated with a hereditary mecha-

o which causes the activation of one of the two

cvpes uf sexund cells iy advance of the other.

Cnrsccutive sexundity may  become manifest

ssanwning season, one sexual phase

sther witheut an Intervening period

tton, or there may be a more or loss
tord of sexual inactivity between two
phiases,  When there is but a single
g peried each vear there is often a period
£several months between the termination of one
sonad phase and the beginming of the next.
't
an example of consecutive sexuality,  Inthis
pevies, as determined by Loosanoff (1937), nearly

e enohog (Venus mercenaria) may be taken

Al individuals experience a juvenile {unctional

L
1

seles phose when only a0 few months of ape and

only a sl fraction of the definitive size. Fol
fowing {his initial male phase the sexes are with
fow exeeptions strictly cither male or female, with
approximalely coual numbers of cach sex, There
is no indication of a further change of sexuality,
The primary, juvenile gonads are Invariably more
or less distinctly ambisexual, forming a geaded
series from predominantly male to predominantly
fernale, although about 98 per cent of all in-
dividuals are protandric. The remaining 2 per
cent  are proterogynic. The adulis are thus
dicecious, following (with few exceptions} a more
or lesg aborted primary male phase,

The sexual condiliens in different individuals
of this sprcies may be schematized as follows:

1. Juvenile truc male phase  {(exceptionszi)
Nl tomate (lre made).

2. RFuvenile ambiscsuad make phuase 0 Aduelt male,
3. Juvenile ambisoveal male plase .0 Adult

fersade).
cxual male phase ... Adult
heemaphrodite {exceptional).

3. Juvenile femade phase {exceptional) ... Adult
fermmale.

Je {protands

4. Juvenile o

‘This type of sexuality is also characteristic of
the wood-boring mollusk Bankie selacea, although
the protandrie fermales may experience & second
change of sexual phase if the fength of life of the
individual Is sufficiently prolonged,  Self-fertiliza-
tion is sometimes possible in the juvenile phase of
protandric females, due to the overlapping of
male and female phases {Caoe, 1941).  The popula-
tion containg a small proportion of true males as
well as of Juvenile females: in the latier the initial
male phase is aborted or omitted.

XNalophaga dorsalis, another species of wood-
boring pelecypod, s evidently protandeic, for
most of the smaller and younger individuals
function as males and the larger as females
(Ponchon, 1841).  The change of sex is indicated
not only by the hermaphroditic gonad but also
by the appearance of the seminal vesicles, which
are large in the male phase but diminish in size
and eventually disappear in the female phase,
This 15 one of the few pelecypods in which a special-
ized storage organ for the sperm has been found but
there is no direct evidence that sclf-fertilization
is possible.

3. Rhythnical conseculbive sexuality

Some of the ambisexual species which are com-
posed of individuals Hving long enough to undergo
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several complete spawning periods experiencean
eaual numher of sexual phases.  Such is the case
with the larviparous evsters, Osfrea edulis, O.
lurida, O. equestris and others. In all of these
the initind phase is usually male, followed by a
serics of alternating female and male phases

throughont life. The eggs are {ertilized within
the neantle cavity, usaally with spermowhich have
Becn discharpd into the waler by other individuals
fn the vicinity, The fertilized cggs are carried
throuph the gills to the pallial chamber of the
parent, where they complete development to the
adult form.

The Buropean oyster {Osirea cdelis) Is the best
known example of this type of sexuality as the
vesult of the extensive studies hy Oxton (1927,
19270, 1933). In this species the inttial stages of

spormatopeneais are begun even belore the ova

of the female phase are st {ree from the gonad.
Sperm forsation then continues for a month or
twa,  After the sperm hive been discharged (he
production of ova for the following female phase
is Dbegen. This phase may beeome functional
immediately or may be delayed untii the following
year, accerding to the season.  As a general rule
under {avorable conditions each adult oyster
completes one male phase and onc female phase
cach year. Since some individuals function in
the male phase early in the spawning season and
change later to the female phase, while others
have the reverse scquence of the sexual phases,
the oyster population s provided with both
soxual types during the entire reproductive
won {Cole, 1941).

Orton {1927) found much variation in the pro-
portion of the two types of sexual cells in the
gonads of differcnt individuals, with all gradations
fram “pure male” to “pure female.”  The “pure
male” differs from  the male-phase individual
which has followed thefemale phase in lacking
ovocytes in the gonad and in the profusion of
sperm produced,

The Pacific coast oyster {Ostrea lurida) expe-
rlences o simsilar serics of male and female phases,
On the ecoast of Southern California those in-
dividuals which are hatched in early spring may
sometimes have three phases of funtional sexuality
during oue calendar year. A briel male phase
when the individual is 4 to 6 months of age is
followed by a more lengthy female phase. The
latter may be concluded in time for a second male
phasc in the autumn.  Spermatogenesis is usually

in progress before the larvae of the fen ale phia
have lelt the mantle cavity,

Individuals which ave hatched in the summer -
early autumn compleie only one or two seses
phases in that calendar year. This indivade
variation in periedicity provides the papulan
with individuals in both sexnal phases at ol b
during the spawning scason (Cop, 10820, B
Two separate spawning periods, resulting in 1e
Broods of young, may someiines occor shiv
single female phase,  Hopking (1916, 1939 ©
concluded that in certain years about hadl
adult oysters in the culture beds In Puge

i

produced two broods of voung during the spaees
B, 5 = i

season, while in other vears only about
fourths of the adutts produced even &

brood,
Ty addition to those 1

alternating sexnality the popu

small proportion of frae males which vefam
male phase ndefinitely and purbaps th

life. Furthermore, some )
phase individuals, the so-cailud ambisexual
have a preponderance of ovocytes in the gor
and change to the female phase after a briel in
male phase. Others of the sane age have n
tively few and small ovoeytes in the primary e
and retain the male phase much lenger. &
finally, the primary male phase s occasions
aborted or omitied, the frst really Tunctia
phase thereby becoming female.

The following scheme will ilustrate the sue
sive sexual phases of these different classes
individuals:

1. True male (excentional) ... Second muale [

2. Ambisexual male phase ... First fermale phase
Sccond male phase ... Second female pluse - T
male phase, ¢te.

3. Primary {emale phase (exceptional)
male phase ... Second fumale phase, ete.

Another species, O, equestris, with similar s
phases, is found on the southeastern const of ¢
United States and on the shores of the Gabf
Mexico. Gutsell (1926) firse called attention :
its ambisexual nature.

Teredo navalis, one of the species of wood-har
mollusks, Hkewise has a closely similar seque
of sexual phases. The protandric nature of ©
sexual cycle and the distinctions between aw
sexual males and true males were reported byé
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aadi The sexusl thythm from the primary
sale phuse to the fomade phase, sometimes followed
Iy s second sequence of male and Temale phases,

wis deseribed the following year (Cae, 19340),
vithoan sccount of the bistelopical changes -
volvedl Tnoa breiel summary of the sexual con-

ditions of this species (Coe, 1935 15 was shown
ot nr exceptional Individuals the inifal sevual
phiese s fenndes Confirmation of (his sequence
witly adeditional datn was pulilished by Grave and
snuth {19560,
phases of 2087 individuals examined at various

A statistical nnabysis of the soxual

ages and seasons of the year was reported hy Coe
11330) as additienal proof of the sexual rhythm
and the presence in the population of a small
proportion. of frue males and of a still smaller
proportion of proteropynic individuals,  These
conditions were further emphasized in a subse-
auent paper by Coe (1941), T astudy of young
individuals only, Grave (1942 concluded that
the proportion of proterogynic individunls was
sreater {han previous observations had indicated.
The data presented, however, do not seem to
wstily such a conclusion,

The following scheme will indicate the probable
sucerssive sexual changes in such individuals as
bve dong enough to experience what may  be
cansidered as the normal sequence of sexual phases.
Mortality during the second phase is usually very
ik s few individuals reach the fourth (female)
plise.

toTroe male phase (exceptional) ... Second male
\

RHRETE

Amiisexual male phase First female phase

Seeond male phase Seeondd female phase
i fength of He suffiees).
A Funetional hermaphroditic phase {exceptional)
Male or female phase
L Female phase (exceptional) ... Tirst male phase
second female phase
S Female phase {exceptional)
phise (7}

Second female

4. Allernative sexnality

i the oviparous oysters and perhaps in some
sther pelecypods the adults function seasonally
parate sexes, although it s impossible to

MR
prediet during one reproductive season the sexual
phise which the individual will assume at the next,

This tvpe of alternative sexuality is illustrated
v the commereinl oyster of the North Atlantic
wiasl, Ostrea wivginica. At the first spawning

season there is a strong tendency toward profandey
more than 70 per cent of the youne oyaters in some
lacalitics functioning as males at that time (Coe,
T3R). Alter the second spawning season tho
number of individuals in each sexunl p!
approximately equal, with a tendency tosw
excess of fomales among the older Individa:
(Neadler, 1936),

The adalt Japanese oyster {0, pimas) was provied

by Awmemiva (1929) to be subjecl Lo a ehange in
sexuality in the interval botween two Blpwising
seasons. A corresponding condilion was found
by Needier (1932), Burkenrosed  (1937), and
Galtsoff {1937, 1938) in Q. wirginica.

Galtsoff (1937, 1938), using marked adult
oysters, found that & per cent of those functioning
as males changed to the female phase the icliowing
year, while 13,1 per cent of the females similarly
reversed their sex. En the second year 102 per
cent of the males of the preceding year showed a
change of sex and 12,1 per cent of the females
changed to the male phase.  The total number of
sex reversals in the first year was 9.7 per cont and
in the second vear 11.5 per cent. Ilence this
process of reversing the sexual phase seomed to
be Himited fe a minority of the experimental ani-
mals.  Morcover, 69 per cent of these that
changed the sexual phase in the first vear roversed
again the sccond year. Some of the males which
had changed to the female phase spawned in male
fashion in the carly part of the season but :
females later,

In O. gigas, however, the proportion of the adult
population experiencing changes in sexuality Qs
evidently much greater, for Amemiya {1929) con-
cluded that 25 per cent of the females and 40 per
cent of the males in his experiment reversed their
sex during one winter,

Protandry and change of sexual phase has heen
found in other species of oviparous oysters.
Roughley (1933} concluded that nearly all the
voung of O. cucrllata {commercialis) spawn frst
as males, although there appeared to be 2.7 times
as many females as males in the adult population.
Needier (1036) found more than 3 times as many
females as males in anoid population of 0. wirpinice.

FThe primary gonad of O. vireinica usually con-
tains the antecedent cells of hoth sexes, Tty
protandric nature frequently becomes manifest
when very young by the rapid proliferation of the
spermatogenia and the formation of few or many
ovocytes (Coe, 1932, 1934, 1938). In Long Island

s Eypical

L
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Sound the process of gamoelogenesis often beping
in the autwmn when the animal is only 3 to 4
months of age; it is interrupted at the approach
of winter and resumed the following spring. The
first spawning occurs at the age of about one year.

The ponads of the young oysters previous to
sexual maturity show all gradations between those
of the su-called true males In which no oveeytes
can be detected and those which develop divectly
into ovarics. Approximately 1 per cent (61 of
rs hecome funclionally
hermaphroditic at the first spawning  season.
Mot of the others funciion strictly as males or

6315) of these young oysta

fermales during the first spawning season, although
an oeensionat individoal may produce sperm during
the earty part of the season and ova 4 few weeks
fater (Coe, 1938}

T Lhose young individuals that are to function
4 males during their frst spawning season, such
ovocytes as may be formed in the carly primary

gonad ave oyt

togenesis,  Female sexual diffcrentiation may be

tyvrod during the progress of spermi-

direct, with little or no indication of protandry,
Bt it s more often indirect.  In the latfer case
th primary gonad is more or less distinctly am-
Bicexual during the autamn but takes on the ap-
pearance of an ovary the following spring by the
prafiferation of ovogonia and the cytolysis of the
spermatogenic cells.

#p gubseruent change from fomale 10 male
phase evidently resulis from the later activation
of some of the descendants of the primary undif-
feremtiated gonia into spermatognia.  The prop-
apation of such umdilferentinted qonia may be
continued vear after year or even through a long
lifetime, since some residual gonia elways remain
siter spawning” (Coe, 1938). The process by
which this occurs fs more fully explained by
Loosanofl {1942},

The foliowing scheme shows the presumable
sexual phases of this specics of oyster, hased on
the assumption that ouly these in which the
primary gonad is ambisexual cxperience a change
of sex in the sccond and later years.

1. Primary gonad male ... Male phase (first year)
.. True male L.
2. Primary gonad  ambiscxual
{rst year) ... Male or female phase
3, Primary  gonad

Male phase
ambisexual Functional
hermaphrodite (frst yoar) exceptional

4, Primary  gonmd  ambiseoal Muale phase
{early portion of frst year); female phase (later por-
tion of first year) exceptional ...

Male s
W

5, Primary  gonad  wmbisesoal
(first vear) ... Pemale phase (second yeur
or {emale phase

6. Primary gonad  amblsexudd Pemale
(first year) ... Fomale {or male?) phase

7. Primary gonad female Permale phase i

year) ... True female .o

Tmmediately after cach spawning periind
residual differentiated sexual cells uaderge pl
eytosis and cytolysis, leaving only undiferen

gonia in the collapsed gonadal {ollicles.

individual thereby returns (o o condith
i

to that of sexual immaturity, W
however, the apparently undi
eaume activity aud they Uwes

;
;
have, in readity, become GRS

inta the colls charncteriziie of the on
nt
extent, i amy, environmental coeiition

wll b

or the other. K is niot at po

mine whether this differentiation
male or female direction,

The pereentage of females at the Orap s
season varies with the locality and with the s

The females at this tme average somewlal lo

than males of the same age and the data ob

as to the sexuality of more than 6000 youngoy =

from various lecalities from Cape Cod to the
of Mexico indicates that those conditions
situations most Tavoralle for rapld growih b
the largest proportion of females. Fxw
of the gonads of 4033 vearling oysters fron
Tsland Sound whose sex could b deterns
dicated that 3578 were in the juvenile ma
and 416 in the female phase, together
which were evidently hermaphroditic,
ratio of 116 fomales to 100 mals D
samples varied from 3.3 1o 25 (Coe, 1959

There were in the seme collections, howevs
individuals which were at the time sexs
differentiated,  Sinee female sexual differeny
commonly occurs at a later poried tha
differentiation, it seems probable that a
larger proportion of the sexually undifferent
yvoung would have developed into Lemales
was found among those which were alreals
wally differentinted at the time of examing

The proportion of ferales is always largest o

the end of the spawning scason, due in paiti
protandric nature of scasonal hermaphiediis
especiatly to the delayed differentiation of v
16 allowance be made for these conidite
seems safe to assume from the data ghen e
(1038} that the yearling population of ey
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astt Edinied Novnd consints inaverage venrs of
rositsafely 200 individuals in the Tunctional
teale phase o 100 in the male phase,

Asample of 751 yearlings from Delaware Bay
d w vatio of 4192 females o 100 males, while
three samples from Beaofor!, North Carolina,
varicd only Trom 37.60 to 48.84 fomales to 100

nialis,

Whether these differences may be due Lo dif-
ferences n the hereditary choracleristics of the
ppnlations in the loealitics mentioned or whether
o responses 1o different nutritive and other en-
virnmental conditions, or to both, is pot at present

L,

sinee there is usually found an cquality in the
e of the sexes or an excess of females after the
weond yewr, 1 s obvious that at Jeast 25 per cent
« the Juvenile males in these Yocalities must later
lwartion seasonally as lemales. 10 3s not known
slether sny of the juvenile females later change
fomtes, Noris iU known Lo what extent environ-
sentid conditions influence the sex difierentiating
weehanism,

I UNTEEXUALITY; BIOECIRW GONOCIIORTEM

The vasi majority of peleeypods are believed
to b strictly of sepurate sexes, except for an oc-

I hermaphrodite. Such was formerly the

chision in regard to Venus moreenario and
virgimica  until thelr  juvenile  sexual
phaes e bas abready been explained, were dis-

viecent years, Consequently it s now
that both juveniles and adults must be
wied i order to ascertain definftely the sexual
lons of & s=pecics.
has now heen done for Volsella (M odislus)
foissus, Mya arenovia, Pelricols plaladiformis,
sra bruncata, Myilus californionns, M. edulis,
v bifurcolus, Denax gowldii and Anemia
feewithout findings evidence of ambisexuality
Avpt i the sexually  undifferentiated young
suiaids and an occasionzl hermapheoadite. None
{ these species has a distinetly juvenile phase of
lity in the localitics in which the investiga-
i were made. Males and females oceur in
spproxinately equal numbers,

DISCUSSION

The inquiry may now be raised as to the signit-
tandeof the diversities of sexuality that have been
seationad. Is the sex-differentiating mechanism
o labile that it responds to relatively slight en-
drenmental changes or are variable genctic com-

Bistions more dircedly responsible for the vavkie
bility observed? The answer seerss Lo be that
both these factors are presumably operative in all
cases, although the cvidence as to the influence of
the environment reguires more direct experimental
proof.

In general, it is evident that there is ofien an
inherent tendency toward a change in fusclional
sexuality  at successive  reproductive poriods.
This change may oceur during the brief interval
between two successive spawnings in one SCASOR,
as in the larviparous ovsters, in Teredo and in
Pecten, or in successive seasons, 4s in the oviparous
oysters.  There may be a single change, a ffocting
the primary male phase only, as in the consceutive
sexuality of Veans and as is usual in Beriig or
the changes may be numerous, as in the long-
lived Tarviparous oysters.

Juvenile sexuality, or neateny, as reported for
Venus and vviparous aysters is of wide occurrence
in both arimals and plants, being characteristic
of certain gastropods (as Crepidule), anneclids
(as Ophryotrocha), pephyreans {(as Bonetliay,
cehinoderms (as Lepiosieries), nemerteans {as
Geonemertes), and has been reported for crusta-
ceans (Pondalus), fishes (Sparus), and » myhibians
{Rana). It is, of course, well knowa [or the
axolotyl.  Seme of these resemble the pelecypods
mentioned in that the sexuality of certain indjvid-
uals in the juvenile phase is opposite that of the
adult. Both in the peleeypods and in the other
groups mentioned  the neotenous condition s
often ahortive, leading to the eytolveis of such
gameles as may be partially or Tully Tormed: hence
spawning may not oceur in the fuvenile phise,

Puxticularly noteworthy is the variability in the
sexuality of different individuals of the same species
and in some cases in a single individual at dii-
ferent periads of life.  This variability resembles
in some respects the color patierns of certain mam-
mals or of certain plants,  Both are evidently the
visible mantfestations of various combinations of
multiple modifying hereditary factors.

In the functionally hermaphroditic species, as
Pecten, Tor example, the relative extent of the
spermatic and ovarian tssues in the gonad is
highly variable.  Some individuals closely  ap-
proach a unisexual condition, particularly a {e-
rale condition, with only a very small amount of
spermatic tissue or none at all,  But occasionally
the relations are reversed. Furthermore the ox-
tent of protandry or of proterogyny varics greatly
in different members of a single population.
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The importance of environmental influences in
modifying  these characloristics has mnot heen
aatisfactorily shown experimentally for the pelecy-
pods, although Amemiya {1933) found that groups
ol Japanese oysters having portions of their gills
removed showed a Janger pereentage of males the
felleneing seson than similar groups with unin-
jurad gils. Awali aned Rai (1931} also conchaded
that the disturbanee in the nutrition of the Bom-
Lay oyster caused by the commensal craly i
notheres increased the proportion of males and
Tesenwald  (1920) foundd that the gustropod
Limay secame protandric o proterogynic accord-
ing to the envivonmental conditions, particularly
s amount ol moisture. LU was mentioned that

the Virginia oyster had a larger proportion of fo-

fmades e the vearling population in those years

anel in those focalities mast favorable for rapid
growth (Coe, 1930, 1938), AL this age the func-
Gonal females are of lagper averagt size than thoss
tadividuals that are lunctioning s males.  Tlence
¢ seoms quite possible that temperature and
nutritive conditions within the body may in-
Quence the proliferation of one rather than the
other of the alternative types of sexual colls in the
carly ambisexunl gonad,  Such influences are well
authenticated among nematodes, annclids, amphi-
bians and plants.

Tn several groups of animals, hoth invertebrates
and verbebrades, as well as in some plants, there
exiat Jocal races with differing hereditary types of
soxuality.  Such racus areé reported by Bloomer
{1050 in the freshewaler pelecypod Anodonia
eypieg, and lave heen thoupht to exist in the
Virvinia oyster (oo, 1036, 1038). Additional
information, jarticutuly of an cxperimental na-
ture, will presumably roveal them in many othey
species,

CONCLISION

Tt may be cancluded then that the pelecypods as
a proup are proedeminantly of separnle sCXTS,
Among the refatively few hermaphroditic specics
four intergrading fypes of ambisexunlity are
recognizid: functional ambisexualily {functional
hermaphroditism), consecutive sexuality, rhythni
feal consecutive sextuality and alternative sexuality.
Gome of Uhe hermaphroditic species are character-
ized by multiple madilving hereditary sex factors
which may produce all prades of ambisexuality
fpomn frue males to true females.

There are also various hereditary physiological
time {actors which control the periodicities of the

alternative sexual phases. The ambisexual e
show a peneral tendency toward & rhythmial
series of altesnating male and female phases, o
which the initial sexual phase ie more fregaenth
male. Some of the species appeat {0 be compoic
of local races with Jiftering sexual tondonel s
and these tendencies Dheooms nanifust n i
fering  degrees according 1o the enyironmentd
conditions,

The sexual conditions deseriboed on the [oreguins
pages are not secutinr to the pelecypords hut fls:
their paralicls in other groups of organisms, bos
animals and plants. Fyven in the spomes
are species with incomplelely separated s

some individuals fanclioning for
=

and others as Temales, wliil

of eges in proc minantiy m
o general tendency toward protandry U
1040),  Such is also the case with coertain phe

jans, geplhyreans, pnematotos, o

Tils

hranchs, gastropods, cchinoderms, Crsliceins. .
fishes.,  In some of these, o8 has Doen ments
for Venus, the fully mature inedividusis arg siii
of separate SCHLS, although nearly all the v

first {unction as males,  The genetic males i
malesy continue o funetion as such throw
life, while the genetic females (hermaphn
males, or protandric fernales) function as
when young and as females therealter.
There is no direct proof of phenatypic sox &

tepmination i the pelecypods, although &
generat yule in cases of alternative sexualily
male phase is often indicative of immatunty
anfavorable cnvironmental infiuences, while
female phase is more often  associnted W
oplimum physiological conditions.  This
harmony with the evidence from other gr
of animals and phnts.

ALl these manifestations of sexuality frv o
sistent with the view that the prospuctive sux
of the individual is depentdent upon the TUBHIE
tive balance of the male as apposed Lo the s

factors in the hereditary mechaniam.  They &
il be referred to the homozy gosity or heter

gosity of the primary sex factors, with their =

sociated modifying factors for the activationor=
pression of cither the male- or femalo-deternan
components at cortain stages of development ot
harmany with different deprees of phivsintosi

maturity, They are also responsive to envis

mental conditions both within and withowt v
body of the organism.




I LY i{‘ "
'a].l:lit;l!
faaes, of
o puently
-T;ni:-.wi
oadeneies
by ddid-

Sranentad

IETEM RIS

TRYES
Coarakes

R RN

inisel
v and
cebioned
strictly
SOOI
ey [y
ot

o hroditic

risedes

Hef proure

TOHF (o

wocnaliny

She Tepuide

Phey may

elo ey
Ao thelr ae
i ar sl
lederminigg
oment or n
fovsiokoyrivad
Lo environ-

vithout the

SENU AL JENEERPESTIATION [8 SOLLUSES 163

LI OF LATERATURE

Katsirva, 100 7192% On the sex change of the Japa-
aeve convman oyster, Osfrea piges Thunberg.
Proc, Dwpe Acad, Tokye, 50 284286,

035 Bifecr of gl cxcigsion upon the sexual
differentintion of the oyster {Ustrea gigas),  Hept,
Japo Ass. oAde. Sed., 100 10231026,

Awarn PR and TS0 Rar 1931, Ostrea cucndlala
{the Beombay oyster). Tudian Zool. Memeir,
No. 3, bucknow.

Broosen, T 19390 A nete on the sex of Psend-
anedonta and  Anedonta,  Proc. Malae,  Sec.
Foudan, 230 285-207,

emeenproar, Mo Do 19310 Sex o in the Louisiana
ayeier, Osfrea virgindca, Scieoace, 74 71272,

1370 The sex-ratio in aiternalional hermaph-
rudites, with especial reference Lo the deter-

i

tiion of sexual phase in oviparous oysters.
Funr. Marive Keseareh, 1. 7584,

wr, WKL T2 Sexund phases in the American
avstvr (strea wivginicey.  Hiol, Bull, 630419441,

he gonads and the
serpuence of the sexual phases in the Califernia
ovster (Ostrea burida). Bl Seripps Inst. Occan-
ppr., Tech. Ser,, 30 110-144 -

e 19330 Sexua! phases in Teredo.  Biol. Budl,
051 283-303.

34, Alternation of sexuality in oysters
Am. Nai, 681 236-252.

e P30 Sexual phases in the pelecypod moliusk
Peredo.  Science, 800 192-193,

e 40350 Secuence of sexual phases in Tereda,
shtrea and Crepidula. Awad Ree,, Suppl, 040 81,

1936, Beruence of functional sexual phases
in Ferede. Biol, Bull,, 7i: 122-132.

-------- COi934Ga. Sex ratios and sex changes in mol-
lasks, Ao MWus, Hist, Nado Belgigne (2 ser),
fuse. 30 69-76.

1938, Primary sexual phases in the oviparous
avater {Ostrea virginica).  Biol, Bull,, Td4: 64-75,

s 198 Diivergent pathways in sexuasl develop-

ment.  Science, 91 175-182,
- 198t Sexual phases in wood-boring mallysks,
Hiod, Phudf., 817 168-176.
P30 Development of the prionry gonnd and
dieeentiation of sexuality in Tercdo muowalls and
ather pelecypod mollusks, Biol. Bl 84 {(In

1933, Bevelopment of

RS

U, WOOIL, and Hawey FoTowsen, I 19380 De-
vetopmant of the gonads and gameles in the
saivshell clam (Mya arenaria), Jowr, Morph.,
s uteiit.

o, HoAL 1941, The fecundity of Osirea edulis.
Fowr Ay, Biol, Ass™n., 25: 243-260.

Fsooson, Cuaarnes Mo 19200 Bdible mollusca
of the Oregon coast. Qec. Pap. Bishop Mus,
i Noo 9.

Fenverer, Joun Avpeer. 1940, The ariging of the
germ cells in Shlotetle feliophile Wilson {Tetra-
xonido},  Jowr, Morph., 67: 175197,

Garrsorr, Paun S, 1937, Observations and experi-

ments on sex change in the adult American

oyster, “Ostrea virgiaica.”  Collecting Nei, 12: 187,
1938, Sex change and physiolozical inter-

sexuadity in Ostrea oirginica.  (Absir)  Apar.

Kee,, Suppl, 72: 42,

Grave, Benpamry M 1942, The sexual cvele of
the shipworm, Tereds noavalis. Biol, Ball., 82:
438445,

Grave, Bungasan T, and Jav Suren 1936, Sex
mversion in Teredo navalis and s relation o
sex ratios.  Biol Ball., 70: 332-343.

Gursitr, J. S, 1926, A hermaphroditic VIVIparous
oyster of the Atlantic Coast of North America.
Scivnce, 64: 450,

=== 1B Natural history of (he bay seallop,
Ball. Bureaw Fish., U, S, Dept. Commeree, 46
{19307 560~632.

Hoviins, A Do 1936, Feological ohaervetions on

spawning and carly tarval development in the

Olymipic  oyster  {Ostren furida).  Feologw, 17:

551566,

1937, Experimental ohservations nn spawning,
larval development and seteing in the Olympic
oyster (Ostree lurida).  Bull, 17, S Burean Fish.,

23 430503,

Loosanore, Vicror T.. 1937, Develapment of the

primary gonad and sexual phases in Venws mer-

cenaric Divnaens.  Biol, Badl., 72: 336405,

. 1942, Seasonal ponadal changes in the adule

oysters, Ostrea virginica, of Long Islund Sound,

Biol, Budl., 8§2: 105200,

NeppLer, ALFRepa B, 1932, Sex reversal in Ostrea
virginiva.  Cowdr. Con, Biol. and Pish., 7: 285,

s 39360 Sex ratios in oysters of known age,
Prop. Rep. Atlantic Biol. Ste., 7: No. 49,

Owrow, J. 11 1927, Observationsand experiments on
sex-change in the Furopean oysier (0. edulis).
Jouwr. Har. Biol, Ass'n., 14: Q671045

e 102700 A note on the physiology of sex and
sex determination. Jewr. Mar. Biol. Asg'n., 4:
10471055,

-, 1933, Obscrvations and experiments on sey
change in the Buropean oyster (0. edudis).  Part
111, On the fate of unspawned ova. Part 1V, On
the change {from male to female. Jour. Mar,
Biel. Ass’n., 6:1-54,

PrrsuNeir, PauL. 1935, Lssai d'ethologie dapris
Pétude des Mollusques.  Pud, Fond. Aguthon De
Potier; Aced. Koy, Belgigue, ClL Sci., Bruxclles,
1-662.

[

o




144

Pynenon, 1R, Demson, 1941 On the biolopy and
pelntionships of  the lamelliirnet Xuloplega
dorsalis (Turtony,  Jour, Mar, Biol. Ass'n., 25:
139,

Rospnwarn, K. 1926, Declntlussung des Cesch-
lechty von Limax loevis, Zeits, f. ind, Abs. .
Verer,, 43; 238-251,

TIE G ARTERLY REVIGV OF fOneey

Revonney, T, € 1033 The dife history of 5

Austeating oyster {(Osiren eompmercialiy). s
Linnean Soe. New South Wales, 580279 -333,
Wrymourns, Frang W, 1923, The life history e
growth of the Pismo clam.  California Fish i

Game, Bull, Ty 1-120.

e A A




