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Although the radiation of hivalves is extensive, only o few familics have successfully
mvaded fresh water, Duoring this process several chanpes have occurred in their life history.
[ most marine bivaives the cpps are fertilized externally, and the embryos develop as
planktonic organisms. In contrast, almost all fresh-water bivalves incubate cgps andior
young, Among British species only Dreissena polvinorpha Pall,. which apparently colonized
MFesh-waters in the 19t century (Hass, 19293, has a free swimming veliger, The Sphacridac
retam the young in the fnner demibranchs and release them as mininture adults: both
trochophore and veliger stages being suppressed. The Unionidae also incubate their
farviae m the demibranchs, These farvac, the glochidia, arc, in most specics, specinlized

for subsequent parasitie hife. .

Muaterinls and methods

Glochidia were obtained as deseribed elsewhere {Wood, 1974), Muateriad Tor histological work
wias ixed i Bowin’s aleoholic Tuid and embedded i paratlin wiae Sections were cut at 5 o
7 wm and stained, usaally with Heidenhain’s haenvatoxylin and Heht green, or Mallory’s triple
stain (Humason, 1962y,

The MC tracer experiment was carried out as follows, 025 ml of o | mesmi agueous solution
ol sodium bicurbenate was added to 100 ml of Zuglena culture and felt for 24 h-at room em-
perature (20 C) to allow the algae to assimnlate 1 (as PCOL, preswmably with the production
of carbohydratesy, A green sludge of Fuglena was then obtained by contrifuging the culture, It
was shaken in distilled water and re-centrifuged, then tested for s radionctivity by counting the
number of disintearations/second inoa seintiflator. O3 ml of sludee was introduced into cach of
5 gravid adults (dry weieht without shell approximately 4 g) which was equivaient to ubout
C-0F pe per animals The studge was intreduced by “lorcihly feeding™ cach mussel. The shetl

valves were Toreed shighthy apart, o pipette contuining studge was introduced into the mouth of

the animal and stowly empticd. Any algae which started to spilt out of the mouth were mosved
in again on the adinted tracts. Water was lushed through the mantle cavity for severnl minutes,
to ensure that any algae which did not enter the mouth were washed away, The adults were then
placed together i tank through which fresh witer constantly flowed. This prevented eon-
tamination of any part of the animals with Laceat material, A specimen which had sot been fed
with radioactive alpoc was pluced v the tank as o controb

Mussels were killed after 1020 d0 8, and 11 days. and the control after 11 days. by remonal
from the shell and lixation i Bouin's alcoholic uid, Each animal was Liter cul 1o 4 more
managcible sive to mchude digestive tssue, foolt and demibranchs. These tissue shices were
embedded e oparaftin wa and sections ol cach were cut ab 7 o and transferred to clean ghass
slides prier o dipping in HHerd K5 Nuelear Research Emulsion. The slides were kept, after
dipping, 10 dry Light-prool” contaiers for 7 days, The emulsion was then developed and fixed,
and the shides thoroughly washed i distilied witter, The sections were stuined with nuclear fast
red and heht green, resulting e a contrasting background against which exposed silver bromide
grains showed up clearty as black dots of metallic sitver,

Fertilization

Histological examination of the foot of specimens collected in carly summer showed
mosi individuals to contin both cpgs and sperm, The gametes were apparently mature
and probably develop simoltancously in dilferent regions of the same gonad.

[ date summer cpgs pass from the gonad into the interfamellar spaces. The sperm.
however, pass from the genad, through the exhalant siphon into the water, and are
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MORPHOLOGY OF THE GLOCHIDI M LARVA OF ANODONTA ¢ YGNEA 3
subsequently drawn into the mantle cavity of nearby individuals, The pereentage of egps

which are fertilized appears to be high. Soon afler the aduits had spawned, 1 examined
the demibranchs of a1 least 80 gravid individuals, and rarely found non-developing epgs.

Development of the glochidium
Gravid specimens contained developing embryos during August and September, and
ipparently mature glochidia by the end ol -October at the Tatest, It s possible, however,
that fertitization and glochidial maturation occur carlier or fater in (he year, according to
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eavironmiental conditions. The clicct of temperature on development was shown by the
following experiment, Twenty adults containing glochidia were coliected in carly Octoher,
and ten were transferred (o (anks on the roof. The maximum temperature in these tanks
wis 19-0 Cin October, 140 C i November, and 9-5 ¢ m January, The other ten m ussels
were placed in tanks at 10 C A fow glochidia were removed from eael adult weekly
from October to January, and their developmental stage reeorded. Glochidia on the roof
developed normally. whereas those held at 10 Cavereapparently still in the same develop-
mentab stage in January us in carly October, )

In the following description of the embryo of dnadoni crgnea buse terminolopy taken
from a paper by Lillie {1895} in which he described the carly development in un-named
Anodonta wnd Lnio species,
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The carly embrio

Various regions can be identificd in a September embryo (Fig, 1), Dorsally is an ecto- A bival
dermal region where Jarge cells constituting the shell ghand are scereting o cap-like sheil, 8o, the-me
Ventrally, other cotodermal dells form the Lerval mante, the oral plate (which will even- As the mu
tually give rise to the ocsophagus), and the cilinted ventral plate (which will form the meet, unit
foot). The ventral plate is situated on the posterior lip of the blastopore and mantle celis hinge (Fig

are adincent to the anterior lip, Ectodermal cells are also associated with and form the
thread gland. There are six thread gland cells. situated just beneath the anterior end of the
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8 :' ‘ ‘ ' R
Lateral pi cells . Left shell yolve
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Myneytoe \ -
} Ldducior mascie
Vitellne
- membrone 100, m i
i, 20 Developing glochidium, viewed Trom the leftside,
J ' by
: | shell gland, and according to Lillic {1895 one gives rise to the thread itsell and s sur-
rounded by the remaining live. The hairs, which have devetoped from specialized 7
cetodermal cells, can also be scen at this stage. toot and p
The larval adductor muscle, lying anteriorally and dorsal to the mantle cells, s formed reported b
_ together with the myocytes from mesoblast cells. There are several pairs of myocytes The ma
1 which, Schicrholz (1888) suggests, play a mechanical part in development by contracting The addw
stowly and steadily to produce invaginations. Other mesoblast cells streteh from the outer by contrue
i walls of the embryo to the endodermal sac. These fater Torm the pericardium, nephridia, bul _“"h‘»’”
: and possibly other structures. They are not contractile, - obvious
The endodermal cells are sitwated posteriorally, dorsal to the ventrad plate. Liliie v osppadren
i observed that “the entoderm generally assumes the form of @ sue, communicating by the of ”}C gio
blastopore with the exterior, but at other times no fumen s discernuble™ demibrane
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Shell development and associaied changes

A bivalve shell gradually develops from the ariginal thin, cap-like shell and, as it does
v cap-like sheli, . the mantle becomes bifid, and moves dorsally to fine the inner surfaces of the valves.
hich will even- As the mantle cells move in they carry with them the venlral and oral plates which thus
A4 will Torm the meet, unite. and come to oceupy the whole of the paslerior region on cither side of the
nd mantlie cells hinge (Fig. 2). The anterior part of the ventral plate is the basis for the formation of the
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Fra, 3. Mature glochidium, within the vitelline membrane, viewed from the posterior end.
asell and is sur- '

rom specialized . :
foot and pedal structures. Lateral parts of the ventral plate, known as the lateral pits.are

reported by Schicrholz (1888) to give rise to the il Hilaments,

ars of myocytes The mantic cells also carry the lm»ir cells and thread gland to their definttive pos_i{inns_
it by contracting The adduclor musele does not shiftin position but after the shell becomes bivadve, it can,
1 from the outer by contracting and relaxing, open and close the shell The shell is pale and thin initially
but when lined by mantie cells it becomes thicker and darker. the pores become more
obvidus and the spiny hooks grow (Figs 3 and 4). The developmental stage of glochidia
4ral plate. Litlie is apparent without even opening the demibranchs, since the overall change in colour
of the glochidial shell brings about a corresponding change in colour of the intact
demibranch.

> cells, is formed

dium, nephridia,

sunicating by the




G . ELMoWOOD

Greneth of the thread

The thread gland appears to be formed from one central and five accessory cells, with
the centrat cell primarily responsible for the production of the thread. During invagination
of the mantle celis, the celfs constituting the thread gland move posteriorly, so that they
come 1o lie in a central position, below the shell Ringe. A thread oland in the anterior
nosition can be seen in Fig, 20 and in the delinitive position in Fig, 4.

As the thread gland shifls in position, the central coll of the gland grows dorsally, inte
the mantle cavity. [t moves backwards towards the hinge line to the posterior end of the

Addustor muscle
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Frs. 4, Mature glochidinm, viewed Trom the ventra

body. close to the endodermal sac. and then coits two o three times round the adductor
muscle (Fig. 4). The way in which the central cell prows through the tissues is described
by Lillic {1895) as follows. “The nucleus of the central cell migrates (o ils inner end. the
greater part of the protoplasm following it fnally almost all of the cell hes within the
primary body cavity, but ' il connected with the spot it formerly occupied by a strand
ol vacuolated protoplasm. The vacuoles run together, and Torm a fumen running from
O the terminal nucleus persists for some time Tonger, but gradually

near the exterior .
(s existence it no doubt controls the growth in fength

dwindles and disappears. During i
of the gland. but after its disappearance the further growth scems o be supported by the
. He suggests that the thread, which lies in the lumen
fuced by Tan actual metamorphosis of the substance
P oand that when this hus begun, Tnumerous mesoderm cells apply themselves
encase it The further growth and sceretion seoms o be

five large cells arcund its opening”
of the clongated central cellis prod
of the cel
to the gland and completely
supported by these cells™
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After the thread has been formed within the glochidial tissues it grows oul between the
e aceessory cells, (o lic in the mantle cavity. Lillic states that “extrosion of the (hread

fakes place™, which implies that the (hread which is coiled up inside the shell moves o

the outside. This is not so. for o developed glochidium has both an external and an
mternal thread. Both take up the same histological stains {c.g. periodic acid Schifl'y and
have the same clastic properties (Wood, 1974). The external thread is retained intially
mside the vitelline membrane (Fig 3), but when Ghis ruptures the thread is free, hecomes

tangied with other threads, and binds one glochidium to another,

Morphology of the mature glochidium
Tissue developmoent e

Examination of glochidia from December (o Muareh showed that, after the movements
which accompany invagination had oceurred. the position of cells and tissues did not
alter. Neither was there any apparent change in structure and organization of individua
cells. Lillie (1895) stated that “the corebral ganglia have begun to form i some glochidia
of Anodonia in Febroary. Just anterior (o the stomodacuim™, 1 have not, however, heen
able o identify nervous tissue with cerlamty,

It s possible that ultrastructural and physiological changes do occur during this period.
Fhe December deveioped glochidia are. however, able 1o infect fish, and behave in the
same way as March glochidia townrds prospective hosts and in various environmental
conditions. ‘ ' ‘

The shell .

At maturity all the glochidial soft parts are enclosed within the shell, which is armed
with & spiny hook on the apex of each valve (Figs 3 and 4y, This consists of g solid ridge,
and two delicate wings which streteh from the distal end of the hook (o the rim of the
shell (Plate 1)), The hook is armed with fiumerous small spines at its base and u fow,
hirge, stout spines along the rest of its fength (Plate (b)), Lillic CEROSY reported that “the
books are joined 1o the: valve proper by a hinge and arc moved by special muscles
fmyoeytes)™. However, like Arey (19243, 1 Tound no evidence n support of this statement.
Ruther, it appears that movement of the hooks only occurs whern one presses against the
other, or against an objeet placed between the valves, This causes a flexure of cach hook
at its base so that it eventually fies at right-angles to its original position. The spines of
one hook can then interlock with those of the other, and this may be an important factor
i ensuring suceessful attachment, for, when they mteriock, they also clasp host tssue
{(Plate Hcy). _

_ The meantle celis

The mante cells line the sheil (Fig. 4), and Arey (1932) reports that during the carly
days of encysiment they are active in digesting host tssue. 1 is also possible that they
ingest food during the period when glochidia are hiving in the adult demibranchs, The
endodermal cells, from which the gut will develop Later, form only an indistinct sae at
this stage, communicating with the exterior by means of u small openimg, the dlastopore,

No experimental evidence has been provided which shows conclusively that developing
glochidia ingest food, and if they do, from where, and with which cells. In the hope of
answering some of these questions, | fed adult gravid A, crgnea with VC Tabelled algue,
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and prepared autoradiographs o find the spread of VO Tabelied substances throughout |
(he tissues. and possibly the glochidia. The experiment was carried oul in January when 3
the glochidia appeared to be developed, bul when they would stifl presumably require
food for basic metabolic processes. The adults were fed with labelled algae {(Fuglena sp..
rather than injected with pure. fabelled, arganic compound, because alpac are natural
foodstuifs and are presumably readily assimiluted. The assimilation products, some
containing ¢, would then be incorporated into many compounds, any of which might
eventually reach the glochidia.

Mussels were kitled 1, 2. 4, 8 and 11 days after they had been “foreibly fed™ and
autoradiographs prepared. in cuch animal 1'C was abundant in the gut and hacmocoel,
and also present in the interfamellar connections and glochidia. A quantifative estimation

+

Tantel

The spread of VWO in the aduldf deniihranch, aied i the glochidiol cells of the nuditte and
fareral pit
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of VO spread in the fatler arcas wis made by counting the number of black dots {melallic
silvery in a grid 10 ym square. A background count was made in the imterfameltar spaces,
since some sifver grains develop. even inan unexposed emulsion. and othiers may be
developed by cosmic rays and other sources of fonizing radiation, When evaluating
autoradiographs, these background values must be taken into considergtion. Three ;
counts were made in cach arca, and the mean value caleulated (Table T). B
The experiment, although with only a few adults, indicates that glochidia ingest Tood, b
This almost certainly comes from the adult, probably as mucus. scereted by cells in the

interlameliar connections (Plate 1) '
otk mantie colls and lateral pit cefls contained 7C hut, because assimilation products
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alternatively, seme co-ordinating structure. The fatter seems probable afler consideration
of the type of response clicited by stimufation of the hair cell (Wood, 1974).

_ The thread
The thread. the position and growth of swhich have already been deseribed, possibly
acts an attachment organ. ITmportant propertics-are that it is long (up to 2 mm externally),
sticky. and pliable, and will therefore become attached to any object with a shghtly
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a Ty
\ : w2 T,
Prate 13 Seetion through part-of @ gravid demibranch ol Anadonte cygaca, Gl Glochidinn M, muens

secreting cell in intesfamel b connection,

rough surface, such as the finof a lish. Falso found the thread to be extremely elastic and
therelore. once attached, unlikely to break under the strain us a glochidium is tonwved
through the water.
T The adductor niiscele

The single adductor muscle is situated towards ithe anterior end of the glochidium. s
apparcutly branched fibres streteh from one valve tothe other. and contain a single
centradly placed nucleus. When it cantracts i jerks the shelt valves together and i capuble
of holding them in this position either momentanty or for several hours,

Other structures
The structures desceribed above all serve a particular purpose in the parasitic phase of
the glochidium. In contrast, the fateral pifs, ventral and oral plates, and endodermal sac
are rudimentary tissues and play no part in host attachment.
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The glochidium of other unionids

The British Unionidac comprise three gencru, Anodonta {3 spp.y. Unio (2 spp.}. and
Margaritifera (2 spp.). All possess glochidia which, in structure and development, diﬂ'c;‘
i the ways indicated in Table H.

There are many North American Unionidac. Mm genera (e Lampsilis, Ohliguaria,
Unido, Quadinlay possess glochidia with hookless shells, while some (e.g. Anodonia,
Strophitus, Symphynora) possess glochidia with hooked shells. Lampsilis alains does not
fit cither category because, although its glochidium possesses hooks, they are not. according
to Lefevre & Curtis (1910}, homotogous with those of the /mm/u.'rm type. Furthermore,
cach shell is not triangelur in side view, as it 18 in the typieal homcd and hookless
plechidia, but 1s the shape of an axchead, ‘ wa

Tanir 1t )
Diflercuces in glochidial development and morplologin the three genera, Anodonta,
Unia, and Margaritifera

Genus
sreredonte Uinia Mergaritifera
Fertitization of cges Adlgtst March st Seeond
' broged beood
July Avrgiist
Release of glochidia Foliowing July Aupust Manch
Ny :
(Hochrdid sive denpeth
Cfrom hinge to ventrad
edpe of one shell valve 360 um 200 pm S0 am
Hooks on shell Prosent Absent Absent
Larval thread Present Prose! Laostata
premaiure stige
Lisual sttachment aren Fins Gil Gl Blaments
on host fikuments
Discussion

In Britain the antonids are the only bivalves with parasitic farvae, Representatives of

this family are also found in North America und Australia. Direct development from
glochidium 1o juvenife apparently occurs in two North American species,  Anodonta
tCrerbackiay fmhecitlis and Swophits edentilns (Lefevre & Curtis, 1911, Glochidial
development takes place “in a chord in the gilf which forms a sort of placenta or nutritive
body™. Strapliitus cdentudus 15 wso able to develop on o fish in the normal way. In Altica
and South America parasitic farvae are produoced by the freshwater family Mutelidae
{Honnetto, 1951 Fryer, 1961, but these differ in many ways 1o the glochidium of unionids,

The suppression of o nlanktonic stage in the development of {reshwater bivalves may
be advantageous in a river sysfem where larvae wre liable (o be sweptaway Lo an unsuitable
environment. The parasitic phase presumably affords & safer means of dispersal, and some
protection from predators at an otherwise vulnerable time,

It is evident at an carly stage i the development of creaea that the embryo is
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divergent from the trochophore type of farva, and that it is developing, not into a veliger,
bul into a highly specialized glochidium. [ found that, with few exceptions, Lillie’s des-
criptions of the embryology of unionid larvac were also applicable o A, crgnea.
Uotodermal, mesodermal and endodermal eclls can be identificd in the embryo. The
cells which seerete the shell are cctodermal, as are the hair cells, the mantle celis, the cells
constituting the thread gland, and those of the oral and ventral plates. Mesodermal cells
form the larval adductor muscle and the myocytes, and endodermal cells form the endo-
dermal sac. 1t is possibic to divide these structures into two categories: those directly
involved in the parasitic phase, which later degenerate, and those which are rudimentary
bt develop later. The hair, mantle, and thread gland cells, myocytes and tarval adductor
fall into the former catcgory, while the oral and ventralgplates and endodermal sae fall
into the latter. During metamorphosis all the former structures degenerate and the atier,
former rudimentary structures develop. Two glochidial structures which degenerate, the
mantic and the adductor muscle, are replaced by analogous adult structures {except that
two adductor muscles are present in the adult), The rudimentary structures which develop
are the ventral and oral plates and the endodermal sae. The ventral plate gives rise to the
oot and gills, the oral plate to the ocsophagus, and the endodermal sac to the gul,

Glochidia of A. crgnea are mature by October, but are not released until the following
May. During this time they are sustained by the adult, probably by mucus secreted from
the lining epithetium of the demibranchs. Once relfeased (hey have quickly to become
Attached to o host, and the thread can act as an attachment organ, This thread is oflen
ceferred o as a byssus (and the thread gland as a byssus gland), which suggests that it
has aflinities with the byssus of adult bivalves (e.p. A vritus) 10 does not, however, appear
1o be homologous with this type of byssus which only develops in the adult, is situated
on the Toof, and has no internal structure comparable to that found in glochidia.

Summary

Anodonta cygnea, Jike other aniontds, produces a parasitic glochidium larva, Al unionid
glochidia are essentially simidar, bult difTer in certain aspects of development and structure,

Fertilization occurs in late summer and development takes place in the outer demi-
beanchs of the adult mussel. The early embryo, enclosed within the cgg membranc,
consists of a rounded mass of cells, of which the mantie cells and the cittated oral plate
cells are particularly cvident. A shell gradually develops and as it does so the mante and
associated cells shift in position unti they come to line its inner surface. The shelf becomes
bivalve and is then opened and closed by the adductor muscle which stretches between
the two valves,

The plochidium farva is mature by the end of October at the latest, but it remains in the
demibranchs untl the following May, when it is released to begin its parasitic phase.
The thread. adductor muscle. sensory hair cells and hooked shell all play an smportant
role in host attachment, but all except the shell degenerie during metamaorphasis, when
the juvenile tissues develop,

[ would like o thank Mr G. £ Barnes for his interest in this work, armd Tor his advice during
the prepariation of the manuscript T am also grateful to Mr ). Bayhe and Mass I Turner for their
technical assistancee, _
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MORPHOLOGGY OF THE GLOCHIDIUM LARVA OF ANODONTA CYONFEA i3
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