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Shell Microstructure and Systematics of Sphaeriidae (Bivalvia, Eulamellibranchiata)

[With 5 text-figs. and pls. VI—XXXVIII]

Systematyka malzy z rodziny Sphaeriidae (Bivalvia, Eulamellibranchiata) na podstawie mikrostruktury
muszli

Abstract. Seventeen species of the Sphaeriidae have been included in this study. In
the members of this family the periostracum forms about 5%, of the shell thickeness and on
its inner and outer surfaces it bears sculpture, which is presumably a characteristic feature
of particular species. Spherical or elongated conchiolin structures were observed on the inner
surface of the periostracum of Pisidium mitidum; they strengthen its adhesion to the calca-
reous layers of the shell. The calcareo-organic portions of the shell are differentiated into la-
yers distinguished by their homogeneous-granular, granular (homogeneous, KoBayasur, 1971),
diagonal (composite prismatic, KoBayvasui, 1971) and palisade (pallial myostracum) struc-
tures. In most species of the family studied canals, perpendicular to the shell surface and
directed towards the inside of the shell, were seen in the calcareous layers. An analysis of
microstructural characters indicates that the presence or lack of homogeneo-granular and
granular structures, the value of angles between the lamellae of the diagonal layer, the shape
of plates of the palisade layer and the pores are of essential taxonomic importance. The mi-
crostructural characters support the division of the Sphaeriidae, generally applied at pre-
sent, and add new data to the issue of the systematic position of several taxa, e. g. P. caser-
tanum f. ponderosum and P. nitidum f. crassa.

I. INTRODUCTION

The purpose of this work was to examine the shell microstructure of selected
species and forms of the family Sphaeriidae, with special attention given to
those whose taxonomic status had always raised doubt. The results of this
study should permit us to answer the question whether the knowledge of the
microstructure of shell will make it possible satisfactorily to determine the
taxonomic status and degrees of relationship regarding the known taxa in
this family.

The choice of the Sphaeriidae as the subject of this study was dictated by
the fact of their being poorly known. The monographs by HERRINGTON (1962)
on the Sphaeriidae of North America, and by ZEISSLER (1971), who collected
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and arranged the data about their Buropean members, may be regarded as
exceptions. A monographic study was also given to the species of the genus
Pisidium in Czechoslovakia (BRABENEC, 1973). Sure cnough, the Sphaeriidae
of France are best known; they were studied as early as the nineteenth century
by BAUDON (1857) and recently by JAYET (1973) and KUIPER (1963a, 1964,
19654, b, 1966, 1968, 1974). Much information about the Sphaeriidae of Great
Britain is owed to ELrIs’s (1962) work and interesting data concerning the
systematics and ecology of the members of this group from the Soviet Union
can be found in publications by ZHADIN (1952), PTROGOV and STAROBOGATOV
(1974), TiMmm (1975) and KRIVOSHEYNA (1978).

Apart from papers with physiographic data (e. g. PIECHOCKI, 1969, 1972;
BERGER, 1973) there are scarcely several studies on the sphaeriid clams in Po-
land, among them papers by FELIKSIAK (1938), BERGER (1958, 1959, 1962),
JACKIEWICZ (1962) and KASPRZAK (1975).

Finally, much information about morphological and anatomical variation
in the Sphaeriidae can be found in works by ODHENER (1921), FAVRE (1927)
and EHRMANN (1956), whereas their ecology is treated of by HEARD (1965),
LADLE and BARON (1969), MACKIE, QADRI and CLARKE (1974a, b, 1976),
MACKIE (19762, b, 1978a), MAckiE and HuGGINS (1976) and HOLOPAINEN
and RANTA (19772, b). :

The cause of poor knowledge of this group should be sought in its tremendous
morphological and anatomical variation, which is probably due to self-ferti-
lization, frequent in this group, and formation of populations that constitute
pure lines. It is this fact, above all, that is responsible for a long list of synonyms
within this family, collected and, in so far as possible, arranged by HERRINGTON
(1962) and ZEISSLER (1971); BOETTGER (1961) critically discussed older attempts
at systematic division of these clams. Some of the more frequently encountered
divisions are summarized in Table I.

The application of shell microstructure as the basis for taxonomic studies
was acknowledged to be expédient, because 1) none of the classificatory criteria
used so far for this family has given satisfactory results and 2) the diversity
of the microstructure of mineralized parts of invertebrates (KESSEL, 1933;
KADO, 1953, 1960; KOBAYASHI, 1969, 1971; ToWE & THOMPSON, 1972; MORY-
CcOWA, 1977; MACKIE, 1978b; CARTER, 1979) and the results of experimental
studies on the modes of shell formation (BEEDHAM & TRUEMEN, 1958; KADO,
1960; FRETTER & GRAHAM, 1962; Towk & HAMILTON, 19682, b; TIMMERMANS,
1969; WATABE & WILBUR, 1960) permit the supposition that the diversity of
the microstructure of shells is dependent on the biochemical specificity of the
organism. In addition, the fact that the data on the microstructure of the bio-
logical mineral-organic elements may possibly be used also in studies of deposits
prompted us to make attempts to utilize them. Investigations of this type
have been carried out for higher systematic units (HoROWITZ and POTTER,
1971; KoBAYASHI, 1971; Porov, 1977), but the trial to use the microstructure
of shell as a systematic character ended in failure (MACKIE, 1973D).



Some taxonomic divisions of the Sphaeriidae

Table I

Author . Family Subfamily Genus Subgenus
1 2 3 4 5
Baxer (1928) Sphaeriidae Sphaeriinae Sphaerium
Musculivm
Pisidiinae Bupera
Pisidium
HEeRRINGTON - Sphaeriidae Sphaerium
(1962) Pisidium
(IZAPEPENBAGCHG [0 i o i Byssanodonta
1960) Eupera
BOETTGER (1961) Pisidium Pistdium s. str.
(tylko rodzaj Galileja
Pisidium) Neopisidium
MEIER-BROOK Pisidiidae Pisidium
(1970) Afropisidium
Neopisidium
Rivulina
(= Buglesa)
ZEISSLER Sphoeriidae Sphaeriuwm Sphaerium st. str.
(1971) ' Sphaeriastrum
Musculivm
Pisidium Pisidium 8. str.
Cymatocycles
Neopisidium
Odhneripisidium
KuirER (1962) Sphaeriidae Sphaerium
BRABENEC Pigidium Afropisidium
(1973) Neopisidium
Odhneripisidium
Rivulina
Pisidium 8. str.
Pirocov et Pisidiidae Sphaheriinae
STAROBOGATOV Pisidiinae Pisidium s. str.
(1974) Neopisidiwm
Odheripididium
Euglesa Henslowiana
Cymatocyclas
Casertiona
Buglesa s. str.
Oyclocalyx
Pseudeupera
Cingulipisidium
Costopisidium
Tetragonocyclas

Arcteuglesa
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1 2 3 4 5
TiMM (1975) Pisidiidae Sphaeriinae
(ALiMovV et (= Sphae Pistdiinae Pisidium
STAROBOGATOV riidae) Lacustrina
1968) Parapisidium
Afropisidium
Euglesa
Neopisidium
Odhneripisidium
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II. MATERTAL AND METHOD

The clams of the family Sphaeriidae used in this study were collected by
the authoress in 1973—1978. The assemblage contained, in addition, some
specimens from Assist. Prof. Leszek BERGER’S collection and from the mala-
cological collection of the Museum of Natural History, Polish Academy of
Sciences, in Cracow. The sites of collection of the material are distributed all
over the country and represent all categories of water habitats, from small
periodical pocls to rivers and lakes (Table IT). A total of more than 4200
specimens belonging to 19 species were determined. Out of them, 17 species
were included in this microstructural study, P. pseudosphaerium and P. conventus
being omitted for lack of sufficient material. However, it seems that for the
purposes of systematics it suffices to examine the other species of the same
subgenera.

The material was preserved and stored in 759, ethyl alcohol. Part of the
collection, removed from the alecohol, was kept in the dry state. Monographs.
by FAVRE (1927), EHRMANN (1956) and ZEISSLER (1971) and observations
published by other authors in numerous specialistic papers were turned to-
account in determining specimens. '
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Table II
Material
Localities
g
o | ey § S &=
Species % 2 | g 42 i B & p: =l
Ele 8 |B5(P E|5|25 2|8 (3|5
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it VR A - A I T R A
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Sphaerium corneum 160 |+ | + + |4+ o A
— riicola 30 |+ | + 4[4[+ JL o
Musculium lacustre 300 + e I S [ + AL
Pisidium  amnicum 300 + |+ I Pl A Ll
— henslowanum 500 + + -+ L
— supinum 40 + L -
= malium 100 {+ | + L S{E s A AL
= pseudosphaerium 5 4
— subtruncatum 230 |+ | + + 4+ |+ |+ AL
— nitidum 300 |+ | + + L 4=
— pulchellum 20 + +
— lilljeborgi 4 (+)
== personatum 400 4+ |+ |+ +
— obtusale 200 + A P |
— casertanum 1400 + + |+ [+ UL gl T L) T
— hibernicum 100 +- |+ e +
— conventus 5 o
— moitessierianum 200 -+ L
— tenutlineatum 80 e AL

+) subfossil specimens

In the list below the systematic arrangement has been adopted after ZEISSLER
(1971) and the species and forms included in the present microstructural study
are marked with an asterisk placed against their names.
Sphaeriidae

Genus Sphaerium Scoporr 1777

* Sphaerium (Sphaerium) cornewm (LINNAEUS 1758)

* Sphaerium (Sphaeriastrum) rivicola (LAMARCK 1818)

Genus Musculium LINK 1807
* Musculium lacustre (C. F. MULLER 1774)
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Genus Pisidium C. PFEIFFER 1821
* Pisidium (Pisidium) amnicum (O. F. MULLER 1774)
Pisidium (Cymatocyclas) henslowanum (SHEPPARAD 1823)
Pisidium (Cymatocyclas) supinum A. SCHMIDT 1851
Pisidium (Cymatocyclas) milium HELD 1836
Pisidium (Cymatocyclas) pseudosphaerivm BENTHEM, JUTTING et KUIPER
1947
Pisidium ( )
Pisidium (Cymatocyclas) nitidum typ. JENYNS 1832
Pisidium (Cymatocyclas) nitidum f. bohemica WESTERLUND 1890
Pisidium (Cymatocyclas) nitidum f. crassa STELFOX 1918
( )
( )
)

* ¥ ¥

Cymatocyclas) subtruncatum MALM 1855

Pisidium (Cymatocyclas) nitidum A (see p. 271)
Pisidium (Cymatocyclas) pulchellum JENYNS 1832
Pisidium (Cymatocyclas) lilljeborgi CLESSIN 1886
Pisidium (Cymatocyclas) personatum MALM 1855
Pisidium (Cymatocyclas) obtusale typ. LAMARCK 1818
Pisidium (Cymatocyclas) obtusale f. lapponicum CLESSIN 1877
* Pisidium (Cymatocyclas) casertanum typ. (Porr 1791)
)
)
)

O e L S R SRR R

Pisidium (Cymatocyclas) casertanum f. globulare CLESSIN 1877
* Pisidium. (Cymatocyclas) casertanum f. ponderoswm STELFOX 1918
* Pistdium (Cymatocyclas) hibernicum WESTERLUND 1894
Pisidium (Neopisidium) conventus CLESSIN 1877
* Pisidium (Neopisidium) moitessierianum PALADILHE 866
* Pistdium (Odhneripisidium) tenwilineatum STELFOX 1918
Microstructural examination was initially carried out using both a polarizing
light microscope and a scanning electron microscope (SEM). After trials made
with polarizing microscopes for reflected (Neophot-2) and passing light, light
microscopy was given up, for, to be sure, magnifications obtained with them
made it sometimes possible to identify some microstructural elements of the
clam shells examined but not to describe them more closely. Observation
of the surface and pores was possible only with the help of SEM. A Jeol JSM-
35 scanning electron microscope was used at magnifications from 20 to 18000
times, most frequently 2000—6000 times, and at voltages of 15—35 kV.
Preparations were made from shells defatted in ethyl alcohol. Shells were

broken in required planes and suitable fragments were chosen. Middle parts,
situated on the internal side of the line connecting the marks of attachment
of the muscles, distant from both the shell edge and the hinge, were chosen
to describe sections parallel to the growth lines. They were digested in 0.1 n
HC1 for 8—12 seconds and rinsed in distilled water. The dried fragments were
mounted on aluminium discs. At first only half the number of fragments were
digested, the remaining ones being mounted immediately fater breating. Since
the former preparations were more legible, the undigested ones had been aban
doned. The preparations were sprayed with gold or platinum-gold alloy. About
600 photographs were taken.
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The drawings of shells were made using a stereoscopic microscope with
a microscopic drawing adapter (MNR-2).

The artifacts observed in preparations in SEM may have been caused 1. by
fixation of the material and 2. by its digestion with HCl. In the course of
fixation the substances that go into the making of the shell become precipi-
tated from the extra-pallial fluid which is a colloidal solution present between
the mantle and the shell. The structure of this precipitate, often very regular,
seems to be independent of the shell structure. It is very spongy and loose,
and more often than not falls off when the shell is being broken (Phot. 16).
Sometimes, when the precipitates have the shape of regular or irregular large
plates, they cling to the surface of the shell more closely. For this reason the
observations of shell sections and the structures seen in the lumina of pores
are very helpful in estimating the superficial structures. The digestion of the
fracture surface with HCL aimed at removing fragments of the lamellae cracked
while the shell was being broken. In consequence, the picture became more
even and legible. The careful rinsing of shell pieces in distilled water after
digestion prevented recrystallization.

III. RESULTS

Schematic structure of the shell of the Sphaeriidae

The schematic structure of the Sphaeriidae shell has been abstracted on
the basis of the photographs of shell fragments of various species.

Its external layer is the conchiolin periostracum, the thickness of which
forms about 59, of the shell thickness. Sculpturing, presumably characteristic
of particular species, was observed on its surface. In S. corneum it consists
of membranous ribs running parallel to the growth lines (Phot. 1), in P. milium
of folds or wrinkles distributed in a disorderly manner (Phot. 81) and in P. caser-
tanwm typ. the surface is as a rule smooth and only in some of its fragments
there are small protuberances (Phot. 169). Striae square to the growth lines
were observed on the surface of juveniles of P. casertanum typ .(Phot. 168).
A characteristic of grooves was found on the internal side, adhering to the
calcareous layers, in the periostracum of P. nitidum typ. The mashen of the
network are polygonal and where they adjoin the pores there occur spherical
structures, about 3.5 p in diameter, sculptured like the whole inner surface
of the periostracum (Phot. 113). In the outer surface of the calcareous layers
of the shell there are depressions (Phot. 114), usually filled with conchiolin
spherical structures described above. Conchiolin fibres connecting the peri-
ostracum with the underlying layers (Phot. 110) were seen in P. witidum A
(see p. 271). At the edge of the shell the periostracum partly turns inside, thus
protecting the marginal parts of the calcareous layer against action of external
factors (Phot. 111). ~

2 — Acta Zoologica Cracoviensia XXVI1/8—17
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The ligamentum, which in P. personatum is composed of bundles of fibres,
parallel to each other and perpendicular to the shell surface, very much resembles
the periostracum biochemically (Phot. 146).

The calcareo-organic layers, varying in structure, lie under the periostracum.
In all the species examined the homogeneo-granular or the granular layer,
or both these layers together or intermediate ones were found present. The
homogeneo-granular structure contains considerable amounts of organic
substance which cements the aggregates of calcium carbonate grains. The
quantitative relations between the amounts of calcium carbonate and organic
substance are various. The higher the proportion of organic substance, the more
compact is the layer, whereas the higher calcium carbonate content is accompa-
" nied by an increase in the number of pores and, in consequence, the layer becomes
spongy and, lastly, passes into the granular one (¥ g. 1). This condition is well
illustrated by the sections through the shells of §. corneum and P. moitessie-
rianwm. The described homogeneo-granular and granular layers correspond
to KOBAYASHI'S homogenous. structure (1971).

The appearance of the outer surfaces of the calcareous layers underlying
the periostracum and composed of the structures described shows great in-
terspecific variation. In 8. corneum and P. milium these surfaces are granular
and have pores, described earlier in P. nitiduwm, or shallow depressions. In
8. cornewm these structures are numerous and their diameter does not exceed
4 ¢. In P. miliwm they are much smaller and not numerous. These two species
differ also in the arrangement of grains and their size (Phots. 2. 3, 82). In
P. henslowanwm the grains are cemented together in rows and then the surface
is built of somewhat irregularly, chaotically arranged bars (Phots. 59, 60).
In another specimen of this species numerous bundles of fibrils, which it seems
right to regard as strengthening structures, ‘were uncovered by light digestion.
On the basis of the picture obtained it is hard to make an opinion as to the
relationship between these fibrils and the periostracum (Phots. 61, 62). P.
nitidwm typ. and P. nitidum f. crassa have this surface sculptured in a little
different manner, but similar in both, composed of elongated plates arranged
to from a herring-bone pattern (Phots. 115, 116).

In 8. rivicola the outer surface of the calcareous layer is granular and has
many holes and also pores situated in large shallow conchiolin depressions.
In some pores there are plugs, whose structure resembles that of the depression
walls (Phots. 22, 23). In M. lacustre the radially arranged grains sometimes
form an irregular pattern round the shallow depressions (Phot. 36).

The diagonal layer, which often forms the nearly whole area of sections
perpendicular to the growth lines becomes different gradually or by leaps from
the granular or, directly, the homogeneo-granular layer. The angles between
its lamellae are variable, less obtuse in the outer portions of shells than they
are in the inner portions. Their values will be given .in the descriptions of the
microstructure of particular species. The free edges of the lamellae grow in
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lenght ‘with the increasing values of the angles, which is accompanied by the
gradual widening of the prisms in which the lamellae are arranged.

The diagonal layers show far less variation than do the layers built of
plates positioned perpendicularly to the shell surface. These structures, termed
the pallial myostracum by MACKIE (1978) after KENNEDY, TAYLOR and HALL
(1969), are composed. of one or more rows of low and stumpy or high and elon-
gated plates in the Sphaeriidae (Phots. 37, 42). In accordance with the descrip-
tion given by KOLESNIKOV (1974) the pallial myostracum is a thin layer which
separates the mesostracum from the endostracum. In view of these data it
is hard not to be sceptical as regards the homology of the structures under
description. In this connection the layers characterized by such a structure
will be referred to as the palisade layers in further parts of this paper. This
descriptive name well reflects the nature of the structure and at the same time
it is not supposed to cause an incorrect homologization. It should be emphasized
here that this denomination is quite unrelated to what KESSEL (1933) and
other authors termed the palisade structure in their desciptions of snail shells.

In the Sphaeriidae the homogeneo-granular, granular, diagonal and palisade
structures make up the ecto- and mesostracum (the names of particular layers
have been adopted after OBERLING, 1964). In the clams examined these two
layers do not show any distinet structural differences and from the mesecto-
stracum. ;

The endostracum is marked by the most variable microstructure. This
is probably connected with the constant biochemical activity of the extra-
pallial fluid. At the same time the occurrence of a colloidal solution of sub-
stances going into the making of the shell between this last and the mantle
is, as has already been mentioned, the cause of formation of artifacts on the
surface of the endostracum in the course of preserving processes or, more
strictly, at the killing of animals.

In the description of particular species it is always specified which of the
structures above is most likely the structure of the endostracum proper. It
may well be that some artifacts can be used for taxonomic purposes.

Plates arranged loosely, perpendicularly to the surface and at various angles
to the fracture plane are seen in the endostracum section parallel to the growth
lines (Fig. 1). :

Structures observed on sections perpendicular to the growth lines were,
with small exceptions, similar to those in parallel sections. However, the following
three observations are noteworthy: 1. the thickness of the layers and their
thickness ratio, especially in the marginal portions of shells, are variable, 2. the
thickness of the periostracum practically undergoes no changes (Phots. 63,
112) and 3. the concentrical ribs parallel to the growth lines, present in many
species of the family examined, are formed by ridges of the calcareous layers
(Phots. 112, 196). This last observation is, in addition, supported by the pho-
tographs of the surfaces adjoining the periostracum (Phot. 36).

A comparison of digested and non-digested preparations permits conclusions



261

as to the structure of elementary units of which the diagonal and palisade
layers are built. They are, as is well known, organic-inorganic, i. e., calcareo-
conchiolin lamellae. An analysis of these preparations shows that conchiolin
forms a sort of sheath filled with calecium carbonate. Calcium carbonate also
covers the conchiolin sheath on the outside and, in consequence, the lamellae
of the diagonal layer and the plates of the palisade layer have the shape of
regular rectangular parallelepipeds. They are joined together by conchiolin
processes, which connect the conchiolin sheaths, giving rise to an organic,
conchiolin matrix, covered by calcium carbonate on both sides.

The arrangement of the calcareous layers is heavily disturbed in the hinge
region (Phot. 50), where there are some other structures beside those described:
above, e. g. a structure of tightly placed trabeculae, found in P. casertanum
(Phot. 171). Moreover, in-two species examined in this respect, P. amnicum
and P. casertanuwm typ., a relatively aboundant network of canals was observed.
in the hinge region (Phot. 170). Similar canals occur in the calcareous layers
of nearly all the sphaeriid species examined. The pores present in the outer
surface of the shell join these canals, the diameter of which varies within wide
limits in particular specimens. Processes of specialized cells of the mantle enter
the canals (MUTVEL, 1964) and in most cases reach the periostracum. Similar
canals were also observed in chitons and brachiopods (KOoBAYASHI, 1969),
but there they are situated in the marginal portions of the shell and in the
they occur in the central part.

On account of its significance in palaeozoological studies, especially those
of subfossil deposits, in this paper special attention is for the most part given
to the microstucture of the calcareous layers, since, as has been pointed out,
there are grounds to believe that their variability reflects the biochemica,
specificity of the animals under study.

An analysis of sections and inner surfaces of shells and notes on systematics

At present the family Sphaeriidae is represented by 19 species in Poland
(URBAKSKI, 1957; BERGER, 1959). Sixteen of them are included in this micro-
structural study; Pisidium lilljeborgi, the species now encountered only in
the subfossil state in Poland (KOWALKOWSKI and BERGER, 1972), has also
been examined.

Genus Sphaerium ScopoLr 177 7

1. Sphaerium (Sphaerium) corneum (LINNAEUS 1758)

In Poland this common and variable species is represented by numerous
conchological forms. In accordance with the data given by other authors (FAVRE,
1927; ADAM, 1947; EHRMANN, 1956; ZEISSLER, 1971), the differences chiefly
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concern the hinges, the situation of the umbo and the outlines and proportions
of the shell. These forms are sometimes regarded as separate species (ZADIN,
1952; HERRINGTON, 1962), which cpinion in view of the distinctly continuous
nature of variation must be called in question. Shells obtained from Lake
Sargg and the River Rega were used in this microstructural study.

The shell thickness of 8. corneum reaches 200 y. The sections parallel to
the growth lines are poorly differentiated (Phots. 4, 5). In this species the rela-
tively thick periostracum (6 p) overlies the considerably thicker homogeneo-
granular layer. Its main constituent is organic matter, in which calcium car-
bonate crystals are distributed irregularly (Phot. 6). Right under the perio-
stracum there are canals, which extend parallel to the shell surface. This layer
passes fairly clearly into a layer which is granular in structure (Phot. 7) and
containg far meore CaCO; crystals.. Here there are many gaps, which cause the
spongy appearance of the granular layer.

The granular layer changes gradually into a layer with a regular herring-
bone (diagonal) pattern. The angles between the lamellae of this layer range
within relatively narrow limits, from about 90° in the region bordering upon
the granular layer to about 110° in that adjoining the endostracum (Phot. 8).
The lamellae which build the diagonal layer are joined together by processes,
presumably conchiolin ones. The arrangement of gaps is regular here and they
separate particular plates of this layer. A row of plates, about 5 p in height
and arranged like a palisade, runs at a distance of about 75 u. from the inner
surface of the shell (Phot. 10). Lines parallel to the shell surface are often visible
in this layer; they illustrate the successive stages of its growth in thickness
(Phot. 3).

The innermost layer of the shell, the endostracum, is built of large irregular
plates. They are fragments of plates of the diagonal layer, their arrangement
in the endostracum being less compact and orientation independent of the
growth lines (Phot. 9). The endostracum thickness in the examined shells of
this species is around 8.3 u.

The pictures of the inner surface of 8. corneum shells and then those of the
endostracum surface are very varied (Phots. 11, 12, 15, 16). The surface of the
“endostracum proper” consists of irregular polygons, divided one from another
by deep fissures (Phot. 11); a similar surface was observed in juvenile specimens
of this species (Phots. 13, 14). The surface of the polygons is irregularly sculptu-
red. The remaining pictures of the inner surface of the shell presented (Phots.
15, 16) seem to show artifacts produced by preservative procedures.

The diameter of pores, not numerous in the endostracum of S. corneum,
ranges between 7 and 15 y (Phots. 17—19). Their appearance confirms a close
structural relation between the surface elements and the deeper layers of the
shell.
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2. Sphaerium (Sphaeriastrum) rivicola (LAMARCK 1818)

This species, marked by little concholegical variaticn, was recorded from
all fairly large rivers in Pcland €arlier (URBANSKI, 1957; ZEISSLER, 1971),
but: because of grcat ckanges that have taken place in its Labitats in the last
few ycars this infermaticn calls for verificaticn. The material used in this
study was collected in the Vistula and Nida.

The shell microstructure of members of these two pepulations is identical.
The shell thickness is 200 p. and the picture of the surface of fracture parallel
to the growth lines scmewhat less differentiated than in 8. cornewm. As in
8. cornewm, the hcmcegenecgranular layer with canals parallel to the shell
surface underlies the periostracum. The granular zcne is poorly marked and,
as a result, the diagonal layer appears much closer to the outer surface of shell
than it does in the previous species. The angles between the lamellae of the
diagonal layer are obtuse (135—145°). This layer ends abruptly in a row of
irregular triangular plates (Phot. 28), which lie in the fracture plane, and then
passes into another layer with a diagonal pattern, corresponding to KoBAYASHI’S
(1971) description of the crossed lamellar structure (Phot. 26, 27). The edges
of the innermost plates of this structure form the inner surface of the shell.

At low magnifications the inner surface of the 8. rivicola shell is fine-grained
(Phot. 34), ccmposed of irregular plates (Phot. 35). Their sculpture (Phot. 33)
suggests that they are built of irregular grains of inorganic matter cemented
with conchiolin. These plates are sides of prisms, separated by deep fissures
and joined teghether by not numerous conchiolin bridges.

The sculpture of the inner surface in the shell region void of the endostracum,
close to the shell edge, is different. The irregular plates are elongated and
nearly all of them are oriented in the same direction (Phot. 20).

The calcareous layers are penetrated by canals (Phots. 25, 27, 29), which
run perpendicularly to the shell surface and coennect the outer surface of these
layers with the inside of the shell. They end in pores in the granular surface
adjoining the periostracum (Phots. 21, 23). Pores leading to these canals oceur
also in the inner surface of the S. rivicola shell (Phots. 30, 32, 34). Their diameter
ranges from 6.8 to 10.0 p. Structures difficult to identify were observed near
two pores (Phot. 31); Here we may be concerned with the contents of canals
somewhat changed in the course of the preparation of specimens.

Genus Musculium LiNng 1807

3. Musculium lacustre (O. F. MULLER 1774)

In Pecland M. lacustre is a ccrmon and moderately stenotepie clam (URr-
BANSKI, 1957; PIECHOCKI, 1969; BERGER ¢nd DZIECZKOWSKI, 1977; DYDUCH
and FALNIOWSKI, 1979; JURKIEWICZ-KARNKOWSKA, in press).
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An abundant population of M. lacustre with distinctly different, teratical
shells was found in the fish breeding ponds of the Academy of Agriculture at
Mydlniki near Cracow. Taking into consideration the great impact of human
activity on this habitat (cultivation, fertilisation), in it we may seek the causes
of these monstruosities. The shells of this species obtained from other localities,
despite their great diversity, do not form distinctly separate groups. The va-
riation observed is clearly continuous. The specimens used for this microstructu-
ral study were derived from Lake Sarag in Mazuria.

The shells of M. lacustre are exceptionally thin, the ones examined being
54—64 p. in thickness. The homogeneo-granular layer of this species, about
9.3 p thick, passes into a fairly broad though poorly distinguished granular
layer. The amount of organic substance in both these layers is considerably
larger than in 8. corneum, 8. rivicola and P. amnicum and the gaps are clearly
fewer. The diagonal layer, situated deeper, is built of plates which are distinetly
thinner than in the above-mentioned species (Phot. 39). In all the sections
examined (Phots. 37, 38) there are single rows of plates with irregular sides
at the base of this layer. No doubt, they are formed from plate fragments from
the diagonal layer. The remaining portion of the section, from that described
to the endostracum, is filled with a layer having a somewhat disturbed diagonal
arrangement. There are few gaps here and the amount of organic substance
is exceptionally large.

The cross-sections through these shells suggest that the chief constituent
of their inner cover is organic (Phot. 38). This is confirmed by the picture of
the inner surface of shell (Phot. 40), covered with fine, rectangular imbricate
plates (Phot. 41). Not very large numbers of pores occurring in the endostracum
have rather irregular edges and do not exceed 13 p in diameter.

Genus Pisidium C. PFEIFFER 1821

4. Pisidium (Pisidium s. str.) amnicum (O. F. MULLER 1774)

In Poland, as in its whole distribution area (ADAM, 1947; ZEISSLER, 1971),
P. amnicum occurs in all fairly large water-bodies and streams. Shells from
Lake Sarag and the Rivers Nida and Biala Przemsza were used in this miero-
structural study. :

The shells of P. amnicum are thick (about 220p). Two kinds of sections
parallel to the growth lines have been found, one very poorly differentiated
and the other with six well-seen layers. In both cages the homogeneo-gfa,nular
and granular layers underlying the periostracum, are very thin (Phot. 46).
Owing to this the regular diagonal structure appears distinctly very close to
the outer surface of shell. The angles between the lamellae of the diagonal
layer are about 90° in the outer portion and grow gradually to 135° toward
the shell inside. In some specimens the diagonal structure fills the whole section
area and reaches the endostracum (Phot. 43), more often however it changes



265

into a more or less complex palisade layer (Phots. 42, 45). In the first case it
is built of elongated plates perpendicular to the shell surface, while in the second
case the palisade layer consists of two rows of plates. A row of plates similar
to those described above is separated from the diagonal layer by a row of short
bars placed vertically (Phots. 48, 49).

The palisade (complex) layer passes gently into a zone composed of lamellae
which lie parallel to each other and slantingly to the shell surface. In the regions
adjacent to the canals this arrangement is somewhat disturbed.

The endostracum of P. ammnicum is built of fairly regularly arranged plates
which are fragments of lamellae of the previous layer. Three rows can be di-
stinguished here. The first of them, bordering on the mesoectostracum, has
a regular arrangement and the plates are turned by a certain constant angle
in relation to their parental plates. The row lying under it is less regular and
the third one, although distinguishable, is poorly legible.

The section through the shell of a juvenile specimen (Phot. 44) of this
species does not differ essentially from the picture given above. The thickness
of the shell examined is about 130 u, the homogeneo-granular and granular
layers are weakly marked, the angles between the lamellae of the diagonal
layer are about 120°. The palisade layer appears at a distance of 110 w from
the external surface of shell, which distance is similar in adult sSpecimens.

The pictures of the internal surfaces of this species are very varied, which
should probably be ascribed to various phases of growth. Nevertheless, the
differences between the sculpture of the inner shell surface in adult specimens
(Phots. 51—53) are not smaller than those between them and the corresponding
elements of shells of juvenile specimens (Phots. 54, 55). The appearance of
the pores besides indicates a close relationship between the structures seen
on the surface and the deeper layers of the shell (Phots. 56—58). Thus, the
variation observed does not seem to be caused by artifacts, the more so, since
KoBAYASHI (1971) found a similar structure to that photographed in P. amni-
cum from the Nida (Phots. 51, 52) in Barbatia obtusoides.

In P. amnicum the pores are fairly numerous, their diameter being about
12.5 p in adults and about 5 . in juveniles.

5. Pisidium (Cymatocyclas) henslowanum (SHEPPARD 1823)

This moderately eurytopic species, occurring all over the territory of Po-
land, more frequent in lowlands than in mountains and piedmont regions,
inhabits permanent water-bodies with rich vegetation. The continuous exchange
of water seems to be an indispensable condition of its existence (PIECHOCKT,
1969; KASPRZAK, 1975; DYDUCH and FALNIOWSKI, 1979).

The variation of P. henslowanum is relatively small, it involves the shape
of the shell and the partial reduction or complete lack of the umbonal fold.
P. henslowanwm v. distans STELFOX 1929 and P. henslowanum v. mappendi-
culata STEENBERG 1917 have been described on the basis of the variation of
these characters (FELIKSIAK, 1938). These forms are linked together by a con-
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tinuous Tow of transitional forms (ZEISSLER, 1971; DYDUCH and FALNIOWSKT,
1979; JURKIEWICZ-KARNKOWSKA, in press). Out of the shells collected in littoral
parts of lakes in Pcmerania and Mazuria and in sluggish rivers (Drwinka,
Narewka), the specimens with a well-developed umbonal fold from Lake Gardno
were chogen for this microstructural study. '

The shell thickness of this species is about 190 p. The pictures of the sections
parallel to the growth lines form two clear groups. One of them includes the
sections which are very poorly differentiated (Phots. 65, 66) and the other
consists of those exhibiting several distinct layers (Phot. 68).

In the poorly differentiated sections a layer with a high organic-substance
content lies under the periostracum (Phots. 59, 60). Its nature is intermediate
between the hemogeneo-granular and the granular layer described for S. cor-
newm (Phot. 69) and it passes into a layer with a diagonal pattern. The angles
between the lamellae range from 90 to 125° and, as in other species, they are
smaller in the outer portion of the shell than in the inner one. Such structure
#ills the whole remaining part of the section through the shell of a juvenile,
about 91 p. thick.

Phot. 67 illustrates a further stage of the growth of a shell. The palisade
layer, consisting of irregular elongate plates arranged perpendicularly to the
shell surface in a plane parallel to the plane of section, appears at a distance
of about 92 p from the shell surface.

Shells with strongly differentiated sections parallel to the growth lines
(Phots. 64, 68) have a relatively thick periostracum, which is underlain by
a layer with a specific lamellar-granular structure. Here the lamellae have
a diagonal arrangement, which ig diversified by a large number of structures
distributed chaotically in the section surface. They are connected with the
plates of the layer being discussed, which rapidly passes into another laiyer,
characteristic of P. henslowanum (Phot. 70). This is, as a rule, a palisade structure
built of “torn bands” arranged perpendicularly to the shell surface. These
bands also make up the next layer, which differs clearly in that they undergo
a deflection by & certain angle (Phot. 71).

The jnner surface of the P. henslowanum shell is generally smooth. In one
case it was irregularly furrowed (Phot. 72), there being scmetimes holes in the
turrows (Phot. 73); in another case it was covered with plates resembling deli-
cate (Phot. 74) or massive (Phot. 75) laminae.

6. Pisidium (Cymatocyclas) supinum A. SCEMIDT 1851

P. supinum often occurs in the waters of Poland, although in small numbers,
if not singly (BERGER, 1960; PIECHOCKI, 1972). In general, it is more often
encountered in the lowlands than in the waters of the southern part of the
country; it is a stenotopic and rheophilous species. The specimens collected
show slight variation. Clams from Lake Gardno were used in this microstructural
study.

The thickness of shells of P. supinum ranges between 190 and 220 p. The
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homogeneo-granular and granular structures form one layer, about 14 u thick,
in the sections parallel to the growth lines. Tt gradually merges into a layer
with a diagonal arrangement, and this extends as far as the endostracum.
The angles between the lamellae change gradually, from 100° in the surface
. layers to 140° in those adjacent to the palisade structure. The diagonal layer
is divided by several lines parallel to the shell surface; their presence is pre-
sumably connected with the rhythm of the growth of the shell in thickness
(Phots. 76—79). The above-mentioned palisade layer, which probably forms
the endostracum, is composed of irregular plates, resembling the corresponding
plates of P. henslowanum in shape (Phot. 67).

The inner surface of the shell of this species consists of plates with irregular,
strongly indented margins (Phot. 80).

7. Pisidium (Cymatocycles) milium HELD 1836

This stenotopic clam of the genus Pisidium does not oceur very often and
in large numbers and is not thought to be very variable (ZEISSLER, 1971).
However, an analysis of its characters indicates the well-marked conchological
distinctness of some groups, which FAVRE (1927) considers to be separate forms.

In Poland P. milium occurs in small numbers but it is regularly distributed.
Three conchological types have been distinguished in the material used in this
study (Fig. 2). They correspond with the typical (Fig. 2,1), contortum PRIME
(Fig. 2,3) and pseudosphaerium FAVRE (Fig. 2,2) forms given by FAVRE (1927).
The specimens of this last form do not belong to P. pseudosphaerium BENTHEM
JUITING et KUIPER 1947 (KUIPER, 1962b), which has been ascertained by
comparing them with the specimens of L. BERGER’S collection verified by
J. KUIPER. There were no intermediate specimens between these three forms,
but it may well be that this was due to the small representative value of the
material in hand. The material for this microstructural study consisted of
shells of the typical form and P. milium £. contortum from a lake in Wolin Island
and Lake Gardno. No significant differences were found in internal structure
between the shells of these forms.

The thickness of P. milium shells, which are much thinner than in other
species, ranges from 33 to 70 y. The distinct homogeneo-granular layer, 5.2 .
thick, underlies the relatively thick periostracum, which forms about 59, of
the total shell thickness. It is separated from the deeper lying diagonal layer
by a zone of very loose, spongy structure. Here, in addition to numerous
openings there are processes, probably of conchiolin, which link the homo-
geneo-granular layer to the diagonal one. Some lamellae of the diagonal layer
are connected directly with the homogeneo-granular layer (Phot. 88). The
angles between the lamellae of the diagonal layer are mostly obtuse (up to
140°) and, as in other species, they vary, that is, are almost acute (about 90°)
in the outer part and more obtuse in the inner part. The occurrence of poly-
gonal plates oriented perpendicularly to the section plane was found only in
P. milium (Phots. 83, 84). The presence of cavities, fairly regularly arranged,
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in some sections of this species (Phots. 85, 86) may be associated with the occu-
rrence of those plates.

The endostracum of P. miliuwm is built of polygonal, sometimes subcircular
plates perpendicular to the shell surface (Phot. 87). The inner surfaces of several

2

Fig. 2. Some forms of P. milium HELD 1836. 1 — P. milium typ., Stary Wislok (from the
collection of the Zoological Muzeum, P. A. o. Scs, in Cracow, undated); 2 — P. milium f.

pseudosphaerium FAVRE, Drwinka 1976; 3 — P. milium f. contortum PrIME, Lake Sarag,
1974

examined shells of this species had a very various appearance (Phots. 89—92).
A single pore was found in one specimen (Phots. 93, 94), but the inner surface
of this shell was quite smooth.

8. Pisidium (Cymatocyclas) subtruncatum MALM 1855

As in other countries of Central Europe (KUIPER, 1963D), in Poland P. sub-
trumcatum is a fairly common species and, as a rule, it occurs numerously (KA-
SPRZAK, 1975; PIECHOCKI, 1972) in both stagnant and running waters.

This species is characterized by fairly great variation, but the range of
variation is clearly smaller than in P. casertanum and P. nitidum, which only
slightly surpass this species in eurytopicallity. The convexity, contour and
surface sculpture of its shell undergoes the greatest changes. The variation
of P. subtruncatwm is more continuous than it is in other clams of the genus
Pisidium (Fig. 3; Phots. 216, 217). The microstructural study material consisted
of specimens collected in the rivers Biala Przemsza and Weina and the collection,
derived from the Stary Wislok, in the Museum of Natural History, Polish Aca-
demy of Sciences, in Cracow.
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The shell thickness of P. subtrunmcatum is between 35 and 77 u. The well-
developed granular layer (Phot. 98) extends under the thin periostracum,
which forms somewhat less than 39, of the shell thickness. Conchiolin fibres,
arranged chiefly perpendicularly to the shell surface were observed in it in
one of the preparations. They may be strengthening structures, which connect
the periostracum to the lower lying shell layers (Phot. 95).

The granular layer borders upon the diagonal one, which occupies the re-
maining part of all the sections examined (Phot. 99). Bands parallel to the
shell surface can sometimes be seen in it. As in P. supinwm, their origin is pre-

Fig. 3. Some conchological forms of P. subtruncatum MLy 1855, 1 — P. subtruncatum £. pilens

CLESSIN, Stary Wistok (from the collection of the Zoological Muzeum, P. A. o. Scs, in Cracow

undated); 2 — very bulgy specien from Stary Wistok (as above); 3 — P. sublruncatum typ,

(Lake Sarag, 1977); 4 — P. subtruncatum, thick-walled shell resembling that of P. casertanum

f. humeriferme (Lake Gardno, 1975); 5 — P. subtruncatum with clearly broader hinge plate
(Lake Sarag, 1974)

sumably due to the rhythm of growth of the shell (Phots. 96, 97, 102). The
angles between the plates of the diagonal lvyer are 85—95° in the outer part
of the shell and up to 120—125° in the inner part (Phots. 95, 100, 101).

Under low magnification the inner surface of shells of P. subtruncatum
is fine-grained (Phots. 105, 108) and under higher power irregular polygonal
or elongated plates, often with their surfaces richly sculptured, are visible.
They are separated by deep fissures and linked by organic bridges.

The network of canals is ill developed in P. subtruncatum and none of its
fragments was seen on transverse sections. The diameter of pores in the endo-
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stracum was very variable; it sometimes reached 16 p and often was several
times shorter (Phots. 103, 104, 107, 109). A wide range of pore diameters was
observed in one and the same specimen (Phot. 106). :

9. Pisidium (Cymatocyclas) nitidum JENYNS 1832

Many forms, frequently regarded as distinet species, have been described
within this eurytopic species (PIROGOV & STAROBOGATOV, 1974).

In Poland P. nitidum cccurs ccmmonly, mostly in large aggregations (BER-
GER, 1962; PIECHOCKI, 1972; DYDUCH & FALNIOWSKI, 1979), although BERGER
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Fig. 4. Some conchological forms of P. nitidum JENYNS 1832. 1 a-c — P. nitidum typ. (Lake
Gardno, 1975), d, e — P. nitidum typ., spceimen with clearly broader hinge plate (Lake Gar-
dno, 1975), 2a, b — P. nitidum A, dimensions: 1.2X 1.5 % 0.9 mm (Gardno, 1975); 3a, b —
P. nitidum f. bohemica (Gardno, 1975), ¢ — P. nitidum f. bohemica (Biata Przemsza, 1978);
4a, b — P. nitidum £. crassa (Sarag, 1974), ¢, d — P. nitidum f. crassa (Wolin Island, 1978)

and DZIECZKOWSKI (1977) found that in the Konin lakes its specimens generally
live singly. Apart from the typical specimens, three main forms of this species
were distinguished in the material used for this study: P. nitidum f. crassa
SteELFoX (Phot. 220), P. nitidum f. bohemica WESTERLUND 1890 (Phot. 219),
considered by PIR0OGOV and STAROBOGATOV (1974) to be a separate species,
EBuglesa bohemica (WESTERLUND 1890), and a group of small specimens more
oval than the shells of the above-named forms and, except for three strongly
marked concentrical ribs which separate the protoconch from the remaining
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part of the shell, having no sculpture seen under a magnifying glass but being
smooth (Fig. 4, Phot. 218). Further in this paper I shall refer to this group
of specimens as P. nitidum A.

The thickness of P. mitidum shells ranges within wide limites, from 21 p
in P. nitidum A to 90 y. in P. nitidum f. crassa. The sections trough the shells
of P. nitidwm typ., P. nitidum £f. bohemica and P. nitidum f. crassa show many
similarities, whereas the picture of the fracture surface in P. nitidum A is
quite different.

In the typical form of P. mtzdum the granular layer underlying the perio-
stracum is well defined and about 21 p. thick, in P. nitidum f. bohemica and
P. nitidum f. crassa it is, however, very poorly marked. The granular layer
passes rather rapidly into the diagonal layer, in which, as in other species,
the angles between the plates are smaller in the outer part of the shell (90—
115°) than in the inner (130—145°). At the same time the free edges of the
plates grow in lenght in the same direction (Phots. 118, 121—123).

At a distance of about 70—90 p. from the outer surface of the shell the
system described above passes rapidly into a zone composed of characteristic
plates, broad at the top and narrowing steeply towards the inside of the shell,
thus resembling pickaxes in shape (Phots. 119—121). This layer is the-last
one in the sections of shells of P. nitidum f. crassa, whereas in P. nitidum typ.
another layer built of lamellae lying obliquely to the shell surface is distinguish-
able (Phot. 119). The elongated plates (pallial myostracum) at the base of the
diagonal layer are sometimes replaced by a row of loosely standing short plates
which form the endostracum (Phot. 124).

The appearance of the section through the shell of P. nitidum A is completely
different (Phot. 125). The periostracum is connected with the underlying layer
by means of conchiolin fibres, which are visible in the photograph thanks
to a slight displacement of the periostracum. The layer lying under the perio-
stracum is composed of irregular plates, perpendicular to the shell surface.
The remaining portion of the section is filled with laminated material of rather
indistinet structure. The shells of these clams are exceptionally rich in con-
chiolin.

The inner surface of the above-mentioned forms of P. mitidum is smooth,
furrowed by a network of grooves and fissures, varying in density (Phots.
126—128). It is supposed that pores occur in them sporadically. Their presence
was found only in P. nitidum typ. (Phots. 129, 130). The fairly regular and
decorative pattern seen on the inner surface of the shell of a P. nitidum f. crassa
specimen seems to be an artifact produced during the preparation of material
(Bhov, 1344,

10. Pisidium (Cymatocyclas) pulchellum JENYNS 1832

P. pulchellum is a poorly known, only slightly variable, stenotopic species.
It occurs sporadically nearly all over the lowland (URBANSKI, 1957; BERGER,
1961, 1962; KASPRZAK, 1975).
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A small number of specimens of P. pulchellum that I had collected included
shells derived from the River Drwinka near Niepotomice. This is the south-
easternmost locality of this species in Poland. The specimens from it were used
in this ultrastructural study.

The inner structure of the relatively thin shell (about 50 y) of this species
is not much differentiated. The homogeneous layer, which underlies the perio-
stracum, is very delicately marked and it merges into a layer of diagonal
structure, which in the species under study filled up all the examined sections
of shells. The angles between the lamellae vary from 110° in the outer part
of the shell to 150° in the part adjacent to the endostracum (Phot. 132). The
endostracum is composed of loosely, vertically arranged plates. All the layers
mentioned are penetrated by canals, fairly numerous in this species, connecting
the interior of the shell with the periostracum (Phot. 133).

The inner surface of P. pulchellum shells shows a great similarity to that
of the shells described previously for P. nitidum typ. and P. nitidum f. crassa,
bub the furrows in the present species are somewhat shallower and distinctly
oriented. As a result, the surface looks as if formed of irregular and elongated
plates, which lie parallel to each other (Phots. 134, 136). The plates that surround
the pores are ovel or polygonal (Phot. 137 ) and the diameter of pores is about
5 y. The pores are fairly numerous, situated on the average about 100 p from
each other (Phot. 135).

11. Pisidium (Cymatocyclas) lilljeborgi CLESSIN 1336

This species of cool subpolar waters or deep alpine lakes, presumably occurs
only as subfossil in Poland (FAVRE, 1927; BERGER, 1962; KOWALKOWSKI &
BERGER, 1972; KUIPER, 1974).

The microstructure of P. lilljeborgi shells was investigated on subfossil
material. The periostracum of the fairly thick shells of this species (137 u)
overlies the rather indistinctly marked granular layer (Phot. 138), which changes
gradually into the diagonal structure (Phot. 141). In P. lilljeborgi the angles
between the lamellae lie within a narrow range from 120° in the outer layers
0 130° in the inner ones. The diagonal structure passes gradually into a lamellar
one, built of lamellae parallel to each other and oblique to the shell surface
(Phots. 139, 140). They are adjacent to the palisade layer plates, which are
perpendicular to the shell surface (Phot. 142). This is the endostracum, the
innermost layer of the shell. Its surface and, thus, the inner surface of the shell
is composed of polygonal plates separated by deep fissures (Phots. 144, 145).
In the endostracum of this species there are pores, few in number and varying
in diameter (Phots, 143, 144).

12. Pisidium (Cymatocyclas) personatum MALM 1855

As a typical species of small reservoirs, P. personatum, one of the least
variable clams of the genus Pisidium, belongs to the commonest Sphaeriidae
'of Poland (PIECHOCKI, 1972; BERGER & DZIRCZKOWSKI, 1977). The specimens
used in this microstructural study came from the Niepolomice Forest.
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In the sections through the P. personatum shells, which are not very thick
(60—90 ¢ ), the very poorly marked hcrhogeneo-granular layer occurs under
the thin periostracum. The diagonal layer begins near the outer surface of the
shell; the angles between its lamellae are exceptionally widely obtuse and,
as in other species, increase gradually frem 115° in the outer portion of the
shell to more than 160° in the inner portion. No structure characteristic of the
endostracum was observed in the secticns examined (Phots. 147, 148). This
agrees with the picture of the inner surface of the shell of this species. One of
the fracture surfaces examined (Phot. 147) had different structure, its lamellae
being arranged almost parallel to the fracture plane.

The inner surface of the P. personatum shell is covered by irregular plates
- (Phots. 151, 152) with a distinet granular structure. Numerous pores visible
in it (Phot. 150) do not exceed 10 1. in diameter. They lead to canals, which
reach the periostracum (Phot. 149).

13. Pisidium (Cymatocyclas) obtusale (LAMARCK 1818)

This is a clam of small reservoirs; it inhabits mostly periodical bodies of
water and occurs speradically in other water habitats (MEIER-BROOK, 1975).
In view of the differences in the bulginess, contour, and surface sculpture of
shells, the height and position of the umbo and the shape of the pseudocallus,
several forms in the nature of ecophenotypes have been distinguished within
the species P. obtusale. This species is ccramon in Poland (FAVRE, 1927; Ur-
BANSKI, 1957).

The specimens of thin-walled shells, derived frem a forest marsh in Mazuria
were used as the basis for this study (Phots. 221—223). They are far bigger
than other specimens of this species and there are many intermediate forms
between them. The contour, bulginess and the develcpment of the umbo in
these thin-walled shells are analogous to those in P. obiusale f. lapponicum
CrEssIN 1877, a form of small bodies of water, occurring in the north and in
geological deposits of cold periods (SMULIKOWSKI, 1939; ZEISSLER, 1971), and
often regarded as a separate species (KUIPER, 1975). On the other hand, similar
specimens with scmewhat elongated shells are characteristic of puddles and
flood waters of high-mountain brooks (KUIPER, 1974). For studying the mi-
crostructure of the shell of P. obtusale, I used the material from Toporowy
Staw in the Tatras, the peatbogs near Ostr6w and forest marshes in Mazuria.
No essential differences in microstructure were observed between the shells
of typical specimens (Frecm Toporowy Staw and the peatbogs near Ostrow)
and the thin-walled shells of specimens frcm the forest marshes in Mazuria.

The sections of relatively thin shells (30—46 y) of P. obtusale are poorly
differentiated. The granular structure forms a hardly distinguishable brcad
layer (Phot. 153). It cl anges gradually into a diagonal structure, in which the
angles between the lamellae grow with the distance from the inner surface
of the shell frcm 85° (in specimens from Toporowy Staw) or 100° (in those
3 — Acta Zoologica Cracoviensia XXVI/8—17
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from the peatbogs near Ostréw) to 130° (Phots. 154, 155). The diagonal structure
extends to the inner surface of the shell.

The inner surfaces of the specimens examined had numerous deep pores.
Their diameter was 6—10 u. The network of pores is very dense, the distance
between the edges of pores being sometimes below 7.5 p (Phots. 156, 163,
165, 166).

Particular forms and, often, specimens differ very much in the sculpture
of the inner surface. In P. obtusale from the peatbogs irregular plates lie one
on another and their structure suggests that they have been formed of fine
carbonate grains cemented with organic matter (Phot. 164). This is also eviden-
ced by Phots. 157 and 158, which probably show an earlier stage of shell
formation.

The rims that surround the pores are a specific character of P. obtusale
(Phots. 159, 162, 167). In the spec'mens from Makruty they have a very regular
shape (Phot. 167), a certain regularity can also be found in the development
of the plates which cover the inner surface in the members of this population.
Rich though irregular sculpture of the inner surface was observed in several
specimens of this species (Phots. 160, 161). It may be supposed to be an artifact
brought about during the preparation of material.

14. Pisidium (Cymatocyclas) casertanum (Porr 1791)

The vast range of P. casertanwm is in keeping with its uncommon euryto-
picality and morphological variability. It occurs in numerous forms, many
a time described as distinet species (HERRINGTON, 1962; KUIPER, 1966, 1974;
JAYET, 1973), connected by rows of intermediate forms.

The great variation of P. casertanum is well illustrated by the specimens
from rivers and fresh-water reservoirs of Poland (F.g. 5.1—5.6). Three groups
are distinguishable in the material collected. The first of them consists of
specimens with thin-walled shells characterized by numerous pores and the
vavious position of the umbo in relation to the middle of the shell. The shell
outlines are elliptic, ovate and, sometimes, slightly triangular, the hinge plates
are narrow. The thickness (bulginess) of shells is variable and clearly correlated
with environmental conditions. In general, the shells are less bulgy in small
brooks with cool water (e. g. the Pradnik at Suloszowa) than in forest marshes
in the lowland, The extreme form, P. casertanum f. globulare, is characteristic
of high-mountain puddles, although I found its specimens also in a forest
marsh near Lake Saragg in Mazuria. An interesting relationship was observed
between the specimens of P. casertanum from this forest marsh and those from
the brook flowing from it to the lake. The shells from the marsh were very
bulgy (their dimensions: 4.2—4.7 X3.5—4.0 X2.7—3.2), those from the lake
quite flat, whereas the specimens from the brook had intermediate proportions.

Another group of specimens is characterized by somewhat smaller shells
with a smaller number of pores, their umbos situated close to the middle, and
regular oval outlines. The specimens of this group inhabit highly stable habitats,
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like lakes, ponds, etc. This group is the least variable as regards conchology
and it includes clams with shells typical of the species.

The third group comprises specimens with thick-walled and massive shells
which have broad hinge plates. Their umbos are broad and shifted to the rear.
The shell outlines vary from triangulo-oval to triangular. I gathered such spe-
cimens in medium-sized rivers and reservoirs, often marked by specific chemical

Fig. 5. Some conchological forms of P. casertanum (Porx 1791). 1 — P. casertanum typ., spe-

cimen with clearly broader hinge plate, thick-walled (Lake Gardno, 1975); 2 — P. ponderosum

(Lake Sarag, 1974); 3 — P. casertanum f. humeriforme (Jeziorak, 1976); 4 — P. casertanum

typ. (Lake Sarag, 1977); 5 — P. casertanum f. globulare, Stary Wistok (from the collection

of the Zoological Muzeum, P. A. o. Scs; in Cracow, undated), 6 — P. casertanum typ. (Biesz-
czady Mts., 1974)

properties, e. g. in waters on a chalk substratum. Relatively numerous eco-
phenotypes were described from Lake Gardno, and then from a body of water
with decidedly unstable physico-chemical conditions (STRZELECKI & POLTO-
RAK, 1971). P. casertanum f. humeriforme and P. casertanum f. ponderosum
are extreme forms in this group. 1

Out of the numerous forms of this species, two groups of shells were chosen
for close microstructural examination: specimens typical of the species and
those of P. casertanum f. ponderosum from small brooks at Zielona Gora, the
River Pradnik, a stream near Wegorzewo, the River Biala Przemsza and Lake
3+
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Gardno. The specimens of the ponderosum form from Lake Gardno and the
stream near Wegorzewo do not correspond fully with each other. Between
the specimens from Lake Gardno belonging to the typical form and P. caser-
tanum £. ponderosum from the same locality there is a series of intermediate
forms but it is incomplete (DYDUCH & FALNIOWSKI, 1979). The continuity
of transition exists between the typical form and P. casertatum f£. humeriforme,
whereas between the members of this last form and those of P. casertatum
f. ponderosum there is & gap, the transition series is not complete. The situation
in the stream near Wegorzewo is different; there the transition between P.
casertanum f. typica and P. casertanum f. ponderoswm is continuous. At the
same time the specimens of P. casertanum f. ponderoswm from Lake Gardno
are more thick-walled than those from the stream near ‘Wegorzewo.

The shells of P. casertanum, varying in thickness (35—90 p in the typical
form, and often much thicker in P. casertanum f. ponderosum), are characteri-
zed by the very poor differentiation of structure, seen on the fracture surfaces
parallel to the growth lines (Phots. 172—177). The fairly wide homogeneo-
granular layer underlies the rather thin periostracum (about 4% of the total
thickness). It passes into a diagonal structure which fills up the remaining
part of the section. Differences were observed in both these layers between
the typical specimens of P. casertanwm and those of the ponderosum form from
Take Gardno. The homegeneo-granular layer of this last form comprises con-
siderably larger grains than has the same layer of the typical form end, in
addition, here there is distinetly more homogeneous organic substance. Owing
to the presence of a larger number of holes, the homogeneo-granular layer
of the typical form has a somewhat spongy structure, very similar to that
of the granular layer. e

The differences in the diagonal layer in the forms mentioned above involve
the degree of obtuseness of the angles between the lamellae. These angles are
larger in the outer parts of the shell than in the inner parts, they change gra-
dually from 100° to 130° in the typical form and from 140° to 160° in P. caserta-
num £. ponderosum. The foregoing is true of the allopatrically occurring spe-
cimens (176, 190, 191).

The inner shell surface of P. casertanum typ. is covered with irregular jagged
plates, joined by bridges. Pores rather often occur in specimens of this species,
their diameter being around 10 p (Phot. 187). Some structures, arising pre-
sumably as a result of the inertia of reactions taking place in the extrapallial
fluid, observed in several specimens of this species from different localities,
have a marked resemblance (Phots. 188, 189, 192). They are formed of plates
in the shape of flat cones with furrows, varying in depth, arranged radially
on their edges. The furrows ave distinctly deeper in P. casertanum f. ponderosum
(Phot. 192) than in other forms (Phot. 189).

An analysis of the same characters in the sympatrically occurring specimens
of P. casertanum typ. and P. casertanum f. ponderosum from the stream near
Wegorzewo shows slight differences in their development. This concerns the
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homogeneo-granular and diagonal structures (Phots. 178, 181). The angles
between lamellae are also similar (130—140° and 120—140°, Phots. 177, 180)
and so are the usually very variable shapes of the plates of the palisade layer
(Phots. 179, 182). :

The great similarity of the shell surfaces (Phots. 183, 185) and pores (Phots.
184, 186) is striking.

15. Pisidium (Cymatocyclas) hibernicum WESTERLUND 1894

In Poland P. hibernicum is a probably fairly regularly but rarely occurring
clam, which shows small conchological variation. In the assemblages used for
this study it occurred in small numbers (Table II); the specimens from Lake
Gardno were chosen for microstructural examination. :

The transverse sections, parallel to the growth lines, through the thin
(about 30 p) and delicate shells of P. hibernicum are little differentiated (Phot.
193). The well-marked homogeneous layer with only few holes in it seems to
be a characteristic feature of this species (Phot. 194). It passes via a poorly
marked layer with a granular structure into the diagonal layer, in which the
angles between the lamellae are exceptionally obtuse and, as in other species,
increase rapidly from 105° to 150° (160°).

The endostracum is composed of very elongate plates, which, as in other
species, are arranged perpendicularly to the shell surface, to which their long
axes are parallel.

The pictures of the inner surfaces examined are various, mostly irregularly
~wrinkled and furrowed (Phot. 195). The pores in the endostracum are few in
number, their diameter being about 7.5 p.

16. Pisidium (Neopisidium) moitessierianum PALADILHE 1866

This stenotopic species inhabits stagnant or slow-running waters. In Poland-
as in other parts of its range, it is not often met with (BERGER, 1958; Ka,
SPRZAK, 1975; MEIER-BROOK, 1975; BERGER & DZIECZKOWSKI, 1977). The results
of investigations carried out so far show that the occurrence of P. moitessieria-
num is limited to the lowland. The specimens from Lake Gardno were used
in this microstructural study (Phot. 224).

In P. mottessierianum the shell thickness ranges from 60 to 80 . The broad
homogeneo-granular layer (about 7.5 (), containing much organic matter
with not numerous large holes, lies under the periostracum (Phots. 198, 207);
sometimes the amount of organic matter is somewhat smaller and the holes
are more numerous and, besides, much smaller (Phot. 202). Moreover, there
are some sections void of any distinet and well-developed homogeneo-granular
layer and then right under the periostracum is the very weakly marked granular
layer, which further passes into another structure (Phots. 200, 203). In both
these cases the said layers are underlain by structures, which seem to be specific
of P. moitessierianum and are composed of bars arranged slantingly to the
fracture plane. Their arrangement in the outer portion of the shell is less regular
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(Phot. 204) than in the inner (Phot. 205). This layer fills the nearly whole
gection of the shell and reaches the endostracum of palisade structure (Phot.
201). :

Unlike the above-described sections, the sections with a distinet hemogeneo-
granular layer (Phot. 197) have a regular diagonal layer, in which the angles
between the lamellae vary frcm 115° in the outer part to 150° in the inner and
which passes into the endostracum built of loosely arranged plates perpendi-
cular to the shell surface (Phots. 197, 199, 200).

This observation corresponds closely with the picture of the situation
under the inner surface of the endostracum (Phots. 208, 209), which is covered
by a rosette-like arrangement of plates. It may well be that this structure is
an artifact and that the other type of inner structure observed in P. moite-
ssierianwm constitutes the actual surface of the endostracum (Phot. 210).
It is formed of irregular plates separated by deep furrows.

17. Pisidium (Odhneripisidium) tenuslineatum STELFOX 1918

P. tenuilineatum is a stenotopic, slightly variable clam, found rarely and
in small numbers in Poland (KUIPER, 1962a; PIECHOCKI, 1972). The material
used for this microstructural study comes from the collection of Assist. Prof.
Leszek BERGER. ‘

The exceptionally thin shell of P. tenuilineatum (Phots. 211, 214) are marked
by poorly differentiated sections. Under the periostracum is the wide granular
layer (about a third of the secticn) of unccmmonly loose and spongy structure
(Phot. 212). It passes fairly decidedly into the diagonal layer, in which, as
in other species, the angles between the lamellae vary from 110° to 160°.

The endostracum is built of vertically placed, elcngate plates (Phot. 213).
Tts surface, i. e. the inner shell surface, is formed of irregular polygonal plates
separated by fissures (Phot. 215).

IV DISCUSSION

1. The differentiation of the shell microstructure in the Sphaeriidae

In this work an attempt was made to establish the relationship of some
forms within the family Sphaeriidae on the basis of the microstructure of their
shells. In view of the lack of exact descriptions of the microstructure of fresh-
water clam shells, a general scheme of their structure in the species of the family
Sphaeriidae (Fig. 1) and detailed descriptions of the sections parallel to the
growth lines and structures of the inner shell surface were worked out on the
bagis of SEM pictures. ,

Special attention was given to the microstructural characters which can
be of use in taxonomic studies. The sculpture found on the surface of the perio-
stracum, presumably specific of definite groups, belongs to such characters
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(Phots. 1, 81, 168). Its usefulness was not examined more closely because of
limitaticns in our access to SEM. It may however be supposed that these and
other details ccncerning the conchiolin structures associated with the peri-
ostracum may turn out applicable in studies of the relationships between the
species of the Sphaeriidae. This is also suggested by GIUsTI’S (1973) obser-
vaticns c¢n the glechids Unio, Potamide and Anodonta and by the distinet bio-
chemical specificity cf the pericstracum fcund in scme prosobranchiate snails
(KOLESNIKOV, 1974). The seme is true of cther micrestructural elements asso-
ciated with the pericstracum, i. e. the sculpture of the inner surface of the
periostractm and elements binding it to the underlying lime layers. Among
these we should number the spherical or elongated (fibrous) conchiolin structu-
res found in P. nitidum. No informaticn about the occurrence of such structu-
res in other clams has been found in literature. The ascription of mechanical
role to their presence seems to be the best explanation. It may be supposed,
namely, that they are points which strengthen the adhesion of the periostracum
to the calcareous layers. In other mussels there may be differently developed
structures which do a similar job.

Lack of ccmparative data does not permit us to draw definitive conclusions
as to the scale of variation of the surface structure, adjacent to the periostra-
cum. Observations indicate a wide range of this variation (Phots. 2, 3, 59,
82 and others), and the ccmpletely different development of this character
in 8. corneum, 8. rivicola and M. lacustre evidences its usefulness at least at
subgeneric level (Phot. 3, 20, 21, 36). Its possible utilization in considerations
on the problems concerning lower systematic units needs further study.

The presence of the homogeneo-granular structure (sometimes termed
simply “hemegeneous”) was cbserved in most species, P. subtruncatum, P. ni-
tidum, P. pulchellum and P. obtusale being exceptions in this respect. In P.
personatum it is very poorly marked and the subfossil shells of P. lilljeborgi
kad their surface layers scmewhat destroyed, which made their identification
impossible. No normally developed hcmogeneo-granular structure was found
in P. henslowanum ¢nd P. supinum, either. In these species the periostracum
overlies a layer with an intermediate structure between the homogeneo-granular
and granular ones, which differs them eclearly from the other clams of the
family under study and agrees with the opinion on their close kinship (HER-
RINGTON, 1962).

The layers with a granular structure occur more regularly in the species
of the family Sphaeriidae. They are absent only frem P. pulchellum, P. per-
sonatum and P. casertanuwm and scmetimes are very narrow, e. g. in 8. rivicola
and P. hibernicum.

Maintaining their specific character, both the hemegeneo:granular and
the granular structuve differ scmewhat in form between particular species.
Attention is attracted by the strengly spcngy granular structure of P. milium
and the granular structure, which does not stand out very distinctly against
the adjacent layers, in M. lacustre.



280

The diagonal structure, included by MAcCKIE (1978b) in the “crossed-
lamellar structure” (KoBAYASHI, 1971), predominates clearly in the shells
of the Sphaeriidae. In view of the results of the study here presented, it ho-
wever seems more justified to regard it as the “composite prismatic structure”
(KoBAYASHI, 1971).

Only the innermost pOI‘thI)S of the sectlons of 8. corneum and §. mncola
agree with the description of the crossed-lamellar structure. In connection
with the presence of this structure in the shells of clams of the family Corbi-
culidae (KOBAYASHI, 1971), it may be thought that the occurrence of the
crossed-lamellar structure in the shells of the genus Sphaerium is an atavistic
character. This gives evidence of the close relationship of the clams of those
two families and agrees with the opinions on their systematic position (GOTTING,
1974). Moreover, it permits the supposition that the evolution of the Sphaeriidae
connected with their expansion in fresh waters was accompanied by the re-
placement of the crossed-lamellar structure by the composite prismatic one.
This statement is supported by the great resemblance of the conchiolin matrix
of these structures (KoBAYASHI, 1969, 1971).

The angles between the lamellae of the composite prismatic structure are
very variable within the family examined but, which has been checked on
the shells of 8. corneum and P. casertanum, they vary within constant limits
in particular species and are generally smaller in the outer portion of the shell
than in the inner (Table III). It seems that this character can be widely used
in studies of the affinities within the homogeneous systematic groups of mussels
comprising a number of species, whereas its usefulness in such investigations
at supraspecific level is questionable. Measurability is a great practical ad-
vantage of this character.

Remarkable inter- and intraspecific variation has been observed in the
degree of compactness of the diagonal structure (composite prismatic structure).
This observation agrees with MACKIE’s (1978Db) results, but because of the
immeasurability and unstability of such criteria their application in practice
is restricted very much. Layers with a structure referred to as the palisade
structure in this paper often occur in the séctions parallel to the growth lines.
As I have already mentioned, this term is used as vicarious for the elements
which MACKIE (1978Db) called the pallial myostracum. It should be emphasized
that the name used here, the palisade structure, does not at all correspond
with that used by KESSEL (1944) and other investigators in their descriptions
of the inner structure of snail shells. The layer of palisade structure shows
great variety as regards the shape and size of plates of which it i builf, their
arrangement and the situation of the whole layer in relation to the other micro-
structural elements of shell. Seme of these characters are decidedly typical
of these species and they will probably turn out helpful in the studies of supra-
specific relations. This is especially true of the shape, size and arrangement
.of plates.

The palisade layer was never observed right under the periostracum, from
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Table IIT
Selected characters of the shell microstructure in the Sphaeriidae
Layer
No. Species homogeneo- | granular Angles (°) Pores
granular
1 Sphaerium  corneum + + 90—100 4 *
2 = rivicolas + (+) 135—145 +-*
3 | Musculium lacustre -+ [4+1 120—145 +
4 | Pisidium  amnicum -+ + 90—135 +
5 — henslowanum 4 90—125 ]
6 == supinum -+ 100—140 !
7 - milium + (+)g 90—140 +
8 —_ subtruncatum — + 85—125 +
9 — nitidum — + 90—145 +
10 — pulchellum (+) — 110—150 +*
11 = lilljeborgi ? == 120—130 +
12 — personatum (+) —_ 115—160 +-*
13 — obtusale — + 85—130 -+
14 — casertanum AL —_ L
f. casertanum .S 100—130
f. ponderesum 140—160
[+ casertanum A 130—140
f- ponderosum 120—140
15 — hibernicum + (+) 105—160 +
16 — moitessieranum + F 115—150 —
17 — tenuilineatum —— -+ 110—160 —
Symbols used in Table IIT
+ — presence of the structure named in the caption of the appropriate column
— — lack of the structure named in the caption of the appropriate column
¥ — canals perpendicular to the shell surface, ending in pores right under the perio-
stracum
(+) — very narrow layer
[+] — layer very weakly marked off from the adjacent layers
g — narrow layer, strongly spongy structure
? " — no data
+, 4 — layers with homogeneo-granular and granular structures occurring alternatively
in Pisidium moitessierianum
S — values of angles (in diagonal layer) given for sympatrically living specimens
A — values of angles (in diagonal layer) given for allopatrically living specimens

which it was always separated by another structure. It occurred mostly in the
inner portions of the shell, where it formed the endostracum in adult specimens.
This coincides with MAcCKI®’s (1978D) observations; examining the Canadian
sphaeriid species, he found that the pallial myostracum oceurs mostly in the
inner part of the shell.

Out of the structures examined, the inner shell surface appeared the most
variable. The basic causes of this variation are the ontogenetic development
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and the inertia of reactions taking place in the extrapallial fluid. The variation
brought about by these factors has a very wide range (Phots. 52, 57, 58, etc.).
The usefulness of this phenomenon in systematic studies, if there is any, cannot
be established before carrying out adequate experiments on the modes of
formation of shells and examining this process in the aspect of ontogenetic
development. i

The sculpture of the surface of the endostracum proper (i. e. in adult
specimens, void of the structures arising in fixation owing to the biochemical
inertia of the extrapallial fluid) is much less variable. This surface is composed
of polygonal plates, separated by deep fissures and covered by characteristic
sculpture (e. g. Phots. 11, 128, 185). It may be supposed that this is a fairly
common development of this element, which is supported by the observations
of the inner surface of the shell in Cardita leana, Monia sp., Mytilus sp. and
other mussels (KoBAYASHI, 1971).

The variation of the endostracum proper at least partly corresponds with
the variation of the palisade structure, which would indicate the similar in-
formative value of these characters in systematic studies. This opinion is well
illustrated by the photographs of the appropriate structures of P. nitidum
and P. casertanuwm (e. g. Phots. 112, 117, 119, 120, 124, 126—128, 131, 176,
177, 180, 182, 183, 185, 188, 189).

At the present state of knowledge of the problems being considered here
it is difficult to make precise conclusions. The estimation of the influence of
various ecological factors on the above mentioned structures, especially the
endostracum, which remains in the state of dynamic equilibrium with the
extrapallial fluid as should be thought on the basis of what we know about the
formation of the shell, (FRETTER & GRAHAM, 1962). Analogously to the
types of inner structure it would perhaps be possible to distinguish those of
the shell surface. Although the number of observations of these structures
is small as yet, the above-quoted example of the correspondence of observa-
tions concerning the shell inside in the genera Cardita, Monia and Mytilus,
and the resemblance of the surfaces of the endostracum in P. amnicum (Phot.
51) and Barbatia obtusoides (KOBAYASHI, 1971) rather indicate that the nature
of variation in this structure is none too accidental.

In my microstructural studies of the shells of the Sphaeriidae I gave much
attention to pores and canals in the calcareous layers of the shell. They occur
in the shells of the mussels of the families Arcidae, Glycimeridae, Spondylidae,
Mytylidae and Chamidae, and have also been found in the fossil members of
the Monoplacophora, Tryblidum reticulatum (MUTVEL 1964; KOBAYASHI, 1969).
While in the shells of the families menticned the pores in the endostracum
lead to canals perpendicular to the shell surface and confined to the inner and |
pear] layers (inner and pellucid shell layers, acc. to KOBAYASHI, 1969), in the
shells of sphaeriids they reach the periostracum. Corresponding pores in the
outer surface of the calcareous layers of the shell (adjacent to the perjostracum)
were found in 8. corneum, 8. rivicola, P. pulchellum and P. personatum. In the
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shells of other species examined the course of the canals in the transverse
sections parallel to the growth lines is similar to that in the species mentioned,
which permits the supposition that in them the canals also Teach the perio-
stracum.

The number of pores and the network of canals differ in particular species.
They were not found in P. henslowanum, P. supinum and P. moitessierianum,
while in P. milium their presence was questionable — out of the four shells
examined, only one had pores. In P. casertanum differences were found between
particular forms in the number and density of canals. The shells of thin-shelled
Specimens living in small streams and reservoirs have generally a richer network
of canals. The structures under discussion occur particularly abundantly in
the clam populations of periodical high-mountain puddles (e. g. in the Tatra
Mts.).

The diameters of canals are larger in the endostracum than in the layers
bordering on it and thus the canals become narrower in the direction from
the endostracum towards the periostracum. Apart from that, their diameters
are very various: in the Arcidae, Glycimeridae and Spondylidae they are from
4 to 6 ¢, in the Mytilidae smaller than 1 v (KoBAYASHI, 1969) and in the exa-
mined species of the Sphaeriidae between 5 and 16 .

The significance of these canals to the clam organism is not clear. In the
mantle epithelium of Musculium two types of cell have been distinguished,
@ low and broad and a high and pyramidal. These last cells have a kind of pro-
cesses which enter the shell canals and reach the periostracum. In MUTVED'S
(1964) opinion, this confirms the thesis maintained by TAYLOR et al. (1969)
that the epithelium increases by growing in the periostracal groove, when the
calcareous layers are not yet being secreted. KOBAYASHI (1969) does not accept
this cpinion and KNIPRATH (1978) claims that the epithelium grows owing
to mitoses which take place all over the mantle surface.

In taxonomic studies of the family Sphaeriidae the data on the development
of the canals and their network seem to be as important as the adequate infor-
mation concerning the endostracum and the palisade layer.

In addition to the above-described canals perpendicular to the lines of
growth, in the homegeneo-granular layer, directly under the periostracum in
the shells of 8. corneum and 8. rivicola there are canals parallel to the shell
surface. No information on similar structures in other clams has been found
in available literature.

2. The shell microstructure and the systematics of the Sphaeriidae

As has already been mentioned, 17 clam species of the family Sphaeriidae
and, according to ZEISSLER (1971), belonging to three genera, Sphaerium SCOPOLI
1777, Musculium LINk 1807 and Pisidiwm S. PFEIFFER 1821, were embraced
in this study. A juxtaposition of the generic anatomic characters given by
that authoress (Table IV) permits the inference that, as stated by HERRINGTON
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(1962), except for the conchological criteria (calyculism, MAckIE & QADRI,
1974) there are no grounds to separe Musculium LINK 1807 as a distinet
genus. Moreover, MACKIE and QADRI (1974) question the diagnostic value
of calyculism.

A comparison of 8. corneum, 8. rivicola and M. lacusire with respect to
their microstructure shows that 1. there are differences between them in the
formation of the granular (Table III) and palisade layers (Phots. 9, 10, 28,
37—39), 2. unlike the other two species, M. lacusire has no canals parallel
to the shell surface in the homogeneo-granular layer, and 3. pores were found
present under the periostracum in §. corneum and 8. rivicola and then the
canals perpendicular to the shell surface reach the periostracum directly in
these species, whereas in M. lacustre they seem to terminate in the homogeneo-
granular layer.

The first observation agrees with anyway undoubtful specific distinctness
of the clams discussed, whereas the others indicate the existence of greater
differences between M. lacustre, on the one hand, and 8. corneum and 8. rivicola,
on the other hand, than between these last two species. Considering the member-
ship of 8. corneum and 8. rivicola in two separate subgenera, Sphaerium s. str.
and Sphaeriastrum BOURGUINAT 1854 (ZADIN, 1952; EHRMANN, 1956; ZEISSLER,
1971), these microstructural differences in shell seem to justify the retention
of the genus Musculium. The presence of the crossed-lamellar structure in
S. cornewm and 8. rivicola is an additional argument supporting this opinion.

It must be stated that the criteria used here should be verified by ana-
tomical studies, since differences of similar status often occur between groups
of species within the genus Pisidium, bub they are accompanied by slight ana-
tomic distinctness, used mostly as the basis for the erection of subgenera in
this genus (HEARD, 1965; ZEISSLER, 1971).

The microstructural variation of shells in the genus Pisidiwm includes all
the elements described by me. Only in P. amnicum both layers underlying
the periostracum, the homogeneo-granular and the granular, are distinctly
marked. In the remaining species either the homogeneo-granular or the granular
laiyer is present; only in the shells of P. milium and P. hibernicum a very thin
granular layer can be distinguished beside the well-developed homogeneo-
granular layer. P. henslowanumn and P. supinum, as has already been mentioned,
are exceptions with an intermediate structure.

The distinctness of the microstructure of shells of P. amnicum corresponds
with the membership of this species in the subgenus Pisidium 8. str., mono-
typical in Central Europe (ZEISSLER, 1971), whereas the presence of a specific
structure in the shells of both P. henslowanum and P. supinwm emphasizes
their close relationship.

The remaining species examined in the genus Pisidium can be divided with
respect to the development of the homegeneo-granular and granular layers into
four groups. The most numerous group consists of species that have only the
granular layer, i. e. P. subtruncatum, P. nitidum, P. obtusale and P. tenuilineatum.
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P. pulchellum, P. personatum and presumably P. lilljeborgi have their homogeneo-
granular layer poorly marked and no granular layer at all, whereas P. casertanum
differs frcm the other species of this genus in that it has no granular layer but
a distinet hcmogeneo-granular layer. Only in P. moitessierianum the occurrence
of these layers seems to be alternative.

The fact that the presence of pores is taken into consideration in divisions
within the genus Pisidium (Table IV) results in laying emphasis on the dis-
tinctness of P. moitessierianum and separating P. tenuilineatum from the
tirst of the groups mentioned. This agrees with their membership in two different
subgenera, occurring in small numbers in Europe, Neopisidium ODHNER 1921
(P. moitessierianum) and Odhneripisidium KUIPER 1962 (P. tenuilineatum).

Table IV

Anatomical criteria in the generic systematics in the family Sphaeriidae (tabulated after Zris-
SLER, 1971)

Genus

Body part Sphaerium - Musculium Pisidium
siphons 2 1

inner (pericardial) tube forms a loop | no loop, pericardial tube rising up-
nephridium directed forward and downwards | wards and somewhat bent

gills

both gills well developed and occur-
ring on either side as an inner and
outer gill, each with an inner and

gills shifted farther to the back, in
most species the posterior gill loses
its inner or ascending lamella so

that the outer lamella by itself re-
presents the whole gill; the poste-
rior gill undergoes a further reduc-
tion within the genus

an outer lamella

The occurrence of pores in the outer surface of the calcareous layers, right
under the periostracum, differs P. pulchellum and P. personatum from the
other species of the subgenus Cymatocyclas DALL 1903 and confirms their above-
signalled close relationship. On the other hand, the inclusion of these species,
as suggested by PiroGov and STAROBOGATOV (1974), in separate subgenera
(Costopisidium PIROGOV & STAROBOGATOV 1974 and Euglesa s. str.) excites
_ doubt. The anatcmic characters of P. pulchellum, P. lilljeborgi and P. per-

sonatum (EHRMANN, 1956; ZEISSLER, 1971) and the data on the microstructure
of their shell, summarized in Table ITI, permit the supposition that these species
are closely related to each other and that they are probably links of the same
evolutionary line. This line presumably led frecm P. personatum through P. lillje-
borgi to P. pulchellum. Here took place a reduction of the posterior gills, en-
largement of the aperture for the foot and shortening and broadening of the
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siphon ending (ZEISSLER, 1971). These anatomic changes were accompanied
by much smaller changes in the microstructure. All the three species retain
the inner structure of shell similar, but the mean value of angles in the diagonal
layer and seemingly the number of pores increase gradually. This last character,
as has been pointed out for P. casertanum, is probably correlated with en-
vironmental conditions. The foregoing data probably constitute the basis of
the isolation of the species mentioned from the subgenus Cymatocyclas. Before
additional anatomical studies have been made, I propose tentatively to call
this group of species Cymatocyclas DALL 1903 “A”.

Interesting conclusions can be drawn frcm a microstructural analysis of
three very variable species, P. nitidum, P. obtusale and P. casertanum, of which
each comprises numerous conchological forms. As hag already been mentioned,
in the study material P. nitidum is represented by P. nitidum typ., P. nitidum
f. bohemica and P. wnitidum f. crassa. The clearly marked concholegical and
microstructural distinctness of the group of P. nitidum A specimens from
slightly brackish Lake Gardno (POLTORAK & STRZELECKI, 1971; DYDUCH &
FALNIOWSKI, 1979) provides no bases to shake the systematic position of these
clams. Lack of descriptions of similar forms in literature permits the suppo-
sition that the distinetness observed is connected with the specific physico-
chemical properties of water in Lake Gardno.

P. witidum typ., P. nitidum f. bohemica and P. nitidum f. crassa occur
beside this form in Lake Gardno. Despite the unquestionable differences
between these three forms it seems right to retain them in one species. The
recognition of P. nitidum f. bohemica and P. nitidum £. crassa as distinet species,
as proposed by PIrRoGov and STAROBOGATOV, has not been supported by their
anatomy, and the present data on the distribution of the first of these forms
indicate that it is a lacustrine ecophenotype of P. nitidum (PIECHOCKI, 1969;
BERGER & DzIECZKOWSKI, 1977). The very close affinity of P. nitidum typ.,
P. nitidum f. bohemica and P. nitidum f. crassa is suggested by the similar
values of angles in the diagonal structure and the resemblance of the shapes
of plates in the palisade layer.

Much less variation was observed in the microstructure of P. obtusale. As
mentioned above, this species produces several concholegical forms connected
by continuous series of intermediate forms. No essential differences were noted
in the structure of the granular and diagonal layers between the typical and
thin-walled specimens of large shells gathered in the forest marsh by Lake
Sargg. The presence of more or less regular rims round the pores is a charac-
teristic feature of the inner surface of shells in P. obtusale; mpart from that,
the sculpture of the surface is very diversified.

The last of the species mentioned; P. casertanum, is one of the most cosmo-
politan, eurytopic clams, variable in respect of its conchology. Out of the numer-
ous forms, two, the typical and P. casertanum f. ponderosum, were chosen for
cloge examination of the shell microstructure. In the material examined dis-
tinet differences in some microstructural elements were obgerved between
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the members of these forms from different localities. They concern the homo-
geneo-granular layer, the angles in the diagenal layer and the sculpture of the
inner shell surface. This last character is marked by great intra- and supra-
specific variation and so it has a limited value in systematic considerations.
No differences were found between the members of these forms derived from
the same locality, even as regards the sculpture of their inner shell surface.
Thus, the issue of the systematic value of the shell microstructure beccmes
more complicated than in the cases described previously. The resemblance
of the shell microstructure of P. casertanum typ. from the Biata Przemsza (Klu-
cze) and that from Zielona Gora, and then the specimens occurring allopatri-
cally, does not allow the acceptance of the opinion that the above-described
situation is caused by ecological factors.

In the discussion of P. casertanum in the Systematic Part attention was
given to the fact that the transition between the typical form of P. casertanum
and P. casertanum f. ponderosum may differ from locality to locality. In view
of these data and the differences found in the shell microstructure one should
agree with ZApIN (1952) and EHRMANN (1956), who propose to acknowledge
P. casertanum f. ponderosum STELFOX 1918 as a distinet species, P. ponderosum
(SteLrox 1918) (Fig. 5.2). At the same time, it should be stated that in
P. casertanum itself it may come to the development of the ponderosum form,
distinguished in the sense in which FAVRE (1927) distinguished it in various
species, e. g. in P. milinum or P. personatum. It may be supposed that this
tendency to form pondercsum-type shells is of the ecophenotypic nature in
the meaning used by HUBENDICK (1951) with regard to the Lymmnaeidae.

The anatomical criteria, presented in Table IV, and the shape and position
of the umbo make the basis for the division of the family Sphaeriidae into three
genera: Sphaerium, Musculivm and Pisidium. The determination of species
within these genera is based on the external and internal characters of shells.
According to ZEISSLER (1971), the most important of them are the outline
and convexity of the shell, the shape and position of the umbo, the sculpture
of the surface and the structure of the hinge (mainly the shape of the hinge
plate, the teeth and the fossa for the ligament). These characters as a rule stand
the test, nevertheless their fluency often limits their usefulness. Another
difficulty is that they undergo great changes under the influence of ecological
factors, like temperature, chemism, speed of water flow, ete. The ranges of
this phenotypic variation often overlap, e. g. in the Alpine members of P. ca-
sertanum, P. hibernicum and P. personatum (JAYET, 1973). JAYET (1973) and
KUIPER (1974) write that the specimens of the Alpine populations are charac-
terized by very thin and delicate (small amount of mineral salts, especially
0aC0;, in water) and exceptionally bulgy shells. This is probably connected
with the thermal conditions prevailing in these biotopes; because of low tempera-
tures the progeny stay somewhat longer in the mother’s organism and the
juveniles that begin independent life are larger than in other biotopes. This
hypothesis is supported by the observations of MEIER-BRoOK (1970), who
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studied the effect of temperature on the dynamics of populations of the Pisidium
species.

The data from the Tatra Mts. (WIERZEJSKI, 1883) only partly agree with
the regularities observed by JAYET (1973) and KUIPER (1974) in the Alpine
Pisidiuwm. In the Tatra ponds WIERZEJSKI (1883) collected the following species:
P. fossarinum CLESSIN (most probably P. casertanum PoLi), P. pallidum JEFFR.,
P. obtusale PFF. and Calyculina lacustris var. Steinit A. SCHMIDT (most probably
Musculium lacustre O. F. MULLER). The above-mentioned Pisidium species
differed, according to CLESSIN, from the typical (lowland) ones only in size,
that is, they were smaller; on the other hand, the specimens of the last species
named were marked by their “uncommon largeness”, which would agree with
the observations from the Alps. WIERZEJSKI'S (1883) observations are cor-
roborated by the scanty material collected by the authoress in the Tatra Mts.
The taking into consideration of ontogenic variation causes much trouble,
although some shell parameters of the species of this family, e. g. the length:
height ratio, are exceptionally stable (THOMAS, 1965).

An analysis of the sphaeriid shell microstructure suggests that it can provide
some new characters, more stable, precise and less sensitive to ecological factors
than are the macroconchological characters. The presence or lack of the homo-
geneo-granular and granular layers, the structure of the diagonal layer and
that of the palisade layer plates and poress to be the most essential micro-
structural characters. We may cherish hopes that after their being verified
in histological-anatomical studies, it will be possible to apply microstructural
analyses more widely in palaeozoological and biological investigations.

V. CONCLUSIONS

A. Shell microstructure

The conchiolin periostracum, which overlies the calcareous layers in the
Sphaeriidae, has its both outer and inner surfaces sculptured, the sculpture
being presumably typical of species. Spherical or elongate conchiolin structures
were observed on the inner surface of the periostracum in P. nitidum; they
probably strengthen its adhesion to the calcareous layers.

The surface to which the periostracum adheres is very variable. The cal-
.careous part of the sphaeriid shell is differentiated into the homogeneo-granular
and granular layers (both included in the homogenous structure of KOBAYASHI,
1971), the diagonal layer (KOBAYASHI’S crossed-lamellar and composite pris-
matic structures) and the palisade layer (pallial myostracum).

The sculpture of the inner surface of the shell of the Sphaeriidae is hetero-
geneous; now, it is difficult to estimate it from the systematic point of view,
especially because of difficulties connected with making allowances for onto-
genetic variation.



289

The calcareous layers of the Sphaeriidae are penetrated by canals perpen-
dicular to the surface; the pores leading to them occur in the inner shell surfee.

B. Taxonomic conclusions

The present microstructural analysis of the clam shells examined has con-
firmed

— the distinctness of Musculium lacustre, as a member of the genus Muscu-
liwm, from the remaining species,

— the distinctness of P. (Pisidium 8. str.) amnicum, P. (Neopisidium)
mostessierianum ond P. (Odheripisidium) tenuilineatum, as members of three
different subgenera, and

— the close affinity of P. henslowanum and P. supmum within the subgenus
Cymatocyclas DALL 1903, which fact became the basis for the distinction ‘of
two groups of species: P. subtruncatum, P. nitidum and P. obtusale, and P. pul-
chellum, P. lilljeborgi and P. personatum. On the basis of anatomical obser-
vations the last three.species have been included in the group Cymatocyclas
DALL 1903 A of undetermined systematic status. In order to establish its relation
to the remaining species of the genus it is necessary to carry out further detailed
anatcmical studies.

Finally, the analysis of the shell microstructure in P. casertanum typ. and
P. casertanum f. ponderosum suggests the specific distinetness of the specimens
of this last form. This eccncerns the individuals with distinetly triangular thick-
walled shells, correspcnding with the distinctly triangular thick-walled shells,
corresponding with the descripticn given by EHRMANN (1956). P. ponderosum
seems to be a typical lacustrine species. Apart from that, specimens resembling
P. ponderosum concholegically but different in microstructure may occur in
other types of habitats. These should be regarded as members of P. casertanum
f. ponderosum.

If the foregoing conclusions have been taken into consideration, the taxomic
system given by ZEISSLER (1971) should be modified as follows:

Family Sphaeriidae

Genus Sphaerium ScoPOLI 1777

8. (Sphaerium s. str.) corneum (LINNAEUS 1758)

8. (Sphaeriastrum) rivicola (LAMARCK 1818)
Genus Musculium LINK 1807

M. lacustre (O. F. MULLER 1774)
Genus Pisidium C. PFEIFFER 1821
(Pistdium s. str.) amnicum (O. F. MULLER 1774)
Cymatocyclas) henslowanwm (SHEPPARD 1823)
Cymatocyclas) supinum A. SCHMIDT 1851

Cymatocyclas) milium HELD 1836 ;

(Cymatocyclas) pseudosphaerium BENTHEM, JUITING et KUIPER 1947
(Cymatocyclas) subtruncatum MALM 1855
4 — Acta Zoologica Cracoviensia XXVI/8—i17 ! k
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. (Cymatocyclas) nitidum JENYNS 1832
(Cymatocyclas) obtusale (LAMARCK 1818)
(Cymatocyclas) casertanum (Porl 1791)
(Cymatocyclas) ponderosum (STELFOX 1918)
(Cymatocyclas) hibernicum WESTERLUND 1894
(Cymatocyclas A) pulchellum JENYNS 1832
(Cymatocyclas A) llljeborgi CLESSIN 1866
(Cymatocyclas A) personatum MALM 1855
(Neopisidium) conventus CLESSIN 1877
(Neopistdium) moitessierianum PALADILHE 1866
(Odhmeripisidium) stewartc PRESTON 1909
(Odhneripisidium) tenwilineatum STELFOX 1918

sl el e Bl e

Research Centre
for the Protection of Nature
and Nature Resources
Krakéw, Arianska 1, Poland

REFERENCES

Apam W. 1947. Revision des Mollusques de la Belgique. I. Mollusques terrestres et duleci-
celes. Mém. Musée. Royal D’Hist. Natur. Belg. Bruxelles 106 : 1—298.

BaupoN A. 1857. Essai monographique sur les pisidies Francaises. Mém. Soc. Acad. Oise,
Beauvais 3: 3156—67. :

BeepuaM G. E., TRueMaN E. R., 1958. The Utilization of J* by Certain Lamellibranchs,
with Particular Reference to Shell Secretion. Quart. Jour. Microscop. Se. London 99,
2: 199—204.

BrrGER L. 1958. Nowe stanowiska Pisidium moilessiertanum PALADILHE 1866. Pr. Kom.
biol. Pozn. TPN, Poznan 19: 5—9.

Bercer L. 1959. Wyniki wstepnych badan nad groszéwkami (Pisidium) Wielkopolski. Przyr.
Polski zach. Poznan 2: 279—284.

BerGER L. 1960. Badania nad mieczakami (Mollusca) Pojezierza Mazursklego Badania
Fizjogr. Polski zach. Poznan 4: 7—49.

BerGER L. 1961. Mieczaki pogranicza Wlelkopolskl Slaska i Jury Krakowsko-Wieluriskiej.
Pr. Kom. biol. Pozn. TPN, Poznani 25, 1: 1—123.

BEerGER L. 1962. Uwagi o rozmieszczeniu malz()w Sphaeriidae w Krutyni na Pojezierzu Ma-
zurskim. Fragm. Faun. Warszawa 10: 1—9.

BerGER L. 1973. Mollusca of the river Raba and some of its tributaries. Acta Hydrobiol.
Krakéw 15, 4: 401—411.

BEeRGER L., Dzigczrowsk: A. 1977. VI. Mollusca, in the Bottom Fauna of the Heated Ko-
nin Lakes. Monogr. faun. pol. Warszawa — Krakéw 7: 151—179.

BorrTGER (. 1961. Zur Systematic der in die Gattung Pisidium C, PFEIFFER gerechneten
Muscheln. Arch. Moll. Frankfurt am Main 90: 227—248.

BraBeNec J. 1973. Ceskoslovenské druhy rodu Pisidium C. PF. — hrachovky (Moll, BIW)
Prace a studie — Pifir. Pardubice 5: 147—176.



201

CArTER I. G. 1979. Comparative shell microstructure of the Mollusca. Brachiopoda and Bryozoa.
Scanning Electron Microscopy 2, SEM inc., AMF O’Hare, I 1: 439—446+456.

Dypuca A., FALNIOWSKI A. 1979. Mieczaki Jeziora Gardno i koniecznoéé ich ochrony (Mol-
lusca of Gardno Lake and necessity of their protection) — Ochr. Przyr. Krakéw 42: 151—
181.

ErrMan~n P. 1956. Mollusca, Weichtiere. Die Tierwelt Mitteleuropas. Leipzig, 1: 1—257.

ErLis A. E. 1962. British freshwater bivalve Molluses. Linnean Soe. Synopses Brit. Fauna 13,
London.

Favre J. 1927. Les mollusques post-glaciaires et actuels du Bassin de Geneve. Mém. Soc.
Phys. Hist. Nat. Geneve, 40 (1): 171—434.

FELIRSIAK 8. 1938. Pisidium subtruncatum MALM v. tenuilineatiformis v. n. oraz kilka nowych
lub rzadkich dla Polski groszéwek (Pisidium C. PFEIFFER). Pisidium subtruncaium MALM
V. tenuilienatiformis v. n. und einige fiir Polen neue oder seltene Pisidien (Pisidium C.
PrEIFFER). Fragm. Faun. Musei Zoologici Polonici, Warszawa 3, 24: 485—493.

FRETTER V., GRAHAM A. 1962. British Prosobraneh Molluses. Their functional anatomy and
ecology. London Society, pp. 755.

Grustr F. 1973. The minute shell structure of the glochidium of some species of the genera
Unio, Potomida and Amnodonta (Bivalvia, Unionacea). Malacologia, 14: 291—301.

GorriNg K.-J. 1974. Malakozoologie. Stuttgart.

Hearp W. H. 1965. Comparative life histories of the north American pill clams (Sphaeriidae:
Pisidium). Malacologia, Michigan 2, (3): 381—411.

HerriNGTON H. B. 1962. A Revision of the Sphaeriidae of North America (Mollusca: Pole-
cypoda). Miscell. Publ. Mus. Zool. Michigan 118: 1—74.

Horopaivexn I. J., Ranta E., 1977a. Carbon Dioxide Output in the Respiration of Three
Pisidium Species (Bivalvia, Sphaeriidae). Oecologia (Berl.), Berlin 30: 1—s8.

HororAINEN 1. J., RanTA E. 1977b. Respiration of Pisidium amnicum (Bivalvia ) measured
by infrared gas analysis. Oikos, Copenhagen 28: 196—200.

Horowrrz A. 8., Porter P. E. 1971. Introductory Petrography of Fossils. Berlin. 210 pp.

HuBENDICK B. 1951. Recent Lymnaeidae, their Variation, Morphology, Taxonomy, Nomen-
clature and Distribution. Kungl. Svenska Vetensk. Akad. Handl., Stockholm 3, 1: 1—223.

Jackiewicz M. 1962 Wystepowanie Pisidium personatum MALM (Mollusca, Bivalvia) w bio-
topach ladowych. Ekol. pol. ser. B. Warszawa 8, 1: 75—178.

JAYET A. 1973. Sur quelques Pisidium Haut-Alpins. Malacologia, Michigan 14: 415—418.

JURKIEWICZ-KARNKOWSEA E. w druku: Mieczaki (Mollusca) drobnych zbiornikéw wodnych
1 Sciekéw Puszezy Bialowieskiej i Puszezy Niepolomickiej. Ochr. Przyr. Krakéw R. 44.

Kapo Y. 1953. On the Scheme of the Shell Structure of Lamellibranchs. Jour. Sc. Univ. Ser.
B, Hiroshima 1, 14, 18: 243—254.

Kapo Y. 1960. Studies on Shell Formation in Molluges. Jour. Sc. Univ. Ser. B, Hiroshima 1,
19, 4: 163—210.
Kasprzak K. 1975. Zgrupowania malzy z rodzaju Pisidium sensu lato (Bivalvia, Mollusca )
w réznych typach zbiornikéw wodnych. Fragm. Faun., Warszawa 20, 9: 131—141.
KennepY W. J., Tavior J. D., HaLL A. 1969. Environmental and biological controls on
bivalve shell mineralogy. Biol. Rev. Cambridge Philos. Soc., 44: 449—530.

Kesser E. 1933. Uber Periostracum-Bildung. Z. Morph. Okol. Tiere, 40, Berlin 3: 348—360.

KxreraTH E. 1978. Growth of the Shell-field in Mytilus (Bivalvia). Zool. Ser., Stockholm 7,
2: 119—121.

KoBayasur I. 1969. Internal Microstructure of the Shell of Bivalve Molluses. Am. Zool., 9:
663—6172.

Kopavasmr I. 1971. Internal shell microstructure of recent Bivalvian Molluscs. Se. Rep.
Niigata Univ. Ser. E, Geol. Mineralogy, Niigata 2, 27—50.

Koresnikov C. M. 1974. Paleobiochemideskie i mikrostrukturnye issledovanija v paleolimno-
logii (Teoreti¢eskie i metodologiteskie aspekty). ,,Nauka”. Leningrad: 1—160.

4*



292

KowALEOWSKI A., BERGER L. 1972. Die Bedeutung der Conchylienfaunen fiir die spétpleiste-
zine und holozine sediment — und Bodenstratigraphie. Bull. Amis. Sci. Lett. Poznai,
ger, D, Poznan 12 13: 215—224. ‘ ;

Krivodesna L. V. 1978. Melkie dvustvordatye moljuski semejstva Pisiidae (podsemejstvo
Euglesinae) basejna vjerchnego IrtySa. Zool. Z., Moskwa 57, 10: 1489—1500.

Kueer J. G. J. 1962 a. Systematische Stellung und geographische Verbreitung von ‘Pisidium
tenuilineatuwm. Arch. Moll., Frankfurt am Main. 91, 4/6: 173—181. et

Kourper J. G. J. 1962 b. Zur Nomenklatur und Verbreitung von Pisidium pseudosphaerium.
Arch. Moll.,, Frankfurt am Main 91, 4/6: 183—189.

Kureer J. G. J. 1963 a. Auguste Bandon, Seine Systematik der Pisidien, nebest . biographis-
chen Notizen. Arch. Moll., Frankfurt am Main 92, 1/2: 49—54. : 3
Kumwer J. G. J. 1963 b. Hauptziige der Verbreitung des Genus Pisidinen in Europa. Arch.

Moll., Frankfurt am Main 92, 5/6: 247—252. :

Kurper J. G. J. 1964. Ist Galileja tenebrosa’ ein Pisidium? Arch. Moll., Frankfurt am Main

93, 181—185. , °
Kueer J. G. J. 1965 a. Familie — Pisidiidae. Zoetwatermollusken von Nederland, Den
Haag 1—19. .

Kuper J. G. J. 1965 b, The status of Pisidium hibernicum Westereund. Jour. Conch., Lon-
don 26, 42—46. :

Kuiper J. 6. J. 1966. La distribution des espéces vivantes du genere Pisidium C. Pr. en
France. Jour. Conch., London 105, 181—215. '

Kuper J. G. J. 1968. Die spitpleistozinen Pisiden des ehemaligen Ascherslebenen. Sees.
Arch. Moll., Frankfurt am Main 98, 23—38.

KurpEr J. G&. J. 1974. Die Pisidien der Hochalpengewisser. Arch. Moll. Frankfurt am Main
104, 1 (3): 1—29. v

Kumeer J. G. J. 1975. Zwei neue boreale Pisidiwm-Atten: P. hinzi und P. waldens. Arch.
Moll. Frankfurt am Main 106, 1/3: 27—39. :

TApE M., BARON F. 1969. Studies on three species of Pisidium (Mollusca: Bivalvia) from
a chalk stream. J. Anim. Ecol. Cambridge 38, 407—413.

Mackiz G. L. 1976 a. Contributed papers at the 1976 meéting. Sphaeriidae natality and its
significance in water quality studies. Bull. Amer. Malacol. Un.

Mackie G. L. 1976 b. Trematode parasitiam in the Sphaeriidae clams, and the effects in
three Ottawa river species. Nautilus. Philadelphia 30, 90 (1): 36—41.

Mackie G. L. 1978 a. Effects of Pollutants on Natality of Musculinum securis (Bivalvia:
Sphaeriidae). Nautilus, Philadelphia 92 (1): 25—33.

Mackie G. L. 1978 b. Shell structure in freshwater Sphaeriaceae (Bivalvia: Heterondonta).
Can. Jour. Zool., Ottawa 56, 1: 1—6.

Mackie G. L., Huceins D. G. 1976. Biological Notes on Eupera cubensis (Bivalvia: Sphae-
riidae) from Kansas. Jour. Pis. Res. Board of Canada, Ottawa 33, 7: 1652—1656.
MackiE G. L., Qaprr 8. U. 1974. Calyculism in Musculium securis (Pelecypoda: Sphaeriidae)

and its significance. Can. Jour. Zool, Ottawa 52, 8: 977—980.

MACKIE G. L. Qaprr S. U. CLARKE A. H. 1974 a. Byssus structure of larval forms of the fin-
gernail clam, Musculium securis (PrimE). Can. Jour. Zool., Ottawa 52, 7: 945—946.
MackiE G. L., Qaprr S. U., CLARKE A. M. 1974 b. Development of brood sacs in Musculium

securis Bivalvia: Sphaeriidae. Nautilus, Philadelphia 88 (4): 109—111.

MACkIE G. L., Qaprr S. U., CLARKE A. M. 1976. Intraspecific variations in growth, birth
periode and longevity of Musculium securis (Bivalvia: Sphaeriidae ) near Ottawa, Canada.
Malacologia, Cambridge 15 (2): 433—446.

MerEr-BroOK C..1970. Untersuchungen zur Biologie einiger Pisidium-Arten. Arch. Hydro-
biol. Suppl. Stuttgart 38: 73—150. : : e

Merer-Brook C. 1975. Der okologische Indikatorwert mitteleuropdischer Pisidium-Arten



293

{ Molluséa, Eulamellibranchiata). Eiszeitalter u. Gegenwart, Obringen/Wiirtt. 26: 190—
195.

Morycowa E. 1977. L’ultra-microstructure du squelette des Helioporidae fissiles (Octoco-
rallia). Second Sym. international sur les coraux et récifs. Paris 1975. Mém. du B. R
G. M. N° 89.

Mutver H. 1964. On the shells of Nautilus and Spirula with notes on the shell secretion in
non-cephalopod molluscs. Ark. Zool., Stockholm 16, 14: 221—278.

OBERLING J. J. 1964. Observations on some structural features of pelecypod shell. Mitt. Na-
turforsch. Ges. Bern. N. Folge, Bern 20: 1—60.

OpuNER N. H. J. 1921. On some species of Pisidium in the Swedish state museum. Jour.
Conchol., London 16, 7: 218—223. :

PiEcHOCKI A. 1969. Mieczaki (Mollusca) rzeki Grabi i jej terenu zalewowego. Fragm. Faun.
Warszawa 15, 10: 111—197.

PiecHOCKI A. 1972. Materialy do poznania mlqczakéw (Mollusca) rzeki Pasteki. Matena,]en
zur Kenntnis der Molluskenfauna das Flusses Pasleka. Fragm. Faun. Warszawa 18, 7:
121—139.

Pirocow V. V. STAROBOGATOW J. I. 1974. Melkie dvustvordatye molljuski ‘semejstva Pisi-
diidae ilmenka Bolsej Karabulak v delte Volgi. Zool. Z., Moskwa 53, 3: 325—337.
Porow 8. V. 1977. Mikrostruktura rakoviny i sistematika kardiid. Trudy Paleontologiteskogo

Instituta A. N. SSSR, Moskwa 153: 1—124.

SmuLiKOwSKI B. 1939. Przyczynek do znajomosei morfologicznego zréznicowania muszli
Pisidium casertanum Poirl i Pisidium obtusale C. PrEIF. — Contribution & I’étude de la
différentiation morphologique de la coquille chez les Pisidium casertanum PoL1 et Pisidium
obtusale C. PFEIF. Odb. z: Spr. Tow. Nauk. Warszawa, 32: 83—84.

STRZELECKI J., POrTORAK T. 1971. Plankton przymorskiego jeziora Gardno w okresie letmm
The plankton of Lake Gardno the Baltic Sea during the Summer season. Acta Hydrob.,
Krakéw 13, 3: 269—294.

TAYLOR J. D., KENNEDY W. I., HALL A. 1969. The shell structure and mineralogy of Bivalvia.
Nucelacea — Trigonacea. Bull. Brit. Mus. (Natur. Hist.) Zool. suppl., London 3: 1—125.

TrOMAS G. J. 1965. Growth in one species of Sphaeriidae clam. Nautilus, Philadelphia 79,
2: 47—57.

Timm V. 1975. The Pisidiidae of lake VortSJarv Estonian Contribution IBP Tallin, 4: 201—262.

TIMMERMANS L. P. M. 1969. Studies on shell formation in Molluscs. Nether. Jour. Zool.,
Leiden 19, 4: 417—523.

Towe K. M. 1972. Invertebrate shell structure and the organic matrix concept. Biominera-
lization. Research raports, Stuttgart — New York 4: 1—14.

Towe K. M., HamittoN G. H., 1968 a. Ultramicrotome-Induced Deformation Artifacts in
Densely Calcified Material. J. Ultrast. Res., 22, 274—281.

Towe K. M., HamiLtoN G. H. 1968 b. Ultrastructure and Inferred of the Nature and Deve-
loping Nacre in Bivalve Mollusks. Calc. Tiss. Res. Berlin 1, 306—318.

Towe K. M., THoMpsoN G. R. 1972. The Structure of Some Bivalve Shell Carbonates Pre-
pared by Ion-Beam Thinning, A. Comparison Study. Cale. Tiss. Res. Berlin 10, 38—48.

URBANSKI J., 1957. Krajowe §limaki i malze. PZWS, Warszawa, 276 pp.

WaTABE N. 1965. Studies on shell formation. XI. J. Ultrastr. Res., 12, 3—4: 351—370.

WaTABE N., WiLBur K. 1960. Influence of the Organic Matrix on Crystal Type in Molluscs.
Nature London 188, 4747: 334.

WIERZEJSKI A. 1883. Zarys fauny stawéw tatrzariskich. Odb. z: VIII t. ,Pamietnika Ta-
trzanskiego”, Krakéw 1—31. :

ZEISSLER H. 1971. Bestimmungstabelle fiir die mitteleuropéischen Sphaeriaceae. Limnologica
(Berlin) 8, 2: 459—503.

ZapIN W. 1. 1952. Molljuski presnych i solonowatych vod SSSR. Moskva—Leningrad, 376 pp.



294

STRESZCZENIE

Celem pracy bylo zbadanie mikrostruktury muszli wybranych gatunkéw
i form melzy z rodziny Sphaeriidae, ze szczegélnym uwzglednieniem tych,
ktérych status takscnomiezny zawsze budzil watpliwofei.

W pracy wykorzystano materiaty zbierane przez autorke w latach 1973—
1978 na terenie Polski (tabela II). Uzupeliono je okazami z kolekeji doc.
dra hab. L. BERGERA i zbioréw Muzeum Zoolegicznego PAN w Krakowie.
Ogoélem oznaczono ponad 4200 okazéw nalezacych do 19 gatunkéw. Sposréd
nich 17 objeto badaniami mikrostruktury. Badania prowadzono gltéwnie przy
uzyciu skaningowego mikroskopu elektronowego (SEM) Jeol JSM 35 w Pra-
cowni Mikroskopii Elektronowej UJ.

Przygotowanie materiatu do SEM obejmowato kolejno: lamanie muszli
wzdluz wyznaczonych plaszezyzn, plukanie wybranych fragmentéw w alko-
holu etylowym i wodzie destylowanej, trawienie 0,1 n HCL (10—12 sek.),
ponowne plukanie ciggte w wodzie destylowanej i suszenie. Preparaty napy-
lane byly zlotem lub stopem zlota i platyny. Uzywano napieé 15—35 kV
i powiekszen 20—18 000 x, najcze$ciej korzystano z obrazéw o powigksze-
niach 2000—6000 x. Wykonano ponad 600 zdjeé.

Na podstawie otrzymanych informacji opracowano schemat budowy muszli
malzy z rodziny Sphaeriidae (ryc. 1). Periostracum — zewnetrzna, konchio-
linowa warstwa muszli — jest stosunkowo gruba i stanowi okolo 59, grubogei
muszli. Na jego powierzehni stwierdzono obecnos§é struktur prawdopodobnie
charakterystycznych dla poszczegélnych gatunkéw (fot. 1, 81, 168, 169). Na
wewnetrznej, przylegajacej do warstw wapiennych stronie periostracum zna-
leziono u Pisidium nitidum typ. charakterystyczng siatke bruzd. Oka tej
siatki sg wielokgtne, gdzieniegdzie na opisywanej powierzchni wystepuja ku-
liste twory o §rednicy 3,5 pm, majgce skulpture podobna do catej powierzchni
wewnetrznej periostracum (fot. 113). Na zewnetrznej powierzchni warstw wa-
piennych znajdujg sie wglebienia (fot. 114), normalnie wypekione opisanymi
powyzej strukturami konchiolinowymi. Nalezy przypuszezaé, ze wzmacniaja
one przyleganie periostracum do warstw wapiennych. Podobng funkeje przy-
pisaé mozna konchiolinowym wibkienkom lgczagcym periostracum z warstwami
wapiennymi u P. nitidum A (fot. 110). Na brzegach muszli periostracum czescio-
wo wchodzi do jej wnetrza (fot. 111).

Strukture ligamentum badano u P. personatum. Buduja je réwnolegle do
siebie a prostopadle do powierzchni muszli ulozone peczki konchiolinowych
wiokien (fot. 146).

Pod periostracum znajduja si¢ warstwy wapienno-organiczne o réznej
strukturze. U badanych gatunkéw stwierdzono obecno§é warstw homogenno-
ziarnistej lub ziarnistej, obu réwnoczesnie lub tez pofrednich. Struktura ho-
megenno-ziarnista zawiera znaczne ilofei substancji organicznej, spajajacej
agregaty granul wapnia (fot. 207). W strukturze ziarnistej substancja orga-

-
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niczna wystepuje w znacznie mniejszych ilo§ciach. Opisane struktury zaliczyé
nalezy do ,homogeneous structure” KOBAYASHIEGO (1971).

Obrazy powierzchni zewnetrznych warstw wapiennych wykazuja duzg
zmienno§¢, niekiedy znajdowano w nich pory (fot. 2, 3, 59, 60, 61, 62, 82, 115,
116). Powierzchnie te sa tworzone przez opisane powyzej struktury zaliczane
do ,homogeneous structure”. Z warstw o strukturze ziarnistej lub homogenno-
ziarnistej wyréznicowuje sie stopniowo lub skokowo struktura diagonalna,
ktora tworzy czesto prawie caty przekrdj. Zaliczono ja do ,compos:te prismatic
structure” (KoBAYASHI 1971), natomiast opisowi ,crossed lamellar structure”
(KoBAavAsHI 1971) odpowiadajg obrazy najbardziej wewnetrznych warstw
Sphaerium corneum i 8. rivicola.

W muszlach badanych malzy czesto wystepuje struktura zwana w pracy
palisadowa, a przez MACKIEGO (1978b) za KENNEDYM, TAYLOREM i HALLEM
(1969) nazywana ,pallial myostracum”. Warstwy o takiej strukturze sg jedno-
lub wielorzedowe, zbudowane z plytek niskich i krepych, Iub wysokich i wydtu-
zonych (fot. 42, 48). Struktury: hcmogenno-ziarnista, ziarnista, diagonalne
i palisadowa budujy u Sphaeriidae ecto- i mesostracum. Te dwie warstwy nie
wykazujg tu wyraznej odrebnofei strukturalnej i tworzg mesoectostracum.
Endostracum jest prawdopodobnie warstwg o najbardziej zmiennej mikro-
strukturze, co pozostaje w zwigzku ze staly aktywnoscia biochemiczng ,extra-
palliai fluid” (FRETTER I GRAHAM 1962). Buduja te warstwe plytki ulozone
luzno w plaszezyznach prostopadltych do powierzchni wewnetrznej muszli
(rye. 1).

Poréwnanie preparatéw trawionych i mnie trawionych sugeruje, ze plytki
wchodzace w sklad poszezegblnyech warstw powstaja w wyniku wypelnienia
przez weglan wapnia organicznej matrycy, tworzacej swoistg pochwe. Zwigzek
ten pokrywa takze konchiolinowg pochwe od zewnatrz (fot. 172, 173, 174,
177). Pytki, a §cislej ich pochwy, polagezone sg konchiolinowymi wypustkami.

Uklad warstw wapiennych w okolicy zamka ulega zaburzeniu (fot. 50),
a wystepuja tu takze struktury odmienne od powyzej opisanych (fot. 171).
U dwdch badanych pod tym wzgledem gatunkéw — P. amnicum i P. casertanum
w okolicy zemkoéw stwierdzono bogatg sieé kanaléw (fot. 170). Podobne ka-
naty o przebiegu prostopadtym do powierzchni muszli wystepowaly u wiek-
szofei badanych gatunkow (tabela III). Prowadzg do nich pory znajdujace
- sig na wewnetrznej powierzehni muszli. Kanaty dochodzg do periostracum,
lub tez koneczg sie w warstwach bezposrednio do periostracum przylegaja-
cych. Do kanaléw wchodzg, zdaniem MUTVEIA (1964), wypustki plaszcza.

W dalszej czeSei pracy opisano zréznicowanie odpowiadajgcych sobie
przekrojéw réwnoleglych do linii przyrostéw oraz powierzchni wewnetrznych
muszli 17 grtunkéw. Omoéwicno takze skale zmiennosei powierzehni wewnetrz-
nych warstw wapiennych, struktur hcemegenno-ziarnistej, ziarnistej, diago-
nalnej i palisadowej oraz endostracum i poréw na tle systematyki Sphaeriidae
(tabela IIT). Analiza tych danych potwierdzila:
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— odrebno§é Musculium lacustre, jako przedstawiciela rodzaju Musculmm,
w stosunku do pozostalych Sphaeriidae;

— odrebno$é Pisidium (Pisidium s. str.) amnicum, P. (N, eopisidium,.moi-
tessierianum i P. (Odhneripisidium) tenuilineatum, jako przedstawicieli trzech
réznych podrodzajow.

W cobrebie podrodzaju Cymatocyclas DALL 1903 dane o mikrostrukturze
potwierdzity bliskie pokrewienstwo P. henslowanum i P. supinum oraz staty
sie podstawa wyodrebnienia dwéch grup gatunkéw — plerwszg z nich tworzg:
P. subtruncatum, P. nitidum i P. obtusale, druga: P. pulchellum, P. lilljeborgi
oraz P. personatum. Biorge pod uwage obserwacje anatomiczne trzy ostatnie
gatunki zaliczono do grupy Cymatocyclas DALL 1903 A, o nie ustalonej randze
systematycznej. Dla okreflenia jej stosunku do pozostatych gatunkéw rodzaju
konieczne jest przeprowadzenie dokladnych badan anatomicznych.

Analiza mikrostruktury muszli P. casertanum typ. 1 P. casertanum f. ponde-
rosum przemawia za gatunkows odrebnosecig tej ostatniej formy. Dotyczy to
osobnikéw o wyraznie tréjkatnych, grubofciennych muszlach, odpowiadajg-
cych opisowi podanemu przez EHRMANNA (1956). P. ponderosum wydaje sie
byé gatunkiem typowo jeziornym. Niezaleznie od tego w siedliskach innego
typu mogsa wystepowaé osobniki zblizone konchologicznie do P. ponderosum,
lecz odmienne pod wzgledem mikrostruktury. Nalezy je uznaé za przedstawi-
cieli P. casertanum f. ponderosum. :

Przeprowadzona analiza uzytecznoSci taksonomicznej mikrostruktury
Sphaeriidae wykazala, iz sg to dobre cechy taksonomiczne, przydatne zwlaszeza
w sytuacjach budzacych watpliwosei.

Redaktor pracy: doc. dr L. Sych

Plate VI

1. Outer surface of periostracum of 8. corneum (L. Sarag, 1977), X 2000. 2. Outer surface of
calcareous layers of S. corneum (Riv. Rega, 1978), X 430. 3. Pores in outer surface of calcare-
.ous layers in 8. cornewm (L. Sarag), 1977, x 6000. 4. Section of shell of S. corneum juv., Smm
long (Riv. Rega, 1978), taken parallel to lines of growth. X 600. 5. Section of shell of S. cor-
neum (L. Sarag, 1977), parallel to lines of growth. x 540. 6. A portion of Phot. 5. Section pa-
rallel to lines ot growth — periostracum (P), homogeneo -granular layer (H). x 4800. 7. A por-
: tion of Phot. 5. Section paralle to lines of growth — granular layer. X 6000

A.Dyduch-Falniowska
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Plate VII

8. A portion of Phot. 5. Section parallel to lines of growth — diagonal layer. x 6000. 9. A por-
tion of Phot. 5. Section of endostracum, parallel to lines of growth. x 4800. 10. A portion of sez-
tion of shell in S. cornewm (L. Sarag, 1977), parallel to lines of growth and showing one-rowed
palisade layer (Pa). x1000. 11. Inner shell surface (endostracum) in adult S. corneum (L.
Sarag, 1977). % 6000. 12. Inner shell surface (endostracum) in S. cornewm juv., 8mm long
(Riv. Rega, 1978). x400. 13. A portion of Phot. 12. Inner shell surface (endostracum) of
juvenile, 8 mm long. x 6000. 14. A portion of Phot. 12. Inner shell surface (endostracum)
of juvenile, 8mm long. x 6000. 15. Inner shell surface of S. cornewm (L. Sarag, 1977). x 6000

A. Dyduch-Falniowska
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Plate VIII

16. Inner shell surface (endostracum) of S. corneum (L. Sarag, 1977). x 6000. 17. A pore in

endostracum of S. corneum (Riv. Rega, 1978). X 2000. 18. A pore in endostracum of S. corneuwm

juv., ¢. 8.0mm long (Riv. Rega, 1978), X 2000. 19. A pore in endostracumn of S. corneum juv.,

¢. 8.0mm long (Riv. Rega, 1978). x2000. 20. Outer surface of calcarecous layers of S. rivicola

(Riv. Vistula, 1972). x2000. 21. Outer surface of calcareous layers of S. rivicola (Riv. Nida;
1977). x 600

A. Dyduch-Falniowska
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Plate IX

22. A pore with plug in outer surface of calcareous layers of S. rivicola (Riv. Nida, 1977).
X 5400. 23. A pore in outer surface of calcareous layers of S. rivicola (Riv. Nida, 1977).
X 3000. 24. Section of shell of S. riwicola (Riv. Vistula, 1972), parallel to lines of growth.
X 480. 25. Section of shell of S. rivicola (Riv. Nida, 1977), parallel to lines of growth. x 300.
26. Scetion of shell of S. rivicole (Riv. Nida ,1977), parallel to lines of growth. x 300. 27.
Section of shell of S. rivicola (Riv. Nida, 1977), parallel to lines of growth. x 400

A. Dyduch-Falniowska



ca Cracoviensia, v. XXVI




Plate X

28. A portion of Phot. 26. Section of shell of S. rivicola, parallel to lines of growth, showing
the transition of the composite prismatic structure into the crossed lamellar structure in the
diagonal layer. x 3000. 29. A portion of Phot. 25. A canal in crossed lamellar structure.
% 1300. 30. Inner shell surface (endostracum) of S. riwvicola (Riv. Nida, 1977). x 400. 31.
A portion of Phot. 30. Inner shell surface (endostracum) of S. rivicola (Riv. Nida, 1977).
X 2000. 32. A pore in endostracum of S. rivicola (Riv. Nida, 1977). x 4000. 33. A portion
of Phot. 32. Inner shell surface (endostracum) of S. rivicola. x 13000. 34. Inner shell surface
(endostracum) of 8. rivicola (Riv. Vistula, 1972). x 600. 35. A pore in inner shell surface of
8. rivicola juv. (Riv. Vistula, 1978). x 2000

A. Dyduch-Falniowska
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Plate XI

36. Outer of calcareous layers in M. lacustre (L. Sarag, 1974). X 400. 37. Section of shell of

M. lacustre, parallel to lines of growth (L. Sarag, 1974). x 2000. 38. Section of shell of M.

lacustre (L. Sarag, 1974), parallel to lines of growth. x 1800. 39. Homogeneo-granular (H)

and granular (G) layers of M. lacustre (L. Sarag, 1974). X 5400. 40. Inner shell surface in M.
lacustre (L. Sarag, 1974), X 240

A. Dyduch-Falniowska
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Plate XII

41. Pores in endostracum of M. lacusire (L. Sargg, 1974). x 3000. 42. Section of shell of P.

amnicum (L. Sarag, 1977), parallel to lines of growth. x 440. 43. Section of shell of P. am-

nicum Sarag, 1977), parallel to lines of growth. x 660. 44. Section of shell of P. ammnicum

juv. (L. Sarag, 1977), parallel to lines of growth. x 780, undigested. 45. Section of shell of P.

amnicum juv. (Riv. Biala Przemsza at Jaroszowiec, 1978). x 3000. 46. A portion of Phot.

43. Granular structure of P. ammnicum. X 4400. 48. A portion of Phot. 42. Transition of
diagonal structure into palisade structure. X 1600

A. Dyduch-Falniowska
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Plate XIII

48. A portion of Phot. 47. Transition of diagonal structure into palisade structure. X 15000.

49. A portion of Phot. 45. Palisade structure of P. amnicum juv. x 6000. 50. Section of shell

of P. amnicwm in hinge region, (L. Sarag, 1977) parallel to lines of growth. x 1200. 51. Ou-

ter shell surface of P. amnicum (Riv. Nida, 1977). x 400. 52. A portion of Phot. 51. Outer

shell surface in P. amnicum. X 2000. 53. Inner shell surface and a pore of P. amnicum (L.

Sarag, 1977), x 2000. 54. Inner shell surface of P. amnicum (Riv. Biala Przemsza at Jaro-
szowiee, 1978). x 6000.

A. Dyduch-Falniowska
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Plate XIV

55. Inner shell surface of P. amnicum juv. (L. Sarag, 1977). X 4800. 56. A pore in endostra-
cum of P. ammicum (Riv. Nida, 1977). x 2000. 57. A pore in endostracum of P. amnicum
juv. (Riv. Biala Przemsza at Jaroszowiee, 1978). x 4000. 58. A pore in inner shell surface
of P. amnicum juv. (L. Sarag, 1977). x 4000. 59. Inner surface of calcarcous layers of P. hen-
slowanum (L. Gardno, 1975). x 720. 60. Outer surface of calcareous layers of P. henslowanum
(L. Gardno). x 10 000. 61. Outer surface of calcareous layers of P. henslowanum (L. Gardno,
1975). % 300. 62. A portion of Phot. 61. Fibrils on outer surface of calcareous layers in P.
henslowanum x 15 000
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Plate XV "

X 540 64. Section of shell of P. 7zenslowanwm (L Gra,rdno 1975) pelpendmula 3
oblique) to lines of growth. x 540. 65. Sectlon of shell of 2 heﬂslo*ww)mm (L G'al
parallel to lines of growth.
parallel to lines of growth. _
parallel to lines of growth. x 600. 68 Sectlon of shell of *:P.
parallel to lines of growth. x 480. 69. A p01t10n of Phot: 6
A portion of Phot. 68. Palisade stlucture, ,,torn bands

A. Dyduch-Falniowska
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Plate XVI

71. A portion of Phot. 68. Section through endostracum of P. henslowanum. X 3000. 72. Inner

shell surface of P. henslowanum (L. Gardno, 1975), x 2000. 73. Inner shell surface of P. hen-

slowanum (L. Gardno, 1975). x 6000. 74. Inner shell surface of P. henslowanum (L. Gardno,

1975). x 2000. 75. Inner shell surface of P. henslowanum (L. Gardno, 1975). x 2000. 76. Sec-

tion of shell of P. supinum (L. Gardno, 1975), parallel'to lines of growth. x 540. 77. Outer

portion of section in Phot. 76. Section through shell of P. supinum, ';pa,rallel to lines
of growth. x 1100
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Plate XVII

78. Inner portion of section in Phot. 76. Section of shell of P. supinum, parallel to lines

of growth. x 1100. 79. Section of shell of P. supinum (L. Gardno, 1975), parallel to lines

of growth. x 480. 80. Inner shell surface of P. supinum (L. Gardno, 1975). x 6000. 81. Outer

surface of periostracum of P. milium (L. Gardno, 1975). X 2000. 82. Outer surface of calca-

reous layers of shellin P. milium (L. Gardno, 1975). x 2000. 83. Section of shell of P. milium

(L. Gardno, 1975), parallel to lines of growth. x 3200. 84. A portion of Phot. 83. Section of
shell of P. milium, parallel to lines of growth. x 6000.
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Plate XVIII

85. Section of shell of P. milium (Wolin I., 1978), parallel to lines of growth. x 2400. 86.

Section of shell of P. milium (Wolin I., 1978), parallel to lines of growth. x 2400. 87. Sec-

tion of shell P. milium (L. Gardno, 1975), parallel to lines of growth. x 3200. 88. A portion

of Phot. 87. Section of P. milium shell, parallel to lines of growth; periostracum (P), homo-

geneogranular layer (H). x 8600. 89. Inner shell surface of P. milium (Wolin I., 1978). x 400.
90. A portion of Phot. 89. Inner shell surface of P. milium. X 2000

A. Dyduch-Falniowska
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Plate XIX

91. A portion of Phot. 90. Inner shell surface of P. milium.. X 6000 92. Inner i hell 'i‘ufacew
of P. milium (L. Gardno, 1975). x 2200. 93. Inner shell surface of P. milium ( mdno
1975). x 1000. 94. A portion of Phot 93. Inner shell surface of P. mzhwm X 4801"
tion of shell of P. sublruncatum (Riv. Biala Przemsza at Jaroszowiec, 1978), ‘para 11
of growth. x 1300. 96. Section of shell of P. subtmncatum (Rlv Blala, Przemsza a

wiee, 1978), parallel to lines of O‘IOWth >< 1500 i :
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Plate XX

97. Section of shell of P. subtruncatum juv. (Riv. Biala Przemsza at Jaroszowiec, 1978), pa-
rallel to lines of growth. x 2000. 98. A portion of Phot. 96. Section of shell of P. subtrunca-
tum, parallel to lines of growth, showing granular layer. x 8600. 99. A portion of Phot. 97.
Section of shell of P. sublruncatum, parallel to lines of growth, showing granular strueture
and outer portions of diagonal layer. x 10 000. 100. A portion of Phot. 96. Section of shell
of P. sublruncatum, parallel to lines of growth, showing diagonal layer. x. 3000. 101. A por-
tion of Phot. 100. Section of shell of P. subtruncatum, parallel to lines of growth. X 7200
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Plate XXI

102. Section of shell of P. subtruncatum (Stary Wistok, collection of P. A. o. Ses), parallel to
lines of growth. x 1500. 103. Inner surface and pore in shell of P. subtruncatum (Stary Wis-
lok, collection of P. A. o. Ses). x 1000. 104. A portion of Phot. 103. A pore in endostracum
of P. subtruncatum. x 4000. 105. Inner shell surface of P. subtruncatum (Riv. Biala Przemsza
at Jaroszowiec, (1978). x 400. 106. A portion of Phot. 105. Inner shell surface of P. subtrun-
catum. x 2000. 107. A portion of Phot. 106. A pore in endostracum of P. subtruncatwm.
% 4000. 108. Inner shell surface of P. subtruncatum (Riv. Welna, 1978). x 400. 109. A por-
tion of Phot. 108. A pore in endostracum of P. subtruncatum. x 2000
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Plate XXII

110. A piece of shell of P. nitidum (L. Gardno, 1975), with its periostracum partly turned
back to show fibrils connecting it with calcareous layers. x 4000. 111. Edge of shell of \P.
nitidum A (L. Gardno, 1975). x 2200. 112. Section of shell of P. nitidum (L. Gardno, 1975),
rectangular to lines of growth. x 2200. 113. Inner surface (contiguous to calcarcous layers)
of periostracum of P. mitidum typ. (L. Gardno, 1975). x 15 000. 114. Outer surface of cal-
careous layers in P. nitidum typ. (L. Gardno, 1975), with a spherical depression which was
filled with the spherical structure visible in Phot. 113. x 15 000. 115. Outer surface of cal-
careous layers of P. nitidum typ. (L. Gardno, 1975). x 1000. 116. Outer surface of calcareous
layers of P. natidwm 1. crassa (L. Sarag, 1974). x 1800. 117. Section of sheil of P. nitidum
typ., (L. Gardno, 1975), parallel to lines of growth. X 1500
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Plate XXIIT

118. Outer half of section through shell of P. nitidum typ., parallel to lines of growth (L. Gar-
dno, 1975). x 1200. 119. Inner half of section through shell of P. nitidum typ. (same shell as-
in Phot. 118), parallel to lines of growth. x 1200. 120. A portion of Phot. 119. Section through
P. nitidum typ. shell, parallel to lines of growth, showing transition of diagonal structure
into palisade structure. x 3300. 121. Section of shell of P. nilidum f. crassa, (L. Sarag, 1974),
parallel to lines of growth. x 1300. 122. Section of shell of P. nitidum f. bohemica (L. Gardno,
1975), parallel to lines of growth. x 3200. 123. Section of shell of P. nilidum f. bohemica
(L. Gardno, 1975) parallel to lines of growth. x 2000. 124. Section through endostracum of
P. witidum f. bohemica (L. Gardno, 1975) parallel to lines of growth. x 6000
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Plate XXIV

125. Section of shell of P. nitidum A (L. Garduno, 1975), parallel to lines of growth. x 4800
126. Inner shell surface of P. nitidum f. bohemica (L. Gardno, 1975). X 2000. 127. Inner sur-
face of shell of P. nitidum f. bohemica (L. Gardno, 1975). x 2000. 128. Inner shell surface of
P. nitidum f. crassa (L. Sarag, 1974). x 4800. 129. Inner shell surface of P. nitidum typ.
(L. Gardno, 1975). x 400. 130. A pore in endostracum of P. nitidum typ. A; portion of Phot.
129. x 2000. 131. Inner shell swrface of P. nitidum f. crassa (Wolin I., 1978). x 2000

A. Dyduch-Falniowska






Plate XXV

132. Section of shell of P. pulchellum (Riv. Drwinka, 1977), parallel to lines of growth. X 2200.
133. Section of shell of P. pulchellum (Riv. Drwinka, 1977), parallel to lines of growth. x 2600.
134. Inner shell surface of P. pulchellum (Riv. Drwinka, 1977). % 1000. 135. Inner shell sur-
face of P. pulchellum (Riv. Drwinka, 1977). X 430. 136. A portion of Phot. 135. Inner shell
surface of P. pulchellum. x 2000. 137. A portion of Phot. 136. A pore in endostracum of P.
pulchellum. x 6000. 138. Outer part of section through shell of P. lilljeborgi (L. Miedwie,
1963), parallel to lines of growth; leg. L. BERGER, det. K. KaAsPrRzaK. X 1500. 139. Inner
part of section throught shell of P. lilljeborgi (other part of same shell as in Phot. 138).
X 1500
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Plate XXVI

140. Section of shell of P. lilljeborgi (L. Miedwie, 1963), parallel to lines of growth; leg. L.
BERGER, det. K. Kasprzak. x 1000. 141. Section of shell of P. lilljeborgi (L. Miedwie, 1963),
parallel to lines of growth; leg. L. BERGER, det. K. KAsPrRzAK. X 1200. 142. A portion of
Phot. 140. Section through endostracum of P. lilljeborgi, parallel to lines of growth. x 6000.
143. Inner shell surface of P. lilljeborgt (L. Miedwie, 1963), leg. L. BERGER, det. K. KASPRZAK.
X 400. 144. Inner shell surface of P. lilljeborgi (L. Miedwie, 1963), leg. L. BERGER, det. K.
KAsPrRzAK. X 2000. 145. Inner shell surface of P. lilljeborgi (L. Miedwie, 1963), leg. L. BER-
GER, det. K. KAsPRzAK. X 2000. 146. Secction through ligament of P. personatum (Niepo-
tomice Forest, 1976), parallel to hinge axis. x 1000
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Plate XXVII

147. Scetion of shell of P. personatum (Niepolomice Forest, 1976), parallel to lines of growth.
« 1200. 148. Section of shell of P. personatum (Niepolomice Forest, 1976), parallel to lines
of growth. x 1800. 149. Inner shell surface of P. personatum (Niepolomice Forest, 1976),
« 200. 150. Inner shell surface of P. personatum (Niepolomice Forest, 1976). x 600. 151.
A pore in endostracum of P. personatum (Niepotomice Forest, 1976). x 6000. 152. A pore
in endostracum of P. personatum (Niepotomice Forest, 1976). x 4000. 153. An outer portion
of section through shell of P. obtusale (Toporowy Staw in the Tatras, 1978), parallel to lines
of growth. x 2400
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Plate XXVIII

154. Tnner portion of section through shell of P. obtusale, parallel to lines of growth (same
shell as in Phot. 153). x 3900. 155. Section of shell of P. obtusale (peatbog near Ostrow,
1954), leg. et det. T.. BERGER. X 3200. 156. Inner shell surface of P. oblusale (peathog near
Ostrow, 1954), leg. et det. L. BERGER, x 400. 157. A portion of Phot, 156. Inner shell sur-
face of P. obtusale. x 2000. 158. A portion of Phot. 157. A pore in endostracum of P. obtusale.
% 6000. 159. Inner shell surface of P. obtusale (Toporowy Staw, 1978), x 2000. 160. A por-
tion of Phot. 159. Inner shell surface. x 6000. 161. Inner shell surface of P. obtusale (Topo-
rowy Staw, 1978). x 430. 162. A portion of Phot. 161. Pores in endostracum of P. obtusale.
X 2000
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Plate XXIX

163. Tnner shell surface of P. obtusale (peatbog near Ostrow, 1954), leg. et det. L. BERGER.
% 430. 164. A portion of Phot. 163. A pore in inner shell surface of P. obtusale. X 6000. 165.
Pores and first segment of canals in endostracum of P. obtusale (forest marsh near Makruty
in Mazuria, 1977). % 1600. 166. Inner shell surface and pores in P. obtusale (forest marsh
near Makruty in Mazuria, 1977) X 430. 167. Inner surface and pores of shell of P. obtusale.
A portion of Phot. 166. x 2000. 168. Outer surface of embryo of P. casertanum (Zielona Gora,
1976), streaks perpendicular to lines of growth. x 780. 169. Outer shell surface of P. caser-
tanum (Zielona Goéra, 1976). x 2000. 170. Section through hinge plate of P. casertanum (Zie-
lona Goéra, 1976), perpendicular to lines of growth. x 1300
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Plate XXX

171. A portion of Phot. 170. Section through hinge plate, perpendicular to lines of growth.
v 6600. 172. Section of shell of P. casertanum (Zielona Géra, 1976), parallel to lines of growth.
« 1800, undigested. 173. Section of shell of P. casertanum (Zielona Goéra, 1976), parallel to
lines of growth. x 2000, undigested. 174. A portion of Phot. 173. Section of shell of P. ca-
sertanum, parallel to lines of growth, showing transition between diagonal and palisade struc-
tures. % 6600, undigested. 175. Seetion of shell of P. casertanum (Zielona Gora, 1976), parallel
to lincs of growth. x 1800, undigested. 176. Seetion of shell of P. casertanum (Riv. Pradnik
at Suloszowa, 1978), parallel to lines of growth. x 2000. 177. Section of shell of P. casertanum
f. ponderosum (stream at Wegorzewo, 1950), parallel to lines of growth. x 1600, leg. et det.
L. BERGER
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Plate XXXI

178. A portion of Phot. 177. Section of shell of P. casertanum f. ponderosum, parallel to lines
of growth, showing homogeneo-granular structure (H). x 4800. 179. A portion of Phot. 177.
Section through endostracum of P. casertanum f. ponderosum, parallel to lines of growth.
X 7800. 180. Section of shell of P. casertanum typ. (stream at Wegorzewo, 1950), parallel
to lines of growth. x 1500, leg. et det. L. BERGER. 181. A portion of Phot..180. Section of
shell of P. casertanum typ., parallel to lines of growth, showing homogeneo-granular layer
(H). x 8600. 182. A portion of Phot. 180. Section of endostracum of P. casertanum typ., pa-
rallel to lines of growth. x 6600. 183. Inner shell surface of P. casertanum f. ponderosum
(stream at Wegorzewo, 1950), leg. et det. L. BERGER. X 6000
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Plate XXXII

184. A pore in endostracum of same shell of P. casertanum f. ponderosum as.in Phot. 183.

% 6000. 185. Inner shell surface of P. casertanum typ. (stream at Wegorzewo, 1950). X 10 000,

leg. et det. . BERGER. 186. A pore in endostracum of same shell of P. casertanum typ. as in

Phot. 185. x 6000 .187. A pore in inner shell surface of P. casertanum (Zielona Gora, 1976).

% 6000. 188. Inner shell surface of P. casertanum typ. (Riv. Biala Przemsza, 1978) x 2000. 189.
A portion of Phot. 188. Inner shell surface of P. casertanum typ. X 6000
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Plate XXXIII

190. Outer portion of section through shell of P. ponderosum (L. Gardno, 1975), parallel to

lines of growth. X 1300. 191. Inner portion of section through same shell of P. ponderosum,

parallel to lines of growth. x 1300. 192. Inner shell surface of P. ponderosum (L. Gardno

1975). X 6000. 193. Section of shell of P. hibernicum (L. Gardno, 1975), parallel to lines of

growth. x 4000. 194. A portion of Phot. 193. Section of shell of P. hibernicum, parallel to
lines of growth, showing homogeneo-granular layer (H). x 13 000
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Plate XXXIV

195. Inner shell surface of P. hibernicum (L. Gardno, 1975). x 2000. 196. Section of shell of
P. moitessierianum (L. Gardno, 1975), rectangular to lines of growth. x 1000. 197. Section
of shell of P. moitessierianum (L. Gardno, 1975), parallel to lines of growth. x 1800. 198.
A portion of Phot. 197. Section of shell of P. moitessierianum, parallel to lines of growth, show-
ing homogeneo-granular layer (H) and transition into diagonal layer. x 6000. 199. Inner
portion of section in Phot. 197. Section of shell of P. moitessierianum, parallel to lines of growth.
X 3000. 200. Section of shell of P. moitessierianum, (L. Gardno, 1975) parallel to lines of
growth. x 1100
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Plate XXXV

201. Section of shell of P. moitessierianum (L. Gardno, 1975), parallel to lines of growth. x 1800.

202. A portion of Phot. 201. Section of shell of P. moitessierianum, parallel to lines of growth,

showing transition between homogeneo-granular and diagonal layers. X 6600. 203. Section

of shell of P. moitessierianum, (L. Gardno, 1975) parallel to lines of growth. x 2000. 204. Ou-

ter portion of section in Phot. 203. Section of shell of P. moilessierianum, parallel to lines of

growth. % 6600. 205. Inner portion of section in Phot. 203. Section of shell of P. moitessie-
rianum, parallel to lines of growth. x 6600
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Plate XXXVI

206. Section of shell of P. moitessierianum, (L. Gardno, 1975) parallel to lines of growth.

% 1200. 207. A portion of Phot. 206. Section of shell of P. moilessierianum, parallel to lines

of growth, showing homogeneo-granular structure (H). x 7200. 208. Inner shell surface of

P. moitessierianum (L. Gardno, 1975). X 2000. 209. A portion of Phot. 208. Inner shell sur-

face of P. moilessierianum. X 10 000. 210. Inner shell surface of P. moitessierianum (L. Gar-
dno, 1975). x 6000
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Plate XXXVII

211. Scetion of shell of P. tenuilineatum (stream at Grochowo near Poznan, 1956), parallel

to lines of growth. x 3600, leg. et det. L. BERGER. 212. Outer portion of gection in Phot.

211, showing granular structure. x 10 000. 213. Inner portion of section in Phot. 211, sho-

wing palisade structure (Pa). X 10 000. 214. Section of shell of P. tenuilineatum (stream at

Grochowo near Poznat, 1956), parallel to lines of growth. x 4000, leg. et det. L. BERGER.

215. Tuner shell surface of P. tenwilineatum (stream at Grochowo near Poznai, 1956). x 12 000,
leg. et det. L. BERGER
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Plate XXXVIII

916. P. subtruncatum (Stary Wistok, collection of Museum of Natural History, P. A. Scs.

in Cracow, undated). 217. P. subtruncatum (L. Sarag, 1974). 218. P. nitidum A (L. Gardno,

1975). 219. P. nitidum f. bohemica (L. Gardno, 1975). 220. P. nitidum f. crassa (L. Sarag,

1977). 221—223. P. obtusale (Mazuria, 1977). 224. P. moitessierianum (L. Gardno, 1975).
SEM, x 48
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