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TOLYPAMMINA VAGANS (FORAMINIFERIDA) AS INHABITANT OF
THE OXFORDIAN SILICEOUS SPONGES

Abstract. — An argillaceous, monothalamous foraminifera Tolypammina wvagans
(Brady) adapted to live in sponges, was found in the water system of numerous
siliceous sponges collected from Oxfordian marls and limestones of Central
and Southern Poland. Individual variability of T. vagans was traced and it was
found that most species of Tolypammina Rhumbler should be classified within this
species. The occurrence of T. vagans in sponges was commensal in character and
dependend on: 1) dynamics of water circulation in sponges, 2) presence of sufficient
quantity of terrigenous quartz in silt fraction in water. The role of occurrence of
T. vagans in successively changing sponge assemblages for the reconstruction rate
of silt sedimentation in the Oxfordian Basin of Poland is pointed out.

INTRODUCTION

Biotic associations of sponges with various invertebrates and algae
long attracted the students of recent marine communities. Foraminifera,
however, belong to rarities among variable groups of organisms inhabiting
or encrusting contemporary sponges. Hence the frequent occurrence of
agglutinated foraminifera in skeletons and mummies of siliceous Oxford-
ian sponges is particularly interesting. The primitive, monothalamous
foraminifera determined as Tolypammina vagans (Brady), the recent
representatives of which are known as adherent forms (Brady, 1879) is
worth of mention here. The specimens of this species occurring in the
Oxfordian sponges exhibit many characters proving their adaptive con-
nections with their hosts. Analysis of those connections allows to make
a reconstruction of many details of ecology of tolypamminas, and throws
a light on the dynamics of the water systems of Jurassic sponges and
gives some information about the character of the sedimentation in the
epicontinental Oxfordian Basin.
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MATERIAL AND METHODS

Tolypamminas were extracted from the siliceous sponges collected from
Oxfordian marls and limestones. These rocks crop out in many sites of
the Cracov-Czestochowa Jurassic Belt and along the southwestern border
zone of the Holy Cross Mts.

Sampling sites:

a) Krzeszowice (Cracov district), outcrops near the “Nowa Krystyna”
mine. Sponges were collected from marls and marly limestones
1.40 m thick of cordatum and placatilis zones of the Oxfordian (R6-
zycki, 1953).

b) Wrzosowa (suburb of Czestochowa). Sponges were collected from
marls and marly limestones 2.5-3.0 m thick belonging most pro-
bably to mariae-plicatilis zones of the Oxfordian (Rozycki op.cit.).

¢) Klobuck (vicinity of Czestochowa). Sponges are very abundant in
marls 1.60 m thick of cordatum-plicatilis zones of the Oxfordian
(Rozycki, 1953).

d) Korzecko and Bolmin (Kielce district). Sponges and their frag-
ments were collected from very hard, poorly or non-stratified li-
mestones, commonly known as “rocky limestones” of variable thick-
ness from few to a dozen of meters of probable Upper Oxfordian
age (Swidzinski, 1931; Kutek, 1968).

Altogether 100 sponges of various shape and size were analysed. The
following genera of siliceous sponges {mainly Triaxronia) were identified:
Pachyteichisma Zittel, Sporadopyle Zittel, Pachyascus Schrammen, Caesa-
ria Quenstedt, Cypellia Zittel, Craticularia Zittel, Feifelia Schrammen. In
few calcareous sponges occurring with the siliceous ones (mainly ?Pero-
nidella sp.) neither tolypamminas nor other agglutinated foraminifera we-
re noted.

The spicular sponge skeletons out of which the tolypamminas have
been extracted, only in few cases were completely preserved and partly
in fragmentary primary siliceous form. Most sponges are preserved in
mummified form, with the primary opal of the spiculae replaced by cal-
cium carbonate.
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Tolypamminas were prepared by dissolution of sponges in hydrochloric
acid (see also Feifel, 1930). Prior to this process the sponges were care-
fully cleaned, and the specimens with hard stoppers of sediment in their
cloacas had to be cut along their growth axis. A part of the sponges
prepared in this way were then dissoluted completely in order to find
the total number of tolypamminas which occur in the particular morpho-
logical sponge types. Other sponges were treated in phases which allowed
to determine in detail the mode of occurrence of tolypamminas in the
skeletal and water system of sponges. This was done by serial transversal
sections of the sponges as well. The obtained thin plates were then treated
with HCIl. Together with thin sections this allowed to investigate the
distribution of tolypamminas in the various growth stages of sponges.

MORPHOLOGY AND TAXONOMY OF TOLYPAMMINA VAGANS

Species problem in the genus Tolypammina

The genus Tolypammina was distinguished by Rhumbler (1895)
from the genus Hyperammina Brady with a type species Hyperammina va-
gans Brady. A basis for the new genus was various attitude to the sub-
stratum in the representatives of both taxa: freely benthic mode of
life for Hyperammina, and adherent to the substratum in Tolypammina.
Such subdivision makes the separation of the representatives of both ge-
nera easy in taxonomic practice. Specific identification of Tolypammina
representatives is much more difficult. They are known from the Silurian
till recent times, and many of them were established on the basis of very
fragmentary materials. Simple, tubular tests of Tolypammina do not
offer good diagnostic features thus the species are described either on the
basis of secondary morphological features, or on the basis of considerable
chronological differences in their appearance.

Species assigned: T. tortuosa Dunn, 1942 — Silurian; T. helicina Cre-
spin, 1961 — Upper Devonian; T. nexuosa Crespin, 1961 — Upper Devo-
nian; T. extenda Ireland, 1956 — Pennsylvanian; T. nodosa Ireland, 1956
— Pennsylvanian; T. polyverta, Ireland, 1956 — Pennsylvanian; T. rugosa
Ireland, 1956 — Pennsylvanian; T. serpens Ireland, 1956 — Pennsylvanian;
T. delicatula Cushman & Waters, 1928 — Pennsylvanian; T. permiana
(Paalzov, 1935) — Permian; T. jurensis Franke, 1936 — Lower Jurassic;
T. contorta (Haeusler, 1890) — Upper Jurassic; T. vagans (Brady, 1879) —
recent.

T. jurensis and T. helicina should be excluded from the above list. The
former because its branching tests do not fit the definition of Toly-
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pammina and the latter one — with its unattached test with tightly coiled
initial portion of tubular chamber should be classified to Ammovertella
Cushman or Lituotube Rhumbler. Barnard (1958) suggested that T. deli-
catula should be transferred to Ammouvertella because of its coiled initial
portion. T. nexuosa and T. permiana have been established on the basis
of very fragmentary material which does not justify their separatness.
Differences between other species described on the basis of better mat-
erials do not justify, at least in the light of the individual variability of
tolypamminas from sponges, full separatness of those taxa. Phenotypical
character of their variability devaluates most of diagnostic criteria used
so far for Tolypammina species. For instance, morphological features of
tests taken by Ireland (1956) as a basis for diagnoses of five species of
Tolypammina from the Pennsylvanian of the Mississippi Basin such as:
broadening of tubes toward aperture (T. extenda), recurring swellings and
narrowings (T. nodosa), various degree of bending of tubes (T. polyverta)
and insignificant differences in tube thickness or size of grains building
tests (T. rugosa and T. serpens)— occur frequently in one specimen of
Tolypammina in a sponge (see chapter “Variability”).

As the best described and oldest Tolypammina species is T. vagans
(Brady), it should be regarded most probably as the only one valid (mono-
type), and the remaining ones — as its younger synonyms. Such a concept
of T. vagans, because of great time span of its occurrence (Silurian —
Recent), would be too broadly meant chronospecies. Nevertheless, the
morphology of the tests of the discussed primitive foraminifera does not
give grounds to maintain the validity of the species established so far.
It should be mentioned here that the author’s opinion about the time
span of T. vagans is not an isolated one. The tolypamminas found in anal-
ogous sponge facies in the Oxfordian of Switzerland and Germany were
also most frequently identified with recent T. vagans (Haeusler, 1890,
Feifel, 1930; Frenzen, 1944; QOesterle, 1968; Schairer, 1971).

Morphology

Test in form of irregularly bent, monothalamous imperforate tube.
Oval or spherical proloculus occurs in initial part, from which a consid-
erably longer second chamber protrudes, terminating with undifferentiat-
ed aperture. No diafragma occurs inbetween the proloculus and second
chamber. Test shows point traces of attachment to the substratum, but
without characteristic flattenings of tube at points of attachment. Tube sec-
tion usually annular, less frequently elliptical. Most tests exhibit irregular-
ly scattered deeper or shallower narrowings which in some cases may form
regularly spaced beads, say every 0.18—0.25 mm. Generally the tube dia-
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meter increases gradually toward distal part but deviations from this rule
occur frequently. Internal tube walls are obviously smoother than the ex-
ternal ones and in some cases show traces of indistinct growth bands (see
Pl. XXIII, Figs 1 and 3). Tubes occur single as a rule but aggregations in
form of irregularly tangled masses (Pl. XIX, Fig. 1) or interweaved sets
(PL. XIX, Fig. 2) are frequent.

Dimensions:
Length of tubes: 5—12 mm
Tube diameter: 0.09-—0.40 mm, most specimens within 0.15—0.25 mm.
Wall thickness: 0.008—0.025 mm, usually 0.010—0.015 mm.

Dimorphism. — Majority of the specimens prepared from sponges show
preserved proloculi among which two types maybe distinguished: 1) sphe-
rical proloculi 0.10—0.15 mm in diameter, and 2) ellipsoidal proloculi,
which are considerably larger than the former, 0.29—0.33 mm long with
largest diameter 0.14—0.23 mm (see Pl. XXII, Figs 1—38).

Distinct differences both in size and shape of proloculi in T. vagans
clearly show that micro- and megalospherical forms are represented in the
investigated material. It is difficult to find out, however, to which extent
the proloculi dimorphism corresponds to sexual and asexual generations
in tests of recent specimens of this species. Specimens with small prolo-
culi form about 60-70 per cent of all specimens with preserved proloculi.
A tendency to tight screwing of the initial part of tube is to be observed
in those specimens (Pl. XXII, Figs 1—3) what makes them similar to some
species of the genus Lituotuba Rhumbler. Among specimens with large
proloculi the second chamber stretches straight or (less frequently) is bent
at angle of no more than 90°~—100° from the growth axis of proloculus.

Composition and source of test material — The tubes are build of
quartz grains 2—12 u in size, most frequently within two fractions: 2—
5 u and 8—12 u. These fractions correspond to medium clay to very fine
silt range according to Wentworth’s (1922) classification. Mineralogical
identification of grains was not possible by optical method because of too
fine fraction. Comparative X-ray analyses were done of powdered tests
coming from very pure Oxfordian limestones and of siliceous spiculae in
order to find out whether those tests were build of disintegrated spiculae
of siliceous sponges, or of secondarily silicified limestone detritus. The
analyses carried out by Debye-Scherrer method showed much higher deg-
ree of crystallization of grains building tests of Tolypamminae (quartz)
than of spiculae (chalcedony). The shape of the grains in tests is angular
to subrounded (roundness class after Pettijohn, 1957). Grains are densely
packed (see Pl. XXIII, Fig. 2) and cemented probably with silica with
considerable admixture of organic substance, the latter being observable,
after dissolving of tubes in fluoric acid, as mucosubstance.

Variability. — A rich material of T. vagans prepared out of sponges
reveals considerable morphological differentiation the causes of which are

7*
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explained farther on in the text. These variations are observable not only
in shape and size of the test of different individuals but also may be trac-
ed in the particular tests. A tube may show longer straight sectors, then
some narrowings may occur in it as well as some swellings and the growth
direction is subject to many changes (see Pl. XXI, Fig. 3). The tube dia-
meter is highly variable as well. As an example, fragments of tubes be-
longing to three different specimens are presented in Pl. XX. The thickest
one is over four times larger than the thinnest one. The degree of bend-
ing of the particular individuals is also highly variable — from almost
straight (Pl. XX, Fig. 1; Pl. XXI, Figs 3—6) to worm — like bent of
loose coils (Pl. XXI, Fig. 1), and tightly interweaved bundles (Pl. XIX,
Fig. 2), or tangled aggregates (Pl. XIX, Fig. 1, Pl. XXI, Fig. 2).

TOLYPAMMINA — SPONGE INTERRELATIONSHIP

Observation of T. vagans — siliceous sponges association allows to re-
construct at least in part the factors which were of importance in mode
and frequency of settling of sponges by these foraminifera. These factors
are first of all: a) organisation and dynamics of the sponge water system
and b) character and terrigenic sedimentation rate in a basin. No connect-
ion was noted between appearence of tolypamminas with definite species
or genera of siliceous sponges.

Distribution of T. vagans in the channels of the sponge water system

The system of water channels in sponges of leuconoid organization, as
it is the case in the siliceous sponges under consideration, consists of
three zones: 1) external inhalant, 2) central choanosomal, and 3) internal
exhalant zones. The interrelations of the channels in these zones may be
modified in various way depending on the organization degree of a part-
icular sponge (Hyman, 1940). Tolypamminas are most frequent in the
channels of the inhalant zone, i.e. subdermal spaces and incurrent canals.
Some tolypamminas grow out of inhalant zone and encrust dermal spon-
ge surfaces (Text-fig. 1). Tolypamminas were not found in choanosomal
zone (in choanocyte chambers). They occur again in the exhalant zone
where they penetrate very thin channels leading to choanocyte chamb-
ers through larger canals and excurrent canals (aphoduses and apopyles).
Rather large quantities of these foraminifera are to be observed in some
cases on cloaca walls and near osculum.

As it might be reckoned from the position of a dozen specimens with
preserved proloculi prepared in situ, tolypamminas grew in sponges usu-
ally against the current of water flowing through a sponge (see Text-fig.
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1). In some cases, however, particularly so in case of irregularly bent
individuals, determination of the growth direction was impossible.

A direct connection exists between the shape and size of tolypamminas
and the diameter and shape of canals in sponges occupied by them. The

Fig. 1.— Distribution of tests of T. vagans in canals of water system of leuconoid

sponge. (Scheme of sponge sfructure after Hyman, 1940): to tests of T. vagans, th

tests of Thurammina sp., do dermal ostia, f {lagellaté chambers, in incurrent, canals,

ex excurrent canals, M sponge body; arrows point flow direction of water in spon-
ge; not to scale.

diameter of water canals in inhalant and exhalant zones of sponges di-
minishes considerably toward the chaonocyte chambers, thus tolypam-
minas inhabiting them also show smaller dimensions. Hence the largest
tolypamminas occur in subdermal spaces and larger subcloacal canals.
Also in such places tolypamminas had enough room to form large tangled
aggregates consisting of many individuals (Pl. XIX, Fig. 1). Smaller and
less bent tubes of tolypamminas occur in incurrent and excurrent canals,
in which they formed bundles of paralelly growing individuals, in result
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of lack of free space (Pl. XIX, Fig. 3). The thinnest specimens of these for-
aminifera are to be found in systems of fine canals (propyles and apopy-
les), leading directly to the choanocyte chambers. As these canals are
strongly bent and armored with spiculae, the foraminifers had to push
through them during their growth. Thus the specimens extracted from
such broadening and narrowing passages show, aside of bent tubes, num-
erous narrowings and swellings (the so called “Einschniirungen” of Sei-
bold & Seibold, 1960) which correspond as a rule to the spaces of meshes
in spiculae network which is characteristic of each taxonomical group of
sponges.

The dependence of the tube morphology of Tolypammina vagans on
the shape of inhabited type of sponge canal is frequently visible in tub-
es of individual specimens, in straight sectors or sectors bent to various
degree (Pl. XXI, Figs 3 and 5).

Dynamic of water circulation in sponges and Tolypammina settlement

The quantity of water flowing through a sponge depends on the quant-
ity and activity of choanocytes and organization of a system of water
canals, their diameter and total length. These parameters are decisive in
sponges of leuconoid structure to which belong the analysed siliceous
sponges with tolypamminas, that the effectiveness of the water system
is maximal (Hyman, 1940, Barrington, 1967). Two types of currents form
this system: namely the slower one bringing water into the choanocyte
chambers, and a much quicker current which expells the water out of
a sponge. This difference in water current velocity is of particular impor-
tance preventing a sponge from impurities such as sediment particles etc.,
both coming into the inhalant zone and falling on the sponges. The mea-
surements of the water current velocity in the particular types of canals
that were carried out on recent sponges by Parker (1914) and Bidder (1923)
have revealed that this velocity of water flowing in through dermal ostia
to incurrent canals decreases along the penetration into thin subchoanal
canals (propyles). Minimal velocity was noted just before entering choan-
ocyte chambers and in the chambers proper. After leaving the choanocyte
chambers the velocity increases quickly and attains its maximum near
osculum.

The ability of a sponge to transport grains of a definite fraction is
closely connected with the velocity of water flowing through it. This
pertains to grains settling in closets vicinity of sponge or being in sus-
pension in case of very small fraction. Canals of inhalant zone are the
only entrance for sediment as the water velocity thrown out of osculum
is sufficiently great (4 and more mm per sec — Parker, 1914), and a whir-
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ling motion of water exists around the sponge (Text-fig. 2). As it was
already mentioned the velocity of incurrent is insignificant (according to
Bidder, 1923 — 100 to 150 times smaller than that of oscular stream), its
transporting power is also small. Thus regardless of the grain size settling
on a sponge or near it (within re-entrant vortex zone — see Text-fig. 2),
the upper fraction limit of grains which may be pumped into a sponge

L4l
f

Fig. 2. — Diagram illustrating water circulation in sponge (black arrows) and direc-
tion of particle settling in re-entrant vortex zone (white arrows). (After Bidder, 1923,
modified). Current velocity in the particular zones of water system in sponge and
re-entrant vortex is proportional to the thickness of black arrows; in incurrent
zone, ch chaonosomal zone (choanocyte chambers), ex excurrent zone, ¢ cloaca.

is already determined. The observations on mode of distribution of tolyp-
amminas and other agglutinated foraminifera in sponges fully confirm
this reasoning. Upper limit of terrigenic quartz grain fraction of which
the tubes of T. vagans are build is 12 u. Only in subdermal spaces and in
some cases on sponge surface other agglutinated foraminifera occur fre-
quently together with tolypamminas (e.g. Thurammina sp. — see Text-
fig. 1), the tests of which are build of much larger (30—40 p) well select-
ed quartz grains. These largest grains occurring inside sponges determine
the maximal transporting ability of incurrent in the outermost zone. Furt-
her inside current velocity decreased and tolypamminas living in canals
of subchoanal zone have built their tests of finer fraction of 2—7 w. Only
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the finest material was transported through the choanocyte chambers,
nevertheless, its quantity was sufficient for existence of numerous toly-
pamminas of the exhalant zone. Their tubes consist of grains of 2—5 u
fraction of very high degree of selection.

The size of dermal ostia might have been another factor limiting
quartz grain size entering sponges. This factor which is of no importance
in the case of large ostia of siliceous sponges made impossible the settlem-
ent of agglutinated foraminifera in calcareous sponges occurring in small
quantities in assemblages of siliceous ones in the Oxfordian sediments.
Dermal ostia of calcareous sponges as intracellular pores are so small
(Hyman, 1940, Barrington, 1967) that neither sediment suitable to test
construction nor young foraminifera (zygote) can penetrate the sponge.

Small (young) sponges exhibited probably too weak incurrent thus
tolypamminas are seldom found in them. Smaller quantity of choanocytes
prevented to develop such a current which would be able to introduce to
sponge canals a quantity of material sufficient to build tests of foramini-
fera.

Shape of sponges, which according to Bidder (1923) plays an important
role in the effectiveness of their water system, did not influence the
settlement of the Oxfordian sponges by tolypamminas.

Role of sedimentation in the occurrence of T. vagans in sponges

Existence of grains suitable to test construction in the water pumped
by a sponge was a basic prerequisite in settlement of tolypamminas in
the siliceous sponges. The tests of the investigated T. vagans are compos-
ed of terrygenic quartz grains cf a definite fraction, thus frequency of
occurrence of tolypamminas in sponges may serve as an indicator of se-
dimentation rate of those fractions in the various parts of sponge facies
of the Oxfordian. This is of particular importance in case of fewness of
terrigenic material in sponge limestones. Identification of such terrigenic
quartz is usually impossible in practice because it occurs together with
abundant spiculae of siliceous sponges. The terrigenic material in tolyp-
amminas is much more concentrated than in the surrounding sediment.

Because of a fine fraction (argillaceous) used by tolypamminas these
foraminifera are more frequently found in marly sediments than in pure
limestones (the so called “rocky”). Nevertheless, too clayey deposition
inhibited sponge development by chcoking water canals. It is remarkable
as well that even when the terrigenic material was in excess no increase
in tolypamminas quantity beyond sponge interior was observed. T. va-
gans as ecological adherent type of benthonic foraminifer needed hard
substratum to adhere even with its proloculus. Intensive sedimentation
of fine fraction could not furnish such a substratum. Thus no specimens
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of T. vagans were prepared out of sediment surrounding the sponges,
despite of dissolving in hydrochloric acid. The species is mentioned neither
by Garbowska (1970) in her elaboration of the Oxfordian and Lower
Kimmeridgian foraminifera of the Cracow-Czestochowa area, nor by Wi-
$niewska-Zelichowska (1971) in her list of microfossils derived from Up-
per Oxfordian sponge bioherms from the vicinity of Czestochowa.

Discussion of the biotic character of Tolypammina-sponge association

The association of tolypamminas and sponges was already noted by
Haeusler (1890). He first observed irregular tubes of these foraminifera
on surface of Hexactinellida and treated them as rhizoids of these spong-
es but later classified them to Hyperammina (Tolypammina) vagans Bra-
dy. Kolb (1910) finding frequently agglutinated foraminifera in Upper
Jurassic sponges including tolypamminas, regarded them as having flown
into sponges together with sediment directly after sponge death.

It was Feifel (1930) who claimed association of tolypammina and
other agglutinated foraminifera with the Upper Jurassic sponges. He
treated sponges with hydrochloric acid, and pointed out active mode of
growth of tube-like tests of tolypammina in sponge skeleton and described
this association as commensalism, not excluding, however, their negative
influence on water circulation in sponges, which is particularly the case if
they occur in sponges in plenty. This may lead after him to premature
death of a sponge. Seibold & Seibold (1960) were of the same opinion
when analysing specific content of foraminifera from Upper Jurassic
sponges of southern Germany. These authors cite 16—21 species of agglut-
inated foraminifera in average from sponges, but they dealt neither with
the mode and frequency of occurrence nor with detail explanation of
biotic connections between those two organisms.

The present author agrees with the opinion of Feifel (1930) that toly-
pammina — sponge association was a typically commensalic. As foramini-
fera found shelter in sponge canals and water current produced by spon-
ge brought them food, thus such a variety of commensalism should be
named inquilinism. Such commensalism is grounded on an association of
a passive filtrator with a considerably larger active filtrator and is most
common among recent water organisms. There are many examples of
associations of invertebrates with recent sponges (see among others: San-
tucci, 1922; Pearse, 1932, 1950; Laubenfels, 1950; Riedl, 1968). Strinkingly,
there is lack of information on the occurrence of agglutinated foramini-
fera as permanent inhabitants-commensals in sponges everywhere good
conditions exist. Known are foraminifera (Trochammidae, Rotaliidae, Ho-
motremidae) encrusting living sponges, cirripedes, hydroids and bryozoans
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(Riedl, 1968), there is no information, however, about forms living in wa-
ter system of sponges.

This makes explanation of causes of universal infection of tolypam-
mina and other forminifera in Upper Jurassic sponges difficult. No such
phenomenon was noted in sponges of other geological periods. Somewhat
similar association was observed in Upper Maastrichtian of Denmark.
Arenaceous, adherent foraminifera (Bdelloidina vincentovnensis) encrusted
around pores of a boring sponge (Entobia cretacea) pierced in oyster shell
(Bromley & Nordmann, 1971). The same forminiferan species was noted
by Voigt (1970) encrusting outlets of small, vertical canals on the surface
of Upper Maastrichtian hard-ground. He regarded these canals as possible
borings of Phoronoidea. In both cases the association was classified to
commensalism caused by attractive nourishing possibilities for forami-
nifera (water movement near Entobia) or shelter (phoronid tentacles).

It is not quite clear whether such commensalism turned out to spacial
parasitism in case of partial or even complete choking the water canals
of sponges by tolypamminas. This might lead to premature death of spon-
ge as it was already noted by Feifel (1930). In the present author’s opin-
ion it was rather not the case because decrease of water current in sponge
probably discouraged foraminifera to settle any more in it.

That there was no feeding competition between sponges and tolypam-
minas may be reckoned from diet of recent representatives of both groups
of organisms. Basic if not only food of sponges are bacteria (Hyman, 1940,
Barrington, 1967, Riedl, 1966), whereas that of foraminifera consists of
larger organisms such as copepods, caprelids, cumaceans and nematodes,
not mentioning unicellular algae, naupli, diatoms and ciliates (Sandon,
1932, fide Hedley, 1964).

Foraminifera played a preventing role from choking of canals catching
large part of coarser terrigenic material flowing into a sponge, and
building their tests with it.

Early stages of sponge colonization by tolypamminas are not clear. The
foraminifera penetrated into sponges being flown in by incurrent prob-
ably as young ameboid schizonts or gamonts. These amoebas attached
with their pseudopodia to the canal walls of sponges, most preferably to
a spicular skeleton and quickly constructed an argillaceous proloculus.
Presence of tolypamminas in canals of exhalant zone, to which they might
have enter only through choanocyte chambers, proves that young fora-
minifera were not captured by flagella of the choanocytes. During their
farther growth in sponges tolypamminas took advantage of tube-like
shape second chamber, showing tremendous morphological ability to adapt
themselves to complicated system of sponge water canals. Attractiveness
of life in sponges was so great that their tubes were repetitively used by
subsequent generations of tolypammina, which formed characteristic “tube-
-in-tube” aggregations (see Text-fig. 3, Pl. XXIV, Figs 1—2).
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Although T. vagans is an adherent foraminifer, the individuals living
in sponges could adhere to spiculae surrounding or sticking in water ca-
nals in points only. Thus, contrary to usually unilaterally flattened tests
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Fig. 3. — “Tube-in-tube” aggregations of T. vagans tests in three dimensional serial
transversal sections; X 500. 1, 2, 3 —succesive generations of T. vagans.

of adherent foraminifera, tolypaminas associated with sponges exhibit
almost ideally circular tube sections.

Seldom occurrence of T. wagans, beside Oxfordian sponges, may be
probably explained by its extraordinary environmental requirements
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which are: hard substratum, water motion (= inflow of food) and charac-
ter and rate of sedimentation. A mass development of siliceous sponges
over vast areas of the epicontinental Oxfordian basin of Central and
Western Europe with large food base and source of argillaceous material
opened a new, very attractive ecological niche for these foraminifera. Due
to favourable life conditions this niche was quickly colonized by them.
Similar environmental situation did not repeat in a long history of this
species. Secular fortuity of this association excluded probably a possibility
of turning loose, facultative relations into a more specific cooperation.
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TOLYPAMMINA VAGANS (FORAMINIFERIDA) JAKO KOMENSAL
OKSFORDZKICH GABEK KRZEMIONKOWYCH

Streszczenie

W wielu oksfordzkich gabkach krzemionkowych z Jury Krakowsko-Czesto-
chowskiej i poludniowo-zachodnich Go6r Swietokrzyskich stwierdzono wystepowa-
nie aglutynujacych, jednokomorowych otwornic Tolypammina vagans (Brady). Bliz-
sza analiza morfologii i sposobu rozmieszczenia tych prymitywnych otwornic w gab-
kach wykazala, Ze posiadaly onc szereg przystosowan do zycia w kanatach systemu
wodnego zywych gabek.

Sposob rozmieszczenia i iloSciowe wystepowanie T. vagans w gabkach krze-
mionkowych, pochodzacych z réznych poziomébéw oksfordu, zbadano przy zastoso-
waniu stopniowego nadtrawiania ggbek w kwasie solnym. Poniewaz rurki T. vag-
ans zbudowane sg z ziaren kwarcu terrygenicznego frakeji drobnomulowcowej sce-
mentowanych substancjg krzemionkowo-organiczng, latwo moina je bylo preparo-
waé HCl ze zwykle kompletnie zdesylifikowanych mumii gabek.

Najwiece] rurek T. wvagans stwierdzono w kanalach inhalacyjnych i na po-
wierzchni gabek w sasiedztwie por dermalnych. Dosy¢ licznie pojawiajg sie tez
tolypamminy w kanalach ekshalacyjnych oraz na $Sciankach kloak. Mimo, ze tak
w strefie inhalacyjnej jak i ekshalacyjnej tolypamminy stwierdzono nawet w naj-
ciefiszych kanalikach subchoanalnych, nigdy nie napotkano ich w komorach choa-
nocytowych,

Wyrazny jest zwigzek morfologii i wielko$ci rurek T. wvagans z konfiguracja
i rozmiarami zajmowanych przez nie kanaléw wodnych ggbek. Najgrubsze rurki
tolypammin zanotowano w przestrzeniach subdermalnych i wiekszych kanatach eks-
halacyjnych, gdzie r6éwniez najczeScie] wystepuja duze agregaty ziozone z wielu
osobnik6w. W cienszych odcinkach kanaléw inhalacyjnych i ekshalacyjnych toly-
pamminy sg drobniejsze z licznymi rozdeciami i przewezeniami na rurkach odpo-
wiadajacymi kolejnym oczkom sieci spikul gabki, przez ktére otwornice musialy
przeciskaé sie w trakeie wzrostu.

Gléwnymi czynnikami determinujgcymi osiedlanie sie T. wvagans w gabkach
byly: (a) dynamika cyrkulacji wody w gabkach i (b) obecno$¢ w wodzie pompo-
wanej przez gabki odpowiedniej frakeji osadu terrygenicznego. Szybkosé pradu
inhalacyjnego gabki okreslala maksymalng wielko$§¢ ziaren kwarcu, jakie mogly byé
weiggniete do kanatéw wodnych gabki. Ziarna te byly w sposob selektywny wyko-
rzystywane przez T. vagans i inne otwornice aglutynujgce osiedlone w gabce.

Bardzo ograniczona sedymentacja terrygeniczna lub brak odpowiedniej dla
tolypammin frakeji ziaren osadu ograniczal réwniez zasiedlanie gabek przez te
otwornice. Stad tez, analiza czesto$ci wystepowania. T. vagans w powtarzajgcych sie
w profilach oksfordu zespolach ggbkowych, moze by¢ dobrym wskaznikiem tempa
sedymentacji terrygenicznej w okresach rozwoju facji ggbkowych oksfordu.
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Stowarzyszenie T. vagans z gabkami krzemionkowymi ma charakter komensa-
lizmu, w jego szczegblnej odmianie okreSlanej inkwilinizmem. Otwornica znajdo-
wala schronienie w gabce, a bedgc pasywnym filtratorem korzystala jednoczes$nie
z pokarmu napedzanego w jej kierunku przez aktywnego filtratora — gabke. Ponie-
waz ggbki i otwornice odzywialy sie réznym pokarmem, brak konkurencji pokar-
mowej bylby dodatkowym argumentem potwierdzajacym komensaliczny charakter
stowarzyszenia obydwu partneréw. Przy masowym pojawianiu sie tolypammin
w gabkach moglo dochodzié do cze§ciowego pasozytnictwa przestrzennego pole-
gajacego na utrudnianiu cyrkulacji wody w gabce. Ten typ konfliktu pomiedzy
otwornica i gabka nie osiggnal jednak nigdy drastycznych rozmiar6éw. Przeciwnie,
otwornice przechwytujac znaczna cze$é grubszej frakeji osadu wplywajacego z prg-
dem inhalacyjnym do gabek i ukladajac ten osad w sposéb uporzgdkowany w swo-
ich testach, pomagaly gabkom uchronié sie przed powstawaniem korkéw z osadu
zatykajacych kanaly wodne.

Tolypamminy wnikaly przypuszczalnie do ggbek poprzez pory dermalne w po-
staci nagich, amebowatych, niedojrzatych schizontéw badZz gamontdéw, ktbére przy-
czepialy sie pseudopodiami do $cian kanaléw wodnych lub fragmentéw spikul.
Nastepnie szybko obudowywaly osadem komore prolokularng i wytwarzaly diluga,
rurkowatg drugg komore, przeciskajgca sie zwykle w kierunku dopradowym przez
zawile systemy kanalow gabki. T. vagans wykazuje doskonalg adaptacje do zZycia
w kanatach wodnych gabek, wyrazajacg sie olbrzymia plastycznoscia morfologicz-
ng rurek poszczegblnych osobnikéw. Rurki obumarlych T. vagans zasiedlane byly
czesto przez nastepne generacje tolypammin, §wiadczac dobitnie o atrakeyjnoseci
Srodowiska, jakim bylo dla nich wnetrze gabek.

Masowe pojawienie sie T. vagans w gabkach oksfordzkich jest zjawiskiem bez
precedensu. Poza oksfordem bowiem, inkwilinizmu otwornic w gabkach tak kopal-
nych jak dzisiejszych nie stwierdzono. Takze wystepowanie przedstawicieli rodzaju
Tolypammina Rhumbler jest poza facjag gabkows oksfordu rzadkie. Zjawisko to
moznaby tlumaczyé szczegblnymi wymogami $rodowiskowymi tych otwornic. Jako
formy bentoniczne, przyrastajagce do podloza, tolypamminy wymagaja twardego
podloza, przy jednoczesnym ruchu wody (= doplyw pokarmu) i niezbyt szybkiej
akumulacji materiatu, ktéry bylby odpowiedni do nadbudowywania testéw. Masowy
rozwéj gabek krzemionkowych w oksfordzie, przy obecnosci odpowiedniego mate-
rialu terrygenicznego deponowanego w zbiorniku, otworzyl dla T. vagans bardzo
atrakeyjng nisze ekologiczna, szybko przez ten gatunek skolonizowans.

Bardzo duza zmienno$é stwierdzona u T. wvagans stowarzyszonej z gabkami,
majaca niewatpliwie charakter fenotypowy, kaze powatpiewaé o poprawnosci kry-
teribw diagnostycznych stosowanych dotychczas dla gatunkéw rodzaju Tolypamm-
ina Rhumbler. Wickszo§¢ tych gatunkéw, w tym takie niektére opisane z palen-

zoiku, nalezy przypuszczalnie uznaé¢ za miodsze synonimy T. vagans.
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IO3EdP KA3ZBMEPYAK

TOLYPAMMINA VAGANS (FORAMINIFERIDA) KAK KOMMEHCAJ
OKCPOPICKUX KPEMHEBLIX I'VEOK

Peziwo.e

Bo MHOrMx oKcoOpACKMX KPEeMHEBBIX ry0GKaX, PaclpoCTPaHEHHbIX Ha TEPPUTOPUN
KpaxoBcko-YHencroxoBckoit IOpbl M B oro-zanapgHoit 4dacty CBEHTOKIUMCKMUX TIOP,
BCTPEHalTCA arrJIIOTMHUPOBAHHbIE OJHOKaMepHble chopamuundepsl Tolypammina
vagans (Brady). JleraapHblit aHagu3 MOPGOJOTMM M CIIOcoGa PaCnoJOKEHUA 9TUX
IPOCThbIX drapMuHuEpP IIO0Ka3alJ, 4YTO OHM O00JalalM pPAXOM NIPUCTIOCOBIeHMIT nnA
obMTaHMA B KaHalaxX MPPUTAUMOHHON CUCTEMbI XKUBLIX TI'yOOK.

WUccnepgoBanue dopamuaucdep 7. vagans B KPEMHEBbIX IyOKax NPOM3BOAUJIOCH
NyTEM MOCJIEeNOBaTEJILHOIO TpaBJieHMA TyDOK B cOJAHOM KuciaoTe. TaK Kak TPYOKu
T. vagans cyoxkeHbl 3€pHaMy TEPPUTreHHOIO KBaplla MEJNKOaJeBPOJUTOBON hpakIuu,
CIIEMEHTUPOBAHHbIMM KPEMHMCTBIM OPraHMYEeCKMM BELIEeCTBOM, OHM JIETKO BbILIEJa-
4MBAJNMCh COJISHOI KMUCJIOTOM M3 cKeneroB ryboK, KakK MPaBMIIO ITOJHOCTBIO ofec-
KPEMHEJbIX,

Camble MHOTOYMCIEHHbIE CKOIUIeHUsa TpyGok T. vagans mabmopganmck B KaHajax
TNIPUBOA AL CUCTEMbI M HA MOBEPXHOCTU ryboK, BOIM3M AepPMaNIbHBIX Nop. B n0BOJL-
HO GOJBLIOM KOJMYECTBE MNPEACTABJEHbI TOJUIAMMMHEBI M B OTBOAALUMX KaHaJax,
a TaKzKe Ha CTeHKax KJjoak. HecMOTPSA Ha TO, YTO TaK B NPMBOAAILLEH, KaK U B OTBO-
OALLEN CUCTEMAX TOJMIAMMMHBI BCTPEYAIOTCA B TOHYAMILUMX CcyOGxoaHAJbHBLIX KaHa-
JUEAaX, TO B XOaHOLUMTOBBIX KaMepaX OHM ITOJHOCTBIO OTCYTCTBYIOT.

OTYETINBO NPOABJIAETCA 3aBUCUMOCTb MOPGIOJIOTUM 1 BeNM4MHBI TpyGok T. vagans
OT KOH(MIypaLMM M DPa3MEPOB MPPUTALMOHHBIX KaHaJIOB ry0OK, B KOTOPbIX OHU
oburanu. Camble KpPyNHble TPYOKM TOoaMIIaMMMH Habuogalmuch B cyOjaepMalbHOM
IPOCTPaHCTBE M B DOJBLUIMX OTBOAALMX KaHajlaX, B KOTOPbIX Yallle BCEro IIPUCYT-
CTBYIOT TaKiKe KPYITHbIE arperarbl, CJOKeHHble HECKOJBKMUMMU 0co0AMMU. B mepexmmax
NPUBOAALIMX M OTBOAALMX KaHAJIOB BCTPedalwTcsa 0oJjiee MEJIKMEe TOJUIIAMMMHBI, Xa-
PaKTEPUIYIOIIMECA MHOTOUYMCIEHHBIMYM PAa3iyBaMM U CYIKEHUAMM HA TPYOKaxX, COOTBET-
CTBYIOLLYMMMY IIOCNIE0OBATENBHBIM OTBEPCTHUAM B CUCTEME CIIMKYJ IyOKM, yepe3 KOTOpbie
chopamuHMepsl NPOHMKANK BO BpeMs CBOEro POCTA.

K ocHoBHbIM (haKTOpaMm, ompegenAsiivMm nocenenme T. vagans B rybkax, OTHO-
CATCA: a) JMHAMMKa LMPKYJIAUMM BOAbl B ryb6kax, 6) Hajgm4yue B BOJAEC, IIEpeKauMBae-
MOJ ry0GKamMM, TEPPUICHHOTO MaTepuajla COOTBETCTBYIOLLEH (DPaAKUMK.

Besnuyua yacTul KBapla, NOCTYNaBLUEro B MPpPUralMoOHHbIE KaHAaJbl, 3aBUCEa
OT CUIIBI NMPMBOXSALIETO BOXOTOKA B TyOKe. OTHM 4YacTHUIBI CEJIEKTMBHO MCIIOJIB30BBIBa-
Banuche T. vagens M ZPYrMMM ArmIIOTMHUPYHOWMMU ¢opaMmuHUpEDPaMH, HNOCENUBLIU-
Mucsa B rybxe.

B ycJOBMAX OrpaHMYEHHOIO KOJMYECTBA TEPPUTEHHOIO MaTepMasa, OcazxKaBlle-

rocsi B rybKax, MIM NpM HECOOTBETCTBYIOWEH (hpakKuuu STOr0 MaTepuana, rocejieHue
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dopamuundcep B ryGKax NPOUCXOAMJIO TOXKEe B OTPAaHMUEHHOM Konuuyectse. B cBA3U
¢ 9TMM AeTaJbHBIM aHanu3 pacnpocrpaHeHua T. vagans B coofulecTBax ryGox, rpex-
CTaBJIEHHBIX B pa3dpe3ax oKcdoOpAa, MOXKET JaTb KPUTEPUM, XaPAaKTEPHUIYIOIIME TEMIILI
TEePPUTEHHOTO OCAJKOHAKOILIEHMA B IIEPUMOMaX Pa3BUTHA TYOKOBBIX hammit oxcdopaa.

Cumbuo3z T. vagans ¢ KpPeMHEBbIMM TyOKaMM MMeeT XapaKTep KOMMEeHcaJau3Mma
B ero 0coBOM IPOABJIEHMM, HA3bLIBAEMOM MHKBUJIMHM3MOM. PopamMuHMUGeEpbl HAXOXUINU
B rybxax GesoracHoe yOexuiue M, KpoMe TOro, OyAy4uM HOACCUMBHBEIM (OUILTPATOPOM,
roTpebaANU nuIly, IIOCTABJIAEMYIO B MX HANpPaBJIE€HUM AKTUBHBIM (DUIBTPAaTOPOM —
rybkoit. Popamuuandepsl ¥ TYyOKM MUTANMCHL DAa3HLIM BELJECTBOM M 6E3KOHMIMKTHOCTh
B 9TOM OTHOIIEHUU ABJAETCA NOMOJHUTENLHBIM JI0KA3aTEJILCTBOM KOMMEHCAJIEBHOrO Xa-
pakTepa cuM0MO3a 3TMX OPraHUM3MOB. MaccCOBble TIOCEJIEHMSA TOJHMIAMMMH B rybKax
MOTJIY BBI3BIBATL YaCTUYHO IIPOCTPAHCTBEHHDLINA [1apa3UTU3M, COCTOALLMI B 3aMeJJICHUN
LUPKYJIALMY Bogbl B TyOke. OQHAKO, STOT KOHMIMKT MeXRAY hopaMuMHMUGpEpOir U ryo-
KOM He JOCTUTaJl HUKOTAA KPUTUYECKOro MoMmeHTa. HaoGopor, dpopammumdepn! nepe-
XBaThIBaNM KPYIHBIE MMHEDAJNbHBIE HAaCTHIILI, MONaZlaBliMe B rybky ¢ NPUBOASILIMM
TIOTOKOM, DPaclpefeNdiM MX 3aKOHOMEPHO B KOHCTPYKIMAX CBOMX TPYGOK M, TAKHUM
o0pa30M, MPeAoTBPALaX BO3MOXKHOCTE O0PA30BaHMUA CKOIICHMI, 3aKYIIOPMBalOLMX
KaHaJbl UPPUIALMOHHON CHCTEMBI.

ToanraMMMHBI NIPOHMKAJNM B IyOKM BEPOATHO uUepe3 AepMalibHbie IIOPBI B BHUAE
He3peJbiX, aMEOOBUAHBIX IIM30HTOB MJYM IFAaMOHTOB, KOTOPbI€ INPUKPENNANNUCH JOMXKHO-
HOXKAaMM K CTEeHKaM BOOHBIX KaHAJIOB MIM K crmKyiaM. ITocie 3TOro oHm GbICTpLIMM
TEeMITaM} OKPYKalM CBOI NPOJOKYJIIOM MMHEPANLHOJ CTEHKOM M MIPUCTYNaNM K Ha-
PAlLMBaHUIO AJWHHONM, TPYOK006pa3HOi BTOPOIT KaMephbl, NPOHMKABIIEH CKBO3L CJIOXK-
HYIO CHUCTEMy KaHAJOB IyOKM, KaK NPaBUJIO B HanpaBlienuM Tedenus. T. vagans mpe-
KpacHO npucrnocabiamuBajack K o0pa3y >KM3HM B BOAHBIX KaHajlax rybok, 4uToO BbIpa-
JKaJIOCh B MCKJIOYMTENBHONM IIACTMYHOCTH POPMBI TPYBOK oTaenbHBIX ocobeit. Tpy6-
kM otmupamoumx dopamuaudep T. vagans 3aceyAMUCh HaCTO CIAEAYIOIMMM TeHepa-
LUUAMA TOJUINIAMMMH, YTO ABJAETCHA BBIPA3UTEIBLHLIM LOKA3aTEJLCTBOM BecbMma Giaro-
NPUATHBIX YCJIOBMI ONA MX OGMTaHMA BHYTPU TIyGOK.

Maccosoe mnoaBiaenue T. vagans B OKCPOPACKMX IYOKax HNpefcTaBJIAET MCKJIIO-
4yuUTENLHOE SABJIEHME, TAaK KaK MHKBUIMHU3M (hopaMuHU(Ep B rybKax He Habmogajcs
OOJBIIIe HM B MCKOIIAEMBbIX, HMY B COBPEMEHHKIX YCJIOBUAX. Kpome TOro, mpeacTaBUTENN
poxa Tolypammina Rhumbler BcTpedaloTca pefko BHe OKCOpPACKOM rybKoroit chami.
310 00BACHAETCA, IMO-BUMAMMOMY, OCOGEHHBIMM TpPeGoBaHUAMM I9STUX hopaMmHNUGED
B OTHOIIIEHMM cpeAnl obutaHmMA. Kak OeHTOHHblE (POPMBI, TOMUIIAMMUHBL TPEOYIOT AJS
NPUKPENIeHUsa MPOYHOr0 OCHOBAaHMA B YCJOBUAX NOABMIKHBIX BOJ (IPMBHOC ITMIIM)
M JOBOJILHO MERJIEHHO aRKYMYJIALMM MaTepuala MPUIoOAHOIO AJISI COOPYIKEHUS TPY-
0ok, MaccoBoe pa3BUTHE KPEMHEBBIX IyGOK B oKcdopie M 0cajiIkOHAKOIJIEHHE COOTBET-
CTBYIOILLIETO TEPPUTEHHOTO MATEPMAasa B BOAOEME CO34AaBaJM BeCbMa OJIAarONpPHUATHYIO
SKOJIOTMHECKYIO CPEAYy AJIA MAacCOBOTO Pa3BUTHUA 3TOro BuUa.

Ou4eHns cUNBLHAA U3MEHUMBOCTDL, Habmofatomasacesa y T. vagans, oBMTAIOLUMX B CUM-

6103e ¢ ryﬁKaMM, CTaBUT NOA COMHEHME JOCTOBEPHOCTHL AMArHOCTUYECKMX KPUTECPHUEB,
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XaparTepu3yrowmmnux Buabl poaa Tolypammina Rhumbler. BoabIMHCTBO 3TUX BUAOB,

B TOM 4MCJI€ M HEKOTOPBIE IIaJICO30iCKMe BUABIL, CJEAYyeT, IO BCel BEPOATHOCTH, pac-—

CMATPUBATL B KA4eCcTBE MNAAILLUMX CMHOHMMORB T. vagans.

Fig. 1.

Fig. 2.

Fig. 3.

Fig. 4.

EXPLANATION OF PLATES

Plate XIX

Tolypammina vagans (Brady)

Aggregate of tangled tests prepared out of subdermal space of ?Sporadopyle
sp. (Z. Pal. F. XVI1/1); Korzecko (Holy Cross Mts), Upper Oxfordian; X 25.

A bundle of tangled tests prepared out of incurrent canal of ?Sporadopyle sp.
(Z. Pal. F. XVI/2); Korzecko (Holy Cross Mts), Upper Oxfordian; X 25.

A fragment of test encrusted over a large monaxone of siliceous sponge (from
subdermal space) (Z. Pal. XIV/3); Bolmin (Holy Cross Mts), Upper Oxfordian;
X 25.

Megalospheric proloculus with a fragment of second chamber from subdermal
space of Craticularia sp. (Z. Pal. F. XV1/20); Bolmin (Holy Cross Mts), Upper
Oxfordian; X 40.

Plate XX

Tolypammina vagans (Brady)

Figs. 1—3. Three fragments of tests illustrating variability in thickness and shape of

Figs.

tubes within various canals of siliceous sponge water system: 1— specimen
from subchoanal canal (Z, Pal. F, XV1/4), 2 —specimen from incurrent canal
(Z. Pal. F. XV1/5), 3 — specimen from subdermal space (Z. Pal. F. XIV/6); Bol-
min (Holy Cross Mts), Upper Oxfordian; all figures X 30.

Plate XXI

Tolypammina vagans (Brady)

1—2. Two irregularly bent test fragments numerous narrowings and
swellings (prepared out of subdermal spaces of Ceasaria sp.) (Z. Pal. F. XVI1/7
and 8); Klobuck (Czestochowa district), Middle Oxfordian; X 20.

Figs. 3, 5—6. Various test fragments from incurrent (Figs 5—6) and excurrent canals

Fig. 4.

(Fig. 3) of Cypellia sp. illustrating morphological variability versus canal
shape of sponges (Z. Pal. F. XV1/9, 11 and 12); Klobuck (Czestochowa district),

Middle Oxfordian; X 25.

A test fragment with well visible narrowings corresponding to spaces in spi-
culae network (prepared out of inhalant zone of Pachyascus sp.) (Z. Pal. F.
XVI1/10); Krzeszowice — ,,Nowa Krystyna” mine (Cracov district), Middle Ox-
fordian; X 40.
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Plate XXII

Tolypammina vagans (Brady)

Figs 1—3. Three specimens with microspherical proloculi (Z. Pal. F. XVI/13, 14 and

15); Krzeszowice —, Nowa Krystyna” mine (Cracov district), Middle Oxfor-
dian; X 5.

Figs 4—8. Specimens with megalospherical proloculi (Z. Pal. F. XVI/16 to 20); Figs

Fig.

Fig
Fig

Fig.

Fig.

Fig

8*

L2,
. 3.

. 3.

1.

1.

4—5 — Krzeszowice —,,Nowa Krystyna” mine (Cracov district), Figs 6—7 —
Klobuck (Czestochowa district) Middle Oxfordian; Fig. 8 — Bolmin (Holy

Cross Mts), Upper Oxfordian; X 50.

Plate XXIII

Tolypammina vagans (Brady)
(Stereoscan micrographs at 20 Kv)

A fragment of broken second chamber. Smoth internal wall with indistinct
growth bands (Z. Pal. F. XV1/23); Korzecko (Holy Cross Mts), Upper Oxfor-
dian; X 450.

Enlarged fragment of external surface of the same tube; X 1000.
Enlarged fragment of internal surface of the same tube, X 1000.

Plate XXIV

Tolypammina vagans (Brady)

A fragment of two generations of tests in “tube-in- tube” aggregation (prepared
out of excurrent canal of Feifelia sp.) (Z. Pal. F. XVI1/21); Krzeszowice — ,No-
wa Krystyna” mine (Cracov district), Middle Oxfordian; X 100.

2. A fragment of test bundle with two multi-generation “tube-in-tube” aggrega-

tions (prepared out of excurrent canal of Feifelia sp.) (Z. Pal. XVI1/21); Krze-
szowice — ,,Nowa Krystyna” mine (Cracov district), Middle Oxfordian; X 80.
A fragment of dermal surface of Pachyascus sp. slightly corroded by HCI.
Radial incurrent canals and foraminifera tubes protruding from them are
visible. (Z. Pal. F. XVI1/22); Wrzosowa (suburb of Czestochowa), Middle
Oxfordian; X 5.
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