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

Abstract. - An argillaceous, monothalamous foraminifera ToZypammina vagans
(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 ToZypammina 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-Cz~stochowaJurassic Belt and along the southw€stern 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 (Ro­
zycki, 1953).

b) Wrzosowa (suburb of Cz~stochowa). 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.).

c) Klobuck (vicinity of Cz~stochowa). 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, 1:931; Kutek, 1968).

Altogether 100 sponges of various shape and size were analysed. The
following genera of siliceous sponges (mainly Triaxonia) 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 HCI. 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-

.( Acta Palaeontologica Polonica nr 1/73
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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 Lituotuba Rhumbler. Barnard (1958) suggested that T. deli­
catula should be transferred to Ammovertella 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 diagn-ostic 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; Oesterle, 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
PI. XXIII, Figs 1 and 3). Tubes occur single as a rule but aggregations in
form of irregularly tangled masses (PI. XIX, Fig. 1) or interweaved sets
(PI. 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 PI. XXII, Figs 1-8).

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 (PI. 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 fl in size, most frequently within two fractions: 2­
5 I-" and 8-12 fl. 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 PI. 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 Ip.ay 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 PI. 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 PI. 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 (PI. XX, Fig. 1; PI. XXI, Figs 3-6) to worm - like bent of
loose coils (PI. XXI, Fig. 1), and tightly interweaved bundles (PI. XIX,
Fig. 2), or tangled aggregates (PI. XIX, Fig. 1, PI. 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.

DistTibution 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, Le. 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 structure after Hyman, 1940): to tests of T. vagans, th
tests of Thurammina sp., do dermal ostia, f flagellate chambers, in incurrent, canals,
ex excurrent canals, M sponge body; arrows point now 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 (PI. 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 (PI. 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 (PI. 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
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Fig. 2. - Diagram illustrating water circulation in sponge (black arrows) and direc­
tion of particle settling in re-entr·ant 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 ex,current zone, c 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 !-t. 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 f-l) 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 !-t. 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 I-l
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 of 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 choking 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-Cz~stochowaarea, nor by Wi­
sniewska-Zelichowska (1971) in her list of microfossils derived from Up­
per Oxfordian sponge bioherms from the vicinity of Cz~stochowa.

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, PI. 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

B

2b

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. vagans, 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 G1\BEK KRZEMIONKOWYCH

Streszczenie

W wielu oksfordzkich gqbkach krzemionkowych z Jury Krakowsko-Cz~to­

chowskiej i poludniowo-zachodnich G6r Swi~tokrzyskich stwierdzono wyst~powa­

nie aglutynujqcych, jednokomorowych otwornic Tolypammina vagans (Brady). Bliz­

sza an.aliza morfologii i sposobu rozmieszczenia tych prymitywnych otwornic w gqb­

kach wykazala, ze posiadaly one szereg przystosowan do zycia w kanalach systemu

wodnego zywych gqbek.

Spos6b rozmieszczenia i ilosciowe wyst~powanie T. vagans w gqbkach krze­

mionlwwych, pochodzqcych z r6znych poziom6w oksfordu, zbadano przy zastoso­

waniu stopniowego nadtrawiania gqbek w kwasie solnym. Poniewaz rurki T. vag­

ans zbudowane Sq z ziaren kwarcu terrygeniczneg·o frakcji drobnomulowcowej sce­

mentowanych substancjq krzemionkowo-organicznq, latwo mozna je bylo preparo­

wae HCl ze zwykle kompletnie zdesylifikowanych mumii gqbek.

Najwi~cej rurek T. vagans stwierdzono w kanalach inhalacyjnych i na po­

wierzchni gqbek w sqsiedztwie por dermalnych. Dosye licznie pojawiajq si~ tez

tolyparnminy w kanalach ekshalacyjnych oraz na sciankach kloak. Mimo, ze tak

w strefie inhalacyjnej jak i ekshalacyjnej tolypamminy stwierdzono nawet w naj­

cienszych kanalikach subchoanalnych, nigdy nie napotkano ich w komorach choa­

nocytowych.

Wyrazny jest zwiqzek morfologii i wielkosci rurek T. vagans z konfiguracjq

i rozmiarami zajmowanych przez nie kanal6w wodnych gqbek. Najgrubsze rurki

tolyparnmin zanotowano w przestrzeniach subdermalnych i wi~kszych kanalach eks­

halacyjnych, gdzie r6wniez najcz~sciej wyst~pujq duze agregaty zlozone z wielu

osobnik6w. W cienszych odcinkach kanal6w inhalacyjnych i ekshalacyjnych toly­

pamminy Sq drobniejsze z licznymi rozd~ciami i przew~zeniami na rurkach odpo­

wiadajqcymi kolejnym oczkom sieci spikul gqbki, przez kt6re otwornice musialy

przeciskae si~ w trakcie wzrostu.

Gl6wnymi czynnikami determinujqcymi osiedlanie si~ T. vagans w gqbkach

byly: (a) dynamika cyrkulacji wody w gqbkach i (b) obecnose w wodzie pompo­

w,anej przez gqbki odpowiedniej frakcji osadu terrygenicznego. Szybkose prqdu

inhalacyjnego gqbki okreslala maksymalnq wielkosc ziaren kwarcu, jakie mogly bye

wciqgni~te do kanal6w wodnych gqbki. Ziarna te byly w spos6b selektywny wyko­

rzystywane przez T. vagans i inne otwornice aglutynujq·ce osiedlone w gqbce.

Bardzo ograniczona sedymentacja terrygeniczna lub brak odpowiedniej dla

tolypammin frakcji ziaren osadu ograniczal r6wniez zasiedlanie gqbek przez te

otwornice. Stqd tez, analiza cz~stosci wyst~powania. T. vagans w powtarzajqcych si~

w profilach oksfordu zespolach gqbkowych, moze bye dobrym wskaznikiem tempa

~edymentacji terrygenicznej w okresach rozwoju facji gqbkowych oksfordu.
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Stowarzyszenie T. vagans z gqbkami krzemionkowymi ma charakter komensa­

lizmu, w jego szczeg61nej odmianie okreslanej inkwiliniunem. Otwornica znajdo­

wala schronienie w gqbce, a b~dqc pasywnym filtratorem korzystala jednoczesnie

z pokarmu napEldzanego w jej kierunku przez aktywnego filtratora - gqbk~. Ponie­

waz gqbki i otwornice odzywialy siEl r6~nym pokarmem, brak konkurencji pokar­

mowej bylby dodatkowym argumentem potwierdzajqcym komensaliczny charakter

stowarzyszenia obydwu partner6w. Przy masowym pojawianiu si~ tolypammin

w gqbkach moglo dochodzic do cz~sciowego pasozytnictwa przestrzennego pole­

g,ajqcego na utrudnianiu cyrkulacji wody w gqbce. Ten typ konfliktu pomi~dzy

otwornicq i gqbkq nie osiqgnal jednak nigdy drastycznych rozmiar6w. Przeciwnie,

otwornice przechwytujqC znacznq CZElsc grubszej frakcji osadu wplywajqcego z prq­

dem inhalacyjnym do gqbek i ukladajqc ten osad w spos6b uporzqdkowany w swa­

ich testach, pomagaly gqbkom uchronic siEl przed powstawaniem kork6w z osadu

zatykajqcych kanaly wodne.

Tolypamminy wnikaly przypuszczalnie do gqbek poprzez pory dermalne w po­

staci nagich, amebowatych, niedojrzalych schizont6w bqdz gamont6w, kt6re przy­

czepialy siEl pseudopodiami do scian kanal6w wodnych lub fragment6w spikul.

Nast~pnie szybko obudowywaly osadem komorEl prololmlarnq i wytwarzaly dlugq,

rurkowatq drugq komor~, przeciskajqcq siEl zwykle w kierunku doprqdowym przez

zawile systemy kanal6w gqbki. T. vagans wykazuje doskonalq adaptaciEl do zycia

w kanalach wodnych gqbek, wyrazajqcq siEl olbrzymiq plastycznosciq morfologicz­

nq rurek poszczeg61nych osobnik6w. Rurki obumarlych T. vagans zasiedlane byly

cz~sto przez nastElpne generacje tolypammin, swiadczqc dobitnie 0 atrakcyjnosci

srodowiska, jakim bylo dla nich wnEltrze gqbek.

Masowe pojawienie siEl T. vagans w gqbkach oksfordzkich jest zjawiskiem bez

precedensu. Poza oksfordem bowiem, inkwiliniunu otwornic w gqbkach tak kopal­

nych jak dzisiejszych nie stwierdzono. Takze wyst~powanie przedstawicieli rodzaju

Tolypammina Rhumbler jest poza facjq gqhkowq oksfordu rzadkie. Zjawisko to

moznaby tlumaczyc szczeg61nymi wymogami srodowiskowymi tych otwornic. Jako

formy bentoniczne, przyrastajqce do podloza, tolypamminy wymagajq twardego

podloza, przy jednoczesnym ruchu wody (= doplyw pokarmu) i niezbyt szybkiej

akumulacji materialu, kt6ry bylby odpowiedni do nadbudowywania test6w. Masowy

rozw6j gqbek krzemionkowych w oksfordzie, przy obecnosci odpowiedniego mate­

rialu terrygenicznego deponowanego w zbiorniku, otworzyl dla T. vagans bardzo

atrakcyjnq niszEl ekologicznq, szybko przez ten gatunek skolonizowanq.

Bardzo duza zmiennosc stwierdzona u T. vagans stowarzyszonej z gqbkami,

majqca niewqtpliwie charakter fenotypowy, kaze powqtpiewac 0 poprawnosci kry­

teri6w diagnostycznych stosowanych dotychczas dla gatunk6w rodzaju Tolypamm­

ina Rhumbler. WiElkszosc tych gatunk6w, w tym takze niekt6re opisane z paleo­

zoiku, nalezy przypuszczalnie uznac za mlodsze synonimy T. vagans.
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103E<%> KA3bMEP'IAK

TOLYPAMMINA VACANS (FORAMINIFERIDA) KAK KOMMEHCAJI

OKCcI>OP,IJ;CKJ1X KPEMHEBhIX r"YBOK

Bo MHor~x OKCq,OP,llCK~X KpeMHeBbIx ry6Kax, pacnpocTpaHeHHbIx Ha Tepp~TOp~~

KpaKoBcKo-QeHcToXOBCKOJ1 IOPbI ~ B lOrO-3ana,llH0J1 'laCT~ CBeHToKw~CK~X rop,

BCTpe'lalOTCH arrJIIOT~H~poBaHHbIe O,llHOKaMepHbIe q,opaM~Hi1:q,epbI Tolypammina

vagans (Brady). ,IJ;eTaJIbHbIJ1 aHaJI~3 Mopq,OJIOr~~ ~ cnoc06a pacnOJIO:lKeH~H nliIx

npOCTbIX q,apMIiIHIiIq,ep nOKa3aJI, 'ITO' OHIiI 06JIa,llaJIIiI pH,lIOM npliIcnoc06JIeH~J1 ,lIJIH

06liITaHliIH B KaHaJIaX IiIppliIraIJ;IiIOHHOJ1 CIiICTeMbI :lKIiIBbIX ry60K.

J1cCJIe,llOBaHliIe q,opaMIiIHIiIq,ep T. vagans B KpeMHeBbIX ry6Kax npOliI3BO,llliIJIOCb

nyTeM nOCJIe,llOBaTeJIbHOrO TpaBJIeHIiIH ry60K B COJIHHOJ1 KIiICJIOTe. TaK KaK Tpy6KIiI

T. vagans CJIO:lKeHbI 3epHaMIiI Tepp~reHHoro KBapIJ;a MeJIKOaJIeBpOJIIiITOBOM q,paKIJ;IiIIiI,

CIJ;eMeHT~pOBaHHbIMIiI KpeMHIiICTbIM OpraHIiI'leCKIiIM Be~eCTBOM, OHIiI JIerKO BbI~eJIa­

'l~BaJI~Cb COJIHHOJ1 KIiICJIOTOJ1 ~3 CKeJIeTOB ry60K, KaK npaBIiIJIO nOJIHOCTblO 06ec­

KpeMHeJIbIX.

CaMbIe MHOrO'lIiICJIeHHbIe CKOnJIeHIiIH Tpy60K T. 1:agans Ha6JIlO,lIaJI~Cb B KaHaJIaX

np~BO,llH~eJ1 C~CTeMbI IiI Ha nOBepxHOCTIiI ry60K, B6JI1iI3~ ,lIepMaJIbHbIX nop. B ,lIOBOJIb­

HO 60JIbWOM KOJI~'leCTBe npe,llCTaBJIeHbI TOJIliInaMM~HbI IiI B OTBO,llH~IiIX KaHaJIaX,

a TaK:lKe Ha CTeHKax KJIOaK. HeCMOTpH Ha TO, 'ITO TaK B npIiIBO):\H~eJ1, KaK IiI B OTBO­

,lIH~eJ1 CIiICTeMax TOJIliInaMMIiIHbI BCTpe'lalOTCH B TOH'lat'IwliIx cy6xoaHaJIbHbIX KaHa­

JIIiIKaX, TO B XOaHOIJ;~TOBbIX KaMepax OH~ nOJIHOCTblO OTCyTCTBylOT.

OT'leTJIIiIBO npOIIBJIlIeTCII 3aBliICliIMOCTb Mopq,OJIOr~~ IiI BeJIIiI'l~HbI Tpy60K T. vagans

OT KOHq,liIrypaIJ;~1iI ~ pa3MepOB ~pp~raIJ;IiIOHHbIX KaHaJIOB ry60K, B KOTOpbIX OHIiI

061iITaJIIiI. CaMbIe KpynHbIe Tpy6KIiI TOJIliInaMMIiIH Ha6JIlO,lIaJIliICb B CYO,llepMaJIbHOM

npOCTpaHCTBe ~ B 60JIbW~X OTBO,llH~IiIX KaHaJIaX, B KOTOpbIX 'la~e Bcero npliIcyT­

CTBylOT TaK:lKe KpynHbIe arperaTbI, CJIO:lKeHHbIe HeCKOJIbKIiIM~ OC06IIMIiI. B nepe:lK~MaX

np~BO,llII~IiIX IiI OTBO,llH~IiIX KaHaJIOB BCTpe'lalOTCII 60JIee MeJIK~e TOJI~naMMIiIHbI, xa­

paKTepliI3YlO~liIeCIIMHOrO'lIiICJIeHHbIMIiI pa3,l1yBaMIiI IiI CY:lKeHIiIIIM~ Ha Tpy6Kax, COOTBeT­

CTBYlO~~MIiI nOCJIe,llOBaTeJIbHbIM OTBepCT~HM B C~CTeMe cnliIKyJI ry6KIiI, 'lepe3 KOTopble

q,opaM~HIiIq,epbI npOHI1KaJIIiI BO BpeMII CBoero pOCTa.

K OCHOBHbIM q,aKTopaM, onpe,lleJIIIBWIiIM nOCeJIeHliIe T. vagans B ry6Kax, OTHO­

CHTCH: a) ,lIliIHaMIiIKa U;liIpKYJIIIIJ;1iI1iI BO,llbI B ry6Imx, 0) HaJIl1'IJiIe B BO,lle, nepeKa~lJiIBae­

MOM ry6KaMIiI, TeppliIreHHoro MaTepliIaJIa COOTBeTCTBYlO~eJ1 q,paKIJ;I1IiI.

BeJIw·II1Ha 'laCTIiIIJ; KBapIJ;a, nocTynaBwero B IiIppliIraIJ;IiIOHHbIe KaHaJIbI, 3aBliICeJIa

OT CI1JIbI npIiIBo,llH~ero BO,lloTOKa B ry6Ke. 3TIiI 'laCTIiIIJ;bI CeJIeKTIiIBHO ~lCnOJIb30BbIBa­

BaJIIiICb T. vagans 11 ,lIpyrliIMIiI arrJIIOTIiIHI1PYlO~IiIMIiI q,opaMIiIHIiIq,epaMI1, nOCeJIIiIBWIiI­

MIiICH B ry6Ke.

B YCJIOBIiIIIX OrpaHIiI'leHHOrO KOJIIiI'leCTBa TeppliIreHHoro MaTepliIaJIa, OCa:lK,lIaBWe­

rOCH B ry6Kax, 11JIIiI nplil HeCOOTBeTCTBYlO~eMq,paKIJ;1iI1iI ::lToro MaTepl1aJIa, nOCeJIeHl1e
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cPopaMYlHYlcPep B ry6Kax npOYlCXO,D;Y1JIO T01Ke B OrpaHYI'ieHHOM KOJIYlqeCTBe. B CBR3Y1

C 9TYlM ,D;eTaJIbHbIt1: aHaJIYl3 paCnpOCTpaHeHYlR T. vagans B C006II.\eCTBaX ry6oK, npe,D;­

CTaBJIeHHbIX B pa3pe3aX OKCcPOp,D;a, M01KeT ,D;aTb KpYlTepYlH, XapaKTepYl3yIOII.\Y1e TeMllbI

reppYlreHHOrO OCa,D;KOHaKOnJIeHYlR B nepYlo,D;ax pa3BYlTYlR ry6KoBbIX cPaQYlt1: OKCcPOp,D;a.

CYlM6Y103 T. vagans C KpeMHeBbIMYI ry6KaMYI Y1MeeT XapaKTep KOMMeHCaJIYl3Ma

B ero OC060M npORBJIeHYlYI, Ha3bIBaeMOM Y1HKBYlJIYlHYl3MOM. <t>opaMYlHYlcPepbI HaXO,D;Y1JIYI

B ry6Kax 6e30nacHoe y6e1KYlII.\e Y1, KpoMe Toro, 6Y,D;yqYl naCCYlBHbIM cPYlJIbTpaTopOM,

nOTpe6JIRJIYI nYlII.\y, nOCTaBJIReMyIO B Y1X HanpaBJIeHYIYI aKTYlBHbIM cPYlJIbTpaTOpOM ­

ry6Kot1:. <t>opaMYlHYlcPepbI YI ry6KYI nYlTaJIYlCb pa3HbIM BeII.\eCTBOM YI 6e3KOHcPJIYlKTHOCTb

B 9TOM OTHOilieHYIYI RBJIReTCR ,D;onOJIHYlTeJIbHbIM ,D;OKa3aTeJIbCTBOM KOMMeHCaJIbHOrO xa­

paKTepa cYlM6Y103a 9TYlX OpraHYl3MoB. MaccoBbIe nOCeJIeHYlR TOJIYlnaMMYlH B ry6Kax

MOrJIYI BbI3bIBaTb qaCTYlQHO npOCTpaHCTBeHHbIt1: napa3Y1TYl3M, COCTORII.\Y1t1: B 3aMe,D;JIeHYIYI

QYlPKYJIRQYIYI BO,D;bI B ry6Ke. O,D;HaKO, 9TOT KOHcPJIYlKT Me1K,D;y cPopaMYlHYlcPepot1: H ry6­

Kot1: He ,D;OCTYlraJI HYlKOr,D;a KpYlTYlqeCKOrO MOMeHTa. Hao6opOT, cPopaMYlHYlcPepbI nepe­

XBaTbIBaJIYI KpynHbIe MYlHepaJIbHbIe qaCTYlQbI, nOna,D;aBIIIYle B ry6Ky C npYlBO,D;RII.\Y1M

nOTOKOM, pacnpe,D;eJIRJIYI Y1X 3aKOHOMepHO B KOHCTpyKQYlRX CBOYlX Tpy60K Y1, TaKYlM:

06pa30M, npe,D;OTBpaIQaJIYI B03M01KHOCTb 06pa30BaHYlR CKOnJIeHYlt1:, 3aKynopYlBaIOII.\Y1X

KaHaJIbI Y1ppYlraQYlOHHot1: CYlCTeMbI.

TOJIYlnaMMYlHbI npOHJ:lKaJIYI B ry6KYI BepORTHO qepe3 ,D;epMaJIbHbIe nopbI B BYI,D;e

He3peJIbIX, aMe6oBYI,D;HbIX IIIYl30HTOB Y1JIYI raMOHTOB, KOTopbIe npYlKpenJIRJIYlCb JI01KHO­

H01KKaMYI K CTeHKaM BO,D;HbIX KaHaJIOB Y1JIYI K cnYlKyJIaM. IIocJIe 9Toro OHM 6bICTPbIMYI

TeMnaMYI OKpY1KaJIYI CBOt1: npOJIOKyJIIOM MYlHepaJIbHot1: cTeHKot1: YI npYlcTynaJIYI K Ha­

paIQYlBaHYlIO ,D;JIHHHOt1:, Tpy6Koo6pa3Hot1: BTOpOH KaMepbI, npOHYlKaBIIIet1: CKBO;3b CJI01K­

HyIO CYlCTeMY KaHaJIOB ry6KYI, KaK npaBYlJIO B HanpaBJIeHYIYI TeqeHYlR. T. vagans npe­

KpaCHO npYlcnOCa6JIYlBaJIaCb K o6pa3y 1KYl3HYI B BO,D;HbIX KaHaJIaX ry6oK, 'ITO BbIpa­

1KaJIOCb B Y1CKJIIOqYlTeJIbHot1: nJIaCTYlqHOCTYI cP0PMbI Tpy60K OT,D;eJIbHbIX oco6et1:. Tpy6­

KH OTMYlpaIO~X cPopaMYlHYlcPep T. vagans 3aCeJIRJIYlCb qaCTO CJIe,D;YIOIQYlMYI reHepa­

QYlRMYI TOJIYlnaMMYlH, 'ITO RBJIReTCR Bbxpa3Y1TeJIbHbIM ,D;oKa3aTeJIbCTBOM BeCbMa 6JIaro­

npYlRTHbIX yCJIOBYlt1: ,D;JIR Y1X 06Y1TaHYlR BHyTpYl ry60K.

MaCCOBoe nORBJIeHYle T. vagans B OKCcPOP,D;CKYlX ry6Kax npe,D;CTaBJIReT Y1CKJIIO­

qYlTeJIbHOe RBJIeHYle, TaK KaK Y1HKBYlJIYlHYl3M cPopaMYlHYlcPep B ry6Kax He Ha6JIIO,D;aJICR

60JIbilie HYI B Y1CKOnaeMbIX, HYI B COBpeMeHHbIX YCJIOBYlRX. KpOMe Toro, npe,D;CTaBYlTeJIYI

pO,D;a Tolypammina Rhumbler BCTpeqaIOTCR pe,D;KO BHe OKCcPOP,D;CKOH ry6KoBot1: cPaQYlYI.

3TO 06'bRCHReTCR, nO-BYI,D;Y1MOMY, oco6eHHbIMYI Tpe60BUHYlRMYI 9TYlX cPopaMYlHYlcPep

B OTHOilieHYIYI Cpe,D;bI 06Y1TaHYlR. KaK 6eHTOHHbIe cPOPMbI, TOJIYlnaMMYlHbI Tpe6YIOT ,D;JIJI

npYlKpenJIeHYlR npOqHOrO OCHOBaHYlJI B YCJIOBYlRX nO,D;BYl1KHbIX BO,D; (npYlBHOC nYlIQYI)

H ,D;OBOJIbHO Me,D;JIeHHot1: aKKYMYJIRQYIYI MaTepYlaJIa npYlrO,D;Horo ,D;JIR coopY1KeHYlR Tpy­

60K. MaCCOBoe pa3BYlTYle KpeMHeBbIX ry60K B OKCcPop,D;e YI OCa,D;KOHaKOnJIeHYle COOTBeT­

cTByIOIQerO TeppYlreHHOro MaTepHaJIa B BO,D;peMe C03,D;aBaJIYI BeCbMa 6JIarOnpHRTHYIO

9KOJIOrYlQeCKYIO cpe,D;y ,D;JIH MaCCOBoro pa3BYlTYlH 9Toro BYI,D;a.

OQeHb CYlJIbHaR Y13MeHqYlBOCTb, Ha6JIIo,D;aIOII.\aRCH y T. vagans, 06HTaIOIQYlX B CYlM­

6Y103e C ry6KaMYI, CTaBYlT no,D; COMHeHI1e ,D;OCTOBepHOCTb ,D;:narHOCT:nqeCKYlX KpYlTepYleB,
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xapaKTepl13yroll"\l1X Bl1~bI po~a Tolypammina Rhumbler. BOJIbWl1HCTBO 3Tl1X Bl1~OB,

B TOM 'Il1CJIe l1 HeKoTopble naJIeo30ticKl1e Bl1~bI, CJIe~yeT, no BceH BepoHTHOCTl1, pac­

CMaTpl1BaTb B Ka'IeCTBe MJIa~Wl1X Cl1HOHl1MOB T. vagans.

EXPLANATION OF PLATES

Plate XIX

Tolypammina vagans (Brady)

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

Fig. 2. 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.

Fig. 3. 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.

Fig. 4. Megalospheric proloculus with a fragment of second chamber from subdermal
space of Craticularia sp. (Z. Pal. F. XVI/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
tubes within various canals of siliceous sponge water system: 1- specimen
from subchoanal canal (Z. Pal. F. XVI/4), 2 - specimen from incurrent canal
(Z. Pal. F. XVI/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)

Figs. 1-2. Two irregularly bent test fragments numerous nan'owings and
swellings (prepared out of subdermal spaces of Ceasaria sp.) (Z. Pal. F. XVII7
and 8); Klobuck (CzElstochowa district), Middle Oxfordian; X 20.

Figs. 3, 5-6. Various test fragments from incurrent (Figs 5-6) and excurrent canals
(Fig. 3) of CypeHia sp. illustrating morphological variability versus canal
shape of sponges (Z. Pal. F. XVI/9, 11 and 12); Klobuck (CzElstochowa district),

Middle Oxfordian; X 25.

Fig. 4. A test fragment with well visible narrowings corresponding to spaces in spi­
culae network (prepared out of inhalant zone of Pachyascussp.) (Z. Pal. F.
XVI/I0); Krzeszowice - "Nowa Krystyna" mine (Cracov district), Middle Ox­
fordian; X 40.



OXFORDIAN TOLYPAMMINA V AGANS (FORAMINIFERIDA)

Plate XXII
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Tolypammina vagans (Brady)

Figs 1-3. Three specimens with microspherical proloculi (Z. Pal. F. XV1!13, 14 and
15); Krzeszowice - "Nowa Krystyna" mine (Cracov district), Middle Oxfor­
dian; X 50.

Figs 4-8. Specimens with megalospherical proloculi (Z. Pal. F. XVI!16 to 20); Figs
4-5 - Krzeszowice - "Nowa Krystyna" mine (Cracov district), Figs 6-7­
Klobuck (Cz~stochowa district) Middle Oxfordian; Fig. 8 - Bolmin (Holy

Cross Mts), Upper Oxfordian; X 50.

Plate XXIII

Tolypammina vagans (Brady)

(Stereoscan micrographs at 20 Kv)

Fig. 1. A fragment of broken second chamber. Smoth internal wall with indistinct
growth bands (Z. Pal. F. XVI!23); Korzecko (Holy Cross Mts), Upper Oxfor­
dian; X 450.

Fig. 2. Enlarged fragment of external surface of the same tube; X 1000.
Fig. 3. Enlarged fragment of internal surface of the same tube, X 1000.

Plate XXIV

Tolypammina vagans (Brady)

Fig. 1. A fragment of two generations of tests in "tube··in- tube" aggregation (prepared
out of excurrent canal of Feifelia sp.) (Z. Pal. F. XVII21); Krzeszowice - "No­
wa Krystyna" mine (Cracov district), Middle Oxfordian; X 100.

Fig. 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. XVI!21); Krze­
szowice - "Nowa Krystyna" mine (Cracov district), Middle Oxfordian; X 80.

Fig. 3. 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. XVI!22); Wrzosowa (suburb of Cz~stochowa), Middle
Oxfordian; X 5.
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