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As so ci ate ed i tor: Tadeusz Peryt

Fos sil fil a men tous and non-fil a men tous bac te ria are re ported from the Up per Ju ras sic lime stones of the Raptawicka Turnia
Lime stone For ma tion in the Ma³y Giewont sec tions of the West ern Tatra Moun tains (Po land). The fil a men tous bac te ria are
sub di vided into five groups: thin uni seri ate, large multi-cell, large spi ral, ta per ing and branched forms. The thin uni seri ate fil a -
ments are the main mi cro bial com po nent of the peloids and mi cro-oncoids from the stud ied for ma tion, mainly in the Up per
Kimmeridgian–Tithonian lime stones. The pres ence of the heterocyte-like ter mi nal cells sug gests their in ter pre ta tion as
cyanobacteria sim i lar to the mod ern or der Nostocales and per haps to the fam ily Nostocaceae. The large multi-cell and ta per -
ing fil a ments are un com mon in the stud ied lime stones. The branched fil a ments found in the Tithonian lime stones, al though
thin ner, prob a bly also may be com pared with some mod ern rep re sen ta tives of the or der Nostocales. Non-fil a men tous fos sil
bac te ria found in the stud ied lime stones con sist of rod-shaped ba cilli, monotrichous ba cilli and spirilla; they be long mainly to
the phy lum Proteobacteria. Some microborings ob served in the microfossils oc cur ring in the mi cro-oncoids re mind the
ichnotaxon Scolecia filosa Radtke known to be of wide palaeobathymetric range. The thin nest microborings re sem ble an -
other group of ichnofossils named “Pygmy form”, prob a bly also of bac te rial or i gin. The Up per Kimmeridgian–Tithonian mi -
cro-oncoids were formed mainly by fil a men tous bac te ria (Cyanobacteria) that over grew suc ces sively their nu clei with a few
to sev eral laminae. Fre quent oc cur rence of pe lagic microfossils as nu clei of mi cro-oncoids does not match a trans port of
these coated grains from much shal lower sed i men tary en vi ron ments. The fos sil fil a men tous bac te ria fill ing up the peloids
and mi cro-oncoids could be adapted to con di tions that ex isted in the sublittoral zone be low the wave base.
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INTRODUCTION 
AND PREVIOUS RESEARCH

The pe lagic “oo lites” as de fined by Jenkyns (1972) were
con sid ered to rep re sent a dis tinc tive li thol ogy of the Tethyan
Up per Ju ras sic (Jenkyns, 1980). Ear lier, Lefeld and Radwañski
(1960) pos tu lated that the “pseudo-ooids” (= mi cro-oncoids and 
peloids) from the Up per Ju ras sic and Lower Cre ta ceous lime -
stones of the High-Tatric Suc ces sion (Tatra Moun tains, south -
ern Po land – Fig. 1) formed prob a bly as a re sult of ac tiv ity of
Cyanophyceae (now Cyanobacteria). Their in ter pre ta tion was
not sup ported with any di rect ev i dence, as at that time the fos sil
mi cro bial struc tures could not be doc u mented with the ap pro -

pri ate light mi cro scopic (LM) pho to graphs nor scan ning elec -
tron mi cro scopic im ages (SEM pho to mi cro graphs). Jenkyns
(1972) con cluded that mi cro-oncoids from the Up per Ju ras sic
lime stones were linked with sed i men ta tion in the photic zone
un der pe lagic con di tions. Jenkyns (1972) agreed with the opin -
ion of Lefeld and Radwañski (1960) about the cyanophycean
or i gin of their “pseudo-ooids”, but also his fig ures did not show
any di rect ev i dence of the pres ence of the mi cro bial fos sils in
mi cro-oncoids and peloids. Ac cord ing to Mišik (1998: 15), “It
can not be ex cluded that the ‘pe lagic’ mi cro-oncoids were pro -
duced by bac te rial ac tiv ity un der the photic zone and the sort ing 
of mi cro-oncoids was car ried out by bot tom cur rents”. Prob a bly, 
the first doc u men ta tion on the oc cur rence of mi cro bial fil a ments 
was re cently pre sented for a Lower Kimmeridgian peloid and
two Tithonian coated grains (Pszczó³kowski et al., 2016).

The main ob jec tives of the pres ent con tri bu tion are as fol -
lows: (1) to de scribe and il lus trate fos sil bac te ria from the Up per
Ju ras sic lime stones of the Ma³y Giewont area (High-Tatric Suc -
ces sion), mainly those oc cur ring in mi cro-oncoids and peloids,
and (2) to in di cate their prob a ble sys tem atic af fin ity by com par i -
son of their mor phol ogy mainly with the mod ern taxa of bac te ria.
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MATERIAL AND METHODS

The sam ples for this study were col lected from three sec -
tions of the Raptawicka Turnia Lime stone For ma tion (RTL Fm.)
lo cated at the west ern slope of Ma³y Giewont Mount, West ern
Tatra Moun tains in Po land (Fig. 1; see also Pszczó³kowski et
al., 2016). Fifty-six sam ples were taken from sec tion A, 69 from
sec tion B, and 54 from sec tion P. The mi cro bial fos sils were
stud ied in thin-sec tions with a Nikon Po lar iz ing Mi cro scope
ECLIPSE LV100POL at the In sti tute of Geo log i cal Sci ences
(Re search Cen tre in War saw), Pol ish Acad emy of Sci ences.
The mi cro bial fab ric of the peloids and mi cro-oncoids from the
RTL Fm. in Ma³y Giewont was in ves ti gated in thin-sec tions un -
der a light mi cro scope (LM); mag ni fi ca tion ~1000X re veals the
dense mesh work of thin cal ci fied fil a ments. Fur ther en large -
ment of the LM pho to graphs (or its frag ments) up to ~2800X al -
lows to dis cern de tails of these fil a ments. Six sam ples of lime -
stones from sec tions B and P were in ves ti gated un der a scan -
ning elec tron mi cro scope (SEM) JEOL JSM/JXM 840A, also at
the Re search Cen tre in War saw of the In sti tute of Geo log i cal
Sci ences.

GEOLOGICAL SETTING

Lefeld (in Lefeld et al., 1985: 26–30) in cluded the Up per Ju -
ras sic and Lower Cre ta ceous lime stones of the High-Tatric
Suc ces sion in the Raptawicka Turnia Lime stone For ma tion.

One of the ref er ence sec tions of this for ma tion was des ig nated
on the west ern slope of Ma³y Giewont Mount in the West ern
Tatra Moun tains (Lefeld et al., 1985: 26, fig. 7). The Up per Ju -
ras sic lime stones of the Raptawicka Turnia Lime stone For ma -
tion (RTL Fm.) were sam pled on the north west ern slope of Ma³y 
Giewont Mount along three sec tions: A, B and P in Fig ure 1B, C
(see also Pszczó³kowski et al., 2016). Sec tion A, lo cated in the
mid dle of the north west ern slope of Ma³y Giewont Mount
(Fig. 1B, C), com prises Kimmeridgian–Tithonian lime stones of
the RTL Fm., 65 m thick (Fig. 2). Sec tion B is placed 55 m west
and downslope of sec tion A (Fig. 1B, C); its base (sam ple G-1)
is lo cated 32 m above the lower bound ary of the RTL Fm.
(Fig. 1C). The sam pled beds of sec tion B are com posed of the
Kimmeridgian–Tithonian lime stones, 67 m thick (Fig. 2, sec -
tion B). Sec tion P is ex posed along a tour ist trail lead ing to
Giewont Mount (Fig. 1C); 55 sam ples (P-626 to P-680) were
col lected from the Callovian–Lower Kimmeridgian lime stones
(Fig. 2, sec tions B and P).

Macrofauna is scarce in the Up per Ju ras sic lime stones of
the RTL Fm. (Passendorfer, 1928, 1951). The biostrati -
graphical sub di vi sion of these lime stones ex posed on the west -
ern slope of Ma³y Giewont Mount is based mainly on planktic
microfossils (cal car e ous dinoflagellate cysts, chitinoidellids and 
calpionellids; Pszczó³kowski et al., 2016).

In the Ma³y Giewont sec tions, the fol low ing microfossil
zones were dis tin guished in the stud ied lime stones of the RTL
Fm.: acme Fibrata (Oxfordian), acme Parvula (Lower
Kimmeridgian), Moluccana, Borzai (Up per Kimmeridgian),
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Fig. 1A – lo ca tion map of the Tatra Moun tains in Po land; B – lo -
ca tion of the sec tions stud ied (A, B and P) on the west ern slope
of Ma³y Giewont Mount, West ern Tatra Moun tains (geo log i cal
map af ter Bac-Moszaszwili et al., 1979, partly mod i fied); C – de -
tailed lo ca tion of the stud ied sec tions A, B and P

B – the white rect an gle shows lo ca tion of Fig ure 1C; black tri an gles:
1728 (m) – Ma³y Giewont Mount, 1822 (m) – Giewont Mount; C –
RTL Fm. – Raptawicka Turnia Lime stone For ma tion, JK –
Callovian–Hauterivian, K – Krupianka Lime stone For ma tion
(Bathonian), T – Tri as sic lime stones and dolomites; the touristic trail
leads to Giewont Mount (1822 m) – see also Pszczó³kowski et al.
(2016: fig. 1C)
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Tithonica-acme Pulla(?), Malmica (Lower Tithonian), Chitino -
idella and Crassicollaria (Lower–Up per Tithonian, Fig. 2; see
also Pszczó³kowski et al., 2016). The Up per Tithonian
Crassicollaria Zone (pro parte) was re ported only from sec tion
A (Fig. 2). The lime stones, ~25 m thick, be tween the acme
Fibrata and acme Parvula zones were stud ied in sec tion P only
(Fig. 2). In fre quent cal car e ous dinocysts do oc cur in this in ter -
val (Schizosphaerella cf. minutissima and Colomisphaera cf.
lapidosa), but the taxa in dic a tive of the zones es tab lished for
the Carpathians (Reháková, 2000; Reháková et al., 2011; Jach
et al., 2014) were not re corded. The Globochaete microfacies is 
char ac ter is tic for these Lower Kimmeridgian lime stones. In sec -
tion B (Fig. 2), the fol low ing microfacies oc cur (Pszczó³kowski
et al., 2016): Bositra (Callovian), Conoglobigerina (Oxfordian),
Globochaete (Up per Oxfordian–Lower Kimmeridgian), Globo -
chaete-–Saccocomidae (Lower Kimmeridgian), Bositra–Sac -
co comidae (Lower–Up per Kimmeridgian), Saccocoma–Globo -
chaete (Up per Kimmeridgian–Lower Tithonian) and Sac -
cocoma (Tithonian). Peloids pre dom i nate in the Globochaete
MF, whereas mi cro-oncoids and cortoids are com mon in the
last three microfacies types. In sec tion A (Fig. 2), the
Kimmeridgian–Tithonian lime stones con tain three microfacies:
Globochaete–Saccocomidae, Bositra–Sacco comidae (or its
vari ant, Bositra–Saccocomidae–Globochaete) and Saccoco -
ma–Glo bo chaete (Pszczó³kowski et al., 2016).

RESULTS

PELOIDS AND MICRO-ONCOIDS

The peloids and mi cro-oncoids are ubiq ui tous in the Up per
Ju ras sic lime stones of the Raptawicka Turnia Lime stone For -
ma tion. The peloids are 40–600 µm in di am e ter be ing usu ally
darker than the sur round ing de posit or ce ment (Figs. 3A, 4F,
5A, 6A and 7E). Some Up per Kimmeridgian–Tithonian peloids
are com posed mainly of mi cro bial fil a ments (Figs. 3A, C and
6A, B), with a sub or di nate ad mix ture of other com po nents, such 
as cal car e ous nannofossils and micrite. Such grains can cor re -
spond to al gal and mi cro bial (cyanobacterial) peloids or pel lets
(Flügel, 2004). How ever, in the Lower Kimmeridgian lime -
stones, there are peloids con sist ing of micritic ma trix with dis -
persed mi cro bial fil a ments (Pszczó³kowski et al., 2016: fig. 5B)
or dis play ing partly recrystallized struc ture (Fig. 5A) with a few
mi cro bial fil a ments and cal car e ous nannofossils (Fig. 5C). In
gen eral, some peloids from the Up per Ju ras sic lime stones of
the RTL Fm. may rep re sent fae cal pel lets – oval or elon gate,
some times spin dle-shaped.

In the stud ied lime stones, the mi cro-oncoids are
0.2–1.0 mm in di am e ter; their cor ti ces are com posed of lay ers
(laminae) usu ally 10–40 µm wide. The laminae are typ i cally reg -
u lar in shape and usu ally do not over lap. The bright lay ers are

Fig. 2. Sec tions A, B and P ex posed on the west ern slope of Ma³y Giewont Mount, West ern Tatra Moun tains 
(Fig. 1B, C; af ter Pszczó³kowski et al., 2016: fig. 4, partly mod i fied)

Krup. – Krupianka Lime stone For ma tion (Bathonian af ter Lefeld in Lefeld et al., 1985: 24–25), Chitin. – Chitinoidella Zone (sec tion A);
dotted lines be tween the sec tions in di cate cor re la tion of the microfossil zones
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more re sis tant form ing ap par ent “ridges” in the LM view of
thin-sec tion, whereas the dark lay ers seem to oc cur as tiny con -
cen tric “de pres sions” (Figs. 7A, 8A, 10A and 12A). This con -
trast be tween the laminae is prob a bly re lated to fluc tu a tions in
CaCO3 con tent. The mi cro bial fil a ments are per pen dic u lar to
the – rather dif fuse – con cen tric lay ers’ bor ders (“erect
cyanobacterial fil a ments” – Rid ing, 1991), but some times their
ori en ta tion seems to be quite ir reg u lar in side the laminae. The

nu clei of mi cro-oncoids con tain com monly pe lagic microfossils
(Figs. 8A and 12A), but ben thic foraminifera are also pres ent
(Pszczó³kowski et al., 2016). The white fine-grained cal cium
car bon ate in fill ing the cen tral part of the microfossil, oc cur ring
as the nu cleus of the mi cro-oncoid (Fig. 8B), is com posed of
clots, about 0.25 µm across. This clot ted fab ric (cf. Rid ing,
2000) seems to pass into dense micrite (Amor phous Cal cium
Car bon ate? – ACC, cf. Weiner et al., 2003).

INFORMAL GROUPS OF MICROBIAL FOSSILS

MICROBIAL FILAMENTS

1. Thin uni seri ate fil a ments. The mi cro bial fos sils fre -
quently ob served in the Up per Ju ras sic lime stones of the Ma³y
Giewont sec tions are thin uni seri ate multi-cell cal ci fied fil a -
ments oc cur ring in the mi cro-oncoids and peloids, but some -
times also out side these grains in the sur round ing de posit.
These fil a ments are straight or curved, some times nearly
planispiral (Fig. 3D), up to 20 µm in length. Trans verse sec tions
of the fil a ments are 0.2–1.0 µm wide (Fig. 4C, E, F); how ever,
the di am e ter of their ter mi nal (api cal) cells can range from ~0.8
up to 2.4 µm (tc in Figs. 4C, E and 7C, D). The peloids from the
Oxfordian–Lower Kimmeridgian lime stones con tain thin uni -
seri ate mi cro bial fil a ments, some times hardly vis i ble in the
micritic ma trix (Pszczó³kowski et al., 2016: fig. 5B) or within a
pseudo-ra dial fab ric of these grains (this study, Fig. 5A). In di -
vid ual mi cro bial fil a ments from the Lower Kimmeridgian lime -
stones are com posed of a cal ci fied sheath, 0.25 µm thick, and a 
hol low cen tral part – prob a bly af ter de graded trichome
(Fig. 5E). The par ti tions marked on the cal ci fied sheath pos si bly 
rep re sent the traces of walls be tween the trichome cells
(Fig. 5E). The cal ci fied sheath is com posed of very fine-grained
(amor phous?) cal cium car bon ate.

The peloids from the Up per Kimmeridgian–Tithonian lime -
stones are usu ally com posed of densely packed thin mi cro bial
fil a ments (f1 in the up per right part of Fig. 6B), some times di -
chot o mously branched (f2 in Fig. 6B). How ever, sys tem atic
iden tity of the branched fil a ments and the uni seri ate ones is un -
cer tain. Some uni seri ate fil a ments are com posed of 6 to 9 cells
(f1 in Figs. 3C, D; f in Figs. 4E and 7C). The cal ci fied fil a ments
can form cir cu lar or oval bun dles, 5–17 µm in di am e ter, in
peloids (f2 in Fig. 3C; f1 in the cen tral part of Fig. 6B; f in
Fig. 7D) and mi cro-oncoids (fb in Fig. 7B and f1 in Fig. 10C), as
well as in the sur round ing biomicrite (f2 in Fig. 3C, on the right;
fb in Fig. 4F). The fil a ment bun dle (f1) shown in Fig ure 10C re -
sem bles an over turned bas ket, about 3 µm in di am e ter at the
base, 5 µm at the top, and 3.5 µm high.

The thin uni seri ate mi cro bial fil a ments are fre quently ter mi -
nated with cone-shaped cells (tc in Fig. 4C, E) or, some times,
with smaller dark ovoid cells (f1 in the lower left part of Fig. 6B).
Some fil a ments are ter mi nated with larger spin dle-form cells (tc
in Fig. 7C, D – in the lower part of the im age). The re sults of LM
anal y sis show that the above-de scribed fos sil uni seri ate fil a -
ments are the main – al though not unique (see be low) – mi cro -
bial com po nent of the peloids and mi cro-oncoids from the stud -
ied lime stones of the RTL Fm., mainly in the Late
Kimmeridgian–Tithonian strata.

The Up per Kimmeridgian dark uni seri ate fil a ment shown as
f1 in Fig ure 11C is ~1 µm wide and 6 µm long. The fil a ment
seems to oc cur within a larger microboring cut by a thin-sec -
tion plane. In an Up per Tithonian mi cro-oncoid (Fig. 8A) the
straight fil a ments (5–10 ´ 0.3–0.6 µm), ter mi nated with slightly
larger cone-shaped or oval elon gate cells, also oc cur in
microborings (f in Fig. 8B). Their palaeo eco logi cal sta tus and
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Fig. 3A – dark peloid, 380 µm in di am e ter, com posed mainly of
densely packed uni seri ate mi cro bial fil a ments, 0.3–1.0 µm
wide, straight or ir reg u larly curved (sam ple/thin-sec tion G-40,
sec tion B in Fig. 2, up per most Kimmeridgian), white rect an gles
de note frag ments shown in Fig ures 3C and 4B, F, ar row in di -
cates lo ca tion of bac te rium il lus trated in Fig ure 3B, in the cen -
tral part of the peloid; B – rod-shaped bac te rium (ar row) 0.2 µm
wide and 1.7 µm long; C – en larged part of Fig ure 3A show ing
frag ment of peloid il lus trated in Fig ure 3A (on the left) and bac -
te ria-bear ing de posit (biomicrite, on the right): (b) bac te rium
with po lar flagella in the mar ginal part of the peloid (see also
Fig. 11A), (f1) planispiral mi cro bial fil a ment lo cated in the de -
posit out side the peloid (cf. Fig. 3D), (f2) bun dles of uni seri ate
fil a ments, 6 and 7 µm in di am e ter, in the mar ginal zone of the
peloid and in the de posit, rect an gle in di cates lo ca tion of the
peloid frag ment shown in Fig ure 4A; D – en larged part of Fig -
ure 3C show ing planispiral mi cro bial fil a ment (f1) com posed of
8 to 9 seg ments (prob a bly fos sil ized cells) with the larger api cal 
one (0.9 µm wide)

https://gq.pgi.gov.pl/article/view/25580
https://gq.pgi.gov.pl/article/view/25580


844 Andrzej Pszczó³kowski

Fig. 4. Fos sil mi cro bial forms in peloids and mi cro-oncoids (crossed polars)

A – en larged part of the peloid shown in Fig ure 3C – (b) helicoid bac te ria, 0.2 µm in di am e ter and
2 µm long; B – en larged part of the peloid il lus trated in Fig ure 3A – (b) cy lin dri cal bac te rium, 0.5 µm
wide and 1.4 µm long, ter mi nated with thin ner screw-like flagellum; C – mi cro bial fil a ment (f) com -
posed of 5(?) seg ments and a larger (elon gate) ter mi nal cell (tc), sam ple G-26, Up per Kimmeridgian; 
D – mi cro bial fil a ment (f) con sist ing of a few seg ments and a larger cone-shaped ter mi nal cell (tc),
oc cur ring in a mi cro-oncoid (sam ple/thin-sec tion G-68, sec tion B in Fig. 2, Chitinoidella Zone,

Tithonian), crossed polars; E – mi cro bial fil a ment, 4.7 ´ 0.6 µm (f), ter mi nated with a larger cell,
1.2 µm wide (tc), in a mi cro-oncoid (sam ple/thin-sec tion G-27, biooncomicrite, sec tion B in Fig. 2,
Moluccana Zone, Up per Kimmeridgian), crossed polars; F – en larged part of Fig ure 3A – yel low ar -
rows in the lower part of the im age in di cate the bound ary of the dark peloid, (b) monotrichous bac te -
ria, 0.5–0.9 µm wide, (f) thin mi cro bial fil a ments (0.4–0.6 µm wide) oc cur ring in the peloid, some
ter mi nated with a larger cell, 0.7 –1.0 µm in di am e ter, (fb) fil a ment bun dles, 4 and 9.5 µm in di am e ter, 
vis i ble in the de posit
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Fig. 5. Lower Kimmeridgian mi cro bial fil a ments and nannofossils in peloids

A – peloid (310 µm in di am e ter) with a pseudoradial struc ture, thin uni seri ate mi cro bial fil a ments be -
tween the calcitic “rays” can be rec og nized un der higher mag ni fi ca tion ( G-13, sec tion B in Fig. 2); B
– SEM pho to mi cro graph of a ra dial ooid with a peloid as a nu cleus com posed mainly of mi cro bial fil a -
ments, 0.2–0.6 µm wide, and a few micrometres long (f), sam ple/thin-sec tion P-642, lime stone chip
etched in 3% HCl (sec tion P in Fig. 2, low er most Kimmeridgian); C – SEM pho to mi cro graph of a

small peloid (64 ´ 52 µm) con tain ing a few mi cro bial fil a ments ter mi nated with a cup-shaped (f1) or
glob u lar cell (f2) and cal car e ous nannofossils (c), rect an gle in di cates the part en larged in Fig ure 5D
(sam ple/thin-sec tion P-642, sec tion P in Fig. 2, Lower Kimmeridgian); D – en larged part of Fig ure
5C: (f1) mi cro bial fil a ment with mi nor branches, (tc) ter mi nal cup-shaped cell; E – SEM pho to mi cro -
graph of a tube-like mi cro bial form (fil a ment), 0.7–1.0 µm in di am e ter, the wall is 0.25 µm thick, ar -
rows in di cate bound aries of tube seg ments (cells?), fresh chip (sam ple/thin-sec tion P-642, sec tion P 
in Fig. 2, Lower Kimmeridgian)
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tax o nomic po si tion may be dif fer ent in com par i son with the
other (above de scribed) thin uniserial fil a ments (f2 in Fig. 11C).

2. A large multi-cell fil a ment. A mi cro bial fil a ment (f in
Fig. 9A), 10 µm long and 1.6 µm wide, was found in the Up per
Kimmeridgian lime stone (sam ple/thin-sec tion G-27, sec tion B
in Fig. 2). The fil a ment is ter mi nated with a con i cal cell (tc in
Fig. 9A). This type of mi cro bial fil a ments is by far less fre quent
in the stud ied lime stones than the thin ner form.

3. A large spi ral fil a ment. A rel a tively large spi ral mi cro bial
fil a ment (~13 ´ 1.8 µm) was de tected in a Tithonian mi -
cro-oncoid from the Chitinoidella Zone (Fig. 9D, E). Sim i lar fil a -
ments oc cur also in the Up per Tithonian mi cro-oncoid
(Fig. 10A, A’).

4. Ta per ing fil a ments. Mi cro bial fil a ments ta per ing from
one end to the other (Fig. 9C, G) oc cur in the Tithonian lime -
stones; their di men sions are 5.5 ´ 0.8–1.5 µm and 4.5 ´
0.9–2 µm, re spec tively. The smaller fil a ment shown in Fig -
ure 4D (4.0 µm long and up to 0.7 µm wide) also be longs to this
group. The fil a ments shown in Fig ure 9C, G have a but ton-like
cell at the thin ner end (h), which re sem bles a holdfast.

5. Branched fil a ments. The fol low ing ex am ples are il lus -
trated: (a) a mi cro bial fil a ment la belled f1 in Fig ure 5C, D with
mi nor lat eral branches and ter mi nal cup-shaped cell (tc – api cal
one or holdfast?) from the Lower Kimmeridgian peloid, (b) a mi -
cro bial fil a ment (f) with mi nor lat eral branches and a glob u lar
ter mi nal cell (tc in Fig. 7G) in the mar ginal part of a peloid from
the Tithonian Chitinoidella Zone (Fig. 7E), (c) branched mi cro -
bial fil a ments in mi cro-oncoids from the Tithonian lime stones
(f in Figs. 9I and 10B; f2 ithin-sectionn Fig. 10C), and (d)
branched mi cro bial fil a ments, 0.2–0.7 µm wide, from the peloid
(fae cal pel let?) in the Tithonian Chitinoidella Zone (Fig. 10D).
As con cerns the last ex am ple, the fil a ments are thin tubes with
an empty cen tral ca nal, ~0.2 µm in di am e ter; some fil a ments
are ter mi nated with larger api cal cells (tc in Fig. 10D). In the
Tithonian lime stones, the branched fil a ments are the sec ond
im por tant com po nent of some peloids and mi cro-oncoids (af ter
the thin uni seri ate fil a ments).

NON-FILAMENTOUS BACTERIA

1. A rod-shaped bac te rium, 1.7 ́  0.2 µm, curved at one end
oc curs in the peloid from the up per most Kimmeridgian lime -
stone (Fig. 3A, B).

2. (a) The bac te rium in di cated in Fig ure 3C (b) and en larged 
in Fig ure 11A oc curs in the mar ginal part of the same
Kimmeridgian peloid. A sim i lar spec i men is lo cated not far from
the above-in di cated bac te rium, also in the mar ginal zone of the
peloid.

(b) An other bac te rium from the same up per most
Kimmeridgian peloid is com posed of a rod-shaped cell (1.4 ´
0.5 µm) and one po lar flagellum, ~1.7 µm in length (Fig. 4B).
Sim i lar bac te ria oc cur in the Up per Kimmeridgian lime stone
(b in Fig. 4F) and in the Tithonian oncosparite (b1 in Fig. 7C).
The spec i men from the Tithonian Chitinoidella Zone (b in
Fig. 9I), al though strongly bent, prob a bly also be longs to this
group of bac te ria.

3. A small bac te rium (cell di men sions: 1.4 x 0.9 µm) sup -
plied with a sin gle po lar flagellum (b in Fig. 9G and H) oc curs in
a Lower Tithonian mi cro-oncoid (Malmica Zone).

4. A rod-shaped cell (2.0 ́  1.0 µm) with sev eral short tu bu lar 
ap pend ages (b in Fig. 6B) is pres ent in the Up per Kimmeridgian 
lime stone; the bac te rium is sit u ated at the mar gin of the peloid
shown in Fig ure 6A.

5. The Late Kimmeridgian (Moluccana Zone) rod-shaped
bac te rium, with tuft of flagella at one pole, has a cell 1.2 µm wide 
and 3 µm long (b in Fig. 9A).

6. A cres cent-shaped bac te rium (1.5 ́  0.8 µm) with a sin gle
spi ral flagellum, 2 µm long, is il lus trated from an Up per
Kimmeridgian peloid (b1 in Fig. 9B).

7. Spi ral bac te ria (spirilla) oc cur in some peloids from the
up per most Kimmeridgian (Fig. 4A) and Tithonian lime stones
(b2 in Fig. 7C and b in Fig. 7G). These bac te ria form
ring-shaped clock wise he li ces, 0.2 µm wide and 2.5 µm long
(Fig. 7G). The larger spirilla (12 µm long and 1 µm in di am e ter –
Fig. 7F) from the Tithonian Chitinoidella Zone and from the
Lower Kimmeridgian lime stone (5.1 ´ 0.3-0.6 µm – Fig. 9F)
prob a bly also be long to this bac te rial group.

8. Subglobular cells with spi ral flagellum (b2 in Fig. 7C and b 
in Fig. 7D) are rather dif fi cult to study in thin-sec tions be cause

Fig. 6A – peloid (273 µm in di am e ter) show ing a spongy struc -
ture with nu mer ous mi cro bial fil a ments, rect an gle in di cates lo -
ca tion of the part dis played in Fig ure 6B (thin-sec tion G-27,
sec tion B in Fig. 2, Moluccana Zone, Up per Kimmeridgian); B –
(f1) uni seri ate mi cro bial fil a ments, 0.4–0.8 µm wide, some ter -
mi nated with smaller dark cells (lower left) sim i lar to hetero -
cytes of some mod ern cyanobacteria; the fil a ments form in
places cir cu lar bun dles (cen tre) or dense thicket (up per right),
(f2) di chot o mously branched fil a ment, (b) rod-shaped bac te -

rium (2.0 ́  1.0 µm) sup ported with sev eral short (lat eral) tu bu lar 
ap pend ages (crossed polars)
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Fig. 7. Mi cro bial fil a ments and non-fil a men tous bac te ria from the Chitinoidella Zone,
Tithonian

A – part of weakly de vel oped mi cro-oncoid (~0.5 mm in di am e ter), rect an gle in di cates a frag ment
shown in Fig ure 7B (thin-sec tion G-69, sec tion B in Fig. 2); B – en larged frag ment of the mi -
cro-oncoid il lus trated in Fig ure 7A: the pho to mi cro graph shows mi cro bial mesh work of the cor tex
and a bun dle (about 17 µm in di am e ter) of uni seri ate fil a ments (fb), in di vid ual fil a ments are
0.5–0.8 µm in di am e ter, rect an gle de notes the area en larged in Fig ure 7C; C – en larged part of Fig -
ure 7B: (b1) rod-shaped monotrichous bac te ria, (b2) thin spi ral bac te ria, (b3) small coccoid body
with a po lar flagellum, (f) straight fil a ment, 0.6 µm wide, ter mi nated with a larger api cal cell (tc),
crossed polars; D  – (f) bun dles (up to 7.5 µm in di am e ter) of mi cro bial fil a ments in a peloid: (tc) larger 
api cal cells of some mi cro bial fil a ments, (b) small coccoid body with po lar flagellum (sam -
ple/thin-sec tion G-67, sec tion B in Fig. 2), crossed polars; E – peloid, 407 µm in di am e ter, com posed
of uni seri ate (and some bi fur cated) mi cro bial fil a ments up to 15 µm long, a spirillum vis i ble in the
cen tral part of the peloid (ar row), en larged in Fig ure 7F, rect an gle in di cates the area shown in Fig -
ure 7G (thin-sec tion G-66, sec tion B in Fig. 2); F – en larged frag ment of the cen tral part of the peloid

shown in Fig ure 7E: (s) spirillum 12 ´ 1 µm; G – mi cro bial fil a ments lo cated in the mar ginal zone of
the peloid shown in Fig ure 7E (crossed polars): (f) fil a ment, 4.7 µm long and 1.1 µm wide, with
smaller off shoots and the globose ter mi nal cell (tc), (b) spirilla, 2.5 µm long and ~0.2 µm wide, with
hook-like ends
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of their small di men sions (cell 0.8 µm wide, flagellum ~1 µm
long – Fig. 11B). A small subtriangular cell with po lar flagellum
(b2 in Fig. 9B) may also be long to the same group.

MICROBORINGS

In the Up per Tithonian Crassicollaria Zone, cal car e ous
dinoflagellate cysts oc cur as nu clei of some mi cro-oncoids
(Fig. 8A, B). Traces of bor ing can be seen in the wall, as well as
in the cal cite in fill ing the cen tral area of the cal car e ous dinocyst
(bg in Fig. 8B). The di am e ter of the microborings is 0.2–0.5 µm.
Some uni seri ate mi cro bial fil a ments are pres ent in these
microborings (f in Fig. 8B); their width is 0.3–0.5 µm and length
at tains ~10 µm. The traces of ac tiv ity of mi cro bial endoliths also
oc cur in other microfossils, such as Globochaete alpina
Lombard (Chitinoidella Zone, Tithonian) em bed ded in some mi -
cro-oncoids (Fig. 12A). The microborings are 0.6–2.8 µm in di -
am e ter (bg in Fig. 12B). There fore, en crust ing of G. alpina by

mi cro bial fil a ments was pre ceded by ac tiv ity of mi cro bial
endoliths. Sim i lar microborings were also ob served in the walls
of some cal car e ous dinocysts that are not coated by mi cro bial
fil a ments.

DISCUSSION AND INTERPRETATION

MICROBIAL FILAMENTS

1. Thin uni seri ate fil a ments. Ac cord ing to Leinfelder
(1985), ex act tax o nomic dif fer en ti a tion of fos sil cyanobacterial
struc tures is im pos si ble in rocks older than the Pleis to cene.
A more de tailed com par i son of the Up per Ju ras sic mi cro bial fil a -
ments with the mod ern taxa of bac te ria (cyanobacteria) is dif fi cult 
or im pos si ble, be cause def i ni tions of the gen era are based on a
com bi na tion of mo lec u lar, mor pho log i cal and eco log i cal cri te ria
(Komárek et al., 2014). There fore, in this study com par i sons and
in ter pre ta tions of the Up per Ju ras sic mi cro bial morphotypes with
some fos sil and mod ern bac te ria are based on anal y sis of only
their mor pho log i cal fea tures and di men sions.

Al though the shape of the mi cro bial fil a ments from the RTL
Fm. may some times re sem ble tubes of Girvanella Nichol son
and Etheridge (Wood, 1957; Rid ing, 2006; Bucur et al., 2014) or 
�Rivulariacean-type cyanobacteria” (Uïa and Bucur, 2003), their 
di men sions and struc ture de tails are quite dif fer ent. The
Girvanella and �Rivulariacean-type cyanobacteria” fos sil fil a -
ments are >3 µm in di am e ter (be tween 3 and 30 µm and larger). 
The Girvanella fil a ments from the Kimmeridgian of Cri mea were 
shown to be 5 to 9 µm wide (Bucur et al., 2014: fig. 15k), but
those from the Up per Ju ras sic of Po land seem to be even thin -
ner (~3 to 8 µm in di am e ter – Matyszkiewicz et al., 2006:
fig. 5F). Other fos sil fil a ments named “Rothpletzella/
Pseudorothpletzella-like struc tures” (Bucur et al., 2014:
fig. 16h–j) are also 3.5–5 µm wide; more over, their short tubes
ter mi nated with glob u lar cells are not sim i lar to the mi cro bial fil a -
ments from the Up per Ju ras sic lime stones of the Ma³y Giewont
area. The fil a ments of the mod ern cyanobacteria Plectonema
gloeophilum Borzi – now Leptolyngbya gleophilum (Borzi)
Anagnostidis and Komárek – con sid ered the equiv a lent of the
fos sil Girvanella are ~4.5 to 7 µm in di am e ter (Rid ing, 1977:
pl. 11). The Re cent Leptolyngbya sp. from the intertidal zone of
the Por tu guese coast has fil a ments 1.7–5 µm wide (Brito et al.,
2012: fig. 2n). The mod ern rep re sen ta tives of the ge nus
Rivularia Agardh ex Bonet and Flahault have ta per ing fil a ments
2–25 µm wide (Ulcay et al., 2014). The sim ple mi cro bial fil a -
ments from the Ju ras sic Mn crust (North ern Mo rocco – Reolid
et al., 2011: fig. 10) are also thicker (~1–3 µm in di am e ter) than
the uni seri ate fil a ments in the stud ied RTL Fm. lime stones
(0.2–1 µm).

The mi cro bial bun dles from the RTL Fm. are much smaller
than the “paint brush-like micritic tufts” from the Ju ras sic Por tu -
gal oncoids (Dichothrix morphotype – Leinfelder, 1985: 260 and 
pl. 30/7). These “mi cro-col o nies” of mi cro bial fil a ments from the
RTL Fm. lime stones are roughly sim i lar to the bun dles of bac te -
ria, 1–3 µm in width, il lus trated from the Mid dle Eocene of Egypt 
(“min er al ized leptothrix-like bac te rial bun dles” – Salama et al.,
2013: fig. 9C, D). Nev er the less, the Eocene bac te rial bun dles
are more com pact than those oc cur ring in the stud ied Up per Ju -
ras sic lime stones (for ex am ple, f1 in Fig. 10C). In con trast, the
mod ern spe cies Leptothrix lopholea Dorff (phy lum
Proteobacteria – Garrity and Holt, 2001) forms ag gre gates,
~30–45 µm in di am e ter, com posed of many tri chomes ra di at ing 
from a clus ter of hold fasts (van Veen et al., 1978; Spring, 2006). 
More over, the tri chomes of L. lopholea (and of the
Sphaerotilus–Leptothrix group in gen eral) are not ter mi nated
with larger api cal cells, as in the case of the stud ied mi cro bial fil -

Fig. 8A – mi cro-oncoid with Colomisphaera cf. carpathica
(Borza) as nu cleus, rect an gle in di cates the part en larged in Fig -
ure 8B (thin-sec tion MG-113, sec tion A in Fig. 2, Crassicollaria
Zone, Up per Tithonian); B – en larged part of Fig ure 8A: (bg)
microborings of mi cro bial endoliths (the thin nest bor ings are
0.2–0.3 µm in di am e ter), (f) uni seri ate mi cro bial fil a ments (5–10

´ 0.3–0.5 µm) oc cur ring in the microborings within the wall of a
cal car e ous dinoflagellate cyst (crossed polars)
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Fig. 9. Upper Kimmeridgian and Tithonian bacteria

A – mi cro bial fil a ment, 10 ́  1.6 µm (f), ter mi nated with a larger cone-shaped cell (tc) and a bac te rium

(3.0 ´ 1.2 µm) with a tuft of short po lar flagella (b), peloid (sam ple/thin-sec tion G-27, sec tion B in

Fig. 2, Moluccana Zone, Up per Kimmeridgian); B – bac te ria in a peloid, 355 ´ 304 µm: (b1)

monotrichous bac te rium, 1.5 ´ 0.8 µm, sup ported with a spi ral flagellum, 2 µm long, (b2) small

monotrichous body, 0.8 ́  0.5 µm, with a flagellum, 1 µm long (sam ple/thin-sec tion G-32, sec tion B in

Fig. 2, Moluccana Zone, Up per Kimmeridgian), crossed polars; C – ta per ing fil a ment, 5.5 ´
0.8–1.5 µm (f), in a mi cro-oncoid, (h) but ton-like cell (holdfast?, sam ple/thin-sec tion G-67, sec tion B
in Fig. 2, Chitinoidella Zone, Tithonian); D – mi cro-oncoid formed around an echinoderm bioclast, ar -
row in di cates lo ca tion of the fil a ment shown in Fig ure 9E (sam ple/thin-sec tion G-69, sec tion B in
Fig. 2, Chitinoidella Zone, Tithonian); E – en larged frag ment of the mi cro-oncoid shown in Fig ure 9D, 

ar row in di cates a spi ral mi cro bial fil a ment (Cyanobacteria), ~13 ´ 1.8 µm (crossed polars); F – frag -

ment of a Lower Kimmeridgian mi cro-oncoid with a spi ral bac te rium (b), 5.1 ´ 0.3-0.6 µm (sam -
ple/thin-sec tion MG-69, sec tion A in Fig. 2); G – frag ment of a mi cro-oncoid from the Malmica Zone

(Lower Tithonian): (b) monotrichous bac te rium, (f1) ta per ing fil a ment, 4.5 ´ 2 µm, with a but ton-like
cell (h – holdfast?), (f2) thin fil a ments form ing dense mi cro bial thicket (sam ple/thin-sec tion G-55,

sec tion B in Fig. 2); H – en larged monotrichous bac te rium (b) from Fig ure 9G (1.5 ́  1.0 µm, flagellum 
~1.5 µm long, sam ple/thin-sec tion MG-107, Chitinoidella Zone, Tithonian); I – small frag ment of a

mi cro-oncoid from the Chitinoidella Zone, Tithonian: (b) monotrichous(?) bac te rium, 2.2 ́  1.0 µm, (f)
branched fil a ments (sam ple/thin-sec tion MG-107, sec tion A in Fig. 2)
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Fig. 11A – en larged LM pho to mi cro graph of the bac te rium from Fig ure 3C (b), the con tour of
the bac te rium is drawn as a white line (sam ple/thin-sec tion G-40, sec tion B in Fig. 2, up per -
most Kimmeridgian); B – en larged LM pho to mi cro graph of a small coccoid body with a po lar
flagellum (= b3 in Fig. 7C), the con tour of this mi cro bial form is shown as a white line (sam -
ple/thin-sec tion G-69, sec tion B in Fig. 2, Chitinoidella Zone, Tithonian); C – con tact of a frag -
ment of mi cro bial mat (darker up per part of the LM pho to mi cro graph) with the sur round ing
biointraclastic de posit in the lower part of the im age: (f1) dark uni seri ate mi cro bial fil a ment

(6 ´ 0.75 µm) clearly dif fer ent from (f2) the thin ner fil a ments form ing the dense mesh work
shown in the up per part of the pho to graph, (bg) microborings, ~0.4 µm wide, in an intraclast
(sam ple/thin-sec tion G-27, sec tion B in Fig. 2, Mollucana Zone, Up per Kimmeridgian),
crossed polars

Fig. 10. Mi cro bial fil a ments from Tithonian mi cro-oncoids and a peloid

A – mi cro-oncoid (895 ́  618 µm) from the Crassicollaria Zone (Up per Tithonian, sam ple/thin-sec tion 
MG-107, sec tion A in Fig. 2); white rect an gles: A’ in di cates the area en larged in the in set A’ (f – large
spi ral mi cro bial fil a ments), and B shows the lo ca tion of Fig ure 10B; B – en larged frag ment of the mi -
cro-oncoid shown in Fig ure 10A: (f) mi cro bial fil a ment, 14 µm long, with an ovoid cell and lat eral off -
shoot (crossed polars); C – en larged frag ment of an other mi cro-oncoid (780 µm in di am e ter, also

from thin-sec tion MG-107): (f1) uniserial mi cro bial fil a ments (3.5 ́  0.3–0.5 µm) form ing a bas ket-like
bun dle in a re versed po si tion, 6 µm in di am e ter, (f2) branched fil a ments; D – mi cro bial fil a ments in an 
elon gate peloid (fae cal pel let?): (f) true branched fil a ments, (tc) larger ter mi nal cells, thick ar rows in -
di cate transversal cross-sec tions of the fil a ments – a cen tral “empty” ca nal can be dis cerned (sam -
ple/thin-sec tion G-68, sec tion B in Fig. 2, Chitinoidella Zone, Tithonian), crossed polars
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a ments from the RTL Fm. Some other mod ern bac te ria, such
as Thiotrix spp. (phy lum Proteobacteria – Garrity and Holt,
2001), form ro settes, ~15–30 µm in di am e ter (Unz and Head,
2005). How ever, Thiotrix spp. ro settes are clearly dif fer ent from
the fos sil mi cro bial bun dles found in the RTL Fm. of the Ma³y
Giewont area, and the fil a ments of the com pared bac te ria are
dis sim i lar.

In many mod ern fil a men tous cyanobacteria, ni tro gen fix a -
tion oc curs in dif fer en ti ated cells called heterocytes or hetero -
cysts (Thiel et al., 1995; Vin cent, 2009; Kumar et al., 2010).
Usu ally, these cells are of larger size and have a thicker wall
than the veg e ta tive cells (Tyagi, 1975). If no source of com -
bined ni tro gen is avail able, heterocytes de velop in semiregular
in ter vals along a fil a ment of veg e ta tive cells (Maldener and
Muro-Pas tor, 2010). The cone-shaped or ovoid ter mi nal cells of 
uni seri ate fil a ments from the stud ied lime stones (RTL Fm.) are
sim i lar to heterocytes of some re cent cyanobacteria. Ac cord ing
to Rippka et al. (1979) and Ad ams and Duggan (1999),
heterocysts (= heterocytes) are formed by fil a men tous
cyanobacteria of sub sec tions IV and V (or ders Nostocales and

Stigonematales, re spec tively, af ter Komárek et al., 2014). The
uni seri ate mi cro bial fil a ments ter mi nated with spin dle-form cells 
are char ac ter is tic for some rep re sen ta tives of the mod ern gen -
era Nostoc Vaucher, Cylindrospermopsis Seenayya and
Subba-Raju and Cylindrospermum Kützing (Rippka et al.,
1979, 2001a).

In gen eral, the mod ern cyanobacteria vary in di am e ter from
<1 to >100 µm (Ad ams and Duggan, 1999). The tri chomes of
cyanobacteria from the above-men tioned gen era are usu ally
much thicker than the fos sil fil a ments oc cur ring in the stud ied
Up per Ju ras sic lime stones from the West ern Tatra Moun tains.
Only the rep re sen ta tives of the ge nus Cylindrospermopsis pos -
sess thin tri chomes (<4 µm in di am e ter ac cord ing to Rippka et
al., 2001a). In deed, the il lus trated fil a ments of Cylindrosper -
mopsis (Rippka et al., 2001a: fig. B10.75) are ~0.8 µm in di am e -
ter. The pres ence of the heterocyte-like ter mi nal cells is the
char ac ter is tic fea ture of the stud ied thin mi cro bial fil a ments,
sug gest ing their in ter pre ta tion as cyanobacteria sim i lar to the
mod ern or der Nostocales and – per haps – to the fam ily
Nostocaceae C.A. Agardh ex Kirchner (Komárek et al., 2014).
The uni seri ate fil a ments from the Up per Ju ras sic lime stones of
the Ma³y Giewont area prob a bly be longed to the fos sil group of
cyanobacteria char ac ter ized by rel a tively short and ex tremely
thin tri chomes (see, for ex am ple, f in Fig. 7C). These fil a ments
form a dense mesh work or oval bun dles within the mi -
cro-oncoids (Figs. 7B and 9G), peloids (Figs. 3B, C, 6B and
7D), and frag ments of mi cro bial mats, and some times in the de -
posit be tween these allochems (Fig. 4F). The tube-like form (fil -
a ment) shown in Fig ure 5E in di cates that in this case cal ci fi ca -
tion was ex ter nal to the cells and oc curred in the extracellular
sheath (cf. Rid ing, 1991, 2011). The spe cific fea ture of the fig -
ured tube-like form is a fine-grained (amor phous?) struc ture of
CaCO3 pres ent in the cal ci fied mi cro bial sheath.

2. Large multi-cell fil a ments. The mi cro bial fil a ment
shown in Fig ure 9A be longs to heterocytous cyanobacteria
(sec tion IV af ter Rippka et al., 1979; or der Nostocales ac cord -
ing to Komárek et al., 2014). The shape of the dis cussed fil a -
ment re sem bles, in gen eral, the mod ern ge nus Nostoc Vaucher 
(cf. Rippka et al., 1979). This group of mi cro bial fil a ments
seems to be un com mon in the stud ied Up per Ju ras sic lime -
stones in the Ma³y Giewont sec tions.

3. Large spi ral fil a ments. The rel a tively large spi ral mi cro -
bial fil a ment (Fig. 9E) from the Tithonian mi cro-oncoid be longs
to cyanobacteria. Sim i lar spi ral mi cro bial fil a ments are also
pres ent in the Late Tithonian mi cro-oncoid il lus trated in Fig -
ure 10A (with in set A’). The Kimmeridgian fil a ments re ported
from Ger many (see Briggs et al., 2005: fig. 4b) dis play a dif fer -
ent (rib bon-like) spi ral struc ture. The Tithonian fil a ment
(Fig. 9E) is sim i lar to some mod ern rep re sen ta tives of the or der
Spirulinales (Komárek et al., 2014), and pos si bly also to
Synechococcales, e.g. Leptolyngbya lagerheimii (Gomont)
Anagnostidis and Komárek (cf. Mar tins et al., 2012: fig. 5). In
con trast, the spi ral tri chomes of the ge nus Arthrospira
Stizenberger from the or der Oscillatoriales (Komárek et al.,
2014) are 3–16 µm wide (Li et al., 2001; Dadheech et al., 2010).

4. Ta per ing fil a ments. The shape of ta per ing mi cro bial fil a -
ment shown in Fig ure 4D is sim i lar to the young trichome of
Calothrix (Rippka et al., 1979: fig. 61). How ever, some ma rine
strains of Calothrix have been trans ferred to the ge nus Rivularia 
(Rippka et al., 2001b). There fore, the above-in di cated fil a ment
may be com pared, in gen eral, with the mod ern fam ily
Rivulariaceae Kützing ex Bornet et Flahault. In con trast, the fil a -
ments la belled f in Fig ure 9C and f1 in Fig ure 9G are sim i lar to
baeocytes of some mod ern Pleurocapsa-group strains (Wa ter -
bury and Stanier, 1978; Rippka et al., 2001c). These fos sil fil a -
ments have a but ton-like cells at their nar rower end (h in
Fig. 9C, G), which re sem ble the holdfast at the dis tal end of the

Fig. 12A – mi cro-oncoid from a Tithonian lime stone
(Chitinoidella Zone): ar row in di cates Globochaete alpina in the
mar ginal part of the peloidal nu cleus (sam ple/thin-sec tion
MG-105, sec tion A in Fig. 2); B – higher mag ni fi ca tion of the
Globochaete alpina from Fig ure 12A (ro tated 45o clock wise with 
re spect to Fig. 12A): (f) straight tube-like mi cro bial fil a ments,
0.5–0.7 µm in di am e ter, sharply ter mi nated or hav ing a larger
api cal cell (tc), some are cup-shaped, the fil a ments reach a
length of ~10 µm, some branched (T-shaped) fil a ments are also
pres ent (fb), the bioclast of Globochaete alpina is pierced by
microborings (bg), 0.6–2.8 µm wide (sam ple/thin-sec tion
MG-105, sec tion A in Fig. 2, Chitinoidella Zone, Tithonian), 
crossed polars
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stalk in some mod ern rep re sen ta tives of the Caulobacter group
of Proteobacteria (Poindexter, 1964: fig. 12c).

5. Branched fil a ments
(a) The mi cro bial fil a ment la belled f1 in Fig ure 5C, D, with

mi nor lat eral branches and a ter mi nal cup-shaped cell, is
1.0–1.4 µm in di am e ter. It prob a bly be longs to Nostocales
(Komrek et al., 2014), al though is very thin in com par i son with
re cent branched rep re sen ta tives of this group.

(b) The heteropolar fil a ment with branches (Fig. 7G), lo -
cated in the mar ginal part of a peloid from the Tithonian
Chitinoidella Zone (Fig. 7E), re sem bles some mod ern
cyanobacteria grouped in sec tion V (Rippka et al., 1979), later
placed in the or der Nostocales (Komárek et al., 2014). The
subglobular cell at one end of the fil a ment (tc in Fig. 7G) is sim i -
lar to ter mi nal heterocytes of the mod ern gen era
Cylindrospermum and Nostoc (cf. Rippka et al., 1979: figs. 36
and 39) from the fam ily Nostocaceae (Komárek et al., 2014).
The other end of the fil a ment re sem bles rather that of larger
(mod ern) cyanobacteria from the ge nus Scytonema Agardh
(Fowler, 2011: fig. 48a; Komárek et al., 2013: fig. 6c), which be -
longs to the fam ily Scytonemataceae Rabenhorst ex Bornet et
Flahault (Komárek et al., 2014). How ever, the pres ence of lat -
eral (true) branches is char ac ter is tic for the fam ily
Stigonemataceae, also from the or der Nostocales. The mod ern 
ge nus Stigonema is poly mor phic and con sists of sev eral
morphotypes (also heteropolar – Komárek et al., 2014).

(c) Branched mi cro bial fil a ments oc cur also in the mi -
cro-oncoids from the Up per Tithonian lime stone (f in Fig. 9I and
10A, B, f2 in Fig. 10C). A fil a ment with an off shoot grow ing out
from the oval-shaped cell (f in Fig. 10B) re sem bles some mod -
ern true-branched Nostocales (Komárek et al., 2014).

(d) Other branched mi cro bial fil a ments oc cur in the Tithonian
peloid (fae cal pel let? – Fig. 10D). Larger ter mi nal cells of some
fil a ments (tc in Fig. 10D) sug gest the pres ence of cyanobacterial
heterocytes. How ever, the fil a ments are very thin in com par i son
with the mod ern true-branched cyanobacteria (cf. Rippka et al.,
1979) as signed to Nostocales (Komárek et al., 2014). Reolid and 
Abad (2014) de scribed “Ju ras sic mi cro bial fil a ments pre served
as glauconite with cy lin dri cal shape with an empty cen tral ca nal.”
How ever, their fil a ments (il lus trated in figs. 4, 6 and 7 of the cited
pa per) are clearly much larger (for ex am ple, “green fil a ments
grow per pen dic u lar to the lam i na tion, mea sur ing 100–450 µm in
length” – page 392; the fil a ments are about 20 to 30 µm wide in
fig. 6b) and there fore can not be com pared with the thin fil a ments
shown in my Fig ure 10D.

NON-FILAMENTOUS BACTERIA (MAINLY PROTEOBACTERIA)

This group com prises the fol low ing fos sil bac te ria:
rod-shaped (ba cilli), vib rios, spirilla and their coccoid bod ies.

1. The rod shape and length of the fos sil spec i men shown in 
Fig ure 3B (streptobacillus? – up per most Kimmeridgian) are
sim i lar to those of some mod ern ma rine bac te ria from the fam ily 
Halomonadaceae (the or der Oceanospirillales of Proteo -
bacteria – Garrity and Holt, 2001), e.g. Halomonas Vreeland,
Litch field, Mar tin, and Elliot, emend. Dobson and Franzmann
(Vreeland, 2005). How ever, the fos sil bac te rium is thin ner than
rep re sen ta tives of the Halomonas spe cies. Some mod ern an a -
logues may also be found among bac te ria from the phy lum
Firmicutes (Garrity and Holt, 2001), es pe cially in the fam ily
Bacillaceae (Niel sen et al., 1995; Lo gan and De Vos, 2009;
Bahamdain et al., 2015). Al though the ba cil lus-shaped bac te ria
il lus trated from the Ju ras sic of the Betic-Rifian Cor dil lera
(Reolid, 2011: fig. 11C, D) dif fer from the spec i men shown in
Fig ure 3B, per haps some mod ern ma rine rep re sen ta tives of the 
ge nus Ba cil lus Cohn com prise forms roughly sim i lar to the dis -
cussed Kimmeridgian bac te rium.

2. (a) The fos sil spec i men il lus trated in Fig ures 3C (b) and
11A is sim i lar to mod ern monotrichous bac te ria (cf. Kayser,
2007: fig. 3.1: 12), in par tic u lar to some rep re sen ta tives of the
gen era Vibrio Pacini (Farmer III et al., 2005: fig. BXII.g.158) and
Bdellovibrio Stolp and Starr (NuÔez et al., 2003; Jurkevitch,
2006). Mod ern monotrichous rod-shaped bac te ria are rep re -
sented also in the gen era: Salinivibrio Mellado, Moore, Nieto
and Ventosa (Ventosa, 2005), Pseu do mo nas Migula (Lighthill,
1976; Baumann et al., 1983; Palleroni, 2005) and Shewanella
MacDonell and Colwell (Bow man, 2005; Roh et al., 2006).

(b) An other monotrichous bac te rium from the same peloid
(up per most Kimmeridgian) is com posed of a rod-shaped cell
with one po lar flagellum ~1.7 µm in length (Fig. 4B). Sim i lar
bac te ria oc cur also in the Tithonian oncosparite (b1 in Fig. 7C).
Three monotrichous bac te ria in di cated as b in Fig ure 4F seem
to pen e trate from out side the mar ginal zone of the peloid com -
posed mainly of thin uni seri ate mi cro bial fil a ments (f). Such lo -
ca tion of these fos sil bac te ria sug gests their heterotrophic char -
ac ter.

3. The shape of the bac te rium shown as b in Fig ure 9G, H is
roughly sim i lar to the mod ern spe cies Marinomonas
mediterranea Solano and Sanchez-Amat 1999, 1245VP

(Sanchez-Amat and Solano, 2005: fig. BXII.g.106) from the
fam ily Oceanospirillaceae (phy lum Proteobacteria – Garrity
and Holt, 2001).

4. A bac te rium with many short tu bu lar ap pend ages (b in
Fig. 6B) oc curs in the mar ginal zone of the peloid (Fig. 6A) from
the Up per Kimmeridgian lime stone. Some mod ern ma rine vib -
rios have tu bu lar ap pend ages (Farmer III et al., 2005:
fig. BXII.g.174) roughly sim i lar to those of the Kimmeridgian
bac te rium.

5. A comma-shaped lophotrichous vibrio (b in Fig. 9A) dif -
fers from the above-men tioned rod-shaped bac te ria mainly by a 
po lar tuft of short flagella. This is dif fi cult, how ever, to in di cate a
sim i lar mod ern taxon among the ma rine Vibrionaceae.

6. A cres cent-shaped bac te rium with a sin gle spi ral
flagellum (b1 in Fig. 9B) is sim i lar to some mod ern bac te ria from 
the ge nus Caulobacter (Poindexter, 1964, 1989; Jannasch and
Jones, 2003), which be longs to the phy lum Proteobacteria
(Garrity and Holt, 2001). The ma rine rep re sen ta tives of the ge -
nus Hydrogenovibrio Nishihara, Igarashi and Kodama are
roughly sim i lar in shape and have a sin gle po lar flagellum (the
spe cies H. marinus – Nishihara, 2005). In ad di tion, some rep re -
sen ta tives of the mod ern ge nus Beneckea Camp bell
(Baumann et al., 1971) from Vibrionaceae are sim i lar to the dis -
cussed bac te rium found in the Up per Kimmeridgian lime stone.

7. In com par i son with the spi ral mi cro bial fil a ments (spirilla)
from the stud ied Up per Ju ras sic lime stones (b in Fig. 4A, b2 in
Fig. 7C, s in Fig. 7F), some mod ern Bacteroidetes from the
fam ily Spirosomaceae (Larkin and Borrall, 1978, 1984), for ex -
am ple Larkinella (Kulichevskaya et al., 2009), dis play a sim i lar
– al beit not iden ti cal – shape. Cells of the mod ern he li -
cal-shaped bac te ria from the Pa cific Ocean, as signed to
Salinispira pacifica gen. nov., sp. nov. (Ben Hania et al., 2015),
and from the spe cies Spirochaeta isovalerica sp. nov. (Har -
wood and Canale- Parola, 1983) are sim i lar in di am e ter. Both
taxa are as signed to the phy lum Spi ro chaetes. How ever, the
he li cal coil ing of those taxa (a wave length of 1.0 µm and an am -
pli tude of 0.6 µm for S. isovalerica ac cord ing to Har wood and
Canale-Parola, 1983) is less tight in com par i son with the fos sil
spec i mens from the West ern Tatra Moun tains shown in Fig -
ure 4A (a wave length of 0.4 µm and an am pli tude of
0.3–0.4 µm). The di men sions of the fos sil bac te rium il lus trated
in Fig ure 7F are close to those of the mod ern spe cies Spirillum
volutans (Krieg), but the bi po lar flagellar fas ci cles typ i cal of this
taxon (Krieg, 2006) are not vis i ble in the Up per Ju ras sic spec i -
men. More over, S. volutans oc curs in stag nant fresh wa ter en vi -
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ron ments (Krieg, 2006). Mod ern (ma rine) Oceanospirillaceae
are motile by po lar flagella as well (Garrity et al., 2005; Pot and
Gillis, 2005). The shape of the larger spirillum (b in Fig. 9F) is
roughly sim i lar to that of phosphatized spi ral mi crobes from the
Kimmeridgian of Ger many (Briggs et al., 2005), which are much 
lon ger and better pre served.

8. The subglobular to subtriangular cells with spi ral
flagellum (b3 in Fig. 7C and 11B, b in Fig. 7D and b2 in Fig. 9B)
are sim i lar to coccoid bod ies, or microcysts, pro duced by some
mod ern spirilla (Wil liams and Rittenberg, 1956; Krieg, 1976:
fig. 20F; Satomi et al., 1998).

MICROBORINGS OF ENDOLITHIC BACTERIA

Among the fos sil ichnotaxa (microendoliths) sim i lar to mod -
ern cyanobacteria, Scolecia filosa Radtke (Glaub et al., 1999)
re sem bles the miroborings ob served in the Up per Ju ras sic mi -
cro-oncoids of the RTL Fm. The ichnotaxon S. filosa is known to 
be of wide palaeobathymetric range. The cyanobacterium
Leptolyngbya terebrans (Bornet and Flahault ex Gomont)
Anagnostidis and Komárek is con sid ered to be the mod ern ex -
ec u tor of S. filosa microborings (Glaub et al., 1999;
Carreiro-Silva et al., 2009, 2012). Tri chomes of L. terebrans are 
0.95–1.5 µm wide (Gomont, 1893; Ghirardelli, 2002, 2003).
The Up per Kimmeridgian uni seri ate non-heterocytous fil a ment
(shown as f1 in Fig. 11C) re sem bles L. terebrans. The spe cies
Plectonema terebrans (now L. terebrans) is known to be the
“low-light spe cial ist” with a broad bathymetrical range of oc cur -
rence (Le Cam pion-Alsumard, 1979; Chazottes et al., 2009).
Ac cord ing to Le Cam pion-Alsumard (1979), Plectonema
terebrans oc curs to a depth of 80 m in the re gion of Mar seilles,
but was also found in deeper wa ters (370 m – Golubic et al.,
1999; Glaub, 2004). Gektidis et al. (2007) have dis missed
Scolecia filosa as a po ten tial key ichnotaxon be cause of the
broad bathymetrical range of the mod ern taxon L. terebrans.

The thin nest microborings (0.2–0.5 µm in di am e ter) found
in the Up per Ju ras sic lime stones of the RTL Fm. per haps re -
sem ble an other group of (mod ern) ichnofossils named “Pygmy
form”, prob a bly of bac te rial or i gin (Glaub, 2004; Radtke et al.,
2011). The Up per Tithonian mi cro bial fil a ments (0.3–0.5 µm in
di am e ter), ter mi nated with cone-shaped or oval elon gate cells,
oc cur in some microborings (f in Fig. 8B).

ALLOCHTHONOUS VERSUS AUTOCHTHONOUS ORIGIN 
OF MICRO-ONCOIDS AND PELOIDS

The in ter pre ta tion of the pe lagic “oo lites” as mi cro-oncoids
that �grew, at least par tially, by par ti cle ac cre tion” (Jenkyns,
1972) is not con firmed by the pres ent study. The Up per
Kimmeridgian–Tithonian mi cro-oncoids from the RTL Fm. were 
formed mainly by thin fil a men tous bac te ria (cyanobacteria) that
over grew suc ces sively their nu clei with a few to sev eral
laminae. The trapped (accreted) bioclasts (microfossils, nanno -
fossils), al though pres ent in the cor ti ces of mi cro-oncoids, are
not vol u met ri cally im por tant com po nents. This ex pla na tion con -
firms in ter pre ta tion sug gested – al beit not doc u mented with
high-mag ni fi ca tion pho to mi cro graphs – by Lefeld and Rad -
wañski (1960). There fore, the stud ied mi cro-oncoids (sensu
Kutek and Radwañski, 1965) can also be named “cyanoids”
(Flügel, 2004: fig. 4.14) or “microcyanoids”. The peloids oc cur -
ring in the Up per Kimmeridgian–Tithonian lime stones are
packed with the fil a men tous bac te ria (cyano bacteria) in di cat ing
roughly sim i lar en vi ron men tal con di tions of their or i gin with re -
spect to mi cro-oncoids.

Ac cord ing to Lefeld and Radwañski (1960: 603), the ooids
(or “pseudo-ooids”) are mainly allochthonous and were trans -

ported “from the shal lower zones by weak bot tom cur rents”.
This in fer ence is prob a bly true as con cerns the lime stones dis -
play ing a sub tle bed ding (Lefeld and Radwañski, 1960) and
those beds that con tain ooids with pre served ra dial struc ture
(this study, Fig. 5B). How ever, some peloids and mi cro-oncoids
oc cur in the biomicrites con tain ing sim i lar mi cro bial fil a ments in -
side and out side these grains (Figs. 3C, 4F and 10A). Their
allochthonous prov e nance is not ev i dent; there fore, auto -
chthonous or i gin is also prob a ble. More over, fre quent oc cur -
rence of pe lagic microfossils as nu clei of mi cro-oncoids (Lefeld
and Radwañski, 1960; Mišik, 1998; Pszczó³kowski et al., 2016)
does not match with a trans port of these coated grains from
much shal lower sed i men tary en vi ron ments. The thin uni seri ate
fos sil fil a ments fill ing up the peloids and mi cro-oncoids could be
adapted to con di tions that ex isted in the sublittoral zone (“tens
of metres” – Jenkyns, 1972) be low the wave base (Lefeld and
Radwañski, 1960; Pszczó³kowski et al., 2016).

CONCLUSIONS

1. Two in for mal groups of fos sil bac te ria have been found in
the Up per Ju ras sic car bon ates of the Raptawicka Turnia Lime -
stone For ma tion in the Ma³y Giewont sec tions of the West ern
Tatra Moun tains (Po land): (A) mi cro bial fil a ments and (B)
non-fil a men tous bac te ria. The first group is fur ther sub di vided
into (1) thin uni seri ate fil a ments, (2) large multi-cell fil a ments,
(3) large spi ral fil a ments, (4) ta per ing fil a ments and (5)
branched fil a ments.

2. The thin uni seri ate fil a ments are the main mi cro bial com -
po nent of the peloids and mi cro-oncoids oc cur ring in the stud -
ied RTL Fm., mainly in the Up per Kimmeridgian–Tithonian. The 
pres ence of the heterocyte-like ter mi nal cells sug gests their in -
ter pre ta tion as cyanobacteria sim i lar to the mod ern or der
Nostocales and per haps to the fam ily Nostocaceae. These fil a -
ments be long prob a bly to the fos sil group of cyanobacteria
char ac ter ized by rather short and ex tremely thin tri chomes.

3. The large multi-cell fil a ments are un com mon in the stud -
ied lime stones. These uni seri ate fil a ments are in ter preted as
cyanobacteria sim i lar to mod ern taxa also be long ing to the or -
der Nostocales. The large spi ral fil a ment from the Tithonian mi -
cro-oncoid is sim i lar to some mod ern Spirulinales and pos si bly
also to Synechococcales.

4. The ta per ing fil a ments are un com mon in the stud ied
thin-sec tions. One of those fil a ments re sem bles some rep re -
sen ta tives of the mod ern fam ily Rivulariaceae, whereas other
spec i mens are sim i lar to baeocytes of some mod ern
Pleurocapsa-group strains.

5. The Tithonian heteropolar fil a ment with mi nor branches
(from the Chitinoidella Zone) re sem bles some mod ern
cyanobacteria from the or der Nostocales. Other branched mi -
cro bial fil a ments found in the Tithonian lime stones, al though
thin ner, are prob a bly also com pa ra ble with some mod ern rep re -
sen ta tives of the or der Nostocales.

6. Fos sil non-fil a men tous bac te ria found in the stud ied
Kimmeridgian–Tithonian lime stones com prise rod-shaped ba -
cilli, monotrichous ba cilli and spirilla. These bac te ria be long
mainly to the phy lum Proteobacteria. A few tiny subglobular mi -
crobes from the Tithonian mi cro-oncoid are sim i lar to coccoid
bod ies pro duced by some mod ern spirilla.

7. Some microborings ob served in the microfossils oc cur -
ring in the mi cro-oncoids of the RTL Fm. re sem ble the
ichnotaxon Scolecia filosa Radtke known to be of wide
palaeobathymetric range. The thin nest microborings re sem ble
an other group of ichnofossils named “Pygmy form”, prob a bly
also of bac te rial or i gin.

https://gq.pgi.gov.pl/article/view/25580
https://gq.pgi.gov.pl/article/view/25580
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8. The Up per Kimmeridgian–Tithonian mi cro-oncoids from
the RTL Fm. were formed mainly by fil a men tous bac te ria
(cyanobacteria) that over grew suc ces sively their nu clei with a
few to sev eral laminae. This ex pla na tion con firms in ter pre ta tion
sug gested ear lier by Lefeld and Radwañski (1960).

9. Fre quent oc cur rence of pe lagic microfossils in the mi -
cro-oncoids does not match with a trans port of these coated
grains from much shal lower sed i men tary en vi ron ments. The
fos sil fil a men tous bac te ria fill ing up the peloids and mi -
cro-oncoids could be adapted to con di tions that ex isted in the
sublittoral zone be low the wave base.

Ac knowl edge ments. The in ves ti ga tions were fi nan cially
sup ported by the pro ject DEC-2011/03B/ST10/05256 of the
Na tional Sci ence Cen tre, Po land (pro ject leader: J. Grabowski;
Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute). I am
grate ful to the War saw lab o ra tory staff of the In sti tute of Geo -
log i cal Sci ences, Pol ish Acad emy of Sci ences, for tech ni cal
help with SEM pho to mi cro graphs prep a ra tion. The manu script
bene fited greatly from re views by Prof. M. Reolid (Jaén Uni ver -
sity), Prof. J. Szulc (Jagiellonian Uni ver sity) and an anon y mous
re viewer.

REFERENCES

Ad ams, D.G., Duggan, P.S., 1999. Tansley Re view No. 107.
Heterocyst and akinete dif fer en ti a tion in cyanobacteria. New
Phytologist, 144: 3–33.

Bac-Moszaszwili, M., Burchart, J., G³azek, J., Iwanow, A.,
Jaroszewski, W., Kotañski, Z., Lefeld, J., Mastella, L.,
Ozimkowski, W., Roniewicz, P., Skupiñski, A., West -
walewicz- Mogilska, E. 1979. Geo log i cal Map of the Pol ish
Tatra Moun tains, 1:30,000. Wyd. Geol., Warszawa.

Bahamdain, L., Fahmy, F., Lari, S., Aly, M., 2015. Char ac ter iza tion
of some Ba cil lus strains ob tained from ma rine hab i tats us ing dif -
fer ent tax o nom i cal meth ods. Life Sci ence Jour nal, 12: 58–63.

Baumann, P., Baumann, L., Mandel, M., 1971. Tax on omy of ma -
rine bac te ria: the ge nus Beneckea. Jour nal of Bac te ri ol ogy, 107: 
268–294.

Baumann, P., Bowditch, R.D., Baumann, L., Beaman, B., 1983.
Tax on omy of ma rine Pseu do mo nas spe cies: P. stanieri sp. nov.;
P. perfectomarina sp. nov., nom. rev.; P. nautica and P.
doudoroffii. In ter na tional Jour nal of Sys tem atic Bac te ri ol ogy, 33: 
857–865.

Ben Hania, W., Jo seph, M., Schumann, P., Bunk, B., Fiebig, A.,
Spröer, C., Klenk, H.-P., Fardeau, M.-L., Spring, S., 2015.
Com plete ge nome se quence and de scrip tion of Salinispira
pacifica gen. nov., sp. nov., a novel spirochaete iso lated from a
hypersaline mi cro bial mat. Stan dards in Genomic Sci ences, 10:
1–14.

Bow man, J.P., 2005. Ge nus XIII. Shewanella MacDonell and
Colwell 1986, 355VP (Ef fec tive pub li ca tion: MacDonell and
Colwell 1985, 180). In: Bergey’s Man ual of Sys tem atic Bac te ri ol -
ogy, Sec ond Edi tion, 2: The Proteobacteria, Part B – The
Gammaproteobacteria (eds. D.J. Brenner, N.R. Krieg and J.T.
Staley, Vol ume Two, G.M. Garrity – Ed i tor-in-Chief, with con tri -
bu tions from 339 col leagues): 480–491. Springer.

Briggs, D.E.G., Moore, R.A., Shultz, J.W., Schweigert, G., 2005.
Min er al iza tion of soft-part anat omy and in vad ing mi crobes in the 
horse shoe crab Mesolimulus from the Up per Ju ras sic
Lagerstätte of Nusplingen, Ger many. Pro ceed ings of the Royal
So ci ety B, 272: 627–632.

Brito, Â., Ramos, V., Seabra, R., Santos, A., Santos, C.L., Lopo,
M., Ferreira, S., Mar tins, A., Mota, R., Frazão, B., Mar tins, R.,
Vasconcelos, V., Tamagnini, P., 2012. Cul ture-de pend ent
char ac ter iza tion of cyanobacterial di ver sity in the intertidal
zones of the Por tu guese coast: a polyphasic study. Sys tem atic
and Ap plied Mi cro bi ol ogy, 35: 110–119.

Bucur, I.I., Granier, B., Krajewski, M., 2014. Cal car e ous al gae, mi -
cro bial struc tures and microproblematica from Up per Ju ras -
sic-low er most Cre ta ceous lime stones of south ern Cri mea. Acta
Palaeontologica Romaniae, 10: 61–86.

Carreiro-Silva, M., McClanahan, T.R., Kiene, W.E., 2009. Ef fects
of in or ganic nu tri ents and or ganic mat ter on mi cro bial euendo -
lithic com mu nity com po si tion and microbioerosion rates. Ma rine 
Ecol ogy Prog ress Se ries, 392: 1–15.

Carreiro-Silva, M., Kiene, W.E., Golubic, S., McClanahan, T.R.,
2012. Phos pho rus and ni tro gen ef fects on mi cro bial euendo -

lithic com mu ni ties and their bioerosion rates. Ma rine Pol lu tion
Bul le tin, 64: 602–613.

Chazottes, V., Cabioch, G., Golubiæ, S., Radtke, G., 2009.
Bathymetric zonation of mod ern microborers in dead coral sub -
strates from New Cal edo nia. Im pli ca tions for paleodepth re con -
struc tions in Ho lo cene cor als. Palaeo ge ogra phy, Palaeo -
climatology, Palaeo ec ol ogy, 280: 456–468.

Dadheech, P.K., Bal lot, A., Cas per, P., Kotut, K., Novelo, E.,
Lemma, B., Pröschold, T., Krienitz, L., 2010. Phylo gen etic re -
la tion ship and di ver gence among plank tonic strains of
Arthrospira (Oscillatoriales, Cyanobacteria) of Af ri can, Asian
and Amer i can or i gin de duced by 16S–23S ITS and phycocyanin 
operon se quences. Phycologia, 49: 361–372.

Farmer III, J.J., Janda, J.M., Brenner, F.W., Cameron, D.N.,
Birkhead, K.M., 2005. Ge nus I. Vibrio Pacini 1854, 411AL. In:
Bergey’s Man ual of Sys tem atic Bac te ri ol ogy, Sec ond Edi tion, 2:
The Proteobacteria, Part B – The Gammaproteobacteria (eds.
D.J. Brenner, N.R. Krieg and J.T. Staley, Vol ume Two, G.M.
Garrity – Ed i tor-in-Chief, with con tri bu tions from 339 col -
leagues): 494–546. Springer.

Flügel, E., 2004. Microfacies of Car bon ate Rocks. Springer,
Berlin-Hei del berg.

Fowler, A.J., 2011. Stromatolitic knobs in Storrs Lake, San Sal va -
dor, Ba ha mas: in sights into organomineralization. Mas ter’s the -
ses. Uni ver sity of Con nect i cut Grad u ate School (un pub lished).
http://digitalcommons.uconn.edu/gs_the ses/180

Garrity, G.M., Holt, J.G., 2001. The Road Map to the Man ual. In:
Bergey’s Man ual of Sys tem atic Bac te ri ol ogy, Sec ond Edi tion
(eds. D.R. Boone and R.W. Castenholz, Vol ume one, G.M.
Garrity – Ed i tor-in-Chief, with con tri bu tions from 105 col -
leagues): 119–166. Springer.

Garrity, G.M., Bell, J.A., Lilburn, T., 2005. Fam ily I.
Oceanospirillaceae fam. nov. In: Bergey’s Man ual of Sys tem atic 
Bac te ri ol ogy, Sec ond Edi tion, 2: The Proteobacteria, Part B -
The Gammaproteobacteria (eds. D.J. Brenner, N.R. Krieg and
J.T. Staley, Vol ume Two, G.M. Garrity –Ed i tor-in-Chief, with con -
tri bu tions from 339 col leagues): 271. Springer.

Gektidis, M., Dubinsky, Z., Goffredo, S., 2007. Microendoliths of
the shal low euphotic zone in open and shaded hab i tats at 30°N
– Eilat, Is rael – paleoecological im pli ca tions. Fa cies, 53: 43–55.

Ghirardelli, L.A., 2002. Endolithic mi cro or gan isms in live and dead
thalli of coralline red Al gae (Corallinales, Rhodophyta) in the
North ern Adri atic Sea. Acta Geologica Hispanica, 37: 53–60.

Ghirardelli, L.A., 2003. Spe cies com po si tion of endolithic micro -
flora de vel op ing in live and dead thalli of crustose coralline al -
gae in North ern Adri atic Sea. Bocconea, 16: 1039–1044.

Glaub, I., 2004. Re cent and sub-re cent microborings from the
upwelling area off Mau ri ta nia (West Af rica) and their im pli ca -
tions for palaeo ec ol ogy. Geo log i cal So ci ety Spe cial Pub li ca -
tions, 228: 63–76.

Glaub, I., Balog, S.-J., Bundschuh, M., Gektidis, M., Hofmann,
K., Radtke, G., Schmidt, H., Vogel, K., 1999. Euendolithic
cyanobacteria/cyanophyta and their traces in Earth his tory. Bul -



856 Andrzej Pszczó³kowski

le tin de l’Institut Océanographique, numéro spécial 19:
135–142.

Golubic, S., Le Cam pion-Alsumard, T., Camp bell, S.E., 1999. Di -
ver sity of ma rine Cyanobacteria. Bul le tin de l’Institut
Océanographique, numéro spécial 19: 53–76.

Gomont, M., 1893. Monographie des Oscillariées (Nostocacées
homocystées). DeuxiÀme Partie. – Lyngbyées, 91–264 (extrait
des t. 15 et 16 de la 7e série des Annales des Sci ences
naturalles, Botanique). Masson, Paris.

Har wood, C.S., Canale-Parola, E., 1983. Spirochaeta isovalerica
sp. nov., a ma rine anaerobe that forms branched-chain fatty ac -
ids as fer men ta tion prod ucts. In ter na tional Jour nal of Sys tem -
atic Bac te ri ol ogy, 33: 573–579.

Jach, R., Djeriæ, N., Gorièan, Š., Reháková, D., 2014. In te grated
stra tig ra phy of the Mid dle-Up per Ju ras sic of the Krížna Nappe,
Tatra Moun tains. Annales Societatis Geologorum Poloniae, 84:
1–33.

Jannasch, H.W., Jones, G.E., 2003. Caulobacter sp. in sea wa ter.
Lim nol ogy and Ocean og ra phy, 5: 432–433.

Jenkyns, H.C., 1972. Pe lagic “oo lites” from the Tethyan Ju ras sic.
Jour nal of Ge ol ogy, 80: 21–33.

Jenkyns, H.C., 1980. Tethys: past and pres ent. Pro ceed ings of the
Ge ol o gists’ As so ci a tion, 91: 107–118.

Jurkevitch, E., 2006. Chap ter 3.4.2. The Ge nus Bdellovibrio.
Deeply Root ing Bac te ria, 7: 12–30. 

Kayser, F.H., 2007. Bakteriologia ogólna (in Pol ish). In: Mikro -
biologia lekarska (eds. F.H. Kayser, J. Eckert, K.A. Bienz and
R.M. Zinkernagel): 139–211. Wydawnictwo Lekarskie PZWL.

Komárek, J., Sant’ Anna, C.L., Bohunická, M., Mareš, J.,
Hentschke, G.S., Rigonato, J., Fiore, M.F., 2013. Phe no type
di ver sity and phy log eny of se lected Scytonema-spe cies
(Cyanoprokaryota) from SE Brazil. Fottea, 13: 173–200.

Komárek, J., Kaštovský, J., Mareš, J., Johansen, J.R., 2014. Tax -
o nomic clas si fi ca tion of cyanoprokaryotes (cyanobacterial gen -
era) 2014, us ing a polyphasic ap proach. Preslia, 86: 295–335.

Krieg, N.R., 1976. Bi ol ogy of the chemoheterotrophic spirilla. Bac -
te ri o log i cal Re views, 40: 55–115.

Krieg, N.R., 2006. Chap ter 3.2.5. The ge nus Spirillum. The
Prokaryotes, 5: 701–709.

Kulichevskaya, I.S., Zaichikova, M.V., Detkova, E.N., Dedysh,
S.N., Zavarzin, G.A., 2009. Larkinella arboricola sp. nov., a new 
spi ral-shaped bac te rium of the Phy lum Bacteroidetes iso lated
from the mi cro bial com mu nity of de com pos ing wood. Mi cro bi ol -
ogy, 78: 741–746.

Kumar, K., Mella-Herrera, R.A., Golden, J.W., 2010. Cyano -
bacterial Heterocysts. Cold Spring Har bor Per spec tives in Bi ol -
ogy, 2: 1–19.

Kutek, J., Radwañski, A., 1965. Up per Ju ras sic onkolites of the
Holy Cross Mts. (Cen tral Po land). Bul le tin de l’Academie Po lo -
naise des Sci ence, Sér. Sci. Géol. Géogr., 13: 155–160.

Larkin, J.M., Borrall, R., 1978. Spirosomaceae, a new fam ily to
con tain the gen era Spirosoma Migula 1894, Flectobacillus
Larkin et al. 1977, and Runella Larkin and Wil liams 1978. In ter -
na tional Jour nal of Sysematic Bac te ri ol ogy, 28: 595–596.

Larkin, J.M., Borrall, R., 1984. Fam ily I. Spirosomaceae Larkin and 
Borrall 1978, 595AL. In: Bergey’s Man ual of Sys tem atic Bac te ri -
ol ogy (eds. N.R. Krieg and J.G. Holt), 1: 125–126. Bal ti more,
Wil liams & Wilkins.

Le Cam pion-Alsumard, T., 1979. Les Cyanophycées endolithes
ma rines. Systématique, ultrastructure, écologie et biodestru -
ction. Oceanologica Acta, 2: 143–156.

Lefeld, J., Radwañski, A., 1960. Les Crinoides planctoniques
Saccocoma Agassiz dans le Malm et le Néocomien haut
tatrique des Tatras Po lo naises (in Pol ish with French sum mary). 
Acta Geologica Polonica, 10: 593–614.

Lefeld, J., GaŸdzicki, A., Iwanow, A., Krajewski, K., Wójcik, J.,
1985. Ju ras sic and Cre ta ceous lithostratigraphic units of the
Tatra Moun tains. Studia Geologica Polonica, 84: 1–93.

Leinfelder, R.R., 1985. Cyanophyte cal ci fi ca tion morphotypes and
depositional en vi ron ments (Alenquer Oncolite, Up per
Kimmeridgian?, Por tu gal). Fa cies, 12: 253–274.

Li, R., Debella, H.J., Carmichael, W.W., 2001. Iso lates iden ti fi able
as Arthrospira max ima and Arthrospira fusiformis (Oscilla -
toriales, Cyanobacteria) ap pear iden ti cal on the ba sis of a mor -
pho log i cal study in cul ture and 16S rRNA gene se quences.
Phycologia, 40: 367–371.

Lighthill, J., 1976. Flagellar hy dro dy nam ics – the John von
Neumann Lec ture, 1975. SIAM Re view, 18: 161–230.

Lo gan, N.A., De Vos, P., 2009. Fam ily I. Bacillaceae. In: Bergey’s
Man ual of Sys tem atic Bac te ri ol ogy, 2nd Edi tion, 3 (eds. P. De
Vos, G. Garrity, D. Jones, N.R. Krieg, W. Lud wig, F.A. Rainey,
K.-H. Schleifer and W. Whit man): 20. The Firmicutes, Springer,
New York.

Maldener, I., Muro-Pas tor, A.M., 2010. Cyanobacterial Hetero -
cysts. En cy clo pe dia of Life Sci ences (ELS). John Wiley & Sons,
Ltd: Chichester. Doi: 10.1002/9780470015902.a0000
306.pub27

Mar tins, M.D., Zanini Branco, L.H., Werner, V.R., 2012.
Cyanobacteria from coastal la goons in south ern Brazil:
non-heterocytous fil a men tous or gan isms. Bra zil ian Jour nal of
Bot any, 35: 325–338.

Matyszkiewicz, J., Krajewski, M., Kêdzierski, J., 2006. Or i gin and 
evo lu tion of an Up per Ju ras sic com plex of car bon ate build ups
from Zegarowe Rocks (Kraków–Wieluñ Up land, Po land). Fa -
cies, 52: 249–263.

Mišik, M., 1998. Strati graphi cal ho ri zons and fa cies with cal car e ous
oncoids, microoncoids and pisoids in the West ern Carpathians
(in Slo vak with Eng lish sum mary). Mineralia Slovaca, 30:
195–216.

Niel sen, P., Fritze, D., Priest, F.G., 1995. Phenetic di ver sity of
alkaliphilic Ba cil lus strains: pro posal for nine new spe cies. Mi -
cro bi ol ogy, 141: 1745–1761.

Nishihara, H., 2005. Ge nus III. Hydrogenovibrio Nishihara, Igarashi 
and Kodama 1991b, 132VP. In: Bergey’s Man ual of Sys tem atic
Bac te ri ol ogy, Sec ond Edi tion, 2: The Proteobacteria, Part B –
The Gammaproteobacteria (eds. D.J. Brenner, N.R. Krieg and
J.T. Staley, Vol ume Two, G.M. Garrity – Ed i tor-in-Chief, with
con tri bu tions from 339 col leagues): 188–189. Springer.

NuÔez, M.E., Mar tin, M.O., Duong, L.K., Ly, E., Spain, E.M., 2003.
In ves ti ga tions into the life cy cle of the bac te rial pred a tor
Bdellovibrio bacteriovorus 109J at an in ter face by atomic force
mi cros copy. Bio phys i cal Jour nal, 84: 3379–3388.

Palleroni, N.J., 2005. Ge nus I. Pseu do mo nas Migula 1894, 237AL

(Nom. Cons., Opin. 5 of the Jud. Comm. 1952, 121). In: Bergey’s 
Man ual of Sys tem atic Bac te ri ol ogy, Sec ond Edi tion, 2: The
Proteobacteria, Part B – The Gammaproteobacteria (eds. D.J.
Brenner, N.R. Krieg and J.T. Staley, Vol ume Two, G.M. Garrity –
Ed i tor-in-Chief, with con tri bu tions from 339 col leagues):
323–379. Springer.

Passendorfer, E., 1928. Le Kimeridgien dans la Tatra (in Pol ish with 
French sum mary). Sprawozdania Pañstwowego Instytutu
Geologicznego, 4: 491–499.

Passendorfer, E., 1951. Jura Tatr (in Pol ish). In: Regionalna
geologia Polski, Tom 1 – Karpaty (praca zbiorowa); zeszyt 1 –
Stratygrafia (ed. M. Ksi¹¿kiewicz): 49–57. Polskie Towarzystwo
Geologiczne, Kraków.

Poindexter, J.S., 1964. Bi o log i cal prop er ties and clas si fi ca tion of
the Caulobacter group. Bac te ri o log i cal Re views, 28: 231–295.

Poindexter, J.S., 1989. Ge nus Caulobacter Henrici and John son
1935, 83AL. In: Bergey’s Man ual of Sys tem atic Bac te ri ol ogy, first
edi tion, 3 (eds. J.T. Staley, M.P. Bryant, N. Pfennig and J.G.
Holt): 1924–1939. The Wil liams & Wilkins Co., Bal ti more.

Pot, B., Gillis, M., 2005. Ge nus I. Oceanospirillum Hylemon, Wells,
Krieg and Jannasch 1973, 361AL*. In: Bergey’s Man ual of Sys -
tem atic Bac te ri ol ogy, Sec ond Edi tion, 2: The Proteobacteria,
Part B – The Gammaproteobacteria (eds. D.J. Brenner, N.R.
Krieg and J.T. Staley, Vol ume Two, G.M. Garrity – Ed i -
tor-in-Chief, with con tri bu tions from 339 col leagues): 271–281.
Springer.

Pszczó³kowski, A., Grabowski, J., Wilamowski, A., 2016. In te -
grated biostratigraphy and car bon iso tope stra tig ra phy of the
Up per Ju ras sic shal low wa ter car bon ates of the High-Tatric Unit
(Ma³y Giewont area, West ern Tatra Moun tains, Po land). Geo -
log i cal Quar terly, 60 (4): 893–918.



Up per Ju ras sic bac te ria from the Raptawicka Turnia Lime stone For ma tion in the Ma³y Giewont area... 857

Radtke, G., Schäfer, P., Blaschek, H., Golubic, S., 2011.
Microborings from shal low ma rine hab i tats on both sides of the
Pan ama Isth mus. Annalen des Naturhistorischen Mu se ums in
Wien, Serie A, 113: 245–265.

Reháková, D., 2000. Evo lu tion and dis tri bu tion of the Late Ju ras sic
and Early Cre ta ceous cal car e ous dinoflagellates re corded in the 
West ern Carpathian pe lagic car bon ate fa cies. Mineralia
Slovaca, 32: 79–88.

Reháková, D., Matyja, B.A., Wierzbowski, A., Schlögl, J.,
Krobicki, M., Barski, M., 2011. Stra tig ra phy and microfacies of
the Ju ras sic and low er most Cre ta ceous of the Veliky Kamenets
sec tion (Pieniny Klippen Belt, Carpathians, West ern Ukraine).
Volumina Jurassica, 9: 61–104.

Reolid, M., 2011. Palaeoenvironmental con texts for mi cro bial com -
mu ni ties from Fe-Mn crusts of Mid dle-Up per Ju ras sic
hardgrounds (Betic-Rifian Cor dil lera). [Contextos paleo -
ambientales de las comunidades microbianas de las costras
ferromanganesíferas de los hardgrounds del Jurásico
Medio-Su pe rior (Cor dil lera Bético-RifeÔa)]. Revista EspaÔola
de Paleontología, 26: 135–160.

Reolid, M., Abad, I., 2014. Glauconitic lam i nated crusts from hy dro -
ther mal al ter ation of Ju ras sic pil low-lavas (Betic Cor dil lera, S.
Spain): a mi cro bial in flu ence case. Jour nal of Ibe rian Ge ol ogy,
40: 389–408.

Reolid, M., El Kadiri, K., Abad I., Olóriz, F., Jiménez-Millán, J.,
2011. Ju ras sic mi cro bial com mu ni ties in hy dro ther mal man ga -
nese crust of the Rifian Cal car e ous Chain, North ern Mo rocco.
Sed i men tary Ge ol ogy, 233: 159–172.

Rid ing, R., 1977. Cal ci fied Plectonema (blue-green Al gae), a re cent 
ex am ple of Girvanella from Aldabra Atoll. Palae on tol ogy, 20:
33–46.

Rid ing, R., 1991. Clas si fi ca tion of Mi cro bial Car bon ates. In: Cal car -
e ous Al gae and Stromatolites (ed. R. Rid ing): 21–51. Springer-
 Verlag, Berlin, Hei del berg.

Rid ing, R., 2000. Mi cro bial car bon ates: the geo log i cal re cord of cal -
ci fied bac te rial-al gal mats and biofilms. Sedimentology, 47
(Suppl. 1): 179–214.

Rid ing, R., 2006. Cyanobacterial cal ci fi ca tion, car bon di ox ide con -
cen trat ing mech a nisms, and Pro tero zoic–Cam brian changes in
at mo spheric com po si tion. Geobiology, 4: 299–316.

Rid ing, R., 2011. Cal ci fied cyanobacteria. In: En cy clo pe dia of
Geobiology (eds. J. Reitner and V. Thiel): 211–223. En cy clo pe -
dia of Earth Sci ence Se ries, Springer, Hei del berg.

Rippka, R., Deruelles, J., Wa ter bury, J.B., Herdman, M., Stanier,
R.Y., 1979. Ge neric as sign ments, strain his to ries and prop er ties 
of pure cul tures of Cyanobacteria. Jour nal of Gen eral Mi cro bi ol -
ogy, 111: 1–61.

Rippka, R., Castenholtz, R.W., Herdman, M., 2001a. Form-ge nus
V. Cylindrospermopsis Seenayya and Subba-Raju 1972. In:
Bergey’s Man ual of Sys tem atic Bac te ri ol ogy, Sec ond Edi tion
(eds. D.R. Boone and R.W. Castenholz, Vol ume one, G.M.
Garrity – Ed i tor-in-Chief, with con tri bu tions from 105 col -
leagues): 571–572. Springer.

Rippka, R., Castenholtz, R.W., Herdman, M., 2001b. Form-ge nus
11. Rivularia Agardh 1824. In: Bergey’s Man ual of Sys tem atic
Bac te ri ol ogy, Sec ond Edi tion (eds. D.R. Boone and R.W.
Castenholz, Vol ume one, G.M. Garrity – Ed i tor-in-Chief, with
con tri bu tions from 105 col leagues): 586–587. Springer.

Rippka, R., Wa ter bury, J.B., Herdman, M., Castenholz, R.W.,
2001c. Pleurocapsa-group sensu Wa ter bury and Stanier 1978,
Wa ter bury 1989. In: Bergey’s Man ual of Sys tem atic Bac te ri ol -
ogy, Sec ond Edi tion (eds. D.R. Boone and R.W. Castenholz,
Vol ume one, G.M. Garrity – Ed i tor-in-Chief, with con tri bu tions
from 105 col leagues): 533–539. Springer.

Roh, Y., Gao, H., Vali, H., Ken nedy, D.W., Yang, Z.K., Gao, W.,
Dohnalkova, A.C., Stapleton, R.D., Moon, J.-W., Phelps, T.J.,
Fredrickson, J.K., Zhou, J., 2006. Metal re duc tion and iron
biomineralization by a psychrotolerant Fe(III)-re duc ing bac te -
rium, Shewanella sp. strain PV-4. Ap plied and En vi ron men tal
Mi cro bi ol ogy, 72: 3236–3244.

Salama, W., El Aref, M.M., Gaupp, R., 2013. Min eral evo lu tion and
pro cesses of ferruginous microbialite ac cre tion – an ex am ple

from the Mid dle Eocene stromatolitic and ooidal iron stones of
the Bahariya De pres sion, West ern Desert, Egypt. Geobiology,
11: 15–28.

Sanchez-Amat, A., Solano, F., 2005. Ge nus III. Marinomonas Van
Landschoot and De Ley 1984, 91VP (Ef fec tive pub li ca tion: Van
Landschoot and De Ley 1983, 3071). In: Bergey’s Man ual of
Sys tem atic Bac te ri ol ogy, Sec ond Edi tion, 2: The
Proteobacteria, Part B – The Gammaproteobacteria (eds. D.J.
Brenner, N.R. Krieg and J.T. Staley, Vol ume Two, G.M. Garrity –
Ed i tor-in-Chief, with con tri bu tions from 339 col leagues):
284–289. Springer.

Satomi, M., Kimura, B., Hayashi, M., Shouzen, Y., Okuzumi, M.,
Fujii, T., 1998. Marinospirillum gen. nova, with de scrip tions of
Marinospirillum megaterium sp. nov., iso lated from kusaya
gravy, and trans fer of Oceanospirillum minutulum to Marino -
spirillum minutulum comb. nov. In ter na tional Jour nal of Sys tem -
atic Bac te ri ol ogy, 48: 1341–1348.

Solano, F., Sanchez-Amat, A., 1999. Stud ies on the phylo gen etic
re la tion ships of melanogenic ma rine bac te ria: pro posal of
Marinomonas mediterranea sp. nov. In ter na tional Jour nal of
Sys tem atic Bac te ri ol ogy, 49: 1241–1246.

Spring, S., 2006. The gen era Leptothrix and Sphaerotilus. The
Prokaryotes (Third Edi tion), 5: 758–777. Springer.

Thiel, T., Ly ons, E.M., Erker, J.C., Ernst, A., 1995. A sec ond
nitrogenase in veg e ta tive cells of a heterocyst-form ing
cyanobacterium. Pro ceed ings of the Na tional Acad emy of Sci -
ences USA (Mi cro bi ol ogy), 92: 9358–9362.

Tyagi, V.V.S., 1975. The heterocysts of blue-green al gae (Myxo -
phyceae). Bi o log i cal Re views, 50: 247–284.

Ulcay, S., Taºkin, E., Kurt, O., Öztürk, M., 2014. Ma rine ben thic
Cyanobacteria in North ern Cy prus (East ern Med i ter ra nean
Sea). Turk ish Jour nal of Bot any, 38: 1–16.

Unz, R.F., Head, I.M., 2005. Ge nus I. Thiothrix Winogradsky 1888,
39AL emend. Howarth, Unz, Seviour, Blackall, Pickup, Jones,
Yaguchi and Head 1999, 1824. In: Bergey’s Man ual of Sys tem -
atic Bac te ri ol ogy, Sec ond Edi tion, 2: The Proteobacteria, Part B
– The Gammaproteobacteria (eds. D.J. Brenner, N.R. Krieg and
J.T. Staley, Vol ume Two, G.M. Garrity – Ed i tor-in-Chief with con -
tri bu tions from 339 col leagues): 131–142. Springer.

Uïa, A., Bucur, I.I., 2003. Mi cro bial struc tures and microencrusters
in the Up per Ju ras sic-Lower Cre ta ceous de pos its from
Buila-Vânturariþa Mas sif (South Carpathians). Studia Univer -
sitatis Babeº-Bolyai, Geologia, 48: 3–14.

Van Veen, W.L., Mulder, E.G., Deinema, M.H., 1978. The
Sphaerotilus-Leptothrix group of bac te ria. Mi cro bi o log i cal Re -
views, 42: 329–356.

Ventosa, A., 2005. Ge nus III. Salinivibrio Mellado, Moore, Nieto and 
Ventosa 1996, 820VP. In: Bergey’s Man ual of Sys tem atic Bac te -
ri ol ogy, 2nd Edi tion, 2: The Proteobacteria, Part B – The
Gammaproteobacteria  (eds. D.J. Brenner, N.R. Krieg and J.T.
Staley, Vol ume Two, G.M. Garrity – Ed i tor-in-Chief, with con tri -
bu tions from 339 col leagues): 552–555. Springer.

Vin cent, W. F., 2009. Cyanobacteria. In: En cy clo pe dia of In land Wa -
ters  (ed. G.E. Lik ens), 3: 226–232 Elsevier, Ox ford.

Vreeland, R.H., 2005. Ge nus I. Halomonas Vreeland, Litch field,
Mar tin, and Elliot 1980, 494VP emend. Dobson and Franzmann
1996, 557. In: Bergey’s Man ual of Sys tem atic Bac te ri ol ogy, 2nd
Edi tion, 2: The Proteobacteria, Part B – The
Gammaproteobacteria (eds. D.J. Brenner, N.R. Krieg and J.T.
Staley, Vol ume Two, G.M. Garrity – Ed i tor-in-Chief, with con tri -
bu tions from 339 col leagues): 300–313. Springer.

Wa ter bury, J.B., Stanier, R.Y., 1978. Pat terns of growth and de vel -
op ment in Pleurocapsalean Cyanobacteria. Mi cro bi o log i cal Re -
views, 42: 2–44.

Weiner, S., Levi-Kalisman, Y., Raz, S., Lia Addadi, L., 2003. Bi o -
log i cally formed Amor phous Cal cium Car bon ate. Con nec tive
Tis sue Re search, 44 (Suppl. 1): 214–218.

Wil liams, M.A., Rittenberg, S.C., 1956. Microcyst for ma tion and
ger mi na tion in Spirillum lunatum. Jour nal of Gen eral Mi cro bi ol -
ogy, 15: 205–209.

Wood, A., 1957. The type-spe cies of Girvanella (cal car e ous alga).
Palae on tol ogy, 1: 22–28.


	Andrzej PSZCZÓ£KOWSKI – Upper Jurassic bacteria from the Raptawicka Turnia Limestone Formation in the Ma³y Giewont area (Western Tatra Mountains, Poland) 840

