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An unanticipated diversity of archacomonad stomatocysts intermixed with marine plankton including diatoms, silicofla-
gellates, parmaleans and individual siliceous protistan scales was encountered in Rupelian diatomites from the Central
Paratethys. In this initial report we document 27 previously described species attributed to three palacomorphogenera
(Archaeomonas, Archaeosphaeridium, and Litheusphaerella). An additional eight morphospecies from two genera
(Archaeomonas anterioconica Kaczmarska sp. nov., 4. asharya Samanta sp. nov., 4. genetynanii Ehrman sp. nov., 4. jim-
stehrii Ehrman & Kaczmarska sp. nov., 4. lenistriata Kaczmarska sp. nov., 4. litheusphaerellamima Samanta sp. nov.,
A. sextapapillatus Kaczmarska sp. nov., and Litharchaeocystis centparatethianus Ehrman sp. nov.) are proposed as
new to science. We also found at least a dozen more distinct morphotypes in orientations and quantities insufficient for
formal description that will be the subject of further studies. Our report is the first from the Central Paratethys and the
most species rich archaeomonad flora reported from the Oligocene worldwide. The combination of previously described
archaeomonad species recovered with the associated diatoms, parmaleans, silicoflagellates, ebridians, and other marine
biota suggest that our stomatocysts are native to their basin and inhabited the neritic part of the Paratethys. Unfortunately,
the small number of dedicated studies and archacomonad species known to date still hampers a better understanding of
their biostratigraphy and paleoecology.
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Introduction

The family Archacomonadaceae Deflandre, 1932c, was
erected to accommodate fossilised cell walls of the chryso-
phycean-like stomatocysts found in marine sediments. They
could not be attributed to modern, predominantly freshwa-
ter genera (Tynan 1960) since their classification is based on
living vegetative cells. Archacomonadaceae were described
and named following the binomial Linnaean convention.
Although admitted being artificial by its creator, Deflandre
(1932c¢) erected his system to facilitate future studies of such
remains. Indeed, it has been a common and needed practice
in palaeontology for extinct, partially preserved fossils to
be assigned specific scientific names until such time when
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complete specimens, entire life cycles and non-mineralised
remains are recovered. Recognising that fossilised biologi-
cal remains generally do not present complete organisms or
all of their life cycle stages, such practice is permitted under
the International Code of Nomenclature for algae, fungi,
and plants (ICN Shenzhen Code; Turland et al. 2018: articles
1.2 and 11.1).

Archacomonads were thought to be extinct until morpho-
logically similar living marine forms were discovered. They
were first found in environments associated with modern
sea-ice (Mitchell and Silver 1982; Riaux-Gobin and Stumm
2006; Riaux-Gobin et al. 2011), although it is unlikely that
they lived under similar conditions in the Cretaceous or
Paleogene oceans. Stomatocysts, which are widely consid-
ered resting stages of chrysophyceans, are also referred to as
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statospores, stomatospores, statocysts (Sandgren 1988; Duff
et al. 1995), or simply siliceous cysts.

In lacustrine sediments, chrysophycean stomatocysts
are known since the Triassic (~228-235 Ma; Zhang et al.
2016), where they already demonstrate considerable diver-
sity and complexity of wall structures. The earliest known
stomatocysts from marine sediments are Early Cretaceous
in age (~125 Ma; Harwood and Gersonde 1990). They have
been found worldwide in Upper Cretaceous and Cenozoic
sediments, although generally as a small addition to the to-
tal abundance of other siliceous microfossils. Consequently,
archacomonad biostratigraphy is relatively undeveloped
(Tynan 1971; Lipps 1993). Diverse assemblages of fossilised
archaeomonads are spotty, the best known are those from
the Cretaceous, Eocene, and Miocene (Table 1). In contrast
to general abundance, archacomonad morphological diver-
sity is high. Nearly every publication on the subject reports
at least several species new to science (Hajos 1968; Perch-
Nielsen 1978; Riaux-Gobin and Stumm 2006; Kato 2019).
Furthermore, when more abundant, archacomonads have
been found to be ecologically informative for marine palaeo-
environments (Stickley et al. 2008; Kato and Suto 2019), sim-
ilar to their freshwater counterparts (Wilkinson et al. 1999).

Extrapolating from extant freshwater chrysophytes,
one individual living cell produces one endogenous cyst
with a silicified, nearly continuous cell wall. Stomatocysts
have only one small opening (pore) which is used by the
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enclosed protoplast to exit the cyst. The pores are closed
by an infrequently fossilised plug. In some extant species
sexual zygotes may also encyst and form a resting hypnozy-
gote. Hypnozygotes are morphologically and developmen-
tally undistinguishable from the vegetative stomatocysts
of the same species (Sandgren 1988). Only a small num-
ber of extant freshwater stomatocysts can be attributed to
their vegetative cells, but they are species-specific when
fully developed (Kristiansen and Andersen 1986; Duff et
al. 1995; Holen 2014). Because the current systematics of
living freshwater chrysophyceans is based on their dom-
inant vegetative stages, the taxonomy of the extant fresh-
water stomatocysts that have not been attributed to their
living stages is also artificial. Newly recognised cyst mor-
photypes are assigned consecutive numbers in the author’s
record of cyst descriptions (e.g., Statospore No. 1 Cronberg
in Cronberg and Sandgren 1986). Following the proposal of
Cronberg and Sandgren (1986), hundreds of such numbered
freshwater entities have been described by many authors
(Wilkinson et al. 2001; Firsova et al. 2012; Piatek 2017)
as an alternative to the equally artificial Linnaean system
established by Deflandre (1932c) for fossil marine forms.
Attempts have been made to standardise descriptions and
recognition of cyst morphotypes (reviewed by Cronberg
1986), but both systems remain in use (compare Wilkinson
et al. 2001; Riaux-Gobin and Stumm 2006; Kato 2019).
Here, we follow the Deflandre (1932c¢) system.
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Fig. 1. Lithofacial map of the Menilite Formation below sheet-like shales complex (Borek Nowy member). Redrawn and modified from Kotlarczyk and
Lesniak (1990, fig. 7), with permission of AGH University of Krakow Publishing, 2025.
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Siliceous scales covering flagellated microeukaryote
vegetative cells are minute and relatively lightly silicified
when compared to stomatocyst walls (Bessudova et al.
2018; Siver 2020). As such, they are more susceptible to
recycling after cell death, during sedimentation, and dia-
genesis. This at least in part must contribute to their rarity
among many relatively well-preserved siliceous fossil-rich
sediments. Compared to the number of described stoma-
tocysts, the full set of vegetative cell body-scales have
been documented only in relatively few living freshwa-
ter chrysophyceans. There is a singular such case among
the fossilised freshwater taxa (Siver 2020), and none yet
reported among marine taxa (Riaux-Gobin and Stumm
2006). Stomatocysts therefore are and will likely remain
into the foreseeable future, the main available evidence of
chrysophycean existence in both marine and freshwater
fossil records.

We document here for the first time Oligocene archaeo-
monad stomatocyst flora from the Central Paratethys, Outer
Carpathians. When possible, we place all in their Rupelian
palacoenvironmental and micropalacontological contexts.

Nomenclatural acts—This published work and the nomen-
clatural acts it contains, have been registered in PhycoBank
ID: http:/phycobank.org/105035-42.

Institutional abbreviations—AGH, Academy of Mining
and Metallurgy, Krakow, Poland; B, Botanischer Garten
und Botanisches Museum, Berlin, Germany; DMF, Digital
Microscopy Facility, Mount Allison University, Sackville,
Canada; GITAM, Gandhi Institute of Technology and Mana-
gement, Rushikonda, India; Herbarium KRAM, Herbarium
Instituti Botanici, Academiae Scientorum Poloniae-
Cracoviae, Krakow, Poland; KRAM, W. Szafer Institute
of Botany, Polish Academy of Sciences, Krakow, Poland;
NSERC, Natural Sciences and Engineering Research Coun-
cil of Canada; PAS, Polish Academy of Sciences.

Other abbreviations—LM, light microscopy; ICN, Inter-
national Code of Nomenclature for algae, fungi, and plants;
SEM, scanning electron microscopy.

Material and methods

Sampling was conducted in southeastern Poland at all
sites meeting the criteria indicated in Kotlarczyk and
Kaczmarska (1987) and Kaczmarska and Ehrman (2023),
i.e., diatom remains detected using field LM or when si-
liceous microfossils were expected from the position in
lithographic succession. A map with sampling sites and
illustrating the distribution of the Futoma Diatomite
Member and some other contemporary lithofacies is given
in Fig. 1. In total, 265 field samples collected in the 1970s
were re-examined in the laboratory for the presence of
fossilised siliceous remains using LM water mounts, and
123 of them contained identifiable fragments of diatoms.
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Fig. 2. Lithological columns of Futoma Diatomite Member at its strato-
type in Futoma. Redrawn and modified from Kotlarczyk and Kaczmarska
(1987, fig. 3), with permission of Annales Societatus Geologorum Polo-
niae, 2025.

In the Futoma Diatomite Horizon (Kotlarczyk 1982), later
named Futoma Diatomite Member (Kotlarczyk et al. 2006),
74 of the 123 samples were found to contain a sufficient
quantity of well-preserved siliceous remains to warrant
in-depth examination. In this initial report we focus on 17
samples with the most diverse and best preserved archaeo-
monads and nannofossils collected from outcrops near the
villages of Borek Nowy, Brzezowka, Futoma, Hermanowa,
and Lubno (Fig. 1). Sedimentary features of the Futoma
Diatomite Member of the stratotype at Futoma are shown
in Fig. 2. The geological setting for the area and these sam-
ples is described in Kotlarczyk and Kaczmarska (1987) and
Kotlarczyk and Lesniak (1990).

Sample selection and laboratory processing methods
are described in Kaczmarska (1982), Kotlarczyk and Kacz-
marska (1987) and Kaczmarska and Ehrman (2023). More
recently updated and integrated stratigraphy and palaeoecol-
ogy of the lower Oligocene (Rupelian) of the sampled area
may be found in Kotlarczyk et al. (2006) and Kotlarczyk and
Uchman (2012). Alternative palaeoceanographic scenarios
are discussed in Sachsenhofer et al. (2017) and Salata and
Uchman (2019). SEM examination was performed using a
Hitachi SU3500 SEM (Hitachi High-Technologies Canada,
Inc., Etobicoke, Ontario, Canada) operating at 10 kV and
5 mm working distance as described in Kaczmarska and
Ehrman (2023).
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Table 1. Epoch-level range of occurrence for previously described archacomonad species found in this study. Sources: 1, Bachmann 1964; 2, Buck
and Garrison 1983; 3, Cornell 1972; 4, Deflandre 1932a; 5, Deflandre 1933; 6, Deflandre 1938; 7, Deflandre and Deflandre-Rigaud 1969; 8, Gom-
bos 1977; 9, Hajos 1968; 10, Hajos and Stradner 1975; 11, Kato 2019; 12, Ling and Kim 1983; 13, Mitchell and Silver 1982; 14, Mitchell and Silver
1986; 15, Perch-Nielsen 1975; 16, Perch-Nielsen 1978; 17, Rampi 1940; 18, Rampi 1969; 19, Riaux-Gobin and Stumm 2006; 20, Riaux-Gobin

etal. 2011; 21, Stradner 1971; 22, Takahashi et al. 1986; 23, Tynan 1960.
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Archaeomonas chiarugii X 10, 17
Archaeomonas semplicia X X 15,16,17,18
Archaeomonas kreyenhagenensis X X 15, 16, 18
Archaeomonas robusta X 16, 18
Archaeomonas karinae X 16
Archaeomonas americana X 15,18
Archaeosphaeridium australensis X x 8,15
Litheusphaerella spectabilis X X X X x? 4,7,13,14,15,16, 21,22
Archaeomonas heteroptera X X X X 1,3,7,10,15,17, 18
Archaeomonas manginii X X X 1,3,4,9,15,17,18,21,23
Archaeomonas helminthophora X X X X 3,5,9,16,23
Archaeomonas vermiculosa X X X X 3,4,16,17,21,23
Archaeomonas speciosa X X 3,4,16,23
Archaeomonas sphaerica X X X 4,9,16
Archaeomonas striata X X X 5,15, 16
Archaeomonas gratiosa x 9
Archaeomonas hungarica X 9
Archaeomonas reticulata x 9
Archaeomonas ovoidea X 5,7,16
Archaeomonas tubulata X 6,7
Archaeomonas mamillosa X 1,12,23
Archaeomonas japonica X X X x? 5,15, 16, 18
Archaeomonas areolata X X x? 2,5,11,13, 14, 16, 21, 22, 23
Archaeomonas cf. areolata var. 1 X 19, 20

We follow Deflandre’s description and naming system
(Deflandre and Deflandre-Rigaud 1969) which is com-
monly used for stomatocysts recovered from marine sed-
iments (Hajos 1968; Perch-Nielsen 1978) and is similar to
the conventions for other marine microfossil morphospe-
cies (e.g., acritarchs, coccolithophorids) that use binomial
nomenclature notwithstanding their unknown relation-
ship to the entire organism from which they originated.
Whenever appropriate, we follow the terminology for sto-
matocyst structure proposed by Wilkinson et al. (2001)
and Kato (2019). Our measurements represent the longest
structures on the preserved fossil surfaces. Stratigraphic
distribution of previously described species is reported in
Table 1.

As some of our SEM preparations are still being investi-
gated for other taxa, permanent repository numbers are not
available and instead are identified by provisionary DMF
numbers. KRAM has agreed to accept these preparations
when work is finished and will assign them KRAM num-
bers when deposited.

Systematic palacontology

Division, class, and order uncertain
Family Archacomonadaceae Deflandre, 1932c
Genus Archaeomonas Deflandre, 1932¢

Type species: Archaeomonas manginii Deflandre, 1932a. Upper Creta-
ceous—Miocene, California (USA).

Archaeomonas stomatocysts with ribs

Archaeomonas lenistriata Kaczmarska sp. nov.
Fig. 3A-F.
PhycoBank ID: http://phycobank.org/105035.

Etymology: Refers to delicate ribbing of the cyst walls.

Holotype: DMF SEM stub 349-2, as preparation KRAM A-28, sample
Borek Nowy Kawalec (Fig. 3A, SEM image of fractured stomatocyst
in anterio-lateral view).

Type locality: Borek Nowy Kawalec, Poland.
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Fig. 3. Archacomonad stomatocysts from Rupelian (lower Oligocene) of Poland. A—F. Archaeomonas lenistriata Kaczmarska sp. nov., variant with con-
centric orientation of strips (A—C), variant with strips looping around anterior and posterior poles (D-F). A. DMF stub 349-2 (KRAM A-28), holotype,
Borek Nowy Kawalec, in anterio-lateral view. B. DMF stub 333-3, Brzezowka, in anterio-lateral view. C. DMF stub 349-2 (KRAM A-28), Borek Nowy
Kawalec, in anterio-lateral view. D. DMF stub 349-2 (KRAM A-28), Borek Nowy Kawalec, in anterio-lateral view. E. DMF stub 349-2 (KRAM A-28),
Borek Nowy Kawalec, in posterio-lateral view. F. DMF stub 349-2 (KRAM A-28), Borek Nowy Kawalec, in posterio-lateral view. G. Archaeomonas
striata Deflandre, 1933, DMF stub 349-17a, Futoma 4, in anterio-lateral view. H. Archaeomonas genetynanii Ehrman sp. nov., DMF stub 349-16 (KRAM
A-30), Futoma 4, holotype, in lateral view (H,), anterior view showing details of collar and pore (H,). I, J Archaeomonas gratiosa Hajos, 1968, Futoma
5. I. DMF stub 352-1a, stomatocyst, in anterio-lateral view (I;), anterior view showing details of collar and pore (I,). J. DMF stub 352-1b, in posterior

view. Scale bars 2 pm.

Type horizon: Futoma Diatomite Member, Rupelian, lower Oligocene.

Material —Stomatocysts with parallel ribs: Borek Nowy
Kawalec (DMF stubs 349-2 as KRAM A-28, 349-2a, 349-
2b, 349-2¢, 349-2d), Futoma 14. Concentric-ring morphol-

ogy: Borek Nowy Kawalec, Brzezowka (DMF stub 333-3).
At least a dozen specimens of each morphology found on
SEM stubs (~20 images acquired). All from Oligocene of
southeastern Poland.
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Diagnosis.—Cell walls finely ribbed (may be called striae
or ridges, approximately 25-35 in 10 um) in pattern parallel
to cell apical axis or showing a combination of perpendic-
ular and parallel orientation. Collar in form of low cylinder
topped with flat rim.

Description—Stomatocysts spherical, 5.3-8.2 um in dia-
meter, cell walls with very fine and low ribs (Fig. 3A, B, D, E).
Two variants of striation found: perpendicular (Fig. 3A—C)
and parallel (Fig. 3D—F) to cyst apical axis (the axis connect-
ing anterior with posterior poles of cyst). In parallel variant
ribs loop around collar and descend toward posterior pole
where they turn on themselves (Fig. 3D, E). In second vari-
ant ribs organised concentrically around collar and parallel
to each other but perpendicular to apical axis (Fig. 3B, C).
Both morphotypes of similar cell and pore size. Pores sur-
rounded by simple cylindrical, low collar, similar in width
and appearance to ribs on cyst surface, collar 0.6—0.7 um in
diameter. Ribs fine, 25-35 in 10 pm. Individual ribs up to 0.3
um high and abaxially T-shaped when seen on best preserved
specimens (Fig. 3C, D, F). In those specimens, rib tops nearly
touch each other. In partially eroded specimens only vertical
portion of “T” is preserved and so ribs appear further apart,
most commonly separated by approximately 0.2 pm.

Remarks.—The overall wall general surface architec-
ture of our specimens is similar to Archaeomonas striata
Deflandre, 1933, discussed below. Ribs looping around the
collar and turning on themselves in the parallel variant are
also shown in SEM images in Deflandre and Deflandre-
Rigaud (1969) where they were erroneously attributed to
A. striata. However, the rib density is much finer on the
walls of A. lenistriata Kaczmarska sp. nov. than on the
A. striata holotype or freshwater Stomatocyst 97 Duff &
Smol, 1991. Furthermore, the collars of our specimens are
different from those seen on LM and SEM images of the ho-
lotype and other specimens of A. striata shown by Deflandre
(1933) and Perch-Nielsen (1978), leading us to conclude that
our specimens represent a species new to science.

Stratigraphic and geographic range—Rupelian (lower Oli-
gocene) of southeastern Poland (this study).

Archaeomonas striata Deflandre, 1933
Fig. 3G.

Material—Six specimens from Futoma 4 (DMF stub 349-
17a), Oligocene of southeastern Poland.

Description—Stomatocysts spherical, 9—10 pm in diame-
ter. Cell wall ornamented by narrow, tall ribs (up to 0.6 um
tall; 7-8 ribs in 10 um) separated by wide depressions.
Depending on cyst orientation, ribs may appear spiral, loop-
ing or nearly longitudinal between cyst anterior and poste-
rior poles. Pores regular, 0.7 pm in diameter surrounded by
a collar with obconical, concave flange, 2.2 um in maximal
diameter (Fig. 3G).

Remarks.—Archaeomonas striata (Deflandre 1933; Def-
landre and Deflandre-Rigaud 1969) from Jutland (Denmark)
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is the most similar to our specimens. Although several spec-
imens are shown in those sources, just one measurement is
given which is for the cyst diameter (5.5 pm). The species is
also reported by Perch-Nielsen (1978) and on those cysts the
ribs (there called striae) also loop and splitin the manner illus-
trated by Deflandre (1933). Her specimens are also coarsely
striated (~9 in 10 um), similar to the LM-documented holo-
type shown by Deflandre (1933) with 5-7 striae on the vis-
ible side of the spherical cell when counted on her images.
Freshwater Stomatocyst 97 Duff & Smol, 1991, is somewhat
similar to our specimens and those of Deflandre (1933) and
Perch-Nielsen (1978) in terms of striation density (striae are
called circuli in Duff and Smol 1991) but differs in collar
structure; conical with ridges continuing onto the collar in
Perch-Nielsen (1978) vs. cylindrical, separate and circular
in Duff and Smol (1991). Furthermore, there are two SEM
images shown by Deflandre and Deflandre-Rigaud (1969)
attributed to this species. However, these images carry finer
ribbing. At least 13 ribs can be counted on a part of the
clearly visible side of the spherical cell while 5-9 is seen on
the holotype in Deflandre (1933) and Perch Nielsen (1978)
specimens. Admittedly, any metrics are difficult to establish
when only magnifications and not scale bars are provided.
Nonetheless, because of the significant difference in rib
density between their LM and SEM images, we consider the
two specimens illustrated in SEM as belonging to a species
other than 4. striata sensu Deflandre (1933), most likely to
our new species A. lenistriata Kaczmarska sp. nov.

Stratigraphic and geographic range—Paleocene—Eocene
of Mors Island, Denmark (Deflandre 1933), Upper Eocene
of the Vering Plateau of the Norwegian Sea (Perch-Nielsen
1978), Rupelian (lower Oligocene) of southeastern Poland
(this study), and Miocene of the Subantarctic Southwest
Pacific (Perch-Nielsen 1975).

Archaeomonas stomatocysts with ridged walls

Archaeomonas genetynanii Ehrman sp. nov.
Fig. 3H.

PhycoBank ID: http://phycobank.org/105036.

Etymology: Dedicated to Eugene J. Tynan (1924-1986), who reported
extensively on many microfossils including archacomonads.

Holotype: DMF SEM stub 349-16, as preparation KRAM A-30, sam-
ple Futoma 4, fine fraction (Fig. 3H;, SEM image of stomatocyst in
anterio-lateral view).

Type locality: Futoma, Poland.
Type horizon: Futoma Diatomite Member, Rupelian, lower Oligocene.

Material —Several specimens encountered on each SEM
stub from Futoma 4 (DMF stub 349-16 as KRAM A-30), 5,
Oligocene of southeastern Poland.

Diagnosis—High obconical, concave collar, cyst wall cov-
ered with short, curved ridges and prickly spines.

Description—Stomatocysts spherical, 7.4—8.8 um in dia-
meter. Pores regular, 0.6 um in diameter surrounded by
obconical, concave collar (Fig. 3H;) abruptly emerging from



KACZMARSKA ET AL—OLIGOCENE ARCHAEOMONAD STOMATOCYSTS FROM POLAND 391

cyst wall surface, up to 0.8 pum high and 2.9 pm in diam-
eter at its irregular free margin. Cyst walls ornamented
with short, ridges and prickly spines dispersed through-
out (Fig. 3H). Some spines rounded, others polygonal at
base. Some ridges straight, others bowed and/or branching.
Spines and ridges up to 1.2 pm high, 6—8 in 10 pm.

Remarks.—Tynan described and illustrated specimens
named “Archacomonas cf. helminthophora” (Tynan 1960).
He emphasised significant differences in collar struc-
ture between A. helminthophora Deflandre, 1933, and his
specimens as distinguishing characters between the two.
His specimens have a collar distinctly obconical (which
he called “flared”), while the holotype of 4. helmintho-
phora has a low, more cylindrical collar (Deflandre 1933).
Unfortunately, in the same publication Deflandre also di-
agnosed A. helminthophora cysts as having “the structure
of the pore very low and flared”, contradicting his own
drawing of the holotype. The low “flaring” is clearly seen
on our specimens; therefore, we attribute them to A. hel-
minthophora. Other characteristics of A. helminthophora
are detailed below. The most immediately notable differ-
ence between our new species and the type specimen shown
by Deflandre (1933) for A. helminthophora is the wall orna-
mentation. A. helminthophora cyst walls carry long ridges
while our specimens and those of Tynan (1960) have a mix-
ture of short ridges and various prickly spines.

Stratigraphic and geographic range—Rupelian (lower
Oligocene) of southeastern Poland (this study).

Archaeomonas gratiosa Hajos, 1968
Fig. 31, J.

Material—Numerous specimens found on each SEM
stub from Futoma 5 (DMF stubs 352-1a, 352-1b), L.ubno 3,
Oligocene of southeastern Poland.

Description—Stomatocysts spherical, 6.0-9.0 um, pores
0.5-0.9 um in diameter. Collars indistinct, low, flat-rimmed
and cylindrical, 0.8-1.8 um in diameter (Fig. 3I;). Walls
ornamented by sparse, thin, sharp ridges, up to 1.1 um high
in best preserved specimens. There may be 2-9 visible
ridges, depending on cell orientation (Fig. 3I,), but most
are distant from each other at 2—4 in 10 um. Some ridges
straight, running parallel to each other over a large part of
the cyst surface, others shorter and slightly curved. Ridges
may be positioned obliquely, spirally, or radially relative to
cyst anterior-posterior axis (Fig. 3J).

Remarks—Our specimens are similar to 4. gratiosa with
its relatively narrow cylindrical collar and ridges “not con-
verging and connecting like in 4. lefeburei Deflandre, 19337,
which Hajos (1968) deemed its closest relative. However,
our specimens are somewhat smaller than those from the
Tortonian in Hungary, being just at and below the lower
range of the diagnostic size range (8—10 pm in diameter).
Other similar species include A. venusta Deflandre, 1933
(Deflandre 1933), and A. gracilis Tynan, 1960 (Tynan 1960),

but they have pronounced and obconical collars in addition
to different patterns of ridges. In Archaeomonas chenevierei
Deflandre, 1932d (Deflandre 1932d), A. deflandrei Rampi,
1948 (Rampi 1948), and A4. lefeburei (Deflandre 1933) ridges
are wavy, joining and branching, unlike our cysts with sin-
gular ridges. 4. deflandriana Hajos, 1968, has an exception-
ally long collar and very tall ridges.

Stratigraphic and geographic range.—Rupelian (lower
Oligocene) of southeastern Poland (this study), and Torto-
nian (Miocene) of Hungary (Hajos 1968).

Archaeomonas helminthophora Deflandre, 1933
Fig. 4A, B.

Material—At least 10 specimens encountered on both
SEM stubs from Borek Nowy Kawalec (DMF stub 349-2¢),
Futoma 17 (DMF stub 349-12a), Oligocene of southeastern
Poland.

Description—Stomatocysts spherical, 6.6—7.1 pm with
pores 0.6 um in diameter. Pores surrounded by low,
cylindrical to obconical collars, up to 2.6 um in diame-
ter (Fig. 4A). Cyst walls adorned with high, narrow ridges
of varied length and orientation, both straight and slightly
bowed (Fig. 4B) but generally equal to or longer than collar
diameter, as shown on the species holotype. As per diag-
nosis, number of ridges varies greatly. Maximal height of
undamaged ridge recovered was 1.6 pm.

Stratigraphic and geographic range—Upper Cretaceous
of the Moreno Formation, California (USA; Cornell 1972),
Rupelian (lower Oligocene) of southeastern Poland (this
study), Miocene of Maryland (USA; Deflandre 1933;
Tynan 1960), Tortonian (Miocene) of Hungary (Hajos 1968;
Deflandre and Deflandre-Rigaud 1969), and Miocene of the
Vering Plateau of the Norwegian Sea (Perch-Nielsen 1978).

Archaeomonas heteroptera Deflandre, 1932¢
Fig. 4C-E.

Material —Numerous specimens encountered on each SEM
stub from Borek Nowy 12 Kawalec, Futoma 5, 17 (DMF
stub 349-12b), Lubno 3 (DMF stub 342-10a), 4 (DMF stub
333-10a), Oligocene of southeastern Poland.

Description—Stomatocysts appear spherical, oblate, or el-
lipsoidal, depending on cell orientation; 6.0—8.8 pm and 6.2—
9.5 um in width and length, respectively. Pores 0.6—1.2 pm
in diameter, surrounded by cylindrical collar (Fig. 4C) with
relatively thick flat rim (Fig. 4D). Collars 1.3-2.7 um in
diameter including rim and up to 0.8 um high in best pre-
served specimens. Cyst walls adorned with tall, fin-like
longitudinal ridges. Several longest ridges may run nearly
entire length of cell (Fig. 4C), while shorter ridges may be
inserted between longer ones. Number and length of ridges
varies greatly (Fig. 4E). Maximal height of ridge recovered
was 1.5 um. There may be 2—8 such ridges in 10 um. State
of specimen preservation varied, some showing only bases
of ridges (Fig. 4D). In extreme cases, although generally
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Fig. 4. Archaeomonad stomatocysts from Rupelian (lower Oligocene) of Poland. A, B. Archaeomonas helminthophora Deflandre, 1933. A. DMF stub
349-2¢, Borek Nowy Kawalec, in anterio-lateral view. B. DMF stub 349-12a, Futoma 17, in posterior view. C—E. Archaeomonas heteroptera Deflandre,
1932¢. C. DMF stub 349-12b, Futoma 17, in lateral view. D. DMF stub 342-10a, Lubno 3, in anterior view. E. DMF stub 333-10a, Lubno 4, in posterior
view. F. Archaeomonas vermiculosa Deflandre 1932a, DMF stub 349-12c¢, Futoma 17, in lateral view. G. Archaeomonas areolata Deflandre, 1933, DMF
stub 349-17b, Futoma 4, in anterio-lateral view, with thick, internally round externally polygonal ring of a collar (white arrow) with conulae at some junc-
tions of polygons on wall surface (black arrow). H-J. Archaeomonas cf. areolata var. 1 Riaux-Gobin & Stumm, 2006. H. DMF stub 341-13, Lubno 4, in
anterior view. I. DMF stub 342-15a, Borek Nowy 12B, in posterior view, with blunt, bacculate spines at neighboring polygon junctions (arrows). J. DMF
stub 349-1, Futoma 17A, in lateral view, with small conulae visible in areolae centers (arrows). K, L. Archaeomonas asharya Samanta sp. nov. K. DMF
stub 349-12 (KRAM A-29), holotype, Futoma 17, in anterio-lateral view. L. DMF stub 333-5, Futoma 17A, in posterior view. M. Archaeomonas ovoidea
Deflandre, 1933, DMF stub 342-13 (B 40 0046308), Lubno 4, in lateral view. Scale bars 2 pm.

spherical, overall cyst outline appeared angular. In such  Remarks.—In addition to Deflandre (1932a, c) this variable,
cysts, the pores have acute edges, flush with surrounding yet distinct species has been reported by several researchers,
flattened cell surface and no collar. as summarised and illustrated in Deflandre and Deflandre-
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Rigaud (1969), but also later by Perch-Nielsen (1978), both
including SEM images.

Stratigraphic and geographic range—Upper Cretaceous
of the Moreno Formation, California (USA; Rampi 1940;
Cornell 1972), Upper Cretaceous of the South Pacific Ocean
(Hajos and Stradner 1975), Paleocene/Eocene boundary
of Fuur Island, North Jutland (Denmark; Deflandre and
Deflandre-Rigaud 1969), Eocene of the Kreyenhagen For-
mation, California (USA; Rampi 1969), Upper Eocene of
the Subantarctic Southwest Pacific (Perch-Nielsen 1975),
Rupelian (lower Oligocene) of southeastern Poland (this
study), Miocene of the Calvert Formation, Maryland (USA;
Tynan 1960), Miocene of Noto Peninsula (Japan; Bachmann
1964), and Miocene of Limberg (Austria; Stradner 1971).

Archaeomonas vermiculosa Deflandre, 1932a
Fig. 4F.

Material —Several specimens encountered on SEM stub
from Futoma 17 (DMF stub 349-12c), Oligocene of south-
eastern Poland.

Description.—Cysts spherical, 6.6-9.2 pm in diameter.
Walls densely covered with irregularly dispersed vermicu-
lar ribs of varied length, straight or slightly curved (Fig. 4F).
Maximal height of ridge recovered was 0.6 pm. One cyst
presenting pore shows a relatively small, regular opening,
0.6 pm in diameter. Collar subconical, up to 1.1 pm in diam-
eter and approximately 0.5 um in height.

Remarks.—The subconical collar, smaller and denser ridges
distinguish our specimens from those of 4. helminthophora
(Deflandre 1933). Our specimens differ from that shown by
Perch-Nielsen (1978) by having a less spinose character of
the ribs and are slightly larger than all specimens mentioned
above. The ribs on our specimens tend to be longer and more
curved towards the posterior end of the cyst, in agreement
with the illustration of the holotype.

Stratigraphic and geographic range—Upper Cretaceous
of the Moreno Formation, California (USA; Rampi 1940;
Cornell 1972), Paleocene/Eocene boundary of Fuur Island,
North Jutland (Denmark; Deflandre 1932a), Rupelian (lower
Oligocene) of southeastern Poland (this study), Miocene of the
Calvert Formation, Maryland (USA; Tynan 1960), Miocene
of Limberg (Austria; Stradner 1971), and Miocene of the
Voring Plateau of the Norwegian Sea (Perch-Nielsen 1978).

Archaeomonas stomatocysts with reticule

Archaeomonas areolata Deflandre, 1933
Fig. 4G.
Material —Numerous specimens encountered on each

SEM stub from Futoma 4 (DMF stub 349-17b), 5, 17,
Oligocene of southeastern Poland.

Description.—Spherical specimens 7.7-9.3 pm in diameter.
Pores 0.7-0.8 um in diameter surrounded by thick, inter-
nally round, externally polygonal ring of a collar (Fig. 4G)
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slightly elevated above cell wall surface and connected to
sides of neighbouring polygons, 1.7-2.4 pm in diameter.
Cell walls covered by relatively large polygonal (mostly
hexagonal) reticulum, 4-7 areolae in 10 um, sometimes
referred to as locunae. Small conulae (up to 0.4 pm high;
Fig. 4G) may emerge at junctions of some polygons, as in
Deflandre’s (1933) holotype.

Remarks.—Following the original description, Tynan (1960)
and Stradner (1971) provided images of specimens with
a very low, simple cylindrical collar. Later, Perch-Nielsen
(1978) showed specimens with a varying degree of wall
structure erosion. Our specimens are most similar to her’s
(Perch-Nielsen 1978: pl. 1: 10), with relatively low walls of
areolae and simplified collar. Although metrics for the spec-
imens are not given, they generally agree with Deflandre’s
and Tynan’s cyst sizes (6—7 pm) when calculated from their
images (Stradner 1971; Perch-Nielsen 1978). Areolae den-
sity of all their specimens is approximately 7-9 areolae
in 10 um, thus similar to ours. Specimens attributed to 4.
areolata, A. cf. areolata, A. cf. areolata var. 1, and A. cf.
areolata var. 2 have been found in modern Antarctic waters
associated with sea-ice (Mitchell and Silver 1982; Buck and
Garrison 1983; Riaux-Gobin and Stumm 2006). The most
notable difference between these, our specimens, and fossil
A. areolata sensu lato is the somewhat greater density of
areolae (10—14 in 10 um in the case of A. cf. areolata var.
1) and more variable cyst size and shape, in addition to the
finer density wall areolae (6.6—10.0 in 10 um) in the case of
A. cf. areolata var. 2. However, taxonomic affinity to the
modern specimens attributed to A. areolata requires careful
comparison to Deflandre’s (1933) type material.

Stratigraphic and geographic range.—Rupelian (lower
Oligocene) of southeastern Poland (this study), Miocene
of the Calvert Formation, Maryland (USA; Tynan 1960),
Miocene of Limberg (Austria; Stradner 1971), Miocene of
the Vering Plateau of the Norwegian Sea (Perch-Nielsen
1978), Miocene/Pliocene boundary of Hungary (Deflandre
1933), and Miocene/Pliocene boundary of Atlantic sec-
tion of Southern Ocean (Kato 2019). Recent reports from
the Equatorial Pacific, North Pacific, and South Atlantic
(Mitchell and Silver 1982), the Weddell Sea (Buck and
Garrison 1983; Mitchell and Silver 1986), and Kita-no-seto
Strait, Antarctica (Takahashi et al. 1986).

Archaeomonas cf. areolata var. 1 Riaux-Gobin &
Stumm, 2006
Fig. 4H-J.

Material —Numerous specimens encountered on each
SEM stub from Borek Nowy 5, 12B (DMF stub 342-15a),
Futoma 5, 17A (DMF stub 349-1), Lubno 4 (DMF stub 341-
13), Oligocene of southeastern Poland.

Description—Cells spherical, 6.3—-8.1 um in diameter.
External wall surface covered by regular lattice of mostly
hexagonal, equally sized areolae, 11-15 in 10 pm (Fig. 4H).
In well preserved specimens, blunt, bacculate spines emerge
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at junctions of wall between neighbouring polygons, up to
0.6 um high (Fig. 41). In still better-preserved specimens,
small conulae may be visible in areolae centers (Fig. 4J).
Pores 0.5-0.8 um in diameter surrounded by low collar,
1.4-1.5 pm in diameter (Fig. 4H). Rim surrounding pores
are circular internally but polygonal externally and connect-
ing to sides of neighbouring polygons.

Remarks—Among the areolate forms, this stomatocyst is
the most common and widely distributed in our samples.
The morphologically most similar stomatocyst known is
the modern Antarctic Archaeomonas cf. areolata var. 1
described by Riaux-Gobin and Stumm (2006). Ours and the
specimens from Antarctica differ from 4. areolata by hav-
ing finer areolae. Cyst Type 3 and 4 VanLandingham, 1964,
from Washington state (USA) show a larger range of sizes
and density of areolation and altogether are similar (but not
identical) to forms reported from the humic Lake Gribse
(Nygaard 1956).

Archaeomonas asharya Samanta sp. nov.

Fig. 4K, L.

PhycoBank ID: http://phycobank.org/105037.

Etymology: Dedicated to my wife and son.

Holotype: DMF SEM stub 349-12, as preparation KRAM A-29, sample

Futoma 17, intermediate fraction (Fig. 4K, SEM image of stomatocyst
in anterio-lateral view).

Type locality: Futoma, Poland.
Type horizon: Futoma Diatomite Member, Rupelian, lower Oligocene.

Material —Several specimens encountered on each SEM
stub from Futoma 5, 17 (DMF stub 349-12 as KRAM A-29),
17A (DMF stub 333-5), Oligocene of southeastern Poland.

Diagnosis—Cysts with conical collars and hexagonal lat-
tice on external sides.

Description.—Stomatocysts spherical, 5.8—6.4 pm in diam-
eter. Collars conical, topped with flat rounded rims, up to
0.8 um high, up to 2.2 um in basal diameter and 1.2 pm at
rims. Pores regular, approximately 0.8 pm in diameter. Cyst
walls including collar external sides covered with hexago-
nal lattice of regularly organised scabra, 29-34 hexagons
in 10 um (Fig. 4K). Lattice often organised into areas with
parallel or fasciculate rows of areolae (Fig. 4L).

Remarks—Our specimens are somewhat similar to fresh-
water Stomatocyst 178 Zeeb & Smol, 1993, illustrated in
Duff et al. (1995) in the type of wall ornamentation, but
our hexagons are coarser (29-34 vs. 40+ in 10 pm, as cal-
culated from their images). Also, the pore-collar systems
differ between the species. In Stomatocyst 178 the collar is
cylindrical to obconical, while our specimens consistently
have conical collars.

Stratigraphic and geographic range.—Rupelian (lower
Oligocene) of southeastern Poland (this study).

Archaeomonas ovoidea Deflandre, 1933
Figs. 4M, 5A.
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Material —Numerous specimens encountered on each SEM
stub from Futoma 5, 16 (DMF stub 349-15), Lubno 4 (DMF
stub 342-13 as B 40 0046308), Oligocene of southeastern
Poland.

Description—Stomatocysts ovate, 13.4—16.3 um long and
9.8-12.1 um wide (Figs. 4M, 5A,) with externally short
“neck” grading into obconical collar surrounding pores,
1.8 um in diameter. Collar rim carries short conulae that are
also connected to wall ridges (Fig. 5A,). Collars 2.9-4.3 um
in apical diameter. Wall surface covered by polygonal net-
work of irregular, low ridges carrying minute scabra or
conulae mostly at ridge junctions and rims of collars, 2—7
ridges in 10 pm, most commonly only 3 in 10 pm.

Remarks—This species is infrequently reported. In addi-
tion to the holotype, the species and a similar form (4. cf.
ovoidea) have been found by Perch-Nielsen (1978). Perch-
Nielsen’s specimens show more regularity in the network of
ridges than described and shown on the holotype.

Stratigraphic and geographic range—Rupelian (lower Oli-
gocene) of southeastern Poland (this study), Middle Miocene
of San Pedro, California (USA; Deflandre 1933; Deflandre
and Deflandre-Rigaud 1969), and Middle to Upper Miocene
of the Vering Plateau of the Norwegian Sea (Perch-Nielsen
1978).

Archaeomonas stomatocysts with reticule and
spines

Archaeomonas aff. chiarugii Rampi, 1940
Fig. 5B.

Material—Several specimens encountered on each SEM
stub from Borek Nowy 5B (DMF stub 342-18); Futoma 17,
Oligocene of southeastern Poland.

Description—Stomatocysts spherical, 4.8—7.2 um in diam-
eter. Collar and cyst external surface covered with a reticle
of polygons of variable size, 11-30 ribs in 10 pm (Fig. 5B).
Sides of polygons vary in thickness. Small spines and conu-
lae most common on the thickest ridges. Pores 0.5-0.7 pm
in diameter, surrounded by slightly conical collar with acute
rim. Collars 0.7-1.3 um in diameter.

Remarks—Our specimens are somewhat similar to A.
chiarugii in their fine reticular sculpturing of the walls.
Otherwise, our specimens are smaller, their collars are less
offset from the cyst body, and reticulation is less regular.

Archaeomonas hungarica Hajos, 1968

Fig. 5C-E.

Material —Numerous specimens encountered on each SEM
stub from Borek Nowy 5, 12B (DMF stub 342-15b), Futoma

5 (DMF stub 352-2a), 17 (DMF stub 349-12d), Oligocene of
southeastern Poland.

Description—Cells spherical, 7.2—8.8 um in diameter. Pores
0.6—0.9 pm in diameter and surrounded by short, slightly
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Fig. 5. Archacomonad stomatocysts from Rupelian (lower Oligocene) of Poland. A. Archaeomonas ovoidea Deflandre, 1933, DMF stub 349-15, Futoma
16, in lateral view (A ), anterio-lateral view with details of collar and pore (A,). B. Archaeomonas aff. chiarugii Rampi, 1940, DMF stub 342-18, Borek
Nowy 5B, in lateral view. C-E. Archaeomonas hungarica Hajos, 1968. C. DMF stub 352-2a, Futoma 5, in lateral view with tapered ribs inside polygon
(arrow). D. DMF stub 342-15b, Borek Nowy 12B, in anterior view. E. DMF stub 349-12d, Futoma 17, in posterior view, with tapered ribs inside polygon
(arrow). F, G. Archaeomonas reticulata Hajos, 1968 showing variation in wall spination. F. DMF stub 352-1c, Futoma 5, in anterio-lateral view. G. DMF
stub 342-9, Borek Nowy 12A, in anterio-lateral view. H. Archaeomonas cf. reticulata Hajos, 1968, DMF stub 352-1d, Futoma 5, in anterio-lateral view.
1. Archaeomonas cf. speciosa Deflandre, 1932a, DMF stub 352-1e, Futoma 5, in posterior view. J. Archaeomonas americana Rampi, 1969, DMF stub
352-1f, Futoma 5, in lateral view (J;), anterio-lateral view with details of collar and pore (J,). Scale bars 2 um.

conical collar, ~0.6 pm high. Collar rim wide, 1.4-2.0 pym in
diameter (Fig. 5D). In best preserved specimens collar bases
connect with ribs covering cyst surface (Fig. 5C, D). Ribs
form highly irregular network of polygons, 3—14 polygons

in 10 pm. Some ribs taper off before reaching wall of closest
opposite polygon (Fig. 5C, E). Conulae and spines may be
present at junction of largest polygons or in lacunae of large
polygons. Some conulae up to 1.6 um in height.
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Remarks—Deflandre and Deflandre-Rigaud (1969) consid-
ered A. hungarica to be a synonym of Archaeomonas spe-
ciosa Deflandre, 1932a. Hajoés’ differential diagnosis (Hajos
1968) emphasizes the collar structure which she considered
should be characteristically elevated above the cyst surface in
A. speciosa. However, such collar elevation is not mentioned
in the original description. It is only later shown by Tynan
(1960). The original description of A. hungarica also em-
phasises the wall sculpturing. We concur that it is exception-
ally varied and as in Hajos’ (1968) Tortonian material where
among “numerous specimens studied there were no two iden-
tical ones”. This contrasts to regularly distributed polygons
on the holotype and paratypes of A. speciosa (Deflandre
1932a; Deflandre and Deflandre-Rigaud 1969, respectively).

Stratigraphic and geographic range—Rupelian (lower
Oligocene) of southeastern Poland (this study), and Tor-
tonian (Miocene) of Hungary (Hajos 1968).

Archaeomonas reticulata Hajos, 1968
Fig. 5F, G.

Material —Several specimens encountered on each SEM
stub from Borek Nowy 5, 12A (DMF stub 342-9), Kawalec,
Futoma 5 (DMF stub 352-1c), 17, Lubno 4, Oligocene of
southeastern Poland.

Description—Stomatocysts spherical, 6.0-10.0 um, pores
0.7-0. 8 um in diameter. Low and conical collars end in
rounded marginal rims. Wall ornamentation consists of net
of large, fairly regular polygons, most frequent are tetra- and
pentagons, commonly 4-5 in 10 pm, but the entire range is
2—7 in 10 um. Polygons delineated by ridges. Ridges near
collars terminate on collar sides (Fig. 5SF). Robust conulae up
to 1.0 um long at junction of several polygons (Fig. 5G). Size
of polygons render cyst outline somewhat angular (Fig. 5F).

Remarks—This species has only been reported from the
Torton of Hungary (as far as we can determine) where the
specimens were somewhat larger (13—14 pm) than ours.
Another species with polygonal cell walls, A. brevispina
Rampi, 1948, is of similar size but its collar is more strongly
developed while spines are more delicate.

Stratigraphic and geographic range—Rupelian (lower Oli-
gocene) of southeastern Poland (this study), and Tortonian
(Miocene) of Hungary (Hajos 1968).

Archaeomonas cf. reticulata Hajos, 1968
Fig. SH.

Material —Numerous specimens found on each SEM stub
from Futoma 5 (DMF stub 352-1d), 17, Oligocene of south-
eastern Poland.

Description.—Stomatocysts spherical, 7.0-8.3 um in diam-
eter. Pores 0.6—0.9 pm in diameter. Short conical collars end
in sharp marginal rims surrounding concave pore (Fig. SH).
Wall ornamentation consists of net of variable polygons,
most frequent are tetra- and pentagons, commonly 6—7 in
10 pm, but entire range is 6—15 in 10 pm. Some polygon
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ridges terminate on collar sides. Conulae up to 1.0 pm long
at junction of ridges.

Remarks—Several specimens found demonstrate general
similarity to 4. reticulata discussed above but carry a finer
net of polygons. No intermediate specimens were found.
The Late Miocene to Pliocene Stomatocyst 26 Kato, 2019,
has similar reticulation, but their pores and collars are un-
known due to cyst orientation.

Archaeomonas cf. speciosa Deflandre, 1932a
Fig. 5.

Material —Only one specimen from Futoma 5 (DMF stub
352-1e), Oligocene of southeastern Poland.

Description.—One stomatocyst found is 8.6—8.8 um in dia-
meter (Fig. 5I). Cyst wall ornamented with low reticulum
and regular, polygonal lacunae, 2.5-3.0 lacunae in 10 pm.
Most polygons 5- to 8-sided. Reticulum sides smooth, wide,
and up to 0.6 um high. Small nodules present in junctions of
polygon sides. Pore and collar not observed.

Remarks—The size and regular ornamentation or our cyst
is most similar to the holotype of 4. speciosa shown by
Deflandre (1932a: fig. 7) which was enlarged in Deflandre
and Deflandre-Rigaud (1969). A specimen named “?Litheu-
sphaerella frenguellii Defl.” in Hajos (1968) may belong to A.
speciosa as well, as suggested by Deflandre and Deflandre-
Rigaud (1969). Stomatocyst 242 Duff & Smol, 1995, reported
in Duff et al. (1995) from the freshwater environment is
also similar but are about half the size of 4. speciosa and
carry rounded rather than polygonal lacunae. Because the
orientation of our specimen does not reveal the pore-collar
structure, we consider this identification to be tentative. 4.
speciosa is known from Maryland and California (USA).

Archaeomonas stomatocysts with spines/nodules

Archaeomonas americana Rampi, 1969
Fig. 5.

Material—Numerous specimens encountered on SEM stub
Futoma 5 (DMF stub 352-1f), Oligocene of southeastern
Poland.

Description.—Cysts spherical, 6.0-7.8 pm in diameter.
Pores 0.8—0.9 um in diameter, surrounded by conical collar
1.6-2.3 um in basal diameter (Fig. 5J;). Collar topped by
flattened rim surrounding a concave pore (Fig. 5J,). Cyst
wall surface features sparse, short and stout conulae, gener-
ally 3—4 in 10 um.

Remarks—Our specimens are either slightly smaller or at
the lower end of the stomatocyst size range for the species.
The somewhat similar A. cylindropora Deflandre, 1932a,
and 4. manginii Deflandre, 1932a, differ from our speci-
mens in their collars being cylindrical, both externally and
internally and either sparser or denser spines.

Stratigraphic and geographic name.—FEocene of the Sub-
antarctic Southwest Pacific (Perch-Nielsen 1975), Eocene
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of the Kreyenhagen Formation, California (USA; Rampi
1969), and Rupelian (lower Oligocene) of southeastern
Poland (this study).

Archaeomonas anterioconica Kaczmarska sp. nov.
Fig. 6A—C.

PhycoBank ID: http://phycobank.org/105038.

Etymology: Refers to conical shape of the anterior pole of the cell.
Holotype: DMF SEM stub 333-10, as preparation KRAM A-32, sample
Lubno 4 (Fig. 6A, SEM image of stomatocyst in lateral view).

Type locality: Lubno, Poland.

Type horizon: Futoma Diatomite Member, Rupelian, lower Oligocene.

Material —Numerous specimens encountered on each SEM
stub from Borek Nowy 5A (DMF stub 333-4), 12, Kawalec,
Brzezowka 32, Hermanowa 27 (DMF stub 342-14), Lubno 4
(DMF stub 333-10 as KRAM A-32), Oligocene of southeast-
ern Poland.

Diagnosis.—Cysts subspherical with conical and spineless
anterior pole.

Description.—Stomatocysts subspherical to ovate with con-
ical anterior pole, 3.0-8.6 pm in diameter. Pores 0.4—0.7 pm
in diameter surrounded by conical collar of varying height,
1.1-2.1 pm in diameter and up to 1.1 um high (Fig. 6A, B).
Collar topped by smooth, flat rim (Fig. 6C). Spines irreg-
ularly dispersed over most of the cyst surface (0.6-2.3 pm
apart), up to 2 um long near apical pole (Fig. 6A), and about
a third of the length at posterior pole, in best preserved spec-
imens (Fig. 6B). A spineless area surrounds collar. Ring of
spines pointing towards collar borders area devoid of spines
and separate it from spinose part of wall.

Remarks—This is quite a distinct cyst, yet we could not find
such specimens in any available report. Although the general
distribution of broken spines is reminiscent of 4. manginii,
it differs from it by having a conical anterior pole and spine-
less area surrounding the collar. Stomatocyst 215 (Duff et
al. 1995) is one of the few forms with a similar spineless
circum-collar area and they overlap in size with our speci-
mens, but Stomatocyst 215 is spherical, and its collar-pore
system is different. Stomatocysts that are morphologically
most similar in terms of outline and collar structure are the
right-hand SEM images of two cysts shown in Deflandre and
Deflandre-Rigaud (1969), named A. orbicularis Deflandre,
1933. They however differ in the structure of spines (ours are
not elongated at the base), and do not conform to the drawing
of the holotype in Deflandre (1933), which lacks the spine-
less anterior seen on their SEM images.

Stratigraphic and geographic range—Rupelian (lower
Oligocene) of southeastern Poland (this study).

Archaeomonas japonica Deflandre, 1933
Fig. 6D.
Material —Numerous specimens encountered on each

SEM stub from Borek Nowy 12, Futoma 14, Lubno 4 (DMF
stub 333-10b), Oligocene of southeastern Poland.
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Description.—Stomatocysts spherical, 8.0-10.4 um in dia-
meter. Pores surrounded by cylindrical collar furnished with
an uneven rim, collar 1.0 pm high and approximately 2.1 pm
in basal diameter (Fig. 6D). Collar height approximately
equal to length of robust conulae. Conulae stout, dispersed
fairly regularly, up to 1.8 pm long, separated from each
other by up to 2 um. Usually 4-5 bases of conulae visible
across cyst equator in lateral view.

Remarks.—Our specimens are somewhat larger in diameter
than those described by Deflandre (1933; 5.8—6 pum). The
species has also been reported by Rampi (1969) and Perch-
Nielsen 1975, 1978), but neither provide metrics. Therefore,
our comparisons are based on measurements estimated from
their images. Those cyst sizes align our specimens better
with A. oamaruensis Deflandre, 1933, and A. cf. japonica
in Perch-Nielsen (1975) than with A. japonica. However,
the relative proportion of spines and collar height in our
specimens meet the criteria for 4. japonica, while less so
for A. oamaruensis (Deflandre 1933; Perch-Nielsen 1978),
which, in addition, should have a spiny collar. A. oamaru-
ensis is reported from New Zealand and the Vering Plateau
of the Norwegian Sea, thus both species were present in
Southern and Northern Hemisphere locations of an age sim-
ilar to our specimens.

Stratigraphic and geographic range.—Eocene of the Kre-
yenhagen Formation, California (USA; Rampi 1969), Upper
Eocene of the Vering Plateau of the Norwegian Sea (Perch-
Nielsen 1978), Rupelian (lower Oligocene) of southeastern
Poland (this study), upper Oligocene to Miocene of the
Subantarctic Southwest Pacific (Perch-Nielsen 1975), and
Miocene near Akashiri, Hokkaido (Japan; Deflandre 1933).

Archaeomonas karinae Perch-Nielsen, 1978
Fig. 6E-G.

Material —Numerous specimens encountered on each
SEM stub from Borek Nowy 5, Futoma 17, Lubno 3, 4
(DMF stubs 333-10c, 333-18a, 333-18b), Oligocene of south-
eastern Poland.

Description.—Cysts spherical, 6.5-9.8 um in diameter.
Pores relatively small, regular, 0.56—0.62 pum in diameter
surrounded by externally obconical, internally concave col-
lar (Fig. 6E). Collar 2.1-3.1 pm in diameter with 3—6 small
marginal conulae (Fig. 6F). External and internal layers of
cyst wall connected by system of cavities when visible in
broken specimens. Cyst wall spines robust, up to 2.1 um
long, with flattened tips. Spine sides adorned with longitu-
dinal ribs radiating from base of the spine outwards, some
connecting ribbing of neighbouring spines (Fig. 6E, F).
Spines regularly dispersed on wall surface, 4—8 in 10 um.

Remarks.—Perch-Nielsen (1978) described this species
from the Vering Plateau of the Norwegian Sea. Although
metric data for those specimens are not given, the size es-
timates from published images (6—8 pm in diameter and
robust ribbed spines, 5-6 in 10 um) align with the met-
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Fig. 6. Archacomonad stomatocysts from Rupelian (lower Oligocene) of Poland. A—C. Archaeomonas anterioconica Kaczmarska sp. nov. A. DMF stub 333-
10 (KRAM A-32) holotype, Lubno 4, in lateral view with best preserved circumcollar spines. B. DMF stub 333-4, Borek Nowy 5A, in lateral view showing
profile of anterior pole. C. DMF stub 342-14, Hermanowa 27, in anterio-lateral view showing details of collar. D. Archaeomonas japonica Deflandre, 1933,
DMF stub 333-10b, Lubno 4, in lateral view showing collar with uneven rim (arrows). E-G. Archaeomonas karinae Perch-Nielsen, 1978, Lubno 4. E. DMF
stub 333-10c, in anterio-lateral view, with typical spherical morphology with spines adorned with longitudinal ribs (arrow). F. DMF stub 333-18a, in ante-
rior view, with typical spherical morphology with spines adorned with longitudinal ribs (arrow). G. DMF stub 333-18b, in anterio-lateral view, with more
ellipsoidal cell with more pronounced spine and collar morphology. H-J. Archaeomonas manginii Deflandre, 1932c, illustrating variation in preservation of
spines and collars. H. DMF stub 342-13 (B 40 0046308), Lubno 4, in anterio-lateral view, with eroded collar but well-preserved spines. I. DMF stub 349-16a,
Futoma 4, stomatocyst with eroded spines but showing thickness and height of preserved collar rim, lateral (I;) and anterio-lateral (I,) views. J. DMF stub
349-2f, Borek Nowy Kawalec, in anterio-lateral view with eroded spines but showing thickness of collar rim. K. Archaeomonas manginii Deflandre, 1932c
var. 1, DMF stub 349-17¢, Futoma 4, in lateral view showing specimen with denser wall spines. Scale bars 2 pm.

rics of our specimens. In addition to spherical cysts, one collar-pore apparatus (Fig. 6G). Archaeomonas longispina
ellipsoidal cyst was found with ribbed spines and similar ~Rampi, 1948, is another species with stout interconnected
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ribbed spines, but the spines appear relatively sparser and
longer on the original figure for that species than on our
specimens or A. karinae.

Stratigraphic and geographic range—FEocene of the
Vering Plateau of the Norwegian Sea (Perch-Nielsen 1978),
and Rupelian (lower Oligocene) of southeastern Poland (this
study).

Archaeomonas manginii Deflandre, 1932c
Figs. 6H, I, J, K, 7A.

Material —Numerous specimens encountered on each SEM
stub from Borek Nowy 6, Kawalec (DMF stub 349-2f),
Brzezoéwka 32, Futoma 4 (DMF stubs 349-16a, 349-17c,
349-17d), 5, 14, 17, 21, Lubno 4 (DMF stub 342-13 as B 40
0046308), Oligocene of southeastern Poland.

Description.—Stomatocysts spherical or subspherical, 3.3—
9.0 um in diameter. Pores regular, 0.5-0.9 pm in diameter
(Fig. 6H, J). Collar cylindrical, low, with smooth to irregular
margin, 1.0-2.5 pm in diameter, up to 0.8 pm high (Fig. 61;,
K). Conulae or stout spines irregularly dispersed over cyst
surface, less dense or absent near collar (Fig. 61,, J). Spines
up to 1.0 um long and 0.9-3.1 pm apart, or 3—11 in 10 um,
most commonly 5—6 conulae/spines in 10 pm.

Several slightly different specimens called 4. manginii
variant 1 (Figs. 6K, 7A), have a collar with several conulae.
Their cell, pore, collar size, conulae and density overlap
with typical variant described above (cell diameter 6.0—
9.4 pum, pores 0.6—0.7 um, collar up to 0.7 pm high and
2.5 um in diameter). These cysts also covered with spines,
5-9 spines in 10 um. Spines fairly regularly dispersed with
tendency to arrange into rows.

Remarks.—The size range of our specimens extends below
that given in previous reports (6—10 um) but meets other
diagnostic criteria. Anterior pole spines and collar mor-
phology shown on SEM images of the species in Deflandre
and Deflandre-Rigaud (1969) and Stradner (1971) are also
similar to our specimens. The presence of the narrow spine-
less area surrounding the collar is shown on the illustration
of the holotype, but not on all specimens subsequently at-
tributed to this species. Our specimens of 4. manginii differ
from A. anterioconica Kaczmarska sp. nov. by the rounded
shoulders surrounding collar, spherical cyst outline, and
low rim-like cylindrical collar. Freshwater Stomatocyst 31
Duff & Smol, 1989, illustrated in Duff et al. (1995) and
Stomatocyst 157 Zeeb & Smol, 1993, show either similar
spines, collar, or cell size, but in contrast to A. manginii
and our specimens, the spines are equidistantly distributed
on those cysts. Archaeomonas manginii is a relatively fre-
quently reported species from sediments around the world.

Stratigraphic and geographic range—Upper Cretaceous
of the Moreno Formation, California (USA; Rampi 1940;
Cornell 1972), Upper Cretaceous of the Subantarctic South-
west Pacific (Perch-Nielsen 1975), Eocene of the Kreyen-
hagen Formation, California (USA; Rampi 1969), Rupelian

(lower Oligocene) of southeastern Poland (this study),
Miocene of the Calvert Formation, Maryland (USA; Tynan
1960; Deflandre 1932a), Miocene of Noto Peninsula (Japan;
Bachmann 1964), Miocene of Limberg (Austria; Stradner
1971), and Tortonian (Miocene) of Hungary (Hajos 1968).

Archaeomonas robusta Rampi, 1969
Fig. 7B.

Material—Numerous specimens encountered on each
SEM stub from Futoma 4, 5, L.ubno 3, 4 (DMF stub 342-13
as B 40 0046308), Oligocene of southeastern Poland.

Description—Stomatocysts ovate, 14.3—18.7 pm long and
11.6—-14.6 um wide, widest at approximately one quarter of
cyst length from posterior pole (Fig. 7B;). Pores surrounded
by externally nearly cylindrical collar with spiny margins,
up to 2.3 um high and 4.0-4.6 um in diameter. Internally
to collar walls a flat planar annulus surrounds pore, 1.2—
2.5 pm in diameter (Fig. 7B,). Cyst wall surface slightly
undulated by elevations covered with short stout conulae
loosely organised into longitudinal rows, 1-3 rows in 10 pm.
Spines 1.2—1.6 pm apart.

Remarks—There are several ovate species with spiny walls
recovered from marine sediments that are somewhat similar
to our specimens. However, most have distinct, long cylin-
drical or slightly subconical collars (4. cayeuxi Deflandre,
1933, A. verucosa Rampi, 1969, A. irregularis Deflandre,
1932a) in addition to being significantly smaller and show-
ing different patterns of spine distribution than seen on our
specimens. In contrast, the original delineation of A. ro-
busta states that the species ought to have “...wall thicker
towards the pore where it forms a kind of neck. Surface
rough, slightly undulating and dotted with small, low-lying
pimples” (Rampi 1969: 7, translated from French). Although
our specimens are just above the size attributed to 4. ro-
busta, the illustration of the holotype and other characters
mentioned in the original species description fit them well.
This species has been infrequently reported since its erec-
tion. Perch-Nielsen (1978) substantiates it with an image
of a non-ovoid cyst with a long, narrow cylindrical collar,
contrasting with the species delineation.

Stratigraphic and geographic range.—Eocene of the Kre-
yenhagen Formation, California (USA; Rampi 1969),
Eocene of the Vering Plateau of the Norwegian Sea (Perch-
Nielsen 1978), and Rupelian (lower Oligocene) of southeast-
ern Poland (this study).

Archaeomonas stomatocysts with equidistant
wall protrusions

Remarks.—Equidistant distribution of wall surface protru-
sions (scabrae, papillae, conulae or spines) is relatively fre-
quent among stomatocysts. Such stomatocysts are known
from marine sediments since the Paleocene. For example,
Archaeomonas dubia, A. punctifera, and A. granulata all
share a quincunx, hexagonal or other grid-based pattern
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Fig. 7. Archacomonad stomatocysts from Rupelian (lower Oligocene) of Poland (except I that is from Oligocene—Miocene, Canada). A. Archaeomonas
manginii Deflandre, 1932¢ var. 1, DMF stub 349-17d, Futoma 4, in anterio-lateral view showing less circular collar rim and several conulae (arrow).
B. Archaeomonas robusta Rampi, 1969, DMF stub 342-13 (B 40 0046308), Lubno 4, in lateral view (B,), anterio-lateral view showing pore structure
(B,). C—G. Archaeomonas jimstehrii Ehrman & Kaczmarska sp. nov. C. DMF stub 333-10 (KRAM A-33) holotype, Lubno 4, in anterio-lateral view, with
primary collar as low rounded marginal rim (black arrow) surrounded by planar interannulus (white arrow) and two rings of teeth in a secondary collar.
D. DMF stub 333-10d, Lubno 4, in anterio-lateral view, with two rings of teeth in a secondary collar. E. DMF stub 333-10e, Lubno 4, in anterio-lateral
view, with two rings of teeth in a secondary collar. F. DMF stub 342-10b, Lubno 3, in lateral view, with one ring of teeth. G. DMF stub 352-1g, Futoma 5,
specimen with one ring of teeth, in lateral (G;) and anterior (G,) views. H-J. Archaeomonas litheusphaerellamima Samanta sp. nov. recovered from two
spatially and temporally distant sites. H. DMF stub 333-10 (KRAM A-34), holotype, Lubno 4, in anterio-lateral view. I. DMF stub 333-13, Oneida D-3,
in anterio-lateral view. J. DMF stub 352-2b, Futoma 5, in anterio-lateral view. Scale bars 2 um.

of wall ornamentation (Deflandre and Deflandre-Rigaud  (Duff et al. 1995; Wilkinson et al. 2001). They all dif-
1969). Similarly, such stomatocysts are also known from fer from our three new species not only in collar struc-
extant inland and predominantly freshwater environments  ture (Stomatocyst 117 Zeeb et al., 1990; Stomatocyst 210
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Duff & Smol, 1994; Stomatocyst 31 Duff & Smol, 1989;
Stomatocysts 65, 67, 89 Van de Vijver & Beyens, 2000)
but also in the size and shape of the surface structures
(Stomatocyst 73 Duff & Smol, 1991) and their density
(Stomatocyst 352 Zeeb & Smol, 2001 in Wilkinson et al.

2001).

Archaeomonas jimstehrii Enrman & Kaczmarska
Sp. nov.

Fig. 7C-F, G.

PhycoBank ID: http://phycobank.org/105039.

Etymology: Dedicated to our son.

Holotype: DMF SEM stub 333-10, as preparation KRAM A-33, sample
Lubno 4 (Fig. 7C, SEM image of stomatocyst in anterior-lateral view).
Type locality: Lubno, Poland.

Type horizon: Futoma Diatomite Member, Rupelian, lower Oligocene.

Material —Stomatocysts with two rings of spines on sec-
ondary collar: Borek Nowy 5, Futoma 5 (DMF stub 352-1g),
17, Lubno 3, 4 (DMF stubs 333-10 as KRAM A-33, 333-
10d, 333-10e). One ring of spines: Borek Nowy 5, Futoma
5 (DMF stub 352-1g), 14, 20, Lubno 3 (DMF stub 342-10b).
Numerous specimens encountered on each SEM stub. All
Oligocene of southeastern Poland.

Diagnosis.—Collar apparatus complex; primary collar low
rounded marginal rim surrounded by wide planar inter-
annulus. Secondary collar carries one or two rings of small
spines and conulae.

Description—Stomatocysts spherical, 6.2—8.4 pm in diam-
eter, including surface projections 0.5—0.8 pm in diameter in
well preserved specimens. Pores surrounded by complex col-
lar apparatus. Two variants of the collar were found. Primary
collar in form of low rounded marginal rim (Fig. 7C, E) is
surrounded by a planar interannulus (Fig. 7C), which in turn
is surrounded by secondary collar consisting of two rings
(variant one, Fig. 7D) or a single ring (variant two, Fig. 7F,
G) of spines and conulae (Fig. 7E, F, G). In variant one, the
primary collar height may reach 0.4 pym with diameter 0.7—
1.1 um. Secondary collar height may reach 0.8 um (includ-
ing projections) and 2.0-3.3 pum in diameter. Overall shape
of secondary collar varies from cylindrical to obconical.
Stomatocyst wall densely covered by nodules, up to 0.4 um
high, organised into a pattern similar to nodes in a regular
hexagonal lattice, 13-23 papillae in 10 pm.

Metrics for variant two of these cysts overlap with those
of the variant one described above: cysts 5.7-8.0 pm, pores
0.5-0.7 um in diameter, primary collar 0.7-1.0 um and sec-
ondary 2.0-3.3 um in diameter, density of papillae 13—18 in
10 um. No specimens with intermediate collar morpholo-
gies were found.

Remarks.—Our specimens share some characters with three
species of the genus Archaeomonas: A. dubia Deflandre,
1933, A. punctifera Deflandre, 1933, and A. granulata
Rampi, 1969. All are similar in terms of cell and pore size
and in their wall patterning. However, original descriptions

and available illustrations show quite different collar struc-
tures in all three species. In contrast to our specimens, A.
dubia (Deflandre 1933; Deflandre and Deflandre-Rigaud
1969; Perch-Nielsen 1978) has a cylindrical, rounded rim-
like collar. The collar in A. punctifera is very low, nearly
indistinguishable from the structures covering the cyst sur-
face, while the pore in A. granulata is surrounded only by a
plain thick marginal rim (Rampi 1969).

Stratigraphic and geographic range.—Rupelian (lower
Oligocene) of southeastern Poland (this study).

Archaeomonas litheusphaerellamima Samanta sp. nov.
Fig. 7TH-J.

PhycoBank ID: http://phycobank.org/105040.

Etymology: From Latin mimus (actor, resembling others); due to super-
ficial similarity to species from the genus Litheusphaerella.

Holotype: DMF SEM stub 333-10, as preparation KRAM A-34, sample
Lubno 4 (Fig. 7H, SEM image of stomatocyst in anterior-lateral view).
Type locality: Futoma, Poland.

Type horizon: Futoma Diatomite Member, Rupelian, lower Oligocene.

Material —Numerous specimens found on each SEM stub
from Borek Nowy 5, Futoma 5 (DMF stub 352-2b), L.ubno 4
(DMF stub 333-10 as KRAM A-34), Oligocene of southeast-
ern Poland. Additionally several specimens on Canadian
preparation (DMF stub 333-13) from Shell Oneida O-25 well
(CGS D-3), Scotian Shelf, Canadian waters, lower Miocene.

Diagnosis—Secondary collar adorned with bacculate and
bifurcate spines, remaining cyst surface covered with solid,
stout pointed spines in regular, hexagonal grid. Planar inter-
annulus present.

Description.—Stomatocysts spherical, 7.3-9.1 pm in diam-
eter, densely covered by regularly distributed solid, stout
pointed spines (Fig. 7H, I). Undamaged spines 0.6—0.8 um
long, positioned nearly equidistantly, 920 in 10 um in hex-
agonal grid. Regular pores 0.5-0.6 um in diameter sur-
rounded by complex collar system. Primary collar cylindri-
cal, surrounded by flat planar interannulus, followed by ring
of 9—18 columnar spines (Fig. 7J). Free ends of collar spines
flat or bifurcated.

Remarks—This distinct stomatocyst is superficially similar
to Litheusphaerella spectabilis Deflandre, 1932c, in carrying
regularly and equidistantly distributed spines. However, the
spines in our species are stout, short, and pointed. Moreover,
spines in our species lack a hollow center and the T-shaped
apices which are characteristic of L. spectabilis. This can
be seen on images shown by Perch-Nielsen (1978) and our
own specimens presented below in the last section of the
results. The collar-pore apparatus in our specimens is also
different from that shown for L. spectabilis on SEM im-
ages of cells recovered from the type locality (Deflandre and
Deflandre-Rigaud 1969). Diagnostic characters described for
the new species are stable. In addition to the Polish Rupelian
diatomites, we found this species in the interval between
15751610 feet (480—491 m) below the seafloor in the Shell
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Oneida 0-25 well (GSC locality D-3; at 43° 14’ 57.36” N, 61°
33’ 36.49” W) taken near the Scotian Shelf edge, Atlantic
coast of Canada (IK unpublished data; Fig. 7I). These strata
correspond to the Lower Miocene series (Barss et al. 1979).

Stratigraphic and geographic range—Rupelian (lower
Oligocene) of southeastern Poland (this study), and Lower
Miocene, Scotian Shelf (Atlantic coast of Canada; IK un-
published data).

Archaeomonas sextapapillatus Kaczmarska sp. nov.
Fig. 8A, B, C, D, E-G.

PhycoBank ID: http://phycobank.org/105041.

Etymology: Reflects the hexagonal pattern of the cyst wall ornamen-
tation.

Holotype: DMF SEM stub 352-1, as preparation KRAM A-31, sample
Futoma 5, fine fraction (Fig. 8G, SEM image of stomatocyst in ante-
rior-lateral view).

Type locality: Futoma, Poland.
Type horizon: Futoma Diatomite Member, Rupelian, lower Oligocene.

Material —Several specimens encountered on each SEM
stub from Borek Nowy 5, Futoma 4 (DMF stubs 349-17e,
349-171, 349-17g), 5 (DMF stubs 252-1h, 352-1i, 352-2c,
352-1 as KRAM A-31), 14, Lubno 2, 4, Oligocene of south-
eastern Poland.

Diagnosis—Complex, conical, multilayered secondary col-
lar with the outermost layer overlaying the secondary col-
lar original external surface, carrying one or two rings of
papilla. Primary collar in the form of narrow rim. Planar
interannulus present.

Description—Stomatocysts spherical, 6.0—8.6 um in diam-
eter, including papillae. Regular pore diameter 0.4—0.8 pm in
well preserved specimens. Pores surrounded by complex col-
lar apparatus. Primary collar in form of narrow marginal rim
(0.6—0.9 pm in diameter, Fig. 8E) and surrounded by a planar
interannulus (Fig. 8E). These in turn surrounded by a gently
conical secondary collar, 1.3 um in apical and 3.4 pm in
basal diameter (Fig. 8B). Secondary collar 0.4—1.1 um high.
In some cysts, additional layer of silica overlays secondary
collar, covering it with a folded-out from the top layer that
may be smooth (Fig. 8C;, Dy, E) or carry small papillae on its
surface (Fig. 8A, B, F, and G). Stomatocyst wall densely cov-
ered by stout papillae in a regular hexagonal lattice pattern,
up to 0.8 um high, 13-22 papillae in 10 pm. Figures 8B, C,
D, E-G show progression of buildup (or erosion) of pore-col-
lar system with folded-over layer covering external surface
of secondary collar base and cyst surface.

Remarks—Somewhat similar to our specimens are those
of A. multipunctata Rampi, 1969, shown by Perch-Nielsen
(1978). However, the illustration in Rampi (1969) presents
cells with less regularly distributed papillae and a simple
rim-collar. Archeomonas sextapapillatus Kaczmarska sp.
nov. size and wall ornamentation are similar to A. jimstehrii
Ehrman & Kaczmarska sp. nov. but the two differ in the
structure of the secondary collar, clearly demonstrated in
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Fig. 8A; A. jimstehrii Ehrman & Kaczmarska sp. nov. on the
left and A. sextapapillatus Kaczmarska sp. nov. on the right.

Stratigraphic and geographic range.—Rupelian (lower
Oligocene) of southeastern Poland (this study).

Archaeomonas stomatocysts with smooth walls

Remarks.—We note that some freshwater cysts of similar,
smooth-wall morphology are thought to represent early de-
velopmental stages of several species whose mature sto-
matocysts walls will eventually become different (Duff et
al. 1995; Wilkinson et al. 2001; Holen 2014). For example,
the smooth-walled Stomatocyst 234 Duff et al., 1995, may
represent several members of the genus Paraphysomonas
De Saedeleer, 1929 (Duff et al. 1995; Bai et al. 2023), or
a species of Dermatochrysis (Holen 2014). There may be
similar examples among species found in marine environ-
ments. Furthermore, some haptophyte species recovered
from decades old marine sediments also produced cysts
similar to smooth-walled chrysophyceans (Ellegaard et al.
2016). Due to these uncertainties, we refrain from describ-
ing any new species of stomatocysts with indistinct collars
and smooth walls.

Archaeomonas aff. inconspicua Deflandre, 1933
Fig. SH.

Material—Several specimens encountered on each SEM
stub from Borek Nowy 5, 12, Futoma 5 (DMF stub 352-1j),
17, Oligocene of southeastern Poland.

Description—Stomatocysts spherical or slightly oblate
(when infrequently observed in lateral view), 3.0-11.0 um in
diameter. Cyst external wall surface smooth, no collar. Pores
conical, 0.7-2.0 um in outer and 0.4—1.1 um in inner diameter
(Fig. 8H). Smaller cysts have proportionally smaller pores.

Remarks.—The current delineation of A. inconspicua is suf-
ficiently general to encompass the smaller of our specimens.
Cysts presented by Deflandre (1933) and Tynan (1960) were
only 3—5 pum in diameter, although Hajos (1968) reported
cells up to 7 um in diameter. However, neither Deflandre
nor Tynan provided details of pore size and structure, so
we attribute our specimens to this species with reserva-
tions. There are also stomatocysts reported from freshwa-
ter environments that are quite similar to our specimens.
Examples are Stomatocyst 29 Duff & Smol, 1989, emended
in Zeeb and Small (1993), Stomatocyst 120 Zeeb & Smol,
1993, and Stomatocyst 42 Duff & Smol, 1989, and immature
cysts which are well delineated and illustrated in Duff et al.
(1995) and Holen (2014). Basic differentiation of the three
cysts rests on their diameters (3—5.9 pm, 6.0-8.9 um, and
9.0+ pm, respectively) and all fall within the size range of
our specimens. See also our closing remarks at the end of
the section devoted to smooth-walled stomatocysts.

Archaeomonas kreyenhagenensis Rampi, 1969
Fig. 8L, .
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Fig. 8. Archaeomonad stomatocysts from Rupelian (lower Oligocene) of Poland. A—G. Archaeomonas sextapapillatus Kaczmarska sp. nov. A. Comparison
of A. sextapapillatus Kaczmarska sp. nov. (right cell in anterio-lateral view) with 4. jimstehrii Ehrman & Kaczmarska sp. nov. (left cell in lateral view)
illustrating difference in collar structure, DMF stub 352-1h, Futoma 5. B-G. Specimens demonstrating increasingly complex collar system, due to devel-
opment and/or preservation (see text). B. DMF stub 352-1i, Futoma 5, in lateral view showing gently conical secondary collar (arrow). C. DMF stub 349-
17e, Futoma 4, in lateral (C;) and anterio-lateral (C,) views. D. DMF stub 349-17f, Futoma 4, in anterio-lateral (D,) and anterior (D,) views. E. DMF stub
352-2c, Futoma 5, in anterior view showing narrow marginal rim (black arrow) surrounded by planar interannulus (white arrow). F. DMF stub 349-17g,
Futoma 4, in anterio-lateral view. G. DMF stub 352-1 (KRAM A-31), holotype, Futoma 5, in anterio-lateral view, showing small papillae on secondary
collar present on some statocysts (arrow). H. Archaeomonas aff. inconspicua Deflandre, 1933, DMF stub 352-1j, Futoma 5, in anterior view showing
conical pore (arrow). I, J. Archaeomonas kreyenhagenensis Rampi, 1969, Futoma 5. I. DMF stub 352-1k, in anterio-lateral view showing pore and collar.
J. DMF stub 352-11, in lateral view. Scale bars 2 pm.

Material —Numerous specimens encountered on each SEM  Description.—Stomatocysts slightly ovate in lateral view
stub from Borek Nowy 5, Futoma 5 (DMF stubs 352-1k,  (Fig. 8J) and spherical in anterior or posterior orientation,
352-11), Lubno 4, Oligocene of southeastern Poland. 6.0-8.6 um in diameter. Anterior ends slightly and grad-
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ually attenuated, but no distinct collar is apparent. Visible
part of pores obconical (Fig. 8I), 0.7-0.8 um in basal diame-
ter, widening towards cyst external surface to 1.5-2.2 pm in
diameter. Cysts walls smooth.

Remarks—Qverall outline of the cysts, specifically wide
and gently attenuating anterior poles, meets the species de-
lineation. The bi-conical structure of the pores visible in LM
cannot be readily observed using SEM. However, the ob-
conical area above the narrowest part of the pore, the perfo-
ration of the cyst wall, was repeatedly observed. Californian
stomatocysts (Rampi 1969) were also slightly larger than
our cysts: 9.5 um vs. 6—8.5 um in diameter, respectively.

Stratigraphic and geographic range—Upper Cretaceous
of the Subantarctic Southwest Pacific (Perch-Nielsen 1975),
Eocene of the Kreyenhagen Formation, California (USA;
Rampi 1969), Upper Eocene of the Vering Plateau of the
Norwegian Sea (Perch-Nielsen 1978), and Rupelian (lower
Oligocene) of southeastern Poland (this study).

Archaeomonas cf. mamillosa Tynan, 1960
Fig. 9A.

Material —Several specimens encountered on each SEM
stub from Futoma 5 (DMF stub 352-1m), Lubno 2, Oligocene
of southeastern Poland.

Description.—Stomatocysts spherical, 4.5-5.6 um in dia-
meter with smooth surface (Fig. 9A). Regular pores 0.4—
0.6 pm in diameter, surrounded by low collar in form of
rounded marginal rim, 1.0-1.3 pm in diameter.

Remarks—In most of the characters except cell size, our
specimens are similar to 4. mamillosa. However, those cysts
are nearly twice as large as our specimens. The extant fresh-
water Stomatocyst 51 (Duff & Smol in Duff et al., 1995), are
similar in size but have larger pores.

Archaeomonas semplicia Rampi, 1969
Fig. 9B.

Material—Several specimens found on each SEM stub
from Borek Nowy Kawalec (DMF stub 349-2g), Futoma 5,
Oligocene of southeastern Poland.

Description.—Stomatocysts slightly oblate or spherical,
depending on cyst orientation, 3.6—7.1 pm wide and 4.1-
7.5 um long (Fig. 9B). Cyst wall surface smooth. Distinct
collar clearly offset from wall surface. Collar conical, up to
0.7 um high (may depend on preservation) and 1.3-2.7 pm
in basal diameter, depending on cyst size.

Remarks—The size range of our specimens is smaller than
the 7-8 pm diameter given by earlier work (Rampi 1969).
As well, the collar of our stomatocysts appears proportion-
ally wider with respect to the cyst diameter than those illus-
trated by Rampi (1969) and Deflandre and Deflandre-Rigaud
(1969). Similar species with smooth wall surfaces are A. col-
ligera Hajos, 1968, and to a lesser extent A. pseudocompressa
Hajos, 1968. Archaeomonas colligera is similar to our speci-
mens in collar morphology but those cysts are ellipsoidal and
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larger while 4. pseudocompressa is also larger with cylindri-
cal, not conical collars.

Stratigraphic and geographic range—Upper Cretaceous
of the Moreno Formation, California (USA; Rampi 1940),
Upper Cretaceous of the Subantarctic Southwest Pacific
(Perch-Nielsen 1975), Eocene of the Kreyenhagen Formation,
California (USA; Rampi 1969), Upper Eocene of the Voring
Plateau of the Norwegian Sea (Perch-Nielsen 1978), and
Rupelian (lower Oligocene) of southeastern Poland (this
study).

Archaeomonas sphaerica Deflandre, 1932a
Fig. 9C.

Material—Numerous specimens found on each SEM stub
from Futoma 4 (DMF stub 349-17h), 5, 14, 16, Hermanowa
27, Lubno 3, Oligocene of southeastern Poland.

Description—Stomatocysts spherical with smooth external
walls (Fig. 9C). Two size-classes of specimens: 5.6—6.5 um
and 10-11.5 um in diameter. Collar absent. Regular pores
0.8-1.3 pm and 1.1-1.7 um in diameter in smaller and larger
cysts, respectively. Pores in both size-classes of cyst de-
scend sharply, directly, and nearly unchanged in diameter
through cyst wall into its interior.

Remarks—Specimens attributed to this species by Deflandre
and Deflandre-Rigaud (1969) encompass a somewhat greater
range of sizes (11-12 pum in diameter) than in the original
description. The images obtained using SEM clearly illus-
trate the lack of a collar and the regular form of the pores.
Although some of our specimens exceed the cell size range
of the original delineation for 4. sphaerica, their pore mor-
phology is consistently similar, thus we attribute all our spec-
imens to this species. In contrast, among the smooth-surface
spherical stomatocysts with no collar and regular pores found
in the freshwater environment, Duff et al. (1995) differentiate
three separate stomatocysts types: Stomatocysts 1, 9, 15 Duff
et al., 1995. Diameters of these cysts range from < 5.9 pum,
6.0-8.9 um, and > 9.0 um in diameter, respectively. Strictly
adhering to those size criteria, our specimens span all three
stomatocyst types. See also our closing remarks at the end of
smooth-walled stomatocysts section.

Stratigraphic and geographic range.—Paleocene/Eocene
boundary of Fuur Island, North Jutland (Denmark; Def-
landre 1932a), Rupelian (lower Oligocene) of southeastern
Poland (this study), Tortonian (Miocene) of Hungary (Hajos
1968), and Miocene of the Vering Plateau of the Norwegian
Sea (Perch-Nielsen 1978).

Archaeomonas aft. sphaerica Deflandre, 1932a
Fig. 9D.

Material —Numerous specimens found on each SEM stub
from Futoma 4, 5, 17, Lubno 4 (DMF stub 333-18c), Oligo-
cene of southeastern Poland.

Description.—Stomatocysts with outline varying from
slightly to more distinctly oblate, although difference be-
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Fig. 9. Archacomonad stomatocysts from Rupelian (lower Oligocene) of Poland. A. Archaecomonas cf. mamillosa Tynan, 1960, DMF stub 352-1m,
Futoma 5, in anterior view. B. Archaeomonas semplicia Rampi, 1969 DMF stub 349-2g, Borek Nowy Kawalec, in lateral view. C. Archaeomonas
sphaerica Deflandre, 1932a, DMF stub 349-17h, Futoma 4, in anterio-lateral view. D. Archaecomonas aff. sphaerica Deflandre, 1932a, DMF stub 333-18c,
Lubno 4, in anterio-lateral view. E. Archaeomonas tubulata Deflandre, 1938, DMF stub 352-1n, Futoma 5, in lateral view (E,), anterio-lateral view (E,),
looking into the tubular collar, showing pore surrounded by flat planar annulus (arrow). F. Archaeosphaeridium australensis Perch-Nielsen, 1975, DMF
stub 352-10, Futoma 5, in lateral view showing prominent posterior spines (F;, arrows), anterio-lateral view showing characteristically wide collar (F,).
G, H. Litharchaeocystis centparatethianus Ehrman sp. nov. G. DMF stub 349-17i, Futoma 4, in anterio-lateral view, showing structure of collar system
with inner layer (black arrow), outer layer (white arrow), and arches in basal part of collar with windows in between (arrowhead). H. DMF stub 333-
10 (KRAM A-35), holotype,, Lubno 4, in posterio-lateral view showing details of flattened posterior pole. 1, J. Litheusphaerella spectabilis Deflandre,
1932¢, Borek Nowy 12B. I. DMF stub 342-15c, in anterio-lateral view showing characteristic collar. J. DMF stub 342-15d, in anterior view showing
collar and hollow spines. Scale bars 2 pm.

tween cyst width and length varies only between 0.4—1.6 um;  (Fig. 9D). Regular pores 0.6—0.9 um in inner and 0.9—1.5 um
from 5.2-10.9 um in short to 6.2-12.6 um in long axis in outer diameter in best preserved and oriented specimens.
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Remarks—We are not aware of a marine archacomonad
species with the characteristics of our specimens, particu-
larly given the variation in the cyst outline, with individuals
grading from slightly to clearly oblate. The common char-
acter of our specimens is a regular pore, similar to those in
our specimens of A. sphaerica. Among the freshwater sto-
matocyst types with similar overall morphology of the cyst-
body, all have more elaborate pore structures and collars.
See also our closing remarks at the end of smooth-walled
stomatocysts section.

Archaeomonas tubulata Deflandre, 1938
Fig. 9E.

Material—Only one specimen from Futoma 5 (DMF stub
352-1n), Oligocene of southeastern Poland.

Description.—One slightly oval stomatocyst found, 8.3 pm
wide and 9.4 um long. Cyst wall surface smooth. Distinct
collar clearly offset from wall surface. Collar tubular, up
to 2.0 um in height, may be longer as it appears broken
(Fig. 9E,). Collar relatively wide, cylindrical, 3.1-3.4 pm
in basal diameter. Pore 1.3 pm in diameter surrounded by
narrow flat planar annulus (Fig. 9E,).

Remarks.—Our specimen is larger than in the original de-
scription (5.9 pm in diameter calculated from an image
shown by Deflandre 1938), but 4. tubulata is the only spe-
cies known to us that possesses such a long, straight tubular
collar. Perch-Nielsen (1978) illustrates a specimen with a
relatively long collar but attributes it to A. semplicia.

Stratigraphic and geographic range.—Rupelian (lower Oli-
gocene) of southeastern Poland (this study), and Miocene of
the Marmorito diatomites (Italy; Deflandre 1938; Deflandre
and Deflandre-Rigaud 1969).

Other genera

Genus Archaeosphaeridium Deflandre, 1932¢

Type species: Archaeosphaeridium dangeardianum Deflandre, 1932c.
Miocene, Poplein, Calver County, Maryland (USA).

Archaeosphaeridium australensis Perch-Nielsen, 1975
Fig. 9F.

Material—Several specimens encountered on SEM stub
from Futoma 5 (DMF stub 352-10), Oligocene of southeast-
ern Poland.

Description—Statocysts 8.2-9.0 um in diameter, spheri-
cal to slightly oblate, depending on cyst orientation. Cyst
wall smooth except for two (notable) posterior spines, repre-
sented here only by their bases (Fig. 9F;). Regular pores, 0.8
pum in diameter (Fig. 9F,). Collar large, smooth, with wide,
flat marginal rim, 4.4 um in diameter at base.

Remarks.—Perch-Nielsen (1975) erected a new species made
distinct by the small number of downward pointing posterior
spines and short, large collar. These characters differentiated
the species from those previously known in this genus and
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two others described by her at the same time. Our specimens
meet all morphological criteria for 4. australensis except
cyst size, which is smaller than her mostly commonly en-
countered cysts of 15-20 um in diameter. Similar to our
specimens, Gombos (1977) also found this species in the
same time interval.

Stratigraphic and geographic range—Upper Eocene to
lower Oligocene of the Subantarctic Southwest Pacific
(Perch-Nielsen 1975), Upper Eocene to lower Oligocene of
the Malvinas Outer Basin, South Atlantic Ocean (Gombos
1977), and Rupelian (lower Oligocene) of southeastern
Poland (this study).

Genus Litharchaeocystis Deflandre, 1932b

Type species: Litharchaeocystis costata Deflandre, 1932b. Marine fos-
sil deposits at Kuznetsk (Russia). No specific age given in Deflandre
(1932b), but age was indicated in Deflandre and Deflandre-Rigaud
(1969) as Paleocene—Eocene.

Litharchaeocystis centparatethianus Ehrman sp. nov.
Fig. 9G, H.

PhycoBank ID: http://phycobank.org/105042.

Etymology: Refers to the name of the ancient basin Central Paratethys
in which the species is found.

Holotype: DMF SEM stub 333-10, as preparation KRAM A-25d, sam-
ple Lubno 4 (Fig. 9H, SEM image of stomatocyst in anterior-lateral
view).

Type locality: Futoma, Poland.

Type horizon: Futoma Diatomite Member, Rupelian, lower Oligocene.

Material —A few specimens encountered on each SEM stub
from Futoma 4 (DMF stub 249-17i), Lubno 4 (DMF stub
333-10 as KRAM A-35), Oligocene of southeastern Poland.

Diagnosis.—Ellipsoidal cyst with relatively fine ridges and
flaring collar. Collars two-layered. Inner and outer layers
connected by septa. Basal part of collar outer wall arches
to connect with some surface ridges leaving windows in
between.

Description—Stomatocysts ellipsoidal, anterior end taper-
ing to two-layered collar. Cells 15.1-16.5 um long and 11.0—
11.4 pm wide at their widest portion. Cyst surface adorned
by sharp longitudinal ridges running cell length, approxi-
mately 4 ridges in 10 um. Nine ridges present over visible
side of cysts. In appropriate orientation approximately 4
ridges associate with each short, wide-based posterior spine
(Fig. 9G). Cyst posterior end flattened and surrounded by
a ring of at least 4 stout spines, 1.5-2.1 um long (Fig. 9H).
Collar system complex, two-layered. Inner (primary?) and
outer layer (Fig. 9G) connected to each other by perpendic-
ular septa. Collar-system inner layer is conical while outer
obconical. Basal part of collar outer layer arches to con-
nect with some surface ridges leaving windows in between
(Fig. 9G), thus not grounded on cyst surface. Both layers
have serrated apical margins.

Remarks—Our specimens meet the generic delineation
(Deflandre 1932b), but not any of the currently known
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species. In addition to the different pattern of ridges and
structure of collars, it differs by being more ellipsoidal
in shape compared to triangular, bottom-heavy outlines
of Litharchaeocystis glabra Rampi, 1948, L. oamaruen-
sis Deflandre, 1938, L. talwanii Perch-Nielsen, 1978, or
L. udintsevii Perch-Nielsen, 1978. Our species is not as
ellipsoidal as L. costata Deflandre, 1932b, from which it
also differs by being much smaller (31-34 um vs. 15.5-16.5
um long; 18-20 um vs. 11.0-11.4 pm wide) and having a
greater number of ridges on the visible side of the cysts (9
vs. 6, respectively). All the species mentioned above are
reported from sediments from New Zealand, Russia, and
the Voring Plateau of the Norwegian Sea (Deflandre and
Deflandre-Rigaud 1969; Perch-Nielsen 1978).

Stratigraphic and geographic range.—Rupelian (lower
Oligocene) of southeastern Poland (this study).

Genus Litheusphaerella Deflandre, 1932¢

Type species: Litheusphaerella spectabilis Deflandre, 1932c. Paleo-
cene/Eocene boundary, Fuur Island, North Jutland (Denmark).

Litheusphaerella spectabilis Deflandre, 1932¢
(sensu lato)
Fig. 91, J.

Material—Numerous specimens encountered on each
SEM stub from Borek Nowy 5, 12B (DMF stubs 342-15c,
342-15d), Futoma 5, 17, Lubno 2. Oligocene of southeastern
Poland.

Description.—Stomatocysts spherical, 7.8-11.2 um in dia-
meter when measured with spines. Pores approximately
1 um in diameter, surrounded by low, narrow ring of obcon-
ical collar, 1.5-2.0 um in total diameter. Spines long, robust
and widest at base. Longest spines found have broken tips
but reach 1.7 um in length. Spines hollow throughout length
but occluded at base (Fig. 91). Spines regularly dispersed,
generally equidistant from each other, 1.8-2.0 pm apart.
Narrow spineless ring around collar (Fig. 9J).

Remarks.—Our specimens are most like SEM images pub-
lished by Deflandre and Deflandre-Rigaud (1969) from the
Lower Eocene of Jutland (Denmark) with both hollowed
spines and pore-collar apparatus. Not all such details are ob-
vious on micrographs or drawings of the species published
by all authors (Perch-Nielsen 1975, 1978; Stradner 1971)
supporting the notion that L. spectabilis as currently de-
lineated may encompass more than one species (Deflandre
1932¢). There are also reported extant specimens attributed
to L. spectabilis (Mitchell and Silver 1982) while Riaux-
Gobin and Stumm (20006, as L. cf. spectabilis) considered
their specimens similar to this species but not without reser-
vations. Somewhat similar specimens are presented by Kato
(2019), as Stomatocyst 65 Van de Vijver & Boyens, 2000,
but the density of the spines is greater than the density of
spines on our specimens.

Stratigraphic and geographic range—Upper Cretaceous
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of the Subantarctic Southwest Pacific (Perch-Nielsen 1975),
Paleocene/Eocene boundary of Fuur Island, North Jutland
(Denmark; Deflandre 1932a), Eocene of the Issinsky-Volga
Region (Russia; Deflandre and Deflandre-Rigaud 1969),
Eocene of the Vering Plateau of the Norwegian Sea (Perch-
Nielsen 1978), Rupelian (lower Oligocene) of southeastern
Poland (this study), Miocene of Limberg (Austria; Stradner
1971). Recent reports from the Equatorial Pacific, North
Pacific, and South Atlantic (Mitchell and Silver 1982), the
Weddell Sea (Mitchell and Silver 1986), and Kita-no-seto
Strait, Antarctica (Takahashi et al. 1986).

Discussion

Due to structural similarities, archacomonads have long been
regarded as representing resting stages of flagellated fresh-
water chrysophytes (Deflandre 1932c; Mitchell and Silver
1986; Lipps and McCartney 1993). However, the recent dis-
covery of morphologically similar resting cysts among ma-
rine haptophytes (Ellegaard et al. 2016) raises the question
whether all marine archaeomonads represent chrysophytes.
Species identification in both these algae is based on live
vegetative cells that rarely preserve in the fossil record. In
addition to non-mineralising species, both groups contain
species whose vegetative cells are covered by usually more
than one type of delicate siliceous scale (Graham et al. 2008;
Yoshida et al. 2006; Abe et al. 2016) which in older sed-
iments also fossilise exceptionally rarely (Siver 2020). In
contrast, only one strongly silicified cyst is produced by one
vegetative cell (Kristiansen and Andersen 1986; Holen 2014;
Ellegard et al. 2016). Moreover, the morphology of mature
stomatocysts is thought to be species-specific (Kristiansen
and Andersen 1986; Duff et al. 1995). Therefore, it is un-
likely that a significant number of fossilised stomatocysts
can be reconciled with their vegetative cell remains, so these
soft life history characters can not contribute to routine spe-
cies identification in fossilised material.

For decades archaecomonads were thought to have gone
extinct during the Pliocene and thus absent in modern seas.
Mitchell and Silver (1982, 1986) were first to recover liv-
ing pelagic cysts apparently conforming to descriptions of
four archacomonad morphospecies. They were found in
Antarctic secawater, sea-ice and seafloor sediments. Since
then, other researchers have found similar stomatocysts in
marine and brackish waters and underlying sediments (Buck
and Garrison 1983; Andrén et al. 1999; Rull and Vegas-
Vilarrubia 2000; Héllfors 2004). Among those, the most re-
ported cysts are similar to Miocene—Pliocene Archaeomonas
areolata and Cretaceous—Miocene Litheusphaerella specta-
bilis. Unfortunately, the living specimens of these and other
presumptive “living archacomonad fossils” are yet to be
appraised in comparison to the taxonomic-type material.
Nonetheless, living stomatocysts of such affinity also allow
the exciting opportunity to molecularly examine their phy-
logenetic relationships.
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Research interest in archacomonads has been sporadic.
Most work was conducted between 1932 and the late 1970s
as compared to the past five decades. Only 119 species
were known by 1971 (Tynan 1971) and very few have been
added since. Upper Cretaceous, Eocene, and Miocene flo-
rae are considered the most species rich (Table 1). For ex-
ample, the Eocene sediments from the Vering Plateau of
the Norwegian Sea contain 25 species (Perch-Nielsen 1978),
while 27 species were found in Tortonian sediments of the
Upper Miocene in Hungary (Hajos 1968). Recently, even
more diverse flora has been reported in the Upper Miocene—
Pliocene sediments from the Atlantic section of the Southern
Ocean (Kato 2019). Oligocene stomatocysts were unknown
before 1971 (Tynan 1971) and there are still only a few re-
ports from lower Oligocene sediments documenting them:
three species from the Vering Plateau of the Norwegian
Sea and six from the Subantarctic Southwestern Pacific and
Atlantic (Perch-Nielsen 1975, 1978; Gombos 1976). As far as
we can determine, no archacomonad has previously been re-
ported from the Oligocene Central Paratethys. In this initial
report, we document unanticipated species diversity of these
cysts in Rupelian (lower Oligocene) diatomites at five sites in
southeastern Poland, including 27 previously described taxa
and 8 species new to science. Furthermore, at least a dozen
additional distinct stomatocyst types were found in orienta-
tions and/or quantities insufficient to confidently describe
them and so are not included in this presentation.

The biostratigraphic and palaeoceanographic signifi-
cance of marine stomatocysts is difficult to assess due to
the small number of studies and known species. It is un-
likely that there are more than three hundred such species
described to date. Nonetheless, some species found here
are previously reported from the Cretaceous through the
Upper Eocene—lower Oligocene, others from the Cretaceous
through the Miocene, thus exhibiting a non-random oc-
currence. Species with an even more limited time-range
of occurrence are those thus far found previously only
from the Eocene—Oligocene (e.g., Archacomonas karinae,
Table 1), only from the Miocene (e.g., Archaeomonas gra-
tiosa, Table 1), and the Miocene through the Pliocene. The
notable shift in archaeomonad species composition chroni-
cled here coincides with the transitional palacoceanographic
and palaeoclimatic nature of the Oligocene Epoch. We ob-
serve that the occurrence of most of our species previously
known to science is consistent with their occurrence ranges
published from other geographies. This suggests that there
may be the potential for index species among the archaeo-
monad stomatocysts for both regional and wider biostratig-
raphies. Improvements in species level recognition of the
cysts would help such progress, as convincingly argued by
Andrén et al. (1999), Kato (2019), and Kato and Suto (2019).

More research attention has been given to the potential
of freshwater chrysophyceans for tracking environmental
changes (Zeeb and Smol 2002) where well-defined growth
optima have been established for many species. Although
most chrysophyceans live in a wide range of fresh aquatic
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to semiaquatic habitats, a surprising number of species have
been found to tolerate higher salinity in inland lakes and
brackish coastal and estuarine waters (Mitchell and Silver
1986; Zeeb and Smol 1995; Andrén et al. 1999; Rull and
Vegas-Vilarrubia 2000; Héllfors 2004; Riaux-Gobin et al.
2011). Growth optima have yet to be established for any of
the extant marine stomatocysts, apart from tendencies for
sea-ice and cold waters of the Antarctic species (Mitchell
and Silver 1982, 1986; Riaux-Gobin et al. 2011).

Although an allochthonous origin of some of our sto-
matocysts cannot be totally disregarded, taking all of our
findings into account, we observe that there are several solid
arguments for an autochthonous origin of the most of our
stomatocysts. First, the majority of stomatocysts recovered
are known to science and have been reported in sediments
of marine origin. Second, the organic matter contribution
is negligible in our diatomites and should have been higher
if the stomatocysts were swept to sea from inland sources.
Third, only a few diatom genera now known to be exclu-
sively freshwater (e.g., Aulacoseira) are only rarely found
in our samples, with or without stomatocysts. Fourth, the
majority of co-occurring diatoms, parmaleans, silicoflagel-
lates, and ebridians suggest a fundamentally marine deposi-
tional basin where the native Rupelian stomatocysts settled
in our section of the Central Paratethys.

Conclusions

The unanticipated species richness of archaecomonad stoma-
tocysts recovered from the deposits of the Futoma Diatomite
Member in Southeast Poland was only revealed through
SEM re-examination of the material originally studied using
LM in the 1970s. The small size of most of the stomatocysts,
their even smaller diagnostic features, and their unpredict-
able occurrence and relative scarcity in marine sediments
compared to the other siliceous microfossils (particularly
diatoms) may be responsible for them being overlooked in
similar studies. The geographic and stratigraphic ranges
of known species and diverse flora of species proposed
here as new to science suggest that marine archacomonads
carry biostratigraphic and palacoecological value in both
local and broader geological settings. Our work underscores
earlier calls for application of modern microscopical tech-
niques in research into this little known type of siliceous mi-
crofossil and will hopefully encourage similar examination
of diatomaceous deposits around the world.
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