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Abstract. Fossils recovered from Baltoscandian erratic boulders and cobbles, collected on the beach near Ortowo and
Oksywie Cliff (the latter for the first time) near Gdynia in northern Poland constitute an interesting lot. Several trilo-
bite taxa have been discovered, such as Calymene? sp., Acaste? sp., Chasmopsinae indet., Encrinurus sp. and Proetidae
indet. Another group of arthropods represented here is Ostracoda, mostly comprising taxa of the family Beyrichiidae,
assigned to the order Palaeocopida. The preservation of all fossils certainly leaves much to be desired. Nevertheless,
after preparation it has turned out possible to provide some taxonomic identification and the estimated stratigraphical
provenance of the erratics studied. In addition, on the basis of taxonomic composition, palaeoecological and palaeogeo-
graphical patterns have been worked out. The present paper ranks amongst the very few recent publications dedicated

to erratic fossils from Poland in general and those on arthropods specifically.
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1. Introduction

Erratic fossils, from cobbles and boulders
brought by continental ice sheets from their area of
provenance over considerable distances (Gorska,
2003), appear to constitute the least popular catego-
ry in palaeontological studies, although private col-
lectors have been interested in these objects, even
since the nineteenth century. In northern Germany,
for example, there are numerous publications and
a general interest in such fossils (e.g., Schoning,
2010; Schoning & Popp, 2015). In Poland, a few pa-
pers have appeared in print (e.g. Chrzastek & Pluta,
2017 and others; see below), but the topic of erratic
fossils is far from exhausted. Here, only arthropod
material collected by one of us (AK) during recent
years, is presented.

On the sea coast of northern Poland, a vast ar-
ray of fossils may be collected from erratics embed-
ded in glacial tills or found loose. Sedimentary rock
types amongst these have been shown to contain
fossils typical of various time intervals, ranging
from Cambrian to Pleistocene (WozZniak et al., 2009).
Amongst the fossils, different groups of organisms

are represented, their general diversity being con-
siderable and offering opportunities for a range of
palaeontological interpretations.

As mentioned above, the present note focus-
es on arthropod remains (namely, trilobites and
ostracods) from erratic boulders collected on the
beach near Ortowo Cliff (Fig. 1) and Oksywie Cliff
in Gdynia (Fig. 2), the main aim being taxonomic
and stratigraphical identification of this material.
The next step is to provide comparisons with Scan-
dinavian faunas and thus an attempt to establish
the provenance of these fossil-bearing erratics and
former ice sheet direction of movement. Finally,
palaeoecological reconstructions may be presented,
including hints at palaeogeographical patterns so as
to document that also the Pomeranian region with-
in Poland has valuable palaeontological and touris-
tic contributions to make.

2. History of previous research

In Poland, only few papers on arthropods from
erratic boulders have appeared in print. For in-
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Fig. 1. Location of Ortowo and Oksywie cliffs (based on
Wozniak & Czubla, 2016).

stance, Jurassic ostracods from Lukoéw were stud-
ied by Olempska & Blaszyk (2001), while a new ge-
nus and species of Silurian conodonts, Erraticodon
balticus Dzik, 1978, was described from an erratic
boulder of Baltic origin found at Garcz near Kar-
tuzy, Pomerania. In addition, there are records of
trilobites from cobbles at Mielenko Drawskie by
Borowski (2004, 2008, 2016, 2021). One of us (AK)
recorded some arthropod fossils from erratic boul-
ders collected near Ortowo Cliff in Gdynia in 2020
and a year later in her MSc thesis (Kowalewska,
2020, 2021). The first part of the present study was
published by Kowalewska in 2023, focusing on
some trilobites and ostracods from Beyrichia lime-

Fig. 2. Ortowo Cliff in Gdynia.

stones collected between 2019 and 2022. The newest
finds and a general summary are presented herein.

There are papers on other groups of organisms
from erratic boulders in Poland. Kiepura (1962)
described Ordovician bryozoans, whilst Mierze-
jewski (1978, 2001) worked on Ordovician and Si-
lurian graptolites. Some publications focused on
radiolarians (Gérka, 1994), sponges (Rhebergen,
2004), hyoliths (Malinky, 2007), and even trace fos-
sils (Chrzastek & Pluta, 2017).

The literature on erratic faunas in the Baltic
countries is much more comprehensive. The first
works appeared in the 19th century (Kiesow, 1884;
Pompeckji, 1890; Jentszch, 1892). A century later,
Schallreuter, over more than a decade, provided
a compilation of ostracod taxa collected from erratic
boulders in Germany (Schallreuter, 1984, 1988, 1993,
1994, 1998). In addition, Silurian ostracods from Bey-
richia limestones were described by Hansch & Sivet-
er (1994), while Ordovician species found in Finland
were characterised by Nolvak et al. (1995).

Other descriptions of fossils (including arthro-
pods) from erratics were published by Schrank
(1970a; calymenid trilobites), Neben & Krueger (1971,
1973, 1979), Rohde (2007), Rudolph et al. (2010),
Weidner et al. (2015), Mychko (2022) and Chlachula
& Mychko (2023). Even new species of trilobites were
recorded by Schoning (2010), such as proetids and
other notable contributions include a compilation of
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Ordovician trilobites from erratics found in northern
Germany (Schoning, 2017) and a description of Silu-
rian taxa from the same area (Schoning, 2022).

3. Locality

The present research has focused on two sites
along the southern coast of the Baltic Sea in northern
Poland (Fig. 1). The first is a beach near Ortowo Cliff
(Fig. 2), marking the eastern edge of the Rediowo
Plateau (a moraine plateau along the Kashubian
Coastland; Wozniak et al., 2018). Administrative-
ly, this is the territory of Gdynia Redlowo. The
cliff stretches between 81,3 and 81,95 km along the
coast. There is permanent abrasion here, the rate of
retreat of the till cliff being about 1 m/year (Kaul-
barsz, 2005).

The second site is an area near the cliff that is
part of the eastern edge of the Oksywie Plateau
(moraine plateau) (Fig. 3), located above Puck Bay.
The cliff is mostly 30-40 m in height and has an
abrasive-type edge. It stretches from Mechelinki
through Babie Doly to Gdynia Oksywie. Material
from this locality has become the subject of study
for the first time.

A sea cliff is “a steep coastal slope” (Stembridge,
1982). They are formed by processes of erosion and
the effects of gravity. Sea cliffs are defined as sur-
faces along coasts with slope angles larger than 20°.

Both cliff sections studied comprise fluvioglacial
and glacial deposits, presented mostly by moraine

Fig. 3. Cliff in Gdynia Oksywie.

clays and tills. Oksywie Plateau and Rediowo Pla-
teau are isolated from each other by depressions.
The material probably is of the similar age, mostly
late and middle Weichselian (Wozniak & Czubla,
2016; Wozniak et al., 2018). Embedded in these sed-
iments are erratic cobbles and boulders, represent-
ing igneous, metamorphic and sedimentary rocks,
the last-named with fossil content. The beaches at
the foot of the cliffs are littered with such erratic
boulders (Figs. 2, 3).

4. Material and methods

During fieldwork, cobbles and boulders of sed-
imentary rocks were selected to be smashedusing
a geological hammer and subsequently viewed un-
der a field microscope Carson Microflip LED 100-
250x. Next, these specimens were taken to the labo-
ratory for further preparation with chisels, needles
and an engraving tool (Dremel). Preparation under
the microscope was necessary for part of the materi-
al because of the small (1-20 mm) size. Hydrochlo-
ric and acetic acids were occasionally also used to
highlight details of specific elements (UO-ZP-AKO01;
UO-ZP-AK06; UO-ZP-AK48).

The prepared specimens were examined and
photographed with the help of a digital microscope
LCD Digital Microscope inskam-307, with Realme
11 RMX3780 with macro lens 25x Selvim camera.

In total, the collection comprises 65 specimens
of trilobite and numerous ostracods (see catalogue
no. UO-ZP-AKO01-65). Ostracods are often com-
plete, while trilobites are predominantly represent-
ed by disarticulated sclerites such as 41 pygidia,
15 cephalic elements, 6 doublure and hypostome
or single segments. Many specimens are partially
eroded, documenting various states of preserva-
tion. Some other groups of fossil remains have also
been recognised, but these are not described here in
detail, merely mentioned as associated fauna, such
as sponges, brachiopods, crinoids, graptolites and
some molluscan groups. It should also be noted that
numerous cobbles and boulders proved barren and
that some remains are extremely poorly preserved;
the latter were omitted from further study. In all,
field trips between 2019 and 2024 yielded approxi-
mately 500 specimens.

5. Results

One of the aims of the present work is to deter-
mine the type of fossil-bearing rock, which is a pre-
requisite for comparisons with other (provenance)
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regions and for establishing the direction of move-
ment of the former ice sheet.

However, the most important task of the work is
the taxonomic assessment of fossils and their strati-
graphical dating. The present collection comprises
material from lower Palaeozoic sedimentary rocks,
mostly of Ordovician and Silurian age. Representa-
tives of four genera of trilobites, in one superfamily
and five families are documented, as is a complex of
beyrichioidean ostracods.

5.1. Types of rocks

Amongst erratics collected , it is possible to dis-
tinguish different types of rock based on their litho-
logical characteristics and palaeontological content.
As mentioned above, based on the present material,
it may be concluded that the majority of the collect-
ed material is of Silurian age. However, some spec-
imens are indicative of an Ordovician age, such as
the so-called Backsteinkalk (Rudolph et al., 2010),
a common rock type in the Baltic area of the Up-
per Ordovician, Sandbian Stage, Idavere Regional
Stage (Mychko, 2022).

It has a high density and is hard, which makes it
difficult to prepare. It is named after its properties
that reminded people of bricks (‘Backsteine” in Ger-
man). Its area of provenance is the central Baltic and
Sweden. Backsteinkalk has a typical greenish-grey
colour and contains numerous representatives of
three trilobite families (Illaenidae, Asaphidae and
Cheiruridae), as well as brachiopods and bryozoans
(Rudolph et al., 2010). Backsteinkalk has two types
with main differences in fossils contents. Type 1 is
distinguished from type 2 mostly by the presence of
the alga Apidium pygmaeum Stolley, 1896 (van Keu-
len & Rhebergen, 2017).

In the study area, only a single representative
of the family Asaphidae has been found (no. UO-
ZP-AK02), but lithologically speaking, the rock that
yielded it does not correspond to the Backsteinkalk
type.

Another erratic rock type is the Macroura lime-
stone, also known as Rollsteinkalk (Rudolph et al.,
2010). This rock is of Late Ordovician age, occurs as
large, rounded blocks and is characterised by vari-
ous colours, such as grey with blue inside, yellow
and green outside. Occasionally, there are reddish
spots (iron oxide). It is important to note that it feels
greasy when held between the fingertips. This rock
is the commonest and most widely distributed in
Oland (southern Sweden). It contains the trilobite
Toxochasmops macrourus (Sjogren, 1851) (hence the
name), as well as illaenid and proetid taxa, bra-

chiopods and bryozoans (Rudolph et al., 2010). In
the study area, some representatives of Ordovician
trilobite families have been encountered, such as
specimens representing the subfamily Chasmopi-
nae (no. UO-ZP-AK34, 63) of the family Pterygome-
topidae. However, lithologically speaking, these
erratics cannot be ascribed to the Rollsteinkalk type.

Orthoceras limestone is the second commonest
Oland rock type (Rudolph et al., 2010), known from
nearly the entire Ordovician. The commonest sub-
types of this limestone are red and grey in colour
but generally they have different ages and origins.
Geologists distinguish: Upper grey Orthoceras lime-
stone from the Darriwilian of the Baltics, Upper red
Orthoceras limestone, Middle red Orthoceras lime-
stone and Middle grey Orthoceras limestone from
the Darriwilian of Sweden, Lower grey Orthoceras
limestone from the Dapingian of Sweden and Low-
er red Orthoceras limestone from the Floian of Swe-
den (Rudolph et al., 2010).

This rock is very dense and compact, and is
often used in buildings (numerous monuments).
Orthoceras limestone contains numerous fossils of
nautiloids, as well as members of the trilobite fami-
lies Asaphidae and Illaenidae (Rudolph et al., 2010).
In the study area, some cobbles with fossils of this
type may have been collected, but arthropods are
rarely represented, in contrast to crinoid, nautiloid
and brachiopod remains. Thus, the collected mate-
rial is considered not to include typical Orthoceras
limestone.

In the present collection, Silurian-aged rock
types are represented mostly by Beyrichia limestone
(Rudolph et al., 2010), as noted previously (Kow-
alewska, 2020, 2023). This name is used for a large
group of rock types, of different texture and fossil
content. The range of parent deposits of these lime-
stones extends from the island of Saaremaa (Esto-
nia) through southern Gotland to Hoburgs Bank.
Over a distance of 800 km, the appearance of the
limestone and its characteristic fauna change. Bey-
richia limestone derives from the generic name Bey-
richia, an ostracod, but some types contain fewer
ostracods. Steusloff (1892) identified 8 varieties of
these rocks, while Reuter (1885) distinguished as
many as 50.

One of the classifications was made by Roedel
(1926). According to his work, the taxonomy of Bey-
richia limestones is complex and requires a detailed
study of the places of origin of each species. It is
quite possible to distinguish such varieties on the
basis of the dominating types of fossils, for exam-
ple:

- Nucula limestone with the brachiopod Micros-

phaeridiorhynchus nucula (J. de C. Sowerby, 1839),
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- Chonetes limestone with the brachiopod Proto-

chonetes striatellus (Dalman, 1828),

- Canalicula limestone with the brachiopod Leve-

nea canaliculata, Lindstrom, 1861,

- Elevatus limestone with the brachiopod Delthyris

(Delthyris) elevata Dalman, 1828,

- Ptilodictya limestone with the bryozoans Ptilod-

ictya lanceolata Goldfuss, 1826,

- fish limestone with fish remains.

In the work of Noetling (1882), a list of varieties
of Beyrichia limestones was also supplied, including
some of the above-mentioned, as well as Murchiso-
nia limestone with gastropods Murchisonia cingulata
Hisinger, 1829, crinoid Beyrichia limestone with cri-
noid remains, and so on.

Occasionally, Beyrichia limestone is used in
a broader sense, comprising rocks of late Ludlow
to late Pridoli age. In a more restricted sense, it is of
middle and late Pridoli age (Hansch, 1985). The fos-
sil fauna of Beyrichia limestones is rich, comprising
trilobites (calymenids, acastids and encrinurids),
ostracods (Neobeyrichia, Nodibeyrichia, Kloedenia
and Frostiella) and associated taxa such as tentac-
ulitids, crinoids, bryozoans, molluscs, fish remains
and brachiopods (Rudolph et al., 2010). It has many
colours, being mostly grey, but occasionally with
yellow and brown stains and streaks. There is also
a rare subtype of so-called red Beyrichia limestone.
In each type lots of fragments are weathered. This
rock comes predominantly from Gotland, but Es-
tonia and the Baltic sea floor have also been sug-
gested as provenance area (Hansch & Siveter, 1994;
Rudolph et al., 2010).

Another common erratic type noted in the pres-
ent collection (NN UO-ZP-AK04, UO-ZP-AKO07,
UO-ZP-AK08, UO-ZP-AK10, UO-ZP-AK14, UO-
7ZP-AK18, UO-ZP-AK19, UO-ZP-AK42, UO-ZP-
AK45, UO-ZP-AK60) is Encrinurus limestone (as
defined by Siebs, 1917). It is a light brownish to
grey, dense, heterogeneous limestone with incom-
plete specimens of the trilobite Encrinurus puncta-
tus (Wahlenberg, 1821). Pygidia and cephala are
always found separately. Other fossils encountered
comprise the brachiopods Atrypa reticularis Linnae-
us, 1758, Strophomena sp. and Chaetetes sp. (Siebs,
1917).

Another Silurian rock type that is common in
the Baltic area is the so-called Graptolithen-Gestein
(Rudolph et al., 2010). It is a greenish-grey rock of
Wenlock-Ludlow age, rich in fossils. This rock oc-
curs as concretions in thick levels of shales, testifying
to deposition in quiescent waters. Erratics often are
loaf-shaped and easy to split. Graptolithen-Gestein
originates from Oland and contains not only grap-
tolites but also brachiopods, ostracods, as well as

calymenid and odontopleurid trilobites (Rudolph
et al., 2010). In the study area, such rocks have not
been found yet.

A rather uncommon type is the so-called Leper-
ditien-Gestein (Rudolph et al., 2010), of Silurian age
and brown to grey in colour, having a fine-grained
texture. It yields the ostracod genus Leperditia, bra-
chiopods and stromatoporids and originates from
Gotland, Saarema and the Baltic sea floor (Rudolph
et al., 2010).

5.2. Characteristics of trilobites and ostracods

The body of a trilobite (Fig. 4) comprises three
sections: cephalon, thorax and pygidium. In the
middle of the cephalon, there is a hump, called gla-
bella. In the thorax and pygidium, axial rings and
pleurae indented by pleural furrows may be distin-
guished (Radwarnska, 2007). There are pleural ribs
on the pleurae and interpleural furrows between
them (Gon III, 2007).

The cephalon comprises a few conjoined seg-
ments; cranidium (glabella with furrows, fixigena)
and librigena. There may be three types of plates on
the ventral side: hypostome, doublure and rostrum
(Lehmann & Hillmer, 1987). Ventral and dorsal su-
tures may also be distinguished (Radwariska, 2007).

Ostracod segmentation is poorly visible but it is
possible to distinguish head, thorax and regressed
abdomen. Their outer shell consists of two valves
connected by a hinge. The shell is either smooth or
has ornament of varying types and complexities

PREGLABELLAR FIELD

LIBRIGENA

FIXIGENA
OCCIPITAL LOBE

PLEURAL FURROWS

INTERPLEURAL
FURROW
PYGIDIAL BORDER

PLEURAL RIB

TERMINAL
AXIAL PIECE
PYGIDIAL SPINE PYGIDIUM

POSTERIOR MARGIN

Fig. 4. Trilobite morphology (based on Gon III, 2007).
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syllobium

anterior lobe

preadductorial lobe

Fig. 5. Beyrichiid shell morphology (based on Siveter,
2022).

(Btaszak, 2011). Beyrichiid ostracods often have
shells with clearly visible lobation and ornament
(Kesling & Rogers, 1957) and a division into an
anterior lobe, preadductorial lobe and syllobium
(Fig. 5) (see Schallreuter & Hinz-Schallreuter, 2010).
A typical morphological element of beyrichiids is
also a crumina (brood pouch), which was formed
by fusion of distal edge of the dolonal pouch with
the contact margin (Martinsson, 1960).

5.2.1. Palaeontological description of trilobites
Class: Trilobita Walch, 1771

Order: Phacopida Salter, 1864

Suborder: Calymenina Swinnerton, 1915

Family: Calymenidae H. Milne Edwards, 1840
Subfamily: Calymeninae H. Milne-Edwards, 1840

Calymene Brongniart, 1822
Type species: Calymene blumenbachii Brongniart,

1822, by subsequent designation (Shirley, 1933).

Calymene? sp.

Fig. 6A

Material: Nine specimens; UO-ZP-AKO01, 03, 05,
24a, 28, 48, 56, 58 and 59, from Gdynia Ortowo and
Gdynia Oksywie.

Description: Semi-rounded pygidium, 10 to 20
mm in width, flat or convex, axis convex and fusi-
form, three times narrower than whole pygidium,
with 7-8 axial rings, five pairs of pleural ribs cut
by pleural furrows at the ends, the last pair parallel
to the axis, pleurae reaching border, terminal axial
piece not reaching the border. Some specimens with
visible granulation; two incomplete smooth cepha-
lons present; with deep glabellar furrows; possess-
ing distinct glabellar lobation; visible roundish L1
and L2; fragment of fixigena and librigena visible.

Discussion: Calymene is a common trilobite ge-
nus in Silurian Baltoscandian erratics. The present
cephalons could belong to this genus because of the
separation of the second and third lobes (Whitting-
ton et al., 1997). There is also a separation between
the end of the third lobes and the occipital ring. The

specimen is similar to GIT 174 (see www.fossiilid.
info).

The available pygidia show similarities to a py-
gidium described as Calymene sp. (see number GIT
187-61, www fossiilid.info). This generic affiliation
relies on the five pairs of pleurae and the position
of the last pair of pleurae, which is parallel to the
axis (Siveter, 1985). Other representatives of the
subfamily Calymeninae could be ruled out on the
basis of the number of axial rings on the pygidium.
For instance, the genus Alcymene Ramskold, Ad-
rain, Edgecombe & Siveter, 1994 is characterised by
five or occasionally six axial rings (Ramskold et al.,
1994). The genus Liocalymene Raymond, 1916 may
be excluded because of the lack of a smooth median
part of the axis (Whittington, 1971); the same goes
for the genus Diacalymene Kegel, 1928, on account
of the presence of interpleural grooves (Whitting-
ton et al., 1997). Papillicalymene Shirley, 1936 is an-
other candidate, but for this the cephalon is need-
ed. However, the lack of granulation of the outer
portions of the pleurae would rule out this genus
(Whittington, 1971), provided that this did not fall
victim to erosion.

It is nearly impossible to determine species accu-
rately based solely on pygidia; the most diagnostic
element usually is the glabella. Specimens which
co-occur with chonetid brachiopod, beyrichiid os-
tracods and tentaculitids probably belong to C.
tentaculata von Schlotheim, 1820, which is often
found in Beyrichia limestone of Pridoli age on Got-
land (Schrank, 1970a). Most specimens resemble
Calymene tentaculata, especially in the possession
of eight axial rings (Schrank, 1970a). Another spec-
imen (UO-ZP-AK24a) could belong to C. blumen-
bachii Brongniart, 1817 or C. blumenbachii neotuber-
culata Schrank, 1970a, which co-occur, for example,
with Encrinurus sp. in Wenlockian-aged erratics.
The pygidium of C. blumenbachii is similar to that of
C. tentaculata, but it usually has visible granulation
(Schrank, 1970a).

Suborder: Phacopina Struve, 1959
Superfamily: Acastoidea Delo, 1935
Family: Acastidae Delo, 1935
Acaste Goldfuss, 1843
Type species: Acaste downingiae Murchison, 1839
Acaste? sp.
Fig. 6B
Material: Five specimens, UO-ZP-AK06a-b, 11,
31, 64; from Gdynia Orlowo and Gdynia Oksywie.
Description: Small pygidia (about 5 to 10 mm in
length), mostly semi-convex to convex, semi-round-
ed to subtriangular; possessing five or six pairs of
pleural ribs and 7-8 visible axial rings. Pleurae are
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Fig. 6. Trilobites: A - Pygidium of Calymene? sp., UO-ZP-AKO05; B - Pygidium of Acaste? sp., UO-ZP-AK06b; C - Pygidi-
um of Chasmopinae indet., UO-ZP-AK34; D - Pygidium of Encrinurus sp., UO-ZP-AK32b; E - Glabella of Encrinurus
sp., UO-ZP-AK32c; F - Pygidium of Proetidae indet., UO-ZP-AK53.

under the same angle., with intrapleural furrows
not reaching the border and deep pleural furrows
on all ribs and on the entire length of pleurae but
best visible at the point of origin. Occasionally fine
granulation is visible. Pleurae and terminal axial
piece do not reach the border. Axis is convex and
cylindrical.

Discussion: Specimens of pygidia belonging to
the second morphotype described above appear to
be assignable to the genus Acaste. This commonly
occurs in Beyrichia limestone of Pridoli age, co-oc-
curring with Calymene sp., for example C. tentac-
ulata. Specimens of this genus are often flattened,
probably due to sediment compaction.

Specimens recovered are similar to pygidia of
the genus Acaste in view of shape, number of pleu-
rae and axial rings, pleurae not reaching the bor-
der and strong pleural furrows. From other acas-
tomorphs (e.g. genera Acastella Reed, 1925 and
Acastellina Richter & Richter, 1954), it may be dis-
tinguished by the lack of denticulations of pygidial
margins and a more roundish pygidium (Whitting-
ton et al., 1997). The present specimens resemble
Acaste sp. published by Schrank (1970b).

Based on incomplete preservation, specific as-
signment is impossible. The present material might

belong to Acaste dayiana Richter & Richter, 1954
(Schrank, 1970b).

Family: Pterygometopidae Reed, 1905
Subfamily: Chasmopsinae Pillet, 1954
Chasmopsinae indet.

Fig. 6C

Material: Two incomplete pygidia, UO-ZP-
AKB34, 63; from Gdynia Oksywie.

Description: Incomplete, probably elongated
semi-convex, triangular in shape, narrow pygidia.
13 visible axial rings, 10 visible pairs of pleurae with
different angles, ends of ribs bending posteriorly.

Discussion: Affiliation to the subfamily Chas-
mopsinae is indicated by the elongated nature of the
pygidium with numerous axial rings and pleurae
(Whittington et al., 1997). Recognition of the genus
is impossible due to the incomplete preservation of
this material, but it might represent Toxochasmops
McNamara, 1979, on account of the probable num-
ber of segments between twelve and eighteen (Mc-
Namara, 1979).

Suborder: Cheirurina Harrington & Leanza, 1957
Family: Encrinuridae Angelin, 1854

Subfamily: Encrinurinae Angelin, 1854
Encrinurus Emmrich, 1844
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Type species: Entomostracites punctatus

Wahlenberg, 1821, by monotypy.

Encrinurus sp.
Figs. 6D-E

Material: 19 specimens, UO-ZP-AKO04, 07, 08, 10,
14, 18a-b, 19a-b, 24b, 32a-c, 33a-c, 42, 45, 60; from
Gdynia Orlowo and Gdynia Oksywie.

Description: pygidium about 10 mm in length,
of triangular shape, convex, with few tubercles on
axis, some tubercles on pleurae, possessing 6-7 pairs
of pleural ribs, 15-17 axial rings shallower centrally,
in some specimens pygidial spine present; convex
glabellas with tubercles irregularly spaced.

Discussion: Affiliation to Encrinurus is suggest-
ed mostly on the basis of the elongated triangular
nature of the pygidium with numerous axial rings
and tubercles (Whittington et al., 1997). These trilo-
bite remains probably belong (based on morpholo-
gy and matrix type) either to Encrinurus punctatus
Wahlenberg, 1821 or E. macrourus Schmidt, 1859.
Both of these occur in erratics of Silurian age. En-
crinurus macrourus is known from the Ludlow of
Gotland, while E. punctatus has also been described
from other Baltic areas, especially towards the east
(Mannil, 1978). Most material recorded is of Wen-
lockian and Ludlow age, and a range into the Prido-
li is possible (Rohde, 2007). A distinction between
these species based only on pygidium morphology
only is impossible. Encrinurus punctatus and E. mac-
rourus are both widely variable intraspecifically,
as seen, for instance, in tuberculation. Tripp (1962)
noted that specimens of E. macrourus were slightly
smaller than E. punctatus, but this way of distinction
calls for numerous fossils and subdivision into ju-
veniles and adults.

Order: Proetida Fortey & Owens, 1975
Family: Proetidae Salter, 1864
Proetidae indet.

Fig. 6F
Material: A single specimen, no. UO-ZP-AK53;
from Gdynia Oksywie.

Description: incomplete imprint of pygidium (7
mm in length); fusiform axis with nine visible axial
rings with deep furrows between them; six visible
pairs of pleurae with deep pleural furrows along
entire length; deep furrows between pleurae.

Discussion: The specimen could belong to the
subfamily Proetinae but many genera may be ruled
out on account of the possession of nine axial rings
(Whittington et al., 1997). For instance, Cyphoproetus
Kegel, 1928 has a pygidium with six to eight axial
rings (Whittington et al., 1997). However, Warbur-
gella Reed, 1931 is recognised by a narrower axis
(Chlupag, 1971).

From whatis visible of morphological characters,
the closest resemblance is with Proetus concinnus
Dalman, 1827 or P. signatus Lindstrém, 1885 (Tom-
czykowa, 1990). Both of these species are found in
Baltoscandian erratic boulders; P. signatus is dated
mostly as Late Silurian on Gotland (Alberti, 1982),
while P. concinnus is common in Wenlock-aged
rocks. This applies especially to the nine axial rings
in the pygidium and the six pairs of pleurae. How-
ever, the distinct pleural and intrapleural furrows
raise some doubts over such assignment and even
over placement in the genus Proetus. In connection
with this, the authors have decided to refer to this
specimen as Proetidae indet.

5.2.2. Ostracod remains

The present collection contains numerous os-
tracod shells, most of them being referable to the
order Palaeocopida Henningsmoen, 1953. Proba-
bly, a single specimen (Fig. 7A) belongs to the order
Leperditicopida Scott, 1961, representing the genus
Leperditian Rouault, 1851. Of the order Palaeocopi-
da, members of the family Beyrichiidae Jones, 1855
predominate (Fig.7B). The state of preservation of
specimens makes it difficult to identify them in de-
tail, but representatives of the genera Neobeyrichia
Henningsmoen, 1954, Nodibeyrichia Henningsmoen,

Fig. 7. Ostracods: A - Shell
of Leperditia sp., UO-ZP-
AK52; B - Shell of a bey-
richiid, UO-ZP-AK29.
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1954, Kloedenia Jones & Holl, 1886 and Frostiella
Martinsson, 1963 have been noted, and probably
some additional taxa.

Numerous beyrichiids are distinctive where
shell ornamentation and lobation are concerned
(Kesling & Rogers, 1957). They are common fossils
in Beyrichia limestone (Hansch & Siveter, 1994).

6. Palaeoecological and
palaeogeographical implications

Another aspect of the present study is to provide
a comparison with Scandinavian regions in order
to attempt to determine the area of provenance of
these erratics and thus illustrate the direction of ice
sheet advancement.

The sedimentary rocks of Ordovician and Silu-
rian age collected in the study area may have origi-
nated from one or more of cliffs (‘klint’) that extend
all around the Baltic Sea. The first is the Baltic Klint
(Fig. 8), also known as the Ordovician Klint. This
measures about 1,200 km in length and comprises
erosional escarpments consisting of sedimenta-
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ry rocks. The whole system has borders along the
southern end of the isle of Oland (Sweden) and at
Lake Ladoga (Russia). It has also been noted that
Baltic Klint is connected with the boundary be-
tween the Fennoscandian Baltic Shield and the East
European Platform (Soesoo & Miidel, 2007).

The Baltic Klint comprises Cambrian and Or-
dovician sedimentary rocks and may be subdivid-
ed into four regional klints; Oland Klint, Baltic Sea
Klint, North Estonian Klint and Ingermanland Klint
(Soesoo & Miidel, 2007). Ordovician strata are also
present on the western side of the Gulf of Bothnia
(Uscinowicz, 2011).

Parallel to the Baltic Klint, in the south, the Silu-
rian Klint is distinguished, with a length of about
500 km. This structure is located on the line from
Saaremaa to Gotland. On Gotland, this klint reaches
its greatest height (Soesoo & Miidel, 2007).

Encrinurus punctatus and E. macrourus are com-
mon species in Gotland, but their pygidia are not
diagnostic on account of the wide range of intraspe-
cific variation (Tripp, 1962). Remains of Calymene
from the study area are similar to specimens de-
scribed as C. tentaculata, which is common in Bey-
richienkalk (Schrank, 1970a). Older Calymene re-
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Fig. 8. Places of origin of erratic boulders. A - Map of Bal-
tic Sea Klint and Silurian Klint (based on Soesoo &
Miidel, 2007); B - Directions of ice sheet streams dur-
ing the late Weichselian glaciation (based on Wozniak
& Czubla, 2015).
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mains might represent C. blumenbachii, which is also
often found in Gotland strata.

The associated fauna also points to a provenance
of the Gdynia material from Gotland, but not exclu-
sively. Ptilodictya lanceolata Goldfuss, 1826 is often
recorded from here, but there are also examples
from Estonia (www.fossiilid.info). The same prob-
lem occurs with numerous brachiopods, for exam-
ple, Microsphaeridiorhynchus nucula, Protochonetes
striatellus (Dalman, 1828) or specimens belonging to
the genus Strophomena Rafinesque, in de Blainville,
1824 (www fossiilid.info). Therefore, arthropods
appear to be more informative where the prove-
nance area of these erratics is concerned.

A significant part of the collection comprises
Beyrichia limestones. These erratics come mostly
from the Beyrichienkalk Formation in Gotland and
contain numerous beyrichiids. One of the genera
often found on Gotland is Neobeyrichia (Hansch,
1985). Material referable to the genera Nodibeyrichia
and Kloedenia is commoner in Estonia (www.fos-
siilid.info), which complicates our interpretation.
Another frequent rock type is the Encrinurus lime-
stone, the place of origin is Gotland as well (Siebs,
1917). It may be assumed that a large portion of the
material collected at Gdynia stems from the Baltic
sea floor near that island.

There are many versions of possible ways of ice
advancement, but the main direction was proba-
bly from Sweden via Gotland (Fig. 8), matching
research carried out by WozZniak et al. (2018) and
based on petrographic compositions of tills at
Orlowo Cliff. Another study, conducted at Babie
Doty near Mechelinki (Oksywie) Cliff, yielded simi-
lar results (Wozniak & Czubla, 2015). However, it is
still possible that the material studied herein stems
from an earlier glaciation and included Estonia and
other Baltic regions as provenance areas. For more
precise data, additional research is called for.

Ostracods are known to be good palaeoecologi-
cal indicators. Leperditiids inhabited very shallow
waters, especially lagoons and estuarine complex-
es, while Silurian (Ludlow and Pridoli) beyrichi-
oideans occupied shallow-marginal environments
(Olempska, 2008). This is in line with trilobite data
(e.g., Calymene sp.), which preferred reef areas
(Turvey & Siveter, 2007). Thus, it is probable that
most of the limestones at Gdynia formed in such
environments.

7. Conclusions

Near the cliffs at Orlowo and Oksywie, numer-
ous fossils may be collected from lower Palaeozoic

erratic boulders and cobbles. Amongst these, arthro-
pods constitute an interesting group, comprising
trilobites as well as ostracods. They probably rep-
resent mostly Ordovician and Silurian and co-occur
with different groups of associated fauna. Most of
the trilobites recovered belong to the order Pha-
copida, while ostracods mostly represent the order
Palaeocopida. No significant differences were not-
ed between the erratic faunas of both cliffs, which
is understandable in view of the short distance be-
tween them, i.e., just over 10 km in a straight line.

The findings recorded here differ from previ-
ously studied ones in new locations of research
(Ortowo and Oksywie cliffs). This work comprises
taxa which have not been described from these lo-
calities before. Another important point is that the
taxonomy has changed, so Pompeckji ‘s dissertation
(1890) and other works are in need of taxonomic re-
vision. Taxa described here may be an introduction
to further actions.

The present project has confirmed the need for
research into erratics in the area of Polish cliffs. Fos-
sils found in these rocks can be of value not only for
scientific purposes but also for tourism. This creates
the opportunity to organise fossil collecting trips for
amateur palaeontologists, tourists, school kids and
other groups.

Acknowledgements

The authors wish to thank Drs John W.M. Jagt, Ma-
teusz Antczak and Dawid Mazurek for comments that
greatly improved an earlier typescript and Dr Jakub Kow-
alski for technical assistance. We deeply appreciate com-
ments, suggestions and corrections of both anonymous
reviewers. Scientific work financed from the budget for
science in the years 2020-2025 as a research project under
the “Diamentowy Grant” (no. DI2019000149) program.

Catalogue of specimens - see Supplementary material
on Geologos website.

References

Alberti H.G.B., 1982. Correlation of the Proetus signatus
Level (Upper Silurian) in Gotland, Poland, and the
East Baltic area. Eesti NSV Teaduste Akadeemia toimeti-
sed., Geoloogia 31, 29-31.

Angelin N.P., 1854. Palaeontologia Scandinavica. 1. Crusta-
cea formationis transitionis 2, Stockholm. APUD Sam-
son & Wallin. 21-92.

Btaszak C., 2011. Zoologia, Tom 2, Czes¢ 1. Stawonogi [Zool-
ogy, Volume 2, Part 1. Arthropods]. Wydawnictwo Nau-
kowe PWN, Warszawa, 552 pp.

Borowski T., 2004. Megistaspis gibba from the area of
mining works in Mielenko Drawskie, the Drawskie



Palaeozoic arthropods in Baltoscandian erratics from the coastal cliffs near Gdynia in northern Poland 27

Lakeland. Annual Set The Environment Protection 6,
47-54.

Borowski T., 2008. Odontopleura generalandersi - a new
Silurian trilobite species of the Odontopleura genus
occurring in the north Poland. Current World Environ-
ment 3, 213-216.

Borowski T., 2016. Chasmops - a typical representative of
the family Pterygometopidae (Reed, 1905) found in an
aggregate mine in Mielenko Drawskie, West Pomera-
nia Province, Poland. World Scientific News 57, 81-90.

Borowski T., 2021. The occurrence of known genera of
fossils in the Mineral Raw Materials Mine in Mielen-
ko Drawskie, West Pomeranian Province, Poland. The
Institute of Biopaleogeography 6, 1-75.

Brongniart A., 1822. Histoire naturelle des crustacés fossils
[Natural history of fossil crustaceans]. [In:] Brongniart
A. & Desmarest A.G. (Eds): Les crustacés proprement
dits. Desmarest, Paris, 154 pp.

Chlachula J. & Mychko E.V., 2023. Geoheritage of the Ka-
liningrad region, SE Baltic Coast. Geoheritage 15, 22 pp.

Chlupéc L., 1971. Some trilobites from the Silurian/Devo-
nian boundary beds of Czechoslovakia. Palaeontology
14,159-177.

Chrzastek A. & Pluta K., 2017. Trace fossils from the Bal-
toscandian erratic boulders in SW Poland. Annales So-
cietatis Geologorum Poloniae 87, 229-257.

Dalman J.W., 1827. Om Paleeaderna eller de sa kallade
trilobiterna [About the Paleads or the so-called tri-
lobites]. Kungliga Svenska Vetenskaps-Akademiens Han-
dlingar 1827, 1-78.

Dalman J.W., 1828. Uppstallning och Beskrifning af de
i Sverige funne terebratuliter [Arrangement and
description of the terebratulites found in Sweden)].
Kungliga Svenska Vetenskaps-Akademiens Handlingar 3,
85-155.

Delo D.M., 1935. A revision of the phacopid trilobites.
Journal of Paleontology 9, 402-420.

Dzik J., 1978. Conodont biostratigraphy and paleogeo-
graphical relations of the Ordovician Méjcza Lime-
stone (Holy Cross Mts, Poland). Acta Palaeontologica
Polonica 23, 51-72.

Emmrich H.F., 1844. Zur Naturgeschichte der Trilobiten [On
the natural history of trilobites]. Realschul-Programm,
Meiningen, 28 pp.

Fortey R.A. & Owens R.M., 1975. Proetida - a new order
of trilobites. Fossils & Strata 4, 227-239.

Goldfuss A., 1826. Petrefacta Germaniae etc. Diisseldorf,
Arnz & Co., 128 pp.

Goldfuss A., 1843. Systematische Uebersicht der Trilobit-
en und Beschreibung einiger neuen Arten derselben
[Systematic overview of trilobites and description of
some new species thereof]. Neues Jahrbuch fiir Mineral-
ogie, Geologie und Palidontologie 1843, 537-567.

Gon III SM., 2007. A pictorial guide to the or-
ders of trilobites. 1604 Olalahina Place
Honolulu, HI 96817, USA, 88 pp. https:/ /www.trilo-
bites.info/hardcopy.htm

Gorka H., 1994. Late Caradoc and early Ludlow Radio-
laria from Baltic erratic boulders. Acta Palaeontologica
Polonica 39, 169-179.

Gorska M., 2003. Analiza petrograficzna narzutniakéw skan-
dynawskich [Petrographic analysis of Scandinavian er-
ratics]. [In:] Harasimiuk M. & Terpitowski S. (Eds):
Analizy sedymentologiczne osadéw glacigenicznych.
Wyd. UMCS, Lublin, 23-31.

Hansch W., 1985. Ostracode fauna, stratigraphy and
definition of the Beyrichienkalk sequence. Lethaia 18,
273-282.

Hansch W. & Siveter D.J., 1994. ‘Nodibeyrichia jurassica’
and associated beyrichiacean ostracode species and
their significance for the correlation of late Silurian
strata in the Baltic and Britain. Journal of Micropalae-
ontology 13, 81-91.

Harrington H.J. & Leanza A.F., 1957. Ordovician trilo-
bites of Argentina. University of Kansas Press, Law-
rence, 276 pp.

Henningsmoen G., 1953. Lower Ordovician ostracods
from the Oslo region, Norway. Norsk Geologisk Tidss-
krift 33, 41-68.

Henningsmoen G., 1954. Silurian ostracods from the Oslo
region, Norway. 1. Beyrichiacea. With a revision of
the Beyrichiidae. Norsk Geologisk Tidsskrift 34, 15-71.

Hisinger W., 1829. Anteckningar i physik och geognosi under
resor uti Sverige och Norrige [Notes in physics and geogno-
sy during travels in Sweden and Norway]. Vol. 4. Palm-
blad, Uppsala, 111 pp.

Jentszch A., 1892. Fiihrer durch die geologischen Sammlungen
des Provinzialmuseums der Physikalisch-Oekonomischen
Gesellschaft zu Konigsberg [Guide to the geological collec-
tions of the Provincial Museum of the Physical-Econom-
ic Society of Konigsberg]. In Kommission bei W. Koch
Konigsberg, 106 pp.

Jones T.R., 1855. Notes on Palaeozoic bivalved Entomost-
raca. No. I. Some species of Beyrichia from the Upper
Silurian limestones of Scandinavia. Annals and Maga-
zine of Natural History 16, 80-92.

Jones T.R. & Holl H., 1886. Notes on the Palceozoic Bi-
valved Entomostraca.—No. XX. On the genus Bey-
richia and some new species. Annals and Magazine of
Natural History 17, 337-363.

Kaulbarsz D., 2005. Budowa geologiczna i glacitektonika
klifu ortfowskiego w Gdyni [Geological structure and
glacitectonics of the Ortowo cliff in Gdynia]. Przeglgd
Geologiczny 53, 572-581.

Kegel W., 1928. Uber obersilurische Trilobiten aus dem
Harz und dem Rheinischen. Schiefergebirge [On Up-
per Silurian trilobites from the Harz and the Rhenish
Slate Mountains]. Jahrbuch der Preussischen Geologis-
chen Landesanstalt 48, 616-647.

Kesling R.V. & Rogers K.J., 1957. Size, lobation, velate
structures, and ornamentation in some beyrichiid os-
tracods. Journal of Paleontology 31, 997-1009.

Keulen P. Van & Rhebergen F., 2017. Typology and fossil
assemblage of Sandbian (Ordovician) ‘baksteenkalk’:
an erratic silicified limestone of Baltic origin from the
northeastern Netherlands and adjacent areas of Ger-
many. Estonian Journal of Earth Sciences 66, 198-219.

Kiepura M., 1962. Bryozoa from the Ordovician erratic
boulders of Poland. Acta Palaeontologica Polonica 8,
347-428.



28 Agata Kowalewska, Elena Jagt-Yazykova

Kiesow J., 1884. Uber silurische und devonische Geschiebe
Westpreussens [On Silurian and Devonian erosions
of West Prussia]. Schriften der naturforschenden Ge-
sellschaft in Danzig 6, 205-303.

Kowalewska A., 2020. Trilobites and associated fauna
from Baltoscandian erratic boulders at Ortowo Cliff,
northern Poland. Fragmenta Naturae 53, 17-26.

Kowalewska A., 2021. Palaeozoic arthropods from Bal-
to-Scandian erratics of Ortowo cliff coast, Poland. Opole
University. 75 p.

Kowalewska A., 2023. Trylobity w eratykach wapi-
eni beyrichiowych znalezionych u podnéza klifu
orfowskiego w Gdyni (péinocna Polska) [Trilobites in
erratics of Beyrichian limestones found at the foot of
the Orlowo dliff in Gdynia (northern Poland)]. Prze-
glad Geologiczny 71, 332-339.

Lehmann U. & Hillmer G., 1987. Bezkregowce kopalne [Fos-
sil invertebrates]. Wydawnictwo Geologiczne, Warsza-
wa. 406 pp.

Lindstrom G., 1861. Bidrag till kaennedomen om Got-
lands brachiopoder [Contribution to the knowledge
of Gotland’s brachiopods]. Ofversigt at Kongliga Veten-
skaps-Akademiens Forhandlingar 17, 337-382.

Lindstrom G., 1885. Forteckning pa Gotlands Siluriska
Crustacéer [List of Gotland’s Silurian crustaceans].
Ofversigt af Kongliga Vetenskaps-Akademiens Forhan-
dlingar 6, 37-100.

Malinky J.M., 2007. Hyolitha from the Early Paleozoic
glacial erratic boulders (Geschiebe) of Germany and
Poland. Fossil Record 10, 71-90.

Martinsson A., 1960. The origin of the crumina in bey-
richiid ostracodes. Bulletin of the Geological Institutions
of Uppsala 39, 1-12.

Martinsson A., 1963. Kloedenia and related ostracode gen-
era in the Silurian and Devonian of the Baltic area and
Britain. Bulletin of the Geological Institution University of
Uppsala 42, 1-63.

Mainnil R., 1978. Wenlockian trilobites of the Encrinurus
punctatus species-group of the East Baltic. Eesti NSV
Teaduste Akadeemia Toimetised. Geoloogia 27, 108-113.

McNamara K.J., 1979. Trilobites from the Coniston Lime-
stone Group (Ashgill Series) of the Lake District, Eng-
land. Palaeontology 22, 53-92.

Mierzejewski P., 1978. Tuboid graptolites from erratic
boulders of Poland. Acta Palaeontologica Polonica 23,
557-575.

Mierzejewski P., 2001. A new graptolite, intermediate be-
tween the Tuboidea and Camaroidea. Acta Palaeonto-
logica Polonica 46, 367-376.

Milne-Edwards H., 1840. Histoire naturelle des crustacés :
comprenant 'anatomie, la physiologie et la classification
de ces animaux [Natural history of crustaceans: compri-
sing the anatomy, physiology and classification of these
animals]. Librairie encyclopédique de Roret, Paris, 638

Pp-

Murchison R.I., 1839. The Silurian System. John Murray,
London, 767 pp.

Mychko E.V., 2022. The fossil record of the Amberland: the
natural history of the Kaliningrad region. Moscow, Phy-
ton XXI, 320 pp.

Neben W. & Krueger H., 1971. Fossilien ordovizischer
Geschiebe [Fossils of Ordovician deposits]. Staringia
1,1-5.

Neben W. & Krueger H., 1973. Fossilien ordovizischer
und silurischer Geschiebe [Fossils of Ordovician and
Silurian deposits]. Staringia 2, 1-10.

Neben W. & Krueger H., 1979. Fossilien kambrischer,
ordovizischer und silurischer Geschiebe [Fossils of
Cambrian, Ordovician and Silurian deposits]. Starin-
gia 5, 1-64.

Noetling F., 1882. Ueber Lituites lituus. Zeitschrift der
deutschen geologischen Gesellschaft 34, 156-193.

Nolvak J., Meidla T. & Uutela A., 1995. Microfossils in
the Ordovician erratic boulders from southwestern
Finland. Bulletin of the Geological Society of Finland 67,
3-26.

Olempska E., 2008. Soft body-related features of the cara-
pace and the lifestyle of Paleozoic beyrichioidean os-
tracodes. Journal of Paleontology 82, 717-736.

Olempska E. & Blaszyk J., 2001. A boreal ostracod assem-
blage from the Callovian of Lukow area, Poland. Acta
Palaeontologica Polonica 46, 553-582.

Pillet J., 1954. La classification des Phacopacea (Trilobi-
tes). Bulletin de la Société géologique de France 6, 817-839.

Pompeckji J., 1890. Die Trilobiten-Fauna der ost- und west-
preussischen Diluvialgeschiebe [The Trilobite Fauna of the
East and West Prussian Diluvial Drifts]. In Komission
bei Wilhelm Koch, Kénigsberg, Preussen, 97 pp.

Radwarnska U., 2007. Podstawy paleontologii [Basics of pale-
ontology]. Wydawnictwa Uniwersytetu Warszawskie-
go, Warszawa, 192 pp.

Ramskold L., Adrain J.M., Edgecombe G.D. & Siveter
D.J., 1994. Silurian Calymenid Trilobite Alcymene n.
gen., with New Species from the Ludlow of Gotland,
Sweden. Journal of Paleontology 68, 556-569.

Raymond P.E., 1916. New and old Silurian trilobites from
southeastern Wisconsin, with notes on the genera of
the Illaenidae. Bulletin of the Museum of Comparative
Zoology 60, 1-42.

Reed F.R.C., 1905. The classification of the Phacopidae.
Geological Magazine 52, 1-11.

Reed F.R.C., 1931. The lower Palaeozoic trilobites of Girvan
Distrct, Ayrshire. Supplement No. 2. Being a revision of
some species previously described. Monographs of the
Palaeontographical Society, London 83, 1-30. https:/ /
doi.org/10.1080/02693445.1931.12035617

Reuter G., 1885. Die Beyrichien der obersilurischen Di-
luvialgeschiebe Ostpreussens [The Beyrichians of
the Upper Silurian diluvial boulders of East Prussia].
Zeitschrift der deutschen geologischen Gesellschaft 37,
621-679.

Rhebergen F., 2004. A new Ordovician astylospongiid
sponge (Porifera) as an erratic from Baltica. Nether-
lands Journal of Geosciences 83, 255-265.

Richter R. & Richter E., 1954. Die Trilobiten des Ebbe-Sat-
tels und zu vergleichenden Arten (Ordovizium/
Gotlandium/Devon) [The trilobites of the Ebbe Sad-
dle and comparable species (Ordovician/Gotlandi-
an/Devonian)]. Abhandlungen der Senckenbergischen
Naturforschenden Gesellschaft 488, 1-76.



Palaeozoic arthropods in Baltoscandian erratics from the coastal cliffs near Gdynia in northern Poland 29

Roedel H., 1926. Sedimentérgeschiebe (Uebersicht-Litera-
tur) [Sedimentary boulders (review literature)]. Helios
- Abhandlungen und Mitteilungen aus dem Gesamtgebiete
der Naturwissenschaften 5, 70-140.

Rohde A., 2007. Fossilien sammeln an der Ostseekiiste [Col-
lecting fossils on the Baltic coast]. Wachholtz Verlag
GmbH, Wiebelsheim, 224 pp.

Roualt M., 1851. Mémoire sur le terrain paléozoique des
environs de Rennes [Memoir on the Paleozoic terrain
around Rennes]. Bulletin de la Société géologique de
France 2, 377-379.

Rudolph F., Bilz W. & Pittermann D., 2010. Fossilien an
deutschen Kiisten: finden und bestimmen [Fossils on Ger-
man coasts: finding and identifying]. Quelle & Meyer,
Wiebelsheim, 360 pp.

Salter J.W., 1864. On some points in ancient physical ge-
ography, illustrated by fossils from a pebble-bed at
Budleigh Salterton, Devonshire. Geological Magazine
1,5-12.

Schallreuter R., 1984. Middle Ordovician ostracodes from
Sweden. Geologiska Foreningen i Stockholm Férhandlin-
gar 106, 93-99.

Schallreuter R., 1988. Ordovizische Ostrakoden Austral-
iens [Ordovician ostracods of Australia]. Neues Jahr-
buch fiir Geologie und Paliontologie Monatshefte 1988,
571-579.

Schallreuter R., 1993. Beitrdge zur Geschiebekunde West-
falens 2. Ostrakoden aus ordovizischen Geschieben 2
[Contributions to the glacial history of Westphalia 2.
Ostracods from Ordovician glacial rocks 2]. Geologie
und Paliontologie in Westfalen 27, 1-273.

Schallreuter R., 1994. Schwarze Orthocerenkalkgeschiebe
[Black Orthocerenkalk boulders]. Archiv fiir Geschie-
bekunde 1, 491-540.

Schallreuter R., 1998. On Fuscinullina (Fuscinullina) pecti-
nata Kanygin. Stereo-Atlas of Ostracod Shells 25, 5-8.
Schallreuter R. & Hinz-Schallreuter I.C.U., 2010. Sexual
dimorphism and pore systems in Ordovician ostraco-

des. Acta Palaeontologica Polonica 55, 741-760.

Schlotheim F. von, 1820. Die Petrefactenkunde auf ihrem
jetzigen Standpunkte durch die Beschreibung seiner
Sammlung versteinerter fossilier Uberreste des Thier- und
Pflanzenreichs der Vorwelt erliutert [The petrology at its
current standpoint is explained through the description of
his collection of petrified fossil remains of the animal and
plant kingdom of the prehistoric world]. Becker’sche Bu-
chhandlung, Gotha, 437 pp.

Schmidt F., 1859. Beitrag zur Geologie der Insel Gotland,
nebst einigen Bemerkungen tiber die untersilurische
Formation des Festlandes von Schweden und die
Heimat der norddeutschen silurischen Geschiebe
[Contribution to the geology of the Island of Gotland,
with some remarks on the Lower Silurian formation
of Sweden and the North German Silurian deposits].
Archiv fiir die Naturkunde Liv-, Ehst- und Kurlands 2,
403-464.

Schoning H., 2010. Decoroproetus (Trilobita) aus Macro-
uruskalk-Geschieben der Laerheide (Landkreis Osna-
briick). Der Geschiebesammler 43, 163-177.

Schoning H., 2017. Trilobiten aus Geschieben des Kies-
Sand-Riickens in der Laerheide (Landkreis Osna-

briick) - II. Ordovizische Trilobiten [Trilobites from
the gravel-sand ridge in the Laerheide (district of
Osnabriick) - II. Ordovician trilobites]. Osnabriicker
naturwissen-schaftliche Mitteilungen 42 /43, 29-80.

Schoning H., 2022. Trilobiten aus Geschieben des Kies-
Sand-Riickens in der Laerheide (Landkreis Osna-
briick) - III. Silurische Trilobiten und Nachtriage zu
kambro-ordovizischen Fundstiicken [Trilobites from
the gravel-sand ridge in the Laerheide (district of
Osnabriick) - III. Silurian trilobites and additions to
Cambro-Ordovician finds]. Osnabriicker naturwis-
sen-schaftliche Mitteilungen 46-48, 245-279.

Schoning H. & Popp A., 2015. Phorocephala teilhardi n.
sp., ein neuer Trilobit aus einem mittelordovizischen
Geschiebe baltoskandischer Herkunft [Phorocephala
teilhardi n. sp., a new trilobite from a Middle Ordovi-
cian deposits of Baltoscan origin]. Osnabriicker natur-
wissen-schaftliche Mitteilungen 41, 19-28.

Schrank E., 1970a. Calymeniden (Trilobita) aus silu-
rischen Geschieben. Berichte der Deutschen Gesellschaft
fiir Geologische Wissenschaften / hrsg. vom Vorstand
Reihe A, Geologie und Paliontologie 15, 109-146.

Schrank E., 1970b. Die Trilobiten des Silurs der Bohrung
Leba 1 (Ostseekiiste der VR Polen) [The Siluri-
an Trilobites from the Leba 1 borehole (Baltic Sea
Coast of Poland)]. Berichte der Deutschen Gesellschaft
fiir Geologische Wissenschaften / hrsg. vom Vorstand
Reihe A, Geologie und Paliontologie 15, 573-586.

Scott HW., 1961. Order Leperditicopida [In:] Moore R.C.
(Ed.): Treatise on invertebrate paleontology. Part Q,
Arthropoda 3. Geological Society of America and
University of Kansas Press, Kansas, 103-110.

Shirley J., 1933. A redescription of the known British Silu-
rian species of Calymene (s.1.). Manchester Literary and
Philosophical Society 77, 5-67.

Shirley J., 1936. Some British trilobites of the family Caly-
menidae. Quarterly Journal of the Geological Society 92,
384-422.

Siebs A., 1917. Die Sedimentérgeschiebe im Gebiet zwis-
chen Unterweser und Unterelbe [The sedimentary
boulders in the area between the Lower Weser and
Lower Elbe]. Schriften des naturwissenschaftlichen
Vereins fiir Schleswig-Holstein 17, 90-140.

Siveter D.J., 1985. The type species of Calymene (Trilobita)
from the Silurian of Dudley, England. Palaeontology
28, 783-792.

Siveter D.J., 2022. British Silurian Beyrichiacea (Ostraco-
da). Part 2. Monographs of the Palaeontographical Society,
London 176, 77-157.

Sjogren A., 1851. Anteckningar om Oland, ett bidrag till Sver-
iges geologi [Notes on Oland, a contribution to the geology
of Sweden]. Ofversigt af Kongl. Vetenskaps-akade-
miens forhandlingar, Stockholm, 7 pp.

Soesoo A. & Miidel A., 2007. North Estonian klint. MTU
GEOGuide Baltoscandia, Tallinn, 27 pp.

Sowerby J. de C., 1839. Chapter XLV. [In:] Murchison, R.I
(Ed.): The Silurian System. John Murray, London, 768

Pp-
Stembridge J.E., 1982. Sea cliffs. [In:] Beaches and coast-
al geology. Encyclopedia of Earth Sciences Series.



30 Agata Kowalewska, Elena Jagt-Yazykova

Springer, New York. https://doi.org/10.1007/0-387-
30843-1_396

Steusloff A., 1892. Sedimentérgeschiebe von Neubranden-
burg [Sedimentary boulders from Neubrandenburg].
Archiv des Vereins der Freunde der Naturgeschichte in
Mecklenburg 45, 161-179.

Stolley E., 1896. Untersuchungen tiber Coelosphaeridum,
Cyclocrinus, Mastopora und verwandte Genera des
Silur. Archiv fiir Anthropologie und Geologie Schle-
swig-Holsteins und der benachbarten Gebiete 1, 177-282,

Struve W., 1959. Suborder Phacopina. [In:] Moore R.C.
(Ed.): Treatise on invertebrate paleontology, Part O,
Arthropoda 1. University of Kansas Press and Geo-
logical Society of America, 461-495.

Swinnerton H.H., 1915. Suggestions for a revised classi-
fication of trilobites. Geological Magazine 2, 487-496,
538-545.

Tomczykowa E., 1990. Sylur [In:] Pajchlowa M. (Ed.): Bu-
dowa geologiczna Polski. Atlas skamienialoéci 1 a.
PIG, Warszawa, 558 pp.

Tripp R., 1962. The Silurian trilobite Encrinurus puncta-
tus (Wahlenberg) and allied species. Palaecontology 5,
460-477.

Turvey S. & Siveter D.J., 2007. Assignment of the South
Chinese Ordovician trilobite Calymene paronai to
Neseuretus. Alcheringa 31, 173-183.

Uscinowicz S., 2011. Geochemia osadow powierzchniowych
Morza Battyckiego [Geochemistry of the Baltic Sea bottom
sediments]. Polish Geological Institute, Gdansk, 355

Pp-

Wahlenberg G., 1821. Petrificata telluris suecanae [Petri-
fied Swedish land]. Nova Acta Regiae Societatis Scientia-
rum Upsaliensis 8, 1-116.

Walch J., 1771. Die Naturgeschichte der Versteinerungen zur
Erliuterung der Knorrischen Sammlung von Merkwiirdi-

gkeiten der Natur [The natural history of fossils to explain
Knorr’s Collection of Curiosities of Nature]. P.J. Felste-
cker, Niirnberg, 235 pp.

Weidner T., Geyer G., Ebbestad ]. & Seckendorff V., 2015.
Glacial erratic boulders from Jutland, Denmark, fea-
ture an uppermost lower Cambrian fauna of the Lin-
gulid Sandstone Member of Véastergstland, Sweden.
Bulletin of the Geological Society of Denmark 63, 59-86.

Whittington H.B., 1971. Silurian calymenid trilobites
from United States, Norway, and Sweden. Palaeontol-
ogy 14, 455-477.

Whittington H.B., Speyer S.E., Rushton A.W.A., Repina
L.N., Wilmot N.V., Palmer A.R., Laurie J.R., Owens
R.M.,, Jell P.A., Clarkson E.N.K., Chatterton B.D.E,,
Dean W.T., Chang W.T., Fortey R.A., Kelly S.R.A. &
Shergold J.H., 1997. Part O, Arthropoda 1 (Revised), vol.
1, Treatise on Invertebrate Paleontology. https://doi.
org/10.17161/dt.v0i0.5617

Wozniak P. & Czubla P., 2015. The Late Weichselian gla-
cial record in northern Poland: a new look at debris
transport routes by the Fennoscandian Ice Sheet. Qua-
ternary International 386, 3-17.

Wozniak P., Czubla P., Wysiecka G. & Drapella M., 2009.
Petrographic composition and directional proper-
ties of tills on the NW surroundings of Gdansk Bay,
Northern Poland. Geologija 51, 59-67.

Wozniak P., Sokotowski R., Czubla P. & Fedorowicz S.,
2018. Stratigraphic position of tills in the Ortowo Cliff
section (northern Poland): a new approach. Studia
Quaternaria 35, 25-40.

Manuscript submitted: 20 December 2024
Revision accepted: 1 February 2025





