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The lat est Or do vi cian is marked by a se vere cli mate change, the Hirnantian gla ci ation. This cli ma tic event af fected many ma -
rine taxa in clud ing ostracods. Rich and abun dant ostracod as sem blages of the Bal tic Palaeobasin were severely
im pov er ished. Many of the typ i cal pre-Hirnatian warm-wa ter ostracod spe cies died out, but also some dis tinct, cold-wa ter
spe cies ap peared. Two very dif fer ent but likely co eval lat est Or do vi cian ostracod as sem blages are re corded in the Bal tic
coun tries and north east ern Po land. The lat est Or do vi cian Es to nian Shelf (in ner ramp) is char ac ter ized by the Medianella
aequa as so ci a tion whilst sec tions in the Livonian Ba sin (mid dle to outer ramp) re veal the Harpabollia harparum as so ci a tion
that is thought to rep re sent a cold-wa ter as sem blage be long ing to the Dalmanitina–Hirnantia Fauna sensu lato. A tran si tional 
as sem blage com posed of a “spe cies mix ture” of typ i cal Hirnantian cold-wa ter and some pre-Hirnantian warm-wa ter ostracod 
spe cies is de scribed for the first time from the Kêtrzyn IG 1 bore hole, north east ern Po land. The as sem blage is dom i nated by
Cryptophyllus pius sp. n. The ge nus Cryptophyllus is rare in the two other well-known as sem blages. The dis cov ery sug gests
that mar ginal parts of the Bal tic Palaeobasin could serve as a kind of ref uge for the last rep re sen ta tives of the ostracod fau -
nas of the in ner shelf of Bal tic Palaeobasin. The Hirnantian as sem blage is re placed by the low-di ver sity re cov ery as sem -
blage that is dated as late Hirnantian–Si lu rian in Es to nia and other ar eas. This sug gests that the po si tion of the sys temic
bound ary in the Kêtrzyn bore hole and else where in north east ern Po land should be re-eval u ated.
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INTRODUCTION

The lat est Early to Late Or do vi cian ostracod fauna is one of
the best stud ied Or do vi cian ostracod fau nas in the world. A ma -
jor change in the fau nal com po si tion has been doc u mented at
the lower bound ary of the Oandu Stage, Lower Katian (see
Meidla, 1996b), equiv a lent to the Dicranograptus clingani
graptolite Zone; Meidla et al., 2014), slightly above the
Guttenberg Iso tope Car bon Ex cur sion (GICE) event (Hints et
al., 1989; Bergström et al., 2010; Ainsaar et al., 2010). An other
turn over in the tax o nomic com po si tion of ostracods oc curs at
the Or do vi cian–Si lu rian bound ary, co in cid ing with the ma jor
sea level fall and ma jor ex tinc tion that is as cribed to the
Hirnantian gla ci ation event at the very end of the Or do vi cian.
The Baltoscandian ostracod re cord be tween these events is
well known and the fauna as a whole is tax o nom i cally uni form
(Hints et al., 1989; Meidla, 1996b). The aim of this study is to
com pare fau nal com po si tion of ostracod as sem blages and
changes within them in dif fer ent parts of the Bal tic Palaeobasin
dur ing the Up per Or do vi cian (Fig. 1). The main fo cus is placed
on the changes in the ostracod as sem blage col lected from the

Kêtrzyn IG 1 bore hole (NE Po land) due to the end-Or do vi cian
gla ci ation. We also com pare the changes in this as sem blage to
changes in the co eval as sem blages de scribed in other parts of
the Bal tic Palaeobasin.

PREVIOUS STUDIES

A very spe cific ostracod as sem blage was re cov ered by
GailÌte (1970) from the core sec tions of West Lat via. This fauna
was first re cov ered from the Kuldiga Mem ber, a thin subsurface
unit that was first at trib uted to the top most Or do vi cian or basal
Si lu rian by Ulst and GailÌte (1970). This as sem blage was de -
scribed as con sist ing mostly of new spe cies (see Ulst and
GailÌte, 1970: ta ble 1) and only few rare taxa were more widely
known. These weak fau nal links with other ar eas were in ter -
preted as sug gest ing a pos si ble Or do vi cian level af fin ity (Ulst
and GailÌte, 1970).

Al ready in the first half of the 19th cen tury a fos sil as sem -
blage of largely sim i lar com po si tion was col lected from co eval
strata at the con struc tion site of the Göta Ca nal in Borenshult,
SE Swe den (Meidla, 2007). The fauna re mained un des cribed
for a long time. Iso lated el e ments of the same as sem blage were 
found also in other lo ca tions in Scan di na via (e.g., Troedsson,
1918; Henningsmoen, 1954) but scarce iso lated spec i mens did
not de serve suf fi cient at ten tion. Meidla (2007) pub lished a de -
tailed de scrip tion of the spe cific ostracod col lec tion gath ered
from Borenshult ma te rial and named it the Harpabollia
harparum as so ci a tion, af ter the name of the most char ac ter is tic
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ostracod spe cies. This di verse ostracod as so ci a tion is com -
posed mostly of binodicopes. Four spe cies, Harpabollia
harparum (Troedsson), Circulinella gailitae Meidla, Rectella
sturiensis (GailÌte) and Aechmina groenwalli (Troedsson) con -
sti tute about 3/4 of the to tal num ber of spe cies. As a sum mary,
the Harpabollia as so ci a tion is known to day from the up per part
of the Kuldiga For ma tion and from the Saldus For ma tion (re -
gional for ma tions in the Hirnantian Stage; cor re spond ing to the
extraordinarius and persculptus biozones, re spec tively) within
the Livonian Ba sin (GailÌte, 1970; Ulst et al., 1982; Meidla,
1996b, 2007; Meidla et al., 2011), but also in Scania and
Östergötland, Swe den (Troedsson, 1918; Meidla, 2007). This
fauna is con sid ered to be long to the Dalmanitina–Hirnantia
Fauna sensu lato in the East Bal tic re gion (Meidla, 2007).

In North Es to nia the lat est Or do vi cian is rep re sented by the
Ärina For ma tion cor re spond ing to the lower part of the Porkuni
Stage (North Es to nian equiv a lent to the Hirnantian Stage; Kaljo
et al., 2001) and rep re sent ing the in ner ramp reef fa cies. The
ostracod as so ci a tion in these strata is dom i nated by
metacopes, Steusloffina cuneata, Microcheilinella lubrica,
Medianella aequa, M. intecta and M. longa, which are the most
abun dant spe cies of the en demic North Es to nian Medianella
aequa ostracod as so ci a tion (dis tin guished by Meidla, 1996b).
This as sem blage con tains very few el e ments in com mon with
the Harpabollia harparum as so ci a tion in the south west ern part
of Baltoscandia. The typ i cal ostracod spe cies that make their
first ap pear ance in the low er most Hirnantian of that area, e.g.
Harpabollia harparum, Aechmina groenwalli, Pseudoancora
confragosa, Pseudulrichia disputabile, are all ab sent in the
Ärina For ma tion (Meidla, 1996b, 2007).

A tran si tional as sem blage be tween the in ner ramp and
outer ramp as sem blages has not yet been de scribed in
Baltoscandia. The sim i lar age of these two very dis tinct
ostracod as sem blages in Es to nia sug gests that a tran si tional
fauna could pos si bly be pres ent in Cen tral Es to nian strata, but
due to dolomitization in the tran si tion in ter val (Oraspáld, 1975)
and ero sion of the pre-Hirnantian–Hirnantian strata in the area
(Hints and Männik, 2014), it has not been dis cov ered.

GEOLOGICAL BACKGROUND

The Kêtrzyn IG 1 bore hole is sit u ated in the north west ern
part of the East Eu ro pean Craton (Modliñski and Podhalañska,
2010), in the south ern ex ten sion of the Scan di na vian Ba sin
(Cen tral Baltoscandian Confacies belt area by Jaanusson,
1976; Fig. 1), south of the embayment known as the Livonian
Ba sin (or Livonian Tongue). The area is mostly char ac ter ized
by lime stones de pos ited in a dis tal ramp set ting (Ainsaar et al.,
2004, 2010, 2015; Fig. 1).

Jaworowski (1999, 2002) has di vided the lower Pa leo zoic
strata of the East Eu ro pean Craton into four depositional se -
quences. The two lower depositional se quences com prise the
Ediacaran to Lower Tremadoc. Depositional se quence III
reaches from mid-Floian up to the lower bound ary of the Si lu rian
Sys tem and depositional se quence IV in cludes the strata from
Llandovery to Pøidoli (Modliñski and Podhalañska, 2010). The
Or do vi cian car bon ate se quence in the Kêtrzyn IG 1 bore hole
com prises mostly depositional se quence III with a thick ness of
68.2 m (depth 1544.5–1612.7 m; Modliñski et al., 2002). The up -
per part of the Or do vi cian suc ces sion in the Pol ish part of the
east ern Bal tic near-coastal ar eas com prises mostly marls and
shaly marls, grey to dark grey mudstones and cal car e ous shales
de pos ited in a dis tal ramp en vi ron ment. The up per most Or do vi -
cian Prabuty For ma tion cor re sponds to the Pirgu and Porkuni
stages (Modliñski and Podhalañska, 2010; Fig. 2). A re gres sive

trend can be rec og nized in the Prabuty Fm., the marls and shales 
of the main part of this for ma tion grade into sand stones (about
0.8 m thick) in its up per part. These sand stones cor re spond to
the peak re gres sion in the late Early Hirnantian, ap par ently mark -
ing the max i mum gla ci ation and the re spec tive glacioeustatic sea 
level fall re lated to cli ma tic cool ing (Brenchley et al., 2003;
Modliñski and Podhalañska, 2010).

The Kêtrzyn area in north east ern Po land is quite well-stud -
ied. Stud ies have been con ducted on li thol ogy of the Up per Or -
do vi cian, Llandovery and Wen lock of north east ern Po land (e.g., 
Bednarczyk, 1968; Bednarczyk et al., 1996; Teller, 1997;
Podhalañska, 1999; Modliñski et al., 2002; Modliñski and
Podhalañska, 2010) and also on the fos sils of the area. Górka
(1969) stud ied acritarchs and phos phatic problematica (gen era
Labyrinthotuba, Phosphotesta and Oxytuba) in the Or do vi cian
of Po land (us ing also data from the Kêtrzyn IG 1 bore hole),
Biernat (1973) de scribed Or do vi cian in ar tic u late brachi o pods,
Modliñski et al. (2002) es tab lished the chitinozoan biozonation
of the Or do vi cian in the Kêtrzyn IG 1 bore hole, and Stem -
pieñ-Sa³ek (2011) de scribed the Up per Or do vi cian
palynomorph as sem blages.

Fig. 1. The depth zonation in the Baltoscandian Palaeobasin
during the Late Ordovician (modified after 

Modliñski et al., 2002: fig. 1)

Po si tion of the palaeontologically stud ied bore holes in Es to nia
(Orjaku, Virtsu, Moe, Abja, Otepää, Taagepera, Puhmu-567,
Aidu-427 and Laeva-18 drillcores – all ac cord ing to Meidla, 1996b),
Lith u a nia (Riekstini; Meidla in Brenchley et al., 2003) and in Po land
(Kêtrzyn IG 1 bore hole; this pa per); the dashed line out lines  the
“Confacies Belts” (af ter Jaanusson, 1976, 1995 in Modliñski et al.,
2007) largely re flect ing the depth zonation in the palaeobasin
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MATERIAL AND METHODS

The pres ent pa per is based on ma te rial col lected from the
Kêtrzyn IG 1 drillcore by J. Nálvak in 1987. The ostracods were
picked from the fossiliferous marl be fore dis solv ing the rock
sam ples for ex trac tion of chitinozoans. Sam ples col lected from
the up per most Ordovician–Silurian tran si tion in ter val of the
bore hole com prise mostly marls (cal car e ous mudstones). The
top most part of the Prabuty For ma tion, a thin (about 0.8 m
thick) unit of sandy lime stones has not been sam pled.
Ostracods were ex am ined un der the op ti cal mi cro scope; SEM
mi cro pho to graphs were taken with a Zeiss EVO MA15 SEM
scan ning elec tron mi cro scope in the De part ment of Ge ol ogy,
Uni ver sity of Tartu. The col lec tion num ber is GIT-698 and it is
cur rently de pos ited in the De part ment of Ge ol ogy of Tallinn Uni -
ver sity of Tech nol ogy, Es to nia.

SYSTEMATIC PALAEONTOLOGY

Class Ostracoda Latreille, 1802
Or der Beyrichiocopida Pokorny, 1954

Suborder Eridostraca Adamczak, 1961
Fam ily Cryptophyllidae Adamczak, 1961

Ge nus Cryptophyllus Levinson, 1951
Spe cies Cryptophyllus pius sp. n.

H o l o t y p e. – right valve GIT 698-32 (Fig. 3D). Po land,
Kêtrzyn IG 1 bore hole, depth 1551.2 m, Hirnantian Stage, Up -
per Or do vi cian.

D i a g n o s i s. – Car a pace amplete, me dium- to
large-sized, reach ing con sid er ably over 1 mm in length in some
cases. Valves are lamellar and pit ted, with vague me dian
sulcus. Adductor mus cle scar is star-shaped in some spec i -
mens. The av er age max i mum num ber of lay ers is 3. Dor sal line
is long and straight.

Di men sions of the holotype (GIT 698-32): length – 0.89 mm, 
height – 0.67 mm.

D e s c r i p t i o n. – Car a pace is amplete, me dium- to
large-sized, with av er age length rang ing from 1.22 to 1.35 mm,
and av er age height from 0.86 to 0.95 mm. The car a pace is
thick est just un der the mus cle scar, in mea sured spec i men GIT
698-35 (Fig. 3G) the max i mum car a pace thick ness is 0.57 mm.
Valves are multilamellar with prob a bly mostly up to 3 lay ers.
Valve sur face is pit ted with large pits (ca. 22–23 mm). Me dian
sulcus is vague but vis i ble and lon ger than that of Cryptophyllus
gutta. Adductor mus cle scar (pit S2) is some times star-shaped,
and emerges better and clearer on spec i mens that are lack ing
up per lay ers. On car a paces that are better pre served and pos -
sess up per lay ers the mus cle scar is vague. Dor sal line is long
and straight, car di nal cor ners are quite round and at times dif fi -
cult to de ter mine.

C o m p a r i s o n. – The num ber of spe cies of
Cryptophyllus is close to 40 (Mees et al., 2015) but this in cludes
also re cords from the Si lu rian and De vo nian. This ma te rial is in
need of a re vi sion, as dif fer ent au thors have used dif fer ent and
partly ar bi trary cri te ria (for ex am ple, num ber of pre served ju ve -
nile valves; e.g., Schallreuter, 1968, 2010) for dis tin guish ing in -
di vid ual spe cies. As a re vi sion of the ge nus is not pos si ble in
this pa per, we will limit the dis cus sion to the type spe cies and to
the Baltoscandian ma te rial.

The only spe cies that is widely com mon in the Late Or do vi -
cian of Baltoscandia is C. gutta. The va lid ity of an other spe cies
(Pygoconcha baltica Schallreuter, 1987) is ques tioned by
Sidaravièiene (1992: 186) who sug gested this to be an other
syn onym of C. gutta. Trilamellar spec i mens of C. gutta were de -
scribed as Pygoconcha trilamellae by Schallreuter (1968) and
later (Abushik and Sarv, 1983; Meidla, 1996b) as signed to C.
gutta. Com pared to C. gutta and to the type spe cies of the ge -
nus Eridoconcha oboloides Ulrich et Bassler 1923, the car a -
pace of C. pius sp. n. is much larger, and car a pace length of
some adult spec i mens re mark ably ex ceeds 1 mm. Valve re ten -
tion char ac ter is tic of Eridoconchidae (Kay, 1940) is pres ent also 
in C. pius but the num ber of valves does not ex ceed three in our
col lec tion. The high est num ber of valve lay ers re corded in
Cryptophyllus is 15 (Cryptophyllus sp.; Becker and Bless, 1974
in Olempska, 2012). The dor sal hinge line that is short in C.
gutta, is long and straight in C. pius sp. n. Both C. gutta and C.
pius sp. n. pos sess a vague me dian sulcus, but in C. gutta it is
short and sit u ated on an emerg ing umbone. In C. pius the
sulcus is long and ends with a deeper de pres sion mark ing the
po si tion of the adductor mus cle at tach ment. The scar, that is
some times star-shaped, is sit u ated be tween two low
umbos/lobes. Valve sur face of C. pius is pit ted with rel a tively
large (ca. 22–23 mm) pits.

In ju ve nile spec i mens (microphotographed spec i mens GIT
698-29 and GIT 298-30) re tic u late or na ment can be seen on
the ven tral area of the valve.
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Fig. 2. Stratigraphic chart of the Polish part of the Ordovician
and Silurian  stratigraphy in the Baltic region (modified after

Modliñski and Podhalañska, 2010: fig. 2)
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O c c u r r e n c e. – Hirnantian Stage of northeast ern Po -
land, Kêtrzyn IG 1 bore hole.

L o c a l i t y. – Kêtrzyn IG 1 bore hole; depths
1551.2–1549.8 m; 1546.2 m; 198 spec i mens re corded.

OSTRACOD DATA

Al to gether, 46 sam ples were taken from the Kêtrzyn bore -
hole. Ostracods were picked from 10 of them (Fig. 4). Eight
ostracod sam ples come from the up per most Or do vi cian
Prabuty For ma tion and the re main ing two from the Pas³êk For -
ma tion, dated as the low er most Si lu rian (Modliñski et al., 2002). 
A to tal of 619 ostracod spec i mens be long ing to 35 spe cies (in -
clud ing the new eridostracan spe cies Cryptophyllus pius sp. n.)
of 28 gen era were iden ti fied. About half of them be long to the
suborder Binodicopa, metacopes are also abun dant (22.8% of
the whole num ber of spec i mens). Sur pris ingly, we found some

eridostracans in our ma te rial. They are abun dant (22.4% of the
whole num ber of spec i mens) and the dom i nant spe cies in the
Kêtrzyn drillcore ma te rial is also the eridostracan spe cies
Cryptophyllus pius sp.n.

The ostracod ma te rial in the Bal tic Palaeobasin com prises
three suc ces sive as sem blages which are de scribed here along
a deep en ing fa cies belt.

THE PRE-HIRNANTIAN ASSEMBLAGES

The Late Or do vi cian ostracod fauna in Baltoscandia is of
high di ver sity and dom i nated by metacopes. The dom i nance of
metacopes is more ev i dent in the sec tions of the Es to nian Shelf
(Figs. 5 and 6). For ex am ple, in the north ern and west ern Es to -
nian cores (Moe, Orjaku, Virtsu cores), the most abun dant spe -
cies are Medianella blidenensis (GailÌte), Steusloffina cuneata
(Steusloff), Rectella nais Neckaja and Olbianella fabacea
(Pranskevièius) (Meidla, 1996b). The spe cies are pres ent in all
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Fig. 3. Scanning electron photomicrographs of the new Eridostracan ostracod species Cryptophyllus pius sp. n., 
Upper Ordovician, collection number GIT-698, collected from Kêtrzyn IG 1 drillcore, northeastern Poland

A – Cryptophyllus pius sp. n. (GIT 698-29), left valve of ju ve nile car a pace; A1 – 3.5x mag ni fi ca tion from pho to mi cro graph A show ing postero-
to mid-ven tral part of ju ve nile car a pace with re tic u la tion near its free mar gin; B – Cryptophyllus pius sp. n. (GIT 698-30), right valve of ju ve nile 
car a pace; C – Cryptophyllus pius sp. n. (GIT 698-31), lat eral view of right valve, older lay ers of car a pace have dis in te grated and left an im -
print par al lel to the free magin of the car a pace to the youn gest layer; D – Cryptophyllus pius sp. n. (GIT 698-32), lat eral view of right valve; E – 
Cryptophyllus pius sp. n. (GIT 698-35), dor sal view of car a pace; F – Cryptophyllus pius sp. n. (GIT 698-34), older lay ers of car a pace have
dis in te grated and left an im print par al lel to the free magin of the car a pace to the youn gest layer, dis tinct pit ting is vis i ble on the valve in clud ing 
me dian sulcus area and around the star-shaped pit S2; F1 – 1.5x mag ni fi ca tion of posteromedian area of spec i men F, clear pit ting and im print 
of the dis in te grated older lay ers can be seen; F2 – 1.5x mag ni fi ca tion of anteroventral area of spec i men F; F3 – 2x mag ni fi ca tion of the sulcal
and star-shaped pit S2 area of the pho to mi cro graph of spec i men F; G – Cryptophyllus pius sp. n. (GIT 698-33), lateral view of right valve,
older lay ers of car a pace have dis in te grated and left an im print par al lel to the free magin of the car a pace to the youn gest layer, on the
anteromedian area of the valve a star-shaped pit can be seen



three cores and com prise the most abun dant spe cies in the re -
corded as sem blages. The pre-Hirnantian ostracod as so ci a tion
de scribed in the R¯ssnäsudden sec tion in Östergötland, Swe -
den, con tains about 50% of metacopes, but the com po si tion of
the as sem blage is dif fer ent. The most abun dant spe cies in this
sec tion are Daleiella rotundata and Rectella romboformis, and
the as sem blage has com mon fea tures with the as so ci a tion
from the top most Or do vi cian strata in the Pärnu core (Meidla,
1996b: 188, Fig. 40, ~241–247 m). Other spe cies be long
mostly to palaeocopes and binodicopes (Truuver et al., 2012)
and the same spe cies are wide spread and com mon in the
pre-Hirnantian of Es to nia (Meidla, 1996b), Lat via (GailÌte in Ulst 
et al., 1982) and Lith u a nia (Sidaravièiene, 1992, 1996). The
gen era Medianella, Steusloffina and Rectella are com mon in
north west ern Es to nia and range also into the reef lime stones of
the Ärina For ma tion (Porkuni Stage). Meidla (1996b) dis tin -
guished the Steusloffina cuneata–Olbianella fabacea as so ci a -
tion in the lime stones of the Moe and Adila for ma tions (up per -
most Katian).

South wards, i.e. along the deep en ing fa cies pro file, the
dom i nance of metacopes be comes less ev i dent, but the most
abun dant spe cies are still mostly metacopes – Pullvillites laevis
Abushik et Sarv, Longiscula perfecta Meidla and Medianella
blidenensis. Most of the ostracod gen era still be long to the
suborder Palaeocopa, but this ma te rial is much less nu mer ous
com pared to the metacope spe cies (Meidla, 1996a, b).

The most abun dant long-rang ing spe cies in east ern Lat via
seem to be Steusloffina cuneata, Tetradella litwiensis Neckaja
and Leperditella brachynotos (Schmidt). In the deeper shelf
set ting, in west ern Lat via, Medianella blidenensis, Piretella
acmacea Öpik, Sigmobolbina camarota Jaanusson and

Pseudoancora parovina (Sidaravièiene, 1975) are the most
abun dant and wide spread spe cies (Ulst et al., 1982).
Steusloffina cuneata is com mon also in Lith u a nia
(Sidaravièiene, 1996: 41), but abun dance of palaeocopes is
higher, and leiocopes (e.g., Baltonotella mistica, B. ledaia and
B. limbata) are also abun dant, es pe cially in the pre-Hirnantian
(Sidaravièiene, 1992).

The Katian ostracod as sem blage in north east ern Po land
(Sztejn, 1985) is dom i nated by palaeocopes (56% of the spe -
cies) and binodicopes (32%), but new data from the
Kêtrzyn IG 1 bore hole sug gest that metacopes may be
underrepre sented in the pub lished col lec tions. The spe cies
com po si tion of palaeocopes and binodicopes is still sim i lar to
the ostracod as so ci a tions in the pre-Hirnantian of other parts of
Baltoscandia. Steusloffina cuneata is still re corded in some
sec tions of north east ern Po land.

THE HIRNANTIAN ASSEMBLAGES

In the Kêtrzyn IG 1 bore hole, the binodicope taxa con sti tute
about a half of the to tal num ber of the Hirnantian ostracod taxa.
This fea ture is com mon with the Harpabollia harparum as so ci a -
tion where the pro por tion of binodicopes in creases mark edly,
com pared to the older as sem blages. The H. harparum as so ci a -
tion is in ter preted as an im mi grat ing cool-wa ter as sem blage
(Meidla, 1996b, 2007). This as so ci a tion is con sid ered to be in -
dic a tive of the Hirnantian in the Baltoscandian area or even
wider geo graph ical area (see Schallreuter, 1990). In the
Baltoscandian area it is con fined to the ar eas of the Scan di na -
vian Ba sin (cor re spond ing to the Cen tral Baltoscandian
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Fig. 4. Distribution chart of the ostracods collected from the uppermost Ordovician and lowermost Silurian 
strata of Kêtrzyn IG 1 drillcore



A Hirnantian deep-water refuge for warm-water ostracods in Baltoscandia 743

Fig. 5. Development of ostracod associations on the Baltic shelf during the end-Ordovician and lowermost Silurian climatic
events (uppermost Katian–lower half of Rhuddanian)

The most com mon and abun dant ostracod spe cies of each lo ca tion dis cussed in the ar ti cle are brought out to show the di ver sity of ostracod
pop u la tion in the Bal tic Palaeobasin dur ing the Up per Or do vi cian, grad ual de cline of their di ver sity through out the Hirnantian cri sis, and the
strong fau nal change at the be gin ning of the gla ci ation. The lo ca tions along the shelf model shows the tran si tion of fa cies from the north ern
Es to nian in ner ramp south-west wards to the deeper wa ter ar eas of north ern and north east ern Po land, form ing a fa cies pro file along the shelf
of the Bal tic Palaeobasin (meant here not as a straight line but as a wider con tin uum of dif fer ent fa cies). The Pirgu, Porkuni and Juuru are re -
gional stage names and cor re spond to the in ter na tional stages of Katian, Hirnantian and Rhuddanian (re spec tively). The mod els of
palaeobasin next to the time scale re flect the fol low ing pe ri ods of time: model A – pre-Hirnantian, mod els B, C – Hirnantian gla cial pe riod,
model D – post-gla cial pe riod. Lo ca tions of the drillcores are marked in Fig ure 1. Each ostracod spe cies is marked with a num ber; 1 –
Medianella blidenensis, 2 – M. intecta, 3 – Olbianella fabacea, 4 – Steusloffina cuneata, 5 – Platybolbina orbiculata, 6 – Microcheilinella
lubrica, 7 – Pullvillites laevis, 8 – Gryphiswaldensia plavinensis, 9 – Rectella explanata, 10 – R. romboformis, 11 – Cryptophyllus gutta, 12 –
Uhakiella curta, 13 – Tvaerenella expedita, 14 – Piretella acmaea, 15 – Sigmobolbina camarota, 16 – U. jonesii, 17 – Tetradella egorowi, 18 – 
Pseudulrichia disputabile, 19 – Ps. tubulata, 20 – M. aequa, 21 – Leperditella brachynotos, 22 – Bairdiocypris indeterminatus, 23 – M. longa,
24 – Rectella sturiensis, 25 – Harpabollia harparum, 26 – Pseudoancora confragosa, 27 – Circulinella gailitae, 28 – Drepanella? pauxilla, 29
– R. composita, 30 – Ardenita kriukensis,  31 – Cryptophyllus pius sp.n., 32 –  Aechmina groenwalli, 33 – Spinopleura porkuniensis, 34 –
Longiscula cf. smithii, 35 – L. cf. smithii, 36 – Microcheilinella rozhdestvenskaja, 37 – Microcheilinella sp., 38 – Baltonotella mistica



Confacies Belt of Jaanusson (1976) be ing re corded in Swe den
(Troedsson, 1918; Bergström and Bergström, 1996; Meidla,
2007), Lat via (GailÌte, 1970; Meidla in Brenchley et al., 2003;
Meidla et al., 2011), Es to nia (Meidla, 1996a, b), Po land (Sztejn, 
1985), Lith u a nia (Sidaravièiene, 1992) and Es to nia (Meidla,
1996b, 2007; Meidla in Brenchley et al., 2003). Spec i mens of
spe cies Harpabollia harparum (Troedsson), Aechmina
groenwalli (Troedsson), Rectella sturiensis GailÌte and
Circulinella gailitae Meidla form the vast ma jor ity of the
Borenshult col lec tion (Meidla, 2007).

H. harparum, C. gailitae and R. sturiensis are rep re sented
also in the Hirnantian of Kêtrzyn (Fig. 7) whilst A. groenwalli is
miss ing. The most abun dant ge nus in the Prabuty For ma tion at
Kêtrzyn is Cryptophyllus, which is rep re sented by 139 spec i -
mens. About 1/4 of them be long to C. gutta Schallreuter. The
ma jor ity of the spec i mens of this ge nus be long to a new spe cies 

Cryptophyllus pius sp. n. (Fig. 8). Other abun dant spe cies in the 
Hirnantian part of the Kêtrzyn IG 1 bore hole are Pseudoancora
confragosa, P. parovina and Ardenita kriukensis Sidaravièiene.
P. confragosa is also known from South Es to nia, Lat via and
Lith u a nia whilst Ardenita kriukensis has for merly been de -
scribed in Lith u a nia, Lat via (Brenchley et al., 2003) and in the
Borenshult lo cal ity (Meidla, 2007). Other com mon ostracod
spe cies in the col lec tions from Po land and Lith u a nia,
Harpabollia harparum (Troedsson) and Drepanella pauxilla
GailÌte, are typ i cal mem bers of the Harpabollia harparum as so -
ci a tion. In Lat via and Es to nia, the afore men tioned spe cies
co-oc cur with Rectella romboformis Neckaja, R. sturiensis
GailÌte and Scanipisthia rectangularis (Troedsson) (GailÌte,
1970, GailÌte in Ulst et al., 1982; Meidla, 1996b; Meidla in
Brenchley et al., 2003; Meidla et al., 2011). In Es to nia, the
Harpabollia harparum as so ci a tion is con fined to the south ern -
most ar eas (Taagepera, Abja, Otepää, Ruhnu cores).

A unique fea ture of the ostracod ma te rial from Kêtrzyn is the 
rel a tively high num ber of spe cies pre vi ously doc u mented only
from the pre-Hirnantian strata. The oc cur rence of Cryptophyllus 
gutta, Baltonotella ledaia, B. limbata, Pullvillites laevis,
Leperditella brachynotos and Sigmobolbina camarota to gether
with mem bers of the Harpabollia harparum as so ci a tion has not
been doc u mented so far.

THE POST-GLACIATION FAUNA

The post-Hirnantian fauna in the Kêtrzyn sec tion is poor.
The dis ap pear ance of binodicope-rich as sem blages must be
con sid ered, as only a few spec i mens of Baltonotella sp. indet.
were col lected. This change, how ever, is con sis tent with many
other sec tions. The basal part of the strata ear lier at trib uted to
the Si lu rian is bar ren or con tains an im pov er ished ostracod as -
sem blage with the spe cies com po si tion con spic u ously dif fer ent
from that of the un der ly ing strati graphi cal level (e.g., Neckaja,
1966; Pranskevièius, 1975). None of the re corded spe cies
range from the up per most Or do vi cian to the Si lu rian with cer -
tainty in the East ern Bal tic re gion. The Si lu rian re cord of
Medianella aequa and Microcheilinella lubrica (Pranskevièius,
1972) could not be proved as the col lec tion seems to be lost
(ob ser va tions by T. Meidla in 2011).

The new ostracod as so ci a tions above the strata with the
Medianella aequa and Harpabollia harparum as so ci a tions is of
low di ver sity. The pre vail ing spe cies are metacopes Longiscula
smithii and Microcheilinella rozhdestvenskaja (Meidla, 1996b).
Metacopes are dom i nant also in Lat via and Lith u a nia, al though
the spe cies spec trum is dif fer ent, com pris ing e.g., Longiscula
elongata, Microcheilinella angulosa, M. composita, Rishona
peculiaris, but also some spe cies pres ent in Up per Or do vi cian
strata as well e.g., Bairdiocypris indeterminatus and Pullvillites
laevis (Pranskevièius, 1975).

The post-Hirnantian ostracod as sem blage de scribed at
R¯ssnäsudden is some what dif fer ent from the rest of the
Baltoscandian ostracod as sem blages, but the strata over ly ing
the pre-Hirnantian (dated by Truuver et al., 2012) are likely
equiv a lent to the mid dle Llandovery. A sub stan tial gap in the
sec tion likely cor re sponds to the Hirnantian and some
post-Hirnantian. Two spe cies, Microcheilinella rozhdestven -
skaja Neckaja and Gotlandina erratica Schallreuter seem to
range from the pre-Hirnantian to the post-Hirnantian. The
ostracod as sem blage in the Motala For ma tion is rather di verse.
It con tains pre dom i nantly metacopes, in clud ing the most abun -
dant spe cies of Longiscula smithii, Microcheilinella mo bile
GailÌte and M. globulosa Pranskevièius (Truuver et al., 2012).

744 Karin Truuver and Tánu Meidla

Fig. 6. Generic structure of the uppermost Ordovician
ostracod associations in Baltoscandia 

(after Meidla, 1996a: fig. 1)
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Fig. 7. Scanning electron photomicrographs of ostracods from the Kêtrzyn IG 1 borehole, Upper Ordovician,
 collection number GIT-698, northeastern Poland

A–C Circulinella gailitae Meidla, 1996: A – dor sal view of car a pace (GIT 698-1), B – lat eral view of right valve (GIT 698-2), C – lat eral view of
left valve (GIT 698-3); D–F Rectella romboformis Neckaja, 1966: D – lat eral view of right valve (GIT 698-5), E – ven tral view of car a pace (GIT
698-6), F – lat eral view of right valve (GIT 698-7); G, H – Primitiella? sp.: G – lat eral view of right valve (GIT 698-13), H – lat eral view of left
valve (GIT 698-12); I, J – Brevantia brevis Meidla, 1996: I – lat eral view of right valve (GIT-698-17), J – lat eral view of left valve (GIT 698-18);
K – Drepanella pauxilla GailÌte, 1970, lat eral view of left valve (GIT 698-11); L – Rectella cf. sturiensis GailÌte, 1975, lat eral view of right valve
(GIT 698-4); M, N – Harpabollia harparum (Troedsson, 1918): M – lat eral view of right valve (GIT 698-14), N – lat eral view of left valve (GIT
698-15); O–Q – Ardenita kriukensis Sidaraviciene, 1982: O – lat eral view of right valve (GIT 698-20), P – lat eral view of left valve (GIT
698-19), Q – ven tral view of car a pace (GIT 698-21), R – Pseudoancora parovina (Sidaravièiene, 1975). Lat eral view of right valve (GIT
698-9); S, T – Pseudoancora confragosa: S – lat eral view of right valve (GIT 698-8), T – lat eral view of left valve (GIT 698-10); U – Circulina
nuda Neckaja, 1966, lat eral view of left valve (GIT 698-22); V – Brevibolbina? sp. (GIT 698-16); W–Z – Cryptophyllus pius sp. n.: W – lat eral
view of right valve (GIT 698-25), X – lat eral view of right valve (GIT 698-24), Y – lat eral view of in com plete left valve – older lay ers have dis in -
te grated and only the youn gest layer has been pre served (GIT 698-23), Z – dor sal view of in com plete car a pace – older lay ers have dis in te -
grated and only the youn gest layer has been pre served (GIT 698-26); a – Tvaerenella? sp. lat eral view of left valve (GIT 698-27); b –
Mojczella? sp. lat eral view (GIT 698-28); all photomicrographed spec i mens are to the same scale



The new fau nal as sem blages above the strata with the
Medianella aequa and Harpabollia harparum were for merly at -
trib uted to the Si lu rian.

DISCUSSION

The end-Or do vi cian ostracod fauna in Po land is
well-known. Ear lier pa pers deal with Or do vi cian ostracods in
north east ern Po land (Sztejn, 1985) and the Podlasie De pres -
sion and Lublin re gion (east ern Po land; Sztejn, 1989). Nev er -
the less, the lat est Or do vi cian ostracod as sem blages are rather
poor, com pared to the 35 ostracod spe cies col lected from
Hirnantian strata of the Kêtrzyn bore hole.

De spite rel a tively scarce data, the lat est Or do vi cian as sem -
blages in the study ar eas re veal con sid er able dif fer ences. The
ostracod as sem blage in north east ern Po land (Sztejn, 1985)
con tains typ i cal rep re sen ta tives of the Harpabollia harparum
as so ci a tion: Harpabollia harparum, Aechmina groenwalli,
Drepanella pauxilla (Klimphores pauxilla in Sztejn, 1985) and
Scanipisthia rectangularis. The lat est Or do vi cian ostracod
fauna in east ern Po land seems to be scarce over all, how ever,
the few doc u mented taxa are com mon in the Ärina For ma tion of 
North Es to nia. These two ar eas are as signed to dif fer ent
biogeographic re gions by Meidla et al. (2013). East ern Po land
shows a close biogeographic af fin ity to North Es to nia whilst
north east ern Po land is closely re lated to West Lat via and West
Lith u a nia, the dis tri bu tion area of the Harbabollia harparum as -
so ci a tion (Meidla et al., 2013: 350, fig. 21.7). This con firms that

the gen eral fa cies pat tern in north east ern Po land re sem bles
that in Es to nia, with on shore as sem blages in east ern Po land
(as an ex ten sion of the Lith u a nian Ba sin) and deeper wa ter
(dis tal ramp) as sem blages more west and north west of the pre -
vi ous area (south ern ex ten sion of the Scan di na vian Ba sin; see
also Fig. 1).

A unique fea ture of the Kêtrzyn ostracod as so ci a tion is the
rel a tively di verse ostracod as sem blage. In ad di tion to the typ i -
cal el e ments of the H. harparum as so ci a tion (H. harparum,
Pseudoancora confragosa, Ardenita kriukensis) it also con tains 
some metacopes (Dagoerayella elongata, Brevantia brevis,
Pullvillites laevis) and eridostracans (Cryptophyllus gutta) that
were pre vi ously not re corded to gether with the Harpabollia
harparum as so ci a tion. Some gen era in these subfamilies are
di verse and abun dant in South Es to nian (e.g., in Taagepera
core sec tion),  and Lat vian (Ulst et al., 1982) pre-Hirnantian
suc ces sions, but sparse or ab sent in the Hirnantian Stage of
these ar eas. This kind of spe cies com po si tion, where
pre-Hirnantian spe cies co-ex ist with taxa spe cific to the
Hirnantian Stage, is up to now un known from any other part of
the Baltoscandian re gion.

The Prabuty For ma tion was at trib uted to the Pirgu and
Porkuni stages in most pre vi ous pa pers (e.g., Bednarczyk et al., 
1996; Modliñski and Szymañski, 1997; Modliñski and
Podhalañska, 2010). This as sign ment gains fur ther sup port
from the ostracod ev i dence. The ostracod as sem blage in the
low er most sam ple (1554.8 m) is char ac ter ized by a lack of el e -
ments of the H. harparum as so ci a tion. Some 40 cm above, the
ap pear ance of Circulinella gailitae is re corded, whilst three
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Fig. 8. A probable Normalograptus persculptus found with the H. harparum fauna of the Borenshult location

Black bar in every picture is 1 mm
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https://gq.pgi.gov.pl/article/view/8233


metres higher (1551.2 m) the as sem blage com po si tion shows a 
strong af fin ity to the H. harparum as so ci a tion to gether with
Eostropheodonta hirnantensis (M`Coy) (Rubel in Modliñski et
al., 2002). It sug gests that the base of the Hirnantian Stage in
the Kêtrzyn IG 1 bore hole could be drawn in the in ter val of
1551.2–1554.8 m, higher than sug gested by Modliñski et al.
(2002). The sta ble iso to pic ev i dence from this sec tion is not
avail able and the chitinozoan (Modliñski et al., 2002) ev i dence
is in suf fi cient for dis tin guish ing the Pirgu and Porkuni stages in
this sec tion. The in ter val 1544.5–1558.6 m con tains only a few
long-rang ing chitinozoans or bar ren sam ples (Modliñski et al.,
2002).

The as sem blage in the mid dle Prabuty For ma tion of the
Kêtrzyn IG 1 bore hole is dom i nated by Cryptophyllus pius sp. n. 
This type of as sem blage, where the dom i nant spe cies is an
eridostracan, is un known in other lo ca tions of the H. harparum
as so ci a tion (Fig. 6). The as sem blage has a clearly tran si tional
char ac ter be tween the Medianella aequa and H. harparum as -
sem blages. We may as sume that the tran si tional as sem blage
was very likely char ac ter is tic of the tran si tion zone (Cen tral Es -
to nia, east ern Lat via) where the pre served strata of this age are
nearly bar ren be cause of very shal low-wa ter or i gin (oolitic lime -
stones) or as a con se quence of later dolomitization. The strata
in the tran si tional area have also been sub jected to ero sion
(note the lack of strata in an ex ten sive belt in Cen tral Es to nia in
Hints and Männik, 2014: 169, fig. 3).

The re cov ery of fauna in Kêtrzyn is very poor, even if com -
pared with im pov er ished fau nas in the over ly ing strata in South
Es to nia and Lat via. The over all pic ture still fits the “model”
drawn by Meidla et al. (2011) where the H. harparum as so ci a -
tion is re placed by an im pov er ished as sem blage of “Si lu rian”
taxa (Longiscula smithii, Microcheilinella mo bile). The ap pear -
ance of afore men tioned taxa usu ally marks a com plete turn -
over, with no (or very few) spe cies rang ing from the H.
harparum-type as sem blage into the over ly ing strata. An ex cep -
tion here seems to be the R¯ssnäsudden sec tion in
Östergötland (Swe den; Truuver et al., 2012) in spite of the fact
that the suc ces sion of the Or do vi cian-Si lu rian bound ary in ter val 
seems to be in com plete, with the Hirnantian and low er most Si -
lu rian miss ing (Bergström and Bergström, 1996; Truuver et al.,
2012).

In the South-Es to nian Taagepera drillcore (Meidla, 1996b;
Brenchley et al., 2003) the up per most part of the Or do vi cian is
rep re sented by the Kuldiga and Saldus for ma tions. The
ostracod as sem blage in the Kuldiga For ma tion is more di verse
than in the over ly ing Saldus Fm. and it can be di vided to two
parts based on ostracod spe cies dis tri bu tion: the as sem blage
in its lower part is dom i nated by the spe cies Microcheilinella
lubrica, Rectella composita and R. romboformis. In the mid -
dle-up per parts of the for ma tion the role of metacopes de -
creases con sid er ably, which are re placed by Harpabollia
harparum, Pseudoancora confragosa and Circulinella gailitae
(Meidla, 1996b; Meidla et al., 2011). This could be in ter preted
as a kind of tran si tional as sem blage, al though most of the
metacopes are rep re sented by long-rang ing taxa. This kind of
dif fer en ti a tion does not ap pear in the Kêtrzyn col lec tion.

The Lat vian and Lith u a nian Hirnantian ostracod as so ci a -
tions (Ulst et al., 1982; Sidaravièiene, 1992, re spec tively) also
dis play a re mark able over lap of the spe cies.

Sztejn (1985) em pha sizes the re la tion ships be tween the
ostracod dis tri bu tion and sed i men tary en vi ron ments in the
Baltoscandian Palaeobasin. In the shal low shelf set ting char ac -
ter ized by marls and marly lime stones the ostracods are abun -
dant and di verse. In a deeper-wa ter dis tal ramp set ting, where
claystones be gin to dom i nate, a de cline of ostracod abun dance 
un til their to tal dis ap pear ance is ob served. Di ver sity dif fer ences 

be tween the Hirnantian ostracod as sem blages are dis cussed
also by Meidla (1996a). The tran si tional ostracod as sem blage
in the Kêtrzyn bore hole, with its spe cific com po si tion was likely
es tab lished due to the end-Or do vi cian gla ci ation and over turn
of the for mer hab i tats. The Kêtrzyn area in the off shore zone
could have acted as a ref uge for some time, at the be gin ning of
the gla ci ation, where the con di tions were tol er a ble for some
eurytopic long-rang ing Or do vi cian ostracod spe cies, at least for
a short time.

Dat ing of the H. harparum as so ci a tion in terms of
graptolite zonation re quires fur ther study. In the for mer gen -
er al iza tions (e.g., Brenchley et al., 2003) the strata con tain -
ing this as so ci a tion were di vided be tween the Normalo -
graptus extra ordinarius and N. persculptus biozones. In more
re cent pa pers (e.g., Meidla et al., 2011; Ainsaar et al., 2015) the 
fact that the gla ci ation was mostly re stricted to the
Normalograptus extraordinarius Biozone is taken into ac count.
The up per Hirnantian N. persculptus Biozone is thought to cor -
re spond to a gap, at least in Cen tral Es to nia. Nev er the less, the
co-oc cur rence of the spe cies of the H. harparum as so ci a tion
and N. persculptus has been re corded in the Borenshult lo cal -
ity, where the ostracods and the graptolite spec i men oc cur on
the same rock slab (Meidla, 2007; Bergström et al., 2011). Al -
though the iden ti fi ca tion of the graptolite spec i men Cn 67772 in
the col lec tions of the Naturhistoriska Riksmuseet (see Fig. 8)
has been ques tioned (see Bergström et al., 2012 for the dis cus -
sion), it is not ex cluded that the H. harparum as so ci a tion may
partly be of early Late Hirnantian age.

The new fau nal as sem blages above the strata with the
Medianella aequa and Harpabollia harparum as so ci a tions was
for merly (GailÌte, 1968; Meidla, 1996b; Sarv and Meidla, 1997)
at trib uted to the Si lu rian. In the light of re cent stud ies (Meidla et
al., 2011, 2014; Ainsaar et al., 2015), the new emerg ing as sem -
blage should be dated as the lat est Hirnantian–Si lu rian. The ap -
pear ance level of the so-called Si lu rian ostracod fauna in the
Jurmala core sec tion is clearly re lated to the de creas ing val ues
of d13C of the iso to pic curves of the Hirnantian ex cur sion and
should there fore be con sid ered as late Hirnantian. Re cent ev i -
dence has shifted the lower bound ary of the Si lu rian Sys tem up -
wards in some other re gions too (e.g., North Amer ica –
Bergström et al., 2012; sub po lar Urals – Beznosova et al.,
2011), and this bound ary should likely be re con sid ered also in
the Baltoscandian Palaeobasin (Ainsaar et al., 2015).

CONCLUSIONS

Though the Pol ish end-Or do vi cian ostracods are
well-known, the ma te rial from the Kêtrzyn IG 1 bore hole shows
much higher di ver sity than doc u mented in for mer stud ies. The
ostracod as sem blage in north east ern Po land (Sztejn, 1985)
con tains typ i cal rep re sen ta tives of the Harpabollia harparum
as so ci a tion: Harpabollia harparum, Aechmina groenwalli,
Drepanella pauxilla (Klimphores pauxilla in Sztejn, 1985) and
Scanipisthia rectangularis.

The scarce lat est Or do vi cian ostracod fauna in east ern Po -
land (Sztejn, 1989) dif fers from the Harpabollia harparum as so -
ci a tion. It shows some af fin ity with the Ärina For ma tion of North
Es to nia, as signed to the same biogeographic re gion (Meidla et
al., 2013). This sug gests that the gen eral fa cies pat tern in north -
east ern Po land re sem bles that in Es to nia, with on shore as sem -
blages in east ern Po land and dis tal ramp as sem blages more
west and north-west of the pre vi ous area.

The ostracod ev i dence from the pres ent study con firms the
pre vi ous as sign ments of the Prabuty For ma tion to the
Hirnantian Stage, and places the Katian–Hirnantian bound ary
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in the Kêtrzyn IG 1 bore hole to the in ter val of 1551.2–1554.8 m.
This con firms the Pirgu-Porkuni age of the Prabuty For ma tion
to gether with Eostropheodonta hirnantensis (M`Coy) (Rubel in
Modliñski et al., 2002). This in ter pre ta tion does not con tra dict
the brachi o pod ev i dence from the Prabuty For ma tion.

The Early-Mid dle Hirnantian ostracod as sem blage is char -
ac ter ized by less ap par ent dom i nance of binodicopes and can
be in ter preted as a tran si tional fau nal as sem blage that was not
pre vi ously dis cov ered (or is not pre served) in other parts of the
Baltoscandian Palaeobasin.

Sztejn (1989) pointed out a clear in ter con nec tion be tween
ostracod as so ci a tions and the sed i men tary en vi ron ment in the
Bal tic Palaeobasin. The Hirnantian as sem blage at Kêtrzyn
prob a bly acted as a kind of ref uge to more re sil ient pre-Hirnan -
tian ostracod spe cies at the be gin ning of gla ci ation, be ing es -
tab lished due to the end-Or do vi cian gla ci ation and over turn of
the for mer hab i tats.

Al though dat ing of the H. harparum as so ci a tion in terms of
graptolite zonation re quires fur ther study it is ev i dent that the
ap pear ance of the as sem blage co-oc curs with the on set of the
sta ble car bon iso to pic ex cur sion (Ainsaar et al., 2010) that is
cor re lated to the ap pear ance level of Normalograptus
extraordinarius. Still, the likely co ex is tence of spe cies of the H.
harparum as so ci a tion and Normalograptus persculptus has been
re corded in the Borenshult lo cal ity, where the in dic a tive ostracods

and the zonal graptolite oc cur on the same rock slab (Meidla,
2007; Bergström et al., 2011), sug gest ing that the H. harparum as -
so ci a tion may partly be of early Late Hirnantian age.

The lat est stud ies dem on strate that the so-called “Si lu rian
re cov ery fauna” should be dated as the lat est Hirnan tian–Si lu -
rian to shift the Or do vi cian–Si lu rian Sys tem bound ary up wards
in sev eral re gions (Ainsaar et al., 2015 and ref er ences therein).
Our study of the ostracods sug gests that shift ing that bound ary
should be con sid ered as well in the Baltoscandian Palaeobasin, 
and this may also ap ply to sec tions in north west ern Po land.
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