Intraspecific variation and polymorphism in the
ostracode Conchoprimitia socialis (Bregger, 1882) from
the early Middle Ordovician Baltoscandian Palaeobasin
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The eridostracan ostracode genus Conchoprimitia Opik, 1935 appears among the earliest ostracodes in the carbonate
succession of the Ordovician Baltoscandian Palaeobasin. Over the past one hundred years, more than twenty species of
Conchoprimitia have been recognized from early Middle Ordovician sediments. The microsculpture has been regarded
as one of the most important features for distinguishing between different species of Conchoprimitia. However, four
main types of microsculpture (smooth, punctate, reticulate and rugose/striate) are often transitional, occurring on differ-
ent areas of the carapace and are not therefore discrete taxonomically important characters. As no clear distinction can be
made between different carapace morphologies, the early Middle Ordovician Conchoprimitia species of Baltoscandia
should be regarded as morphotypes of one polymorphic species — Conchoprimitia socialis (Bregger, 1882). C. socialis
was an opportunistic species, which developed different microsculpture on the carapace surface in different lithofacies
in the Baltoscandian Palaeobasin. ® Key words: ostracodes, Ordovician, Baltoscandia, Conchoprimitia, carapace, poly-
morphism.
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For measuring biodiversity both in recent and ancient eco-
systems, the importance of systematics and the quality of ta-
xonomic work cannot be overestimated. The development
of molecular methods has led to a realisation that our diver-
sity estimates in recent ecosystems may be underestimated
because of numerous taxa which are difficult to classify by
means of traditional (morphological) taxonomic methods.
Recognising cryptic biodiversity in fossil ecosystems is
more complicated as the character of fossil material only
permits the use of morphological data. Recent studies (Sive-
ter 2008) have also demonstrated that without knowledge of
soft-part anatomy, the taxonomy of fossil ostracodes is even
more complicated. In addition, several geological discipli-
nes, such as palacoecology and biostratigraphy, rely on the
correctness of fossil classification, and this makes studies on
taxonomy of various fossils justified and timely.
Ostracodes, microscopic crustaceans (usually 1-2 mm),
with a distinctive bivalved carapace, are widely used in
palaeoecology and biostratigraphy because of their rela-
tively short stratigraphic ranges and high abundance in
shelf sequences (Tinn & Meidla 2001, Williams et al.
2005, Tinn et al. 2006). The systematics of recent
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ostracodes is based on soft body anatomy and the carapace
features are of secondary importance. Fossil ostracode tax-
onomy relies, albeit with rare examples of soft anatomy
(Siveter et al. 2003, Siveter 2008) almost entirely on the
morphologies of the calcitic bivalved carapace.

Ostracodes are also prone to two controversial phe-
nomena: polymorphism, where one species can show a va-
riety of different morphologies (Ducasse et al. 1990,
Carbonel & Hamoudi 1990, Neil 2000), and convergence,
where different species show similar morphology (Park et
al. 2002, Park & Ricketts 2003, Tinn & Oakley 2008). If
these problems are not sufficiently considered many new,
but essentially, erroneous taxa will result, especially in
cases with very simple carapace morphologies.

A simple, almost “featureless” ostracode taxon is the
eridostracan genus Conchoprimitia Opik, 1935, which ap-
peared with the earliest ostracodes in the Ordovician
Baltoscandian Palaeobasin (Meidla et al. 1998, Melnikova
1999, Tinn 2002). The genus persisted until the Late Ordo-
vician and was distributed over most of the Baltoscandian
Palaeobasin. Species of Conchoprimitia have been re-
corded from Norway (Bregger 1882, Opik 1939,
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Figure 1. Map showing outcrops and boreholes. Localities indicated by numbers: 1 — localities in the Siljan area; 2 — Héllekis; 3 — Skelbro; 4 — Nom-

meveski; 5 — Saka; 6 — Toila; 7 — Piite.
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Figure 2. Stratigraphic framework for the Lower and Middle Ordovician strata of the studied area, correlated with conodont biozones (Lofgren 1995,
2000; Nolvak et al. 2006). Data for Vistergotland from Jaanusson (1982) and Dronov et al. (2001); Oslo region from Owen et al. (1990). Numbers indi-
cate: 1 — Pakri Formation; 2 — Sillaoru Formation; 3 — Rokishkis Formation; 4 — Shakyna Formation; 5 — Téljsten.

Henningsmoen 1954), Sweden (Thorslund 1940, Hessland
1949, Jaanusson 1957, Tinn & Meidla 2001), Estonia
(Opik 1935, Sarv 1959), Latvia (Ainsaar et al. 2002), Lith-
uania (Sidaraviciené 1992), as well as from numerous er-
ratic boulders in Germany (Krause 1889, 1891; Steusloff
1895; Kummerow 1924; Schallreuter 1993 and references
therein). All this material originates from the same area,
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representing a relatively shallow epicontinental Balto-
scandian Palaeobasin.

Altogether, more than 20 species have been referred to
Conchoprimitia. The stratigraphic distribution of Concho-
primitia species from the Floian to lower Darriwilian
(Billingen, Volkhov and Kunda regional stages) of
Baltoscandia is presented in Table 1. Conchoprimitia is
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Figure 3. Size distribution of previously described Conchoprimitia-species.

characterized by simple morphology: a long hinge line, left
over right valve overlap, postplete outline, and more or less
convex carapace without distinct lobes and sulci. The
valves occasionally show moult retention which is typical
for eridostracans. The specimens attained a relatively large
size, exceeding 4 mm [max 4.5 mm: Henningsmoen
(1954) — C. socialis socialis (Brogger, 1882)] in length.
Such “featureless” morphology is probably the reason why
large numbers of specimens have been collected and studied
for over more than a century, and have been attributed to
numerous different species and subspecies. Comparison of
collections from different parts of the Baltoscandian
Palaeobasin allows us to suggest that in several previously
established species, the type material consists of juve-
niles/preadults and this makes a comparative study more
complicated.

Recent comprehensive research on lower Middle Ordo-
vician ostracode faunas (Tinn 2002, Tinn et al. 2006) re-
vealed difficulties in the practical differentiation between
species. This paper focusses on: 1) a critical analysis of the
morphological features of Conchoprimitia; 2) an analysis
of the species concept and variability in Conchoprimitia;
3) arevision of Conchoprimitia species in the early Middle
Ordovician Baltoscandian Palaeobasin.

Material and methods

We analysed the stratigraphic interval in which the species
diversity of Conchoprimitia was at its greatest — the top-

35 4 45 length 5 ® C. ventropunctata

most Lower Ordovician to lower Middle Ordovician
(Floian to Darriwilian stages) (Fig. 2). We re-examined the
type material of Brogger (1882), Opik (1935, 1939), Hes-
sland (1949), Sarv (1959) and Henningsmoen (1954) sup-
plemented by numerous new specimens collected by the
authors in different parts of the Baltoscandian area (Fig. 1).
The new samples are particularly important for analysis of
variation as older type collections usually contain just one
or a small number of specimens.

The genus Conchoprimitia was erected by A. Opik in
1935. Opik’s (1935) type material is from Tallinn (Fig. 1),
from the upper part of the Volkhov Stage. J. Bock’s
ostracod collection from Obukhovo, St. Petersburg region,
Russia, was used as paratypes by Opik (1935). At the mo-
ment both, Opik’s and Bock’s collections are integrated
into the ostracod collection belonging to the Institute of
Geology at the Tallinn University of Technology.

The holotype for Conchoprmitia socialis (Bregger,
1882), described by Opik (1939) comes from Slemmestad,
Rayken, Norway, from the Huk Formation (3cy) [old term,
see Owen ef al. 1990].

Hessland’s (1949) type material is from the Siljan dis-
trict, Sweden (Fig. 1). It was collected from the Téljsten
layer (Fig. 2), (uppermost Dapingian and lower Darri-
wilian), throughout its entire thickness; the underlying
Lanna Limestone was sampled from its uppermost part and
the overlying Holen Limestone from its lower part only.
The type material of C. socialis is represented by limestone
slabs with a diameter of 5-50 mm in which the ostracodes
were prepared using fine needles. The preservation quality
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Figure 4. Muscle scars on the external surface of Conchoprimitia socialis. « A — TUG 1199/1, right valve, x 62, Jurmala section, sample 21, Kunda
Stage; B, C x 190. « D — TUG 1199/2, left valve, x 23, Hillekis section, sample 20, Kunda Stage; E, F x 75. « G — TUG 1199/3, left valve, x 19, Hillekis

section, sample 224, Kunda stage; H, I x 75.

of the material is variable. The best preserved specimens
show undamaged calcitic valves with fine sculpture. How-
ever, a number of specimens are broken and some of the
material has been preserved as internal moulds only.

New material for the present study comes from numer-
ous sections of the Baltoscandian area (Fig. 1). The western
sections are represented by Haillekis in Vistergotland (in-
cluding also the Téljsten interval studied by Hessland) and
Skelbro in Bornholm (Denmark). A large amount of mate-
rial comes from the eastern Baltic-Ladoga Klint:
Viike-Pakri, Harku, Nommeveski, Saka, Toila and Piite in
Estonia and Lava section in St. Petersburg Region, Russia.
Additionally, material from several boreholes was in-
cluded — Kaugatuma and Laeva-8 in southern Estonia,
Jurmala R-1 and Vergale-50 in Latvia.

Most of the samples were processed using a standard
physical disintegration method, which is comparable to
natural weathering. The crushed limestone samples, 0.5 to
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1.5 kg, were disintegrated with sodium thiosulphate
pentahydrate (also known as sodium hyposulphite) as a
crystallizing agent. To obtain a satisfactory degree of
disaggregation, heating and cooling cycles were repeated up
to 10 times for clay-rich marls and some 30 times for hard
limestones. Ostracode material from clay layers was ob-
tained by washing through 0.25-2 mm sieves. The ostracode
material studied is of variable quality, but mostly well pre-
served. Secondary dolomitisation affected ostracode cara-
paces from the Billingen Stage (Floian) in Lava, Russia.

The total number of studied specimens exceeded 2000.
Selected specimens were photographed using the scanning
electron microscope (SEM) JEOL at the Centre of Material
Research, Tallinn Technical University.

The studied material is deposited in the Museum of
Natural History, University of Tartu (TUG); The Institute
of Geology, Tallinn Technical University (IGT) and The
Palaeontological Museum of Oslo (PMO).
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Carapace size

Conchoprimitia is characterized by large valves (1 to
3 mm), but occasionally exceeding 4 mm in length. Data
on the size and proportions of the carapaces and valves are
shown in Fig. 3. The scatter plot shows the size distribu-
tion of 19 Conchoprimitia “species”, “subspecies” and
“varieties”, from the Middle Ordovician of Baltoscandia
as recorded by different authors. The plot displays a linear
distribution of data points, with the greatest number of
specimens in the lower half of the size range. The younger
juvenile stages are recorded less often. The largest recor-
ded specimens, up to 4.5 mm, were designated as C. soc-
ialis by Bregger (1882), Henningsmoen (1954) and Hes-
sland (1949). The size of other type and original
specimens is substantially smaller; judging from the de-
scriptions the largest size of the established taxa varies
between 1 and 2.5 mm. The most frequent size (12 in to-
tal) is represented by the 1 to 1.5 mm length category, fre-
quency decreased as size increased (8 from the 1.5 to
2 mm length interval, 4 from the 2 to 2.5 mm interval),
whereas all species, subspecies and varieties analyzed du-
ring this research are of similar size without any remar-
kable deviation. The length /height ratios of the type spe-
cimens show a nearly linear distribution (Fig. 3). The
prevalence of medium- and small-sized species is relati-
vely obvious. This result could be expected as large cara-
paces are less frequently found in crushed/weathered li-
mestone samples. The size distribution does not reveal
any distinctive size groups.

Morphology

In 1937, Opik wrote (p. 10), that “Conchoprimitia is a wi-
dely variable genus: sulcus and node, the concentric groo-
ves, and the punctation are in some cases well developed,
in other cases these appear undefined or lacking”.

The morphological elements that have been used for
distinguishing Conchoprimitia species are: outline of the
carapace, convexity of the carapace, character of the dorsal
angles, structure of the muscle field area (nodes, sulci),
valve retention-caused features (concentric grooves), valve
(micro)sculpture.

However, the distinction between species according to
such characters has often been arbitrary, as the parameters
were rarely measured accurately, variation was not consid-
ered and ontogeny not studied in detail.

Figure 5. Muscle scars and nodes on the external surface of Concho-
primitia socialis. * A — TUG 1199/4, right valve, x 75, Jurmala section,
sample 20, Kunda Stage; B x 160. « C — TUG 1199/5, right valve, x 37,
Lava section, sample 4, Billingen Stage; D x 125.
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Table 1. Species of the genus Conchoprimitia, recorded from the Lower and Middle Ordovician of the Baltoscandian area. Asterisk (*) marks record in
bedrock, e — erratics. All mentioned species are regarded as one polymorphic species, Conchoprimitia socialis (Bragger).

Regional stage

Billingen Volkhov Kunda

Microsculpture/sulcation

Conchoprimitia suavia (Melnikova, 1999) *

C. leonidi Melnikova, 1999 *

C. gammae gammae Opik, 1935 *e
C. glauconitica (Kummerow, 1924) ®
C. zonata (Opik, 1935) *
C. pseudomeganotifera Schallreuter, 1993 *e
C. erratica (Krause, 1889) *e
C. eos Henningsmoes, 1954 *
C. socialis vulgaris Henningsmoen, 1954 *

C. gammae kundaensis Sarv, 1959

C. distincta Sarv, 1959

C. excelsa (Steusloff, 1895)

C. socialis (Brogger, 1882)

Conchoides levis Hessland, 1949
Conchoides micropunctata Hessland, 1949
Conchoides meganotifera Hessland, 1949
Conchoides rugosa Hessland, 1949
Conchoides dorsodepressula Hessland, 1949
Conchoides circumstriata Hessland, 1949
Conchoides ventropunctata Hessland, 1949
Conchioides reticulifera Hessland, 1949

without carapace microsculpture

without carapace microsculpture

smooth, well developed concentric grooves

undefined node, minutely punctate, with imperfect concentric grooves
without carapace microsculpture, clear short and narrow sulcus
smooth central part surrounded by pitted/reticulate area

fine reticulation

appearing smooth, but slightly rough, without distinct pits or granules
minutely punctate, with some larger pits

smooth surface, without nodes and sulci

smooth central part surrounded by pitted area

smooth surface

non-punctate/shallowly pitted surface

mostly smooth (type o) / microstriate (type )

minutely punctate

minutely pitted or reticulate surface (type o) / finely rugose (type B3)
central rugose area, anterior and posterior area striate

extremely fine reticulation in the dorsocentral area

smooth central region, surrounded by striate (reticulete) zone

slightly rugose surface, centroventral field distinctly punctate

reticulate surface, marginal zones smooth or faintly rugose

Nodes, sulci and muscle field

The muscle field of Conchoprimitia is discernible as the
scar of the adductorial muscle, the preadductorial node,
and in some cases also as the scars probably belonging to
the mandibular, antennular, and the dorsal group of mus-
cles (Fig. 4; Hessland 1949, pp. 120, 121; Jaanusson 1957,
pp- 419, 421, 422). Originally, the type species of the ge-
nus, C. gammae, was described as lacking nodes and sulci
(Opik 1935, 1937). Sarv (1959, pp. 164, 165), however,
noted that in the anterodorsal part of the carapace in some
specimens of C. gammae gammae, a shallow vertical sul-
cus with a length of 1/3 to 1/4 of the carapace height and an
indefinite node in front of it was visible. He also mentioned
that in occasional specimens the node and sulcus were un-
derdeveloped, and in most juveniles they were almost in-
discernible. Also, according to Sarv’s (1959) diagnosis, the
absence of the sulcal depression served as one of the main

characters for distinguishing between C. gammae gammae
and C. gammae kundaensis. The third species from the
Volkhov Stage (Dapingian) of Estonia — C. zonata (Opik,
1935) — was described as a species with a clearly distingu-
ishable short, narrow sulcus. Considering the observations
by Sarv (1959), distinguishing several species of Volkhov
age (Dapingian) in samples from Estonia, they appear rela-
tively arbitrary and it is impossible to do so with a larger
collection.

The Kunda Stage (lower Darriwilian) material studied
in the new collection shows considerable variation in the
morphology of the adductorial area. Fig. 4 shows speci-
mens with shallow sulcal depressions and unornamented
adductorial spots, but without preadductorial nodes.
Fig. 5 shows a specimen with a distinct, but shallow sulcal
depression and a preadductorial node in front of it. Com-
monly specimens lack any mark on the muscle field
(Fig. 6). Considerable variation in morphology of the ad-

Figure 6. Different types of punctate sculpture on the carapace of Conchoprimitia socialis. * A — TUG 1199/11, left valve, x 25. Lava section, sample
46, Volkhov Stage; B x 105, C x 340. * D - TUG 1199/12, left valve, x 30. Toila section, sample 2, Volkhov Stage; E x 105, F x 340. « G- TUG 1199/13,
right valve, x 35. Toila section, sample 2, Volkhov Stage; H x 105,1x 105.¢J—TUG 1199/14, right valve, x 30. Lava section, sample 45, Volkhov Stage;
K x 105, L x 340. « M — TUG 1199/15, left valve, x 25. Nommeveski section, sample 21b, Volkhov Stage; N x 70, O x 180.
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ductorial-anterodorsal area can be recognised in speci-
mens from one locality or even one sample (e.g.
Nommeveski section and Siljan area), although a full
spectrum of different varieties is usually not represented
in such cases. No correlation between the size/age of the
specimen and the presence or absence of the adductorial
scar was revealed.

Valve retention features

Concentric grooves were not recognised as retention featu-
res in the initial descriptions. The first two “species” to be
described, C. gammae and C. glauconitica, by Kummerow
show two and one concentric grooves, respectively. The
presence of a concentric groove in C. zonata (Opik) (initi-
ally regarded as Primitia), was mentioned by Opik (1935).
In 1937, Opik described a new subspecies C. tolli integra
on the basis of “the total absence of the concentric grooves”
(p. 11), while the presence of the groove on the valves of
the main subspecies was considered an important feature.
Moult retention, although a rare feature in ostracodes, is a
common feature among all eridostracans (Adamczak 1961,
Vannier et al. 1989, Schallreuter 1977). Nevertheless, spe-
cimens of Conchoprimitia with retained valves are rare in
the new collection, constituting no more than a few percent
of all specimens. The largest number of retained valves re-
vealed on one specimen is two, meaning that the specimen
shows three coherent valves (see Tinn & Meidla 2003,
text-fig. 5C). A considerable number of specimens show
retention marks, either as complete concentric impressi-
ons, reaching from the anterior to the posterior region, or as
partial impressions visible in some parts of the carapace
only. However, the majority of the specimens in the sam-
ples where retention-related features were recorded do not
show retention marks. The occasional occurrence of
retention-related features should therefore not serve as a
character for distinguishing species.

Emphasizing the importance of grooves and shallow
sulci on the carapace surface, Hessland (1949) defined
Conchoprimitia with two concentric grooves as being non-
sulcate, whilst he reassigned some Conchoprimitia species
to Conchoides (with one concentric groove, nonsulcate)
and Conchoprimites (with sulcus and with or without con-
centric grooves). However, it is obvious that occasional re-
tention of one (or rarely two) valve(s) cannot be considered
a diagnostic feature even at the subspecies level and this

fact also discards the taxonomic value of the “species” dis-
tinguished according to this feature.

Micro-sculpture

Opik (1937) discussed the variability of morphology of
Conchoprimitia and noted (p. 10), that in some cases, pun-
ctation is well developed, while in the other cases it appears
to be undefined or lacking. Micro-sculpture has histori-
cally been regarded as one of the most important features
for distinguishing species of Conchoprimitia. Generally,
the valve surface has been described as smooth, pun-
ctate/pitted, rugose/striate, or reticulate. Distinctions have
also been made according to the extent or position of the
ornamented area, the size and density of punctae on the
valve surface and the character of the striae/rugae.

C. gammae (Opik) and C. zonata (Opik), from the
Volkhov Stage (Dapingian) in North Estonia, and C.
suavia (Melnikova) and C. leonidi (Melnikova) from the
St. Petersburg region have been described as lacking any
carapace micro-sculpture. Although C. socialis was also
described as non-punctate by Bregger (1882) and Opik
(1939), the shallowly pitted surface of C. socialis was
mentioned by Hessland (1949), and described by Hen-
ningsmoen (1954) as very finely pitted, except for the re-
gion of the adductorial muscle scar and the “shield-like
swelling”. The occurrence of some scattered larger pits
was also mentioned by Henningsmoen. According to the
description of Henningsmoen (1954), the external surface
of C. socialis vulgaris was densely covered with fine pits,
with some larger pits scattered inbetween. As in C. socialis
socialis, the pits were not developed in the muscle scar re-
gion and on the shield-like swelling.

Conchoprimitia eos Henningsmoen, 1954 (p. 48) from
Norway was described as “appearing smooth, but slightly
rough, although there are no distinct pits or granules”.
Conchoprimitia glauconitica Kummerow was described
as possessing a minutely punctate surface. Hessland
(1949) described species of the newly erected genera
Conchoides and Conchoprimites from the Siljan District,
Sweden as having variably smooth, punctate, striate, or
partly reticulate surfaces, with a smooth central shield-
like swelling.

Conchoides micropunctata Hessland, 1949 was di-
vided into types o and B according to minor differences in
punctation. Both types were described by Hessland

Figure 7. Different types of reticulate and rugose sculpture on the carapace of Conchoprimitia socialis. * A — TUG 1199/6, right valve, x 36. Hillekis
section, sample 20, Kunda Stage; B x 80. « C — TUG 1199/7, left valve, x 70. Jurmala section, sample 21, Kunda stage; D x 210. « E— TUG 1199/3, left
valve, x 23. Hillekis section, sample 20, Kunda Stage; F x 75. « G — TUG 1199/8, left valve, x 20. Laeva core section, sample 17, Kunda Stage; H x 75,
Ix75.¢J-TUG 1199/9, left valve, x 30. Harku section, sample 243. Volkhov Stage; K x 110, L x 110.« M -TUG 1199/10, left valve, x 30. Nommeveski

section, sample 33, Kunda Stage; N x 110, O x 180.
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(op. cit.) as being densely covered with minute punctae,
with the exception of the central swelling. It was also
mentioned, that sometimes the punctae were very closely
spaced and gave the impression of an extremely fine retic-
ulum. According to the description, somewhat deeper
punctae were scattered among the minute ones in the ante-
rior part of the valve. Type B was described as often more
distinctly punctate, but lacking the scattered deep
punctae.

Conchoides meganotifera Hessland, 1949 was de-
scribed as having a minutely and more or less distinctly pit-
ted or reticulate surface in type o and an often extremely
finely rugose marginal surface in type . Conchoides
ventropunctata Hessland, 1949 was described with a very
slightly rugose surface over the greater part, distinctly
punctate centroventral field and with a few punctae on the
anterior part of the valve.

Five species were described as having variably reticu-
late, striate or rugose carapace surfaces. Conchoides
dorsodepressula (Hessland, 1949) shows extremely fine
reticulation in the dorsocentral area, and Conchoides levis
Hessland, 1949 shows mostly a smooth surface in type o,
but type B has a microstriate area just in front of the
dorsocentral swollen spot.

Conchoides sp. D was distinguished by its rugose sur-
face (rugae observed in the anterior part of the dorsocentral
area, marginally less distinct); rugae are short, narrow and
somewhat wrinkled, and to a great extent anastomising,
thus giving a reticulate appearance to some parts of the
valve where the rugae are arranged longitudinally.
Conchoides rugosa Hessland, 1949 shows a central rugose
area, with anterior and posterior striae. Conchoides
circumstriata Hessland, 1949 shows a central unsculptured
region, surrounded by a marginal striate zone; in the dorsal
area the striae may be arranged to form a reticulum.
Conchoprimites reticulifera Hessland, 1949 shows a retic-
ulate surface, except for marginal zones of different width,
which are smooth or only faintly rugose.

It is noteworthy that Hessland (1949) described all his
species from the Siljan district, from a rather restricted area
with about ten localities, from the same very narrow strati-
graphical interval, referred to as the “Téljsten” (see Fig. 2).
This is a thin (up to 2 m), grey-coloured limestone unit,
marking a minor shallowing episode in the generally
red-coloured limestone succession and dated as the lower
Kunda Stage (lower Darriwilian), within the Asaphus
expansus trilobite Biozone. The description above offers a
nearly continuous transition from fairly smooth to coarsely
ornamented forms. It is obvious that the lack of visible or-
namentation may be due to preservation, but various kinds
of transitions were documented by several investigators
(Opik 1937, Henningsmoen 1954, Sarv 1959). “Species”
such as Conchoides dorsodepressula, Conchoides
meganotifera, Conchoides sp. D, Conchoides socialis and
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Conchoides micropunctata have been recorded from the
lower part of the studied succession, while Conchoides sp.
B, Conchoides levis, Conchoides circumstriata and Con-
choides ventropunctata have been recorded from the upper
part. In total Hessland’s collection of Conchoprimites,
Conchoprimitia and Conchoides comprises about 90 speci-
mens.

C. luxuriosa Sarv, 1959 from an erratic boulder of
Kunda age shows distinct, coarsely punctate sculpture,
where the only impunctate areas are the median shield-like
swelling plus the areas along the free margin and the
hinge-line.

Taphonomy
and palaeogeographical distribution

The analysis of the new collection of Conchoprimitia from
the whole Baltoscandian area reveals a complicated picture.
Careful examination of all specimens with satisfactory pre-
servation showed considerable variation in carapace scul-
pture from within one locality and even within one sample.
Punctation (Fig. 6) may vary from fine to coarse, with a
transition to a rugose or reticulate surface. The sculpture
may be clear and deep, or may be extremely shallow and
hardly discernible. The sculpture may cover the whole ca-
rapace, the marginal area, a circular area around the central
shield or only small patches near the adductor area. In addi-
tion to transitions from one sculpture type to another
(Fig. 7), simultaneous co-occurrence of fine, shallow scul-
pture and deep, scattered punctae has been observed.

This kind of variation could likely, entirely or in part,
be ascribed also to differences in preservation and
taphonomic conditions. Fine sculpture on an ostracode car-
apace is rarely perfectly preserved and an almost smooth
carapace may be the result of fine abrasion. However, mak-
ing a distinction between the originally smooth and a worn
surface in recrystallised fossil material is problematic.

Although ornamentation of the valves is variable, some
palaeogeographical distribution pattern of the ornamenta-
tion could be noted, and therefore this variation was ana-
lyzed in detail. Palacogeography and facies distribution in
the Ordovician Baltoscandian Palaeobasin, originally doc-
umented by Ménnil (1966) and Jaanusson (1976, 1982), is
shown in Fig. 8. The palacobasin was mostly interpreted
(Ménnil 1966; Jaanusson 1976, 1982) to represent a shal-
low and fairly uniform environment. However, the
ostracode assemblage data (Tinn & Meidla 1999, 2001;
Tinn et al. 2006) have suggested differences between the
marginal North Estonian, the mostly offshore Central
Baltoscandian and the far offshore Scanian Confacies
zones in the early Middle Ordovician, and this supports the
notion that the confacies belts reflect a rough depth
zonation of the palaecobasin (Ménnil & Meidla 1994).



Oive Tinn et al. * Intraspecific variation and polymorphism in the ostracode Conchoprimitia

500 km .

L

STOCKHOLM

LW ST. PETERSBURG ;
Q Q 4

punctate

smooth reticulate

rugose

Baltoscandian confacies belts
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Jaanusson (1976). I — North Estonian Confacies Belt; II — Central Baltoscandian Confacies Belt; III — Scanian Confacies Belt.

Conchoprimitia species have been documented in all
confacies belts of the study area. In order to analyze the dis-
tribution pattern in the palaeobasin, the carapace mi-
cro-sculpture was categorized into four types: smooth,
punctate, reticulate and rugose.

The distribution of specimens with different types was
documented in seven sections: Hillekis, Viike-Pakri,
Nommeveski, Lava, Jurmala and Vergale sections. For
comparison, the data on various species described by
Hessland (1949) from the Siljan district was similarly ana-
lysed using the same methodology.

The data is plotted in Fig. 8. The Viike-Pakri,
Nommeveski and Lava sections are dominated by punctate
specimens, while the proportion of both smooth and reticu-
late specimens is considerable, but the number of rugose
specimens is small. The Hillekis section shows a consider-
able number of rugose specimens, but the rest are speci-
mens with smooth or reticulate carapaces; almost no
punctate specimens were recorded from the Hillekis sec-
tion.

The Jurmala and Vergale sections yield mostly smooth
and reticulate specimens; the number of rugose specimens
is minimal, and punctate specimens are absent. The speci-
mens from the Siljan district (Hessland 1949) are most
commonly reticulate, while specimens with punctate,
smooth or rugose ornamentation are less common.

No significant temporal variation in carapace sculpture
up through the rock succession has been recorded. Except
for the fact that punctate specimens seem to be confined
mainly to the shallower areas of the palacobasin, there is no
distinct depth-zonation in the distribution of the specimens
either. Such a distribution pattern does not speak in favour
of several distinct species groups.

A noteworthy feature among the studied specimens is
the level of distinctness of the carapace sculpture. The
specimens in the North Estonian Confacies belt and Siljan
district show higher, better developed micro-sculpture than
the specimens in the Hillekis, Jurmala and Vergale sec-
tions. In the latter sections, the sculpture has lower relief,
and in some cases is hardly discernible.

Discussion and conclusions

In the Middle Ordovician Baltoscandian Palaeobasin, the
carapace morphology of Conchoprimitia socialis shows
considerable variation. However, the numerous morphoty-
pes cannot be considered discrete taxonomic entities as the
characters previously used to define them are shown to
overlap. Specimens from a single bed may show clear tran-
sitions between different types of sulcation and micro-
sculpture, and indeed even with smooth forms.
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Such a pattern speaks in favour of one polymorphic
species rather than numerous distinct species populating
the early Middle Ordovician Palacobasin. Polymorphism,
both in recent and fossil marine ostracodes has been repeat-
edly discussed (Reyment et al. 1988, Carbonel & Hoibian
1988, Ikeya & Ueda 1988, Carbonel & Hamoudi 1990,
Ducasse et al. 1998, Neil 2000, van Harten 2000).
Peypoquet er al. (1988) have even speculated that
ostracodes are physiologically and genetically predisposed
to polymorphism. They discussed environmentally in-
duced polymorphism in ostracodes, where the primary fac-
tor determining the architecture of the ostracode shell was
carbonate concentration in the water, in turn dependent on
climatic and physiogeographic conditions of the basin.
Two main types of polymorphism in sculpture — degrading
(smoother, less reticulate and thinner) and agrading (more
reticulate and thicker) were distinguished. According to
the authors, the most influential factors were temperature
(when high temperature favours deposition of carbonates
in the carapace and therefore encourages formation of
more sculptured forms), and depth (often linked to temper-
ature). Among the places likely to be affected were littoral
areas, river bays, and regions with strong seasonal varia-
tion, where both morphs may occur.

Most of the features described above are applicable to
Conchoprimitia in the early Middle Ordovician Balto-
scandian Palaeobasin. Previous studies (Henningsmoen
1965, Siveter 1984) have shown that Ordovician ostra-
codes, including numerous palaeocope taxa and concho-
primitiids with their heavily calcified carapaces, were most
likely bottom-dwellers. Based on this assumption, differ-
ences in the fine micro-sculpture of Conchoprimitia may
have resulted from different bottom conditions, and this
picture may then be further obscured by taphonomy.

Because of the high number of transitional mor-
photypes and co-occurrence of different types of micro-
sculpture on the same carapaces, no distinction can be
made between species groups in our collection. From the
taxonomic point of view such a conclusion means that our
new collection contains only one polymorphic species, and
according to the priority rules this is Conchoprimitia
socialis (Brogger, 1882).

As numerous species have formerly been defined ac-
cording to the features which are considered to vary widely
among the specimens of this polymorphic species, and as
such species are mostly based on a very limited number of
specimens, we also conclude that during the early Middle
Ordovician (Floian to early Darriwilian) time the
Baltoscandian Palaeobasin was largely inhabited by one
species of the genus Conchoprimitia — Conchoprimitia
socialis (Brogger, 1882). The species regarded as syn-
onyms of C. socialis are listed in Table 1.

C. socialis was an opportunistic and tolerant species
that was able to inhabit different kinds of facies/micro-
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habitats in the Baltoscandian Palaecobasin. Due to differ-
ences between the habitats, the species attained different
valve ornamentation.

The Baltoscandian Palacobasin was characterized by a
distinct biofacies pattern during the early Middle Ordovi-
cian (Tinn 2002, Tinn et al. 2006). C. socialis occurs to-
gether with O. bocki, B. palmata, R. mitis, P. grewingki and
several species of Euprimites a.o. Within this fauna,
C. socialis is the only frequent species with basin-wide dis-
tribution. In most studied samples the percentage of
C. socialis lies between 10-50%, the highest percentage
for an eridostracan in the Ordovician of Baltoscandia.
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