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Abstrakt

Piedkladana disertacni prace predstavuje privodni komentdf a soubor Ctyf
publikaci se zaméfenim na revizi ordovickych ostrakodti prazské panve, jejichz
vyzkum byl v minulosti zcela nedostacujici vzhledem k rozmanitosti a hojnosti
ostrakodového materidlu této oblasti. Uvodni &ast disertaéni price se zaméfuje
na zékladni charakteristiku studované skupiny s diirazem na morfologii, ekologii
a historii vyzkumu. V dalSich kapitolach je pozornost vénovana ostrakodiim spodniho,
sttedniho a svrchniho ordoviku prazské panve a jejich srovnani s faunou ostatnich
paleoregionti.

Publikované studie jsou zaméfeny na komplexni revizi ostrakodii klabavského,
Sareckého a kralodvorského souvrstvi. Vysledkem jsou systematické monografie
roz$itené o studii ontogeneze rozsitené¢ho Sareckého druhu Conchoprimitia osekensis
(Ptibyl, 1979). V ramci téchto publikaci je diskutovana taxonomie, paleogeografie a

celkova diverzita studovanych ordovickych druhti.



Abstract

The submitted doctoral thesis presents an introductory comment and a set of four
publications focused on the revision of the Ordovician ostracods of the Prague Basin.
The research of them was insufficient in past in contrast to the diversity and
abundance of ostracod material recorded in this area. Major characteristics of the
study group with a focus on morphology, ecology and history of research are
discussed in the introductory chapters. In the following parts, the attention is paid to
the ostracods of the Lower, Middle and Upper Ordovician of the Prague Basin and
their comparison with assemblages of the other paleoregions.

The published papers are focused on the comprehensive revisions of the ostracods
of the Klabava, Sarka and Kraltv Dvir formations. The studies resulted in systematic
monographs supplemented with a study on the ontogeny of the widespread species
Conchoprimitia osekensis (Ptibyl, 1979). The taxonomy, palacogeography and overall

diversity of studied Ordovician species are also included and discussed.



Uvod

Tato disertaéni prace piedstavuje souhrnnou revizi ostrakodi nejstarSich a
mladsich ordovickych ostrakoddi prazské panve (Barrandien, Cesky masiv).
Ostrakodi, skupina drobnych koryst byla dlouho opomijenym prvkem fosilnich
spolecenstev Barrandienu. Mohou vsak nabidnout mnoho poznatki tykajici se vyvoje
biodiverzity, paleogeografie a paleoekologie starS§iho paleozoika. V ramci mé
disertacni prace byli kompletné revidovani ostrakodi z klabavského (spodni az stfedni
ordovik, floian az daping), Sareckého (stiedni ordovik, darriwil) a kralodvorského
souvrstvi (svrchni ordovik, stfedni katian az spodni hirnant). Pozornost byla také
vénovana studii ontogeneze druhu Conchoprimitia osekensis (Ptibyl, 1979), ktera
byla stéZejni pro smysluplnou revizi ostrakodi Sareckého souvrstvi. Vysledky téchto
souhrnnych revizi tvoii 4 publikace, vydané ¢i pfijaté do tisku béhem mého

doktorského studia a tvofici stézejni ¢ast mé disertacni prace.

Cile prace

Cilem mé diserta¢ni prace byla revize vybranych asociaci ostrakodti z nékolika
jednotek ordoviku prazské panve a obnoveni systematického vyzkumu téchto
drobnych, ale paleontologicky vyznamnych koryst spodniho paleozoika Barrandienu,
protoze byl v minulosti zcela nedostatecny i diky dlouhodobé absenci
specializovaného odbornika. Ostrakodi klabavského souvrstvi jsou dosud nejstarsi
ostrakodovou asociaci zaznamenanou ve studované oblasti a spoleéné s nejnovéjSimi
poznatky o nejstarSich ostrakodech ostatnich paleoregionti byla jejich revize vice nez
zadana. V Sareckém souvrstvi byly naopak nalezeni velice pfiznivé zachovani jedinci
ajejich bohaté sbéry jsou ulozeny ve sbirkdch pocetného mnozstvi instituci
a soukromych sbirek. Diky revizi ostrakodl tohoto souvrstvi jsem si také mohla
testovat postupy pro zjistovani ontogenetickych stadii ve fosilnim zaznamu
souvisejici s vybranymi morfologickymi zménami. Svrchnoordovické kralodvorské

souvrstvi vznikalo v obdobi vyraznych klimatickych zmén, které se ¢aste¢né odrazeji



i v jeho charakteru. Studovani ostrakodi pochazeji z riznych facii tohoto souvrstvi,
které jsou interpretovany pravé jako odraz zmén klimatu. Rozdruzovaci metody k

jejich ziskavani z hornin nebyly dosud u ¢eského materialu pouzity.

Material a metodika

Bohaté sbéry Sareckych ostrakodt jsou ulozeny ve sbirkach Narodniho Muzea
vPraze, Ceské geologické sluzby v Praze, Muzea Dr. Bohuslava Horaka
v Rokycanech a také ve sbirkach amatérskych sbératelii. Material z klabavského
souvrstvi, ktery mimo jiné umoznil objeveni nejstar$iho zastupce skupiny Eridostraca
z prazské panve, pochazi ze sbéri M. Mergla (Zapadoceska univerzita v Plzni). Jeho
typova ¢ast je ulozena ve sbirkich Ceské geologické sluzby. Ostrakodi
kralodvorského souvrstvi byli zkoumani predev§im ze sbirek Ceské geologické sluzby
v Praze, Narodniho Muzea v Praze, Zapadoceského muzea v Plzni a ze sbirek
Ptirodovédecké fakulty University Karlovy v Praze. StéZejni material z perniku, ktery
umoznil po rozplaveni objev 8 novych druhd, pochézi ze sbérd P. Krafta. Material O.
Zichy umoznil popsat novy druh Crescentilla laciniata. Veskery materidl od obou
badateld je nyni evidovan ve sbirkach Ceské geologické sluzby v Praze.

Ostrakodi klabavského a S$areckého souvrstvi byly autorkou detailn¢ zkoumani
(jednad se o stovky jedincil) a u vybranych exemplaii byly vyhotoveny latexové
odlitky. Pfed fotografovanim elektronovym mikroskopem (SEM) byly vzorky
pozlaceny, pied pofizovanim snimkid digitalnim mikroskopem pobéleny chloridem
amonnym. U exemplait druhu Conchoprimitia osekensis (Ptibyl, 1979) byly navic
detailné mefeny doplitujici morfologické parametry pro ucely ontogenetické studie
tohoto druhu. Ostrakodi z bfidlicnatych poloh pod a nad pernikem kralodvorského
souvrstvi, ktefi se zachovavaji pfedevsim jako jadra a otisky, byli fotografovani
digitalnim mikroskopem bez moznosti pobéleni chloridem amonnym z divodu
kiehkého a hygroskopického materialu. Horninové vzorky perniku byly zpracovany
pomoci ohiivacich a ochlazovacich procesti za pomoci thiosiranu sodného, nebo

rozpousténim kyselinou octovou. Ostrakodi byly zvyplavi pod svételnym



mikroskopem vybirani, nasledné pozlaceni a snimani elektronovym mikroskopem
(SEM). U vsech studovanych exemplait kralodvorského souvrstvi (kolem tisice

jedinct) byli také méfeny morfometrické znaky.

Vysledky a diskuze

Stézejnim vysledkem mé disertacni prace jsou komplexni systematické revize
ostrakodti z klabavského, Sareckého a kralodvorského souvrstvi prazské panve.
Ostrakodi klabavského a Sareckého souvrstvi stfedniho ordoviku jsou nejstarsi
znamou ostrakodovou faunou prazské panve (Lajblova 2010, Lajblova & Kraft 2014).
Klabavské souvrstvi zahrnuje 5 druht, z nichz nové uvedeny druh Conchoprimitia sp.
A je nejstarS§im zaznamenanym zastupcem skupiny Eridostraca u nas. V S§areckém
souvrstvi byly jako validni vyhodnoceny 3 druhy véetné dosud nepopsané¢ho druhu
Conchoprimitia sp. B. Na zékladé ontogenetické studie rodu Conchoprimitia
v $areckém souvrstvi (Lajblova et al. 2014) bylo prokazano, ze diive popisovany druh
Conchoprimitia ? dejvicensis Ptibyl, 1979 pfedstavuje pouze rand vyvojova stadia
druhu Conchoprimitia osekensis (Ptibyl, 1979), se kterym je tedy konspecificky.

Ostrakodim stfedniho ordoviku prazské panve dominuji podfady Eridostraca a
Palacocopa a paleobiogeograficky vykazuji nejvétsi afinitu k Baltice (Lajblova &
Kraft 2014). Nizka diverzita ostrakodt klabavského souvrstvi je srovnatelnd
s baltickymi asociacemi ostrakodl floianu. V intervalu floian az daping byly na
Baltice stejné jako v prazské panvi dominantni dvé vySe zminéné taxonomické
skupiny (Tinn et al. 2006).

Nalezy ostrakodi Sareckého souvrstvi vykazuji také vyraznou nehomogenitu v
roz$ifeni. VétSina studovanych jedincii byla nalezena na lokalitach jihozapadni ¢asti
prazské panve a navic pouze v graptolitové zoné Corymbograptus retroflexus.

Ostrakodi kralodvorského souvrstvi se nyni fadi mezi nejpocetnéjsi a nejvice
diverzifikovanou asociaci téchto koryst v ordoviku prazské panve (Lajblova & Kraft,
v tisku). Zahrnuji celkem 23 rodti a 28 druht, z toho 21 druhi dokumentovano nove.

Sedé a $edozelené biidlice, které tvoii nejvétsi &ast souvrstvi, byly v minulosti
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zdrojem velmi omezeného mnozstvi popsanych taxond. Jejich pocet se diky nové
systematické studii velmi navysil. Navic doSlo k podrobnému zpracovani polohy
perniku, kterd byl diive badateli zaméfenymi na ostrakody zcela opomijena.
Vysledkem byl popis fady novych taxond.

Schéma  stratigrafického rozSifeni ostrakodd  kralodvorského souvrstvi
pravdépodobné odrazi vyznamné klimatické zmény svrchniho ordoviku. Ostrakodové
spolecenstvo perniku nahradilo dlouhotrvajici a nejspise stabilni asociace podloznich
Sedych a Sedozelenych btidlic (odpovidajici trilobitovému spolecenstvu Amphitryon-
Kloucekia). Samo pak bylo nahrazeno specifickym spolecenstvem ve vrstvé nad
pernikem. Postupné snizovani poctu druhl typickych pro interval pod pernikem,
preziti pouze malé skupiny oportunisti napfi¢ souvrstvim a migrace druhu
Scanipisthia rectangularis smérem k Baltice, to vSe ukazuje na pozvolné ochlazovani;
poloha perniku je pak jeho piimou facidlni indikaci (napf. Mergl 2011b, Budil et al.
2011a, Mitchell er al. 2011). Na zakladé kombinace uvedenych faktord lze
posloupnost ostrakodovych spoleCenstev napii¢ souvrstvim povazovat za odraz
postupného ochlazovani doprovazeného klimatickymi a facidlnimi zménami, které
mély za dusledek migraci druhi a taxonomické zmény minimalné ve tiech
stratigrafickych ~ tGrovnich. Vyjimkou jsou pouze specifické eurytermalni,
oportunistické druhy. Endemicky a zaroven typicky oportunisticky druh
kralodvorského souvrstvi Parapyxionella prunella je specificky svoji velkou
hojnosti.

Na zéklad¢ paleobiografickych srovnani s pievahou podfadii Binodicopa a
Palacocopa je nejvétsi rodova afinita peri-gondwanské prazské panve béhem
sttedniho katianu az nejspodnéj$iho hirnantu ziejma s Baltikou, mensi pak se

zapadnéji polozenou Avalonii a vzdalenou Laurentii.



Zavéry

Hlavnim vysledkem mé disertacni prace jsou publikované revize ostrakodi
z nékolika jednotek ordoviku prazské panve. Tyto publikace jsou zaméfeny
predevsim na systematiku, spoleCenstva a paleogeografii ostrakodi z klabavského,
Sareckého a kralodvorského souvrstvi.

Ze spodniho a stfedniho ordoviku byli moderné zrevidovani ostrakodi
klabavského a Sareckého souvrstvi, z kazdého souvrstvi byl popsan jeden novy druh
véetné nejstarsiho zastupce skupiny Eridostraca v prazské panvi (Lajblova 2010,
Lajblova & Kraft 2014). Byla zjisténa dominance skupin Eridostraca a Palacocopa a
vysoka afinita tohoto spole¢enstva k Baltice.

Bylo diskutovano rozsifeni Sareckych taxonl na lokalitach prazské panve a
zjiStény rozdily mezi hlavnimi oblastmi i stratigrafickymi trovnémi reprezentovanymi
graptolitovymi zénami.

Byla provedena detailni ontogeneticka studie Sareckého druhu Conchoprimitia
osekensis (Ptibyl, 1979), dilezita pro revizi celého souvrstvi (Lajblova et al. 2014),
Vysledkem bylo rozliSeni jednotlivych instarG v minulosti klasifikovanych jako
samostatné druhy.

Ze svrchniho ordoviku byli moderné zrevidovani a zpracovani ostrakodi
kralodvorského souvrstvi. Na zakladé této studie se ukazalo, ze tvoii dosud
nejpocetnéjsi a nejvice diverzifikovanou asociaci ordoviku prazské panve (Lajblova
& Kraft, v tisku). Z celkového poc¢tu 28 druhti bylo ve studované jednotce noveé
nalezeno 21 druhtl, z toho 10 bylo formalné popsano jako nové taxony. K ucelu této
prace byla poprvé rozplavena poloha perniku, dfive v ramci studia ostrakodu zcela
opomijena, ale ve vysledku velmi bohata facie.

Na zakladé¢ stratigrafického rozsiteni ostrakodii v celém intervalu kralodvorského
souvrstvi, které je charakteristické postupnym poklesem druhti smérem k nadloznim
vrstvam, bylo mozné diskutovat vliv klimatickych zmén a zejména postupného
ochlazovani v nejsvrchnéj$im ordoviku prazské panve a jeho vliv na slozeni

ostrakodovych spolecenstev.



V ramci kralodvorského souvrstvi byla zjisténa dominance skupin Binodicopa a
Palaeocopa a bylo provedeno podrobné paleobiogeografické srovnani s dalSimi
paleoregiony. Touto analyzou byla potvrzena nejvétsi afinita s Baltikou, stejné jako u

spolecenstev klabavského a $areckého souvrstvi.



Introduction

The submitted Doctoral thesis represents a comprehensive review of the oldest
and younger Ordovician ostracods of the Prague Basin. Ostracods, a group of small
crustaceans, was a neglected element of the Barrandian fossil associations for a long
time. However, they can offer many insights on the development of biodiversity,
palacogeography and palaecoecology of the Early Palaeozoic. The ostracods from the
Klabava Formation (Lower to Middle Ordovician, Floian to Dapingian), Sarka
Formation (Middle Ordovician, Darriwilian) and Kraliv Dvir Formation (Upper
Ordovician, middle Katian to the lowermost Hirnantian) were completely revised.
Additional attention was paid to the ontogenetic study of Conchoprimitia osekensis
(Piibyl, 1979), which was crucial for the revision of the ostracods of the Sarka
Formation. The results of these comprehensive studies are assembled in 4
publications, published or accepted to the press during my doctoral studies and

forming the key part of my Doctoral thesis.

Aims of the study

The aim of my Doctoral thesis was the revision of the selected ostracod
associations of the Ordovician of the Prague Basin, which have long been lacking a
specialized expert in the Czech Republic. The ostracods of the Klabava Formation are
considered as being the oldest ones recorded in the Prague Basin even if unfavourably
preserved. Their modern revision was very required along with the latest observations
of the oldest ostracods in other paleoareas. On the contrary, the ostracods of the Sarka
Formation represent some of the best preserved Ordovician specimens and their rich
collections are housed in collections of public institutions and private collections. I
was able to apply the morphometric methods to evaluate the ontogenetic stages
related to selected morphological changes. It was a significant study before the
revision of ostracods from this formation because it allowed revising reasonably the

existing taxa. The Upper Ordovician Kraltiv Dvlir Formation was formed during the
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period of significant climatic changes, which are partly reflected also in its
sedimentation. Ostracods of this unit were collected from the different facies and the
methods for their processing and separation from some of them have not been applied

for the material from the Barrandian area yet.

Material and methods

The rich material of the ostracods from the Sarka Formation is housed in the
collections of the National Museum in Prague, the Czech Geological Survey in
Prague, the Museum of Dr Bohuslav Hordk in Rokycany and in the private
collections. The material from the Klabava Formation, which allowed the discovery
of the oldest representative of the Eridostraca group from the Prague Basin, comes
from the collections of M. Mergl (University of West Bohemia, Pilsen), now
deposited in the Czech Geological Survey in Prague. The ostracods of the Kraliv
Dvir Formation were studied mainly from the collections of the Czech Geological
Survey in Prague, the National Museum in Prague, the Museum of West Bohemia in
Pilsen and from the collections of the Faculty of Science, Charles University, Prague.
The important material from the Pernik Bed, which allowed the discovery of 8 new
species, comes from the collections of P. Kraft. The material of O. Zicha allowed us
to describe a new species of Crescentilla laciniata. All specimens from both
collectors are deposited in the Czech Geological Survey in Prague.

The ostracods of the Klabava and Sarka formations were studied in detail
(hundreds of specimens). Latex casts were made to analyse the morphological
features properly. The casts were attached on stubs, sputter-coated in gold and
photographed using the scanning electron microscopy (SEM). Other specimens were
coated with ammonium chloride and photographed by digital cameras. For the
purpose of the quantitative ontogenetic analysis of the species Conchoprimitia
osekensis (Ptibyl, 1979), additional morphological characters were measured and

plotted against each other to trace relative trends in growth.
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The specimens preserved in shales under and above the Pernik Bed of the Kraltuv
Dvir Formation appear either as internal or external moulds, exceptionally with
silicified carapace. However, the poor mode of their preservation, hygroscopic nature
of the rock and its fragility (it softens upon contact with the water and disintegrates),
did not allow to coat the rock with ammonium chloride. The samples from Pernik Bed
were disintegrated by means of sodium hyposulphite with repeated heating and
cooling process, another part was dissolved by means of acetic acid. The specimens
were examined under the optical microscope, photographs were taken with a scanning
electron microscopy (SEM) and digital microscope. The important morphometric
features were measured for all studied specimens of the Kraliv Dvir Formation

(almost 1000 specimens).

Results and discussion

The main results of my Doctoral thesis are the complex systematic revisions of
the ostracods from the Klabava, Sarka and Kraltv Dvir formations of the Prague
Basin. The ostracods of the Klabava and Sarka formations of the Middle Ordovician
are the oldest known ostracod associations of the Prague Basin (Lajblova 2010,
Lajblova & Kraft 2014). Five species were discovered in the Klabava Formation. The
new species Conchoprimitia sp. A from that unit is the oldest recorded representative
of the Eridostraca group in the Prague Basin. Three species, including the previously
unpublished species Conchoprimitia sp. B were found valid in the Sarka Formation.
Based on the ontogenetic study of the genus Conchoprimia from the Sarka Formation
(Lajblova et al. 2014) it was proved that the previously described species of
Conchoprimitia ? dejvicensis Ptibyl, 1979 represents the juvenile stages of the species
Conchoprimitia osekensis (Ptibyl, 1979), and is thus conspecific with it.

The ostracods from the Middle Ordovician of the Prague Basin are dominated by
the suborders of Eridostraca and Palaecocopa and palaeobiogeographically have the
closest affinity for the Baltica (Lajblova & Kraft 2014). The low diversity of the

ostracods in the Klabava Formation is comparable to the Baltic associations during
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the Floian. The two taxonomic groups mentioned above (Tinn et al. 2006) were the
dominant in Baltica as well as in the Prague Basin during the Floian and Dapingian.

The record of ostracods in the Sarka Formation is surprisingly very unbalanced.
Most of the specimens in collections were found in localities in the south-western part
of the Prague Basin more than in the north-eastern part. All specimens available for
the study were discovered in the Corymbograptus retroflexus Biozone.

Ostracod associations of the Kraldv Dvir Formation belong among the richest and
most diversified in the Ordovician of the Prague Basin (Lajblova & Kraft, in press). It
comprises 23 genera with 28 species. The species described in past occur in the grey
to greyish-green shale. Even though the shale forms the principal thickness of the
formation and has been studied for decades it provided a limited number of ostracod
taxa for previous studies. This number was now significantly extended. Moreover,
there was a missed succession of the diversified ostracod associations in the upper
part of the Kraltiv Dviir Formation (Pernik Bed) although high diversity was supposed
in previous papers. These associations are eventually composed of new or first
identified taxa. The pattern of their stratigraphic ranges is suggested to reflect strongly
the Late Ordovician climatic changes.

Ostracod association in the Pernik Bed substituted the long-ranging and probably
a stable association of the grey to greyish green shale (coeval with the Amphitryon-
Kloucekia Trilobite Association) and was replaced by the next association in the layer
just above the Pernik Bed. The gradual decrease of species typical for the association
below the Pernik Bed, surviving solely of opportunists from the early association and
indication of Scanipisthia rectangularis migration to the lower latitude of Baltica, all
together show gradual cooling oscillations rather than any interposed warming period.
It illustrates the Pernik Bed interpretation as the cooling indication (Mergl 2011,
Budil ef al. 2011, Mitchell et al. 2011). Summarized, we consider the succession of
the ostracod associations of the Kraliv Dvir Formation reflecting the general cooling
with climatic oscillations accompanied by facies changes which caused migrations

and prominent taxonomic turnovers but few conspicuously stable eurythermal species
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remain untouched. The opportunistic endemic species Parapyxionella prunella is
typical and most abundant for the ostracod fauna of the Kraliv Dviir Formation.

Its overall dominance of binodicopes and palaeocopes is considered to be strongly
influenced by significant relationship of the north Gondwanan Prague Basin to Baltica
and much weaker affinity to Avalonia and Laurentia during the mid Katian to earliest

Hirnantian.

Conclusions

The main results of my Doctoral thesis are the published revisions of ostracods
from the selected stratigraphic levels of the Ordovician of the Prague Basin. These
publications are mainly focused on the taxonomy, associations and palacogeography
of ostracods from the Klabava, Sarka and Kraltiv Dvir formations.

From the Lower and Middle Ordovician, ostracods of the Klabava and Sarka
formations were revised, from each formation, one new species was described
including the oldest representative of the group Eridostraca in the Prague Basin
(Lajblova 2010, Lajblova & Kraft 2014). The dominance of the suborders Eridostraca
and Palaeocopa and the high affinity of this association for Baltica was revealed.

The distribution of the taxa from the Sarka Formation and the differences among
the main localities and stratigraphic levels represented by the graptolite zones were
discussed.

A detailed ontogenetic study of the abundant species Conchoprimitia osekensis
(Ptibyl, 1979) of the Sarka Formation was accomplished, which was important for the
overall revision of the formation (Lajblova et al. 2014). As a result was the
distinguishing of individual instars in the species previously classified as separate
ones.

The ostracods of the Kraliv Dvir Formation from the Upper Ordovician were
revised and new material processed (Lajblova & Kraft, in press). Based on this study,
it was proved to be the richest and most diversified ostracod association of the

Ordovician of the Prague Basin. Of the total number of 28 species, 21 species were
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newly described in this stratigraphic unit and 10 of them were formally described as
new taxa. For the purpose of this work, the facies of the Pernik Bed were chemically
processed for the first time, which revealed eventually very rich ostracod faunas.

Due to the stratigraphic distribution of ostracods throughout the Kralav Dvur
Formation, characterized by a gradual decrease of species upwards to the overlying
units, it was possible to discuss the influence of climatic changes and especially the
gradual cooling in the uppermost Ordovician of the Prague Basin and its influence on
the composition of ostracod associations.

The dominance of the suborders Binodicopa and Palaeocopa was revealed in the
Kraltv Dvir Formation, and a detailed paleobiogeographic comparison was made
with other Paleoregions. This analysis has confirmed the greatest affinity for Baltica,

as well as in the case of the Klabava and Séarka formations.
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